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Meta-analysis of type and complexity of a secondary task
during walking on the prediction of elderly falls
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Aim: Dual-tasking probes divided attention and causes performance changes that are associated with an increased
risk for falls in the elderly. There is no systematic review investigating the effect of task type and complexity on the
prediction of elderly falls. This article synthesizes research evidence regarding this issue on the contents of dual-
tasking walking.

Methods: Relevant studies were systematically identified from electronic databases of Medline, PubMed, CINAHL,
Cochrane CENTRAL and PsycINFO, and the reference lists of identified articles. The selection criteria were defined
a priori. Two independent reviewers classified task types based on properties for cognitive demand, assessed the
methodological quality with a customized checklist, and calculated the odds ratio of fall prediction.

Results: There was one study of reaction time, one of discrimination and decision-making, 10 of mental tracking,
three of verbal fluency and five of manual tasks. The methodological heterogeneity was manifested in the selection
criteria, faller classification, tasks and measures, resulting in substantial heterogeneity (I* 87-92%). Meta-analyses
resulted in a significant pooled odds ratio 1.33 (95% CI 1.18-1.50). The mental tracking task was the only type that
yielded a significant odds ratio 3.30 (95% CI 2.00-5.44). Running meta-analyses separately for simple and difficult
mental tracking task showed similar odds ratios.

Conclusion: The mental tracking task yielded significant dual-task-related changes for fall prediction. Most studies
successively used an appropriate level of task complexity specific to the specified population of interest. More research
is required for definite conclusions regarding the effect of task type and complexity. Geriatr Gerontol Int 2013; 13:
289-297.

Keywords: accidental falls, attention, elderly, meta-analysis, odds ratio.

that changes in performance while dual-tasking were
significantly associated with an increased risk for falling
in the elderly. The research evidence remains unclear,

Introduction

Falls are a common problem in the growing population

of older people.! Therefore, the simple and efficient
detection of falls risk in older adults is a major objective
of geriatric medicine. The principle of dual-task gait
assessment is to compare task performance while
walking and simultaneously executing an attention-
demanding task with the performance of either one of
the single tasks. The Prevention of Falls Network
Europe suggested that the dual-tasking paradigm might
add value for falls prediction over single-tasking,
whereas Beauchet efal® in a recent review concluded
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however, with regard to the influence of task type (e.g.
which cognitive domains are taxed) and complexity (i.e.
the level of difficulty) of the secondary attention-
demanding task during dual-task walking.*
Dual-tasking probes divided-attention, which is one
aspect of executive function.* Changes in performance
while dual-tasking are typically interpreted as interfer-
ence due to competing demands for the attentional
resources required for both tasks, and primarily depend
on one’s capacity to properly allocate attention between
the two tasks.” Therefore, it is reasonable to propose
that because of the different mechanisms involved in
executing different attention-demanding tasks, the
interference with walking also varies. This proposition
is supported by a meta-analysis by Al-Yahya et al., who
reported that tasks that involve internal interfering
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factors (e.g. mathematic tasks) seem to disturb gait per-
formance more than those involving external interfering
factors (e.g. reaction time tasks).® However, to the best
of our knowledge, just two studies have directly com-
pared the predictive ability of two types of attention-
demanding tasks for falls,”® but these studies had
conflicting findings. Whether the predictive ability of
dual-task-related changes for falls is systematically
related to the type of attention-demanding task remains
unclear.

The complexity level within each type of attention-
demanding task could also influence how well dual-
task-related changes predict falls. Previous research
shows that a task that is overly simple for a specific
population might not interfere in the processing of
attentional resources during walking in that
population.”™ In regards to the prediction of falls, only
Verghese et al. documented the better predictive ability
of a more complex reciting task than of a simpler recit-
ing task.'”? A suitable complexity level within each type
of attention-demanding task that could best predict falls
that occur in the elderly population warrants additional
research.

In the present article, we aimed to provide a better
understanding of the influences of type and complexity
of a secondary task during walking on elderly falls, with
the hope to benefit both researchers and professionals
in determining appropriate assessment materials. We
categorized the selected studies based on the type of
secondary task(s) used, analyzed the studies” method-
ological quality and carried out meta-analyses on each
task type and complexity level, if appropriate.

Methods

Search strategy and selection criteria

Two independent reviewers, HC and YP, searched
articles in the electronic databases of Medline, PubMed,
CINAHL, Cochrane Central Register of Controlled
Trails and PsycINFO. The search strategy was to use
combinations of the following key terms (The bold
terms are MeSH terms): (aged OR aged 80 and over
OR elderly OR frail elderly) and (gait[s] OR walking
OR ambulation OR locomotion) and (accidental
fall[s] OR fall[s]) and (attention OR cognition OR dual
task[s] OR attention task[s] OR cognitive task[s] OR
secondary task[s] OR double task paradigm). The data-
base search was limited to English and human partici-
pant articles with publication dates up to May 2011. In
addition, the reference lists of the retrieved articles that
fulfilled the following inclusion and exclusion criteria
were hand-searched.

The articles that were identified in the literature
search were independently evaluated by the two review-
ers, HC and YP, for the following criteria. The inclusion
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criteria, in order of priority, included: (i) the dual-
task paradigm was used to discriminate fallers and
non-fallers or to predict falls; (i) the postural task of
the dual-task paradigm was ground walking; and (iii) the
mean age of the sample was 60 years or older. The
exclusion criteria, in order of priority, included: (i) dis-
sertation theses, review articles or conference abstracts;
(i) articles that focused on a single population with a
specific diagnosis, such as stroke or arthritis; (iii) inter-
vention studies; and (iv) articles that did not report
discriminative or predictive values of falls, and the afore-
mentioned values could not be extracted from the article
contents.

Classifications of secondary task types

The secondary tasks in each article were grouped
according to their task domains. Based on the classifi-
cation system of secondary tasks by Al-Yahya et al.,® the
following first four types were defined; each is plausibly
distinct from the other types at a behavioral and/or
cognitive level. An additional type of manual task, which
has been commonly used in clinical settings, was added.

e Reaction time tasks: these refer to tasks that involve
measuring the elapsed time between a sensory stimu-
lus and a behavioral response.”” These tasks have
typically been used to measure processing speed
when slowed processing might underlie a general
attentional deficit."

e Discrimination and decision-making tasks: these
refer to tasks that require selective attention and
response to a specific stimulus or feature. These tasks
have typically been used to examine attention and
response inhibition.

e Mental tracking tasks: these refer to tasks that require
holding information in the mind while carrying out a
mental process.'* These tasks have typically been used
to examine sustained attention, information proces-
sion speed and working memory.'*'?

e Verbal fluency tasks: these refer to tasks that require
spontaneous word production under prespecified
search conditions.

e Manual tasks: these refer to balancing tasks of one or
both arms, such as cup- or tray-taking tasks.

Data analysis

The methodological quality of each included article was
assessed based on a customized checklist (Table 1). To
retrieve results that are relevant to the current research
questions, the reviewers extracted the aforementioned
descriptive data not only from the report numbers, but
also from other components of the study, including
tables or figures.

The main analysis variable was the odds ratio (OR). In
cases that did not report an OR, the mean OR and 95%

© 2012 Japan Geriatrics Society
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Medline (n=103)
PubMed (n=270)
CINAHL (n=124)

PsycINFO (n=13)

Initial articles identified after removing duplicate ones (n=324)

Cochrane Clinical Trials (n=39)

v

_é +  dual task assessment for falls (n=282)

Articles rejected because did not meet the inclusion criteria

+  walking as main task (n=7)
*  mean age over 60 (n=1)

Meet the inclusion criteria (n=34) ‘ Articles rejected because met the exclusion criteria

—

« dissertation theses (n=1), review articles (n=4), or
conference abstracts (n=5)

*  participants with single diagnosis of stroke (n=1), arthritis
(n=1), Alzheimer’s disease (n=1), progressive
suprabulbar palsy (n=1), or Parkinson’s disease (n=1)

Pass the exclusion criteria (n=13) ‘

+ Intervention studies (n=3)
no measures for discriminative or predictive value for

falls (n=3)

———9| Hand-search reference lists of the retrieved articles (n=2)

Figure 1 Flow diagram of the article
selection process.

Articles accepted for final analysis (n=15) |

confidence interval (CI) were calculated by hand.”***
In cases in which only crude OR or both crude and
adjusted OR were reported,'*'*'8%122 we analyzed crude
OR for two reasons. First, different studies used various
variables for adjustment, making the comparison
between studies difficult. Second, crude OR is easier to
apply in clinical applications than adjusted OR. In one
study, the variable used to predict falls was walking
speed, which resulted in an OR lower than 1.2 We
considered the use of the variable “decrease in walking
speed” with an OR higher than 1 to be more appropri-
ate, and therefore used the reported OR value for
“decrease in walking speed” in a review article by the
same research group.’® Just three studies did not provide
data for crude OR. In these cases, the reported adjusted
OR was used in the present review.%!*#

To examine whether the overall effect was modified
by the type of secondary task, we carried out subgroup
meta-analyses on studies with different types of second-
ary task. The results are presented as an OR with a 95%
CI and respective P-values for null hypothesis tests (i.e.
overall OR is not significant). Heterogeneity between the
studies was investigated by calculating the Q-value and I?
statistic, which quantifies the proportion of variation that
is aresult of heterogeneity rather than chance. As aresult
of the statistically significant heterogeneity among the
studies, a random-effects model of the generic inverse
variance method was used. Furthermore, we investigated
the influence of complexity level of each type of second-
ary task on falls prediction by exploring the complexity
level used by each study and the related results reported
in each study. To contrast the complexity levels, meta-

© 2012 Japan Geriatrics Society

analyses were carried out only if a sufficient number of
studies were identified for each complexity level within
each type of secondary task.

Results

Characteristics of selected studies

The study selection is shown on a flow diagram (Fig. 1).
Table 1 summarizes the articles included in the present
review according to their secondary task categorization.
The number of participants ranged from 30 to 380, and
all of the articles included more female than male par-
ticipants. The selection criteria for population samples
varied between articles. Six articles set exclusion criteria
of potential gait imbalance as a result of diseases”'¥20%
or the subjective judgment of the experimenters,'® and
six articles excluded participants with severe cognitive
impairment, depression or psychiatric disease.®'720*
Just two articles excluded participants with a history of
falls.’®! Six articles examined frail older participants
living in senior housing facilities,'®2°**?*?7 one article
focused on inpatients,?! and all of the other articles
invited community-dwelling elderly.

Falls rates ranged from 9.4% to 50.0%. Two of the 15
articles collected falls information retrospectively,’'
whereas the other 13 articles used a prospective design.
Apart from the article that focused on inpatients,*
periods of fall collection ranged from 6 months to
2 years. The definition of fallers ranged from suffering
from the first fall event,'®'*?! a single fall*'***** to recur-
rent falls.”'®172% A straight walkway was used in seven
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articles, a return route was used in five articles,!>16:2225
and a sit-to-stand movement plus a return route was
used in the remaining three articles.”***” Most of the
articles considered walking performance measures to be
potential predictors of falls, whereas Stalenhoef et al.”
and Beauchet et al."® considered measures of secondary
task performance as potential predictors of falls, and
Faulkner eral.'® used both measures of walking and
secondary tasks.

All of the articles reported a deteriorated performance
during dual-tasking as a potential predictor of falls, with
two exceptions. Nordin et al. used the absolute value of
changes in gait performance rather than specifying the
direction of gait changes during dual-tasking.® Beauchet
et al. reported that more counts in the arithmetic sec-
ondary task during walking than during sitting was
strongly associated with falls.”® However, in another
article with the same set of experimental data, Beauchet
etal. reported a deteriorated walking performance
during dual-tasking with a marginally significant OR for
fall prediction."

Influence of type of secondary task

Figure 2 shows the specific OR and the pooled OR
computed with the meta-analysis technique. The reac-
tion time tasks, and the discrimination and decision-
making tasks were used by only one study each, and the
OR were marginally significant. Of the 10 studies of
mental tracking tasks, the occurrence of falls was signifi-
cantly associated with dual-task-related performance in
eight studies. The pooled OR for falling was 3.30 (95%
CI2.00-5.44), which had relatively small variance. Of the
three studies of verbal fluency tasks, the occurrence of
falls was significantly associated with dual-task-related
performance in two studies. The pooled OR for falling
was high, 4.22 (95% CI 0.65-27.55), but insignificant
because of the large variance. There were five studies that
used manual tasks, and the occurrence of falls was sig-
nificantly positively associated with dual-task-related
performance in four studies. The pooled OR was 3.20
(95% CI 0.76-13.52), but insignificant in predicting
elderly falls because of the large variance. There was
substantial heterogeneity within each domain (87-92%).
The pooled OR for falling when the analysis included all
studies was 1.33 (95% CI 1.18-1.50).

Influence of complexity of secondary task

Because only a single paper used reaction time tasks, and
discrimination and decision-making tasks, the influence
of task complexity on falls prediction was not analyzed
for these two types of tasks. Under the categorization of
mental tracking tasks, the studies of Beauchet et al.'"*
and Kressig et al.*' with institutionalized participants,
and of Yamada et al.?® (with no inclusion and exclusion
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criteria) all used a very simple task, counting backwards
by ones. The other studies with community-dwelling
participants utilized more difficult tasks, such as count-
ing backwards by threes,”®** two simple calculations'”
and alternate reciting of the alphabet.'? All of the afore-
mentioned studies, but two, found a significant OR.'""
As the simple and difficult mental tracking tasks were
used by five studies each, meta-analyses were carried out
to compare these two complexity levels. The results
showed a pooled OR of 1.03 (95% CI 1.02-1.05) for the
simple tasks and 1.39 (95% CI, 1.15-1.68) for the diffi-
cult tasks (Fig. 3), suggesting that most studies success-
fully used an appropriate level of task complexity for the
specified population of interest.

Under the categorization of verbal fluency tasks,
Lundin-Olsson et al. studied institutionalized partici-
pants and used a very simple secondary task, natural
conversation.”* Verghese efal. asked community-
dwelling elders to recite the alphabet.” Both Lundin-
Olsson et al. and Verghese et al. found a significant OR.
Bootsma-van Der Wiel et al. invited a group of very old
people with a significant cognitive impairment to carry
out relatively difficult reciting tasks, and the OR was not
significant.”

Under the categorization of manual tasks, Lundin-
Olsson et al. recruited institutionalized participants and
used a relatively simple secondary task, carrying a glass
of water with the surface of liquid S cm from the top
edge.”**” Shumway-Cook et al. focused on community-
dwelling participants and used a more complex manual
task, carrying a full cup of water.” Nordin ez al. studied a
group of relatively fit older adults, and used a complex
coffee cup and saucer-taking task.® Yamada et al. did not
set inclusion and exclusion criteria, and used a manual
task of carrying a tray with a ball on top of it.” All of the
aforementioned studies showed a significant OR.

Discussion

The present review was carried out to investigate the
influence of the type and complexity of a secondary task
on falls prediction in the older population. The struc-
tured search yielded 324 articles that reported the task
performance of older people during the combination of
a postural task and a cognitive task. Just 15 original
journal articles, which reported the predictive ability of
dual-task-related changes during dual-task walking for
accidental falls among a general group of older partici-
pants, were selected for the present study. According to
the categorization of secondary tasks, there was one
reaction time task study, one discrimination and
decision-making task study, 10 mental tracking task
studies, three verbal fluency task studies, and five
manual task studies.

Significant heterogeneity was found (homogeneity
rejected, P <0.001), which might be a result of the
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Study or Subgroup Qdds ratio (random) 95% CI % Weight  Qdds ratio (random) 95% ClI
Reaction time tasks
Faulkner 2007 - 12.13 1.23 [0.98, 1.54)
Subtotal (95% CI) {. 12.13 1.23 [0.98, 1.54]
Test for heterogeneity: not applicable
Test for overall effect: Z= 1.82 (P = 0.07)
Discrimination and decision-making tasks
Faulkner 2007 13.10 1.21 [0.99, 1.48]
Subtotal (95% CI) ; 13.10 1.21 [0.99, 1.48]
Test for heterogeneity: not applicable
Test for overall effect: Z=1.86 (P = 0.06)
Mental tracking tasks
Shumway-Cook 2000 —=a) 0.26 56.00 [5.13, 611.53]
Stalenhoef 2002 B 2.23 1.50 [0.69, 3.26]
Verghese 2002 _— 0.45 13.75 [2.26, B3.61)
Beauchet 2007 —s) 1.56 53.08 [20.65, 136.44)
Beauchet 2008a T 2225 1.%0 [0.88, 4.10]
Beauchet 2008b —_— 1.55 3.33 [1.29, 8.58]
Kressig 2008 —_— 0.63 8.60 [1.88, 39.26]
Herman 2010 - 12.95 1.26 [1.03, 1.55]
Nordin 2010 e 2.00 2.50 [1.10, 5.69]
Yamada 2011 ] 20.15 1.03 [1.02, 1.05)
Subtotal (95% CI) <P 44.04 3.30 [2.00, 5.44]
Test for heterogeneity: Chi2=110.35, df = 9 (P < 0.00001), 2= 91.8%
Test for overall effect: 2= 4.67 (P < 0.00001)
Verbal fluency tasks
Lundin-Olsson 1997 S 0.53 15.91 [3.02, 83.85)
Verghese 2002 _— 0.71 7.03 [1.68, 29.42]
Bootsma-van Der Wiel 2003 —a— 6.25 0.98 [0.65, 1.47]
Subtotal (95% CI) . == 7.48 4.22 [0.65, 27.55]
Test for heterogeneity: Chi2= 15.90, df = 2 (P = 0.0004), I2= 87.4%
Testfor overall effect: 2= 1.50 (P=0.13)
Manual tasks
Lundin-Olsson 1998 _— 0.56 10.11 [2.00, 51.04]
Lundin-Olsson 2000 _— 0.37 12.50 [1.69, 92.36)
Shumway-Cook 20001 B 0.23 91.00 [7.35, 1126.76]
Nordin 2010 — 2.08 0.20 [0.09, 0.45]
Yamada2011 ] 20.00 1.07 [1.04, 1.10)
Subtotal (95% CI) -‘— 23.25 3.20 [0.76, 13.52]
Test for heterogeneity: Chi2= 41.85, df = 4 (P < 0.00001), I2= 90.4%
Test for overall effect: Z= 1.58 (P = 0.11)
Total (95% CI) ¢ 100.00 1.33 [1.18, 1.50]
Test for heterogeneity: Chi2= 178.25, df = 19 (P < 0.00001), I2= 89.3%
Testfor overall effect: Z= 4.54 (P < 0.00001)
0.01 0.1 1 10 100

Figure 2 Forest plot of the pooled estimated odds ratio (OR) associated with the risk of falls according to the dual-task-related
performance computed from the natural logarithm transformation of the OR and 95% confidence interval (CI).

methodological heterogeneity of the included studies.
The study of Yamada et al., with rather small OR (1.03
for the mental tracking task and 1.07 for the manual
task), was the greatest contributor to the pooled OR (in
the direction of reducing it).”® Carrying out meta-
analyses increased the sample size (i.e. power), still
resulting in a significant pooled OR of 1.33 with 95% CI
of 1.18-1.50. The finding that changes in performance

© 2012 Japan Geriatrics Society

while dual-tasking were significantly associated with an
increased risk of falling in older adults is in accordance
with the review by Beauchet et al.?

Direct comparisons were not possible for different
secondary task domains, and the evidence in this regard
is limited. However, forest plots suggest that the evi-
dence regarding fall prediction is robust for mental
tracking tasks, but is lacking for reaction time, and
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Study or Subgroup Odds ratio (random) 95% ClI % Weight Odds ratio (random) 95% CI
Simple mental tracking tasks
Beauchet 2007 —=$p 0.02 53.08 [20.65, 136.44]
Beauchet 2008a T 0.04 1.90 [0.88, 4.10]
Beauchet 2008b — 0.02 3.33 [1.29, 8.58]
Kressig 2008 _— 0.01 8.60 [1.88, 39.26]
Yamada 2011 | & 99.91 1.03 [1.02, 1.05]
Total (95% CI) 100.00 1.03 [1.02, 1.05]
Test for heterogeneity: Chi2= 82.77, df = 4 (P < 0.00001), 2= 95.2%
Test for overall effect: Z= 4.17 (P < 0.0001)
Difficult mental tracking tasks
Shumway-Cook 2000 —) 0.64 56.00 [5.13, 611.53]
Stalenhoef 2002 —+=— 6.04 1.50 [0.69, 3.26)
Verghese 2002 _— o il i 13.75 [2.26, 83.61)
Herman 2010 = 86.85 1.26 [1.03, 1.55)
Nordin 2010 —n— 5.36 2.50 [1.10, 5.69]
Total (95% CI) ¢ 100.00 1.39 [1.15, 1.68]
Test for heterogeneity: Chi2=18.25, df = 4 (P = 0.001), 1= 78.1%
Test for overall effect: Z = 3.39 (P = 0.0007)

001 01

1 10 100

Figure 3 Forest plot of the pooled estimated odds ratio associated with the risk of falls according to the dual-task-related
performance, as a function of task complexity of the mental tracking tasks. CI, confidence interval.

discrimination and decision-making tasks. This finding
is in accordance with Al-Yahya et al.’s claim that cogni-
tive tasks that involve internal interfering factors (e.g.
mathematic tasks) seem to disturb gait performance
more than those involving external interfering factors
(e.g. reaction time tasks).® Furthermore, the evidence
regarding fall prediction was marginal for verbal fluency
tasks. This insignificance might be a result of the small
number of studies involved, as Al-Yahya et al. reported
no different effects of executing mental tracking tasks
and verbal fluency tasks on gait speed and cadence.®
However, mental tracking tasks might indeed have
superior predictive ability for elderly falls compared with
verbal fluency tasks. Verbal fluency tests are among the
three classical tests of executive function;*® however, the
semantic fluency tests target semantic memory, which
has no direct relationship to executive functions.”” The
mental tracking test, on the contrary, depends on
working memory, which is a system for temporary
storage and information processing that is directly
related to executive functions.”

With regard to the evidence for manual task fall pre-
diction, four of the five studies showed positive evi-
dence. The pooled OR, however, was insignificant
because of the very small OR value (i.e. 0.20, showing
significant negative evidence) of the study by Nordin
etal® They used the absolute value of changes of gait
performance rather than specifying the direction of gait
changes during dual-tasking. Although a manual task
alone does not require a specific cognitive demand, it
requires divided attention during dual-tasking.* It is
likely that further studies will show evidence of manual
task fall prediction.
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When applying the dual-task paradigm, the complex-
ity level of the secondary task must be carefully consid-
ered. The current review seems to suggest that an
appropriate level of complexity is specific to the popu-
lation of interest and that with a properly chosen level of
complexity, a positive finding is likely. For example, for
the institutionalized population, it might be more
appropriate to use a simple task level, such as counting
backwards by ones or carrying a half-full cup of water.
For the community-dwelling population, a more diffi-
cult level of secondary task might be more appropriate,
such as counting backwards by threes, reciting the
alphabet or carrying a full cup of water. In support of the
aforementioned notion, the current meta-analyses on
simple mental tracking tasks, which are typically used
for institutionalized older adults, and difficult mental
tracking tasks, which are typically used for community-
dwelling older adults, showed similar levels of signifi-
cant OR.

Whereas a previous review used a mix of adjusted
and crude OR for meta-analysis,® we mainly opted for
crude OR in the analyses because of its easier applica-
tion in study comparisons and clinical interpretations.
Generally speaking, we observed that the reported
adjusted OR is smaller than the crude OR, suggesting
that a deteriorated performance during dual-tasking is
not the sole predictor of falls. The dual-task approach
might be useful only for identifying fallers who have
increased attention demands of postural control. Other
subgroups of fallers may be identified by targeting
other possible risk factors for falls. An assessment
profile that consists of divergent assessments targeting
different risk factors including a dual-task assessment,
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such as those developed by Lord et al* or Lundin-
Olsson et al.,*” might be more predictive of falls than a
single assessment.

The current results suggest that the mental tracking
task, which is typically combined with the Timed Up &
Go test in clinics,” yields significant dual-task-related
changes for falls prediction, whereas the evidence for fall
prediction of the manual tasks and the verbal fluency
tasks requires further research to reach a consensus.
The complexity of a specific task must also be carefully
chosen and standardized to fit the capacity of a specific
target population. Because just 15 articles were reviewed
and the methodological variations considerably compli-
cated data interpretation and challenged drawing defi-
nite conclusions about this literature, more research is
warranted that directly compares the influence of differ-
ent types and complexities of a secondary task during
walking on the prediction of falls in the elderly.
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