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Abstract

Objective. The aim of this pilot study was to investigate differences on dual- and triple-task performance in
institutionalized prefrail and frail older adults. Performance on these tasks is relevant since many activities of
daily living involve simultaneous motor and cognitive tasks.

Methods. We used a phenotypic description of frailty based on the presence or absence of five criteria related
to physical fitness and metabolism (unintentional weight loss, self-reported exhaustion, muscle weakness, low
gait speed, and low physical activity). Thirty-three institutionalized older adults (> 65 years, 78.8% females)
were divided according to their frailty status. Participants completed cognitive tasks (a phonemic verbal
fluency task and a visuospatial tracking task) while cycling on a stationary cycle (upper- and lower-extremity
function was assessed). Cycling (number of arm and foot cycles) and cognitive (number of correct answers)
performances were measured during single-, dual-, and triple-task conditions. Performances and costs of dual
-and triple- tasking on cycling and cognitive performances were compared between prefrail and frail groups.

Result. Prefrail and frail older adults did not differ in their performance in dual-tasks; however, frail older
adults showed a poorer performance in the triple-task.

Conclusions. Although future studies need to confirm our observations in larger samples, this pilot study
suggests that developing new tools based on triple tasking could be useful for the comprehensive assessment
of frailty.
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1. Introduction

Performing multiple tasks at the same time has been a largely studied topic in exploring the
limits of human performance.1, 2 Dual-tasking (DT) is the most used paradigm, consisting in
executing two tasks simultaneously, generally combining a sensorimotor with a cognitive one.
This design allows the comparison of single- and multiple-performance of the same tasks,
obtaining information of the motor and/or cognitive interference.3-5 Performance costs can occur
in one of the tasks, or both of them in different proportions. Additionally, subjects can prioritize
intentionally one specific task to achieve better execution, especially when the experimental
conditions are more demanding. As a general trend, performance declines and costs increase
gradually as task demands rises6, 7 in all ages, but especially in older adults. DT affects mobility
and cognitive performance in older adults compared to young adults.8 There is no consensus in
age-related differences in DT costs,1, 9, 10 but the literature provides broad evidence of higher
difficulties in DT compared to single tasks in cognitive unimpairedl, 11, 12 and impaired older
adults.7, 11, 13 Cognitive status has proven to be the source of main differences in DT costs, with
larger interferences in initial stages of cognitive decline5, 7, 9, 14 and demential5-17 than in
cognitive unimpaired participants. Thus, some authors suggested that DT may be sensitive to
transitions in cognitive status through aging7, 18, 19 and could be able to predict progression to
dementia.20, 21

Frailty is a highly prevalent geriatric syndrome associated with a high risk of hospitalization,
falls, institutionalization, and mortality in older adults.22 Although the frailty concept is widely
accepted, its operational definition remains controversial, being the physical phenotypic22 and the
deficit accumulation23 complementary models commonly used in geriatric medicine. The
phenotypic model operationalizes frailty as a biological syndrome,22 whereas the deficit
accumulation model defines frailty as a multidimensional risk state.23 Beyond the original concept
of frailty, which is mostly defined by physical status, more recent definitions include the role of
cognitive function in the frailty status,24 since frailty together with cognitive impairment or
cognitive frailty are shown to be strong and independent predictors of cognitive decline over time.
Recent research have studied the role of multiple-tasks in the relationship between frailty, gait, and
cognition.16, 25

Motor dual-task Timed Up & Go (TUG) tests seem to be more valid and sensitive than single
TUG in identifying frail and prefrail community-dwelling middle-aged and older individuals.26,
27 DT-related gait changes were correlated with polymedication and impaired mobility in
transitional frail older adults.28 It is important to note that in these studies,16, 25-27 frailty status
was operationalized based on the Fried's phenotypic definition,22 which may be problematic since
gait speed is one of the five criteria included in the phenotype itself.

As a variant of the multiple-task paradigm, the triple-task (TT) design allows studying
performance differences into a more demanding condition by including different combinations of
three sensorimotor and cognitive tasks. In community-dwelling older adults, higher costs in
walking tasks were found in TT compared with that of DT29, 30 Not only multiple-task cost but
also prioritization tendencies can be differentially found in TT compared with DT. In this regard,
when older participants are forced to perform above their “resource threshold,” natural
prioritization tends to be the sensorimotor over the cognitive tasks.31 Doumas and Krampe6
observed higher costs in a working memory cognitive task in a TT than in a DT paradigm, with
older adults prioritizing postural control over memory performance. As far as we know, TT
paradigms have not been applied in institutionalized frail older adults.

Recent literature has focused on the study of the relationship between physical frailty and
cognitive decline and its underlying mechanisms; however, little is known about how much these
aspects influence the motor-cognitive performance on multi-task performance. The purpose of the
current pilot study was to explore differences in DT and TT performance in institutionalized



prefrail and frail older adults. Impairments in both mobility and cognition are common in frail
institutionalized older adults, making them an important population for the clinical use of
multitask testing. We hypothesized that frail participants would present worse performance on DT
and TT contexts due to the changes in physical and cognitive functions. Performance on these
tasks is clinically relevant because most activities of daily living involve the simultaneous
performance of two or more motor and cognitive tasks. Acquiring more information about DT and
TT performance in older adults can be clinically significant since these paradigms allow screening
for both cognitive and motor performance and identify both cognitive and physical frailty in older
adults.

2. Methods

2.1 Participants

Participants were recruited from the Gerontological Complex La Milagrosa sited in A Corufia
(Spain), a long-term care center with capacity for 70 users in a daycare setting and 64
institutionalized users in a nursing home. Individuals with mobility disorders in upper or lower-
extremities, aphasia, or other neurological disorders that could affect mobility or cognition, and
those with Global Deterioration Scale (GDS)32 > 5 were excluded. Thirty-three institutionalized
older adults from the nursing home (age 65 years or older; mean age = 83.21 +7.39, range 68-79;
78.8% females) fulfilled the inclusion criteria of having no severe cognitive decline. They were
divided as a function of their frailty status (prefrail group with 1 or 2 frailty criteria, n = 15, 45.5%;
frail group with >3 criteria, n = 18, 54.5%, none subject was robust).

The study was approved by the Ethics Committee of the University of A Corufia and was in
conformity with the principles embodied in the World Medical Association's Declaration of
Helsinki. All subjects were informed in advance about the study and gave their consent to
participate in the study, either directly or through their legal representatives.

2.2 Tasks and procedure

Participants were required to perform a static cycling task including both upper-extremity and
lower-extremity motion/function. Regarding cognitive tasks, we selected a phonemic verbal
fluency task and a paper-and-pencil tracking (circle crossing) task, which can be performed
simultaneously in the DT and TT experimental conditions and they are easy to use in both research
and clinical settings. Verbal fluency tests require a listing of words that begin with a prespecified
letter. The letters P, R, and M were used. To avoid practice effects, these letters were
counterbalanced in single, double, or triple conditions between participants. The tracking task
requires to draw a line through circles arranged in a path around a sheet of paper.9

All participants underwent a first assessment session, which involved the collection of
demographic (age, gender, education) and health status (comorbidity,33 number of daily
medications) data, and screening of frailty status. Participants' cognitive status was also assessed
by the GDS32 and the Spanish version34 of the Mini-Mental State Examination (MMSE).35 No
more than 15 days later, a second session was carried out performing DT and TT. A qualified
clinical psychologist of the long-term care center carried out the first session, and trained nurses
and psychologists carried out the second session.

During the first session, frailty status of each participant was assessed according to the
presence or absence of five specific phenotypic criteria proposed by Fried et al22: (a) Shrinking—
unintentional weight loss of at least 4.5 kg in prior year; (b) Self-reported exhaustion—identified
by two questions from the Spanish version36 of the Center for Epidemiological Studies-



Depression scale37; (c) Muscle weakness—grip strength in the lowest 20% at baseline, adjusted
for gender and body mass index; (d) Slow walking speed—the slowest 20% at baseline, based on
time to walk 15 feet, adjusting for gender and height; and (e) Low physical activity—the lowest
20% at baseline, based on a weighted score of kilocalories expended per week, calculated
according to the Spanish validation38 of the Minnesota Leisure Time Activity questionnaire,39
and adjusted by gender. Participants were classified as frail if they met three or more of the
criteria, prefrail if they met one or two of the criteria, and robust if they met none of them. These
phenotype criteria constitute a common and validated reference frame for geriatric studies. Finally,
a 5-point Likert scale was also used to gather information about the familiarization with cycling
(never, rarely, occasionally, frequently, and very frequently).

During the second session, all the tasks were conducted first in single conditions: (a) Fluency
single-task, (b) Tracking single-task, (c) Arm cycling single-task, (d) Foot cycling single-task, and
then in dual- and triple conditions: (a) Fluency-tracking DT, (b) Fluency-arm cycling DT, (c)
Fluency-foot cycling DT, (4d) Fluency-tracking-foot cycling TT. Both arm and foot cycling was
performed on a stationary and portable pedal exerciser (M-bike Il, Body Care) against minimal
resistance (single-task condition). Before conducting the cycling tasks, we ensured the pedal
exerciser was calibrated and working properly, and verified that the participants was dressed
appropriately for arm and foot cycling. Then a supervised practice trial was carried out, providing
a detailed explanation about how to use the exerciser (ensuring the proper technique and a full
range of motion), and allowing time to familiarize with the required position and cycling tasks.
Immediately before the cycling tasks, the number of cycles completed during the single-task
condition was collected while participants cycled for 1 minute at a self-selected comfortable rate.

In the dual conditions, the participants performed the same cycling task while engaging in the
cognitive tasks simultaneously for one-minute, and performed the cognitive tasks simultaneously.
The order of the tasks for the single and dual conditions was counterbalanced. Finally, the
participants who were able to successfully perform the foot cycling, the verbal fluency and the
tracking tasks in single and dual conditions were invited to perform these tasks simultaneously
during 1 minute, in a TT paradigm. Participants were asked to perform all the tasks as well as
possible, with no instructions prioritizing one task over the others both in DT and TT paradigms.

2.3 DT and TT cost measurements

The proportional DT costs (eg, the reduction of the performance under DT conditions relative
to the single-task condition) on cognition and cycling were quantified with the following
formula40: DT cost = [(DT score — ST score)/ST score] x 100%. The proportional TT costs (eg,
the reduction of the performance under TT conditions relative to the single-task condition) were
quantified with the formula: TT cost = [(TT score — ST score)/ST score] x 100%. For the physical
costs computation, the number of cycles was used, whereas for the cognitive costs, the number of
words and the number of tracked circles was used to compare single and DT or TT performances.
Negative values indicate a worse performance during the dual- and triple-conditions.

2.4 Statistical analysis

The SPSS statistical software package (version 20.0) was used to analyze all of the data.
Descriptive results are reported as the mean and SD. In order to explore whether DT and TT
performances and costs differed based on frailty level (defined by Fried's phenotype), the
nonparametric Mann-Whitney U test was used to compare frail and prefrail groups. The level of
statistical significance was set at P <.05.



3. Results

Demographic and health-related characteristics of the prefrail and frail groups are shown in
Table 1. No significant differences between the frailty groups were observed for demographic and
health information, including age, gender, education, time of institutionalization, MMSE score,
number of medications, comorbidity, and previous cycling experience.

Table 1. Participants characteristics as a function of frailty status

Frailty status

Prefrailty (n = 15) Frailty (n = 18) P-value

Age (years), mean (SD) 82.87 (8.40) 83.50 (6.67) .899
Gender, n (%) .876

Female 12 (80.0%) 14 (77.8%)

Male 3 (20.0%) 4 (22.2%)
Education (years), mean (SD) 741

<8 10 (66.7%) 14 (77.8%)

9-17 3 (20.0%) 2 (11.1%)

>17 2 (13.3%) 2 (11.1%)
Time of institutionalization (months), mean (SD) 21.13 (34.16) 14.17 (21.89) .254
MMSE score, mean (SD) 21.53 (3.69) 20.67 (4.38) 637
Number of drugs, mean (SD) 10.13 (4.72) 9.11 (2.92) .662
Comorbidity, n (%) .270

No comorbidity 11 (73.3%) 11 (61.1%)

Low comorbidity 1 (6.7%) 5 (27.8%)

High comorbidity 3 (20.0%) 2 (11.1%)
Cycling frequency, n (%) .839

Never 4 (26.7%) 5 (27.8%)

Rarely 2 (13.3%) 1 (5.6%)

Occasionally 2 (13.3%) 4 (22.2%)

Frequently 1 (6.7%) 1(5.6%)

Very frequently 1 (6.7%) 4 (22.2%)

N/A 5 (33.3%) 3 (16.6%)

Abbreviations: MMSE, Mini-Mental State Examination.



3.1 Performance under single, DT, and TT conditions

Group differences (prefrail vs frail) in single and DTs performance and proportional DT costs

are shown in Table 2 and Figure 1.

Table 2. Mean and SDs (between brackets) and group differences in single-, dual-, and triple-tasks performance

Frailty status

Prefrailty Frailty Z-value
Fluency-tracking (n = 26) (n=13) (n=13)
Age (years) 82.92 (8.67) 84.00 (5.92) -0.05
MMSE Score 21.77 (3.90) 21.38 (4.43) -0.13
Fluency (single) 4.69 (3.26) 5.00 (3.29) -0.21
Fluency (dual) 3.77 (3.06) 4.46 (4.31) —-0.08
Dual-task Cost —1.40 (79.87) —8.53 (92.47) -0.54
Tracking 36.69 (22.75) 34.00 (18.04) -0.03
(single)
Tracking (dual) 23.62 (22.56) 18.77 (16.83) -0.23
Dual-task Cost —40.86 (24.65) —45.06 (34.70) -0.69
Fluency-arm cycling (n = 27) (n=14) (n=13)
Age (years) 83.36 (8.49) 84.23 (5.81) -0.15
MMSE Score 21.29 (3.69) 20.92 (4.55) -0.19
Fluency (single) 5.86 (4.83) 4.69 (3.47) -0.59
Fluency (dual) 5.36 (3.69) 4.23 (3.90) -0.86
Dual-task Cost 18.79 (116.72) —3.08 (101.52) -0.71
Cycling-upper 64.00 (27.63) 59.15 (30.75) -0.51
(single)
Cycling-upper 46.43 (25.37) 37.46 (25.08) —-0.90
(dual)
Dual-task Cost —29.19 (20.03) —38.51 (28.95) -1.36
(n=10) (n=9)
Fluency-foot cycling (n = 19)
Age (years) 85.50 (8.10) 81.56 (4.53) -1.72
MMSE Score 22.6 (3.81) 20.11 (4.57) -1.23
Fluency (single) 5.20 (3.39) 3.44 (1.51) -1.16
Fluency (dual) 7.70 (5.66) 2.89 (2.89) -2.14



Fluency-tracking-foot
(n=13)

Abbreviations: MMSE, Mini-Mental State Examination.

cycling

Dual-task Cost
Cycling-down
(single)

Cycling-down
(dual)

Dual-task Cost

Age (years)
MMSE Score

Fluency (single)

Fluency (triple)

Triple-task

Costs

Tracking
(single)

Tracking
(triple)

Triple-task
Costs

Foot  Cycling
(single)

Foot  Cycling
(triple)

Triple-task
Costs

86.05 (158.79)

57.40 (31.33)

49.90 (28.59)

~8.41 (33.94)

(n=6)

85.50 (8.10)
23.33 (4.50)

7.33 (2.58)

4.83 (3.06)

~35.03 (43.90)

46.83 (15.68)

42.00 (22.56)

~5.07 (44.98)

58.00 (27.51)

26.33 (18.77)

~49.81 (33.71)

~15.56 (94.62) -1.84
4533 (29.15) -0.82
51.22 (39.87) -0.20
38.36 (157.16) -0.25
(n=7)

81.29 (5.19) -0.13
21.43 (4.31) -0.72
4.00 (1.15) —2.65%*
2.43 (1.99) ~1.44
-27.62 (66.96) -0.07
34.43 (19.97) -1.14
17.86 (18.22) —1.95*
~55.27 (29.76) —2.14*
42.71 (23.45) ~1.00
16.57 (16.84) -0.72
~7.54 (169.84) -0.43

Notes: Prefrail older adults showed a triple-task cost of 5.07% on tracking while frail older adults showed a 55.27% cost.

*P<.05.


https://onlinelibrary-wiley-com.accedys.udc.es/doi/full/10.1002/gps.5375#gps5375-note-0005_42
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Figure 1. Mean and SD of performances in single and dual-tasks in (A) fluency-tracking, (B) fluency-arm cycling, and (C)
fluency-foot cycling conditions, for each group (prefrail and frail)

As shown, results in the DT condition show a general tendency to better performance in
prefrail than in frail participants. Nevertheless, no differences were found comparing frailty status.
In fact, in the fluency-tracking condition (n = 26, 13 prefrail and 13 frail), DT reduced the number
of words and the number of crossed circles compared to single conditions in both prefrail
(4.69+3.26 vs 3.77+3.06 words, 36.69+22.75 vs 23.62+22.56 circles) and frail participants
(5.00+3.29 vs 4.46+4.31 words, 34.00+18.04 vs 18.77+16.83 circles), with no significant
differences in the between-groups DT costs (Z = —0.54 and Z = —0.69, respectively). In the
fluency-arm cycling condition (n = 27, 14 prefrail and 13 frail), DT reduced the number of words
and the number of arm cycles compared to single conditions in both prefrail (5.86+4.83 vs
5.36 +3.69 words, 64.00 +27.63 vs 46.43 £25.37 arm cycles) and frail (4.69 +3.47 vs 4.23 +3.90
words, 59.15+30.75 vs 37.46+25.08 arm cycles) participants, with no significant differences in
the between-groups DT costs (Z = —0.71, Z = —1.36, respectively). This decline in performance
during DT is greater in arm cycling than in fluency, suggesting that both prefrail and frail older
adults prioritize cognition over mobility during DT.

Group differences in single and TTs performance are shown in Table 2 and Figure 2.
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Figure 2. Mean and SD of performances in single and triple-tasks, for each group (prefrail and frail)

Results in the TT show the same tendency, with better performances in prefrail than in frail
participants. Regarding the frailty status, significant differences were found for the fluency score
in the single condition. This difference was not present in the trial condition. Participants who
completed the TT and those who did not complete the task did not significantly differ in age (Z =
—0.48, P =.631), gender (P =.509) or education level (P =.749).

During triple tasks, participants reduced the number of words, the number of crossed circles,
and the number of foot cycles compared to single conditions in both prefrail (7.33 +2.58 vs
4.83+3.06 words, 46.83+15.68 vs 42.00+22.56 tracked circles, 58.00+27.51 wvs
26.33 £18.77 ft cycles) and frail (4.00 +1.15 vs 2.43 +1.99 words, 34.43 +19.97 vs 17.86 £ 18.22
tracked circles, 42.71 £23.45 vs 16.57 = 16.84 foot cycles) groups. TT cost in the frail group was
statistically significantly higher than in the prefrail group (U = 6.0, P = .035). Prefrail older adults
showed a TT cost of 5.07% in the tracking task, while frail older adults showed a 55.27% cost and
exhibited considerably higher difficulties to perform the TT.

4, Discussion

The main aim of the present study was to investigate potential differences on DT and TT
performance as a function of frailty status in institutionalized older adults. To our knowledge, this
is the first study exploring performance during TTs in frail and in institutionalized participants.
The successful performance of simultaneous tasks is essential for the independence of older adults
in general, but it may be especially difficult in institutionalized samples, due to the higher decline
of physical and cognitive functions. DTs and TTs may play an important role in daily life, and
difficulty to coordinate and distribute attention among concurrent motor and cognitive activities
can affect the quality of life especially in frail institutionalized older adults. It has been shown that
DT protocols that include cognitive distractions during standing more greatly compromise balance
control in frail and prefrail community-dwelling individuals compared to healthy older adults,
leading to an increased risk of falls.41

Most of the previous studies16, 25-27 have explored the effects of different cognitive tasks on
gait stability and/or gait speed in frail older adults. We have used an alternative motor task (static
cycling) including both upper-extremity and lower-extremity motion/function. Taking into account
that we used the Fried phenotype to operationalize frailty status, gait speed would be problematic,
being both a study variable and a primary outcome measure. Regarding cognitive tasks, we
selected a phonemic verbal fluency task and a paper-and-pencil tracking (circle crossing) task,
which can be performed simultaneously in the cognitive-cognitive DT and TT experimental
conditions.



In general, all participants showed poor performances in response to DT by decreasing the
number of words, tracked circles, and cycles. The study revealed no significant differences in DT
performances between prefrail and frail participants, suggesting that cognitive-motor interference
did not differ as a function of frailty status. The DT condition does not differentiate prefrail and
frail participants.16 A similar result was obtained by Rossi et al42 that found that, although frail
older adults presented a worse performance in the TUG that nonfrail older adults, the DT condition
(TUG associated with a motor-cognitive task) did not differentiate frail and nonfrail participants,
regardless of cognitive performance. It cannot be discarded that other types of simultaneously
cognitive performed tasks, more directly related to executive function, may interfere with the
motor task. An arithmetic task, but not a verbal fluency task, has been shown that significantly
interfered with lateral gait stability in transitionally frail older adults.43 Because different types of
cognitive tasks may result in different patterns of cognitive-motor interference, other motor and
cognitive tasks should be included in future studies.

Importantly, frail older adults exhibited difficulties performing the TT (involving the
simultaneous performance of fluency, circles tracking, and foot cycling tasks, with higher resource
demands) compared with prefrail older adults, which may have important clinical applications.
Nevertheless, we should take into account that in the present study cognitive status was measured
using the MMSE, with no significant differences between the groups. We cannot, however,
discard that the differences seen on the TT paradigm is due to differences in specific cognitive
domains. The allocation of attention in concurrent tasks represents executive processes that may be
sensitive to the frailty status.28 Cross-sectional and longitudinal studies have shown links between
physical frailty and cognitive functions, mainly executive function, attention and processing
speed.44 A comprehensive neuropsychological assessment should be included in future studies.
Complementarily, differences in fluency performance in the simple condition vs differences in the
triple condition in the tracking task can be interpreted in light of prioritization tendencies.6, 31
Prefrail participants show a higher performance in verbal fluency in the simple condition, when all
their resources are allocated to perform this task. Nevertheless, in TT conditions these prefrail
participants seem to prioritize their cognitive-motor performance in the tracking task over the
cognitive-cognitive performance in the fluency task, in line with Doumas and Krampe.6 Natural
prioritization of sensorimotor over cognitive tasks31 would be crucial in avoiding falling risks, but
it could also lead to a greater tendency to avoid cognitively stimulating contexts.

It has been shown that DT performance can be modified with specific DT interventions.
Recently, a 6-week high-speed lower extremity stationary cycling program has shown to be
effective to improve rapid movement and neuromuscular function in older adults45 especially
related to activities of daily living and important for fall prevention. In the same line, a supervised
DT program was effective in the attenuation of frailty (improving gait speed performance) in
nursing home residents.46 Our findings improve our understanding of frailty-related differences in
DT and TT performances, which may have clinical implications for developing future low-cost
preventive intervention programs to minimize difficulties in multitask performance in nursing
homes.

5. Conclusion

All participants showed poorer performances in response to multiple-tasks by decreasing the
number of words, tracked circles and cycles compared with single-tasks. Pre-frail and frail older
adults did not differ in DT costs, whereas TT cost in the frail group was statistically significantly
higher than in the prefrail group. These results highlight the relevance of multiple tasking in both
assessment and intervention.

Our study has several limitations. First, the size of the sample was small, and the SDs were
high, with relatively high dispersion in outcomes. Because the optimal sample size was not
estimated, we cannot ensure sufficient power to extrapolate the statistical results to the overall



population, and our findings should be interpreted with caution. Second, because of the exclusion
criteria, the frailest individuals have probably not been included in the study and this could affect
the generalization of our findings to the institutionalized population. Third, due to the cross-
sectional nature of the present study, no causal relationships between the frailty state of the
participants and the observed findings under TT conditions can be drawn. Finally, it is also unclear
how the use of an alternative definition of frailty would have influenced our findings. Thus, future
longitudinal studies with higher sample sizes are needed to assess whether a poor performance in
TT may predict the onset of frailty syndrome and related adverse outcomes.
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