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Abstract

Background: Discrimination between early-stage dementia and other cognitive impairment diagnoses is central to
enable appropriate interventions. Previous studies indicate that dual-task testing may be useful in such
differentiation. The objective of this study was to investigate whether dual-task test outcomes discriminate between
groups of individuals with dementia disorder, mild cognitive impairment, subjective cognitive impairment, and
healthy controls.

Methods: A total of 464 individuals (mean age 71 years, 47% women) were included in the study, of which 298
were patients undergoing memory assessment and 166 were cognitively healthy controls. Patients were grouped
according to the diagnosis received: dementia disorder, mild cognitive impairment, or subjective cognitive
impairment. Data collection included participants’ demographic characteristics. The patients’ cognitive test results
and diagnoses were collected from their medical records. Healthy controls underwent the same cognitive tests as
the patients. The mobility test Timed Up-and-Go (TUG single-task) and two dual-task tests including TUG (TUGdt)
were carried out: TUGdt naming animals and TUGdt months backwards. The outcomes registered were: time scores
for TUG single-task and both TUGdt tests, TUGdt costs (relative time difference between TUG single-task and
TUGdt), number of different animals named, number of months recited in correct order, number of animals per 10
s, and number of months per 10s. Logistic regression models examined associations between TUG outcomes
pairwise between groups.
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discriminate between any of the groups.

impairment.

Results: The TUGdt outcomes “animals/10s” and “months/10s" discriminated significantly (p < 0.001) between
individuals with an early-stage dementia diagnosis, mild cognitive impairment, subjective cognitive impairment, and
healthy controls. The TUGdt outcome “animals/10 s” showed an odds ratio of 3.3 (95% confidence interval 2.0-5.4)
for the groups dementia disorders vs. mild cognitive impairment. TUGdt cost outcomes, however, did not

Conclusions: The novel TUGdt outcomes “words per time unit’, i.e. “animals/10s” and “months/10s", demonstrate
high levels of discrimination between all investigated groups. Thus, the TUGdt tests in the current study could be
useful as complementary tools in diagnostic assessments. Future studies will be focused on the predictive value of
TUGdt outcomes concerning dementia risk for individuals with mild cognitive impairment or subjective cognitive

Keywords: Dual-task, Dementia, Mild cognitive impairment, Subjective cognitive impairment, Gait

Introduction
Dementia disorders are the leading cause of disability
and dependency among older adults [1], and as the pro-
portion of older adults in the population increases, so
does the global prevalence of dementia disorders [2]. De-
mentia disorders involve a range of cognitive and behav-
ioral symptoms that interfere with the ability to perform
daily life activities [3] and may be preceded by less se-
vere cognitive impairment diagnoses. Mild cognitive im-
pairment (MCI), which signifies a decline in cognitive
function beyond typical aging but without having an im-
pact on functional activities [4], and subjective cognitive
impairment (SCI), which involves only a subjective re-
duction of cognitive function [5], are possible early man-
ifestations of dementia disorders [5, 6]. The annual
conversion rate of MCI to dementia is approximately 10
to 15% in clinical samples [7], while the corresponding
number for individuals with SCI is approximately 2% [8].
Identification of dementia disorders at an early stage is
needed to enable pharmacological treatment and lifestyle
consultation upon diagnosis, as well as allowing the pa-
tient to make arrangements for future needs [9]. Regard-
ing Alzheimer’s disease (AD), which explains 60-70% of
all dementia disorder cases [1], early and accurate diag-
nosis will be of even greater importance once disease-
modifying drugs are developed that can be introduced
before pathologic changes become extensive [10]. How-
ever, since normal aging generally involves a decline in
cognitive abilities such as mental speed [11], executive
function [12], and episodic memory [13], discriminating
cognitive impairment from normal aging can be challen-
ging. That is one reason why dementia disorders are
under-diagnosed [14]. The diagnostic assessment in spe-
cialist clinics may be extensive, involving neuropsycho-
logical, invasive, and imaging methods [15]. Even when
using all methods available, distinguishing between mild
AD and MCI, as well as between MCI, SCI and normal
aging, can be difficult [4, 16, 17]. New, non-invasive and
less time-consuming methods that can enhance

discrimination between these diagnoses have been called
for [9]. Such methods could be useful either as frontline
screening tools or as diagnostic tools aimed at facilitat-
ing early and potentially more effective interventions.
Different kinds of dual-task tests have been suggested
for these purposes [9, 18, 19].

Dual-task testing challenges attentional capacities by the
simultaneous performance of two tasks. Dual-task tests
that include both gait and verbal tasks may entail out-
comes that vary depending on cognitive capacity [20, 21].
Such tests commonly involve straight-line walking [18, 22]
or the mobility test Timed Up-and-Go (TUG) [19, 23],
combined with an attention-demanding verbal task [24].
Research has primarily focused on investigating outcomes
derived from gait performance, while verbal outcomes are
less explored [25].

Previous studies investigating dual-task tests for discrim-
ination between dementia disorder and different diagnoses
of cognitive impairment have shown promising results for
various outcomes: test time score [19, 23], gait velocity [22,
26-29], stride time [27, 28], stride variability [27, 28], and
the relative time difference between single- and dual-task
performance i.e. dual-task cost [18, 19, 29]. Individuals with
SCI are rarely included in such dual-task research [18, 30],
despite being at a twofold risk of developing a dementia dis-
order compared to individuals without subjective com-
plaints [8]. To our knowledge, there has been no previous
dual-task study that has included participants across the full
spectrum of diagnoses from dementia disorder through
MCI to SCI, as well as cognitively healthy controls.

The aim of this cross-sectional study was to determine
whether various TUG dual-task (TUGdt) outcomes dis-
criminate between individuals with a dementia disorder,
MCI, SCI, and healthy controls.

Methods

Setting and participants

The current study forms part of the Uppsala-Dalarna
Dementia and Gait (UDDGait) project. UDDGait is an
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ongoing, longitudinal, prospective cohort study, in
which patients have been consecutively included when
undergoing memory assessment at two specialist clinics
in Sweden during the study recruitment period (April
2015 to February 2017 at Uppsala University Hospital
and June 2015 to June 2016 at Falu Hospital, with ex-
ceptions of regular vacations). Excepting those patients
whose appointments were booked at short notice or
who could not be included for other administrative rea-
sons, 757 patients were available for recruitment. The
exclusion criteria were: inability to walk three meters
back and forth or to rise from a sitting position, indoor
use of a walking aid, current or recent hospitalization
(within the last 2 weeks), or need of an interpreter to
communicate in Swedish. Individuals without cognitive
impairment served as healthy controls and were re-
cruited through advertisements and flyers (May 2017 to
March 2019 in Uppsala). The inclusion criteria for the
healthy controls were a subjective perception of normal
cognitive function and a Mini Mental State Examin-
ation (MMSE) score of >26. The exclusion criteria
were the same as for the patients as described above.
The total study sample consisted of 464 participants
(see Fig. 1).

Ethical approval was granted from the Regional Ethical
Review Board in Uppsala. Informed consent was attained
from all participants during enrollment.
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Data collection
The data collection procedures used in UDDGait have
been described previously [31]. The patients’ diagnostic
assessments and the TUG tests were blinded since the
diagnoses were not known when the TUG tests were
performed. All participants reported demographic char-
acteristics including educational level (university educa-
tion or not). The patients underwent a clinical
diagnostic assessment led by a geriatrician, and the
healthy controls carried out the same clinical cognitive
tests as the patients (Table 1). The TUG tests were then
performed. Additionally, for descriptive purposes, all
participants carried out short versions of the Geriatric
Depression Scale [32] and the General Motor Function
Assessment Scale [33, 34], as well as static balance ac-
cording to the Bohannon Method [35], and handgrip
strength using a dynamometer [36] (Additional file 1).
After all tests had been carried out and the diagnoses
were set, the patients’ diagnostic information was col-
lected from their medical records, so all patients were al-
located to one of the three diagnostic groups: dementia
disorders, MCI, or SCI. Patients with other diagnoses
were excluded (n = 6) (Fig. 1).

Clinical diagnostic assessment
The diagnostic procedure was part of the clinical routine
for patients undergoing memory assessment and

(n=757)

Patients undergoing
memory assessment
available for recruitment

Excluded (n = 244);
-Mobility impediment or severe disease (n = 207)
-Need of an interpreter to communicate in Swedish (n = 37)

Declined to participate (n = 209)

(n=304)

Patients eligible for inclusion

Excluded, due to other diagnoses? (n = 6)

Patients included
(n=298)

Healthy controls recruited
through advertising (n = 166)

-MCI¢ (n = 135)
-SCI¢ (n = 77)

Study sample (N = 464);
-Dementia disorders® (n = 86)

-Healthy controls (n = 166)

Fig. 1 Flow chart of inclusion and exclusion. “Other diagnoses: Malignant neoplasm of frontal lobe (n = 1); Unspecified personality and
behavioural disorder due to known physiological condition (n = 1); Disorientation, unspecified (n = 1); Major depressive disorder, single episode,
unspecified (n = 1); Idiopathic normal pressure hydrocephalus (n = 1); Multiple sclerosis (n =1). bAlzheimer's disease (n = 50); Other dementia
disorders (n = 36). “Mild cognitive impairment. “Subjective cognitive impairment
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involved a geriatrician’s careful evaluation of the pa-
tient’s history, structural brain imaging, and cognitive
testing [37] (MMSE, Clock Drawing Test, Verbal Flu-
ency Test, and Trail Making Test A and B). When con-
sidered relevant, supplemental assessments such as
neuropsychological testing and cerebrospinal fluid ana-
lysis were carried out. A geriatrician diagnosed the pa-
tients based on established criteria [4, 38—42].

Timed Up-and-Go single- and dual-task tests

The mobility test TUG (TUG single-task, TUGst) evalu-
ates functional mobility through observation and timing
of a test person rising from an armchair, walking three
meters at a comfortable pace, turning around, walking
back, and sitting down again [43]. The TUGst time score
is independently associated with multiple cognitive do-
mains, possibly explained by the test involving both
transfers, walking, and turning [44].

The dual-task test procedure used in the current study
was previously tested in a pilot study, which resulted in
improvements to the test procedures [45]. In the current
study, five physical therapists were trained to lead the
standardized test procedure, and led all TUG tests. Be-
fore TUG data collection started, the test leader gave the
participant standardized instructions and showed how to
perform TUGst, and the participant had one trial to
familiarize him/herself with the test. The recorded data
collection consisted of three different TUG tests; first
TUGst, followed by TUG while simultaneously naming
different animals (TUGdt NA), and finally TUG while
simultaneously reciting months in reverse order (TUGdt
MB). The choice of the verbal task NA was based on
previous research [29, 45, 46], while to the best of our
knowledge MB has not been used as a part of dual-task
research [45]. Participants were instructed to execute all
TUG tests at their own pace, with the simultaneous per-
formance of the verbal task at a self-selected speed. In
order to standardize the test procedure and to make the
test situation less stressful for the participant, the test
leader instructed participants to keep walking even if
they could not think of anything to say. During the test-
ing, the test leader answered spontaneous questions
from the participants on how to execute the tests. Apart
from that, complementary instructions were only given
when participants kept walking without turning at the 3-
m marking on the floor or when they returned to the
chair but did not sit down, so that the tests could be
completed. When participants performed the verbal
tasks in a way that clearly showed that they had misun-
derstood the instructions (e.g. made animal sounds in-
stead of naming animals), the instructions were repeated
and they were asked to restart. A stopwatch with an ac-
curacy of 0.01s was used to time the TUG tests, from
the participants standing up (back leaving the backrest),
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to sitting down (posterior touching the seat). Two video
cameras, one placed in front and one to the side of the
setup, recorded the tests to capture the verbal perform-
ance for the current study, and the mobility performance
for future investigations.

Quantification of Timed Up-and-Go dual-task test
outcomes

Using the video cameras’ sound recordings, the number
of different animals recited during TUGdt NA and the
number of months recited in correct order during
TUGdt MB were counted and registered, which another
researcher validated by independently performing the
same procedure. In order to capture both the mobility
and the verbal performance of the dual-task tests, each
participant’s average number of correct words (animals
and months) recited per time unit during the TUGdt
tests was calculated. The measures “animals/10s” and
“months/10s” were calculated as 10*(TUGdt number of
words/TUGdt time score). Dual-task cost, i.e. the rela-
tive time difference between TUGst and TUGAdt, was
calculated as 100*(TUGdt time score —-TUGst time
score)/TUGst time score.

Statistical analysis

Participants’ characteristics were summarized using
means and standard deviations or frequencies and per-
centages. The test outcomes were not normally distrib-
uted and are therefore presented as medians with
interquartile ranges. Minimum and maximum values
concerning the TUG test outcomes are also given
(Table 1).

Using logistic regression models, associations were ex-
amined between the TUG-related outcomes pairwise be-
tween groups. Because the dementia disorders group
comprised various dementia diagnoses, analyses exam-
ined possible group differences between AD (n = 50) and
other dementia disorders (n =36) regarding TUG test
outcomes. Results were expressed as standardized odds
ratios (ORs) with 95% confidence intervals. For the time
scores of TUGst, TUGdt NA, and TUGdt MB, as well as
TUGdt NA cost and TUGdt MB cost, the ORs express
the risk increase per one standard deviation increase of
the variable, whereas for the number of animals and
number of months, as well as “animals/10s” and
“months/10s” the ORs express the risk increase per one
standard deviation decrease of the variable. Analyses
were adjusted for participant age as a continuous vari-
able, as well as for gender and educational level. The
areas under the Receiver Operating Characteristics
curves (c-statistics) were used to determine the discrim-
inatory capacity of the TUGAt test outcomes by the ad-
justed logistic regression models.
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Table 1 Overview of Participant Characteristics and Test Results'

Characteristic Total Sample Dementia Disorders MCI (n =135) SCl (n =77) Healthy Controls
(N =464) (n =86) (n =166)
Age, years, mean +/— SD 71 4+/-10 76 +/— 8 73+/- 9 67 +/— 9 70 +/—- 1
(Min.-max.) (39-94) (55-94) (49-91) (39-85) (50-91)
Female, n (%) 217 (47) 37 (43) 59 (44) 36 (47) 85 (51)
Married or cohabiting, n (%) 317 (68) 60 (70) 88 (65) 51 (66) 118 (71)
University educated, n (%) 241 (52) 32 (37) 55 (41) 33 (43) 121 (73)
Clinical Cognitive Test Result’
MMSE, score 28 (25-29) 22 (20-25) 26 (24-28) 29 (28-30) 29 (29-30)
Clock Drawing test® score 7 (6-7) 4 (2-6) 7 (6-7) 7 (7-7) 7 (7-7)
Verbal Fluency test, score 19 (13-24) 11 (8-14) 15 (12-19) 21 (17-25) 24 (20-29)
TMT A%, passed®, n (%) 441 (97) 73 (87) 131 (99) 72 (100) 165 (99)
TMT B, passed®, n (%) 305 (68) 12 (15) 70 (53) 68 (92) 155 (93)
TUG Test Results
TUG single-task, s 115 (9.9-14.0) 149 (125-16.9) 126 (11.0-14.8) 109 (9.7-124) 10.1 (9.0-114)
(Min.-max.) (6.1-29.9) (7.9-28.5) (7.4-29.9) (7.9-26.5) (6.1-24.1)
TUGdt NAY, s 13.2 (10.7-16.1) 16.7 (13.7-20.2) 139 (11.8-16.7) 12.1 (10.6-15.0) 11.0 (9.8-13.8)
(Min.-max.) (5.8-40.0) (8.9-40.0) (74-354) (8.0-283) (5.8-26.7)
TUGdt MB", s 13.3 (109-16.7) 174 (144-222) 14.2 (12.3-18.1) 124 (10.9-15.0) 11.1 (9.6-14.0)
(Min.-max.) (6.1-55.0) (9.4-55.0) (74-44.4) (8.0-28.9) (6.1-25.8)
TUGdt NA? cost, % 113 (33-21.7) 13.1 (3.3-26.3) 113 (2.9-19.0) 11.7 (4.7-16.5) 99 (2.7-23.0)
(Min.-max.) (—18.7-148.7) (—10.5-148.7) (—18.7-102.2) (—10.2-69.0) (—10.2-100.5)
TUGdt MB" cost, % 13.1 (34-289) 16.3 (6.6-46.7) 183 (3.1-31.2) 7.5 (3.3-19.3) 11.5(3.1-23.8)
(Min.-max.) (-21.6-2939) (—18.7-293.9) (—216-832) (-9.0-114.3) (—=179-1134)
TUGdt NAS, number of animals 7 (5-8) 4 (3-6) 6 (5-7) 7 (6-8) 8 (7-9)
(Min.-max.) (0-15) (0-10) (0-10) (2-12) (3-15)
TUGdt MB", number of months 7 (4-9) 4 (2-6) 6 (4-8) 8 (6-9) 9 (8-11)
(Min.-max.) (0-13) (0-12) 0-12) (2-12) (3-13)
TUGdt NA, animals/10's 5.1 (33-6.8) 2.5(1.7-3.6) 42 (3.0-56) 53 (43-7.0) 6.7 (5.7-8.3)
(Min.-max.) (0-124) 0-11.1) (0-9.1) (1.1-11.0) (2.1-124)
TUGdt MB", months/10's 55 (29-80) 1.8 (09-3.2) 43 (2.2-6.1) 5.6 (4.3-8.0) 7.8 (64-94)
(Min.-max.) (0-14.0) (0-8.8) (0-9.3) (1.0-14.0) (29-13.3)

MCI mild cognitive impairment, SC/ subjective cognitive impairment, Min. minimum, Max. maximum, SD standard deviation, MMSE Mini Mental State Examination,
TMT Trail Making Test, TUG Timed Up-and Go, TUGdt TUG dual-task, TUGdt NA Timed Up-and-Go dual-task naming animals, TUGdt MB Timed Up-and-Go dual-task
months backwards

Parts of the diagnostic assessment

bMissing values, n =4

“Missing values, n = 19

dMissing values, n =9

€Test completed within 240 s and with a maximum of four errors

fMissing values, n =14

9IMissing value due to discontinuing, n =1

PMissing values due to discontinuing, n =6

iResults are presented as median (interquartile range) if not stated otherwise

Statistical tests were two-tailed and the significance level
was set at p <0.05. In order to account for multiple group
comparisons, Bonferroni correction was applied for the com-
parisons dementia disorders vs. MCI, MCI vs. SCI, and SCI
vs. healthy controls, ie. three comparisons. Thus, the critical
p-value used was 0.05/3 = 0.0167. Analyses were carried out

using SPSS version 25 (IBM Corp., Armonk, NY, USA), and
SAS® version 9.4 (SAS Institute Inc., Cary, NC, USA).

Results
Participants’ demographic characteristics and test results
are summarized in Table 1.



Ahman et al. BMC Geriatrics (2020) 20:258

The mean age of the total sample (N =464) was 71
years, and 47% of participants were women. The demen-
tia disorders group consisted of AD (n = 50), unspecified
dementia (n = 19), frontotemporal dementia (1 =5), vas-
cular dementia (n = 4), Lewy body dementia (n = 4), Par-
kinson’s disease dementia (# =2) and alcohol dementia
(n =2). Comparisons between AD (n = 50) and other de-
mentia disorders (n =36) showed no group differences
regarding any of the TUG test outcomes (p = 0.07-0.50).

All groups took longer to perform the TUGAt tests
than the TUGst test. The dementia disorders group took
the longest to perform the TUGst test and TUGAt tests,
followed by the MCI group, the SCI group, and the
healthy controls (Table 1). Following the same order
across groups, the number of animals and months re-
cited, as well as “animals/10s” and “months/10s” were
lowest in the dementia disorders group, followed by the
MCI-group, the SCI-group, and highest in the healthy
controls. Similarly, individuals with dementia disorder
named a median of 2.5 animals/10 s and 1.8 months/10
s, whereas individuals with MCI named 4.2 animals/10s
and 4.3 months/10s, individuals with SCI named 5.3
animals/10s and 5.6 months/10s, and healthy controls
named 6.7 animals/10s and 7.8 months/10s (Table 1).
The ranges of “animals/10s” and “months/10s” were
wide within groups, exemplified by “animals/10s” in
Fig. 2. The TUGdt NA cost and TUGdt MB cost
were the only TUG test outcomes that did not follow
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the group order described above, not varying across
groups according to the level of cognitive function
(Table 1).

The logistic regression models showed that “animals/
10s” and “months/10s” had high ORs in discriminating
between all groups. For each comparison, “animals/10s”
and “months/10s” resulted in similar ORs. Figure 3
shows the comparisons of adjacent groups regarding
cognitive function, where e.g. “animals/10s” had an
OR =3.3 (95% CI 2.0-5.4) between dementia disorders
vs. MCI, OR=1.7 (95% CI 1.2-2.5) between MCI vs.
SCI, and OR=2.8 (95% CI 1.8-4.5) between SCI vs.
healthy controls. In comparisons between the adjacent
groups, the c-statistics for “animals/10s” and “months/
10s” were between 0.72-0.79.

When comparing groups with more diverse cognitive
function, “animals/10s” had an OR=6.0 (95% CI 3.1-
11.6) between dementia disorders vs. SCI, OR=22.3
(95% CI 9.9-50.2) between dementia disorders vs.
healthy controls, and OR=7.1 (95% CI 4.3-11.6) be-
tween MCI vs. healthy controls (Additional file 2). Fur-
thermore, the number of animals as well as the number
of months recited discriminated between all groups. The
time scores of TUGst, TUGdt NA, and TUGdt MB did
not discriminate between MCI vs. SCI, but between all
other groups. The dual-task cost of TUGdt NA or
TUGdt MB did not discriminate between any groups
(Fig. 3).
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Fig. 2 Distribution of results for TUGdt “animals/10 s” during Timed Up-and-Go dual-task naming animals. Horizontal lines on the graph show
median values. TUGdt = Timed Up-and-Go dual-task; MCl = Mild cognitive impairment; SCI = Subjective cognitive impairment
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Standardized Odds Ratio (95 % CI) Lower Upper
Standardized 95 % 95 %
1 2 3 4 5 0odds Ratio cL CL p value
Dementia Disorders vs. MCI
TUG single task, s —e— 1.73 1.23 2.45 0.002°
TUGdt NA, s —e— 1.77 1.26 2.48 0.001®
TUGdt MB, s A 1.90 1.34 2.69 <.001®
TUGAt NA cost, % H—eo— 1.28 0.96 1.71 0.090
TUGdt MB cost, % H—e— 1.23 0.94 1.60 0.138
*TUGdt, number of animals e 2.06 1.47 2.90 <.001®
*TUGdt, number of months e 2.04 1.46 2.86 <.001r
*TUGdAt, animals/10 s t g i 3.29 2.01 5.40 <.001®
*TUGAt, months/10 s t g i 2.95 1.86 4.69 <.001k
MCI vs. SCI
TUG single task, s e 1.62 1.06 2.46 0.025=
TUGdt NA, s H—— 1.43 0.94 2.16 0.091
TUGdt MB, s A 1.58 1.03 2.42 0.038=
TUGAt NA cost, % —— 0.85 0.61 1.19 0.351
TUGdt MB cost, % —— 1.03 0.76 1.39 0.862
*TUGdt, number of animals A 1.72 1.18 2.50 0.005°
*TUGdt, number of months ———o 1.77 1.25 2.51 0.001®
*TUGdt, animals/10 s t g i 2.15 1.40 3.31 <.001®
*TUGdt, months/10 s k * i 2.14 1.44 3.18 <.001®
SCI vs. Healthy Controls
TUG single task, s k < | 2.67 1.67 4.26 <.001b
TUGdt NA, s t g i 2.12 1.35 3.31 <.001*®
TUGdt MB, s ' * | 2.45 1.50 4.01 <.001®
TUGdt NA cost, % —— 0.99 0.67 1.47 0.973
TUGdt MB cost, % —— 1.09 0.75 1.59 0.658
*TUGdt, number of animals | 1.90 1.26 2.88 0.002°
*TUGdt, number of months k * ! 2.14 1.39 3.30 <.001®
*TUGdAt, animals/10 s k * { 2.85 1.79 4.52 <.001®
*TUGdt, months/10 s t g i 2.98 1.90 4.67 <.001®
1 2 3 4 5
Fig. 3 Forest plot of logistic regression models. MCl = mild cognitive impairment; SCI = subjective cognitive impairment; TUG = Timed Up-and-Go;
TUGdt = Timed Up-and-Go dual-task; TUGdt NA = Timed Up-and-Go dual-task naming animals; TUGdt MB = Timed Up-and-Go dual-task months
backwards. Models are adjusted for participant age, gender, and educational level. Standardized odds ratios measure risk increase per one
standard deviation increase of the predictor or *risk increase per one standard deviation decrease of the predictor. “Statistically significant if p <
0.05. PStatistically significant with Bonferroni adjustment if p < 0.0167

Discussion

Our results show that the TUGAt test outcomes “animals/
10s” and “months/10s” demonstrated a high level of dis-
crimination between dementia disorders, MCI, SCI, and
healthy controls. “Words per time unit”, as applied in the
current study, takes both mobility and verbal performance
into consideration, which adds value to the dual-task tests.
Our presentation of results focuses on discriminating be-
tween adjacent groups regarding cognitive function since
these are naturally the most challenging to discriminate
between in clinical assessment. Nevertheless, strong asso-
ciations were shown even in the comparisons of dementia
disorders vs. MCI, MCI vs. SCI, and SCI vs. healthy con-
trols, by “animals/10s” and “months/105s”.

The novel TUGAt test outcome “words per time unit”
summarizes the performance of both tasks included, of
which the attentional load may affect one or both. Presum-
ably, the outcome “words per time unit” eliminates the ef-
fect of one task being prioritized over the other. Dual-task

research has previously focused on investigating gait-
related outcomes in discriminating groups with different
degrees of cognitive impairment, most likely because the
means for measuring verbal outcomes have been lacking
[47, 48]. From a clinical point of view, it should be import-
ant to evaluate the performance of both included tasks
when using dual-task tests, since intentional or uninten-
tional strategies may influence either the mobility or verbal
performance. To our knowledge, the outcome “words per
time unit” has rarely been used for this purpose, although it
has been used with other test tasks [25, 49]. In one study,
straight-line walking and the verbal tasks “counting back-
ward from 50 by 2s” and “naming animals” were used, and
both “numbers/s” and “animals/s” were lower for individ-
uals with cognitive impairment compared with those with-
out cognitive impairment, when groups were stratified by
means of a MMSE cut-off score of 25 [25]. In another
study, TUG and the verbal task “countdown from 50” were
used, where “numbers/s” differed between individuals with



Ahman et al. BMC Geriatrics (2020) 20:258

AD and controls, but did not differ between AD and MC],
or between MCI and controls [49].

It is to be noted that dual-task cost, i.e. the relative time
difference between single- and dual-task performances, did
not discriminate between any of the groups in the current
study. In previous studies, dual-task cost has been found to
discriminate between mild AD and healthy controls [46]
and between MCI and healthy controls [19, 29], and has
shown inconsistent results when discriminating between
dementia disorders and MCI [18, 19], and was not able to
discriminate between MCI and SCI [18]. It may be argued
that dual-task cost cannot differentiate between transitional
diagnoses, because it captures subtle pathological changes
and is therefore better considered an indicator of imminent
cognitive decline [50]. In studies that show strong discrim-
inative capacity of dual-task cost, straight-line walking has
been used [18, 29, 46]. In studies such as ours, where dual-
task tests involve TUG, however, the TUGst test alone
challenges executive functions [44, 51], and this may be
why the relative time difference between single- and dual-
task tests is too small to be a reliable measure. Further-
more, in the current study, participants were instructed to
keep walking if they did not know what to say, which most
likely lowered the dual-task time scores, and thereby re-
duced the time difference. This instruction was given in
order to standardize the test procedure and make the test
less stressful for the participants as they could complete
the test without feeling they had failed. In addition, the in-
struction was given to make the test more clinically feas-
ible. Participants would presumably prioritize either
walking speed or verbal performance without this instruc-
tion [25], and for those prioritizing the verbal perform-
ance, time scores could be extended. In previous dual-task
studies, there are commonly no instructions given con-
cerning prioritizing [19, 23, 25-29]. Alternatively, the in-
struction to prioritize both tasks equally has been used in
order to replicate everyday life [18].

Our results showed that the TUGst time score discrimi-
nated between all groups with the exception of MCI vs.
SCL. The capability of TUGst to discriminate between
groups of different cognitive function is not surprising since
TUGst time score is associated with global cognitive func-
tion, attention, processing speed, and memory [44]. Never-
theless, the TUGdt test outcomes “animals/10s” and
“months/10 s” appeared to show stronger associations than
the TUGst time score for each comparison. This is in
agreement with the underlying theory of dual-task testing
which implies that two simultaneously performed tasks
interfere and compete with each other for brain cortical re-
sources [20]; a process that may be influenced by aging,
neurodegenerative, and microvascular mechanisms [50].
Consequently, in dual-task testing, the attentional load of
both included tasks matter and may affect the outcomes
[24]. For that reason, the load of the verbal task is
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recommended to be chosen at or near the participants’
threshold of ability [27] without causing undue stress [20].
In our study, the verbal tasks were based on two estab-
lished tests of cognitive function: The Verbal Fluency test
of naming animals [52] and the Months Backward test
[53], both thought to be suitably challenging for the
current participants. Moreover, these verbal tasks were
chosen to reflect different central functions [52, 53]. How-
ever, even though the two TUGAt tests were based on dif-
ferent verbal tasks, the associations with the outcomes in
terms of “words per time unit” were at similar levels.
Thus, both TUGAt tests appear to be equally useful in dis-
criminating between the investigated groups.

The current study has some limitations that need to be
considered. It was not possible to include all patients
undergoing memory assessment in the two specialist clinics
during the recruitment period. Thus, the study sample may
have been biased. Additionally, the dementia disorders
group in the current sample comprised different dementia
diagnoses, however, analyses showed no group differences
between AD and other dementia disorders regarding TUG
test outcomes. The consecutive inclusion of patients under-
going memory assessment with the addition of healthy con-
trols are strengths of our study that enabled comparisons
across a wide spectrum of cognitive function. The blinded
testing procedure, ensuring that the TUG tests were carried
out independently of the diagnostic assessments, has mini-
mized the risk of observer bias. Furthermore, the TUG test
procedure was standardized and verbal performances were
carefully validated based on video recordings. Finally, by
adding Bonferroni correction to our analyses, the risk of an
inflated type I error due to multiple testing was reduced.

Conclusions

To our knowledge, this is the first study to show that
dual-task test outcomes discriminate between groups of
individuals with early-stage dementia diagnoses, MCI,
SCI, and healthy controls. The novel TUGdt test out-
comes “animals/10s” and “months/10s” demonstrate a
high level of discrimination between the investigated
groups. The use of these dual-task test outcomes implies
consideration of both mobility and verbal performances,
which should eliminate the possible effect of task
prioritization. Thus, we conclude that both TUGdt NA
and TUGdt MB have the potential to be used as a tool to
assist in discriminating between individuals with dementia
disorder, MCI, SCI, and no cognitive impairment. Possible
areas of future clinical use would be either as a screening
tool to conduct before a specialized memory assessment,
or as a complementary test in the specialized memory as-
sessment. Ongoing UDDGait studies will be focused on
the possible predictive value of these TUGAt test out-
comes and on the implementation of TUGdt testing in
clinical practice.



Ahman et al. BMC Geriatrics (2020) 20:258

Supplementary information
Supplementary information accompanies this paper at https://doi.org/10.
1186/512877-020-01645-1.

Additional file 1. Additional assessments.

Additional file 2. Standardized odds ratios of Timed Up-and-Go and
Timed Up-and-Go dual-task outcomes.

Abbreviations

AD: Alzheimer's disease; MCl: Mild cognitive impairment; MMSE: Mini Mental
State Examination; OR: Odds Ratio; SCI: Subjective cognitive impairment;
TUG: Timed Up-and-Go; TUGst: Timed Up-and-Go single-task; TUGdt: Timed

Up-and-Go dual-task; TUGdt NA: Timed Up-and-Go dual-task naming animals;

TUGdt MB: Timed Up-and-Go dual-task months backwards; UDDGait: Uppsala
Dalarna Dementia and Gait project

Acknowledgments

We would like to thank all participants and the staff at the memory clinics in
Uppsala University Hospital and Falu Hospital for their cooperation. We
would also like to thank Caroline Lundberg, Veronica Sjoberg, and Helena
Svedbom for carrying out parts of the data collection.

Authors’ contributions

HBA: recruiting and assessing study participants, data analyses, drafting
manuscript and revising it. YC: recruiting and assessing study participants
and review of medical records. LK: review of medical records. VG, LB:
statistical analyses and presentation of data. ACA: principal investigator,
initiating and taking overall responsibility for the UDDGait project, study
concept and design. All authors (HBA, YC, LK, VG, LB, KM, ER, MI, ACA) have
contributed with interpretation of data and critical revision of manuscript for
important intellectual content. All authors have commented on each draft
version and approved the final manuscript.

Funding

This study was supported by grants from The Swedish Research Council, The
Alzheimer Foundation Sweden, The Swedish Society of Medicine, The
Promobilia Foundation, The Uppsala-Orebro Regional Research Council, The
County Council of Uppsala, The Geriatric Research Foundation, The Thuréus
Fund for Geriatric Research, and The Commemorative Foundation of
Ragnhild & Einar Lundstrom. The funding sources had no part in the study
design, data collection, analysis, interpretation, or writing of the manuscript.

Availability of data and materials

The material analyzed during the current study is not publicly available due
to its content of sensitive personal data. Datasets generated may be
available from the principal investigator (ACA) on reasonable request, after
ethical considerations.

Ethics approval and consent to participate

This study was conducted in accordance with the Declaration of Helsinki
and was approved by the Regional Ethical Review Board in Uppsala (2010/
097, 2014/068). Written informed consent was obtained from participants
prior to the start of data collection.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

'Department of Public Health and Caring Sciences, Geriatrics, Uppsala
University, Box 564, SE-751 22 Uppsala, Sweden. 2School of Education, Health
and Social Studies, Dalarna University, Falun, Sweden. *Department of
Community Medicine and Rehabilitation, Physiotherapy, Umed University,
Umed, Sweden.

Page 9 of 10

Received: 6 November 2019 Accepted: 13 July 2020
Published online: 29 July 2020

References

1. Dementia: A Public Health Priority. [http://www.who.int/mental_health/
publications/dementia_report_2012/en/]. Accessed 1 Nov 2019.

2. World Alzheimer Report 2015: the Global Impact of Dementia. [https://
www.alz.co.uk/research/world-report-2015]. Accessed 1 Nov 2019.

3. National Institute for Health Care Excellence. Clinical Guidelines. In:
Dementia: Assessment, management and support for people living with
dementia and their carers. London: National Institute for Health and Care
Excellence (UK); 2018.

4. Winblad B, Palmer K, Kivipelto M, Jelic V, Fratiglioni L, Wahlund LO,
Nordberg A, Backman L, Albert M, Almkvist O, et al. Mild cognitive
impairment-beyond controversies, towards a consensus: report of the
international working group on mild cognitive impairment. J Intern Med.
2004;256(3):240-6.

5. Reisberg B, Gauthier S. Current evidence for subjective cognitive
impairment (SCI) as the pre-mild cognitive impairment (MCI) stage of
subsequently manifest Alzheimer's disease. Int Psychogeriatr. 2008;20(1):1-
16.

6. Petersen RC. Mild cognitive impairment as a diagnostic entity. J Intern Med.
2004;256(3):183-94.

7. Mitchell AJ, Shiri-Feshki M. Temporal trends in the long term risk of
progression of mild cognitive impairment: a pooled analysis. J Neurol
Neurosurg Psychiatry. 2008;79(12):1386-91.

8. Mitchell AJ, Beaumont H, Ferguson D, Yadegarfar M, Stubbs B. Risk of
dementia and mild cognitive impairment in older people with subjective
memory complaints: meta-analysis. Acta Psychiatr Scand. 2014;130(6)439-51.

9. Laske C, Sohrabi HR, Frost SM, Lopez-de-Ipina K, Garrard P, Buscema M,
Dauwels J, Soekadar SR, Mueller S, Linnemann C, et al. Innovative diagnostic
tools for early detection of Alzheimer's disease. Alzheimers Dement. 2015;
11(5):561-78.

10.  Cummings J, Feldman HH, Scheltens P. The "rights" of precision drug
development for Alzheimer's disease. Alzheimers Res Ther. 2019;11(1).76.

11, Salthouse TA. The processing-speed theory of adult age differences in
cognition. Psychol Rev. 1996;103(3):403-28.

12. Schretlen D, Pearlson GD, Anthony JC, Aylward EH, Augustine AM, Davis A,
Barta P. Elucidating the contributions of processing speed, executive ability,
and frontal lobe volume to normal age-related differences in fluid
intelligence. J Int Neuropsychol Soc. 2000,6(1):52-61.

13, Nyberg L, Maitland SB, Rénnlund M, Backman L, Dixon RA, Wahlin A, Nilsson
L-G. Selective adult age differences in an age-invariant multifactor model of
declarative memory. Psychol Aging. 2003;18(1):149-60.

14. Connolly A, Gaehl E, Martin H, Morris J, Purandare N. Underdiagnosis of
dementia in primary care: variations in the observed prevalence and
comparisons to the expected prevalence. Aging Ment Health. 2011;15(8):
978-84.

15.  Petersen RC. Clinical practice. Mild cognitive impairment. N Engl J Med.
2011;364(23):2227-34.

16.  Petersen RC. Mild Cognitive Impairment. Continuum (Minneapolis, Minn).
2016;22(2 Dementia):404-18.

17. Hong YJ, Lee J-H. Subjective cognitive decline and Alzheimer's disease
Spectrum disorder. Dement Neurocogn Disord. 2017;16(2):40-7.

18.  Cullen S, Borrie M, Carroll S, Sarquis-Adamson Y, Pieruccini-Faria F, McKay S,
Montero-Odasso M. Are cognitive subtypes associated with dual-task gait
performance in a clinical setting? J Alzheimers Dis. 2019,71:57-64.

19. Nielsen MS, Simonsen AH, Siersma V, Hasselbalch SG, Hoegh P. The
diagnostic and prognostic value of a dual-tasking paradigm in a memory
clinic. J Alzheimers Dis. 2018,61(3):1189-99.

20. Yogev-Seligmann G, Hausdorff JM, Giladi N. The role of executive function
and attention in gait. Mov Disord. 2008;23(3):329-42 quiz 472.

21. Montero-Odasso M, Bergman H, Phillips NA, Wong CH, Sourial N, Chertkow
H. Dual-tasking and gait in people with mild cognitive impairment. The
effect of working memory. BMC Geriatr. 2009,9:41.

22. MacAulay RK, Wagner MT, Szeles D, Milano NJ. Improving sensitivity to
detect mild cognitive impairment: cognitive load dual-task gait speed
assessment. J Int Neuropsychol Soc. 2017;23(6):493-501.

23. Borges Sde M, Radanovic M, Forlenza OV. Functional mobility in a divided
attention task in older adults with cognitive impairment. J Mot Behav. 2015;
47(5):378-85.


https://doi.org/10.1186/s12877-020-01645-1
https://doi.org/10.1186/s12877-020-01645-1
http://www.who.int/mental_health/publications/dementia_report_2012/en/
http://www.who.int/mental_health/publications/dementia_report_2012/en/
https://www.alz.co.uk/research/world-report-2015
https://www.alz.co.uk/research/world-report-2015

Ahman et al. BMC Geriatrics

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

(2020) 20:258

Beauchet O, Dubost V, Aminian K, Gonthier R, Kressig RW. Dual-task-related
gait changes in the elderly: does the type of cognitive task matter? J Mot
Behav. 2005;37(4):259-64.

Theill N, Martin M, Schumacher V, Bridenbaugh SA, Kressig RW.
Simultaneously measuring gait and cognitive performance in cognitively
healthy and cognitively impaired older adults: the Basel motor-cognition
dual-task paradigm. J Am Geriatr Soc. 2011;59(6):1012-8.

Camicioli R, Howieson D, Lehman S, Kaye J. Talking while walking: the effect
of a dual task in aging and Alzheimer's disease. Neurology. 1997;48(4):955-
8.

Muir SW, Speechley M, Wells J, Borrie M, Gopaul K, Montero-Odasso M. Gait
assessment in mild cognitive impairment and Alzheimer's disease: the effect
of dual-task challenges across the cognitive spectrum. Gait Posture. 2012;
35(1):96-100.

Montero-Odasso M, Muir SW, Speechley M. Dual-task complexity affects gait
in people with mild cognitive impairment: the interplay between gait
variability, dual tasking, and risk of falls. Arch Phys Med Rehabil. 2012;93(2):
293-9.

Hunter SW, Divine A, Frengopoulos C, Montero OM. A framework for
secondary cognitive and motor tasks in dual-task gait testing in people with
mild cognitive impairment. BMC Geriatr. 2018;18(1):202.

Beauchet O, Launay CP, Chabot J, Levinoff EJ, Allali G. Subjective memory
impairment and gait variability in cognitively healthy individuals: results
from a cross-sectional pilot study. J Alzheimers Dis. 2017,55(3):965-71.
Ahman HB, Giedraitis V, Cedervall Y, Lennhed B, Berglund L, McKee K,
Kilander L, Rosendahl E, Ingelsson M, Aberg AC. Dual-task performance and
Neurodegeneration: correlations between timed up-and-go dual-task test
outcomes and Alzheimer's disease cerebrospinal fluid biomarkers. J
Alzheimers Dis. 2019;71:75-83.

Almeida OP, Almeida SA. Short versions of the geriatric depression scale: a
study of their validity for the diagnosis of a major depressive episode
according to ICD-10 and DSM-IV. Int J Geriatr Psychiatry. 1999;14(10):858-65.
Aberg AC, Lindmark B, Lithell H. Development and reliability of the general
motor function assessment scale (GMF)--a performance-based measure of
function-related dependence, pain and insecurity. Disabil Rehabil. 2003;
25(9):462-72.

Aberg AC, Lindmark B, Lithell H. Evaluation and application of the general
motor function assessment scale in geriatric rehabilitation. Disabil Rehabil.
2003,25(7):360-8.

Bohannon RW, Larkin PA, Cook AC, Gear J, Singer J. Decrease in timed
balance test scores with aging. Phys Ther. 1984;64(7):1067-70.

Bohannon RW. Test-retest reliability of measurements of hand-grip strength
obtained by dynamometry from older adults: a systematic review of
research in the PubMed database. J Frailty Aging. 2017;6(2):83-7.

Solomon PR, Brush M, Calvo V, Adams F, DeVeaux RD, Pendlebury WW,
Sullivan DM. Identifying dementia in the primary care practice. Int
Psychogeriatr. 2000;12(4):483-93.

American Psychiatric Association. Diagnostic and statistical manual of
mental disorders. 4th ed. Alexandria: American Psychiatric Association; 1994.
McKhann GM, Knopman DS, Chertkow H, Hyman BT, Jack CR Jr, Kawas CH,
Klunk WE, Koroshetz WJ, Manly JJ, Mayeux R, Mohs RC, Morris JC, Rossor
MN, Scheltens P, Carrillo MC, Thies B, Weintraub S, Phelps CH. The diagnosis
of dementia due to Alzheimer's disease: recommendations from the
National Institute on Aging-Alzheimer's Association workgroups on
diagnostic guidelines for Alzheimer's disease. Alzheimers Dement. 2011;7(3):
263-9.

Chui HC, Victoroff JI, Margolin D, Jagust W, Shankle R, Katzman R. Criteria for
the diagnosis of ischemic vascular dementia proposed by the state of
California Alzheimer's disease diagnostic and treatment centers. Neurology.
1992,42(3 Pt 1):473-80.

McKhann GM, Albert MS, Grossman M, Miller B, Dickson D, Trojanowski JQ.
Clinical and pathological diagnosis of frontotemporal dementia: report of
the work group on Frontotemporal dementia and Pick's disease. Arch
Neurol. 2001;58(11):1803-9.

McKeith IG. Consensus guidelines for the clinical and pathologic diagnosis
of dementia with Lewy bodies (DLB): report of the consortium on DLB
international workshop. J Alzheimers Dis. 2006,9(3 Suppl):417-23.

Podsiadlo D, Richardson S. The timed "up & go™: a test of basic functional
mobility for frail elderly persons. J Am Geriatr Soc. 1991;39(2):142-8.

45.

46.

47.

48.

49.

50.

51.

52.

53.

Page 10 of 10

Donoghue OA, Horgan NF, Savva GM, Cronin H, O'Regan C, Kenny RA.
Association between timed up-and-go and memory, executive function,
and processing speed. J Am Geriatr Soc. 2012,60(9):1681-6.

Cedervall Y, Stenberg AM, Ahman HB, Giedraitis V, Tinmark F, Berglund L,
Halvorsen K, Ingelsson M, Rosendahl E, Aberg AC. Timed up-and-go dual-
task testing in the assessment of cognitive function: a mixed methods
observational study for development of the UDDGait protocol. Int J Environ
Res Public Health. 2020;17(5):1715.

Cedervall Y, Halvorsen K, Aberg AC. A longitudinal study of gait function
and characteristics of gait disturbance in individuals with Alzheimer's
disease. Gait Posture. 2014;39(4):1022-7.

Montero-Odasso M, Almeida QJ, Bherer L, Burhan AM, Camicioli R, Doyon J,
Fraser S, Muir-Hunter S, Li KZH, Liu-Ambrose T, et al. Consensus on Shared
Measures of Mobility and Cognition: From the Canadian Consortium on
Neurodegeneration in Aging (CCNA). J Gerontol A Biol Sci Med Sci. 2018;74:
897-909.

Al-Yahya E, Dawes H, Smith L, Dennis A, Howells K, Cockburn J. Cognitive
motor interference while walking: a systematic review and meta-analysis.
Neurosci Biobehav Rev. 2011;35(3):715-28.

Gillain S, Warzee E, Lekeu F, Wojtasik V, Maquet D, Croisier JL, Salmon E,
Petermans J. The value of instrumental gait analysis in elderly healthy, MCI
or Alzheimer's disease subjects and a comparison with other clinical tests
used in single and dual-task conditions. Ann Phys Rehabil Med. 2009;52(6):
453-74.

Montero-Odasso MM, Sarquis-Adamson Y, Speechley M, Borrie MJ, Hachinski
VIC, Wells J, Riccio PM, Schapira M, Sejdic E, Camicioli RM, et al. Association
of Dual-Task Gait with Incident Dementia in mild cognitive impairment:
results from the gait and brain study. JAMA Neurology. 2017;74(7).857-65.
Herman T, Giladi N, Hausdorff JM. Properties of the 'timed up and go' test:
more than meets the eye. Gerontology. 2011;57(3):203-10.

Henry JD, Crawford JR, Phillips LH. Verbal fluency performance in dementia
of the Alzheimer's type: a meta-analysis. Neuropsychologia. 2004;42(9):1212-
22.

Meagher J, Leonard M, Donoghue L, O'Regan N, Timmons S, Exton C,
Cullen W, Dunne C, Adamis D, Maclullich AJ, et al. Months backward test: a
review of its use in clinical studies. World J Psychiatry. 2015;5(3):305-14.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Abstract
	Background
	Methods
	Results
	Conclusions

	Introduction
	Methods
	Setting and participants
	Data collection
	Clinical diagnostic assessment
	Timed Up-and-Go single- and dual-task tests
	Quantification of Timed Up-and-Go dual-task test outcomes
	Statistical analysis

	Results
	Discussion
	Conclusions
	Supplementary information
	Abbreviations
	Acknowledgments
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

