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Abstract.
Background: Tools to identify individuals at preclinical stages of dementia disorders are needed to enable early interventions.
Alterations in dual-task performance have been detected early in progressive neurodegenerative disorders. Hence, dual-task
testing may have the potential to screen for cognitive impairment caused by neurodegeneration. Exploring correlations
between dual-task performance and biomarkers of neurodegeneration is therefore of interest.
Objective: To investigate correlations between Timed Up-and-Go dual-task (TUGdt) outcomes and Alzheimer’s disease
(AD) cerebrospinal fluid (CSF) biomarkers amyloid-␤ 42 (A␤42 ), total tau (t-tau), and phosphorylated tau (p-tau).
Methods: This cross-sectional cohort study included 90 participants (age range 49–84 years) undergoing memory assessment,
who were subsequently diagnosed with AD, other dementia disorders, mild cognitive impairment, or subjective cognitive
impairment. TUG combined with “Naming Animals” (TUGdt NA) and “Months Backwards” (TUGdt MB), respectively,
were used to assess dual-task performance. The number of correct words and time taken to complete the tests were measured.
The CSF biomarkers were analysed by ELISA. Spearman’s rank correlation was used for analyses between TUGdt outcomes
(TUGdt NA and TUGdt MB), and CSF biomarkers, adjusted for age, gender, and educational level.
Results: The number of correct words, as well as the number of correct words/10 s during TUGdt NA correlated negatively
to CSF t-tau and p-tau. No correlations were found between any time scores and CSF biomarkers.
Conclusion: The correlations between TUGdt NA and t-tau and p-tau may indicate that neurodegeneration affects dual-task
performance. Longitudinal studies are needed to further explore dual-task testing in screening for cognitive impairment due
to neurodegeneration.
Keywords: Alzheimer’s disease, attention, biomarkers, cerebrospinal fluid, dementia, executive function, gait, mild cognitive
impairment, subjective cognitive impairment
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INTRODUCTION
Walking while simultaneously performing another
task (dual-task performance) challenges attentional
reserves and executive functions [1]. The two
tasks interfere with and compete for brain cortical
resources [2], which is why dual-task testing can be
regarded as a “brain stress” test [3]. The two most
widely accepted models of motor-cognitive interference in the human brain are the central capacity
sharing model [4], where limited resources must be
distributed between the simultaneously performed
tasks, and the bottleneck model [4], which states
that certain tasks are impossible to carry out concurrently. In previous studies, dual-task performance
has been researched to explore its potential as a
screening tool for cognitive impairment [5–7] and
its predictive capacity of future cognitive decline and
fall risk [8–11]. The tasks used in dual-task testing
vary between studies. Most commonly, straight-line
walking [12, 13] or the mobility test Timed Up-andGo (TUG) [7, 14], are combined with a verbal task
[15].
Alterations in dual-task performance can be
detected early in the progression of the most
frequently occurring neurodegenerative disorders;
Alzheimer’s disease (AD) and Parkinson’s disease
(PD) [8], as well as in mild cognitive impairment
(MCI) [6, 16], which can be a precursor of AD [17].
Research has shown that in cohorts of individuals
with MCI, 13–16% progress to fulfil the criteria for
AD over the course of a year [18, 19]. Additionally,
subjective cognitive impairment (SCI) is regarded as
a possible forerunner of MCI, with an annual conversion rate of around 7% [20, 21].
Neurodegenerative disorders such as AD and PD
are characterized by degenerative processes in the
central nervous system, which may be reflected in
cerebrospinal fluid (CSF). Specific AD CSF biomarkers can be used to support the diagnosis of AD
[17, 22, 23]. The levels of the AD CSF biomarkers
amyloid-␤ 42 (A␤42 ), total tau (t-tau), and phosphorylated tau (p-tau) reflect abnormal aggregation of A␤
deposits, neurofibrillary tangles, and axonal neurodegeneration in the brain, respectively [24]. Total tau is
regarded as a marker of neurodegeneration, where
high concentrations of t-tau rather than a decrease
of A␤42 or an increase of p-tau are associated with
a rapid disease decline in patients with MCI due
to incipient AD [25]. There are indications that the
AD CSF biomarker profile at group level becomes

increasingly abnormal in the range from SCI, to
MCI, and further to AD [26], while none or minimal changes are seen during the clinical phase of
AD [27, 28]. Concentrations of A␤42 in CSF deviate
years or even decades before the appearance of clinical symptoms and then remain stable, while levels of
t-tau and p-tau have been reported to increase later in
the disease progression [29].
Research on the clinical use of dual-task performance and how to interpret different dual-task test
outcomes in neurodegenerative disorders is highly
topical [1, 30–32]. However, studies focusing on
correlations between dual-task performance and AD
CSF biomarkers are still rare. To our knowledge,
only one study has explored such associations [14],
in which correlations between TUG in combination
with counting backwards from 100 by ones (TUGdt
C) and AD CSF biomarkers were investigated. The
results showed positive correlations between certain
TUGdt C outcomes and A␤42 , as well as negative
correlations between certain TUGdt C outcomes and
t-tau and p-tau in a study population consisting of
individuals with mild AD or MCI, and controls.
Hence, dual-task performance seems to be related
to neurodegeneration. We therefore hypothesized that
there are correlations between TUGdt outcomes and
AD CSF biomarkers, which might contribute toward
establishing the potential value of the TUGdt test
as a simple and non-strenuous screening tool for
identifying cognitive impairment caused by neurodegenerative disorders. Our aim with this study was
thus to examine the correlations between TUGdt outcomes and AD CSF biomarkers.
MATERIALS AND METHODS
Design and study participants
This cross-sectional study was based on a subgroup
of participants from the Uppsala-Dalarna Dementia
and Gait (UDDGait) project. Approval was granted
from the Regional Ethical Review Board in Uppsala (dnr: 2014/068). Signed, informed consent was
attained from all participants during enrollment.
Participants for the present study were consecutively recruited from two specialist clinics for
memory assessment in Sweden; Uppsala University
Hospital in Uppsala and Falu Hospital in Falun. All
patients referred during the periods April 2015 to
February 2017 in Uppsala and September 2015 to
June 2016 in Falun were eligible for inclusion. The
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exclusion criteria were: inability to walk three meters
back and forth or to rise up from a sitting position,
indoor use of a walker, inability to carry out instructions given in Swedish, and current or recent (within
the last two weeks) hospitalization. Only patients
who, according to the clinical routine, had undergone
determination of AD CSF biomarkers were subject
to inclusion in the present study, a total of 94. Three
individuals who subsequently were diagnosed with
diagnoses other than dementia disorders, MCI, or SCI
were excluded, as was one individual who discontinued both TUGdt tests, leaving totally 90 individuals
for the statistical analyses.
Data collection and data preparation
All participants went through the same assessment
procedure at one of the two specialist clinics, before
they received any diagnosis. Demographic characteristics were collected orally. A battery of cognitive
and motor function assessments was carried out and
participants were screened for depressive symptoms.
Among the tests conducted, two were used for analyses in the present study: The Verbal Fluency test, in
which the participants were asked to name as many
different animals as possible during 60 seconds while
sitting down [33], and the Mini-Mental State Examination (MMSE), which is the most widely used test
for providing an overall measure of cognitive impairment in clinical and research settings [34, 35]. Results
from these tests were used to compare levels of correlations between dual-task performance and CSF
biomarkers versus correlations between these cognitive tests and CSF biomarkers.
Timed Up-and-Go tests
The TUG test is a well-established clinical test
of one mobility sequence: rising from an armchair,
walking straight ahead, passing a line marked on the
floor, turning around, walking back, and sitting down
again. The TUG time score correlates well with gait
speed, and is reliable for testing people with and
without cognitive impairment [36, 37]. In the current study, TUG was performed first, followed by
two TUGdt tests: TUG in combination with naming
different animals (TUGdt NA) and TUG in combination with reciting months backwards (TUGdt MB),
respectively. The choice of verbal tasks was based on
the notion that they should be at or near the threshold of participants’ ability [38]. The verbal tasks
were based on two well-established tests of cognitive
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function: The Verbal Fluency test of naming animals
[33] and the Months Backward test [39], in which the
subject recites the months of the year in reverse order
starting with December, until reaching January or discontinuing. Verbal Fluency tests are among the most
widely used measures to assess cognitive functioning
following neurological damage [40], as well as one
of the most common verbal tasks used in dual-task
testing in the AD continuum [12, 41–43]. The Verbal
Fluency test of naming animals challenges semantic memory and executive function, such as effortful
retrieval [40, 44]. The Months Backward test has
not, to our knowledge, been used in previous studies
of dual-task performance. Nevertheless, the original
Months Backward test relies on working memory,
attention, semantic memory, and executive function
[39, 45], and has a significant diagnostic classificatory power regarding individuals with mild AD, MCI,
and SCI [46].
When performing TUGdt NA, the participants
were instructed to name different animals while
simultaneously completing TUG. In TUGdt MB,
the participants were instructed to recite months in
reverse order while completing TUG, starting from
the last month of the year and recite backwards until
seated again. The participants were instructed to walk
at a self-selected, comfortable speed during the TUG
and TUGdt tests, and to prioritize walking over the
verbal task during TUGdt tests. This was done to
enable a standardized test procedure and to reduce
the stress of the test for the participants, as they could
complete the test without the feeling of failure or
bruised pride.
The TUG and TUGdt tests were timed with a
stopwatch to an accuracy of 0.01 seconds, from the
participant’s rising up (the back leaving the backrest) to sitting down (the posterior touching the seat).
They were documented by two cameras, one which
was placed in front of and one to the side of the
set-up, in order to capture mobility and verbal performance. Using the video recordings, the number
of animals recited during the TUGdt NA tests and
the number of correct months recited during TUGdt
MB were counted. As comprehensive measures of
dual-task performance, the average number of correct animals per time unit, and the average number
of correct months per time unit during the TUGdt
tests were calculated. The measure “correct words
per 10 seconds” was calculated as 10*(TUGdt number of correct words/TUGdt time). Dual-task cost in
the sense of relative time difference was calculated
as 100*(TUGdt time – TUG time)/TUG time.
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Lumbar puncture and cerebrospinal ﬂuid
biomarkers
Following the clinical routine, lumbar puncture
was performed when there was reason to suspect AD and more information than the standard
assessment provided was required. Contraindications
for performing lumbar puncture were anticoagulant
treatment or signs of increased intracranial pressure.
Since the AD biomarker profile becomes less informative in older individuals [47], lumbar puncture
is generally not performed in patients of advanced
age. Moreover, in individuals who are severely overweight, lumbar puncture is not carried out because of
technical difficulties. The CSF sample was obtained
by lumbar puncture between the L3/L4, L4/L5, or
L5/S1 intervertebral spaces, with the patient in a lying
or upright position. All procedures were carried out
following the same routine in both specialist clinics.
The samples were sent to the same laboratory; the
Clinical Neurochemistry Laboratory at the University
of Gothenburg, Mölndal, Sweden, where the concentrations of A␤42 , t-tau, and p-tau were measured.
Sandwich ELISAs (INNOTEST, Fujirebio, Ghent,
Belgium) were used for the analyses. The laboratory
technicians were blinded to clinical data.
Statistical analyses
Because data were not normally distributed, medians and interquartile ranges were used to present
test results. All variables were analyzed as continuous variables except for gender and educational level
(university education or not). All statistical tests were
two-tailed and the significance level for all analyses
was set at p < 0.05. Non-parametric correlation coefficients (Spearman’s rank test) were used to assess
relationships. In all correlation analyses, adjustments
were made for age, gender, and educational level to
control for potentially confounding variables. Scatter plots with color-coded points showing diagnoses
were generated in order to create an overview of the
correlations between TUGdt outcomes and AD CSF
biomarkers.
Due to the relatively small diagnostic groups, no
correlation analyses were carried out within groups.
In order to assure that the obtained results were
not merely explained by the presence of specific
diagnoses, a sensitivity analysis that included only
participants diagnosed with AD and MCI was subsequently carried out. Correlations between TUGdt
outcomes (i.e., time score, dual-task cost, correct
words, and correct words per 10 seconds) and CSF

biomarkers, versus correlations between cognitive
tests (MMSE and Verbal Fluency test scores) and
CSF biomarkers, were analyzed. All statistical 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
Descriptive data relating to the diagnoses of the
participants’ cognitive impairment and demographic
characteristics are presented in Table 1.
Thirty participants were diagnosed with dementia disorders (21 AD, two vascular dementia, two
unspecified dementia, two PD with dementia, and
three frontotemporal dementia). The individuals
diagnosed with dementia disorders had a mean age
of 71.3 years (range 55–84), MCI 71.2 years (range
50–83), and SCI 63.5 years (range 49–74). In the
entire sample, the participants’ mean age was 70.6
years, the majority were male, and nearly 50% had
university-level education.
On average, the participants required more time
to complete the TUGdt tests than the original TUG.
Medians of the total number of correct words recited
were the same for TUGdt NA and TUGdt MB.
Similarly, comparable levels were shown concerning
the number of correct words per 10 seconds during TUGdt NA and TUGdt MB. The medians of
the AD CSF biomarker concentrations were on nonpathological levels, but ranges were wide (Table 2).
The total number of correct words recited during
TUGdt NA was negatively correlated with t-tau and
p-tau, as was the number of correct words per 10
seconds of TUGdt NA (Table 3). An overview of these
associations, including the distribution of diagnostic
groups, is shown in Fig. 1.
A sensitivity analysis showed that the correlation coefficients for the associations between TUGdt
outcomes and CSF biomarker levels in a subgroup

Table 1
Study participants’ characteristics (N = 90)
Characteristic
Age in years, mean/±SD/min.–max.
Female, n (%)
University educated, n (%)
Alzheimer’s disease, n (%)
Other dementia disorders, n (%)
Mild cognitive impairment, n (%)
Subjective cognitive impairment, n (%)

Value
70.6/±7.1/49–84
38 (42)
41 (46)
21 (23)
9 (10)
52 (58)
8 (9)
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Table 2
The clinical test results and concentrations of Alzheimer’s disease cerebrospinal
fluid (CSF) biomarkers (N = 90)
Test result

Md (IQRs) min.–max.

TUG (s)
TUGdt naming animals (s)
TUGdt naming animals, cost (%)
TUGdt naming animals, correct words
TUGdt naming animals, correct words per 10 s
TUGdt months backward∗ (s)
TUGdt months backward∗ , cost (%)
TUGdt months backward∗ , correct words
TUGdt months backward∗ , correct words per 10 s
MMSE score
Verbal Fluency test† score
AD CSF biomarker (ng/l)
A␤42
t-tau
p-tau

12.6 (11.1–15.2) 8.3–22.4
14.4 (12.0–17.5) 8.9–31.7
12.1 (3.2–23.9) –17.5–69.0
5 (4–7) 0–10
3.7 (2.4–5.5) 0–9.8
15.6 (12.7–20.6) 9.3–28.9
18.8 (8.2–39.2) –21.6–114.3
5 (3–8) 0–12
3.2 (1.5–4.9) 0–9.3
25 (23–27) 16–30
13 (10.8–19.0) 3–29
Md (IQRs) min.–max.
400 (324.8–563.8) 125–1040
357 (228.5–556.0) 75–1570
44 (30.0–65.3) 16–144

TUG, Timed Up-and-Go; TUGdt, Timed Up-and-Go dual-task; MMSE, Mini Mental State
Examination; AD, Alzheimer’s disease; CSF, cerebrospinal fluid; ng/l, nanogram per litre;
A␤42 , amyloid-␤ 42; t-tau, total tau; p-tau, phosphorylated tau.
∗ n = 89, one participant was unable to complete the TUGdt MB.
† n = 86 because of missing data.
(A␤42 >450, t-tau <400, p-tau <80 are considered to be non-pathologic).

Table 3
Spearman’s rank correlation coefficients between Timed Up-and-Go (TUG) test results and Alzheimer’s disease
cerebrospinal fluid biomarkers (N = 90)
TUG test result
TUG (s)
TUGdt naming animals (s)
TUGdt naming animals, cost (%)
TUGdt naming animals correct words
TUGdt naming animals, correct words per 10 s
TUGdt months backward† (s)
TUGdt months backward†, cost (%)
TUGdt months backward†, correct words
TUGdt months backward†, correct words per 10 s

A␤42 , ng/l
r, p

t-tau, ng/l
r, p

p-tau, ng/l
r, p

0.104, 0.340
0.136, 0.211
0.084, 0.439
–0.041, 0.708
0.152, 0.229
0.018, 0.872
–0.146, 0.182
0.006, 0.959
0.023, 0.831

0.017, 0.876
0.086, 0.431
0.107, 0.323
–0.281, 0.008∗
–0.267, 0.012∗
0.130, 0.233
0.141, 0.195
–0.123, 0.260
–0.164, 0.132

0.016, 0.885
0.068, 0.534
0.076, 0.485
–0.267, 0.012∗
–0.249, 0.020∗
0.106, 0.334
0.097, 0.374
–0.157, 0.148
–0.187, 0.085

Adjusted for age, gender, and educational level. TUG, Timed Up-and-Go; TUGdt, Timed Up-and-Go dual-task;
A␤42 , amyloid-␤ 42; ng/l, nanogram per litre, t-tau, total tau; p-tau, phosphorylated tau; r, Spearman’s rho.
∗ Significant, p < 0.05. † n = 89, one participant was unable to complete the TUGdt MB.

of AD and MCI were similar to those in the entire
sample. Furthermore, significant negative correlations were found between the MMSE score and
t-tau (r = –0.303, p = 0.004), MMSE score and p-tau
(r = –0.302, p = 0.004), and the Verbal Fluency test
score and t-tau (r = –0.244, p = 0.025).
No significant correlations were found between
any TUGdt MB outcomes, TUGdt NA time score, or
TUGdt NA cost, and any of the AD CSF biomarkers. Neither were any correlations found between
A␤42 and any of the TUGdt NA or TUGdt MB
outcomes.

DISCUSSION
The results of the present study show that certain
TUGdt outcomes correlate with CSF t-tau and p-tau.
The number of correct words recited during TUGdt
NA was negatively correlated to t-tau and p-tau, as
was the number of correct words per 10 seconds of
TUGdt NA. On the other hand, there were no significant correlations found between any of the TUGdt
outcomes or the cognitive test results and CSF A␤42 .
However, significant negative correlations between
MMSE score and t-tau, p-tau, as well as between
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Fig. 1. Associations between A) t-tau concentration and number of correct words during Timed Up-and-Go dual-task naming animals
(TUGdt NA); B) p-tau concentration and number of correct words during TUGdt NA; C) t-tau concentration and number of correct words
per 10 s during TUGdt NA; D) p-tau concentration and number of correct words per 10 s during TUGdt NA.

Verbal Fluency test score and t-tau were found, at
similar levels to those between TUGdt NA and t-tau.
The current findings showing that TUGdt NA correlated with t-tau and p-tau but not with A␤42 were not
surprising, since CSF t-tau and p-tau have previously
been found to reflect the level of neurodegeneration
[48]. Concentrations of CSF A␤42 , on the other hand,
are viewed as more specific for AD and deviate before
the appearance of cognitive symptoms, then remain
stable throughout the disease progression [29].
The significant correlations found between t-tau
and p-tau and certain TUGdt NA outcomes, but not
to TUGdt MB outcomes, could be worth considering
due to the different central functions that the Verbal
Fluency test of naming animals and Months Backward test challenge. The Verbal Fluency test relies
mainly on semantic memory and executive function
[44], while the Months Backward test additionally
depends on working memory and attention [39, 45].
Presumably, an explanation to why TUGdt NA was
more highly associated with neurodegeneration than
TUGdt MB, may be due to an impaired ability to
retrieve items from the semantic network [49]. Still, it

should be noted that verbal outcomes generated from
the TUGdt tests are not comparable to results from the
single-task Verbal Fluency test or the Months Backward test. It may further be argued that TUGdt tests
cannot be treated as versions of single-task cognitive
tests since they are designed to assess the ability of
dual-tasking, which implies that the load of two tasks
performed simultaneously is expected to reveal more
information than a cognitive or motor test performed
separately.
The present results did not confirm any of the
correlations between TUGdt time score or TUGdt
cost, and the AD CSF biomarkers, which were previously found in a study population of individuals with
mild AD, or MCI, and controls performing TUGdt
C (counting backwards from 100 by ones) [14]. This
discrepancy may be in part due to the different setups
of the TUGdt tests. The complexity of the verbal tasks
as well as the instructions given to the participants
differed substantially. The verbal tasks used in the
present study may be viewed as more demanding,
since counting backwards by ones is rhythmic and
may cue step pattern [38, 50]. Also, the participants
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in the present study were instructed to walk at “a
self-selected, comfortable speed”, prioritizing walking over the verbal task, as opposed to the instructions
to walk “as quickly and safely as possible”, without
prioritizing one task over the other. The instruction
to prioritize walking, used in the present study, most
likely shortened the TUGdt time scores and thereby
also influenced TUGdt cost. The differences in the
TUGdt procedures make it difficult to compare results
between these two studies.
The significant negative correlations found—at
approximately the same levels—between t-tau and
TUGdt NA, the MMSE scores, and the Verbal Fluency test scores, may suggest that certain TUGdt
outcomes and results of these cognitive tests are influenced by neurodegeneration. Since the capacity of
the biomarkers to function as indicators of cognition
is not fully understood, interpreting these correlations is difficult. The results of previous studies are
not consistent in demonstrating significant associations between cognition and AD CSF biomarkers
in the AD continuum. Research on the relationship
between MMSE and AD CSF biomarkers has provided inconsistent results [51, 52], as do studies on
associations between Verbal Fluency test score and
AD CSF biomarkers [53–55]. In order to provide a
sensitivity analysis, the significant correlations found
between TUGdt performance and CSF biomarkers, as
well as between the cognitive tests and biomarkers,
were analyzed in a subgroup of the sample consisting
of individuals diagnosed with AD or MCI. The correlation coefficients were found to be similar to the
ones in the entire sample, thus the associations could
not merely be explained by the influence of certain
diagnoses.
The present study is one of the very first that investigates correlations between dual-task performance
and AD CSF biomarkers. However, some limitations
must be taken into consideration when interpreting
the results. The inclusion of multiple test results in
the correlation analysis is a weakness in this study,
as it implies a risk of inflated Type 1 errors. The
explorative outset implied numerous analyses and
may have led to significant correlations by chance.
Another limitation concerns the generalizability of
the results. The sample may not be representative,
since only a small proportion (11%) of all patients
going through memory assessment were included
during the period of recruitment. One explanation for
the low inclusion rate is that only individuals with the
level of mobility required to carry out the TUGdt tests
could be included, which resulted in a selection of
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only the physically fittest individuals. Moreover, only
individuals selected for lumbar puncture, according
to the clinical routine, were included. For this reason,
the sample comprised fewer individuals with SCI,
as well as fewer individuals with apparent AD, in
particular those of advanced age, than the entire population going through memory assessment. Since the
AD CSF biomarker profile becomes less informative
in individuals of advanced age, the oldest individuals
were omitted from the sample. Still, six participants
did exceed the age of 80 by up to four years. The
fairly limited number of participants is also considered to be a limitation, since correlations within each
diagnostic subgroup could not be carried out.
The methodology used has several strengths, primarily because of its standardized procedures. The
lumbar puncture and laboratory analyses, as well
as the TUGdt testing procedures used, including
equipment, instructions, and validation of the video
material were strictly standardized.
Once all the limitations and strengths of the study
are taken into consideration, the results indicate
that neurodegeneration may influence TUGdt performance. Nonetheless, caution is required before
further generalizations of the results are made.

Conclusion
In summary, the correlations found in the present
study between TUGdt NA outcomes and CSF t-tau
and p-tau may indicate that neurodegeneration affects
dual-task performance. Although the results suggest
that TUGdt may be used as a screening tool for cognitive impairment due to neurodegeneration, data from
longitudinal studies will be needed to validate these
tests.
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