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Abstract: Fibromyalgia is a syndrome that is characterized by widespread pain; fatigue; stiffness;
reduced physical fitness; sleep disturbances; psychological symptoms, such as anxiety and depression;
and deficits in cognitive functions, such as attention, executive function, and verbal memory deficits.
It is important to analyze the potentially different performance on the Mini-Mental State Examination
(MMSE) and the Montreal Cognitive Assessment (MoCA) test in patients with fibromyalgia as well
as examine the relationship of that performance with physical and cognitive performance. A total
of 36 women with fibromyalgia participated in the study. Participants completed the MoCA test,
the MMSE, and the TUG physical fitness test under dual-task conditions. The results obtained
on cognitive tests were 28.19 (1.74) on the MMSE and 25.17 (2.79) on the MoCA. The participants’
performance on cognitive tests was significantly related to the results of the TUG dual-task test. In
this way, cognitive performance on a dual-task test can be used to support the diagnosis of cognitive
impairment in patients with fibromyalgia. The MoCA test may be a more sensitive cognitive screening
tool than the MMSE for patients with fibromyalgia.
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1. Introduction

Fibromyalgia is a syndrome that is characterized by widespread pain; fatigue; stiffness;
reduced physical fitness; sleep disturbances, in particular insomnia [1]; psychological
symptoms, such as anxiety and depression [2]; and deficits in cognitive functions, such as
attention, executive function, and verbal memory deficits [1,3]. The global prevalence of
fibromyalgia is 2.7%, being more prevalent in 50-year-old or older women [4].

A significant body of evidence indicates that cognitive activity is involved in natural
motor activities such as walking [5], which is an activity of daily living. When we say
cognitive activity, we mean that there is thought. Therefore, when walking, at the same
time, we may be thinking of the destination to reach and on what we plan to do there.
We may be calculating the distances between obstacles, such as cars or other pedestrians,
or even the time we will take to reach the destination. The simultaneously execution of
a motor task (such as walking) and a cognitive task (such as thinking) is called a dual
task [6]. In this regard, activities of daily living often require the ability to simultaneously
perform a cognitive and a motor task, that is, dual-task performance [7]. When an indi-
vidual faces a dual task in daily life, successful execution of both of these tasks (i.e., the
motor task (walking) and the cognitive task (thinking)) decreases because of dual-task
interference [6]. This interference occurs because the individual has to divide their attention
resources between both of the tasks. “Attention is the cognitive mechanism through which
the information that is received by our senses is filtered and/or cognitive resources are
assigned to particular elements of that information that are relevant to the observer” [8].
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A decrease in the successful execution of a motor task usually leads to accidents, such as
falls, especially in older people [5]. In experimental contexts, to replicate the situation in
which an individual is walking and cognitive activity occurs, the cognitive motor dual task
is usually used [6]. Within this paradigm, participants are asked to perform a cognitive
and a motor task at the same time.

Previous studies have found that patients with fibromyalgia usually show reduced
dual-task performance in comparison to healthy counterparts [9,10]. Moreover, the ability
to perform daily activities is conditioned by physical fitness [11] and the fear of falling [12].
Therefore, physical function is a relevant outcome in patients with fibromyalgia [13]. There
are several physical fitness tests that measure subjects’ mobility. Among these tests, we
emphasize the Timed Up and Go (TUG) test, which is a widely used instrument that
evaluates mobility and the risk of falls in older adults [14,15]. In the TUG test, patients
have to get up from a chair without using the arm rests. Then, they have to walk 3 m as
quickly as possible without running, turn around, walk back to the chair, and sit down
without using arm rests [16]. The TUG test provides a valid prognostic assessment to
predict falls in elderly people [17], and it has been associated with fall history, indicating
that older adults with slower TUG scores report a fall history more often than those in other
categories (or compared to other instruments) [18]. TUG scores have been associated with
executive function in 70-year-old or older participants, “indicating that a longer time on the
TUG is associated with lower executive function performance”. These associations have
been found specifically using the trail making test (which evaluates the components of
executive function that represent complex visual scanning, speed, attention, and the ability
to shift sets) and the Stroop word-color test (which evaluates components of executive
function representing a person’s ability to deal with conflicting stimuli) [19]. In addition,
the dual-task TUG test has also been shown to be an effective tool to determine the risk of
falls and to better discriminate between fallers and nonfallers, even in a scenario where all
standard tests and measures are insufficient to show significant differences [20].

A previous study evaluated the influence of dual-task conditions in patients with
fibromyalgia in comparison to healthy people [9]. In this study, both groups performed
three physical fitness tests (arm curl, handgrip, and 10-step stair tests) under two conditions:
(a) regular condition (single task), that is, without performing any additional cognitive
activity, and (b) dual-task condition, that is, while thinking of three words that were given
before each test and had to be recalled and verbalized after the execution of each test. As
a result, women with fibromyalgia showed lower physical performance (achieving the
significance level in the arm curl test and in the 10-step stair test) than healthy people under
both single- and dual-task conditions [9]. In addition, Moriarty et al. conducted a review
of clinical and preclinical research to establish whether chronic pain negatively affects
cognition. The authors concluded that pain is associated with impaired cognitive function
and might be a consequence of competing limited neural resources, neuroplasticity, and/or
dysregulated brain neurochemistry [21].

The Mini-Mental State Examination (MMSE) [22] is a widely used screening tool for
dementia [23], and it is validated for Spanish-speaking communities [24]. A meta-analysis
of the accuracy of the MMSE in the detection of dementia and mild cognitive impairment
showed that the cut-off of 23/24 was the most used in the 34 analyzed studies [25]. How-
ever, the MMSE has a series of limitations, especially regarding its use in more educated
patients [26]. To address this problem, the Montreal Cognitive Assessment (MoCA) was
developed as a tool to screen patients with mild cognitive impairment whose performance
on the MMSE is usually located at the normal range [27]. A meta-analysis compared the
diagnostic accuracy of a range of cut-off scores from nine studies that evaluated the validity
of the MoCA. The results showed that a cut-off score of 23/30 has a better diagnostic
accuracy across parameters than the originally recommended 26/30 cut-off score, reducing
the rate of false positives [28].

Previous research has examined which cognitive screening tool (MMSE vs. MoCA)
is more effective [28,29]. In this regard, the MoCA seems superior to the MMSE in the
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detection of cognitive impairment in patients at a higher risk for incident dementia [29].
Another study supported that the MoCA is, as a cognitive screening tool, superior to the
MMSE in detecting cognitive decline in its early stages [30]. In addition, the MoCA, but
not the MMSE, has adequate psychometric properties as a screening instrument for the
detection of mild cognitive impairment or dementia in Parkinson’s disease [31]. However,
that question has not been studied in patients with fibromyalgia, although cognitive
impairment is one of the symptoms [32].

Considering all the above, the aim of the present study was to analyze the differences
between the cognitive assessment of both the MMSE and MoCA in patients with fibromyal-
gia as well as examine the relationship of the cognitive assessment score with physical and
cognitive performance under dual-tasks conditions.

2. Experimental Section
2.1. Design

This study was designed as an explorative and descriptive study.

2.2. Participants

A total of 36 women with fibromyalgia participated in the study. The inclusion
criteria were: women aged between 30 and 75 years old diagnosed with fibromyalgia by
a rheumatologist, according to the criteria that have been established by the American
College of Rheumatology [1]. Participants were excluded from the study if they met the
following exclusion criteria: (a) being pregnant and (b) not being able to stand and sit on a
chair once.

All participants provided signed written consent to participate in the study. All
procedures were approved by the university’s bioethical committee (approval number:
62/2017) and followed the recommendations of the updated Declaration of Helsinki.

2.3. Procedures

First, anthropometric measurements of the participants were taken to calculate the
body mass index (BMI). Subsequently, the participants completed the Spanish version of the
Fibromyalgia Impact Questionnaire (FIQ), which evaluates the impact of symptoms of the
disease from 0 to 100, indicating the minimum to maximum impact, respectively. The FIQ is an
extensively validated fibromyalgia-specific tool that captures the overall effects of fibromyal-
gia symptomatology (pain, fatigue, feeling rested, stiffness, anxiety, depression, physical
impairment, feel good, or work missed) [33–35]. After, trained research staff administered the
MoCA and MMSE, both previously used in patients with fibromyalgia [36–38].

The MoCA test is a brief cognitive screening tool with high sensitivity and specificity
for detecting mild cognitive impairment, which evaluates the following cognitive abilities:
attention, concentration, executive functions (including the capacity for abstraction), mem-
ory, language, visuoconstructive abilities, calculation, and orientation [27]. The required
administration time is approximately ten minutes. The maximum score is 30 [39]. In the
present study, a score of 23 or higher was considered normal. In this sense, a meta-analysis
compared the diagnostic accuracy of a range of cut-off scores of nine studies that evaluated
the validity of the MoCA test. Its results showed that a cut-off score of 23/30 has a better
diagnostic accuracy across parameters than the originally recommended 26/30 cut-off
score, reducing the rate of false positives [28].

The MMSE is a widely used test of cognitive function; it includes tests of orientation,
attention, memory, language, and visual-spatial skills. A higher score represents a better
cognitive state. In the present study, a score of 24 or higher was considered normal. A
meta-analysis of the accuracy of the MMSE in the detection of dementia and mild cognitive
impairment showed that the cut-off of 23/24 was the most used in the 34 studies that were
analyzed [25].

Finally, the participants completed the TUG physical fitness test under single- and
dual-task conditions. The order of single- and dual-task conditions was randomized.
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Particularly, under the single-task condition, the participants had to get up from a chair
without using arm rests; then, they had to walk 3 m as quickly as possible without running,
turn around, walk back to the chair, and sit down without using arm rests [16]. The dual-
task condition consisted of counting aloud backward two by two while performing the
tests, starting from a random number higher than 100 [40].

2.4. Data Analysis

The SPSS statistical package version 24 (IBM Corp., Armonk, NY, USA) was used
to analyze the data. Descriptive analyses were conducted to obtain means and standard
deviations (SDs) regarding participants’ age and anthropometric measurements. Moreover,
parametric and nonparametric tests were conducted based on the results of the Shapiro–
Wilk test. Thus, Pearson´s and Spearman’s rho correlation analyses were conducted to
evaluate the relationship between the participants’ performance on cognitive tests (MMSE
vs. MoCA) and cognitive performance on the TUG test under dual-task conditions. In
addition, the dual-task cost (DTC) of the TUG test [41] was calculated as follows:

DTC = (Dual-task TUG time—Single-task TUG time)/Single-task TUG time

The TUG cognitive performance variable was calculated by dividing the number
of cognitive hits (correct answers in the subtractions) between the seconds spent on the
dual-task test.

3. Results

Table 1 shows the participants’ descriptive characteristics in terms of means and
SDs, including age 55.11 (8.74) years, BMI 28.30 (3.44) kg/m2, FIQ-100 53.50 (20.31), and
medications: analgesics/relaxants (33.3%), hypotensive drugs (11.1%), antidepressants
(41.7%), and others (80.6%).

Table 1. Characteristics of the participants.

Variable (n = 36) (Maximum–Minimum Values) Mean (SD)

Age (years) (34–70) 55.11 (8.74)

BMI (kg/m2) (24–39) 28.30 (3.44)

FIQ-100 (9–86) 53.50 (20.31)

Medication n (Percentage)

Analgesics/Relaxants 12 (33.3%)

Hypotensive drugs 4 (11.1%)

Antidepressants 15 (41.7%)

Others 29 (80.6%)
BMI, body mass index; FIQ, Fibromyalgia Impact Questionnaire; SD, standard deviation.

Table 2 shows the results of the participants’ performance on the TUG test, in terms of
means and SDs, under single-task, 7.55 (1.96) seconds, and dual-task, 8.20 (2.30) seconds,
conditions. In addition, this table shows the dual-task cost on the TUG test: −0.08 (1.11)
seconds. Table 2 shows the results regarding the participants’ performance on the TUG
test, which is related to cognitive performance: 0.53 (0.28). The number of cognitive hits,
4.14 (2.09), and misses, 0.11 (0.38), in the subtractions on the dual-task TUG test are also
reported in Table 2. Finally, the results obtained on cognitive tests (MMSE: 28.19 (1.74) and
MoCA: 25.17 (2.79)) are also reported in Table 2.



J. Clin. Med. 2021, 10, 125 5 of 10

Table 2. Performance on the TUG test, dual-task TUG test, and cognitive tests (MMSE and MoCA).

Variable (n = 36) (Maximum–Minimum Values) Mean SD

TUG (5.43–15.06) 7.55 1.96

TUG Dual-Task (5.39–15.42) 8.20 2.30

TUG Dual-Task Cost (−0.07–0.45) 0.08 0.11

TUG Cognitive Performance (0–1) 0.53 0.28

TUG Hits (0–7) 4.14 2.09

TUG Misses (0–2) 0.11 0.38

MMSE (23–30) 28.19 1.74

MoCA (19–31) 25.17 2.79
TUG, Timed Up and Go; MMSE, Mini-Mental State Examination; MoCA, Montreal Cognitive Assessment.

Table 3 shows the correlation analyses between the participants’ performance on
the TUG test under single- and dual-task conditions and the participants’ performance
on cognitive tests (MMSE and MoCA test) without finding a correlation in any of the
tests. In addition, the correlation analyses between cognitive test results and the dual-task
cost, cognitive performance, and hits and misses on the TUG test under the dual-task
condition are reported in Table 3. As can be observed, the participants’ performance on
cognitive tests was only significantly related to the results of the TUG dual-task cognitive
performance test.

Table 3. Correlations between the TUG test and cognitive tests.

Variable (n = 36) MMSE MoCA Test

TUG
Spearman’s CC −0.206 Spearman’s CC −0.136

p-value 0.227 p-value 0.082

TUG Dual-Task
Spearman’s CC −0.260 Spearman’s CC −0.105

p-value 0.126 p-value 0.541

TUG Dual-Task Cost
Spearman’s CC −0.077 Spearman’s CC 0.020

p-value 0.657 p-value 0.906

TUG Dual-Task
Cognitive Performance

Spearman´s CC 0.355 Pearson´s CC 0.348

p-value 0.034 * p-value 0.038 *

TUG Hits
Spearman’s CC 0.169 Spearman’s CC 0.297

p-value 0.324 p-value 0.078

TUG Misses
Spearman’s CC 0.059 Spearman’s CC −0.187

p-value 0.732 p-value 0.275
* p-value <0.05. CC, correlation coefficient; TUG, Timed Up and Go; MMSE, Mini-Mental State Examination;
MoCA, Montreal Cognitive Assessment.

Finally, results of the participants’ performance on the MMSE and the MoCA are
shown in Tables 4 and 5, respectively, in terms of frequencies. Regarding Table 4 (per-
formance on the MMSE), only 2.8% of the participants had cognitive impairment (with
the cut-off point at 24) and 25% of the participants answered all the questions correctly.
Regarding Table 5 (on performance on the MoCA), 16.7% of the participants had cognitive
impairment (with the cut-off point at 23) and only 5.6% of the participants answered all the
questions correctly. Thus, the results showed a ceiling effect, with 25.0% of the participants
achieving a perfect score on the MMSE compared to 5.6% on the MoCA.
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Table 4. Results regarding the participants’ performance on the MMSE.

MMSE (n = 36) Frequency Percentage Accumulated Percentage

0–22 0 0% 0

23 1 2.8% 2.8%

24 0 0% 2.8%

25 3 8.3% 11.1%

26 1 2.8% 13.9%

27 5 13.9% 27.8%

28 7 19.4% 47.2%

29 10 27.8% 75.0%

30 9 25.0% 100%

Total 36 100%

Table 5. Results regarding the participants’ performance on the MoCA test.

MoCA (n = 36) Frequency Percentage Accumulated Percentage

0–19 1 2.8% 2.8%

20 2 5.6% 8.3%

21 1 2.8% 11.1%

22 2 5.6% 16.7%

23 4 11.1% 27.8%

24 2 5.6% 33.3%

25 8 22.2% 55.6%

26 2 5.6% 61.1%

27 7 19. 4% 80.6%

28 5 13.9% 94.4%

29 0 0% 94.4%

30 2 5.6% 100%

Total 36 100

4. Discussion

This is the first study to analyze, compare, and correlate the results of two well-known
cognitive assessment tests (MMSE and MoCA) with the physical and cognitive perfor-
mance on the TUG test under single- and dual-task conditions in people with fibromyalgia.
We found positive correlation between the results of the cognitive tests (MMSE and MoCA)
and the cognitive performance on the TUG test under dual-task condition. According to
the results of the MMSE, only 2.8% of the participants had cognitive impairment. How-
ever, according to the results of the MoCA test, 16.7% of the participants had cognitive
impairment. In both tests, the strictest cut-off points were used to avoid false positives
(23 in the MoCA and 24 in the MMSE). In addition, although less-strict cut-off points were
used in each test (26 in the MoCA and 27 in the MMSE), a difference between the results
of both tests still existed. Finally, using less strict cut-off points in each test, 13.9% of the
population had cognitive impairment on the MMSE and 55.6% on the MoCA.

Despite the experimental results of neuroimaging studies, a diagnosis of cognitive
and behavioral impairment in patients with fibromyalgia still relies on the use of validated
tests of neuropsychiatric assessment [42]. In addition, several studies have confirmed that a
diagnosis of cognitive impairment using a single test is not enough and have recommended
relying on other methods to ensure the diagnosis [31,43,44]. Furthermore, in people with
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fibromyalgia, comorbid symptoms such as depression, anxiety, insomnia, and fatigue may
impact cognitive function, but they do not entirely explain the mental impairment. Chronic
pain may disrupt attention and induce neuroplasticity in the central nervous system [42].
Thus, it is difficult to find a gold standard for the evaluation of cognitive impairment in
fibromyalgia. Therefore, it is important to know which of the cognitive tests used is most
adequate to help in the diagnosis of cognitive impairment in fibromyalgia.

The findings of the present study are consistent with most of the research that has
been conducted to date: the MMSE does not perform well as a screening instrument
(mainly due to the ceiling effect). This may be partially due to a lack of sensitivity to
milder cognitive deficits [31,45]. The present results show the instrument ceiling effect,
with 25.0% of the participants achieving a perfect score on the MMSE compared to 5.6%
on the MoCA. As shown in a previous study, the poorer performance of the MMSE in
detecting cognitive impairment may be due to a series of several factors, apart from a lack
of sensitivity to milder cognitive deficits. First, the MMSE may be less effective at assessing
complex cognitive domains such as visuospatial skills, executive function, and abstract
reasoning. In addition, the MMSE includes one test for attention, while the MoCA includes
two additional tests (digit span and vigilance). Similarly, the three-item test on delayed
recall in the MMSE is less difficult than the five-item test on delayed recall in the MoCA.
Thus, the attention and delayed-recall items in the MMSE are easier than in the MoCA [46].
The differences that have been described above between performance on the MMSE and
performance on the MoCA are important when assessing cognitive impairment in patients
with fibromyalgia because a previous study found memory and vocabulary deficits in
patients with fibromyalgia, showing that memory function in patients with fibromyalgia is
not age-appropriate [47]. For the above reasons, it is possible to recommend the MoCA test
to help in the diagnosis of mild cognitive impairment in fibromyalgia patients.

The results obtained in the TUG test are similar to results of other studies on fibromyal-
gia patients, both under single-task [40,48,49] and dual-task [40] conditions. Among the
measures that were obtained from the dual-task TUG test, we identified cognitive perfor-
mance. This variable was calculated by dividing the number of cognitive hits between the
seconds spent on the dual-task test. In this regard, we found a positive correlation between
the results of both cognitive tests (MMSE and MoCA) and the cognitive performance on
the TUG test under a dual-task condition. A previous study found significant correlations
between performance on the TUG test (under dual-task conditions) and MoCA and MMSE
scores [41]. In this study, the cognitive task consisted of reciting the days of the week
in reverse order starting from Sunday while performing the TUG test. These findings
suggested that the TUG test under the dual-task condition might be used in clinical practice
as a functional and practical test for the early screening of cognitive dysfunction among
older adults. However, the authors recommended additional studies including more chal-
lenging cognitive tasks during the TUG test to obtain stronger correlations with cognitive
tests. Therefore, in the current study, we selected a dual-task condition that consisted of
counting aloud backward two by two while performing the tests, starting from a random
number higher than 100 [40]. This might be the reason we found a correlation only between
cognitive performance on the TUG test under the dual-task condition and the results of
both cognitive tests (MMSE and MoCA), being even stricter for the assessment of cognitive
impairment. Moreover, the cognitive task used under the dual-task condition (counting
aloud backward two by two) requires some of the cognitive domains that are assessed
on the MMSE or the MoCA, such as working memory, calculation, or attention, among
others. This is relevant since when clinicians or researchers conduct evaluations under
the dual-task paradigm, physical performance is usually presented, ignoring cognitive
performance under the dual-task condition. However, our results suggested that cognitive
performance under the dual-task condition provides us with cognitive information in
the same line using the MoCA and MMSE. Thus, to complement the patients’ cognitive
assessments, this variable should be considered rather than physical performance under
the dual-task condition or even the DTC.
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Previously, it was shown that physical performance on the TUG test under single- and
dual-task conditions could predict mild cognitive impairment [19]. However, the results of
the current study did not show correlations between physical performance on the TUG
(single- and dual-task) test and cognitive performance on cognitive tests. Importantly, we
found a positive correlation between the results of cognitive tests (MMSE and MoCA) and
cognitive performance on the TUG test under the dual-task condition. This relationship
between cognitive performance on cognitive tests and cognitive performance on the TUG
test under the dual-task condition may help support the cognitive impairment diagnosis in
fibromyalgia patients, highlighting its importance.

The present study had limitations: the small number of participants and all the partic-
ipants being women. Thus, the results cannot be extrapolated to men with fibromyalgia.
Moreover, our data cannot be compared with normative data (for the MoCA and the
MMSE) due to both the specificity of the fibromyalgia population and the lack of norma-
tive values for this population. Furthermore, since there is no gold standard to measure
cognitive impairment in patients with fibromyalgia, the sensitivity and specificity of both
cognitive tests could not be calculated in the present study. The main conclusion was based
on the ceiling effect of both tests.

5. Conclusions

The MoCA may be a more sensitive cognitive screening tool than the MMSE for
patients with fibromyalgia. The results of both cognitive tests correlated with cognitive
performance on the dual-task TUG test. As such, cognitive performance on a dual-task test
can be used to support the diagnosis of cognitive impairment in patients with fibromyalgia
because it provides a functional assessment related to real-life activities, although more
research is needed to generalize the present results to populations with fibromyalgia.

Author Contributions: Conceptualization, A.M.-G. and S.V.; methodology, J.L.L.-L.; software, N.G.;
validation, S.V., J.L.L.-L., and A.M.-G.; formal analysis, S.V.; investigation, P.R.-D.; resources, N.G.;
data curation, S.V.; writing—original draft preparation, A.M.-G.; writing—review and editing, P.R.-D.;
visualization, J.L.L.-L.; supervision, S.V.; project administration, N.G.; funding acquisition, N.G. All
authors have read and agreed to the published version of the manuscript.

Funding: In the framework of the Spanish National R + D + i Plan, the current study was co-
funded by the Spanish Ministry of Sciences and Innovation (reference PID2019-107191RB-I00). This
study was also funded by the Research Grant for Groups (GR18155) funded by the Junta de Ex-
tremadura (Regional Government of Extremadura) and the European Regional Development Fund
(ERDF/FEDER) “a way of doing Europe”. This study was supported by the Biomedical Research
Networking Center on Frailty and Healthy Aging (CIBERFES) and FEDER funds from the European
Union (CB16/10/00477).

Institutional Review Board Statement: All procedures were approved by the university bioeth-
ical committee (approval number: 62/2017) and followed the recommendations of the updated
Declaration of Helsinki.

Informed Consent Statement: All participants provided signed written consent to participate in
the study.

Data Availability Statement: All data are available by the corresponding author (S.G.) upon reason-
able request.

Acknowledgments: The author A.M.-G. was supported by a grant from the Spanish Ministry of
Education, Culture, and Sport (FPU17/031330). The author J.L.L.-L. was supported by a grant from
the Spanish Ministry of Education, Culture, and Sport (FPU18/05655). The author S.V. was supported
by a grant from the Regional Department of Economy and Infrastructure of the Government of
Extremadura and the European Social Fund (PD16008). The funders played no role in the study
design, data collection and analysis, the decision to publish, or the preparation of the manuscript.

Conflicts of Interest: The authors certify that there is no conflict of interest with any financial
organization regarding the material discussed in the manuscript.



J. Clin. Med. 2021, 10, 125 9 of 10

References
1. Wolfe, F.; Clauw, D.J.; Fitzcharles, M.-A.; Goldenberg, D.L.; Katz, R.S.; Mease, P.; Russell, A.S.; Russell, I.J.; Winfield, J.B.; Yunus,

M.B. The American College of Rheumatology preliminary diagnostic criteria for fibromyalgia and measurement of symptom
severity. Arthritis Care Res. 2010, 62, 600–610. [CrossRef]

2. Galvez-Sánchez, C.M.; Montoro, C.I.; Duschek, S.; del Paso, G.A.R. Depression and trait-anxiety mediate the influence of clinical
pain on health-related quality of life in fibromyalgia. J. Affect. Disord. 2020, 265, 486–495. [CrossRef]

3. Kalfon, T.B.-O.; Gal, G.; Shorer, R.; Ablin, J.N. Cognitive functioning in fibromyalgia: The central role of effort. J. Psychosom. Res.
2016, 87, 30–36. [CrossRef]

4. Queiroz, L.P. Worldwide epidemiology of fibromyalgia. Curr. Pain Headache Rep. 2013, 17, 356. [CrossRef] [PubMed]
5. Li, K.Z.H.; Bherer, L.; Mirelman, A.; Maidan, I.; Hausdorff, J.M. Cognitive involvement in balance, gait and dual-tasking in aging:

A focused review from a neuroscience of aging perspective. Front. Neurol. 2018, 9, 913. [CrossRef] [PubMed]
6. Kimura, T.; Matsuura, R. Additional effects of a cognitive task on dual-task training to reduce dual-task interference. Psychol.

Sport Exerc. 2020, 46, 101588. [CrossRef]
7. Yuan, J.; Blumen, H.M.; Verghese, J.; Holtzer, R. Functional connectivity associated with gait velocity during walking and

walking-while-talking in aging: A resting-state fMRI study. Hum. Brain Mapp. 2015, 36, 1484–1493. [CrossRef] [PubMed]
8. Sánchez-López, A.; Quinto-Guillen, R.; Pérez-Lucas, J.; Jurado-Barba, R.; Martínez-Grass, I.; Ponce-Alfaro, G.; Rubio-Valladolid,

G. Validación de la versión española del Test Stroop de Alcohol. An. Psicol. 2015, 31, 504–523.
9. Villafaina, S.; Collado-Mateo, D.; Domínguez-Muñoz, F.J.; Fuentes-García, J.P.; Gusi, N. Impact of adding a cognitive task while

performing physical fitness tests in women with fibromyalgia: A cross-sectional descriptive study. Medicine 2018, 97, e13791.
[CrossRef]

10. Villafaina, S.; Polero, P.; Collado-Mateo, D.; Fuentes-García, J.P.; Gusi, N. Impact of adding a simultaneous cognitive task in the
elbow’s range of movement during arm curl test in women with fibromyalgia. Clin. Biomech. 2019, 65, 110–115. [CrossRef]

11. Panton, L.B.; Kingsley, J.D.; Toole, T.; Cress, M.E.; Abboud, G.; Sirithienthad, P.; Mathis, R.; McMillan, V. A comparison of physical
functional performance and strength in women with fibromyalgia, age-and weight-matched controls, and older women who are
healthy. Phys. Ther. 2006, 86, 1479–1488. [CrossRef] [PubMed]

12. Collado-Mateo, D.; Gallego-Diaz, J.M.; Adsuar, J.C.; Domínguez-Muñoz, F.J.; Olivares, P.; Gusi, N. Fear of falling in women with
fibromyalgia and its relation with number of falls and balance performance. BioMed Res. Int. 2015, 2015, 589014. [CrossRef]

13. Da Silva Costa, I.; Gamundí, A.; Miranda, J.G.V.; França, L.G.S.; De Santana, C.N.; Montoya, P. Altered functional performance in
patients with fibromyalgia. Front. Hum. Neurosci. 2017, 11, 14.

14. Herman, T.; Mirelman, A.; Giladi, N.; Schweiger, A.; Hausdorff, J.M. Executive control deficits as a prodrome to falls in healthy
older adults: A prospective study linking thinking, walking, and falling. J. Gerontol. Ser. A Biomed. Sci. Med. Sci. 2010, 65,
1086–1092. [CrossRef] [PubMed]

15. Herman, T.; Giladi, N.; Hausdorff, J.M. Properties of the ‘timed up and go’test: More than meets the eye. Gerontology 2011, 57,
203–210. [CrossRef] [PubMed]

16. Podsiadlo, D.; Richardson, S. The timed “Up & Go”: A test of basic functional mobility for frail elderly persons. J. Am. Geriatr.
Soc. 1991, 39, 142–148. [PubMed]

17. Hofheinz, M.; Mibs, M. The prognostic validity of the timed up and go test with a dual task for predicting the risk of falls in the
elderly. Gerontol. Geriatr. Med. 2016, 2, 2333721416637798. [CrossRef]

18. Asai, T.; Oshima, K.; Fukumoto, Y.; Yonezawa, Y.; Matsuo, A.; Misu, S. Association of fall history with the Timed Up and Go test
score and the dual task cost: A cross-sectional study among independent community-dwelling older adults. Geriatr. Gerontol. Int.
2018, 18, 1189–1193. [CrossRef]

19. McGough, E.L.; Kelly, V.E.; Logsdon, R.G.; McCurry, S.M.; Cochrane, B.B.; Engel, J.M.; Teri, L. Associations between physical
performance and executive function in older adults with mild cognitive impairment: Gait speed and the timed “up & go” test.
Phys. Ther. 2011, 91, 1198–1207.

20. Ponti, M.; Bet, P.; Oliveira, C.L.; Castro, P.C. Better than counting seconds: Identifying fallers among healthy elderly using fusion
of accelerometer features and dual-task Timed Up and Go. PLoS ONE 2017, 12, e0175559. [CrossRef]

21. Moriarty, O.; McGuire, B.E.; Finn, D.P. The effect of pain on cognitive function: A review of clinical and preclinical research. Prog.
Neurobiol. 2011, 93, 385–404. [CrossRef] [PubMed]

22. Folstein, M.F.; Folstein, S.E.; McHugh, P.R. “Mini-mental state”: A practical method for grading the cognitive state of patients for
the clinician. J. Psychiatr. Res. 1975, 12, 189–198. [CrossRef]

23. Tariq, S.H.; Tumosa, N.; Chibnall, J.T.; Perry Iii, M.H.; Morley, J.E. Comparison of the Saint Louis University mental status
examination and the mini-mental state examination for detecting dementia and mild neurocognitive disorder—A pilot study.
Am. J. Geriatr. Psychiatry 2006, 14, 900–910. [CrossRef] [PubMed]

24. Blesa, R.; Pujol, M.; Aguilar, M.; Santacruz, P.; Bertran-Serra, I.; Hernández, G.; Sol, J.M.; Peña-Casanova, J.; Group Normacodem.
Clinical validity of the ‘mini-mental state’for Spanish speaking communities. Neuropsychologia 2001, 39, 1150–1157. [CrossRef]

25. Mitchell, A.J. A meta-analysis of the accuracy of the mini-mental state examination in the detection of dementia and mild
cognitive impairment. J. Psychiatr. Res. 2009, 43, 411–431. [CrossRef] [PubMed]

26. Anthony, J.C.; LeResche, L.; Niaz, U.; Von Korff, M.R.; Folstein, M.F. Limits of the ‘Mini-Mental State’as a screening test for
dementia and delirium among hospital patients. Psychol. Med. 1982, 12, 397–408. [CrossRef]

http://doi.org/10.1002/acr.20140
http://doi.org/10.1016/j.jad.2020.01.129
http://doi.org/10.1016/j.jpsychores.2016.06.004
http://doi.org/10.1007/s11916-013-0356-5
http://www.ncbi.nlm.nih.gov/pubmed/23801009
http://doi.org/10.3389/fneur.2018.00913
http://www.ncbi.nlm.nih.gov/pubmed/30425679
http://doi.org/10.1016/j.psychsport.2019.101588
http://doi.org/10.1002/hbm.22717
http://www.ncbi.nlm.nih.gov/pubmed/25504964
http://doi.org/10.1097/MD.0000000000013791
http://doi.org/10.1016/j.clinbiomech.2019.04.006
http://doi.org/10.2522/ptj.20050320
http://www.ncbi.nlm.nih.gov/pubmed/17079747
http://doi.org/10.1155/2015/589014
http://doi.org/10.1093/gerona/glq077
http://www.ncbi.nlm.nih.gov/pubmed/20484336
http://doi.org/10.1159/000314963
http://www.ncbi.nlm.nih.gov/pubmed/20484884
http://www.ncbi.nlm.nih.gov/pubmed/1991946
http://doi.org/10.1177/2333721416637798
http://doi.org/10.1111/ggi.13439
http://doi.org/10.1371/journal.pone.0175559
http://doi.org/10.1016/j.pneurobio.2011.01.002
http://www.ncbi.nlm.nih.gov/pubmed/21216272
http://doi.org/10.1016/0022-3956(75)90026-6
http://doi.org/10.1097/01.JGP.0000221510.33817.86
http://www.ncbi.nlm.nih.gov/pubmed/17068312
http://doi.org/10.1016/S0028-3932(01)00055-0
http://doi.org/10.1016/j.jpsychires.2008.04.014
http://www.ncbi.nlm.nih.gov/pubmed/18579155
http://doi.org/10.1017/S0033291700046730


J. Clin. Med. 2021, 10, 125 10 of 10

27. Nasreddine, Z.S.; Phillips, N.A.; Bédirian, V.; Charbonneau, S.; Whitehead, V.; Collin, I.; Cummings, J.L.; Chertkow, H. The
Montreal Cognitive Assessment, MoCA: A brief screening tool for mild cognitive impairment. J. Am. Geriatr. Soc. 2005, 53,
695–699. [CrossRef]

28. Carson, N.; Leach, L.; Murphy, K.J. A re-examination of Montreal Cognitive Assessment (MoCA) cutoff scores. Int. J. Geriatr.
Psychiatry 2018, 33, 379–388. [CrossRef]

29. Dong, Y.; Lee, W.Y.; Basri, N.A.; Collinson, S.L.; Merchant, R.A.; Venketasubramanian, N.; Chen, C.L.-H. The Montreal Cognitive
Assessment is superior to the Mini–Mental State Examination in detecting patients at higher risk of dementia. Int. Psychogeriatr.
2012, 24, 1749–1755. [CrossRef]

30. Roalf, D.R.; Moberg, P.J.; Xie, S.X.; Wolk, D.A.; Moelter, S.T.; Arnold, S.E. Comparative accuracies of two common screening
instruments for classification of Alzheimer’s disease, mild cognitive impairment, and healthy aging. Alzheimer’s Dement. 2013, 9,
529–537. [CrossRef]

31. Hoops, S.; Nazem, S.; Siderowf, A.D.; Duda, J.E.; Xie, S.X.; Stern, M.B.; Weintraub, D. Validity of the MoCA and MMSE in the
detection of MCI and dementia in Parkinson disease. Neurology 2009, 73, 1738–1745. [CrossRef] [PubMed]

32. Wu, Y.-L.; Huang, C.-J.; Fang, S.-C.; Ko, L.-H.; Tsai, P.-S. Cognitive impairment in fibromyalgia: A meta-analysis of case–control
studies. Psychosom. Med. 2018, 80, 432–438. [CrossRef] [PubMed]

33. Burckhardt, C.S.; Clark, S.; Bennett, R. Fibromyalgia and quality of life: A comparative analysis. J. Rheumatol. 1993, 20, 475–479.
[PubMed]

34. Bennett, R. The Fibromyalgia Impact Questionnaire (FIQ): A review of its development, current version, operating characteristics
and uses. Clin. Exp. Rheumatol. 2005, 23, S154–S162.

35. Esteve-Vives, J.; Redondo, J.R.; Salvat, M.I.S.; de Gracia Blanco, M.; de Miquele, C.A. Proposal for a consensus version of the
Fibromyalgia Impact Questionnaire (FIQ) for the Spanish population. Reumatol. Clínica 2007, 3, 21–24. [CrossRef]

36. Rodríguez-Andreu, J.; Ibáñez-Bosch, R.; Portero-Vázquez, A.; Masramon, X.; Rejas, J.; Gálvez, R. Cognitive impairment in
patients with fibromyalgia syndrome as assessed by the mini-mental state examination. BMC Musculoskelet. Disord. 2009, 10, 162.
[CrossRef]

37. Borg, C.; Padovan, C.; Thomas-Antérion, C.; Chanial, C.; Sanchez, A.; Godot, M.; Peyron, R.; De Parisot, O.; Laurent, B.
Pain-related mood influences pain perception differently in fibromyalgia and multiple sclerosis. J. Pain Res. 2014, 7, 81–87.
[CrossRef]

38. Aparicio, V.A.; Segura-Jimenez, V.; Alvarez-Gallardo, I.C.; Soriano-Maldonado, A.; Castro-Pinero, J.; Delgado-Fernandez, M.;
Carbonell-Baeza, A. Fitness testing in the fibromyalgia diagnosis: The al-Ándalus project. Med. Sci. Sports Exerc. 2015, 47, 451–459.
[CrossRef]

39. Hobson, J. The montreal cognitive assessment (MoCA). Occup. Med. 2015, 65, 764–765. [CrossRef]
40. Martín-Martínez, J.P.; Villafaina, S.; Collado-Mateo, D.; Pérez-Gómez, J.; Gusi, N. Effects of 24-week exergame intervention on

physical function under single-and dual-task conditions in fibromyalgia: A randomized controlled trial. Scand. J. Med. Sci. Sports
2019, 29, 1610–1617. [CrossRef]

41. Lima, L.C.A.; Ansai, J.H.; Andrade, L.P.; Takahashi, A.C.M. The relationship between dual-task and cognitive performance
among elderly participants who exercise regularly. Braz. J. Phys. Ther. 2015, 19, 159–166. [CrossRef] [PubMed]

42. Bertolucci, P.H.F.; de Oliveira, F.F. Cognitive impairment in fibromyalgia. Curr. Pain Headache Rep. 2013, 17, 344. [CrossRef]
[PubMed]

43. Petersen, R.C. Mild cognitive impairment as a diagnostic entity. J. Intern. Med. 2004, 256, 183–194. [CrossRef] [PubMed]
44. Flicker, C.; Ferris, S.H.; Reisberg, B. Mild cognitive impairment in the elderly: Predictors of dementia. Neurology 1991, 41, 1006.

[CrossRef]
45. Dong, Y.; Sharma, V.K.; Chan, B.P.-L.; Venketasubramanian, N.; Teoh, H.L.; Seet, R.C.S.; Tanicala, S.; Chan, Y.H.; Chen, C. The

Montreal Cognitive Assessment (MoCA) is superior to the Mini-Mental State Examination (MMSE) for the detection of vascular
cognitive impairment after acute stroke. J. Neurol. Sci. 2010, 299, 15–18. [CrossRef]

46. Nys, G.M.S.; Van Zandvoort, M.J.E.; de Kort, P.L.M.; Jansen, B.P.W.; Kappelle, L.J.; de Haan, E.H.F. Restrictions of the Mini-Mental
State Examination in acute stroke. Arch. Clin. Neuropsychol. 2005, 20, 623–629. [CrossRef]

47. Park, D.C.; Glass, J.M.; Minear, M.; Crofford, L.J. Cognitive function in fibromyalgia patients. Arthritis Rheum. Off. J. Am. Coll.
Rheumatol. 2001, 44, 2125–2133. [CrossRef]

48. Collado-Mateo, D.; Domínguez-Muñoz, F.J.; Adsuar, J.C.; Merellano-Navarro, E.; Olivares, P.R.; Gusi, N. Reliability of the timed
up and go test in fibromyalgia. Rehabil. Nurs. J. 2018, 43, 35–39. [CrossRef]

49. Collado-Mateo, D.; Dominguez-Muñoz, F.J.; Adsuar, J.C.; Merellano-Navarro, E.; Gusi, N. Exergames for women with fibromyal-
gia: A randomised controlled trial to evaluate the effects on mobility skills, balance and fear of falling. PeerJ 2017, 5, e3211.
[CrossRef]

http://doi.org/10.1111/j.1532-5415.2005.53221.x
http://doi.org/10.1002/gps.4756
http://doi.org/10.1017/S1041610212001068
http://doi.org/10.1016/j.jalz.2012.10.001
http://doi.org/10.1212/WNL.0b013e3181c34b47
http://www.ncbi.nlm.nih.gov/pubmed/19933974
http://doi.org/10.1097/PSY.0000000000000575
http://www.ncbi.nlm.nih.gov/pubmed/29528888
http://www.ncbi.nlm.nih.gov/pubmed/8478854
http://doi.org/10.1016/S1699-258X(07)73594-5
http://doi.org/10.1186/1471-2474-10-162
http://doi.org/10.2147/JPR.S49236
http://doi.org/10.1249/MSS.0000000000000445
http://doi.org/10.1093/occmed/kqv078
http://doi.org/10.1111/sms.13502
http://doi.org/10.1590/bjpt-rbf.2014.0082
http://www.ncbi.nlm.nih.gov/pubmed/25993629
http://doi.org/10.1007/s11916-013-0344-9
http://www.ncbi.nlm.nih.gov/pubmed/23709236
http://doi.org/10.1111/j.1365-2796.2004.01388.x
http://www.ncbi.nlm.nih.gov/pubmed/15324362
http://doi.org/10.1212/WNL.41.7.1006
http://doi.org/10.1016/j.jns.2010.08.051
http://doi.org/10.1016/j.acn.2005.04.001
http://doi.org/10.1002/1529-0131(200109)44:9&lt;2125::AID-ART365&gt;3.0.CO;2-1
http://doi.org/10.1002/rnj.307
http://doi.org/10.7717/peerj.3211

	Introduction 
	Experimental Section 
	Design 
	Participants 
	Procedures 
	Data Analysis 

	Results 
	Discussion 
	Conclusions 
	References

