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Abstract

Objectives—Mental fatigability refers to the failure to sustain participation in tasks requiring
mental effort. Older adults with vascular risk are at particular risk for experiencing mental
fatigability. The present study (1) tested a new way of measuring objective mental fatigability by
examining its association with perceived mental fatigability; and (2) identified psychological,
physiological, and situational factors that would be associated with mental fatigability.

Methods—A cross-sectional study was conducted with 49 community-dwelling participants aged
75+ years with vascular risk. A 20-minute fatigability-manipulation task was used to induce
mental fatigability and develop objective and perceived mental fatigability measures. Objective
fatigability was calculated by the change of reaction time over the course of the task. Perceived
fatigability was calculated by the change of fatigue self-reported before and after the task. A set of
potential psychological, physiological, and situational predictors were measured.

Results—There was a significant increase in reaction time and self-reported fatigue to the
fatigability manipulation task, indicating occurrence of objective and perceived mental
fatigability. Reaction time and self-reported fatigue were moderately, but significantly correlated.
Higher levels of executive control and having a history of more frequently engaging in mental
activities were associated with lower objective mental fatigability. None of the examined factors
were associated with perceived mental fatigability.
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Conclusion—Objective and perceived mental fatigability were sensitive to our fatigability-
manipulation task. While these two measures were correlated, they were not associated with the
same factors. These findings need to be validated in a large study with a more heterogeneous
sample and a greater variety of fatigability-manipulation tasks.

Mental fatigability; executive control; history of mental activities; reaction time

Introduction

Fatigue is one of the most common complaints in community-dwelling older adults [1]. Its
effects include a diminished capacity to maintain activities of daily living, and reduced
participation in leisure activities that protect cognitive, physical, and psychosocial well-
being [2-4]. Fatigue is a multidimensional concept that can be experienced as general
tiredness (i.e., trait, chronic subjective fatigue) or as the expectation and experience of
becoming tired in response to activities, which then leads to difficulty in maintaining these
activities at a desired level of performance (i.e., acute state, fatigability) [5-8]. Perhaps
surprisingly, older adults may not necessarily report more fatigue (i.e., chronic subjective
fatigue) than their younger counterparts; however, they do demonstrate a higher likelihood
of becoming tired or tiring faster during an activity (i.e., fatigability) [9]. The factors
underlying why older adults experience greater functional effects of fatigue are still unclear,
but is important to note that chronic subjective fatigue and fatigability are not necessarily
correlated. An older adult may complain that he is “tired all the time,” but still lead an active
life and have near-normal functional capacity while another person who has the same
complaint of chronic fatigue may live in a physically and mentally restricted manner and be
functionally impaired. These differences may be explained by the variability in an
individual's fatigability [10]. Therefore, recent work has begun to focus on fatigability in
order to answer the question, “When is fatigue a problem?” A comprehensive understanding
of fatigability may help us understand when and how fatigue symptoms translate to poor
function in old age.

Mental fatigability, the failure to remain engaged in tasks or activities requiring sustained
mental efforts, is problematic but rarely recognized by the medical community [11-13].
Neurologically, mental fatigability reflects dysfunctional cerebral activity in the basal
ganglia, involving contributions from the frontal regions (including the prefrontal cortex
(PFC) and the anterior cingulate cortex), thalamus, and the amygdala [14]. Behaviorally,
mental fatigability may not only affect mental activities (e.g., motivation, action control)
[15], but also the level of physical activities engaged in by an individual [16, 17].

The most common approach to measuring mental fatigability is via self-report, but
numerous issues (e.g., construct contamination, see discussion by Leavitt [18]) may affect
the utility of such measures. There is a need for complementary objective measurement that
would provide an estimation of fatigability that is free of the issues present in self-report
measures. Physical fatigability is measured by performance during a physical task that
requires sustained energy (i.e., assessing decreased muscle movements over time) [7, 13].

J Psychosom Res. Author manuscript; available in PMC 2015 June 01.
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Previous studies of mental fatigability have attempted to directly apply this approach to
mental fatigability by measuring declined accuracy during a cognitive task. Unfortunately,
results of these attempts have revealed inconsistent associations between self-report mental
fatigability and performance during cognitive tasks [18]. Education may greatly compensate
for mental fatigability meaning one's accuracy in the cognitive tasks may not necessarily
decline over time even though they have become fatigued. Other dimensions of cognitive
performance may be more sensitive to the effects of mental fatigability. Two studies in
patients with multiple sclerosis identified a significant and consistent relationship between
self-report fatigability and speed of processing assessed by cognitive tests requiring
sustained mental efforts [19, 20]. Another recent study found accuracy rate in cognitive
tasks was only significantly correlated to self-reported mental fatigability in the group
whose reaction time (RT) increased across the executive-attention demanding mental tasks
[21]. Increased RT may be a more reliable measure for an objective (i.e., performance-
based) mental fatigability and incorporating sustained attention tasks may be important
when designing a mental task that can induce mental fatigability.

Mental fatigability is likely influenced by multiple factors. Cognitive factors such as
executive function have been shown to influence mental fatigability [22]. Physiological
factors such as sleep quality may also affect the generation of mental fatigability [23]. A
recent conceptual framework proposed that both idiopathic and disease-related fatigue is
influenced by psychological (i.e., both affective and cognitive), physiological (i.e.,
functional and health related), and situational (i.e., individual's environment related) factors
[24, 25]. It is unclear whether this conceptual framework can be applied in the context of
mental fatigability.

Specific groups of older adults are at particular risk for experiencing mental fatigability.
Vascular risk (e.g., Type 2 diabetes, hypertension, dyslipidemia, and smoking) is the most
common health condition in older adults, affecting at least half of the elderly population in
the U.S. [26]. Those with vascular risk factors provide an ideal model to study fatigability in
old age since fatigue and fatigability are prevalent in this group [12, 27, 28]. Additionally,
recent work by our group found that older adults with vascular risk factors did not
participate in adequate physical and cognitive leisure activities [29], and fatigability was
suspected to be a main barrier to the engagement in such activities [7]. Identifying more
reliable measures of mental fatigability and understanding the factors associated with this
phenomenon is needed to better understand how to identify, prevent, or treat mental
fatigability in older adults, especially those with vascular risk.

The objectives of the current study were two-fold. First, we examined the relationship
between a novel, objective (i.e., performance-based) measure of mental fatigability that
entailed consecutive assessment of RT to a task requiring sustained mental effort and
perceived (i.e., self-reported) mental fatigability. We hypothesized that the correlation
between the RT measure of mental fatigability and perceived mental fatigability would be
greater than the correlation between the accuracy measure of the fatigability-manipulation
task and perceived fatigability. Second, we aimed to identify psychological (i.e., subjective
chronic fatigue, executive control, and depressive symptoms), physiological (i.e., vascular
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risk, sleepiness, anti-inflammatory and beta-blocker medications), and situational (i.e.,
history of mental activities) predictors of objective and perceived mental fatigability.

An exploratory cross-sectional study was conducted by recruiting participants enrolled in a
regional cohort study designed to identify blood-based predictors for incident dementia [30].
Community-dwelling older adults aged 75 years or older were invited to participate in a
series of neuropsychological, functional, and neuropsychiatric tests conducted by a group of
clinicians. This group of clinicians also reviewed each individual's medication list.
Individuals with mild cognitive impairment, dementia due to Alzheimer's disease, or who
were cognitively healthy were eligible for participating in the cohort study. Only individuals
who were cognitively healthy per cohort study protocol were referred to the present study
within one month of their annual cohort study visit. Additional inclusion criteria for the
present study were: English speaking, capacity to provide informed consent, presence of at
least one of the following vascular risk (hypertension, high cholesterol, diabetes, as
confirmed by relevant medications; and self-report smoking), and adequate auditory and
visual acuity for testing. Exclusion criteria included self-reported history of stroke, sleep
disorder, or major depression. The study was approved by the University of Rochester
institutional review board.

A total of 71 individuals from the cohort study were referred to the present study during our
eight months recruitment period: 7 declined to participate, 13 were found to be ineligible for
the present study, and 2 cancelled the study appointment for unknown reasons. Written
consent was obtained from the 49 eligible participants and these individuals then completed
the study protocol.

Measurements

Mental fatigability

Fatigability-manipulation task (see Figure 1): In the present study, we employed a
component of a popular cognitive training program called the N-back task [31] as the
fatigability-manipulation task. Performing the N-back task requires capacity of processing
speed, working memory, and sustained attention [32]. We utilized a 20 minute 1-back
paradigm, given the following considerations: First, a previous study found that, when
examining RT, mental load was similar between 1-, 2-, and 3-back task in older adults. More
importantly, compared to 2- or 3-back task, 1-back task reflected the greatest efforts in
locating resources from the PFC to manage cognitive challenges, which lead to greatest
probability of breakdown (i.e., generating of fatigability) of brain function [32]. Conversely,
the capacity to perform 2- and 3-back, from the very beginning, may have already been
beyond the capacity to activate compensatory function from the PFC in older adults, which
may lead to frustrations and confound the interpretation of fatigability [32]. Second, our
previous work showed that a laboratory cognitive task lasting less than 20 minutes was able
to induce significantly cardiovascular response (i.e., heart rate variability) in older adults
[33]. Meanwhile, performance decrements have consistently been seeing in 20 to 30 minutes

J Psychosom Res. Author manuscript; available in PMC 2015 June 01.
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fatigability manipulation tasks [34]. Thus, we utilized the 20-minute protocol to ensure that
we would be able to induce mental fatigability and to secure the safety of participants who
had vascular risk.

The fatigability-manipulation task included 20 sessions of 1-back computerized tasks
consisting of 10 sessions of visual stimuli and 10 sessions of auditory stimuli. During a task
with visual stimuli, participants were presented with a sequence of red squares, appearing in
one of the eight different loci on the screen. Participants were required to press the “Visual”
button on the touch screen whenever the currently presented stimulus was at the same
location as the one 1 position back in the sequence. During a task with auditory stimuli,
participants were presented with a sequence of letters spoken in a female voice. There were
eight candidate letters, selected on the basis of their distinctiveness. Participants were
required to press the “Audio” button if the current letter matched the letter back in the
sequence. Positions of square locations and sequence of letters spoken in the tasks were
determined randomly. The computer program used a locked periodic design in which the
visual or auditory stimuli were presented to the participants during epochs of 60 seconds per
session. Each stimulus lasted for 500 milliseconds, and the inter-stimulus interval lasted
2,500 milliseconds. No responses were required for non-targets. Two types of data were
recorded: response accuracy and the time taken to respond to the stimulus (RT).
Standardized instruction and 2-3 minute practices were provided to help participants fully
understand the tasks before the 20-minute task period. The task was operated as an app on
an iPad (Brian Williams, Tnxbai© 2008). Due to technical problems, we failed to record one
participant's data during the task.

Performance-based/objective fatigability was calculated as increased RT over the
fatigability-manipulation task. We averaged the time to make correct response to the stimuli
within one session; a total of 20 RTs were developed. This method has been validated in
previous studies [18, 21]. We also computed the accuracy rate (the ratio of the total correct
responses to the total required responses) per session for comparison. Self-report/perceived
fatigability was calculated as the change in self-reported acute fatigue before and after
engaging in the fatigability-manipulation task [5, 7]. Participants were presented with an18-
item visual analogue scale to evaluate fatigue severity (VAS-F). This instrument measures
varying aspects of fatigue (e.g., “concentrating is a tremendous chore”, etc.) and participants
indicated their response by marking on a 10-cm analogue rating line [35]. The length of the
line between 0 and the place the participant indicated the level of fatigue was recorded for
each item. A mean score was calculated for the 18 items; higher scores indicated a higher
level of fatigue. The scale has been validated in adults with and without chronic illnesses
across a wide range of ages [36]. In the present study, the internal consistency of the VAS-F
before and after fatigability-manipulation task was 0.88 and 0.94, respectively. In addition,
we also used two items that clearly described only mental fatigue “Concentrating is a
tremendous chore” and “Carrying on a conversation is a tremendous chore” as a
supplemental analysis for self-report/perceived fatigability. Of note, the items were chosen
simply based on their expression, which has not been confirmed by any statistical analysis
(e.g., factor analysis). We present this supplemental analysis as an Appendix.

J Psychosom Res. Author manuscript; available in PMC 2015 June 01.
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Potential predictors of fatigability

Psychological predictors: Subjective chronic fatigue, a trait measure, was assessed by a
mean score of the 20-item Multidimensional Fatigue Inventory [37]. This 20-item measure
captured five domains of chronic fatigue: mental fatigue, physical fatigue, general fatigue,
reduced motivation, and reduced activities. Internal consistency was 0.89 in this study.
Executive control was measured by three neuropsychological tests: Trail making test A and
B [38], Stroop word and color test [39], and Digit span forward and backward [40]. These
are commonly used cognitive tests for working memory, attention, and executive function in
elderly groups [41]. Seven performance scores were calculated: Trail making test A, Trail
making test B, Stroop word reading, Stroop color naming, Stroop interference, Digit span
forward, and Digit span backward. Each of the seven scores was then standardized. A
composite score was developed by averaging the standardized scores. Depressive symptoms
were measured by the 15-item Geriatric Depression Scale (GDS) [42]. Participants
responded *“yes” or “no” to questions related to their depressive symptoms during the past
week. Total depressive symptoms were summed.

Physiological predictors: Vascular risk was calculated as the total number of vascular risk
factors (e.g., hypertension, high cholesterol, smoking, and diabetes) reported. Sleepiness
was measured by the 8-item Epworth scale [43]. Participants responded to questions related
to their sleepiness (in contrast to just feeling tired) under different situations using a scale
ranging from “would never doze” to “high chance of dozing”. A mean score was computed
with higher scores indicating more sleepiness. Internal consistency of the scale in this study
was 0.68. Anti-inflammatory and beta-blocker medication use were extracted from
participants’ medication list.

Situational predictors: History of mental activities was measured by the frequency of
engaging in six mentally stimulating activities over the past year in participants’ leisure
time: reading, doing word games, playing cards, attending lectures, writing, and using a
computer. Participants responded using a six-point rating scale from “Never” to “Daily”
[44].

Additionally, participants’ age, sex, and years of education were collected by self-report.

All tests were conducted in the CogT laboratory (PI: F.L.). During the laboratory visit, the
participant was first asked to sit quietly and relax for 5 to 10 minutes to adapt to the
environment. The participant then completed measures of history of mental activities and
subjective chronic fatigue, as well as the neuropsychological tests. The participant then
engaged in the mental fatigue manipulation task. Additional self-report measures were
completed following the manipulation. The average length of laboratory visit was 90
minutes.

J Psychosom Res. Author manuscript; available in PMC 2015 June 01.
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Data analysis

IBM SPSS 19.0 was used for data analysis. Descriptive analysis was first performed to
describe sample characteristics. Because of its non-normal distribution, RT was log-
transformed.

We thereafter performed the following analyses to examine whether objective and perceived
fatigability were inducible over the fatigability-manipulation task. To examine objective
fatigability, a generalized estimating equation (GEE) with an unstructured working
correlation matrix was used. RT was the dependent variable, and age, sex, education, and the
session of fatigability-manipulation task as predictors: Yrt= B0 + Blage + B2sex +
B3education T P4session T € Any significant main effects of session would indicate a
significant change of RT over the fatigue manipulation task; an increase indicated an
occurrence of objective fatigability. Next, to examine perceived fatigability, repeated
measure ANOVA was used. Self-reported fatigue before and after the fatigue manipulation
task was the dependent variable with age, sex, and education as predictors. A significant
main effect of session from the repeated measure indicated a significant change in self-
report fatigue; an increase indicated an occurrence of perceived fatigability.

Next, we examined the correlation between objective and perceived fatigability controlling
for age, sex, and education. Because self-report fatigue was only assessed twice, we first
used GEE model to develop a “predictive value of mean of response” for self-report fatigue
by adjusting time of the fatigability-manipulation task. We then examined the correlation
between the adjusted self-report fatigue and RT over the fatigability-manipulation task using

GEE: Yrr=p0 + Blage + B2sex *+ P3education + 54adjusted self-report fatigue * &

As a comparison with RT, we also performed the analyses above using accuracy rate as the
dependent variable. Given the skewness of accuracy data, we dichotomized the data into
100% accurate vs. less than 100% accurate.

Finally, to examine predictors of objective and perceived fatigability, GEE and repeated
ANOVA were used separately for RT and self-reported fatigue. In separate models, each
potential psychological, physiological, and situational factor was entered as a predictor
along with age, sex, education, and session of fatigability-manipulation task. For GEE
model, the model was: Ygr7= 0 + Blage + P2sex + B3education + P4session + BOractor *
Bbsession x factor T - A significant main effect of the factor indicated a significant difference
in the RT by the factor. A significant interaction term involving task sessions would indicate
different rates of change in RT over session as a function of the factor. Of note, only a
significant interaction term indicated the particular factor's effect on fatigability. A similar
procedure using repeated ANOVA was used to identify significant factors associated with
perceived fatigability. We only conducted univariate instead of multivariate analyses,
because a sample size of = 68 or larger would have been needed for simultaneously testing
at least two predictors when targeting a small effect size between predictors and outcome
(0.15), power at 0.80, and alpha at 0.05. Alpha was set at 0.05.

J Psychosom Res. Author manuscript; available in PMC 2015 June 01.
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Results

Sample Characteristics

Table 1 shows the demographic and health characteristics of the sample. The average age of
the sample was 82.73. Fourteen participants had only one vascular risk factor (28.6%), 31
had two (63.3%), and 4 had three (8.2%). No one was an active smoker. Chronic subjective
fatigue was comparable to an age-matched healthy sample [45]. Executive control was
comparable to age- and education-adjusted normative data from the literature [46, 47]. We
excluded individuals with major depression, leaving the sample with fewer depressive
symptoms relative to an age-matched community sample (e.g., [48]).

Descriptive and Correlational Data of Objective and Perceived Mental Fatigability

After controlling for age, sex, and education, RT increased significantly over time (B=
0.006, SE = 0.002, p =.002), indicating an occurrence of objective mental fatigability. In
contrast, response accuracy showed no significant change across the task (B =-0.048, SE =
0.037, p =.19). The type of stimuli (auditory vs. visual) of the fatigability-manipulation task
did not affect RT (B = 0.031, SE = 0.026, p = .24).

After controlling for age, sex, and education, self-report fatigue increased significantly after
the fatigability-manipulation task (F(1, 45) = 5.33, p = .026), indicating an occurrence of
perceived mental fatigability.

We then examined the correlation between objective and perceived mental fatigability using
GEE adjusting for age, sex, and education. Self-report fatigue was significantly and
positively related to RT (B = 0.291, SE = 0.095, p =.002) over the course of fatigability
manipulation task, but not to accuracy rate (B = —2.205, SE = 3.093, p = .48).

Predictors for Objective and Perceived Mental Fatigability

Table 2 shows the relationship between the psychological, physiological, and situational
factors and objective and perceived fatigability. In terms of RT, taking anti-inflammatory
medications (B = -0.201, SE = 0.098, p = .041) and reporting a lower frequency of engaging
in mental activities (B = —0.251, SE = 0.106, p = .018) were significantly associated with
longer level of RT. Lower executive control (B = -0.004, SE = 0.002, p = .046) and a
history of less frequently engaging in mental activities (B = —0.003, SE = 0.002, p = .024)
were significantly associated with faster increase in RT over sessions (also see Figure 2).
Executive control and history of mental activities were not correlated after controlling for
age, sex, and education (r = 0.03, p = .85).

In terms of perceived mental fatigability, lower subjective chronic fatigue (F(1, 44) = 30.38, p
<.001), sleepiness (F(1, 44) = 9.27, p = .004), and depressive symptoms (Fq, 44y =5.47, p=.

024) were significantly related to overall lower self-reported fatigue. None of the predictors

were related to the change of self-report fatigue over sessions.

Vascular risk burden and beta-blocker medications were not related to levels or changes of
RT or self-reported fatigue over sessions.

J Psychosom Res. Author manuscript; available in PMC 2015 June 01.
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Discussion

In the present study, we were able to capture objective and perceived mental fatigability
using a fatigability-manipulation task in a group of adults aged 75 years and older with
vascular risk. This is a population at high risk for cognitive decline [49] and for whom
fatigue is a common and problematic symptom [11-13]. Consistent with the literature [7],
there was a significant increase in RT, but no change in accuracy rate over the fatigability-
manipulation task. Importantly, RT over the course of fatigability manipulation task, but not
accuracy rate, was significantly correlated, though only moderately, with perceived
fatigability. These results suggest that RT in task requiring sustained mental effort may be a
better index of objective mental fatigability than accuracy. However, the objective and
perceived measures of mental fatigability were predicted by different factors. Higher levels
of executive control and a history of more frequently engaging in mental activities protected
older adults from objective mental fatigability, but no factor predicted the perceived
fatigability. Understanding the discrepancy in these associated factors would facilitate the
understanding of the underlying processes in objective and perceived fatigability.

The moderate but significant correlation between objective and perceived mental fatigability
warrants further discussion. In general, previous studies failed to find such an association
when utilizing performance-based measures based on accuracy [18]. Our study is among the
first to demonstrate a significant association through the utilization of an objective mental
fatigability based on RT. However, it must be acknowledged that the association was
moderate. Previous imaging studies suggest that increased RT in the N-back task reflects a
decreased capacity to utilize the compensatory function of PFC, especially within the
dorsolateral and medial regions [32]. Perceived fatigability is generated from basal ganglia
and travels to the reward circuit of the PFC located within the orbitofrontal and medial
regions [14]. Hence, there is definite overlap and correlation between objective and
perceived mental fatigability in terms of the neural regions regulating these responses, but
the strength of such correlation may not be substantial. Furthermore, the length of the
fatigability-manipulation task was only 20 minutes, while other fatigability manipulation
protocols can be as long as 3 hours [50]. Participants in the present study may have only just
approached the threshold for the efficient use of PFC while the feeling of fatigue may have
not yet been generated. Such discrepancy may affect the strength of correlation between
objective and perceived mental fatigability as well; however, such interpretation requires
relevant brain imaging investigation.

This is the first pilot study using a conceptual framework of related psychological,
physiological, and situational factors [24, 25] to explore predictors of mental fatigability.
Interestingly, despite the significant correlation between perceived and objective mental
fatigability, we found different associated predictors for the two dimensions of mental
fatigability. A history of engaging in mental activities and higher levels of executive control
were associated with lower objective mental fatigability. History of mental activities in the
present study was derived from several common mental leisure activities in the past, and
frequently engaging in these activities was found to protect cognitive function against acute
stress related cardiovascular response in our previous study [33], suggests its possible role in
protecting brain function against fatigability. Executive control here mostly reflected a

J Psychosom Res. Author manuscript; available in PMC 2015 June 01.
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combination of executive function, working memory, and attention. As discussed, mental
fatigability may be related to functional abnormality of the communication between the
basal ganglia and PFC, a brain region supporting multiple domains of executive control [14].
Next, although subjective chronic fatigue, sleepiness, and depressive symptoms were
significantly associated with the level of self-report fatigue before and after the fatigability-
manipulation task, we failed to identify any significant factors related to perceived
fatigability. All available predictors are essentially chronic factors and future research may
consider acute psychological factors (e.g., acute perceived stress) as potential predictors of
perceived fatigability [24]. Finally, the different predictor profiles for objective and
perceived mental fatigability provide a potential framework to simultaneously improve the
two types of mental fatigability by either tailoring future interventions to individual's health
characteristics or primarily targeting and promoting those health characteristics found to be
protective against fatigability.

Accumulated evidence suggests that activities offering novel cognitive stimuli or requiring
constant cognitive effort, as seen in mentally fatiguing tasks, have the potential to prevent
and slow cognitive decline [51]. However, experiencing these benefits requires sustained
engagement with the activities. Mental fatigability may threaten an individual's ability and
motivation to sustain their engagement, thus lessening the likelihood of reaping the benefits
of these activities. As previously emphasized, older adults with vascular risk are at high risk
for cognitive decline and fatigue [49]. Findings from the present study may have important
implications for designing appropriate cognitive training paradigms to prevent cognitive
decline for older adults with vascular risk.

A limitation of this study is the small sample size, which may have reduced statistical
power, especially for examining the factors associated with perceived fatigability. Given the
small sample and the exploratory nature of the study, we examined individual predictors
with mental fatigability instead of multiple predictors in a single analysis. For example,
although we found executive control and history of mental activities both predicted
objective fatigability but were not statistically correlated, they are still theoretically related.
Thus, future studies need to test how these predictors interact to predict mental fatigability.
Second, we focused on a sample of adults 75 years of age and older with vascular disease
risk. We recognize that by targeting this group the threshold for inducing mental fatigability
may have been lowered, especially under the circumstance of lack of appropriate control.
However, previous work has established this group as being high risk for experiencing
increases in mental fatigability and subsequent declines in cognitive functioning [49].
Therefore, we deemed it appropriate to use this sample as the first test of the new approach
to assessing mental fatigability objectively as this phenomenon is known to be common in
this group. Although we found that neither vascular risk nor beta-blocker use was a
significant risk factor for mental fatigability, this protocol needs to be tested in a more
heterogeneous older adult sample to determine the validity of applying it to understanding
idiopathic mental fatigability in old age. Third, our fatigability-manipulation protocol was
based on a synthesis of relevant findings from the literature [32] as well as our own previous
work [33]. We sought to design a protocol that achieved a balance of challenge versus
frustration while also being safe for participants to complete. However, even though our
study found a moderate association between perceived and objective fatigability, we still
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cannot ascertain if the increased RT, as seen in objective fatigability, was due to boredom,
since a previous study suggested monotonous task may lead to underload mental efforts and
boredom [52]. Generally, two types of fatigability-manipulation protocols are utilized by
investigators in this field — one focusing on working memory (e.g., N-back task), and one on
inhibition (e.g., Stroop Word Color) [50]. Future studies may consider applying both
protocols to enhance the ecological validity of the mental fatigability task, since the mental
fatigability encountered in older adults’ daily lives usually result from multiple stimuli.
Also, appropriate physiological arousal measures (e.g., heart rate variability) may be
incorporated to differentiate between mental fatigability and boredom [52]. Finally, we were
not able to compare other approaches that utilize RT in measuring objective mental
fatigability. For example, a recent study assessed intraindividual variability of RT in
younger adults; and intraindividual variability of RT had a higher correlation with chronic
subjective fatigue than mean RT [50]. However, the protocol was much lengthier (at least 90
minutes) and this would likely be a barrier to its use with older adults. Regardless,
comparisons of different approaches of eliciting mental fatigability deserve future
investigation.

Despite the small sample size and exploratory design, we observed a number of significant
associations between key measures of interest that support a new approach to
conceptualizing two dimensions of mental fatigability. This work also provides preliminary
evidence for important individual characteristics including executive function and regular
engagement in mentally stimulating activities, as predictors of objective mental fatigability.
Together, these findings provide an important foundation for a future validation study that
will clarify whether these features of mental fatigability can be incorporated into
individualized cognitive training interventions aimed at maintaining cognitive well-being in
older adults.
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Post-fatigue
manipulation task:
Self-report VAS-F

Each visual session lasts for 60s:

2, 500ms

Each auditory session lasts for 60s:
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.
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Figure 1. Study Procedure

>

The protocol included 10 visual sessions and 10 auditory sessions. The computer program
used a locked periodic design in which the visual or auditory stimuli were presented to the

participants during epochs of 60 seconds per session. Each stimulus lasted for 500
milliseconds (ms), and the inter-stimulus interval lasted 2,500 ms. Performance-based
fatigability was computed based on the reaction time to the stimulus over sessions.

Perceived fatigability was computed based on VAS-F before and after fatigue manipulation

task.
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“Session” refers to the timeline of the fatigue manipulation task; each session lasted for 1
minute, and there were a total of 20 sessions.
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Table 1
Demographic and Health Characteristics (N = 49)

Age, Mean (SD) 82.73 (3.03)
Years of education, Mean (SD) 15.69 (2.23)
Male, n (%) 22 (44.9%)
Smoking, n (%) 0 (0)
Diabetes, n (%) 8 (16.3%)
Hypertension, n (%) 43 (87.8%)
High cholesterol, n (%) 37 (75.5%)
Anti-inflammatory medication, n (%) 28 (57.1%)
Beta-blocker, n (%) 26 (53.1%)
History of mental activities, Mean (SD) 3.61(0.78)
Subjective chronic fatigue, Mean (SD) 10.47 (3.32)
Executive control (Z composite score), Mean (SD)  -0.02 (0.56)

« Trail making test A (reversed) 264.10 (10.87)

« Trail making test B (reversed) 215.35 (35.98)

« Stroop word reading 43.21 (10.21)

« Stroop color naming 37.12 (10.37)

« Stroop interference 45.44 (6.19)

« Digit span forward 6.57 (1.56)

« Digit span backward 4.61 (1.00)
Sleepiness, Mean (SD) 0.82 (0.41)
Depressive symptoms, Mean (SD) 0.86 (1.24)
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