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ABSTRACT

Background: Fatigue and “brain fog” are symptoms that may arise from lifestyle factors and various
clinical conditions. Despite their significant impact on daily functioning, there is a lack of
psychometrically robust instruments to measure their co-occurrence. The Fatigue and Altered
Cognition Scale (FACs) was developed to address this gap, allowing the assessment of central
fatigue and cognitive complaints commonly referred to as brain fog. In the present study, we
translated, culturally adapted, and validated the FACs for European Portuguese.

Methods: A sample of 591 Portuguese-speaking adults completed the Portuguese version of the
FACs, along with the Burnout Assessment Tool (BAT) and the Depression, Anxiety, and Stress Scales
(DASS). Confirmatory Factor Analysis tested the factorial structure, and internal consistency and
convergent validity were also evaluated.

Results: A bifactor model demonstrated the presence of a general factor underlying all items.
Internal consistency was excellent, and the FACs exhibited strong positive correlations with both the
BAT and the DASS. Moreover, the FACs demonstrated strong criterion-related validity through its
significant and robust associations with burnout, depression, anxiety, and stress.

Conclusions: Our findings establish the FACs as a valid, reliable, and efficient instrument for both
clinical and research applications within European Portuguese contexts.

KEYWORDS

Altered cognition; brain fog; FACs;
fatigue; fatigue and Altered
cognition scale

Introduction impairment, and cognitive dysfunction (Kinsinger et al,
2010), leading to a wide range of negative effects, from
reduced productivity and occupational hazards to profes-
sional errors or even suicidal ideation (Fan & Smith, 2017;
Kapur & Webb, 2016).

Given its widespread impact across populations, a recent
review aimed to clarify how fatigue is defined and measured
in non-oncologic medical conditions (Billones et al., 2021).
The authors included 47 articles that identified eight fatigue
dimensions: physical, cognitive, mental, central, peripheral,
emotional, motivational, and psychosocial (Billones et al.,
2021). Physical fatigue was the most frequently assessed
dimension, described as a “debilitating physical exhaustion
or a distressing lack of energy not relieved by sleep or rest”
(Norton et al, 2015), or as “muscle fatigability, defined as

Fatigue and brain fog are closely linked symptoms that can
significantly impair daily functioning. These symptoms may
arise from lifestyle-related factors such as insufficient sleep
or an unbalanced diet, but they are also associated with a
wide range of clinical conditions that include chronic pain
(Dass et al, 2023) traumatic brain injury (Ponsford et al,
2011), chronic fatigue syndrome (Ocon, 2013), hypoparathy-
roidism (Coles et al., 2019) , celiac disease (Yelland, 2017),
postural tachycardia syndrome (Wells et al., 2020), cancer
treatments (Pan & Hu, 2024), fibromyalgia (Kravitz & Katz,
2015), rheumatoid arthritis (Katz et al., 2004), and post-acute
sequelae of COVID-19 (Thaweethai et al., 2023).

Fatigue and brain fog are terms that have been frequently
used without clear definitions, hindering the understanding,

assessment, and treatment of these symptoms (Elliott et al.,
2023). Fatigue is a complex symptom reported by both
healthy individuals and those with acute or chronic condi-
tions. It often co-occurs with depression, pain, sleep

difficulty initiating or sustaining muscular activity (Elsais
et al., 2013; see Billones et al., 2021 for the definitions of
other dimensions of fatigue). The FACs was specifically
developed to assess central fatigue, (Elliott et al., 2023),
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which is linked to dysfunctions within the central nervous
system, leading to an increased perception of effort and
reduced endurance for sustained physical and mental tasks
(Chaudhuri & Behan, 2004). Individuals experiencing central
fatigue often report difficulties initiating, sustaining activi-
ties, or maintaining focus (Chaudhuri & Behan, 2004).

Brain fog is a term commonly used to describe subjective
difficulties with thinking and concentration, including for-
getfulness, lack of mental clarity, slower conversational
responses, and word retrieval problems (Bell et al, 2023;
Ross et al., 2013). It encompasses episodes of mental cloud-
iness, impaired attention, concentration, speech, organiza-
tion, multitasking, and memory (Atik & Inel Manav, 2023;
Lucius, 2021). These cognitive difficulties can lead to reduced
work efficiency, feelings of disappointment and inadequacy,
academic and occupational challenges, accidents, strained
relationships, loneliness, low self-esteem, and other psycho-
social impacts (Kovalchuk & Kolb, 2017; Lucius, 2021; Ocon,
2013; Yelland, 2017).

The frequent co-occurrence of central fatigue and brain
fog across general population and chronic health conditions
has prompted investigation into potential shared mechanisms
(Elliott et al., 2023). Although their etiology is likely multi-
factorial, a thorough assessment of symptom presence and
severity remains a crucial step before designing effective
interventions. However, until recently, the absence of a spe-
cific instrument led researchers to rely on multiple overlap-
ping neuropsychological tests to assess central fatigue and
brain fog (Krishnan et al., 2022; Ocon, 2013; Wright et al,
2020). Nevertheless, using several neuropsychological mea-
sures is burdensome, time-consuming and costly, introduc-
ing risk biases, such as increased patient fatigue or reduced
statistical power in research (Billones et al, 2021; Elliott
et al., 2023). Moreover, many traditional cognitive tests,
developed for severe neuropsychological impairments, lack
sensitivity to the subtle fluctuations that are characteristic of
brain fog (Wright et al., 2020).

To address these challenges, the Fatigue and Altered
Cognition Scale (the FACs) was designed to provide a sen-
sitive, efficient, and psychometrically robust self-report mea-
sure of central fatigue and brain fog across diverse
populations or conditions (Elliott et al., 2023). It was devel-
oped by researchers and clinicians with expertise in treating
traumatic brain injury-related symptoms. Item generation
was informed by existing literature and reviews of patient
responses from previous and ongoing traumatic brain injury
studies. This process resulted in 20 items—ten assessing
altered cognition (i.e., brain fog) and ten assessing central
fatigue. In the original study, Cronbach’s alpha coefficients
indicated excellent internal consistency for both factors (« =
.95), and Omega values were similarly strong (w = .95). A
confirmatory factor analysis supported the proposed
two-factor model (Elliott et al., 2023).

Although various instruments assess fatigue (Billones
et al., 2021) or brain fog (Atik & Inel Manav, 2023) sepa-
rately, the FACs captures their co-occurrence, focusing on
symptoms potentially linked by common pathophysiological
mechanisms (Elliott et al., 2023). For this reason, our study
reports the adaptation of the FACs into European Portuguese

and evaluates its psychometric properties. Moreover, we
tested the validity of the FACs to distinguish between par-
ticipants with low and high levels of burnout, depression,
anxiety, and stress. This process is essential to provide clini-
cians and researchers from European Portuguese contexts
with a reliable, culturally adapted tool that facilitates accu-
rate symptom assessment, supports clinical decision-making,
monitors treatment response, and enhances cross-cultural
research. The relevance of this work is amplified by the
expanding recognition of central fatigue and brain fog in a
wide range of clinical conditions.

Methods
Participants

In this cross-sectional study, a non-probabilistic convenience
sample was collected through a snowball method. Participants
were reached by posts on social media platforms (e.g., Facebook
and Linkedin) and by contacts of university students who agreed
to disseminate the study within their personal networks.
Inclusion criteria required participants to be over 18years of age
and to have European Portuguese as their dominant language.

Instruments

Besides a socio-demographic questionnaire, which included
questions about age, gender, academic degree, and marital
status, the Portuguese versions of the following instruments
were administered.

Burnout Assessment Tool (BAT; Schaufeli, Desart, et al.,
2020)

The BAT is a self-report instrument that conceptualizes
burnout as a syndrome consisting of four core symptoms—
exhaustion, mental distance, emotional impairment, and
cognitive impairment (which are assessed through 23 items),
and secondary symptoms—psychological distress and psy-
chosomatic complaints (measured by an additional 10 items).
These secondary symptoms may be associated with depressed
mood and other comorbidities. All items are rated on a
five-point Likert scale ranging from 1 (“Never”) to 5
(“Always”). In the framework of this instrument, the four
core symptoms are interconnected and reflect a common
higher-order factor—burnout—which is treated as a
second-order construct (Schaufeli, Desart, et al., 2020; Sinval
et al., 2022). Exhaustion is assessed through eight items,
while each of the remaining core and secondary dimensions
is measured with five items.

In the present study, we used BAT-23, to assess the core
symptoms of burnout. Thereby, we assessed: (a) exhaustion,
which refers to a severe loss of energy that results in feelings
of both physical (tiredness, feeling weak) and mental (feeling
drained and worn-out) exhaustion—Specific symptoms of
exhaustion include lack of energy to start a new job, feeling
completely used up after a whole day of work, feeling tired
quickly even after spending minimal effort at work, and
inability to relax after work; (b) emotional impairment, which



refers to the manifestation of intense emotional reactions
and feelings of being overwhelmed by ones emotions—
Specific symptoms of emotional impairment include feeling
frustrated and angry at work, irritability, overreacting, feel-
ing upset or sad without knowing why, and feeling unable to
control one’s emotions at work; (c) cognitive impairment,
which refers to memory, attention and concentration deficits,
as well as poor cognitive performance—Specific symptoms
of cognitive impairment include difficulties of thinking
clearly and learning new things at work, being forgetful and
absent-minded, indecision, poor memory, attention and con-
centration at work. Finally, we assessed (d) mental distance,
which refers to a psychological detachment from work, often
accompanied by a strong reluctance or aversion to engaging
in work-related activities—common symptoms of mental
distance include mental or physical withdrawal from work,
avoidance of interactions with others (such as customers, cli-
ents, or colleagues), indifference, a cynical attitude, and a
lack of enthusiasm or interest in tasks, which are often per-
formed on autopilot (Schaufeli, De Witte, et al., 2020). In
this study, the total score (ranging from 23 to 115) was cal-
culated by summing the scores of all 23 core items, with
higher scores indicating higher levels of burnout.

The Fatigue and Altered Cognition Scale (FACs; Elliot

et al.,, 2023)

The FACs is a 20-item self-report measure in which partici-
pants rate the frequency and severity of experiencing fatigue
and brain fog (labeled as “altered cognition”) over the two
previous weeks. The Altered Cognition Scale contains 10
items and the Fatigue Scale contains another 10 to assess cen-
tral fatigue. In the original version of the FACs, participants
provided their responses through a visual analog scale (VAS).
In this response format, each item was anchored with descrip-
tors indicative of extreme responses (“not at all” to
“extremely”), and responses to each item were provided using
a “drag and drop” slider bar. Participants moved the slider
along a horizontal line to denote their response, allowing
them to give a 0 to 100 score for each item. However, in the
Portuguese version of the FACs, we replaced the VAS with a
ten-point Likert-type scale using the same anchors — 1 (“Not
at all”) to 10 (“Extremely”). This modification was made to
enhance ease of use (including on paper-based settings),
reduce cognitive load, and ensure greater clarity and consis-
tency in responses, particularly among participants with lower
digital literacy. Hence, the total score of the Portuguese ver-
sion of the FACs ranges from 20 to 200, calculated by sum-
ming the scores of all items, with higher scores indicating
greater symptom severity (Elliott et al., 2023).

Figure 1. Translation process stages.
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Depression Anxiety Stress Scales (DASS; Lovibond &
Lovibond, 1995)

The DASS is a 21-item self-report measure in which partic-
ipants rate the frequency and severity of experiencing nega-
tive emotions over the previous week (Lovibond & Lovibond,
1995; Pais-Ribeiro et al., 2004). Each item is rated on a
four-point Likert scale ranging from 0 (“Did not apply to
me at all”) to 3 (“Applied to me very much or most of the
time”). The measure is divided into three subscales:
Depression, Anxiety, and Stress, each comprising seven
items. Depression symptoms include dysphoria, hopelessness,
devaluation of life, self-deprecation, lack of interest or
involvement, anhedonia, and inertia. Anxiety symptoms
involve autonomic arousal, musculoskeletal tension, situa-
tional anxiety, and subjective feelings of fear and worry.
Stress symptoms include difficulty relaxing, nervous arousal,
being easily upset or agitated, irritability or overreactivity,
and impatience. The scale provides for scores, one per sub-
scale (with a minimum of 0 and a maximum of 21) and one
total score (with a minimum of 0 and a maximum of 63).
The scores on each scale are determined by adding scores
on the seven items, while the total score is determined by
adding scores on the 21 items. Higher scores correspond to
more negative affective states (Lovibond & Lovibond, 1995;
Pais-Ribeiro et al., 2004).

Procedures

Translation and cultural adaptation of the FACs for the
Portuguese population

The translation of the FACs followed the guidelines of the
International  Test Commission  (International  Test
Commission, 2017), which are shown in Figure 1. The first
step was to get permission to use the scale for scientific pur-
poses by their principal author (Elliott et al., 2023). Second,
two independent psychologists performed the translation
(CF and CB), and conflicts were resolved with the help of a
third one (FB). After, a bilingual expert in Psychology, who
was external to the team, performed the back-translation,
which was approved by the authors of the original version
of the instrument (see the results of translation and
back-translation on Table 1). After obtaining the final ver-
sion of the Portuguese translation, a pilot study was con-
ducted with a sample of 10 participants for a semantic
analysis. All participants responded that the version was
fully understandable and, as a results no modifications were
made. In the Portuguese version, the FACs is titled
“Questiondrio de Fadiga e Cognicdo Alterada” and is avail-
able in the supplementary material.
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Table 1. Translation and back-translation of the FACs.

Item # Original version Portuguese Translation Back-translation

1 | felt fatigued Senti-me fatigado/a | felt fatigued

2% | felt alert Senti-me alerta | felt alert

3 | lost track of what | was going to say Perdi a no¢do do que ia dizer I lost track of what | was going to say

4 | was forgetful Estive esquecido/a | was forgetful

5 | had trouble concentrating Tive dificuldades em concentrar-me I had trouble concentrating

6 | felt worn out Senti-me exausto/a | felt exhausted

7 | felt sluggish Senti-me lentificado/a | felt slowed down

8 | felt run down Senti-me esgotado/a | felt burned out

9 | had trouble focusing on things | Tive dificuldade em focar-me nas coisas que queria | had difficulty focusing on the things | wanted
wanted to do fazer to do

10* | had the energy to do what | wanted Tive energia para fazer o que queria fazer | had the energy to do what | wanted to do
to do

1 | was easily confused Fiquei facilmente confuso/a | was easily confused

12 | felt “spaced out” like | was in a fog Senti-me “desorientado/a,” como se estivesse no | felt “disoriented,” as if | was in a daze

mundo da lua

13 | had to force myself to get things Tive de me forcar a fazer as coisas | had to force myself to do things
done

14* | was clearheaded Estive lucido/a | was lucid

15 | felt tired Senti-me cansado/a | was tired

16 | didn't process things as quickly or N&o processei as coisas tdo rapidamente ou | did not process things as fast and accurately as
accurately as | should have acertadamente como deveria | wanted

17 | had to struggle to finish what | Tive de me esforcar para terminar o que comecei a | had to make an effort to finish things | started
started to do fazer to do

18 | had trouble paying attention Tive dificuldade em prestar atencao | had difficulty paying attention

19 It was hard for me to make up my Foi dificil para mim chegar a uma concluséo e tomar It was difficult for me to reach a conclusion and

mind and reach a decision uma decisdo
20 | had problems feeling energetic no

matter if | slept or napped

Tive problemas em sentir-me com energia,
independentemente de dormir ou descansar

make a decision
| had trouble feeling energized regardless of
sleeping or resting

“Inverted items.

Data collection

This study is a descriptive, observational, cross-sectional
quantitative study based on a convenience sample. Formal
authorization was provided by the authors of the original
instruments, and the study was approved by the local ethics
committee (reference FCHS/PI475/23). Participants gave
their informed consent to participate, after the confidential-
ity and anonymity of the data were ensured. Regarding the
sample size calculation, it is suggested an item-response
ratio ranging from 1: 5 to 1:10. To ensure more robust
results, we opted for the more conservative method and
considered a 1:10 ratio, which required a minimum sample
size of 200 participants since the FACs is composed of 20
items (Osborne & Costello, 2004).

Data analysis

Analyses were conducted using the Statistical Package for
the Social Sciences (SPSS) 30, except for Confirmatory
Factor Analysis (CFA), which was performed using R
(Version 4.4.1). All statistical tests were conducted at a sig-
nificance threshold of a = .05. Descriptive statistics were
calculated for continuous variables, including mean (M),
standard deviation (SD), and range (minimum and maxi-
mum values). For categorical variables, absolute (n) and rel-
ative (%) frequencies were computed. Item response
distributions, along with the main descriptive statistics, were
also examined for the 20 items (mean, standard deviation,
range, and skewness).

Construct validity, defined as how well the instrument
captures a concept that is not directly measurable, was
assessed by performing a Confirmatory Factor Analysis
(CFA). CFA tests whether the data fit the hypothesized

model, examining the factor structure of the instrument.
Common fit indices used include: the Comparative Fit Index
(CFL;, values above .90 indicate a good model fit); the
Tucker-Lewis Index (TLI; values above .90 suggest a good
fit); the Root Mean Square Error of Approximation (RMSEA;
values below 0.08 indicate acceptable fit), and the
Standardized Root Mean Square Residual (SRMR; values
below .08 indicate a good model fit; Hu & Bentler, 1999).

The internal consistency of the instrument was evaluated
using Cronbach’s alpha («), which assesses how well a set of
items measures an underlying construct. Values range from
0 to 1, with higher values indicating greater consistency.
Typically, @ < .70 suggests inadequate reliability, .70 < «a <
.80 indicates acceptable internal consistency, .80 < «a < .90
indicates good internal consistency, and « > .90 indicates
excellent internal consistency. However, excessively high val-
ues (e.g., @ > .95) may point to redundancy, where items are
too similar and may not contribute unique information
(Streiner, 2003; Tang et al.,, 2014).

Convergent validity—defined as the extent to which
scores from one instrument correlate with those from
another validated instrument measuring the same or a sim-
ilar construct—was evaluated using Pearson’s correlation
coefficient. Correlations were computed between the total
scores of the FACs and the BAT, as well as between the
FACs and the DASS. A strong and statistically significant
correlation (typically r>0.50) is indicative of good conver-
gent validity (Streiner et al.,, 2024).

To examine the predictive value of the FACs on mental
health outcomes, linear regression analyses were conducted.
The total scores from the FACs were entered as the indepen-
dent variable into separate regression models that were run
for each outcome variable—the BAT and the DASS-21.



Results

The sample consisted of 591 adult participants (373 Female;
M, = 43.2; SD,,, = 12.6; Age range = 18-74), exceeding the
minimum threshold for statistical power (n=200). Most partic-
ipants were married (57.9%) and highly educated: 45.0% held
a bachelor’s degree, 14.0% a master’s, and 3.9% a doctorate. An
additional 24.2% completed secondary education, while lower
levels of schooling were less common (12%). Participants
worked across diverse sectors, with Education (33.8%), Industry
and Construction (20.8%), and Commerce and Services
(17.9%) being the most represented. Most held permanent
contracts (80.0%), while 12.9% had fixed-term and 6,1% tem-
porary, freelance or self-employed, and 1.0% of the sample
were unemployed. Regarding the results of the FACs, Table 2
displays the descriptive statistics of the 20 items, while Table 3
displays the normative data for FACs total score by age group.

All items had minimum scores of 1 and maximum scores
of 10, indicating that participants used the full range of the
scale to report their levels of fatigue and altered cognition.
Skewness values ranged from -0.07 to 1.06, suggesting gen-
erally symmetric response distributions, while kurtosis val-
ues ranged from -1.34 to 0.14, reflecting relatively flat
distributions. These findings support the conclusion that the
response patterns for the 20 FACs items were approximately
normally distributed (Hair et al., 2022). The item means for
the FACs ranged from 3.27 (item 12) to 5.68 (item 15), sug-
gesting a broad distribution of symptom intensity across
items. Standard deviations ranged from 2.50 to 3.06 points,

and assuming approximately normal distributions, this
Table 2. Descriptive statistics of the 20 FACs items.

Item # Min Max Mean SD Skewness Kurtosis
1 1 10 5.60 2.72 0.04 -1.14
2* 1 10 5.09 2.61 0.22 —-0.86
3 1 10 3.95 2.73 0.64 —0.76
4 1 10 393 2.66 0.68 —-0.62
5 1 10 4.08 2.66 0.62 —0.69
6 1 10 553 2.96 0.02 -1.34
7 1 10 423 2.74 0.48 —0.95
8 1 10 5.07 3.06 0.17 -1.33
9 1 10 4.26 2.82 0.52 -0.91
10* 1 10 5.12 2.58 0.16 -0.92
11 1 10 347 2.50 0.89 -0.14
12 1 10 3.27 2.54 1.06 0.14
13 1 10 4.20 2.87 0.53 —0.96
14* 1 10 3.74 2.83 0.88 -0.34
15 1 10 5.68 2.93 -0.07 -1.25
16 1 10 4.40 2.70 0.44 -0.91
17 1 10 4,52 2.90 0.38 -1.08
18 1 10 4.02 2.69 0.62 -0.71
19 1 10 3.93 2.67 0.62 -0.72
20 1 10 4.69 3.00 0.35 -1.18

Notes. Min: minimum value observed; Max: maximum value observed; SD:
standard deviation. *Reverse coded before conducting item analyses.

Table 3. Normative data for FACs total score by age group.

Age 95% Cl 95% CI
Group N Mean SD Median Min  Max (Lower) (Upper)
18-30 132 9273 3806 880 27 194 86.17 99.28
31-45 155 86.55 4171 80.0 20 190  79.94 93.17
46-60 261 87.94 4059 87.0 20 194 83.0 92.89
61+ 40 89.85 4437 875 24 200 7566 104.04

Notes. Min: minimum value observed; Max: maximum value observed; SD:
standard deviation.
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suggests that around 68% of participant responses fell within
one standard deviation (1 SD) of the mean, approximately
between 3.50 and 6.50 points. This indicates that the FACs
items were capable of capturing a wide spectrum of symp-
tom intensities in the sample.

Construct validity

To determine whether Elliott and colleagues’ (2023)
two-factor structure could be replicated in the Portuguese
sample, a CFA was computed. The model showed a statisti-
cally significant chi-square, ¥*(169) = 1996.48, p < .001. In
addition, the other fit indices suggested suboptimal fit: the
CFI was .856 and the TLI was .838, both below the com-
monly accepted threshold of .90. The RMSEA was 0.135, p
< .05 (90% CI [0.130, 0.141]), which exceeds the acceptable
limit of .08. Only the SRMR met acceptable criteria, with a
value of .079, suggesting acceptable residual levels (Hu &
Bentler, 1999). Overall, these results indicate that the origi-
nal two-factor model did not adequately fit the Portuguese
data, which may be explained by the high correlation
between the two latent factors (r = .85). This correlation
suggests that these factors might reflect a shared underlying
construct. In such cases, a bifactor model, in which the two
first-order factors (e.g., “Fatigue” and ‘Altered Cognition”)
load onto a second-order general factor may be more appro-
priate. This structure maintains the identity of each domain
while acknowledging that they may stem from a broader
latent dimension.

To test whether a bifactor model would better represent
the structure of the scale in the Portuguese sample, a new
CFA was conducted. The model showed a statistically signif-
icant chi-square, ¥*(150) = 973.08, p < .001, but the CFI was
935 and the TLI was .918, both surpassing the commonly
accepted threshold of 0.90. The RMSEA was 0.096 (90% CI
[0.091, 0.102]), which is slightly above the ideal cutoff of
.08, while the SRMR was .050, within acceptable limits (<
.08; Hu & Bentler, 1999). Overall, these results support the
bifactor structure as a better-fitting model. Notably, the gen-
eral factor exhibited strong standardized loadings across all
items and excellent reliability (w = .97), while the specific
factors showed weak unique contributions (w?* = .13 for
Fatorl and .07 for Fator2), suggesting that the instrument
functions primarily as a unidimensional measure. This struc-
ture captures the shared variance across all items, while the
specific dimensions (“Fatigue” and “Altered Cognition”)
appear to contribute little unique information once the gen-
eral factor is accounted for (Figure 2).

Internal consistency

The internal consistency of the FACs was excellent, with a
Cronbach’s alpha of a = .95. The other instruments used in
the study also showed excellent reliability, with Cronbach’s
alpha of a = .96 for both the BAT and the DASS.

Convergent validity

Convergent validity was assessed by calculating the Pearson’s
correlation coefficient between the FACs and the BAT, as
well as between the FACs and the DASS. The correlation
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Figure 2. Bifactor model of the FACs.

Note. All items load on a General Factor, representing a shared underlying dimension, while subsets of items also load on specific factors: Fatigue and Altered Cognition. Numbers on
arrows represent standardized factor loadings. The specific factors are orthogonal to the General Factor and to each other. This model has an acceptable fit, x(150) = 973.08, p < .001,

CFl = .935, TLI = .918, RMSEA = 0.096, SRMR = .05.

between the FACs and the BAT was very strong (r = .799,
p < .001), as well as the correlation between the FACs and
the DASS (r = .721, p < .001). These findings support the
convergent validity of the FACs, demonstrating that it cor-
relates significantly with other established measures assessing
similar constructs (Streiner et al., 2024).

Predictive role of the FACs

A simple linear regression was conducted to examine
whether scores on the FACs predicted burnout symptoms, as
measured by the BAT. The model was statistically signifi-
cant, F(1, 589) = 1039.21, p < .001, and accounted for a
substantial portion of the variance in burnout scores, R* =
.638. FACs scores were a significant positive predictor of
BAT scores, B=0.36, 95% CI [0.34, 0.38], § = .80, #(589) =
32.24, p < .001. This suggests that greater severity of central
fatigue and altered cognition symptoms is strongly associ-
ated with higher levels of burnout.

This statistical model was then repeated to assess whether
FACs scores could also predict anxiety, depression, and stress
symptoms, as measured by the DASS subscales. For anxiety,
the regression model was statistically significant, F(1, 589) =
402.52, p < .001, explaining 40.6% of the variance (R? =
.406). FACs scores significantly predicted anxiety, B=0.072,
95% CI [0.065, 0.079], B = .64, t(589) = 20.06, p < .001,

indicating that greater symptom severity is associated with
higher anxiety levels.

For depression, the model was also significant, F(1, 589) =
51627, p < .001, and explained 46.7% of the variance
(R? = .467). FACs scores significantly predicted depressive
symptoms, B=0.082, 95% CI [0.075, 0.090], 5 = .68, #(589) =
22.72, p < .001, suggesting that higher levels of fatigue and
cognitive impairment symptoms are strongly associated with
increased depression.

Finally, for stress, the model was significant as well, F(1,
589) = 588.02, p < .001, accounting for 50.0% of the vari-
ance in stress scores (R? = .500). FACs scores were a signif-
icant predictor of stress, B=0.091, 95% CI [0.083, 0.098], 8
= .71, t(589) = 24.25, p < .001. These results indicate that
higher symptom severity is strongly associated with elevated
stress levels.

Discussion

The Fatigue and Altered Cognition Scale (FACs; Elliott
et al., 2023) is designed to assess the co-occurrence of cen-
tral fatigue and cognitive complaints commonly referred to
as “brain fog” To make this instrument accessible to
European Portuguese-speaking populations, this study aimed
to translate and culturally adapt the FACs into European



Portuguese and evaluate its psychometric properties.
Additionally, we examined the scale’s discriminative capacity
in distinguishing between individuals with varying levels of
burnout, depression, anxiety, and stress. To this purpose,
data were collected from a sample of 591 participants, which
responded to the translated version of the FACs, along with
the Burnout Assessment Tool (BAT; Sinval et al., 2022) and
the Depression, Anxiety, and Stress Scales (DASS-21;
Pais-Ribeiro et al., 2004).

The translated version of the FACs presented an excellent
internal consistency, in line with the results of the original
version (both a = .95; Elliott et al,, 2023). This equivalent
internal consistency is noteworthy given a key methodologi-
cal difference between the two versions in the response for-
mat. In the original study (Elliott et al., 2023), responses
were recorded using a visual analogue scale ranging from 0
(“Not at all”) to 100 (“Extremely”), administered via a digital
platform. This format allows fine-grained distinctions in
self-reported symptom severity and is well-suited for
tech-enabled environments, particularly in clinical settings
with digital infrastructure. However, the Portuguese version
adopted a 10-point Likert-type scale, ranging from 1 (“Not
at all”) to 10 (“Extremely”). This adjustment was made to
improve accessibility, especially for participants with lower
digital literacy (highly frequent in Portuguese samples), and
to facilitate paper-based administration.

Although a direct psychometric comparison between the
original VAS and the 10-point Likert scale was not feasible
in this study, we explored potential loss of variance and sen-
sitivity. Descriptive item analyses indicated that all response
categories (1-10) were utilized across all items, with approx-
imately normal distributions, low skewness, and no evidence
of ceiling or floor effects (see Table 2). Nonetheless, we rec-
ognize that the Likert format may limit sensitivity to subtle
variations in symptom severity compared to a continuous
VAS. Future studies may address this limitation by adminis-
tering both formats to the same sample.

Despite this modification, the internal consistency of the
Portuguese version remained high, suggesting that the FACs’
item structure is inherently strong and stable across formats.
The high alpha indicates that the scale items cohere well,
regardless of whether respondents use a continuous (VAS)
or ordinal (Likert) scale. This finding supports the flexibility
and adaptability of the FACs in diverse contexts. It also
underscores that changing the response format, when done
with proportionally equivalent anchors, does not compro-
mise the psychometric quality of the instrument, while it
may enhance the tools utility in low-resource settings or
populations less familiar with digital technologies.

Regarding the construct validity, while the original ver-
sion of the FACs proposed a two-dimensional structure
(fatigue and altered cognition), the results of the present
study indicated that this structure, although theoretically
valid, did not demonstrate an ideal statistical fit in the
Portuguese sample. Specifically, the CFI and TLI indices fell
short of conventional reference values, and the RMSEA was
higher than the recommended value, suggesting a model
with suboptimal fit. However, the high correlation between
the first-order factors indicated a substantial overlap between
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the fatigue and altered cognition constructs, supporting the
exploration of a bifactor model. This model demonstrated a
better fit to the data, revealing the existence of a dominant
general factor. This pattern is indicative that, although the
domains “fatigue” and “altered cognition” are theoretically
distinct, in empirical practice the symptoms that comprise
them seem to reflect a broader unidimensional construct,
potentially, a global state of psychocognitive exhaustion.

The presence of a dominant general factor in the bifactor
model has important implications for clinical application.
Given the strong loadings on the general factor and the lim-
ited unique variance explained by the specific factors, we
recommend that the FACs be primarily used as a unidimen-
sional measure, with the total score serving as the most reli-
able and psychometrically robust index of psychocognitive
burden. Nonetheless, subscale scores for Fatigue and Altered
Cognition may still offer descriptive or exploratory value in
specific clinical contexts (for example, when a practitioner is
interested in identifying whether fatigue or cognitive com-
plaints are more pronounced in a particular individual).
While these scores should be interpreted with caution, they
may still provide useful qualitative information to inform
clinical judgment.

This finding is consistent with the literature that points to
the difficulty in dissociating central fatigue from altered cog-
nition in clinical and occupational contexts (Elliott et al,
2023; Krishnan et al, 2022). In such cases, when the two
proposed factors are extremely highly correlated, a more
parsimonious single-factor solution or bifactor model often
provides a better fit. For instance, as pointed by Brown
(2015), factor intercorrelations above .80-.85 suggest that the
factors may not be truly distinct and that a simpler unidi-
mensional structure could be more appropriate (Brown, 2015).

Consistent with this assumption, studies have found that
originally separate fatigue subdomains collapse into one
dominant factor (Chilcot et al., 2016). When validating the
Chalder Fatigue Questionnaire in multiple sclerosis (Chalder
et al., 1993), the authors reported that a bifactor model with
one general fatigue factor (and two small group factors for
mental and physical fatigue) fits best, indicating a common
overarching fatigue construct (Chilcot et al., 2016). Similarly,
other study showed that concussion symptoms were best
explained by a bifactor structure with a large general factor
(encompassing cognitive and fatigue symptoms) and smaller
specific factors. This structure demonstrated predominant
unidimensionality, despite the diverse symptom domains
(Brett et al, 2020). These findings reinforce that although
fatigue and cognitive complaints can be conceptually dis-
tinct, empirically they often share so much variance that a
single general factor accounts for most of the covariance.

The close link between central fatigue and cognitive diffi-
culties (often described as brain fog or mental fatigue) has
been documented across various conditions. In chronic fatigue
syndrome, for instance, patients describe brain fog as a state
of slowed thinking, confusion, and forgetfulness, essentially
the subjective experience of mental fatigue coupled with mild
cognitive impairment. In this context, brain fog can be con-
ceptualized as the perception of mental fatigue associated with
cognitive inefficiency, highlighting that these symptoms are



8 C. FERNANDES ET AL.

deeply tangled (Ocon, 2013). Likewise, fatigue and cognitive
complaints frequently co-occur and show substantial overlap
in neurological conditions like multiple sclerosis (Ocon, 2013)
or traumatic brain injury (Elliott et al., 2023).

Researchers have found that attempting to separate phys-
ical fatigue from cognitive fatigue often proves difficult: a
general fatigue factor tends to dominate, with mental and
physical aspects loading onto that single broad factor (Plow
& Gunzler, 2022). Other study also demonstrated that what
might appear as “energy” versus “fatigue” dimensions actu-
ally reflects one underlying continuum of vitality. In their
comprehensive item bank analysis, a bifactor model yielded
one major vitality factor accounting for ~69% of variance,
with only minor residual group factors for energy and
fatigue (Deng et al., 2015).

Taken together, these studies suggest a common path-
way or unified construct underlying fatigue and cognitive
symptoms. Even if we label them as separate domains (e.g.
“fatigue” vs. “altered cognition”), in practice, they often
present as a single global state of psychocognitive exhaus-
tion, characterized by the co-occurrence of pronounced
fatigue and cognitive clouding. This supports the use of a
bifactor or unidimensional model for instruments like the
FACs, capturing the overarching factor that these symp-
toms share while still acknowledging their specific facets.
Thus, the Portuguese version of the FACs, despite main-
taining the two domains, appears to operate primarily as a
unidimensional measure of altered psychocognitive sever-
ity. Accordingly, scoring the FACs using a total score,
rather than computing separate scores for each subscale,
may be more appropriate for both clinical interpretation
and research applications.

The results of the convergent validity analysis revealed
strong correlations with other Portuguese validated instru-
ments, specifically the BAT (Sinval et al., 2022) and the
DASS (Pais-Ribeiro et al.,, 2004). These results corroborate
the convergent validity of the FACs, reinforcing its useful-
ness as a valid psychometric tool to assess symptoms of
exhaustion and altered cognition in different contexts.

The BAT was used to assess the convergent validity of the
FACs because it conceptualizes burnout as a syndrome marked
by extreme exhaustion and cognitive impairment—core fea-
tures that overlap with central fatigue and “brain fog” as mea-
sured by the FACs (Schaufeli, Desart, et al., 2020; Schaufeli,
De Witte, et al.,, 2020). Exhaustion in burnout reflects a state
of chronic fatigue, while cognitive impairment involves diffi-
culties with concentration, memory, and mental Cclarity
(Schaufeli et al, 2020). This theoretical alignment suggests
that individuals with high FACs scores are also likely to report
elevated burnout symptoms, particularly on the exhaustion
and cognitive impairment subscales. Thereby, the BAT offers
a multidimensional profile of burnout that conceptually mir-
rors the constructs assessed by the FACs.

Similarly, the DASS was also used to assess the conver-
gent validity of the FACs due to its measurement of psycho-
logical distress across three domains: depression, anxiety,
and stress. These constructs conceptually intersect with cen-
tral fatigue and cognitive complaints. Fatigue and concentra-
tion difficulties are common symptoms of both mood and

anxiety disorders, as reflected in the DSM-5 criteria for
Major Depressive Disorder and Generalized Anxiety Disorder
(Hsiao et al., 2024). The DASS Stress subscale, which cap-
tures chronic tension and difficulty relaxing, is particularly
relevant given its association with mental fatigue. High per-
ceived stress has been shown to correlate with increased
fatigue and cognitive weariness (Lang et al., 2022), and emo-
tional exhaustion has been linked to subjective cognitive fail-
ures even in healthy adults (Podlesek et al., 2021). Similarly,
depression is often accompanied by psychomotor slowing,
low energy, and impaired concentration. Since the FACs tar-
gets central fatigue and cognitive symptoms—features also
embedded within emotional distress syndromes—its conver-
gence with the DASS is theoretically justified. While the
DASS assesses these symptoms within broader affective con-
texts, the FACs isolates them, highlighting their shared foun-
dation in mental and physical depletion.

It is important to note that, although the FACs showed
strong correlations with the BAT and the DASS, there are
conceptual distinctions between these instruments. The BAT
and DASS are designed to assess broader psychological dis-
tress syndromes, such as burnout, depression, anxiety, and
stress, which may encompass fatigue and cognitive symp-
toms as secondary features. In contrast, the FACs specifically
targets the subjective experience of central fatigue and
altered cognition, symptoms that often cut across diagnostic
categories and may be present even in the absence of clinical
depression or anxiety. By focusing on these core psychocog-
nitive complaints, the FACs offers a more direct and nuanced
assessment of brain fog and fatigue, capturing a symptom
profile that is frequently underrepresented in general distress
measures. This specificity enhances its potential utility in
both clinical and occupational settings, where identifying
and monitoring psychocognitive burden is essential.

The FACs demonstrated strong criterion-related validity
through its significant and robust associations with burnout,
depression, anxiety, and stress. Across all regression models,
higher FACs scores consistently predicted greater psycholog-
ical distress, with large effect sizes (p ranging from .64 to
.80) and substantial proportions of explained variance (R?
ranging from .41 to .64). These findings suggest that the
FACs effectively captures meaningful variability in central
fatigue and altered cognition symptoms and aligns closely
with established measures of psychological distress, such as
the BAT and the DASS subscales.

This discriminative power has important implications for
both clinical and organizational settings. The FACs can serve
as an useful screening tool, helping to identify individuals at
risk of impaired functioning due to fatigue and cognitive
complaints. In practice, elevated scores may prompt timely
interventions, whether in healthcare or workplace environ-
ments. Moreover, the substantial effect sizes suggest that
changes in FACs scores are not only statistically significant
but also clinically relevant, making the instrument suitable
for tracking symptom progression or response to treatment.
By targeting central fatigue and cognitive difficulties often
overlooked by general mood assessments, the FACs addresses
a critical gap and proves to be a valid, reliable, practical tool
for identifying psychocognitive burden.



Despite the importance of this study in validating a cul-
turally adapted instrument to assess central fatigue and cog-
nitive complaints in Portuguese-speaking populations, some
limitations should be acknowledged. First, the use of a
non-probabilistic convenience sample restricts the generaliz-
ability of the findings. Second, the cross-sectional design
prevents any conclusions regarding the temporal stability of
the FACs or causal inferences between symptoms and psy-
chological distress. In this context, longitudinal studies are
needed to assess test-retest reliability and the instrument’s
sensitivity to clinical changes or therapeutic interventions.
Additionally, although the bifactor confirmatory model was
selected based on theoretical considerations and the high
correlation between the two latent dimensions, we acknowl-
edge that alternative models were not tested in the present
study. Future research should explore and compare these
models to provide a more comprehensive understanding of
the underlying structure of the FACs, ideally using
cross-validation in independent samples. Another limitation
of this study is the lack of information regarding partici-
pants’ clinical status. Due to the length of the questionnaire
and the intention to reduce participant burden, no data was
collected on this topic limiting the ability to differentiate
between clinical and non-clinical subgroups. Future studies
should consider including such variables to better contextu-
alize symptom severity and enhance the generalizability of
findings to clinical populations. Lastly, as data were collected
through an online survey, individuals with limited digital lit-
eracy or restricted internet access may have been less likely
to participate. This potential sampling bias could have led to
the underrepresentation of certain population groups, partic-
ularly older adults or individuals from lower socioeconomic
backgrounds, thereby limiting the generalizability of the
findings.

Considering the limitations mentioned above, future
research should assess the scale’s stability over time, the
test-retest reliability, as well as its sensitivity to clinical
change through repeated measurements in longitudinal or
intervention-based designs. While the present study focused
on a general population sample, future research should
include clinical validation of the FACs in specific patient
populations such as individuals with neurological or psychi-
atric diagnosis, as well as patients with fatigue and cognitive
complaints. Testing the instruments diagnostic utility and
responsiveness to treatment in such contexts would enhance
its clinical applicability and contribute to evidence-based
intervention planning.

Conclusion

This study provides strong evidence for the reliability and
validity of the Portuguese version of the Fatigue and Altered
Cognition Scale (FACs). By demonstrating excellent internal
consistency, robust convergent validity, and a clear ability to
distinguish between individuals with varying levels of psy-
chological distress, the FACs emerges as a valuable tool for
both clinical and research contexts across several conditions.
Although originally conceptualized as measuring two dis-
tinct domains—fatigue and altered cognition—our findings

APPLIED NEUROPSYCHOLOGY: ADULT (&) 9

support a primarily unidimensional structure, capturing a
broader construct of psychocognitive exhaustion.

The availability of a culturally adapted version of the
FACs in European Portuguese addresses a significant gap in
the assessment of central fatigue and cognitive complaints,
enabling more accurate symptom detection, better-informed
interventions, and enhanced cross-cultural research. Future
studies should build on these results by exploring the scale’s
utility in clinical populations and its sensitivity to change
over time.

Author contributions

Carina Fernandes: Investigation, conceptualization, software, data col-
lection, writing—review and editing; Pilar Baylina: Investigation, con-
ceptualization, data collection, writing—review and editing; Fernando
Barbora: Investigation, conceptualization, writing—review and editing;
Carla Barros: Investigation, conceptualization, software, data collection,
writing—review and editing. All authors have read and agreed to the
published version of the manuscript.

Disclosure statement

No potential conflict of interest was reported by the author(s).

Funding

This work was funded by the European Regional Development Fund
(ERDF) through the Competitiveness and Internationalization
Operational Programme - COMPETE 2030 [project reference: COMPETE2030-
FEDER-00892100], and by Funda¢do Fernando Pessoa.

ORCID

Carina Fernandes http://orcid.org/0000-0002-8258-1448

Data availability statement

The corresponding author will provide data upon request

References

Atik, D., & Inel Manav, A. (2023). A scale development study: Brain Fog
Scale. Psychiatria Danubina, 35(1), 73-79. https://doi.org/10.24869/
psyd.2023.73

Bell, T., Crowe, M., Novack, T., Davis, R. D., & Stavrinos, D. (2023).
Severity and correlates of brain fog in people with traumatic brain
injury. Research in Nursing ¢ Health, 46(1), 136-147. https://doi.
org/10.1002/nur.22280

Billones, R., Liwang, J. K., Butler, K, Graves, L, & Saligan, L. N.
(2021). Dissecting the fatigue experience: A scoping review of fa-
tigue definitions, dimensions, and measures in non-oncologic medi-
cal conditions. Brain, Behavior, & Immunity - Health, 15, 100266.
https://doi.org/10.1016/j.bbih.2021.100266

Brett, B. L., Kramer, M. D., McCrea, M. A., Broglio, S. P, McAllister, T. W,
Nelson, L. D., Hazzard, J. B., Kelly, L. A., Ortega, J., Port, N., Pasquina,
P. E, Jackson, J., Cameron, K. L., Houston, M. N., Goldman, J. T, Giza,
C., Buckley, T, Clugston, J. R,, Schmidt, J. D,, ... Susmarski, A. (2020).
Bifactor model of the sport concussion assessment tool symptom check-
list: Replication and invariance across time in the CARE consortium
sample. The American Journal of Sports Medicine, 48(11), 2783-2795.
https://doi.org/10.1177/0363546520946056



10 C. FERNANDES ET AL.

Brown, T. A. (2015). Confirmatory factor analysis for applied research
(2nd ed.). Guilford Press.

Chalder, T., Berelowitz, G., Pawlikowska, T., Watts, L., Wessely, S.,
Wright, D., & Wallace, E. P. (1993). Development of a fatigue scale.
Journal of Psychosomatic Research, 37(2), 147-153. https://doi.
0rg/10.1016/0022-3999(93)90081-P

Chaudhuri, A., & Behan, P. O. (2004). Fatigue in neurological disor-
ders. Lancet (London, England), 363(9413), 978-988. https://doi.
0rg/10.1016/S0140-6736(04)15794-2

Chilcot, J., Norton, S., Kelly, M. E., & Moss-Morris, R. (2016). The Chalder
Fatigue Questionnaire is a valid and reliable measure of perceived fatigue
severity in multiple sclerosis. Multiple Sclerosis (Houndmills, Basingstoke,
England), 22(5), 677-684. https://doi.org/10.1177/13524585155980

Coles, T., Chen, K., Nelson, L., Harris, N., Vera-Llonch, M., Krasner,
A., & Martin, S. (2019). Psychometric evaluation of the hypopara-
thyroidism symptom diary. Patient Related Outcome Measures, 10,
25-36. https://doi.org/10.2147/PROM.S179310

Dass, R., Kalia, M., Harris, J., & Packham, T. (2023). Understanding the
experience and impacts of brain fog in chronic pain: A scoping re-
view. Canadian Journal of Pain=Revue Canadienne De la Douleur,
7(1), 2217865. https://doi.org/10.1080/24740527.2023.2217865

Deng, N., Guyer, R., & Ware, J. E. (2015). Energy, fatigue, or both? A
bifactor modeling approach to the conceptualization and measure-
ment of vitality. Quality of Life Research: An International Journal of
Quality of Life Aspects of Treatment, Care and Rehabilitation, 24(1),
81-93. https://doi.org/10.1007/s11136-014-0839-9

Elsais, A., Wyller, V. B., Loge, J. H., & Kerty, E. (2013). Fatigue in
myasthenia gravis: Is it more than muscular weakness? BMC
Neurology, 13(1), 132. https://doi.org/10.1186/1471-2377-13-132

Elliott, T. R., Hsiao, Y.-Y., Randolph, K., Urban, R. J., Sheftield-Moore,
M., Pyles, R. B,, Masel, B. E, Wexler, T., & Wright, T. J. (2023).
Efficient assessment of brain fog and fatigue: Development of the
Fatigue and Altered Cognition Scale (FACs). PloS One, 18(12),
€0295593. https://doi.org/10.1371/journal.pone.0295593

Fan, J., & Smith, A. P. (2017). The impact of workload and fatigue on
performance. In L. Longo & M. Leva (Eds.), Human Mental Workload:
Models and Applications. HWORKLOAD 2017. Communications in
Computer and Information Science (Vol. 726). Springer.

Hair, J. E, Hult, G. T. M,, Ringle, C. M., & Sarstedt, M. (2022). A
Primer on Partial Least Squares Structural Equation Modeling
(PLS-SEM) (3rd ed.). Sage.

Hsiao, Y. Y., Elliott, T. R., Jaramillo, J., Douglas, M. E., Powers, M. B,,
& Warren, A. M. (2024). The fatigue and altered cognition scale
among SARS-CoV-2 survivors: Psychometric properties and item
correlations with depression and anxiety symptoms. Journal of
Clinical Medicine, 13(8), 2186. https://doi.org/10.3390/jcm13082186

Hu, L. T, & Bentler, P. M. (1999). Cutoff criteria for fit indexes in
covariance structure analysis: Conventional criteria versus new alter-
natives. Structural Equation Modeling: A Multidisciplinary Journal,
6(1), 1-55. https://doi.org/10.1080/10705519909540118

International Test Commission. (2017). The ITC guidelines for translat-
ing and adapting tests. (2nd ed.). International Test Commission.
[www.InTestCom.org]

Kapur, N., & Webb, R. (2016). Suicide risk in people with chronic fa-
tigue syndrome. Lancet (London, England), 387(10028), 1596-1597.
https://doi.org/10.1016/s0140-6736(16)00270-1

Katz, R. S., Heard, A. R., Mills, M., & Leavitt, E (2004). The prevalence
and clinical impact of reported cognitive difficulties (fibrofog) in pa-
tients with rheumatic disease with and without fibromyalgia. Journal
of Clinical Rheumatology: Practical Reports on Rheumatic &
Musculoskeletal Diseases, 10(2), 53-58. https://doi.org/10.1097/01.
rhu.0000120895.20623.9f

Kravitz, H. M., & Katz, R. S. (2015). Fibrofog and fibromyalgia: A nar-
rative review and implications for clinical practice. Rheumatology
International, 35(7), 1115-1125. https://doi.org/10.1007/s00296-014-
3208-7

Krishnan, K., Miller, A. K., Reiter, K., & Bonner-Jackson, A. (2022).
Neurocognitive profiles in patients with persisting cognitive symp-
toms associated with COVID-19. Archives of Clinical Neuropsychology:
The Official Journal of the National Academy of Neuropsychologists,
37(4), 729-737. https://doi.org/10.1093/arclin/acac004

Kinsinger, S. W,, Lattie, E., & Mohr, D. C. (2010). Relationship between
depression, fatigue, subjective cognitive impairment, and objective
neuropsychological functioning in patients with multiple sclerosis.
Neuropsychology, 24(5), 573-580. https://doi.org/10.1037/a0019222

Kovalchuk, A., & Kolb, B. (2017). Chemo brain: From discerning
mechanisms to lifting the brain fog—an aging connection. Cell Cycle
(Georgetown, Tex.), 16(14), 1345-1349. https://doi.org/10.1080/15384
101.2017.1334022

Lang, X., Wang, Q., Huang, S., Feng, D.,, Ding, E, & Wang, W. (2022).
Relations among perceived stress, fatigue, and sleepiness, and their
effects on the ambulatory arterial stiffness index in medical staff: A
cross-sectional study. Fromtiers in Psychology, 13, 1117115. https://
doi.org/10.3389/fpsyg.2022.1010647

Lovibond, P. E, & Lovibond, S. H. (1995). The structure of negative emo-
tional states: Comparison of the Depression Anxiety Stress Scales (DASS)
with the Beck Depression and Anxiety Inventories. Behaviour Research
and Therapy, 33(3), 335-343. https://doi.org/10.1016/0005-7967(94)00075-U

Lucius, K. (2021). “Brain Fog”: Exploring a Symptom Commonly
Encountered in Clinical Practice. Alternative and Complementary
Therapies, 27(1), 23-30. https://doi.org/10.1089/act.2020.29313.klu

Norton, C., Czuber-Dochan, W., Bassett, P, Berliner, S., Bredin, F,
Darvell, M., Forbes, A., Gay, M., Ream, E, & Terry, H. (2015).
Assessing fatigue in inflammatory bowel disease: Comparison of
three fatigue scales. Alimentary Pharmacology ¢ Therapeutics, 42(2),
203-211. https://doi.org/10.1111/apt.13255

Ocon, A. J. (2013). Caught in the thickness of brain fog: Exploring the
cognitive symptoms of chronic fatigue syndrome. Frontiers in
Physiology, 4, 63. https://doi.org/10.3389/fphys.2013.00063

Osborne, J. W, & Costello, A. B. (2004). Sample size and subject to
item ratio in principal components analysis. Practical Assessment,
Research, and Evaluation, 9(11), 1-9.

Pais-Ribeiro, J. L., Honrado, A. A. J. D., & Leal, I. (2004). Contribui¢ao
para o estudo da adaptagdo portuguesa das escalas de ansiedade,
depressio e stress (EADS) de 21 itens de Lovibond e Lovibond.
Psicologia, Satide & Doengas, 5(2), 229-239.

Pan, Y., & Hu, J. (2024). Hormonal basis of brain fog in cancer treat-
ment. The Journal of Experimental Medicine, 221(5), €20231942.
https://doi.org/10.1084/jem.20231942

Plow, M., & Gunzler, D. D. (2022). Disentangling self-reported fatigue,
depression, and cognitive impairment in people with multiple scle-
rosis. Multiple Sclerosis and Related Disorders, 61, 103736. https://doi.
0rg/10.1016/j.msard.2022.103736

Podlesek, A., Komidar, L., & Kavcic, V. (2021). The relationship be-
tween perceived stress and subjective cognitive decline during the
COVID-19 epidemic. Frontiers in Psychology, 12, 647971. https://doi.
org/10.3389/fpsyg.2021.647971

Ponsford, J., Cameron, P., Fitzgerald, M., Grant, M., & Mikocka-
Walus, A. (2011). Long-term outcomes after uncomplicated
mild traumatic brain injury: A comparison with trauma con-
trols. Journal of Neurotrauma, 28(6), 937-946. https://doi.org/
10.1089/neu.2010.1516

Ross, A. ], Medow, M. S., Rowe, P. C., & Stewart, J. M. (2013). What
is brain fog? An evaluation of the symptom in postural tachycardia
syndrome. Clinical Autonomic Research: Official Journal of the
Clinical Autonomic Research Society, 23(6), 305-311. https://doi.
org/10.1007/s10286-013-0212-z

Schaufeli, W. B., Desart, S., & De Witte, H. (2020). Burnout Assessment
Tool (BAT)—development, validity, and reliability. International
Journal of Environmental Research and Public Health, 17(24), 9495.
https://doi.org/10.3390/ijerph17249495

Schaufeli, W. B., De Witte, H., & Desart, S. (2020). Manual Burnout
Assessment Tool (BAT) - Version 2.0. KU Unpublished internal report.

Sinval, J., Vazquez, A. C. S., Hutz, C. S., Schaufeli, W. B., & Silva, S.
(2022). Burnout assessment tool (BAT): Validity evidence from
Brazil and Portugal. International Journal of Environmental Research
and Public Health, 19(3), 1344. https://doi.org/10.3390/ijerph19031344

Streiner, D. L. (2003). Starting at the beginning: An introduction to coeffi-
cient alpha and internal consistency. Journal of Personality Assessment,
80(1), 99-103. https://doi.org/10.1207/S15327752JPA8001_18

Streiner, D. L., Norman, G. R., & Cairney, J. (2024). Health measurement scales:
A practical guide to their development and use. Oxford university press.



Tang, W., Cui, Y., & Babenko, O. (2014). Internal consistency: Do we
really know what it is and how to assess it. Journal of Psychology
and Behavioral Science, 2(2), 205-220.

Thaweethai, T, Jolley, S. E., Karlson, E. W, Levitan, E. B, Levy, B,
McComsey, G. A., McCorkell, L., Nadkarni, G. N., Parthasarathy, S.,
Singh, U, Walker, T. A., Selvaggi, C. A., Shinnick, D. J,, Schulte, C. C.
M., Atchley-Challenner, R., Alba, G. A, Alicic, R., Altman, N., Anglin,
K., ... Foulkes, A. S, RECOVER Consortium. (2023). Development of a
definition of postacute sequelae of SARS-CoV-2 infection. Jama, 329(22),
1934-1946. https://doi.org/10.1001/jama.2023.8823

Yelland, G. W. (2017). Gluten-induced cognitive impairment
(“brain fog”) in coeliac disease. Journal of Gastroenterology and

APPLIED NEUROPSYCHOLOGY: ADULT . 1

Hepatology, 32 Suppl 1(S1), 90-93. https://doi.org/10.1111/jgh.
13706

Wells, R., Paterson, E, Bacchi, S., Page, A., Baumert, M., & Lau, D. H.
(2020). Brain fog in postural tachycardia syndrome: An objective
cerebral blood flow and neurocognitive analysis. Journal of
Arrhythmia, 36(3), 549-552. https://doi.org/10.1002/joa3.12325

Wright, T., Urban, R., Durham, W, Dillon, E. L., Randolph, K. M., Danesi,
C., Gilkison, C., Karmonik, C., Zgaljardic, D. J., Masel, B., Bishop, ],
Pyles, R., Seidler, R., Hierholzer, A. H., & Sheftield-Moore, M. (2020).
Growth hormone alters brain morphometry, connectivity, and behavior
in subjects with fatigue after mild traumatic brain injury. Journal of
Neurotrauma, 37(8), 1052-1066. https://doi.org/10.1089/neu.2019.6690



