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Abstract

Background Psychometric validation of the Multidimensional Chronic Asthenia Scale (MCAS) was conducted
in order to provide an effective tool for assessing the health-related quality of life of French-speaking patients
with chronic asthenia (CA).

Methods Items resulting from the initial formulation of the self-reported MCAS (along with other materials) were
completed by French-speaking volunteers with inactive or active inflammatory bowel disease (IBD-I vs. IBD-A)

or chronic fatigue syndrome (CFS). Responses from 621 participants (180 patients with IBD-A, 172 with IBD-I, 269

with CFS) collected in a single online survey were divided into three subsamples to test the construct validity

of the MCAS (Step 1, N=240), to confirm its factorial structure (Step 2, N=204) and to explore its convergent-discrimi-
nant validity with the Fatigue Symptoms Inventory (FSI) and revised Piper Fatigue Scale (r-PFS, Step 3, N=177).

Results Steps 1and 2 showed that, as expected, MCAS has four dimensions: feeling of constraint (FoC), physical
(PQ), life (LC) and interpersonal consequences (IC), which are also related to the duration of CA (i.e, the longer it lasts,
the more the dimensions are impacted). The results further showed that the MCAS is sensitive enough to capture
between-group differences, with the CFS group being the most impaired, followed by IBD-A and IBD-I. While conver-
gent-discriminant validity between the 4 factors of MCAS and FSI and r-PFS, respectively, was satisfactory overall, Step
3 also pointed to some limitations that call for future research (e.g., shared variances between the PC and IC dimen-
sions of MCAS and behavioral dimension of r-PFS).

Conclusion Despite these limitations, the MCAS clearly constitutes a promising tool for measuring quantitative dif-
ferences (i.e., severity/intensity) in CA associated with various diseases, but also, and importantly, the clinically impor-
tant differences in domains of its expression (i.e,, qualitative differences).
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Background

Although health-related quality of life (HRQoL) in people
experiencing fatigue is clearly impaired [1, 2], its assess-
ment is associated with numerous challenges. Indeed,
although a large number of fatigue scales exist [3-7],
their ability to fully capture this multifaceted and clini-
cally complex construct remains a matter of debate [2].

To illustrate, in healthy individuals in which a lack of
vigor or energy and/or decreased motivation to continue
a task, associated with feelings of weariness and tiredness
[3, 6, 7], was first described [2], this subjective experience
usually follows from a period of sustained physical or
mental effort and is relieved by rest. In contrast, fatigue
lasting longer than six months (i.e., chronic fatigue or
chronic asthenia, CA) is neither typically related to
overexertion nor is it relieved by rest [3, 6, 7]. Although
clinically important, CA constitutes a quite unspecific
characteristic of more or less transient diseases such as
cancer or of chronic diseases such as inflammatory bowel
disease (IBD), heart failure or systemic lupus erythe-
matosus, to name just a few [2, 4]. It is also one of the
core symptoms of myalgic encephalomyelitis or systemic
exercise intolerance disease, also referred to as chronic
fatigue syndrome (ME/SEID/CES) [8-10]. Albeit the eti-
ology of CA associated with this debilitating disease is
still poorly understood, it can be severe enough to pre-
vent patients from carrying out their daily activities and/
or confine them to bed [8-10], as is the case when CA
is associated with malignant diseases. In sum, while both
healthy individuals and patients refer to their subjective
experience as fatigue, interview-based studies suggest
that CA is clearly clinically different from fatigue as expe-
rienced by healthy individuals [11, 12].

Therefore, while frequency and/or severity/intensity of
fatigue (i.e., quantitative differences) within and between
these two populations might be efficiently captured by
various assessment tools, including those evaluating
perceived general health (e.g., [13]), mood (e.g., [14]),
or HRQoL (e.g., [15]), these wider-purpose assessment
tools may not always be sufficiently sensitive to cap-
ture the variability in experiences of fatigue (e.g., physi-
cal, affective and cognitive expressions of fatigue) [2, 11,
12] that are referred to here as qualitative differences in
fatigue. To address this issue of clinical importance, many
fatigue-specific scales have been developed [2], often (but
not always) adopting a multidimensional approach, with
additional multidimensional scales assessing between
two and five dimensions that may comprise the physical,
psychological, cognitive, emotional and/or motivational
dimensions of fatigue [16].

To make matters even more difficult, measuring
disease-related fatigue brings its own additional chal-
lenges. While fatigue related to different malignant
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diseases is alleviated by remission, not only do many
patients continue to experience fatigue but they also
report that the fatigue with which they now live is dif-
ferent from the fatigue they experienced before becom-
ing sick [11, 12]. In IBD, for instance, CA — the origins
of which are partly known [17] — persists in nearly half
of the patients with inactive IBD (IBD-I; [18, 19]). Since
CA is a core and permanent symptom of PE/SEID/CES,
such patients never return to their pre-disease fatigue
level and type [20]. Indeed, the severity of fatigue varies
from mild (50% reduction of premorbid activity level) to
very severe (completely dependent and bedridden). This
is due, in particular, to post-exertional malaise (PEM [21,
22]), which patients describe as affecting every part of the
body, as being difficult to predict or manage, and as hav-
ing an unpredictable recovery period requiring complete
bedrest for days, weeks or even months [21, 22]. In sum,
while there is much variability in IBD-related fatigue (i.e.,
both within IBD-I and in IBD-I compared to active IBD;
IBD-A), much less variability is observed in PE/SEID/
CFS. Perhaps as a result of such differences, additional
(multidimensional) fatigue-specific scales were designed
to evaluate fatigue associated with a given state of a par-
ticular disease (e.g., cancer [23], IBD [24] or ME/SEID/
CES [25]).

As a result, Hjollund and colleagues [2] identified 252
different methods for assessing fatigue, of which 150 were
used only once. They consequently called for a fatigue-
specific assessment tool that sensitively characterizes CA
experienced across various diseases. It has been argued
[26] that the Fatigue Symptom Inventory (FSI, [27, 28]) is
such a tool, as it has been used outside of the field of can-
cer-related fatigue for which it was first developed. Nev-
ertheless, both IBD (i.e., patients currently considered to
experience fatigue similar to that experienced in cancer
[29]) and PE/SEID/CES patients have reported experi-
ences of CA and its consequences that go beyond those
captured by the unidimensional FSI [11], especially when
IBD is active (i.e., IBD-A).

The present study therefore attempted to validate an
assessment tool that possibly captures both quantitative
and qualitative differences in disease-related CA more
sensitively than the FSI and other fatigue-specific assess-
ment tools available in French. To this end, responses to
the Echelle Multidimensionnelle dAsthénie Chronique
(Multidimensional Chronic Asthenia Scale, MCAS) -
as originally formulated [11] — were collected from IBD
(both IBD-A and IBD-I) and PE/SEID/CES patients in
a single online survey. The data from each participant
were used in only one step of the validation process.
The aim of Step 1 was to assess the construct validity of
the MCAS, while Step 2 was designed to verify its fac-
torial structure. Finally, Step 3 had the task of assessing
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the convergent validity of the MCAS using the FSI [27,
28] and Piper Fatigue Scale (r-PFS) [23], since this latter
scale (in the same way as the FSI) was first developed for
cancer-related fatigue, but it is now in widespread use.
However, its structure (unlike that of the FSI) is clearly
multidimensional (in the same way as the target structure
for the MCAS), enabling it to measure the behavioral,
affective, sensory and cognitive/mood-related expres-
sions of fatigue [11].

Method

Recruitment of participants and Ethics

The protocol of the study was approved by the Com-
ité de Protection des Personnes (French national ethics
committee; CPP2021-02-021b). A total of 818 individu-
als volunteered to take part in the study in response to
an advertisement issued by two patient associations
— Association Francois Aupetit (AFA) and Association
Francaise du Syndrome de Fatigue Chronique (ASFC).
Before agreeing to participate in this study (which took
the form of a single online survey administered between
June 2021and January 2022), the participants first read a
Participant Information Sheet containing all the informa-
tion about the present study. They could not access the
questionnaire, until they had given their (fully informed)
consent by ticking the appropriate response box that the
online Participant Information Sheet.

Inclusion criteria and resulting sample

The inclusion criteria were (1) age 18-60 years; (2)
fatigue lasting more than 6 months; and (3) diagnosis
of IBD or ME/SEID/CES. After excluding incomplete
questionnaires (N=183) and those of participants who
did not meet these criteria (N=14), the data of 621 par-
ticipants were finally retained (486 identified themselves
as female and 135 as male). It should be noted that this
gender disbalance is due to both higher prevalence of
CA in women [30] and high response rates that women
display in online surveys [31] (i.e., type of survey used in
the present study). This overall sample was divided into 3
distinct subsamples used for separate analyses conducted
in Step 1 (N=240), Step 2 (N=204) and Step 3 (N=177)
of the MCAS psychometric validation process. In other
words, the data from each participant (subsampled in a
pseudo-random manner) were used in only one step of
this process.

Materials included in the study

Demographic and medical condition data

The participants first responded to a short questionnaire
asking about their age, gender, education level, marital
status, professional activity, date of the IBD or ME/SEID/
CES diagnosis, duration of the fatigue state and current
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fatigue level. The IBD patients were also asked to report
the type of IBD. In Crohn’s disease patients, disease activ-
ity was subsequently assessed using the Harvey—Brad-
shaw Index [32]. For patients with ulcerative colitis, this
information was collected using the Simple Clinical
Colitis Activity Index [33]. A disease activity level of 4 or
below was classified as IBD-1, and a level of 5 and above
was classed as IBD-A (see Table 1).

Fatigue assessment data

The FSI was administered first. Responses to four-
teen items of its French version [34] were scored as in
[27, 28], and all responses were summed to yield a total
score, while responses to seven interference items were
summed to yield a global interference score, with higher
scores indicating a greater impact of CA (see Table 1 for
averaged sums of both scores).

Fatigue was then evaluated using the MCAS with
a reflective approach. Each of the 20 item — resulting
from the initial formulation of the self-reported MCAS
[11] (see Table 2) — was assessed on an 11-point rat-
ing scale ranging from O (never) to 10 (always). The
participants were instructed to respond as honestly
and as accurately as possible. Higher mean scores
indicate a greater impact of CA on each of the four

Table 1 Sociodemographic characteristics of sub-samples used
in Steps 1-3 of the validation process

Step 1 Step 2 Step 3
N 240 204 177
Women 195 (81.3%) 155 (76%) 136 (76.8%)
Men 45 (18.8%) 49 (24%) 41 (23.2%)
IBD-A 60 (25%) 62 (304%)  58(33.3%)
IBD-I 58 (24.2%) 59 (28.9%) 54 (30.5%)
SFC 122 (50.8%)  83(40.7%) 64 (36.2%)

Mean (SD) Mean (SD) Mean (SD)
Age 39.52(1041)  39.82(10.59) 40.50 (10.86)
Fatigue duration in months ~ 107.43 (97.58) 90.90 (84.89) 74.30 (76.27)
FSI 85.65(18.14)  79.65 (15.94) 75.34(18.05)
FSI—Perturbation 4545 (11.64) 4222 (1049) 39.58(12.18)
HAD-A 10.20 (4.27) 9.75 (3.97) -
HAD-D 9.65 (3.83) 9(347) -
r-PFS Total score 7.67 (1.53) 749( 1) 6.81 (1.45)
r-PFS Affective 827 (1.49) 7.90 (1.69) 7.67 (1.83)
r-PFS Sensory 7.65 (1.45) 748 (1.59) 6.71 (1.64)
r-PFS Cognitive 6.27,(1.67) 0(1.61) 5.26 (1.56)
r-PFS Behavioral 9.34 (1.89) 1(1.97) 7.24 (1.56)
TAS-20 Total score 56.83(12.69) 57.55(1091) -
TAS-20 Description 14.53 (4.68) 14.73 (4.25) -
TAS-20 Identification 22.77 (6.24) 2326 (5.28) -
TAS-20 Operational thinking  19.53 (4.68) 19.56 (3.96) -
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Table 2 Exploratory factor analysis conducted in Step 1 of the validation process
Feeling of Physical Life Interpersonal
constraint consequences consequences consequences
La fatigue ma contraint (e) a : réduire/réaménager mes activités professionnelles 825
(Fatigue has constrained me to: reduce/reorganize my work activities)
La fatigue m'a contraint (e) a : réorganiser mon rythme de vie 804

(Fatigue has constrained me to: reorganize my life routine)

La fatigue m'a contraint (e) a : réduire mes activités quotidiennes et mes loisirs (et pas seule- 795

ment a les aménager)

(Fatigue has constrained me to: to reduce my daily activities and leisure time (not just

to adjust them))

La diminution de mes activités est uniquement liée a la fatigue et pas uniquement a du 606

désintérét

The reduction in my activities is only related to fatigue and not to lack of interest

La fatigue se manifeste essentiellement de facon corporelle (muscles, articulations, sensations corpo- 768

relles)

(Fatigue is mainly experienced in the body (muscles, joints, body sensations))

Cette fatigue est la conséquence de douleurs musculaires et/ou articulaires, de douleurs physiques 565
(This fatigue is the consequence of muscular and/or articular pains, physical pains)

La fatigue ressemble a un « état grippal » (fiévre, douleurs, courbatures, brouillard intellectuel) 388
(Fatigue resembles a "flu-like condition" (fever, aches, pains, mental fogginess))

La fatigue mempéche de réaliser des choses de la vie courante (comme par exemple préparer un repas en semaine) 855
(Fatigue impedes me from doing everyday things (such as preparing a meal during the week))

La fatigue entraine une difficulté a commencer et accomplir des activités quotidiennes 646

(Fatigue makes it difficult to start and complete daily activities)

En ce moment, lorsque je fais quelque chose de simple (un repas en semaine), les conséquences sur la fatigue 609

sont...

(At this time, when | do something simple (a weekday meal), the impact on fatigue is...)

La fatigue mempéche de me concentrer, de faire des activités impliquant de l'attention. 489
(Fatigue impairs my ability to concentrate, to do activities that require attention).

La fatigue a des conséquences sur les moments passés avec dautres personnes (amis, famille, etc.) 972
(Fatigue has consequences on the time spent with other people (friends, family, etc.))

La fatigue est une souffrance pour moi.
(Fatigue is a suffering for me.)

La fatigue interfére dans mes relations avec les personnes.
(Fatigue interferes with my interactions with people.)

Explained variance
Alpha

690

608
18.55% 7.88% 14.20% 14.45 %
85 58 78 84

N 240, Extraction Method, Principal Axis Factoring, Rotation Method, Oblimin with Kaiser Normalization, Rotation converged in 7 iterations

dimensions in experience of fatigue that commonly
emerged during the initial MCAS formulation [11]
(i.e., MCAS-Feeling of Constraint (MCAS-FoC);
MCAS-Interpersonal Consequences of chronic asthe-
nia (MCAS-IC); MCAS-Daily Life Consequences of
chronic asthenia (MCAS-LC) and MCAS-Physical
Consequences of chronic asthenia (MCAS-PC)). Means
for each item and/or averaged means for each dimen-
sion (see Table 5) were used for analyses reported here
below.

Fatigue was then finally evaluated using the r-PFS
[23]. Responses to twenty-two items from the French
version [35] were scored as in [35], and all responses
were averaged to yield a total score. Similarly, responses
were averaged to yield a total score for each of the four

dimensions (i.e., behavioral, affective, sensory and cog-
nitive/mood-related consequences of fatigue). Again,
higher mean scores indicate a greater impact of CA
in general or on each dimension (see Table 1 for these
averaged means).

Broader psychological evaluation data

Because both depression and altered emotional pro-
cessing play a role in CA [36], the French version [37]
of the Hospital Anxiety and Depression Scale (HADS;
[38]) was administered to assess both anxiety (HAD-A)
and depression (HAD-D), with higher scores on these
two subscales indicating higher levels of anxiety and
depression, respectively (with an anxiety score above 12
points corresponding to pathological anxiety level and a
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depression score above 8 points corresponding to clinal
depression, see Table 1 for these averaged sums).

Emotional processing was assessed using the French
version [39] of the Toronto Alexithymia Scale (TAS-20,
[40]). All responses were summed to yield a total score
(TAS-20 Total score), with higher scores indicating a
higher probability of alexithymia (i.e., scores between 52
and 60 indicating possible alexithymia, and scores above
61 indicating alexithymia). As in [39], responses to five
items were summed to assess difficulty identifying feel-
ings (TAS-20 Identification), those to seven items were
summed to assess difficulty describing emotions (TAS-
20 Description) and those to eight items were summed
to assess the ability of individuals to focus their attention
externally (TAS-20 Operational thinking, see Table 1 for
all averaged sums).

In sum, the questionnaires and scales listed above were
administered in a fixed order, with the demographic and
medical condition questionnaire being followed by the
FSI [34], HADS [37], MCAS [11], TAS-20 [39] and r-PFS
[35].

Results

Step 1: construct validity of MCAS

To assess the construct validity, responses to MCAS with
20 items of 240 pseudorandomly sampled patients (81.2%
female, 18.8% male; M, =39.52+10.41) — 25% of whom
were affected by IBD-A, 24.2% by IBD-I and the remain-
ing 50.8% by ME/SEID/CES (see Table 1) — were analyzed
by means of an exploratory factor analysis (EFA) using
the Principal Axis Factoring method. The sample size
adequacy was determined by means of the KMO index
and the mean communality, resulting in 0.85 and 0.56
respectively. The matrix underwent a Direct-Oblimin
rotation with Kaiser Normalization. The number of fac-
tors to be extracted was determined based on an eigen-
value greater than 1 and the Bartlett’s scree test. All
factorial weights below.30 were eliminated. Specifically,
the criteria for keeping the items were as follows: satura-
tion on a single factor, saturation greater than 0.30, and
semantic coherence between item and factor.
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As shown in Table 2, this method permitted the
extraction of 4 factors explaining a total of 55.08% of
the variance. The first factor is characterized by 4 items
describing the feeling of constraint. The second factor
consists of 3 items describing the physical consequences.
The third factor (4 items) describes the physical conse-
quences, and the fourth factor (three items) describes the
interpersonal consequences. Item saturations fall within
a range of 0.388 to 0.972.

An additional analysis of variance and post hoc Dun-
nett’s T3 test were used to compare the scores obtained
on each factor among the 3 groups (IBD-A, IBD-I, ME/
SEID/CES). These analyses indicated a significant differ-
ence in the scores obtained in three out of four factors in
IBD-A, IBD-I and ME/SEID/CES patients. As shown in
Tables 3 and 4, ME/SEID/CES patients obtained higher
mean MCAS-FoC scores than IBD-A (p<0.001) and
IBD-I patients (p<0.001). No significant difference was
present for MCAS-PC. Regarding MCAS-LC, ME/SEID/
CES patients obtained higher mean scores than IBD-A
(p=0.03) and IBD-I patients (p <0.001). To conclude, the
same trend was found in MCAS-IC, with ME/SEID/CFS
patients scoring higher than IBD-A (p=0.002) and IBD-I
(p=0.002) patients.

Step 2: factorial structure of MCAS

The aim of Step 2 was to confirm the factorial struc-
ture of the MCAS using confirmatory factor analysis.
To this end, responses to the MCAS of 204 pseudor-
andomly sampled patients (76% female, 24% male;

Table 4 Results of ANOVA with post hoc Dunnett T3 test
conducted in Step 1 of the validation process

MCAS-FoC  MCAS-PC MCAS-LC  MCAS-IC
Comparisons p p p p
IBD-A IBD-I 973 713 235 .800
IBD-A SFC <.001 662 028 002
IBD-I SFC <.001 998 <.001 002

FOC Feeling of constraint, PC Physical consequences, LC Life consequences, IC
Interpersonal consequences

Table 3 Results of ANOVA with post hoc Dunnett T3 test conducted in Step 1 of the validation process

IBD-A IBD-I ME/SEID/CFS (N=122)

(N=60) (N=58)

Mean (SD) Mean (SD) Mean (SD) F p Eta? Interpretation
MCAS-FoC 7.14 202 6.97 267 9.25 1.18 41.88 <.001 26 Large
MCAS-PC 6.30 225 5.87 257 593 223 63 534 .00 Small
MCAS-LC 6.59 216 582 2.06 7.34 1.82 12.36 <.001 .09 Medium
MCAS-IC 7.76 1.65 745 2.29 8.63 148 1061 <.001 .08 Medium
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M, =39.82+10.59) — 30.4% of whom were affected by
IBD-A, 28.9% by IBD-I and the remaining 40.7% by ME/
SEID/CES (see Table 1) — were used to verify the scale’s
factorial structure. A post hoc power analysis, based on
MacCallum et al’s recommendations [41], was performed
to check the appropriateness of the sample size. The
analysis showed that with a sample size of 204 subjects
we obtain a power of 0.81. A confirmatory factor analysis
of the factorial structure revealed by the first study was
first performed on these responses using structural equa-
tion models (SEM). The Maximum Likelihood extrac-
tion method was used. The following fit indices were
used to evaluate the goodness of fit of the models: Car-
mines-Mclver index x 2/df), Comparative Fit Index (CFI),
Tucker — Lewis Non-Normed Fit Index (NNFI) and the
Root Mean Square Error of Approximation (RMSEA). A
X?%/df ratio of 3 to 1 indicates a good fit of the collected
data [42]. Following [43], threshold values greater than
or equal to 0.90 for CFI and NNFI and values lower than
or equal to 0.06 for RMSEA were applied for the remain-
ing indices. The comparison between models was tested
using the A x 2 test.

Three models were compared to confirm the factorial
structure. In the first model, all items saturated on a sin-
gle latent factor. In the second model, four latent factors
were created based on the item saturation levels indi-
cated by the EFA. The third model exactly mirrors the
factorial solution of the exploratory analysis, i.e., four
correlated latent factors. As shown in Table 5, the corre-
lated 4-factor model is the only model that shows satis-
factory fit indices.

Correlation coefficients between MCAS dimensions,
gender, duration of fatigue in months, age, two fatigue
scales (FSI and r-PFS), HAD and TAS-20 were then cal-
culated. As indicated in Table 6, the MCAS-FoC had
significant positive correlations (all p,<0.01 unless indi-
cated otherwise) with age, FSI, and HAD-A in all dimen-
sions of r-PFS except the cognitive dimension (r=0.01,
p=0.94). MCAS-PC exhibited significant positive cor-
relations with (all p,<0.01 unless indicated otherwise)
sex, FSI, and the behavioral dimension of r-PFS (p <0.05).
The MCAS-LC had significant positive correlations (all
P,<0.01 unless indicated otherwise) with sex, FSI, HAD-
D, all dimensions of r-PFS, and TAS-20 operational
thinking (p=0.03). Furthermore, the MCAS-IC exhibited
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significant positive correlations (all p,<0.01) with FSI,
HAD-D, and all dimensions of r-PFES. Finally, due to the
gender disbalance, the differences between the scores in
the 4 dimensions of the MCAS of individuals identifying
as males and females respectively were also investigated
by means of an analysis of variance. However, the results
indicated that no statistically significant differences were
found (all p,<0.05).

As in Step 1, an additional analysis of variance and post
hoc Dunnett’s T3 test were used to test the difference
between the scores in the three groups as had already
been done in the first study. As indicated in Table 7, the
results of these analyses confirmed those of Step 1 for
the factors MCAS-FoC and MCAS-PC. ME/SEID/CES
patients obtained higher MCAS-FoC scores than IBD-A
(<0.001) and IBD-I (p<0.001) patients. There was no
significant difference for MCAS-PC. Additionally, ME/
SEID/CES patients obtained higher MCAS-IC scores
than IBD-I patients (p<0.001), and IBD-A patients also
obtained higher scores than IBD-I patients (p=0.037).
However, there was no significant difference between
IBD-A and ME/SEID/CES patients. Finally, ME/SEID/
CES patients also obtained higher MCAS-LC scores than
IBD-A (p=0.004) and IBD-I patients (p <0.001).

Step 3: convergent validity of MCAS

The aim of Step 3 was to test the convergent and discri-
minant validity between the MCAS, FSI and r-PSE. To
this end, the responses to these scales of 177 pseudo-
randomly sampled patients (76,8% female, 23,2% male;
M, =40.50+10.86) — 33.3% of whom were affected by
IBD-A, 28.9% by IBD-I and the remaining 36.2% by ME/
SEID/CES (see Table 1) — were analyzed. A post hoc
power analysis [41], was performed to check the appro-
priateness of the sample size. The analysis showed that
with a sample size of 177 subjects, we obtain a power of
0.99. Following [44], Structural Equation Models (SEM)
were used to compare the shared variance between latent
variables with the average variance extracted (AVE) of
each variable. As far as the convergent-discriminant
validity between the 4 factors of MCAS and FSI is con-
cerned, the results indicate that the correlated 4-fac-
tor model is significantly better than the single-factor
solution (Ay *=370, A 4=10, p<0.001). All items show
a factorial weight ranging from 0.30 to 0.97 and were

Table 5 Results of confirmatory factor analysis (Comparison of 3 models) conducted in Step 2 of the validation process

Model X2 df p x 2/df CFI NNFI RMSEA (LO)(HI)
One-factor 434 76 <007 572 71 65 15(14)(17)
Four-factor 310 76 <.001 408 81 77 12(1)(14)
Correlated four-factor 127 70 <.001 1.81 95 94 06 (.05)(.08)




Page 7 of 12

(2023) 11:324

Banovic et al. BMIC Psychology

uolissaidag-a|eds uoissaidaq A1v1xuy |eudsoH g-gyH ‘A19ixuy-9|eds uoissaidag A1v1xuy [eadsoH y-gyH ‘Bunjuiy] paiuaiiQ Ajjeulaix3 107 ‘seouanbasuod [euosiadialu|
DI-SYDIN ‘s2u3Nnbasuod 3417 J7-SYIW ‘s9duanbasuod [ed1sAyd Jd-SyI ‘uleiIsuod Jo Buljaa4 D04-SYIW ‘(P3]1eI-T) [9A3] L0 "3Y3 12 JURdLIUBIS SI UOLRIRLI0D) ¢(P3]1RI-7) [2A3] SO Y3 38 JURDLIUBIS SI UOR[R1OD) o'#0T N

QLS V60 G€TF 60~ SE0T  9v0 900" glLS  GEST q96€ Q9T obPF  (08€ I €l €50- S0 el DIFSYOWN 6L
L 4660 Q9SS oZSL-  TL0- 600~ 680 F9S  GPST  glSE o88€ gl (96C 980 4685 LEOT 290" 96l- JISYON 8l
L oSPC 9/0-  820- S50~ 990- 6EL 9v0' 90l 8Ll 9l 9¥0"  Sl0-  q09C LI 6Ll obbl- Dd-SOYWN ZL
L oSEC- oSLL- WSLL- VT 0LF 900 88l oS8T 480€ LTl T~ qllE 65T Ll oL D04-SYOW 9L
L €Ty 89€ Pl LL0- gl8L Sl0- 90~ 8¥0- Y0 oSEC S80-  PLL-  L89l- 680  Bupuiyljeuonersdo 0g-SvL Sl
L q065  G¥E8  THOT  8SLT 980"  STO- 690 Q90T  oSTT STO-  glvT-  STL- 190 uondudsag 0z-svL ¥l
L o878 6Ll qlOE €91 W0 YL G¥OT P9 #00-  GT¥T- SEC- 8K0- uonesynusp| 0z-svL €l
L SWO GP[T 0L TWO- 180 ETT  o86€  €V0-  €ST-  GWTT- VED 21035 [R10] 0Z-SVL ¢l
L qlly 569 ¢69L P08 ObF 100~ S6S el 6500 4l8L- [eJoIneYSg S4d-) L1
L 4609 glo¥ 659  GlES  66E  ¢6SE LSO 690~  HESL- aANubo) S4d-1 0L
L qll9  ql6L 9S¥  WEPL #8F  SL0 €20~ €8l A10SUSS S4d-1 6
L q0L8  Q9CE 880~ /TS 90T v00T  /LL- SAIOYY SHd-! 8
L S8y €0l /S €Ll €0 9le- 2105 [P10] SHd-! L
L Ore 98¢ 180" 50~  ObL- a-QvH 9
L 60 OFl-  €0l-  o8El- v-QvH S
L 6l 180" &bSL- IS4 4
L gl¥E  L€0- oby €
| 0 Syiuow urpuoneinp wjmzm“_ c
L IEN L
8L LL oL ) L €1 4} LL oL 6 8 L 9 S 4 € 4 L

ssad0.d uolepljeA ay3 Jo ¢ daig Ul paindwod X11ew Uoe[a1ioD) 9 ajqeL



Banovic et al. BMIC Psychology (2023) 11:324

Page 8 of 12

Table 7 Results of ANOVA with post hoc Dunnett T3 test conducted in Step 2 of the validation process

IBD-A (N=62) IBD-I (N=59) SFC(N=83)

Mean (SD) Mean (SD) Mean (SD) F P Eta? Interpretation
MCAS-FoC 7.62 1.97 594 2.71 9.32 1.00 53.76 <.001 35 Large
MCAS-PC 5.47 225 5.06 203 553 2.18 91 403 .00 Small
MCAS-LC 6.35 1.54 539 1.96 7.35 1.53 26.16 <.001 21 Large
MCAS-IC 8.10 1.57 7.19 1.86 8.63 1.33 10.98 <.001 13 Large

Table 8 Results of ANOVA with post hoc Dunnett T3 test
conducted in Step 2 of the validation process

MCAS-FoC  MCAS-PC MCAS-LC  MCAS-IC
Comparisons p p p p
IBD-A IBD-I 001 636 004 037
IBD-A SFC <.001 998 001 165
IBD-I SFC <.001 464 <.001 <.001

Table 9 Results of convergent-discriminant analysis between
MCAS and FSI conducted in Step 3 of the validation process

Average variance extracted Shared

MCAS variance

with FSI
MCAS-FoC 78 42
MCAS-PC 53 A7
MCAS-LC 76 59
MCAS-IC 75 37

variances were lower than the average variance extracted.
However, it is worth noting that the analysis recorded
high shared variances between r-PFS Behavioral and both
MCAS-PC (SV=0.52) and MCAS-IC (SV=0.62).

To test the predictivity of the 4 dimensions of the
MCAS, two ROC analyses were performed. The criterion
variable was the total score on the r-PFS scale. The first
analysis investigated the predictive validity of positive
cases with moderate and severe fatigue scores (cutoff >4,
see Tables 10, 11, 12). The second analysis investigated
this issue with severe fatigue scores (cutoff>7, see
Tables 10, 11, 12) [45]. The results of these analyses indi-
cate that all 4 factors have predictive ability for moderate
and severe fatigue levels.

Discussion

As CA is unlikely to be satisfactorily described on a sim-
ple continuum going from no to severe fatigue [2, 11, 36,
46], the present study undertook a psychometric valida-
tion of the Multidimensional Chronic Asthenia Scale
to better apprehend patients’ quality of life in disease-

Table 10 Results of convergent-discriminant analysis between MCAS and r-PFS conducted in Step 3 of the validation process

Average variance

Shared variance with:

extracted
MCAS r-PFS Behavioral r-PFS Affective r-PFS Sensory r-PFS
Cognitive
MCAS-FoC 78 31 15 03 04
MCAS-PC 53 52 22 16 23
MCAS-LC .76 06 04 03 .06
MCAS-IC 75 62 28 11 .06

significant (p<0.001). Tables 7 and 8 shows that no
shared variance between FSI and the 4 factors of the
MCAS was higher than the average variance extracted,
indicating adequate discrimination of the constructs.
Table 9 shows the results of the convergent-discrimi-
nant analysis between 4 factors of the MCAS and 4 fac-
tors of the r-PFS. Again, the 8-factor correlated model
is significantly better than the single-factor solution (A x
2=1030, A =28, p<0.001). Table 9 shows that all shared

related CA.

Step 1 of the MCAS psychometric validation process
was specifically designed to test the construct validity.
Step 2 was designed to verify the MCAS factorial struc-
ture. The results both confirmed the scale’s construct
validity and validated its factorial structure. Indeed,
the reported analyses converge toward the idea that
MCAS has four factors: feeling of constraint (caused
by CA), physical consequences, life consequences and
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Table 11 ROC analysis with r-PFS scores>4 (moderate level of
fatigue) conducted in Step 3 of the validation process

AUC S.E p LLCI ULCI
MCAS-FoC 721 044 <.001 635 867
MCAS-PC 601 049 039 505 697
MCAS-LC 809 036 <.001 739 879
MCAS-IC 823 039 <.001 755 891

Criterion variable: r-PFS total score, Cutoff score >4 (moderate fatigue level),
Positive cases 128, Negative cases 74, AUC Area Under Curve, SE=Standard error,
LLCI Lower limit confidence interval, ULCI Upper limit confidence interval

Table 12 ROC analysis with r-PFS scores>7 (severe level of
fatigue) conducted in Step 3 of the validation process

AUC S.E p LLCI uLcl
MCAS-FoC 640 042 =.001 557 722
MCAS-PC 595 043 030 510 679
MCAS-LC 759 036 <.001 689 829
MCAS-IC 749 037 <.001 678 821

Criterion variable: r-PFS total score, Cutoff score > 7 (severe fatigue level), Positive
cases 82, Negative cases 95, AUC Area Under Curve, SE Standard error, LLC/ Lower
limit confidence interval, ULCI Upper limit confidence interval

interpersonal consequences (of CA) directly mapping
onto four dimensions in experience of fatigue that com-
monly emerged during the initial MCAS formulation
[11].

Importantly and in line with past findings [47], these
four dimensions are related to the duration of CA
such that the longer it lasts, the more the dimensions
are impacted. This latter result suggests that, in spite
of its clear chronicity (i.e., at the time of inclusion, all
the participants had been experiencing CA for at least
6 months), CA continues to evolve, and MCAS is likely
to be sensitive enough to capture the qualitative differ-
ences that this evolution entails.

Importantly, Steps 1 and 2 of the validation process
also revealed that the four dimensions of the MCAS dif-
fered significantly across the clinical groups involved in
the study. In line with past findings [11, 48], ME/SEID/
CES patients were the most impaired by CA, followed
by IBD-A and IBD-I patients. The fact that MCAS cap-
tures different degrees of CA severity that occur as a
function of different chronic diseases (ME/SEID/CFS
vs. IBD) and/or of the patients’ specific state (IBD-A vs.
IBD-I) shows that it is clearly sensitive to the particular
context in which CA occurs. Finally, and again in line
with past studies showing that anxiety and depression
contribute to the persistence of CA [34, 46, 47, 49], the
present study also found a strong positive association
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between the MCAS and the HADS depression scale
(HAD-D) [37, 38].

Step 3 of the validation process was designed to exam-
ine the convergent-discriminant validity of the MCAS.
Although Step 2 found a strong positive association
between the MCAS and the two validated fatigue-spe-
cific scales (i.e., FSI [27, 28, 34] and r-PFS [23, 35]), Step 3
also revealed a significant difference between the MCAS
and FSI and r-PFS. Finally, the results of the two ROC
analyses showed that the 4 factors of MCAS have predic-
tive ability for moderate and severe fatigue levels. How-
ever, while the convergent-discriminant validity between
the 4 factors of MCAS and FSI and r-PFS was satisfac-
tory overall, some limitations were also revealed at Step
3 of the validation process. Indeed, the r-PFS Behavioral
dimension — which uses six items to assess the intensity
of fatigue and its impact on physical and social activities
— seems very similar to the MCAS-PC and MCAS-IC.
This is not particularly surprising given that the 3-item
MCAS-PC similarly assesses the physical consequences
of CA and the 4-item MCAS-IC assesses the interper-
sonal consequences of CA. While MCAS might therefore
appear to be less parsimonious than r-PFS, it should be
remembered here that all shared variances were lower
than the average variance extracted for MCAS. Another
limitation is that the MCAS-PC also yielded insufficient
convergent validity (a=0.60). Although a short scale is
often easier for people to complete, adding items for this
dimension might therefore appear as necessary, as this
would probably enhance the internal consistency of the
items.

Future directions and concluding remarks

Future studies using the MCAS need to address the
issue of internal consistency raised above. While, as
reported above, the MCAS is likely to be sensitive to
qualitative differences brought about by the evolution
of CA over time, it seems necessary to test this sen-
sitivity to change further. These further tests should
include repeated administration(s) of the MCAS to
the same participants in distinct clinical groups. Such
research will also likely improve the accuracy of MCAS
in identifying the consequences (in nature and degree)
that are the most sensitive to variations in the severity
of CA [50]. As has previously been shown for chronic
pain [51], the chronicity of fatigue is likely to influence
the perception of its consequences due to both con-
ditioning and memory mechanisms [47, 52]. Because
the disappearance of these learned responses is slow
and highly dependent on inhibitory mechanisms [47],
future studies also need to examine the extent to which
inhibition — as measured by means of a more fine-
grained Stroop task [53, 54] — is impaired in individuals
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with CA (both independently and as a function of
CA severity). Using MCAS in studies of this type will
make it possible to establish whether the subjectively
reported type and level of CA are linked to objec-
tive cognitive performances in such a way that MCAS
scores are likely to predict individuals’ actual overall
cognitive performance as measured by specific com-
ponents of the Stroop effect [55] that are generated by
the Stroop task [53, 54]. In the meantime, despite the
various limitations outlined above, MCAS clearly con-
stitutes a promising tool for measuring in clinical prac-
tice both quantitative and qualitative differences in CA
associated with various diseases [2]. This instrument
not only provides a standardized assessment of CA,
but also represents a support instrument for a more
specific patient-clinician communication, namely that
about the clinically important differences in the expres-
sion of this complex phenomenon.
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