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Abstract
Purpose  The Comprehensive assessment of Acceptance and Commitment Therapy (CompACT) is a 23-item questionnaire 
measuring psychological flexibility, a quality of life protective factor. An 18-item version was recently produced. We assessed 
validity and reliability of CompACT, and equivalence of paper and electronic (eCompACT) versions in people with multiple 
sclerosis (PwMS) in Italy, Germany and Spain.
Methods  We used confirmatory factor analysis and assessed CompACT-23 and CompACT-18 measurement invariance 
between the three language versions. We assessed construct validity (Spearman's correlations) and internal consistency 
(Cronbach’s alpha). Test–retest reliability (intraclass correlation coefficient, ICC) and equivalence of paper and eCompACT 
(ICC and linear regression model for repeated measures) were assessed in subsamples of PwMS.
Results  A total of 725 PwMS completed the study. The three-factor structure of the CompACT-23 showed poor fit (RMSEA 
0.07; CFI 0.82; SRMR 0.08), while the fit of the CompACT-18 was good (RMSEA 0.05; CFI 0.93; SRMR 0.05). Con-
figural and partial metric invariance were confirmed, as well as partial scalar invariance (reached when five items were 
allowed to vary freely). The CompACT-18 showed good internal consistency (all alpha ≥ 0.78); and test–retest reliability 
(all ICCs ≥ 0.86). Equivalence between paper and eCompACT was excellent (all ICCs ≥ 0.86), with no mode, order, or 
interaction effects.
Conclusion  Results support using the refined CompACT-18 as a three-factor measure of psychological flexibility in PwMS. 
Paper and eCompACT-18 versions are equivalent. CompACT-18 can be used cross-culturally, but sub-optimal scalar invari-
ance suggests that direct comparison between the three language versions should be interpreted with caution.

Keywords  Measurement invariance · CompACT​ · Psychological flexibility · Quality of life · Multiple sclerosis · Paper and 
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Plain English summary

Evidence suggests enhancing psychological flexibility (PF) 
via acceptance and commitment therapy (ACT) promotes 
quality of life, resilience, and mental health. A measure 
of PF that is validated across cultures and languages is 
essential for PF theory and intervention development in 
the international arena. A recently developed measure of 
PF that shows promise is the CompACT. In a prior study 
we translated the CompACT into three languages: Italian, 
German, and Spanish. In the present study we evaluate 
the psychometric properties of the CompACT across these 
different language versions in people with multiple sclero-
sis. As shown in other countries, our study findings show 
that the CompACT-18 works significantly better than the 
original 23-item version. The CompACT-18 has the same 
number of factors in all three language versions (config-
ural invariance), and each item contributes to the latent 
construct to a similar extend (metric invariance), except 
for one item. However, comparisons of CompACT mean 
scores between languages should be interpreted with cau-
tion as there was little evidence of scalar invariance. The 
CompACT-18 demonstrated good test-retest reliability. All 
considered, the CompACT-18 can be used in the three dif-
ferent languages. The paper and electronic versions of the 
questionnaire are equivalent, thus offering the flexibility 
to use the questionnaire in different modes.

Introduction

Psychological flexibility (PF) is defined as “the ability 
to contact the present moment more fully as a conscious 
human being and, based on what the situation affords, 
to change or persist in behavior in order to serve valued 
ends” [1]. It involves six processes that can be clustered 
into three pillars each of which includes two therapeutic 
processes: (1) open (acceptance—openness to experi-
ence; cognitive defusion—observing thoughts rather than 
taking them literally); (2) aware (present moment aware-
ness—mindfulness; self-as-context—contact with a sense 
of self that is continuous and provides flexible perspec-
tive taking); (3) engaged (values—freely chosen person-
ally meaningful life directions; committed action—values 
guided effective action) [2]. The counterpart of PF is psy-
chological inflexibility (PI), similarly composed of three 
pillars and six processes: (1) closed (experiential avoid-
ance; cognitive fusion); (2) not present (disconnected from 
the present; attached to concepts of self); (3) unworkable 
actions (disconnection from values; inaction, impulsivity, 
or avoidance) [1].

PF skills are fostered by acceptance and commitment 
therapy (ACT) [3], a third-generation cognitive behavior 
therapy, effective in treating mental health problems in a 
range of contexts including chronic illness [4–6]. Evidence 
supports PF as the mechanism of change in ACT inter-
ventions. Mediation analyses conducted in studies on the 
efficacy of ACT interventions showed that increases in PF 
(mediator) are related to increased wellbeing [7], as well 
as symptom reductions in many conditions, ranging from 
depression and anxiety [8] to chronic pain [9].

Given the key role of PF in ACT, valid and reliable instru-
ments that measure this construct are essential for theory and 
intervention development [10]. Additionally, it is important 
to demonstrate the theoretical integrity of ACT interven-
tions by showing that therapeutic change occurs through 
PF, the mechanism of action proposed by the PF framework 
[11]. Accordingly, psychometrically sound measures of PF 
that are culturally sensitive and stable across cultures are 
essential [12] given that ACT interventions are implemented 
internationally [13–17].

PF and quality of life in chronic health conditions

Quality of life (QoL) refers to an individual’s total well-
being and is a multidimensional construct that has at its 
core the person’s evaluation of his/her own life [18]. The 
World Health Organization defines QoL as an individual’s 
perception of their position in life in the context of the cul-
ture and value systems in which they live and in relation to 
their goals, expectations, standards and concerns [19]. As 
reported in the ISOQOL Dictionary of Quality of Life and 
Health Outcomes Measurement, “in the context of health 
research, quality of life goes beyond a description of health 
status, but rather is a reflection of the way that people per-
ceive and react to their health status and to other, nonmedi-
cal aspects of their lives” [20]. Hence, QoL is an important 
outcome variable in health-care practice and research.

PF has been demonstrated as a QoL protective factor in 
people with chronic health conditions [21–25]. PF in the 
context of chronic illness, involves activation of the open-
ness, awareness, and engagement strategies mentioned above 
which enhances adaptation to health-related challenges, 
thereby improving QoL. In various problematic health 
contexts, higher PF has been correlated with lower stress, 
anxiety, and depression, while also being linked to better 
QoL [21–23, 26]. Multiple sclerosis (MS) is a chronic health 
condition characterized by an unpredictable course, varied 
and debilitating symptoms [27], and the need for ongoing 
adjustments in daily life [28, 29]. People with MS (PwMS) 
report lower QoL than people in the general population [30]. 
Higher PF is associated with lower self-reported distress 
and higher QoL in PwMS, suggesting that increasing PF 
could lead to a reduction in distress and improvement in QoL 
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[31]. Notably PF mediates the beneficial effects of resilience 
on distress and QoL in PwMS [24]. Moreover, ACT-based 
interventions in PwMS have been shown to improve resil-
ience, QoL, and mood by strengthening PF [13, 14, 25, 32]. 
Therefore, increasing our understanding of the role of PF as 
a QoL protective factor and refining interventions that show 
promise in fostering PF will contribute to a holistic approach 
to the self-management of MS. A foundational step in pursu-
ing these clinical and research endeavors is the validation of 
a reliable instrument to assess PF in PwMS across different 
cultures.

The assessment of PF: the comprehensive 
assessment of ACT processes

The Comprehensive assessment of ACT (CompACT) is 
a self-report patient-reported outcome measure (PROM), 
composed of three factors (subscales): Openness to Experi-
ence (OE) Behavioral Awareness (BA), and Valued Action 
(VA), which correspond to the three PF pillars, open, aware, 
and engaged, respectively [26]. It was developed as an alter-
native to the most widely used measure of PF, the Accept-
ance and Action Questionnaire-II (AAQ-II) that has several 
limitations [33–37].

We selected the CompACT because of its brevity (23 
items) and demonstrated sound psychometrics in the vali-
dation study by Francis et al. [26]. The CompACT exhib-
ited strong internal consistency and displayed patterns of 
convergence and divergence in line with theoretical expec-
tations when compared to other measured factors. Specifi-
cally, elevated levels of PI correlated with increased distress, 
decreased health, and overall well-being. For these reasons, 
the authors concluded that the CompACT holds potential as 
an instrument for the comprehensive assessment of the ACT 
PF processes [26].

Despite the promising results of the original validation 
study [26], the CompACT’s factor structure has not been 
replicated in subsequent studies, which were published after 
the commencement of the present project [12, 38–40]. A 
study published in 2021 showed that the CompACT per-
formed statistically better with removal of five out of 10 
items of the original Openness to Experience subscale 
(items 6, 13, 18, 20, and 22) all of which were negatively 
worded [12]. This 18-item Portuguese-adapted CompACT 
(CompACT-18) was tested in both Portuguese and UK sam-
ples and showed good psychometric properties [12]. Par-
tial metric invariance was demonstrated between the two 
subsamples (Portuguese and UK), confirming the scale’s 
sensitivity to contextual and cultural variations. A subse-
quent study evaluated both the 23- and 18-item versions of 
the CompACT in a sample of U.S. military personnel, and 
the English language CompACT-18 was found to be supe-
rior [38]. These results suggest that the factor structure and 

psychometric properties of the CompACT require further 
investigation and that a specific linguistic and psychometric 
validation process is needed before the CompACT can be 
used in different populations. Although prior studies have 
assessed the psychometric properties of the CompACT in 
different countries and languages [12, 38–40], to the best 
of our knowledge, no published studies have validated the 
CompACT in a specific clinical population.

The present study is part of an international project to 
develop validated versions of the CompACT in three lan-
guages. The project had two phases: (1) translation-adap-
tation of the CompACT into Italian, German, and Spanish 
[41], (2) psychometric validation of the scale for use with 
PwMS, in the three countries. This study constitutes phase 2, 
which is designed to assess the CompACT’s factor structure, 
measurement invariance among the three language versions, 
psychometric properties (construct validity, internal consist-
ency and test–retest reliability) and the equivalence of the 
paper and electronic (eCompACT) versions.

Materials and methods

This study was run in three European centres that belong to 
the “Rehabiliation in Multiple Sclerosis”—RIMS network: 
The Fondazione IRCCS Istituto Neurologico Carlo Besta 
(FINCB), Milan, Italy (coordinating centre); the University 
Medical Center Hamburg-Eppendorf (UKE), Hamburg, 
Germany; and the Centre d'Esclerosi Múltiple de Catalu-
nya (Cemcat), Barcelona, Spain. The study was carried out 
in accordance with the Declaration of Helsinki recommen-
dations. The protocol received ethical clearance from the 
ethics committees of the three enrolling centres: FINCB 
(12/09/2018, internal ref: 54; first amendment approved 
12/12/2018, internal ref: 57; second amendment approved 
08/05/2019, internal ref: 62), UKE (23/04/2019, clearance 
number: PV6040), and Cemcat (01/03/2019, clearance 
number: PR(AG)29/2019). All participants gave written 
informed consent.

Participants

A minimum target enrollment of 250 PwMS from each par-
ticipating country (Italy, Germany, and Spain) was based on 
statistical sample size requirements and recruitment practi-
calities [42].

In addition to the CompACT, participants completed 
seven PROMs (see below). To evaluate the CompACT 
test–retest reliability, 150 patients completed the CompACT 
a second time after 10 (± 4) days. To examine the equiva-
lence of paper and eCompact, 150 PwMS (not participating 
in the test–retest sub-study) completed both versions in ran-
dom order (interval 10 ± 4 days).
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Participants were considered eligible if the following cri-
teria were met: neurologist confirmed MS diagnosis [43]; 
age ≥ 18 years; written informed consent; fluent in the lan-
guage of the participating country. PwMS with severe cogni-
tive impairment (clinical judgment) were excluded.

Outcome measures

As described previously, the 23-item CompACT measures PF 
and is composed of three factors (subscales): OE (10 items), 
BA (five items), and VA (eight items). Items are scored using 
a 7-point ordinal scale from 0 = strongly disagree to 
6 = strongly agree, and 12 of the 23 items are reverse-coded, 
so that higher values always indicate greater PF [26]. Com-
pACT raw scores were calculated by summing responses of 
each item in each subscale. The raw scores were then linearly 
transformed into scales from 0 to 100 using the following for-
mula:transformed score =

[

(raw score)−(lower possible raw score)

possible raw score range

]

 
×100.

In addition to the translated versions of the CompACT [41], 
PwMS completed the following PROMs: Hospital Anxiety 
and Depression Scale (HADS) [44]; Connor-Davidson Resil-
ience Scale (CDRISC)-25 [45]; 10-item AAQ-II [46]; 15-item 
Mindful Attention Awareness Scale (MAAS) [47]; 7-item 
Cognitive Fusion Questionnaire (CFQ) [48]; 20-item Valued 
Living Questionnaire (VLQ) [49]. Consistent with a multidi-
mensional conceptualisation of QoL, we used the 54-item MS 
Quality of Life (MSQOL-54) [50] instrument to operational-
ise QoL. The MSQOL-54 yields two composite scores that 
reflect the respondent’s subjective evaluation of their mental 
and physical QoL dimensions. These PROMs are detailed in 
Online Resource 1.

Clinical information and measures

Neurologists provided the following information: MS course 
(relapsing remitting, primary progressive, secondary progres-
sive), time from MS diagnosis, and Expanded Disability Status 
Scale (EDSS) score [51]. The EDSS is the most widely used 
MS-specific disability scale; the EDSS score ranges between 
0.0 (‘normal neurological exam’) and 10 (‘death due to MS’) 
[51].

Sociodemographic information

PwMS provided information on their age, gender, education, 
marital and working status.

Enrolment procedure

Eligible PwMS were invited to participate by neurologists at 
each participating centre. The centre principal investigator 
checked that all eligibility criteria were satisfied and then 

invited the consenting PwMS to complete the PROMs. Fifty 
PwMS in each centre were invited to complete the Com-
pACT again after one week (test–retest sub-sample), and 
another 50 participants were asked to complete both paper 
and eCompACT in random order, one week apart (equiva-
lence sub-sample).

In both sub-studies re-tests were performed in the par-
ticipants’ home (except for those preferring to complete 
questionnaires at the MS centre). For the equivalence 
sub-study, at the end of the visit, PwMS assigned to the 
eCompACT–paper administration order were given a closed 
envelope, to be opened after a week, containing the paper 
CompACT and a pre-addressed, return-paid envelope. One 
week after the test date, PwMS assigned to the paper–eCom-
pACT order received an e-mail with the link to the website 
containing the eCompACT. One week after the expected 
completion/return date, PwMS who did not complete/return 
the questionnaire received a reminder (e-mail or phone call).

Statistical analyses

Continuous data were summarised using means, standard 
deviations, medians, and ranges/interquartile ranges, while 
frequencies and percentages were used for categorical data. 
ANOVA with t-test or Kruskall-Wallis (based on data distri-
bution) for multiple comparisons, and chi-square tests were 
used to compare means or frequencies.

Factor structure and measurement invariance

As a preliminary analysis, we applied confirmatory factor 
analysis (CFA) with robust maximum likelihood estimator 
[52] to test the three-factor structure proposed by Francis 
et al. 2016 [26] for the CompACT-23 and the solution pro-
posed by Trindade et al. 2021 [12] for the CompACT-18. 
The items removed in the CompACT-18 version (item 6, 13, 
18, 20 and 22) belong to the OE subscale [12].

The best fitting model was then used to test multi-group 
measurement invariance between countries [53]. Three 
increasingly restricted levels of measurement invariance 
were assessed: configural (i.e., the same number of factors 
and the same patterns of factor loadings across groups); 
metric (defined as invariance of factor loadings across 
groups); scalar (defined as invariance of both factor load-
ings and item intercepts across groups). We adopted the 
following reference values of measurement invariance. In 
evaluating factor solution and configural invariance, model 
fit was deemed acceptable if the following criteria were 
met: Chi2/df < 3 [54], root mean square error of approxima-
tion (RMSEA) < 0.08; comparative fit index (CFI) ≥ 0.90; 
and standardized root mean square residual (SRMR) ≤ 0.08 
[55, 56]. Akaike Information Criterion (AIC) and Bayesian 
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Information Criterion (BIC) were used to compare models, 
with lower values indicating better model fit.

A worsening of CFI, exceeding the threshold of 0.01 and 
accompanied by a change in RMSEA ≥ 0.015 or a change 
in SRMR of ≥ 0.03, was considered to indicate no metric 
invariance. When considering scalar invariance, the cutoff 
values for change in CFI and RMSEA were the same as for 
metric invariance, whereas a cutoff of 0.01 was considered 
for SRMR [57].

Reliability and validity

Internal consistency was assessed using Cronbach’s alpha 
(benchmark value > 0.70) [58]. Test–retest reliability was 
assessed with the intraclass correlation coefficient (ICC) 
with 95% confidence intervals (CIs; benchmark value > 0.75) 
[59].

Spearman’s correlation coefficients were used to investi-
gate convergent validity. Consistent with the PF/PI frame-
work, based on previous studies [12, 26] we expected the 
CompACT to have moderate to strong positive correlations 
with the PF processes (present moment awareness, values-
consistent behavior), and moderate to strong negative cor-
relations with the PI processes (experiential avoidance and 
cognitive fusion), moderate positive correlation with resil-
ience and QoL, and strong negative correlation with distress 
(anxiety and depression).

Equivalence of electronic and paper versions

The equivalence of the eCompACT and paper versions was 
assessed using a randomized cross-over design, which allows 
for testing of administration mode (paper [P] vs. electronic 
[E]) and order (P-E vs. E-P) effects, and their interaction. A 
linear regression model for repeated measures design, with 
an exchangeable correlation structure of the errors, was 
applied using the following design variables: administra-
tion mode, administration order, and their interaction; all 
estimates were adjusted for language (Italian, Spanish, Ger-
many), gender, age and EDSS (median values as cutoff). In 
assessing equivalence, model fit was evaluated using likeli-
hood ratio test.

All analyses were performed using SPSS 28, except for 
measurement invariance for which Mplus 8 was used. All 
statistical tests were two-tailed, and considered significant 
at p < 0.05.

Results

Sample characteristics

Between April 2019 and May 2020, a total of 725 PwMS 
completed the study (Italy 251; Germany 226; Spain 248; 
Table  1). PwMS mean age was 45.2 (SD 11.7). Most 

Table 1   Demographic and clinical characteristics for the total sample and country sub-samples

SD standard deviation. EDSS Expanded Disability Status Scale

Total (N = 725) Italy (N = 251) Germany (N = 226) Spain (N = 248) P value
Mean (SD)

Age (years) 45.2 (11.7) 41.9 (10.0)a,b 44.5 (12.3)b,c 49.4 (11.6)a,c  < 0.001
Women, n (%) 487 (67.2) 191 (76.1)a,b 139 (61.5)a 157 (63.3)b 0.001
Marital status, n (%)
Single 183 (25.3) 97 (38.6) 46 (20.3) 40 (16.2)
Married 476 (65.7) 138 (55.0) 167 (73.9) 171 (69.2)
Divorced 47 (6.5) 14 (5.6) 11 (4.9) 22 (8.9)
Widow 18 (2.5) 2 (0.8) 2 (0.9) 14 (5.7)  < 0.001
Education, n (%)
Primary school 46 (6.4) 1 (0.4) 14 (6.2) 31 (12.5)
Middle school diploma 102 (14.1) 15 (6.0) 55 (24.3) 32 (12.9)
High school diploma 222 (30.6) 103 (41.0) 37 (16.4) 82 (33.1)
Degree 306 (42.2) 97 (38.7) 110 (48.7) 99 (39.9)
PhD/Specialization 49 (6.8) 35 (13.9) 10 (4.4) 4 (1.6)  < 0.001
Disease duration (years) 11.9 (9.1) 10.5 (7.8) 8.6 (7.5) 16.5 (9.8)  < 0.001
MS type, n (%)
Relapsing remitting 530 (73.2) 231 (92.0) 154 (68.4) 145 (58.5)
Secondary progressive 114 (15.7) 11 (4.4) 30 (13.3) 73 (29.4)
Primary progressive 80 (11.1) 9 (3.6) 41 (18.3) 30 (12.1)  < 0.001
EDSS score, median (min–max) 2.5 (0.0–8.5) 2.0 (0.0–8.5) 2.5 (0.0–8.0) 4.0 (0.0–8.5)  < 0.001
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participants were women (67%), had high-school diploma 
or higher (80%), and lived with a partner (66%). Mean MS 
duration was 12 years (SD = 9.1). Most participants (73.2%) 
had relapsing MS; the median EDSS score was 2.5 and 
ranged between 0.0 (‘normal neurological exam’) and 8.5 
(‘essentially restricted to bed much of day’).

Distribution of the PROMs in addition to the CompACT, 
and comparison across country sub-samples are reported 
in Table 2.

Factor structure

Before testing the factor structure of the CompACT, we 
added two residual correlations between items 16 (“I 
do jobs or tasks automatically, without being aware of 
what I’m doing”) and 19 (“It seems I am ‘running on 

automatic’ without much awareness of what I’m doing”) 
and items 10 (“I behave in line with my personal values”) 
and 21 (“My values are really reflected in my behavior”) 
as these item pairs were worded similarly and the covari-
ance between them cannot be explained solely by their 
relationship with the latent construct. Then the original 
three-factor model of the CompACT-23 was tested on 
the total sample. The results showed poor statistical fit 
(Chi2/df, 989.9/225 = 4.40; RMSEA = 0.068; CFI = 0.819; 
SRMR = 0.084). As next step, the three-factor model 
of the CompACT-18 [12] was tested on the total sam-
ple. All fit indices indicated an acceptable fit (Chi2/
df 338.4/130 = 2.60; RMSEA 0.047; CFI 0.935; SRMR 
0.051) and both AIC and BIC decreased compared with 
the previous model (Table 3).

Table 2   Distribution of the other patient-reported outcome measure scores, and comparison across the country sub-samples

MSQOL-54 MHC, 54-item Multiple Sclerosis Quality of Life Mental Health Composite; MSQOL-54 PHC, MS-54 QOL Physical Health Com-
posite; HADS-A is Hospital Anxiety and Depression Scale – Anxiety, HADS-D, HADS– Depression; CD-RISC, Connor-Davidson Resilience 
Scale; AAQ, Acceptance and Action Questionnaire; MAAS = Mindful Attention Awareness Scale; CFQ, Cognitive Fusion Questionnaire; VLQ, 
Valued Living Questionnaire. SD, standard deviation. Medians having the same subscript (a, b, c) are significantly different from each other in 
post hoc multiple comparisons (Kruskall-Wallis test)

Total (N = 725) Italy (N = 251) Germany (N = 226) Spain (N = 248) P value

Mean (SD) Median (Min–
Max)

Mean (SD) Median (Min–
Max)

Mean (SD) Median (Min–
Max)

Mean (SD) Median (Min–
Max)

MSQOL-54 
MHC

66.4 (18.2) 71.4 (8.4–
92.9)

68.5 (16.2) 72.9a,b 
(26.0–91.9)

64.4 (20.6) 72.8a,c 
(8.4–91.9)

66.2 (17.7) 70.2b,c 
(19.7–92.9)

 < 0.001

MSQOL-54 
PHC

63.0 (18.6) 64.1 (16.4–
98.1)

70.4 (18.5) 74.8 (18.2–
98.1)

62.8 (17.2) 65.3 (17.4–
89.8)

55.8 (17.0) 53.5 (16.4–
88.5)

0.231

HADS-A 8.4 (4.4) 8.0 (0.0–20.0) 6.6 (4.0) 6.0a (0.0–19.0) 6.8 (4.6) 6.0b (0.0–20.0) 11.6 (2.4) 12.0a,b 
(5.0–16.0)

 < 0.001

HADS-D 5.9 (3.8) 6.0 (0.0–21.0) 3.8 (3.2) 3.0a,b 
(0.0–14.0)

5.2 (4.3) 4.0a,c 
(0.0–21.0)

8.6 (1.7) 9.0b,c 
(4.0–15.0)

 < 0.001

CD-RISC 65.5 (16.2) 68.0 (15.0–
100.0)

61.5 (17.1) 62.0a,b (21.0–
100.0)

68.8 (15.4) 71.0a (15.0–
97.0)

66.7 (15.1) 68.0b (27.0–
99.0)

 < 0.001

AAQ-II 28.1 (10.3) 25.5 (10.0–
66.0)

29.5 (10.3) 27.0a (10.0–
59.0)

23.8 (5.1) 22.0a,b 
(13.0–42.0)

30.4 (12.3) 28.0b (10.0–
66.0)

 < 0.001

MAAS 4.4 (0.9) 4.5 (1.5–6.0) 4.3 (0.8) 4.5 (2.0–6.0) 4.3 (1.0) 4.5 (1.5–5.9) 4.4 (1.0) 4.5 (2.0–6.0) 0.460
CFQ 21.6 (9.5) 21.0 (7.0–

49.0)
22.2 (8.5) 22.0a 

(7.0–49.0)
20.3 (10.6) 17.0a,b 

(7.0–49.0)
22.1 (9.3) 22.0b 

(7.0–49.0)
0.007

VLQ 55.9 (18.0) 61.8 (1.0–
100.0)

60.9 (18.3) 67.0a (1.0–
100.0)

49.3 (17.0) 55.1a,b 
(3.5–98.0)

57.0 (16.8) 64.7b (9.3–
100.0)

 < .001

Table 3   Goodness-of-fit 
indices for CFA models 
of CompACT-23 and 
CompACT-18

AIC Akaike information criterion; BIC Bayesian information criterion; DF Error degree of freedom; 
RMSEA root mean square error of approximation; CFI comparative ft index; SRMR standardized root mean 
square residual. ° p value < .001. Both models account for the error correlation between items 16 and 19 
and items 10 and 21

Model Number free 
parameters

AIC BIC Chi2°/df RMSEA CFI SRMR

23-item N = 725 74 60,387.2 60,726.5 989.9/225 0.068 0.819 0.084
18-Item N = 725 59 46,251.0 46,521.6 338.4/130 0.047 0.935 0.051
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Figure 1 shows the estimated factor loadings for the 
18-item version in the whole sample. All estimates are large 
and statistically significant.

Measurement invariance between the Italian, 
German, and Spanish CompACT versions

To assess the measurement invariance of the CompACT-18 
scale across the three language versions, we first tested the 
3-factor model in each country sub-sample (Table 3, M1, 
M2, and M3; loadings of 18 items for each sub-sample are 
reported in Online Resource 2). In these analyses, the ratio 
of chi-squared to degree of freedom is < 3 and all fit indices 
are within the bounds, except for CFI for the Italian and 
German samples, which is slightly below threshold 0.90.

The model fitted the data well in terms of RMSEA 
and SRMR, and CFI was slightly under the cut-off indi-
cating that configural invariance is substantially achieved 
(Table 4, M4: RMSEA 0.062, CFI 0.896, SRMR 0.068), 
whereas it did not support metric invariance as indicated by 
ΔCFI > 0.01 (Table 4, M5: ΔRMSEA 0.001; ΔCFI 0.011; 
ΔSRMR 0.013), suggesting that the corresponding latent 
factors might have different significance in the different 
groups. Therefore, we tested whether partial measurement 
invariance was achieved. In the model in which the loading 
for item 4 ('I try to stay busy to keep thoughts or feelings 
from coming') was allowed to vary freely between sam-
ples, the results showed good model fit: ΔRMSEA 0.000; 
ΔCFI 0.009; ΔSRMR 0.012. Thus, the remaining 17 items 
presented factor invariance and contributed to their respec-
tive subscales in very similar ways across translations and 
cultures. We then tested scalar invariance (i.e., whether 
item intercepts were also invariant across groups). The 

Fig. 1   Loadings of 18 items for total sample. Factor structure of the 
CompACT-18 items. OE Openness to Experience, VA Valued Action; 
BA Behavioural Awareness. All estimates are statistically significant 
p < 0.01

Table 4   CompACT-18 measurement invariance across language versions

AIC Akaike information criterion; BIC Bayesian information criterion; DF Error degree of freedom; RMSEA root mean square error of approx-
imation; CFI comparative ft index; SRMR standardized root mean square residual. °p value < .001. All models account for error correlation 
between items 16/19 and items 10/21. ^ loading for item 4 ‘I try to stay busy to keep thoughts or feelings from coming ‘ freely estimated; *Inter-
cept for items [Q7, Q2, Q10, Q8, Q19] freely estimated

Models Number free 
parameters

AIC BIC Chi2°/df Goodness-of-fit Comparison

RMSEA CFI SRMR ΔRMSEA ΔCFI ΔSRMR

Languages
M1 German (N = 226) 59 14,630.0 14,831.8 250.4/130 .064 .898 .072
M2 Italian (N = 251) 59 15,513.8 15,721.8 282.2/130 .068 .887 .066
M3 Spanish (N = 248) 59 15,740.8 15,948.1 218.8/130 .052 .907 .064

Multigroup invariance
M4 Configural invariance 177 45,884.6 46,696.4 751.2/390 .062 .896 .068
M5 Metric invariance 147 45,910.0 46,584.2 818.3/420 .063 .885 .081 0.001 0.011 0.013
M5^ Partial metric invariance 149 45,905.4 46,588.8 811.2/418 .062 .887 .080  < 0.001 0.009 0.012
M6 Scalar invariance 119 46,070.8 46,616.5 1012.8/448 .072 .838 .090 0.01 0.049 0.01
M6* Partial scalar invariance 129 45,922.1 46,513.7 864.4/438 .063 .877 .083 0.001 0.01 0.003
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deterioration of the CFI index from the metric to the scalar 
model indicates that the model is not invariant across groups 
in terms of item intercepts (Table 4, M6: ΔRMSEA 0.010; 
ΔCFI 0.049; ΔSRMR 0.010), which means that the mean 
items are not the same across the three groups. Five items 
contributed to this result: (Item 2: 'One of my big goals is 
to be free from painful emotions'; Item 7: 'I make choices 
based on what is important to me. even if it is stressful', Item 
8: 'I tell myself that I shouldn't have certain thoughts', Item 
10: 'I behave in line with my personal values'; Item 19: 'It 
seems I am "running on automatic" without much awareness 
of what I'm doing'). The model in which these five items 
were allowed to vary freely showed good model fit: (Table 4, 
M6*: ΔRMSEA 0.001; ΔCFI 0.010; ΔSRMR 0.003). These 
results indicate that the CompACT-18 exhibits partial metric 
and partial scalar invariance.

Descriptive values of the CompACT subscales for the 
whole sample and each subsample are shown in Table 5.

Reliability and validity

Internal consistency and validity were reported for the 
CompACT-18. Cronbach’s alphas for the CompACT-18 
subscales for the total sample were > 0.70 (OE, α 0.78; BA, 
α 0.83; VA, α 0.82).

Test–retest reliability of the CompACT-18 calculated on 
153 PwMS (Germany N = 53, Spain N = 50, Italy N = 50) 
was excellent for each subscale: OE, ICC 0.87 (95% CI 
0.82–0.91); BA, ICC 0.86 (95% CI 0.80–0.90); VA, ICC 
0.88 (95% CI 0.82–0.91).

The inter-correlations between the CompACT-18 sub-
scales were positive and of moderate magnitude, except for 
the correlation between OE and VA scales, which was neg-
ligible: OE–BA, ρ 0.43 (95% CI 0.36–0.48); OE–VA, ρ 0.12 
(95% CI 0.04–0.19); BA–VA, ρ 0.44 (95% CI 0.38–0.50).

The CompACT-18 subscales showed good convergent 
validity. As expected, CompACT-18 subscales were mod-
erately and negatively correlated with experiential avoidance 

(AAQ-II, ρ −0.49 to −0.43) and cognitive fusion (CFQ, ρ 
−0.52 to −0.43), and positively correlated with mindful-
ness (MAAS, ρ 0.66 to 0.29). Valued living scores (i.e., 
the importance of certain life domains and the consistency 
of behaviors; VLQ) were not significantly correlated with 
the OE subscale and the correlations between valued living 
scores and the other CompACT-18 subscales were moder-
ate (ρ 0.35 to 0.22). In addition, the three CompACT-18 
subscales were also moderately, negatively associated with 
anxiety (HADS-A ρ -0.35 to −0.30) and depression (HADS-
D ρ −0.45 to −0.31). Regarding QoL, higher scores on the 
CompACT-18 subscales BA and VA were significantly 
related to better mental and physical QoL. The same Com-
pACT-18 subscales were also positively correlated with 
resilience (CD-RISC 25). Data on convergent validity are 
reported in Table 6.

Equivalence of paper and electronic versions

A total of 136 PwMS participated in the equivalence sub-
study (Germany N = 36, Spain N = 49 and Italy N = 51). 
Administration order was paper/eCompACT (N = 77), and 
eCompACT/paper (N = 59).

Reliability was excellent for each subscale: OE, ICC 0.87 
(95% CI 0.81–0.91); BA, ICC 0.86 (95% CI 0.80–0.90); VA, 
ICC 0.88 (95% CI 0.82–0.91).

The linear regression model for repeated measures 
showed that all mode and order effects as well as their inter-
action effects were statistically non-significant (all p val-
ues > 0.5). These results confirmed the equivalence of the 
two versions [Online Resource 3].

Discussion

The aim of this study was to validate the CompACT cross-
culturally for its use with PwMS who face life-changing dif-
ficulties related to the progressive yet unpredictable nature 

Table 5   Means and standard deviations for CompACT-18 subscale scores for the total sample and by country

Medians having the same subscript (a,b,c) are significantly different from each other in post hoc multiple comparisons (Kruskall-Wallis test)

Total (N = 725) Italy (N = 251) Germany (N = 226) Spain (N = 248) P value

Mean (SD) Median (Min–
Max)

Mean (SD) Median (Min–
Max)

Mean (SD) Median (Min–
Max)

Mean (SD) Median (Min–
Max)

CompACT-18 
subscale

Openness to 
experience

44.6 (24.2) 43.3 (0.0–
100.0)

47.8 (26.2) 43.3a (0.0–
100.0)

48.8 (23.9) 50.0b (0.0–
100.0)

37.6 (20.8) 33.3a,b 
(0.0–96.7)

 < 0.001

Behavioral 
awareness

65.3 (24.8) 70.0 (18.8–
100.0)

71.6 (24.6) 76.7a (0.0–
100.0)

63.7 (25.1) 66.7a (6.7–
100.0)

60.2 (23.3) 60.0a (6.7–
100.0)

 < 0.001

Valued Action 79.7 (15.0) 83.3 (18.8–
100.0)

84.0 (14.2) 87.5a (29.2–
100.0)

78.6 (15.3) 81.2a (18.7–
100.0)

76.4 (14.6) 79.2a (29.2–
100.0)

 < 0.001
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of MS. As reported above, PF has been empirically substan-
tiated as a protective determinant of QoL among PwMS, 
as evidenced by extant research [13, 14, 24, 25, 31, 32]. 
Consequently, to better understand the role of PF in enhanc-
ing QoL it is imperative that psychometrically sound and 
culturally sensitive measures of PF be established. This, in 
turn, will also facilitate the nuanced refinement of PF-based 
interventions designed to foster QoL in PwMS.

In line with previous studies [12, 38, 39], the three-factor 
structure of the CompACT-23 showed poor fit with item 6 
loading on a different factor than in the original solution, and 
some items (i.e., 13, 18, 20, 22) had cross-loadings. These 
results are consistent with the two studies in which the origi-
nal factor structure of the questionnaire was tested in Portu-
guese and U.S. military personnel samples, respectively [12, 
38]. In both studies, a refined version of the CompACT (18-
item version) performed statistically better than the original 
one [12, 38], indicating that the original structure has some 
weaknesses. Item pruning is supported not only by psycho-
metric results but also by two design issues. As reported by 
Hsu et al. [39], two aspects may have played a role in the 
misfit of the CompACT-23 model. First, the redundancy in 
content between items (i.e., items 13 and 22). Second, the 
presence of either positive or negative wording across or 
within the factors. While the BA subscale consists of nega-
tively worded items and VA of positively worded items, the 
OE items are mixed (three out of ten are positively worded). 
By eliminating items with redundant content and inconsist-
ent wording direction within a factor, the CompACT-18 rep-
resents an improved version of the original questionnaire.

The configural invariance and partial metric invariance 
of the CompACT-18 were confirmed in our study. This 
means that the CompACT has the same number of factors 
in all the three language versions (configural invariance), 

and that each item contributes to the latent construct to a 
similar extent (metric invariance), except for one item (item 
4). Partial scalar invariance was also achieved but only when 
five items were allowed to vary freely. This suggests that 
comparison of mean CompACT scores between languages 
should be interpreted with caution. Further studies are nec-
essary to modify, integrate, or eliminate specific items that 
render the instrument non-fully invariant cross-culturally. 
Chen [57] demonstrated that as the proportion of non-
invariant items on a factor increased, the bias of the mean 
estimates for the subgroups (and thus the estimated differ-
ence between the means of the subgroups) also increased but 
gave no indication of an “acceptable” proportion of invari-
ant items. A Monte-Carlo simulation showed that metric 
non-invariance (unequal factor loadings) has a negligible 
effect on the mean differences of a latent factor, but that 
scalar non-invariance (unequal intercepts) leads to seri-
ous misinterpretation of the true mean differences [60, 61]. 
For all these reasons, further studies should investigate the 
scalar invariance of the 18-item CompACT. An important 
step would be to assess whether some items should be lin-
guistically adjusted or deleted to achieve more robust scalar 
invariance across Italian, German, and Spanish languages.

The CompACT-18 showed good internal consistency, 
with Cronbach’s alpha values for the subscales ranging from 
good (OE, 0.78) to acceptable (BA 0.83, VA 0.82). These 
results are consistent with those from studies of different 
CompACT versions (i.e., 23-item [26], 18-item [12, 38], 
and 15-item [39]). Our study confirmed the stability of Com-
pACT-18 over time (ICCs 0.86 or above). Consistent with 
our hypotheses and the literature [12, 25, 38, 39], the Com-
pACT-18 subscales showed adequate convergent validity in 
the expected directions with measures of PI (experiential 
avoidance and cognitive fusion) and PF (mindfulness and 

Table 6   Spearman correlation 
(ρ) between CompACT-18 
subscale scores and concurrent 
validity measures for the total 
sample N = 725

95% CI = 95% Confidence Interval. MSQOL-54 MHC, 54-item Multiple Sclerosis Quality of Life Mental 
Health Composite; MSQOL-54 PHC, MS-54 QOL Physical Health Composite; HADS-A is Hospital Anxi-
ety and Depression Scale – Anxiety, HADS-D, HADS– Depression; CD-RISC, Connor-Davidson Resil-
ience Scale; AAQ, Acceptance and Action Questionnaire; MAAS = Mindful Attention Awareness Scale; 
CFQ, Cognitive Fusion Questionnaire; VLQ, Valued Living Questionnaire. All p values are < 0.001 except 
for* > .05

Openness to experience Behavioral awareness Valued action

ρ 95% CI ρ 95% CI ρ 95% CI

MSQOL-MHC 0.39 0.33; 0.45 0.56 0.51; 0.61 0.51 0.46; 0.56
MSQOL-PHC 0.22 0.15; 0.29 0.36 0.29; 0.24 0.42 0.36; 0.48
HADS-A −0.33 −0.39; −0.26 −0.35 −0.41; 0.28 −0.30 −0.37; −0.24
HADS-D −0.31 −0.38; −0.25 −0.44 −0.50; 0.38 −0.45 −0.51; −0.39
CD-RISC 0.16 0.08; 0.23 0.38 0.32; 0.44 0.58 0.53; 0.62
AAQ-II −0.43 −0.49; −0.37 −0.49 −0.54; −0.43 −0.46 −0.51; −0.40
MAAS 0.29 0.22; 0.36 0.66 0.62; 0.70 0.39 0.32; 0.45
CFQ −0.49 −0.55; −0.44 −0.52 −0.58; 0.47 −0.43 −0.49; −0.37
VLQ 0.00* −0.07; 0.08 0.22 0.15; 0.29 0.35 0.28; 0.41
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valued living), as well as with other related constructs (i.e., 
anxiety, depression, QOL and resilience). Given the impor-
tance of QoL in the context of chronic health conditions, it 
is noteworthy that the significant correlation between higher 
PF and better QoL supports the role of PF as a QoL protec-
tive factor and underscores the potential usefulness of the 
CompACT in QoL research.

Availability of ePROMs has advantages compared to 
paper version, including easy integration with electronic 
health records and disease registries, less missing data, 
reduction of computational burden and errors, and (for adap-
tive versions) reduced administration burden. However, it is 
mandatory to formally assess the equivalence and accept-
ability of different modes of administration to have confi-
dence in the validity of data collected with different modes 
of administration and to allow pooled analyses when differ-
ent versions are used within and between studies [62–64]. 
This was the first study to examine the equivalence of the 
paper and eCompACT versions. The results show that the 
two modes of administration are equivalent.

This study has the following limitations. First, generaliz-
ability of findings is limited given they were derived from 
a sample of PwMS. Further research should investigate 
the psychometrics of the CompACT-18 using community 
samples in each country. Second, PwMS were recruited 
from one centre in each country, which may have limited 
the representativeness of PwMS. However, each MS centre 
involved in the study is a national MS centre of excellence 
and services patients from the entire country, and the clini-
cal characteristics of the sample (e.g. EDSS score, MS type) 
were well varied. Third, participants were required to answer 
all items before saving responses to the e-survey, therefore 
it was not possible to assess the rate of missing items, an 
important aspect to consider when assessing questionnaire 
feasibility. However, no PwMS dropped out from the study. 
Finally, further studies should assess the predictive validity 
and responsiveness of the CompACT-18 [65].

Conclusion

The results of this multicentre study supported the psycho-
metric properties and measurement invariance of Com-
pACT-18 in Italian, German and Spanish when adminis-
tered to PwMS. The results suggest that the CompACT-18 
can be used in the three language versions, although direct 
score comparisons between languages should be interpreted 
with caution. The CompACT-18 has excellent reliability 
and good convergent validity. Our findings also show that 
the paper and electronic versions of the CompACT-18 are 
equivalent. Having a valid and reliable measure of PF for 
use with PwMS is particularly important, as a recent study 

demonstrated that greater PF is related to better coping out-
comes (lower distress, higher QoL) in this population [31].
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