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PURPOSE. The MSQOL-54 is a specific multiple sclerosis (MS) health-related quality of life
inventory consisting of 52 items organized into 12 subscales plus two single items. No study was
found in literature assessing its measurement invariance across language versions. We
investigated whether MSQOL-54 items provide unbiased measurements of underlying constructs
across Italian and English versions.

METHODS. Three constrained levels of measurement invariance were evaluated: configural
invariance where equivalent number of factor/factor patterns were required; metric invariance
where equivalent factor loadings were required; and scalar invariance where equivalent item
intercepts between groups were required. CFl, RMSEA and SRMR fit indices and their changes
between nested models were used to assess tenability of invariance constraints.

RESULTS. Overall the dataset included 3669 MS patients: 1605 (44%) Italian, mean age 41 years,
62% women, 69% with mild level of disability; 2064 (56%) English-speaking (840 [41%] from North-
America, 797 [39%] from Australasia, 427 [20%] from UK & Ireland), mean age 46 years, 83%
women, 54% with mild level of disability. The configural invariance model showed acceptable fit
(RMSEA =0.052, CFl = 0.904, SRMR = 0.046); imposing loadings and intercepts equality constraints
produced negligible worsening of fit (A RMSEA < 0.001, A CFl =-0.002, A SRMR = 0.002 for metric
invariance; A RMSEA = 0.003, A CFl =-0.013, A SRMR = 0.003 for scalar invariance).
CONCLUSIONS. These findings support measurement invariance of the MSQOL-54 across the two
language versions, suggesting that the questionnaire has the same meaning in the Italian and

English versions.



INTRODUCTION

As many as 2.2 million people worldwide live with multiple sclerosis (MS), a chronic disabling
neurological disease primarily affecting young adults [1,2]. About 80% of persons with MS (PwMS)
are initially diagnosed with the relapsing-remitting form of the disease, and about 50% of them
eventually develop a secondary progressive form 15 years after diagnosis. Uncertain prognosis and
modest efficacy of current treatments make MS a particularly difficult disease to adjust to. MS is
associated with diverse symptoms, such as fatigue, pain, depression and cognitive dysfunction,
deeply affecting a variety of functioning domains in patients’ lives which health care professionals
often fail to detect [5,6]. Consequently, the concept of health-related quality of life (HRQOL) has
increasingly received researchers’ attention with the aim to incorporate in established outcome
measures the assessment of those domains that are not manifest during patient-physician
consultations, but are of great interest for PwMS [3,4]. In the 1990s, the first MS-specific HRQOL
instruments have been published [7,8]. One of these was the Multiple Sclerosis Quality of Life-54
(MSQOL-54), which immediately gained popularity and extensive application. It was originally
devised in US English, and subsequently validated in several languages [9-15]. The Italian version
of MSQOL-54 was published in 1999, and is currently the most widely-used HRQOL instrument in
Italy [9].

Although previous studies have investigated its reliability and validity, its measurement invariance
properties have not yet been well examined.

Measurement invariance is a relevant statistical property of an instrument attesting that the same
latent construct (‘test structure’) is measured across time or across groups [16]. Unless
measurement invariance has been demonstrated, it is not possible to perform meaningful cross-
group comparisons. Pooling data across samples collected in different countries with different

languages may be problematic, as specific cultural beliefs and expectations may affect items



interpretation and differences in observed scores may thus not reflect actual differences in latent
variables. Lack of measurement invariance across versions - as well as across cultural contexts -
can be due to different reasons, such as poor translation or items that are not applicable across
cultures, elicit further concepts or present ambiguous nuances [17].

Only few studies have assessed measurement invariance of instruments applied in MS [18-23].
Among these, the majority investigated measurement invariance across groups, with small sample
sizes, and analyzed data using multi-group confirmatory factor analysis [19-23].

To the best of our knowledge no study has evaluated measurement invariance of MSQOL-54
across language versions. Thus, the aim of the present study was to assess the measurement
invariance of MSQOL-54 across ltalian and English language versions. Considering that most recent
studies found evidence of partial invariance in HRQOL instruments [24-26], and that Italian and
English are western languages, we expected that full or at least partial invariance would hold

across the two language versions.

METHODS

Participants

Data originated from different datasets that were collected with the English and Italian versions of
MSQOL-54 within ongoing or completed research projects carried out in Australia and Italy.

Data collected with the English version were obtained from the ‘HOLISM study’: This was an
observational international study coordinated by Australian researchers (methods and results
were described in [27, 28]. In brief, participants from Australasia, Europe, North America, and
other countries were recruited via online platforms, including social media, websites and forums
involving PwWMS. The study provides a snapshot of current lifestyle and risk-modifying behaviors of

a large international group of PwMS, as well as an ongoing platform for analyzing the association



between these variables and disease progression. In the present study we used data from English-
speaking PWMS only: 840 (41%) from North-America, 797 (39%) from Australasia, and 427 (20%)

from UK & Ireland.

Data collected with the Italian version were obtained from the following sources:

- The ‘Care system project’ [29,30], an observational research about PwMS’ perceived levels of ill-
being and well-being (overall, 662 PwMS from 8 MS centers).

- The study ‘An abbreviated computerized version of the MSQOL-54: Development and preliminary
validation using Confirmatory Factor Analysis and Item Response Theory’ [31, 33, 34], which
devised an abbreviated version of the MSQOL-54. We used data from 564 PwMS (5 MS centers)
who participated in the retrospective phase of the study [31].

- Other research projects carried out in 5 Italian MS centers (overall 379 PwWMS).

All these projects were approved by local ethics committees (St Vincent’s Hospital Melbourne
Human Research Ethics Committee [LRR 055/12]; Universita di Milano; San Raffaele Hospital,
Milano; University Polyclinic Hospital G. Rodolico, Catania; University of Florence; S. Anna
Hospital, Como; Hospital of Vaio-Fidenza, Fidenza; University ‘G. d’Annunzio’, Chieti; University of
Bari; San Camillo-Forlanini Hospital, Rome; University Hospital ‘San Luigi Gonzaga’, Orbassano;
Fondazione IRCCS Istituto Neurologico ‘C. Besta’, Milano; IRCCS S. Lucia Foundation, Rome).
Patients gave written informed consent to be included in the original projects. Additional consent
was not required for this secondary analysis, for which patients’ privacy and anonymity were

guaranteed.

Database set up



Data quality check was performed. This included a search for possible multiple imputations from
the same patient. Records with the same date of birth and sex were searched for, both within and
across datasets, and duplicates were removed.

Database records were only eligible if MS was diagnosed according to McDonald’s
[35]/McDonald’s revised criteria [36] (Italian version), or if MS diagnosis was confirmed by a
medical doctor (English version), and if patient’s age 218 years, gender, disease duration,
Expanded Disability Status Scale (EDSS) [37] (Italian version only), and Patient Determined Disease
Steps scores (PDDS [38]) were available. We included records when more than 67% of the MSQOL-

54 items were completed.

Instrument

The MSQOL-54 comprises 36 generic items derived from the Short Form-36 (SF-36) [39] and 18
additional MS-specific items derived from professionals’ opinion and literature review [7]. The 54
items are organized into 12 multi-item and two single-item subscales (Online Resource 1). These
enquire about HRQOL over the previous month, except item 2 (Change in Health) which refers to
the preceding year. As for the SF-36, two composite scores (Physical Health Composite, PHC, and
Mental Health Composite, MHC) are derived by combining scores of the relevant subscales [7].
The MSQOL-54 has well documented validity in terms of content, constructs, reliability,

discrimination [9, 12,15], and responsiveness [40].

Analysis
Variables were summarized using both counts and percentages, means and standard deviations
(SD), or medians and minimum-maximum ranges. Categorical variables were compared using chi-

square or Fisher’s exact test, and continuous variables using unpaired t-test or Wilcoxon rank-sum



test (between-group comparisons), and paired t-test or Wilcoxon matched-pairs signed-ranks test
(within-group comparisons), as appropriate.

We used confirmatory factor analysis with maximum likelihood estimation with robust standard
errors (MLR) to separately assess whether the data from the two language versions fitted the
(original) MSQOL-54 12-factor model, and then to assess measurement invariance across the two
language versions.

Three increasingly constrained levels of measurement invariance were assessed via multi-group
confirmatory factor analysis. First, we tested configural invariance which tests if the same pattern
of loadings exists across the groups under investigation (i.e. Italian and English language versions),
requiring that the same items have non-zero loadings on the same factors. Second, we tested
metric invariance which requires that unstandardized factor loadings be the same across groups.
Finally, we tested scalar invariance which requires meeting the assumptions of configural and
metric invariance, and that unstandardized item intercepts be invariant across groups [41].

We considered the model fit acceptable if the following criteria were met: root mean square error
of approximation (RMSEA) <0.08; comparative fit index (CFl) >0.90; and standardized root mean
square residual (SRMR) <0.08 [42, 43]. According to Chen [44], a worsening of CFl that exceeds the
threshold of 0.010, supplemented by a change of > 0.015 in RMSEA or a change of 2 0.030 in SRMR
was considered as indication of absence of metric invariance; when testing scalar invariance, the
cut-off value for CFl and RMSEA were the same as for metric invariance, while it was 0.010 for
SRMR. We did not rely on the x2 difference test that is typically used to compare the fit of two
nested models, as it is sensitive to sample size and thus tends to give significant results with
moderate to large sample sizes [45].

Inspired by Bebber et al. [46], we compared individual factor scores obtained from the

unconstrained model (i.e. configural invariance) with those obtained from the more constrained



model (i.e. scalar invariance), in order to investigate the practical consequences of imposing
equality constrains on model parameters across the two groups. More in detail, within each group
we transformed the factor scores obtained under the two models (configural and scalar) into T-
scores having a mean of 50 and a SD of 10, and for each respondent we calculated the absolute
difference between the two T-scores. We expected that all the absolute differences be close to
zero if the constrained model fitted the data well.

In addition, a sensitivity analysis was conducted to account for possible selection biases by
assessing measurement invariance: a) across English-speaking geographic areas
(Australasia/North-America/UK & Ireland); b) across two sub-samples (N=985 each) matched for
gender, age (18-30 years, 31-40, 41-50, 51-60, 61+), level of disability, and disease duration (0-11
years, 12-23, 24+), by using 1:1 coarsened exact matching [47]. These stratification variables were
selected because previous research indicated they are associated with differences in the
conceptualization of HRQOL and other patient-reported outcomes [48].

All analyses were performed with Stata Statistical Software, release 12.0 (Stata Corp LP, College

Station, USA), and Mplus software 7.0 [49].

RESULTS

Descriptive analysis

The original dataset (including the two language versions) comprised 3877 PwMS. Of those, 37
were excluded as they were duplicates, 96 because they did not complete any MSQOL-54 item,
and 75 because they completed less than 67% of the items. Out of the 3669 included PwMS, 1605
(44%) were Italian (mean age 41 years, 62% women, 69% with a mild disability level) and 2064
(56%) were English-speaking (840 [41%] from North-America, 797 [39%] from Australasia, 427

[20%] from UK and Ireland), mean age 46 years, 83% women, 54% with a mild disability level).



Compared to Italians, English-speaking participants were older and had longer disease duration

(p< 0.001) (Table 1).

Measurement invariance

The (original) 12-factor model of the MSQOL-54 was estimated separately in the two language
versions, obtaining good fit indices for RMSEA and SRMR (ltalian: RMSEA=0.050; SRMR=0.045;
English: RMSEA=0.054; SRMR=0.047), and an acceptable value for CFl (Italian: CFI=0.906; English:
CFI=0.903). As shown in Table 2, the model assessing the first level of measurement invariance
(i.e. configural) produced analogous results to those in the separate samples: good fit indices for
RMSEA and SRMR and a less satisfactory, but still acceptable, value for CFl. As for the model in
which the loadings were constrained to be equal across groups, the fit indices were acceptable
and the worsening with respect to the unconstrained model (configural) was negligible
(ARMSEA<0.001; ACFI=-0.002, ASRMR=0.002), thus supporting the metric invariance of the
instrument. Finally, when both loadings and intercepts were constrained to be equal across groups
(scalar invariance), the model fitted the data well in terms of RMSEA and SRMR, and CFl was
slightly under the cut-off of 0.90. Concerning the changes in fit indices as compared to the metric
invariance model, the cut-off values were reached, except for ACFI (ARMSEA=0.003; ACFI=-0.013,
ASRMR=0.003), thus supporting scalar invariance.

Further evidence of measurement invariance across the two language versions was obtained by
comparing the factor scores derived from the unconstrained model (configural invariance) with
those derived from the more constrained model (scalar invariance). As shown in Table 3, the
absolute difference between individuals’ T scores never exceeded 2 T-points; the maximum
difference (1.72 T points) was observed for the Pain subscale in the Italian sample. Furthermore,

the number of participants with an absolute difference greater than 1 T-point was very low,
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ranging from 1 (Sexual function and Overall Quality of Life subscales in the English-speaking
sample, and Emotional Wellbeing and Overall Quality of Life subscales in the Italian-speaking

sample) to 19 (the Pain subscale in the Italian sample).

Sensitivity analysis

Measurement invariance was also assessed across English-speaking geographic areas (North-
America/Australasia/UK & Ireland). Results supported configural, metric, and scalar invariance
across the three subgroups, indicating that the loadings and intercepts of the MSQOL-54 items can
be considered equal across the different English-speaking areas (Online Resource 2).

Results from the matched-pairs subgroup analysis supported configural, metric, and scalar
measurement invariance, indicating that the results of the main analysis reported in Table 2 were
not biased by the demographic and clinical differences across the language version samples

(Online Resource 3).

DISCUSSION

Measurement invariance is an important prerequisite for meaningful group comparisons. To the
best of our knowledge, this is the first study investigating the measurement invariance of the
MSQOL-54 across language versions. Findings support the measurement invariance of the English
and Italian MSQOL-54, suggesting that the questionnaire has the same meaning across languages,
and also that individuals who have the same score on a MSQOL-54 domain would obtain the same
value on the observed variable, irrespective of the language version.

In the sensitivity analysis we found that measurement invariance was further supported across

English-speaking countries, which is quite important considering that the original US English
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version of the MSQOL-54 was used in all these countries. Further, measurement invariance was
supported across subgroups matched for age, sex, level of disability, and disease duration.

All'in all, these findings indicate that the MSQOL-54 can be used to assess HRQOL among both
Italian- and English-speaking PwMS. They further demonstrate that it is possible to pool data
together or compare scores between these two language groups (and within English-speaking
groups) obtaining meaningful interpretations. Any perceived similarities or differences in HRQOL
levels between Italian- and English-speaking PwMS would therefore indicate true similarities or
differences. Notably, the (original) US English version (used with English-speaking participants
from the ‘HOLISM study’) and the Italian version, which has been linguistically validated according
to international guidelines, can be considered as culturally equivalent. The UK English version of
the questionnaire has not yet been validated. However, it is not always feasible to validate an
instrument in each target language group, so its validity in our populations is encouraging and
produces evidence to support using the MSQOL-54 in other English-speaking populations.

As far as the methods of analysis are concerned, we chose multi-group confirmatory factor
analysis because it is one of the most powerful analytical approach in cross-cultural research.
Given the response structure of some MSQOL-54 items (i.e. 2/3/4/5/6 response options), an
estimation method for ordered response categories (e.g. weighted least square mean and
variance adjusted estimator [WLSMV] using the polychoric correlation) would have been more
appropriate [41]. However, no statistical methods other than x2 are currently available to assess
the measurement invariance between nested models when WLSMV is employed. Criteria for
changes in CFl and other goodness of fit (GFI) indices have not yet been set, and the few studies
addressing this issue suggest the users avoid interpreting the changes in GFl, especially for mis-
specified models [49]. Moreover, in the present study we used a large dataset and it is known that

the X2 test statistic is sensitive to sample size, such that it tends to yield significant results [45].
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This study has some limitations. First, differences must be acknowledged in the recruitment
strategies adopted to gather Italian and English data. Particularly, Italian data stem from research
projects where clinical information was provided by investigators. By contrast, English data were
derived from an online survey requiring a high level of literacy of participants. Moreover, higher
levels of physical disability may have prevented some PwMS from participating and completing
the survey without support. Further, some PwMS were directly recruited through a website and
associated forums promoting lifestyle changes: This may have facilitated the participation of
individuals with a specific interest in this topic. In spite of these differences, our results globally
support the robustness of the questionnaire.

Second, in the two datasets disability level was assessed using different scales, the EDSS in Italy
and the PDSS in the English-speaking population. To overcome this issue, EDSS scores were
transformed into PDDS levels [38, 51,52], improving the completeness of the data collected.
Third, other potential variables (such as level of education, employment, and disease form) were
not available in the two original datasets; we therefore could not take them into account in data
analysis.

To conclude, results from this study further support the inclusion of the MSQOL-54 as a patient-
reported outcome measure (PROM) in clinical practice and research involving both Italian- and
English-speaking PWMS. Moreover, findings show that data gathered with these language versions
can be suitable for group comparisons and can be pooled together to obtain large international
datasets needed to conduct analysis such as the application of the multidimensional computerized
adaptive testing to the MSQOL-54.

Future studies should be conducted to further assess measurement invariance across language

version groups matching the samples by a broad set of individual and clinical variables, such as
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levels of education, employment, and disease forms. Taking into account those variables would
increase confidence that comparisons across language versions are meaningful.

Finally, researchers have recently shown substantial interest in using electronic PROMs to
routinely monitor patients with long-term conditions. One step forward could be to assess
measurement invariance across the modes of MSQOL-54 administration (paper vs. electronic) in

both Italian and English versions of the instrument.
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Table 1. Characteristics of the entire dataset (N=3669 patients) by MSQOL-54 language version.

English-speaking Italian (N=1605) P value
(N=2064)
Women (%)! 1704 (83) 996 (62) <0.001
Mean age in years, SD (range)?  46.1, 10.5 (18-87) 40.9, 10.8 (18-79) <0.001
Mean years from MS diagnosis, 9.0, 7.3 (1-42) 4.9, 7.8 (0-48) <0.001
SD (range)?
Median EDSS score (range)* - 2.5 (0-9.5) -
Patient Determined Disease
Steps (%)°
Mild disability 1110 (54) 1097 (69)
Moderate disability 722 (35) 308 (19)
Severe disability 219 (11) 194 (12) <0.001
Mean MSQOL-54 PHC, SD 57.7, 21.5 (3-100) 61.1, 20.2 (2-100) <0.001

(range)
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Mean MSQOL-54 MHC, SD 66.6, 21.3 (1-100) 62.9, 20.7 (2-100) <0.001
(range)

EDSS, Expanded Disability Status Scale; MSQOL-54, Multiple Sclerosis Quality of Life-54; PHC/MHC,
Physical and Mental Health Composite; SD standard deviation.

1. Missing replies for sex: N=21 (English-speaking).

2. Missing replies for age: N=62 (English-speaking); N=53 (Italy)

3. Missing replies for disease duration: N=11 (English-speaking); N=227 (Italy)

4. Missing replies for EDSS: N=6 (ltaly).

5. Missing replies for PDDS: N=13 (English-speaking); N=6 (Italy).
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Table 2. Measurement invariance of the MSQOL-54.

x*(df) x%*p-value RMSEA CFI SRMR ARMSEA ACFI ASRMR
Italian 5987.5
(N=1605)  (1208)

<0.0001 0.050 0.906 0.045 - - -

English-

. 8596.3
speaking (1208) <0.0001 0.054 0.903 0.047 - - -
(N=2064)

Configural 14508.0
invariance (2416)
Metric 14829.6
invariance (2456)
Scalar 16551.8
invariance (2496)

<0.0001 0.052 0.904 0.046 - - -

<0.0001 0.052 0.902 0.048 0.000 -0.002 0.002

<0.0001 0.055 0.889 0.051 0.003 -0.013 0.003

CFl, comparative fit index; RMSEA, root mean square error of approximation; SRMR, standardized

root mean square residual.
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Table 3. Summary statistics for the absolute difference between individuals’ T scores as resulted from the unconstrained model (configural

invariance) and the most constrained model (scalar invariance).

Physical Role Role Bodily Emotional Energy Health Social Cognitive Health Sexual  Overall
Health Limitations- Limitations- Pain Wellbeing Perceptions Function Function Distress Function Quality
Physical Emotional of Life
Italian sample
Min 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Max 0.76 0.49 0.67 1.72 1.14 1.05 1.29 0.39 0.41 1.17 1.24 1.08
Mean 0.11 0.09 0.14 0.22 0.18 0.21 0.26 0.07 0.07 0.11 0.17 0.14
SD 0.12 0.09 0.16 0.23 0.15 0.18 0.20 0.06 0.07 0.11 0.23 0.12
%>1* 0 0 0 1.18 (19) 0.06(1) 0.19(3) 0.19(3) 0 0 0.06(1) 0.81(13) 0.06(1)
English-speaking sample
Min 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Max 0.88 0.44 0.51 0.52 0.56 0.61 0.90 0.26 0.29 0.43 1.02 1.11
Mean 0.10 0.08 0.06 0.10 0.09 0.12 0.14 0.04 0.03 0.03 0.13 0.14
SD 0.09 0.10 0.08 0.07 0.08 0.10 0.12 0.04 0.03 0.03 0.14 0.11
% >1* 0 0 0 0 0 0 0 0 0 0 0.05(1) 0.05(1)

SD, standard deviation.

*Number of participants in brackets.
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