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Abstract

Objective: Depressive disorder occurs in up to 50% of persons with Multiple Sclerosis (PwMS). Accurate assessment of
depression in MS is essential in clinical settings because depressive symptomatology can affect the clinical course of the disease.
Methods: We translated, adapted, and tested the Spanish version of the Chicago Multiscale Depression Inventory (CMDI), a
specific test to assess depression in neurological disorders. We compare our results with those obtained with previous versions
of the questionnaire (English and Italian). Finally, we also analyze the relationship between the results obtained on the CMDI
and demographic, clinical, and cognitive variables.
Results: The results obtained with the Spanish version of the CMDI were similar to those observed in previous published
versions. We also observed higher depression scores in PwMS (especially in progressive forms) compared with healthy controls.
Moreover, depression symptomatology was related to higher disability and fatigue and worse cognitive performance in PwMS.
Conclusions: The results support the validity of the CDMI in the Spanish population, as well as the association between
depression and other characteristic symptoms of MS. These findings also emphasize the importance of good assessment and
multidisciplinary treatment of depression in PwMS.

Keywords: Multiple sclerosis; Depression; Assessment; Fatigue; Cognition

Introduction

Multiple sclerosis (MS) is a chronic disease characterized by neurological symptoms that include motor and sensory deficits,
fatigue, pain, cognitive impairment, and clinical depression. The lifetime prevalence of risk of depression in this clinical
population has been estimated at around 50% (Arnett, Barwick, & Beeney, 2008), and major depression is more frequently
observed in persons with MS (PwMS) than in other disabling neurological disorders (Solaro, Gamberini, & Fabio, 2018).
Moreover, depression directly affects quality of life and the clinical course of MS (Arnett et al., 2008; Hoffmeister et al., 2021)
because it is associated with worse cognitive performance (Arnett et al., 2008, 2021; Siegert & Abernethy, 2005), decreased
adherence to pharmacological treatment, increased fatigue, and physical deficits (Brown et al., 2009; Bruce, Hancock, Arnett,
& Lynch, 2010; Siegert & Abernethy, 2005).

D
ow

nloaded from
 https://academ

ic.oup.com
/acn/advance-article/doi/10.1093/arclin/acac096/6883987 by U

niversitat Jaum
e I user on 09 February 2023

https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://doi.org/10.1093/arclin/acac096


2 C. Sanchis-Segura et al. / Archives of Clinical Neuropsychology 00 (2022); 1–15

Regarding the latter, there is a significant overlap between somatic symptoms of depression and the specific clinical
symptomatology of MS, principally fatigue, pain, or poor sleep (Hind et al., 2016). This overlap leads to the specific diagnosis
of depression in MS and may result in overestimating or underestimating depression in this clinical population (Nyenhuis et al.,
1995; Siegert & Abernethy, 2005). Therefore, to ensure the proper assessment of depressive symptomatology in MS patients,
psychometric instruments are needed that can differentiate between the somatic symptoms of depression and MS.

In this regard, the Chicago Multiscale Depression Inventory (CMDI) is a self-report measure that was specifically developed
to assess depression in neurological patients (Nyenhuis et al., 1995; Nyenhuis et al., 1998). This questionnaire contains three
adjective-based subscales that can be used and interpreted separately to examine unique features of depression, and it has
demonstrated adequate validity and reliability to measure depressive symptomatology in PwMS (Chang et al., 2003; Hind et al.,
2016; Solari et al., 2003). Unfortunately, a Spanish version of this inventory does not yet exist.

Taking these precedents into account, the overarching goal of this study was to adapt the CMDI to Spanish and compare its
results in healthy control (HC) and PwMS with results from studies that developed the two currently available versions of this test
(English: Nyenhuis et al., 1995; Italian: Solari et al., 2003). Moreover, to enhance the current understanding of the association
between different kinds of depressive symptomatology and features of MS, we also explored the relationships between the
CMDI scores and a large number of demographic, clinical, and cognitive variables in PwMS.

Method

Participants

One hundred eighty-nine PwMS and 76 HCs were tested. One hundred fifty-seven PwMS had a clinically defined MS
diagnosis, according to the McDonald criteria, with different clinical courses (relapsing–remitting -RR-, secondary progressive
-SP- and primary progressive -PP-), and 32 were diagnosed with clinically isolated syndrome (CIS). All the PwMS were free
of exacerbation or steroid treatment in the 3 months prior to enrolment and had no history of alcohol or drug abuse or central
nervous system diseases other than MS. Thirty-nine percent of PwMS reported using antidepressants, and 80% reported using
MS disease-modifying pharmacotherapy. HC were recruited from acquaintances and relatives of PwMS. The only exclusion
criteria applied to HC were the self-report of: any current or previous neurological or psychiatric diagnosis; a history of alcohol
or drug abuse (excluding tobacco). After providing informed consent, all participants answered the CMDI questionnaire and
were assessed neuropsychologically.

Instruments

CMDI questionnaire. The CMDI is a 42-item, self-report questionnaire that includes three subscales (14 items in each subscale)
that assess: mood (dysphoria), vegetative symptoms (physical malfunctioning), and evaluative symptoms (negative self-concept
and self-criticism). Examinees are asked to rate the extent to which each word or phrase describes them during the past week,
including today, on a Likert scale from 1 to 5, where 1 is “not at all” and 5 is “extremely.”

Procedure

To adapt the CMDI questionnaire to Spanish, two professional English to Spanish translators with previous experience in
clinical psychology terminology carried out two independent translations of the CMDI items. In a second step, the two translators
compared and discussed their respective proposals, resolving any discrepancies until reaching a first consensual CMDI version.
This document was presented in a joint meeting of the two translators and the authors of the present study, who back-translated
the items to English and worked together with the translators until reaching a pre-definitive version of the inventory. This pre-
definitive version of the CMDI was administered to a sample of 10 healthy volunteers and 12 PwMS with differing educational
levels, who assessed the items’ clarity and comprehensibility. None of the items were identified as problematic, and so no further
modifications were made. The resulting Spanish-adapted CMDI was used in subsequent stages of this study, and it is available
upon request from the authors.

Neuropsychological assessment. Data were collected by two expert neuropsychologists in the facilities of the Associació
d’Esclerosi Múltiple de Castelló (AEMC) and of the Hospital General de Castelló (Spain).

All the participants were assessed first with the Spanish-adapted CMDI and then with the Spanish version of the Brief
Repeatable Battery-Neuropsychology Test (BRB-N; Sepulcre et al., 2006), which included the following tests: SRT: Selective
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Table 1. Demographic, clinical, and neuropsychological data of all participants. Data are reported as means and standard deviations (between brackets) except
in the case of, Expanded Disability Status Scale which is reported as median and inter-quantile range (Q25, Q75)

HC
(n = 76; 48.7% F)

All PwMS
(n = 189; 68.3% F)

CIS
(n = 32; 59.4% F)

RR
(n = 113; 64.6% F)

SP
(n = 31; 83.9% F)

PP
(n = 13; 84.6 F)

Age 33.96 (8.56) 40.5 (10.9) 34.62 (8.91) 38.57 (9.89) 49.26 (9.23) 50.62 (9.47)
t = 5.17, p < .001, d = 0.66

Disease years — 8.24 (7.56) 2.28 (2.89) 7.06 (5.65) 17.48 (8.97) 11.08 (6.29)
Education years 13.57 (2.71) 11.19 (3.14) 12.03 (3.15) 11.18 (3.08) 10.65 (2.98) 9.77 (3.59)

t = −6.29, p < .001,
d = −0.83

Expanded Disability Status
Scale

— 2 (2, 3.5) 1.09 (0, 2) 2.41 (2, 3) 4.76 (3.75, 6) 3.88 (3,5)

Fatigue Severity Scale 3.21 (1.26) 3.99 (1.74) 2.97 (1.48) 4.11 (1.79) 4.26 (1.57) 4.86 (1.29)
t = 4.09, p < .001, d = 0.52

Matrix subtest 19.58 (3.32) 16.3 (4.40) 17.38 (4.37) 16.48 (4.16) 15.26 (5.04) 14.38 (4.41)
t = − 6.61, p < .001,
d = −0.84

Selective Reminding Test
Long-Term Storage

47.3 (12.12) 41.1 (13.0) 49.59 (9.16) 40.73 (12.57) 34.9 (13.78) 37.69 (13.79)
t = −3.70, p < .001,
d = −0.49

Selective Reminding Test
Long-Term Retrieval

38.91 (10.61) 31.4 (14.0) 42.25 (11.44) 31 (12.88) 24.13 (14.85) 26 (11.43)
t = −4.71, p < .001,
d = −0.57

Selective Reminding Test
Delayed Recall

9.21 (2.01) 7.97 (2.26) 9.09 (1.65) 7.92 (2.14) 7.35 (2.54) 7.15 (2.97)
t = −4.37, p < .001,
d = −0.57

Spatial Recall test
Long-Term Storage

22.72 (4.01) 19.4 (5.51) 19.94 (4.77) 19.98 (5.13) 17.32 (5.46) 18.31 (5.57)
t = −8.73, p < .001,
d = −1.05

Spatial Recall Test
Delayed-Recall

8.21 (1.77) 6.79 (2.22) 7.09 (2.01) 7.1 (2.16) 5.52 (2.35) 6.46 (1.98)
t = −12.50, p < .001,
d = −1.53

Symbol Digit Modalities
Test

59.96 (10.72) 46.1 (14.0) 51.69 (11.57) 48.7 (12.6) 34.16 (14.92) 38.92 (11.57)
t = −8.64, p < .001,
d = −1.05

Paced Auditory Serial
Addition test 3 sec

48.30 (9.56) 33.86 (18.6) 44.06 (11.65) 34.47 (18.7) 24.58 (19.21) 25.62 (17.01)
t = −10.89, p < .001,
d = −1.15

Phonetic fluency 13.95 (4.2) 11.3 (5.27) 13.62 (6.63) 11.3 (5.15) 10.32 (4.07) 8.62 (2.93)
t = −4.22, p < .001,
d = −0.52

Semantic fluency 22.37 (4.64) 20.1 (5.55) 22.59 (4.91) 20.38 (5.44) 17.9 (5.34) 16.92 (5.77)
t = −3.37, p < .001,
d = −0.43

Reminding Test (SRT); SPART: Spatial Recall Test (SPART); SDMT: Symbol Digit Modalities Test (SDMT); PASAT: Paced
Auditory Serial Addition Test (PASAT); and phonetic and semantic fluency. We also used the Matrix Reasoning subtest (WAIS-
III) to assess intelligence quotient and the Fatigue Severity Scale (FSS; Krupp, Larocca, Muir Nash, & Steinberg, 1989) to assess
fatigue (see also Table 1, Table S1).

Data analysis

All the statistical analyses were conducted with freely available packages for R (R Core Team, 2020). These analyses can be
grouped in four major domains.

Psychometric characteristics of the Spanish-adapted CMDI. A confirmatory factor analysis (CFA) was conducted to determine
to which extent the Spanish-adapted CMDI reproduces the same factorial structure as that described for the original CMDI
(Chang et al., 2003; Nyenhuis et al., 1998). Of note, although the CMDI is composed of 3 subscales and 42 scoring items, the
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original CMDI has a five-factor structure that is calculated from only 24 items (see Nyenhuis et al., 1998 and Chang et al., 2003
for details). Thus, a CFA aiming to validate this structure was conducted using the cfa function from the lavaan package using
the robust MLM estimator. This analysis was based on a priori specification that 5 factors characterized the data and each item
was constrained to load on one and only one factor, then allowing for empirically validating the factor structure described for the
original CMDI. Model fit was first evaluated with the same two indexes employed by Chang et al. (2003) when validating the
original CMDI: the comparative fit index (CFI) and the non-normed fit index (NNFI). For these indexes, values higher than 0.9
were considered acceptable, and values equal to or higher than 0.95 as desirable (Carlson & Mulaik, 1993; Hooper, Coughlan,
& Mullen, 2008). Moreover, following the recommendations of the so-called Two-Index Presentation Strategy (Hu & Bentler,
1999), the root mean square error of approximation (RMSEA) and the standardized root mean square residual (SRMR) were
also calculated. According to the same recommendations, these indices were judged as adequate when their values were below
0.09 and 0. 06, respectively.

Measurement invariance of the CMDI for PwMS and HC was evaluated following the four-step method proposed by
Widaman and Reise (1997), hence successively testing configural, metric (also known as weak factorial), scalar (also known as
strong factorial), and residual (also known as strict or invariant uniqueness) measurement invariance. For this assessment, the
compareFit function of the semTools package and the same fit indices (CFI, NNFI, RMSEA, and SRMR) and cut-off values
previously described were employed. The observed changes (delta) in these indices at each successive model comparison are
also reported. To our knowledge, no previous study has established the metric, scalar, or residual invariance of neither the English
or the Italian versions of the CMDI. Therefore, the obtained results could not be compared with preceding findings and were
solely judged in reference to previously published cutoffs.

The overall reliability of the Spanish-adapted CMDI (the 42 items) was evaluated by calculating the overall omega (ωu;
Flora, 2020) reliability coefficient and its 95% confidence interval (CI) with the ci.reliability function of the MBESS package.
Moreover, the omega-higher-order (ωho) and omega estimates for each factor of the previous CFA (24 items) were calculated
with the reliabilityL2 and reliability functions of the semTools package (Flora, 2020). However, because omega indexes have
not been reported for either the English or the Italian versions of the CMDI, we also calculated the reliability measures provided
by Nyenhuis et al. (1995) and Solari et al. (2003) for these two previous CMDI versions. Thus, Cronbach’s alpha coefficient
(and corresponding CI) for the 14 items of each subscale and for the total scores on this inventory (42 items). As in these two
studies, item-subscale correlations were also calculated.

Comparison with of the Spanish-adapted CMDI scores with those of other CMDI versions. The results obtained with the
Spanish-adapted CMDI were compared with those obtained with two other currently available versions. More specifically, we
corroborated that the means on each subscale of the Spanish-adapted CMDI fell within the 95% prediction intervals (PIs; Spence
& Stanley, 2016) for the means observed in the studies with the English and Italian versions.

The proportions of “depressed” HC and PwMS observed in the present study were also compared with their reported
equivalents in the studies by Nyenhuis et al. (1995) and Solari et al. (2003). Because there is no validated method to calculate
the 95% PI for proportions, these comparisons were conducted using χ 2-based tests. Note that, although we used the same
criterion (1.5 standard deviations above the control group mean) as in previous studies to separate “depressed”/“non-depressed”
individuals, we use the terms “probably-depressed” (P-depressed) and “non-depressed” (N-depressed) to make it clear that these
labels refer to individuals who had high scores on one or more CMDI subscale but had not been diagnosed with any DSM-V
depression-related disorder at the time of the study.

Descriptive statistics and between-group comparisons. Although their assumptions could not be always satisfied, between-
group comparisons involving HC versus MS, MS subtypes, or P- versus N-depressed PwMS were conducted using the same
parametric approach as in the Nyenhuis et al. (1995) and Solari et al. (2003) reports (i.e., mean comparisons through Student’s
t tests for independent samples or ANOVAs). In all cases, p-values were FDR-adjusted for multiple testing (Benjamini &
Hochberg, 1995), and effect sizes were estimated using Cohen’s d and its 95% CI. Nevertheless, the same between-group
comparisons were also conducted with equivalent, robust, and non-parametric tests of the WRS2 package (Mair & Wilcox,
2020). These analyses yielded very similar results and identical conclusions as the parametric comparisons and, therefore, they
are solely reported as supplementary material.

In addition, proportion-based between-group comparisons were performed using χ 2 tests, and, when appropriate, the
magnitude of these effects was estimated in terms of Cohen’s H or risk ratios (and their 95% CIs).

Relationship between CMDI scores and clinical, demographic, or cognitive variables. The Boruta algorithm (Kursa,
Jankowski, & Rudnicki, 2010; Kursa & Rudnicki, 2010) was used to select and rank the relative importance of all the variables
with predictive value in each CMDI subscale or total scores.
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The Boruta algorithm has the same foundations as the better-known Random Forest algorithm (Kursa et al., 2010; Kursa &
Rudnicki, 2010). However, conversely to the Random Forest, the Boruta algorithm does not only rank features’ importance,
but it does actually allow distinguishing which of them should be considered as relevant, tentatively relevant, or irrelevant as
predictors of the outcome of interest. To do so, the Boruta algorithm: compares, at each iteration, the predictive importance of
each potential predictor to that of the so-called “shadow features” (features artificially created by shuffling the values of each
original variable across instances or subjects), so designating a feature as relevant when its importance is significantly higher
than that of the best-performing shadow feature (Kursa & Rudnicki, 2010); uses the outcomes of all iterations (in the present
study, 2000) to calculate the binomial distribution of “successes” (the number of times that a particular variable is identified as
relevant) and “failures” (the number of times that it is not) for each variable, so determining whether the observed frequency
of successes falls into the rejection, irresolution, or acceptance area according to a predefined p-value (in the present study, the
default value of p < .01 was employed).

Independent Boruta-based analyses were performed using as the outcome variable the scores of each CMDI subscale or the
CMDI total scores and clinical-demographic or cognitive variables as predictors. In a second step, we estimated the Spearman’s
correlations between the predictors that were not rejected by the Boruta algorithm and the CMDI scores. When appropriate,
coefficients of overlapping correlations were compared by means of Hittner’s test (Hittner, May, & Silver, 2003).

Results

Demographic, Clinical, and Neuropsychological Data

Table 1 shows demographic characteristics of the study sample, including the different phenotypes of the PwMS. Compared
with HC, PwMS were older and had fewer years of education, higher scores on the FSS, and lower scores on all the
neuropsychological tests. Regarding the differences between the MS phenotypes, CIS patients were very similar to HC on
all variables, whereas progressive MS forms (SP and PP) presented worse clinical and cognitive scores than the RR phenotype.

The Spanish-adapted CMDI: Psychometric characteristics

A CFA revealed that the Spanish-adapted CMDI has a similar factorial structure to the original (English) version of the
CMDI described in Nyenhuis et al. (1998) and in Chang et al. (2003). Thus, the observed CFI (0.92) and NNFI (0.91) values
were acceptable according to proposed cut-offs (Carlson & Mulaik, 1993) and very similar to those reported for the original
CMDI (0.93 and 0.92, respectively; see Chang et al., 2003). Further support for the fitted model was provided by two other
indices. Thus, the obtained SRMR (0.06) and RMSEA (0.046, [0.039, 0.054]) values were below their recommended thresholds
(0.09 and 0. 06, respectively; Hu & Bentler, 1999). Moreover, all items loaded high (range: 0.59–0.92) and exclusively in their
respective factors (see Supplementary material online, Table S2) except the item “Easily awakened” that, as in the original
CMDI, had relatively low factor loading (0.31 in the present study, 0.26 and 0.47 in the original CMDI, see Nyenhuis et al.,
1998 and Chang et al., 2003). Taken together, these observations confirm that the model provides an adequate approximation to
the data, which is very similar to that of the original CMDI, and also that items behaved as expected.

The Spanish-adapted CMDI also seems to exhibit adequate configural, metric, scalar, and residual invariance across HC and
PwMS. More specifically, as shown in Table 2, all CFI and NNFI values were above the 0.9 cut-off, whereas all RMSEA values
were smaller than 0.05. Moreover, all the SRMR values were below the 0.09 cut-off value except in the residual invariance model.
Taken together, these results confirm that the Spanish-adapted CMDI provides a similar measurement of the latent constructs in
these two groups of participants.

Finally, the Spanish-adapted CMDI showed adequate reliability. More specifically, the ωu�value was 0.95 and its 95% CI
was narrow [0.93, 0.97]. Similarly, the omega-higher-order was high (0.86) as also were those of each factor of the previously
conducted CFA (range: 0.75–0.92). However, because the two previously existing versions of the CMDI (English and Italian)
did not report omega indices but Cronbach’s alpha coefficients for each CMDI subscale and total score, we also calculate these
reliability indices. The obtained Cronbach’s alpha coefficients were high, and their 95% CIs were narrow (Mood = 0.92 [0.90,
0.94]; Evaluative: 0.87 [0.82, 0.90]; Vegetative: 0.84 [0.81, 0.87]; Total score = 0.92 [0.90, 0.93]), reflecting an adequate level of
homogeneity of the item pool within the subscales and for the total CMDI score. Moreover, these Cronbach’s alpha values were
similar to those observed for the two currently available versions of the CMDI (English and Italian), which ranged between 0.91–
0.98 (Nyenhuis et al., 1995) and 0.86–0.95 (Solari et al., 2003), respectively. In a similar vein, item-subscale correlations were
adequate (Mood: median = 0.74, range = 0.48–0.83; Evaluative: median = 0.47, range = 0.33–0.63; Vegetative: median = 0.46,
range = 0.32–0.55) and similar to those reported for the Italian-adapted CMDI (Solari et al., 2003).
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Table 2. Metric invariance between HC and PwMS

M1: Configural
invariance

M2: Metric Invariance M3: Scalar invariance M4: Residual invariance

CFI 0.965 0.938 0.936 0.930
NNFI 0.959 0.931 0.932 0.929
RMSEA [90% CI RMSEA] 0.026 [0.000, 0.041] 0.034 [0.017, 0.046] 0.034 [0.017, 0.046] 0.035 [0.019, 0.047]
SRMR 0.07 0.083 0.084 0.093
Compared to model — M1 M2 M3
Delta CFI — −0.027 −0.002 −0.006
Delta NNFI — −0.028 0.001 −0.003
Delta RMSEA — 0.008 0 0.001
Deltat SRMR — 0.013 0.001 0.009

The Spanish-adapted CMDI: Scores and comparison with the English- and Italian-adapted CMDI

The scores (mean ± 95% CI) of the HC (light blue) and MS (orange) groups on each subscale of the CMDI are depicted in
Fig. 1A. A series of t-tests revealed that, as expected, PwMS had higher depression scores than HC on all the CMDI subscales
(Mood subscale: 26.17 vs. 21.93, t263 = 3.44, p < .001, d = 0.5; Evaluative subscale: 21.17 vs. 18.14, t263 = 2.90, p < .005, d = 0.43;
Vegetative subscale: 33.58 vs. 28.64, t263 = 3.77, p < .001, d = 0.53). Consequently, PwMS also exhibited higher total CMDI
scores than HC (81.34 vs. 68.72, t263 = 3.80, p < .001, d = 0.56; Fig. 1B).

Figure 1C depicts the HC and MS means reported by Nyenhuis et al. (1995) (triangles) and Solari et al. (2003) (squares) for
each CMDI subscale and the total depression scores. In this Figure, the 95% PIs (vertical lines) of these means are also depicted,
illustrating the range within which these results can be considered successfully replicated (Spence & Stanley, 2016). As the
figure shows, all the HC means in the current study (circles) fell within the 95% PI of the corresponding means in the Nyenhuis
et al. (1995) and Solari et al. (2003) studies, thus confirming that scores obtained with the original and Spanish-adapted CMDI
are fully comparable with those obtained with the English and Italian versions of the CMDI. Although CMDI scores of PwMS
are expected to exhibit more variation due to between-sample differences in clinical variables, the MS averages obtained with the
Spanish-adapted CMDI were also very similar to those found with other CMDI versions. Thus, all the MS average scores in the
current study were included within the 95% PI calculated for the MS averages reported in the study by Nyenhuis et al. (1995).
Similarly, the MS average scores in the current study were also within the 95% PI calculated for the MS averages reported by
Solari et al. (2003) on the Mood and Evaluative subscales of the Italian version of the CMDI.

Because the Spanish-adapted CMDI average scores were very similar to those found in other CMDI versions, the criterion
used in the original CMDI (1.5 standard deviations above the control group mean) could be also reasonably adopted when aiming
to employ this new psychometric instrument to classify individuals as “probably-depressed” (P-depressed) and “non-depressed”
(N-depressed). Thus, in the present study, individuals were categorized as P-depressed according to the Mood, Evaluative, or
Vegetative subscale when their scores were equal to or higher than 33, 27, or 41 in these subscales, respectively. When attending
to the total scores, the cut-off to be classified as P-depressed was set at 96 points. All these values are very similar to those
derived from the original CMDI (35, 26, 38, and 93, respectively).

P-depressed rates in PwMS doubled those observed in HC (Mood subscale: 24.9% vs. 11.9%, χ 2 = 5.51, p = .019, Risk
Ratio = 2.09 [1.08, 4.06], p = .025; Evaluative subscale: 22.2% vs. 10.5%, χ 2 = 4.84, p = .028, Risk Ratio = 2.11 [1.04, 4.28],
p = .028; Vegetative subscale: 22.2% vs. 9.21%, χ 2 = 6.09, p = .014, Risk Ratio = 2.41 [1.13, 5.13], p = .025; Total CMDI
scores = 26.5% vs. 10.53%, χ 2 = 8.04, p = .005, Risk Ratio = 2.51 [1.25, 5.04], p = .018). Moreover, as Table 3 shows, the rates
of P-depressed participants in the present study were not statistically different from those reported by Nyenhuis et al. (1995)
and Solari et al. (2003), thus confirming the comparability between the outcomes obtained with the Spanish-adapted CMDI and
those obtained with the other two currently available versions of this inventory.

Relationship Between CMDI Scores and Clinical/Demographic Variables of PwMS

A series of ANOVAs revealed that the MS subtypes differed in their average scores on all the CMDI subscales (Mood:
F3,185 = 3.18, p = .025; Evaluative: F3,185 = 3.46, p = .017; Vegetative: F3,185 = 7.11, p < .001) and, consequently, on the total
CMDI scores (F3,185 = 5.12, p = .002). Similarly, differences between MS subtypes in the proportion of P-depressed patients
were statistically significant on the Mood (χ 2

(3) = 8.07, p = .044) and Evaluative: (χ 2
(3) = 8.23, p = .041) subscales, as well

as on the Total CMDI score (χ 2
(3) = 8.74, p = .033), and they approached statistical significance on the Vegetative subscale
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Fig. 1. Participants (HC and MS) scores in the Spanish-adapted CMDI. Panel A displays mean + 95% confidence interval (CI) of HC (light blue) and MS
(orange) scores in each subscale of this test. Panel B illustrates CMDI total scores of the same groups of participants. For completeness, statistical significance
(∗∗∗p < .001, ∗∗p < .005) and effect size (Cohen’s d [95% CI]) of the corresponding between group differences are also included. Finally, panel C depicts the
95% prediction intervals (PIs) (vertical lines) of the means exhibited by HC and MS patients in each CMDI subscale and in the overall depression scores of
the studies of Nyenhuis et al., 1995 (triangles) and Solari et al., 2003 (squares). As it can be readily observed, all the HC means observed in the current study
(circles) fell within the 95% PIs of their corresponding means of the Nyenhuis and colleagues and Solari and colleagues, studies, then confirming that scores
obtained with the original and the Spanish-adapted CMDI are fully comparable.

Table 3. Proportion of “probably depressed” participants (HC and MS) according to the different CMDI scores

Mood subscale Evaluative subscale Vegetative subscale Total score

MS current study vs. MS
Nyenhuis et al. (1995)

24.9% vs. 17.7%,
χ 2

(1) = 1.25, p = .52
22.2% vs. 22.2%,
χ 2

(1) = 8.26e−31, p = 1
22.2% vs. 34.6%,
χ 2

(1) = 3.95, p = .187
26.5% vs. 26.6%,
χ 2

(1) = 1.14e −30, p = 1
MS current study vs. MS
Solari et al. (2003)

24.9% vs. 18.8%
χ 2

(1) = 1.62, p = .27
22.2% vs. 16.0%
χ 2

(1) = 1.94, p = .27
22.2% vs. 17.8%
χ 2

(1) = 0.8, p = .37
26.5% vs. 19.9%
χ 2

(1) = 1.71, p = .27
HC current study vs. HC
Solari et al. (2003)

11.9% vs. 7.3%
χ 2

(1) = 1.04, p = .60
10.5% vs. 8.3%
χ 2

(1) = 0.241, p = .62
9.2% vs. 3.1% χ 2

(1) = 2.86,
p = .36

10.5% vs. 7.3%
χ 2

(1) = 0.56, p = .61

This table reports the rates of P-depressed individuals observed in the HC and MS of the current study. The table also includes the results of χ 2-based comparisons
of these rates to those reported in the studies of Nyenhuis et al. (1995) and Solari et al. (2003). Note that Nyenhuis et al. (1995) did only report P-depressed
rates for MS patients. Displayed p-values are FDR corrected for the multiple comparisons contained in each row.

(χ 2
(3) = 6.91, p = .074). However, because MS subtypes integrate differences in several clinical/demographic variables, analyzing

CMDI outcomes according to the MS subtype makes it difficult to identify which of these variables are actually related to CMDI
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Fig. 2. Predictive importance of demographic and clinical variables in CMDI scores. Each panel depicts the importance profile of each CMDI subscale (mood,
evaluative, vegetative) or CMDI total scores (2,000 runs, p < .001). Within each panel, green/yellow/red boxplots illustrate the distribution of the estimated
importance value of demographic and clinical variables confirmed as relevant/tentative and non-relevant predictors of CMDI scores, respectively. The vertical
line depicts the median, whereas the dotted lines correspond to the values of the first and third quartile of the maximum shadow attribute.

scores. Therefore, we decided to investigate the relationships between CMDI scores and clinical and demographic variables in
PwMS without introducing any subtype categorization.

First, the Boruta algorithm was used to identify all the demographic and clinical variables that could have predictive values in
the CMDI scores. As Fig. 2 shows, fatigue (FSS) scores were the most relevant predictor of CMDI scores, although the strength
of this relationship varied in the different CMDI subscales (Vegetative > Mood> Evaluative). A substantive, albeit weaker,
relationship between physical disability (EDSS) and depression scores was also confirmed for all the CMDI subscales. Other
variables, such as age, disease evolution in years, or educational level, only had predictive value in the scores on specific CMDI
subscales.

In a second step, Spearman’s correlations between the CMDI scores and the clinical/demographic variables that were not
rejected in the previous Boruta-based analysis were calculated (Fig. 3). These correlation values corroborated and refined the
results obtained with the Boruta algorithm, leading to three main conclusions. First, fatigue was confirmed as the clinical-
demographic variable most clearly associated with the CMDI scores, and, as revealed in a series of Hittner’s tests, the strength
of this relationship was greater for the Vegetative subscale (0.54) and total CMDI scores (0.49) than for the Mood (0.41) and Eval-
uative (0.36) subscales (Z

_

∗
FSS-Veg vs. FSS-Total = 1.71, p = .105; Z

_

∗
FSS-Veg vs. FSS-Eval = 3.25, p = .003; Z

_

∗
FSS-Veg vs. FSS-Mood = 2.65,

p = .012; Z
_

∗
FSS-Total vs. FSS-Eval = 3.53, p = .002; Z

_

∗
FSS-Total vs. FSS-Mood = 3.02, p = .005; Z

_
FSS-Mood vs. FSS-Eval = 1.08, p = .276).

Second, the EDSS had a weaker but more uniform relationship with all the CMDI subscales (correlations range: 0.25–0.32;
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Fig. 3. Correlations between demographic/clinical variables and CMDI scores. The figure summarizes the values of the ordinal correlations (Spearman’s rho)
between demographic/clinical variables and the CMDI scores. The correlations that remain significant after multiple testing corrections are depicted using a
gradient scale, whereas those that did not or that had been rejected as possible predictors by the Boruta algorithm (Fig. 2) are depicted in gray and white colored
cells, respectively.

Hittner’s tests: p > .05 in all cases). Third, all the other clinical/demographic variables (except gender) were selectively associated
with specific CMDI subscales.

To offer a complementary perspective, the means of P-depressed and N-depressed PwMS (as defined by each CMDI
subscale or total score) on all the clinical/demographic variables considered in the present study were compared (Table 4).
More specifically, this table displays the descriptive statistics (means and, in brackets, standard deviations) for each group and
the outcomes of the tests used to assess their differences (Student’s t or χ 2 statistics, FDR-corrected p-values, Cohen’s d or H
and its 95% CI; see methods section for details). Similar to the results of our previous correlational assessment, the largest and
most reliable differences between P-depressed and N-depressed PwMS were observed in the FSS and EDSS scores, especially
if these groups were defined based on their scores on the Vegetative subscale.

Relationship Between CMDI Scores and Cognitive Variables of PwMS

As Fig. 4 shows, the Boruta algorithm identified the PASAT3 as the cognitive test with the highest predictive value in the
CMDI scores. Although with lower relative importance, the SDMT and semantic fluency were also related to all the CMDI
scores. Conversely, phonetic fluency, verbal memory (SRT), and visual memory (SPART) measures exhibited weaker and/or
subscale-dependent associations with the CMDI scores.

Spearman’s correlation values (Fig. 5) corroborated and refined these results, leading to three major conclusions: the PASAT3
was the cognitive variable most clearly related to the CMDI scores, and, as confirmed in a series of Hittner’s tests, the strength
of this association was greater for the Evaluative subscale (−0.45) and the total CMDI score (−0.39) than for the Mood
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Table 4. Differences between P-depressed and N-depressed PwMS in clinical/demographic variables

Mood subscale Evaluative subscale Vegetative Subscale Total scores

P-dep N-dep P-dep N-dep P-dep N-dep P-dep N-dep

Age 41.7 (11.4) 40.1 (10.7) 42.9 (10.9) 39.8 (10.8) 43.4 (12.3) 39.6 (10.3) 43.5 (11.7) 39.4 (10.4)
t = 0.89, p = .41
d = 0.15 [−0.18, 0.49]

t = 1.65, p = .10
d = 0.29 [−0.06, 0.64]

t = 1.83, p = .09
d = 0.35 [0.01, 0.7]

t = 2.15, p = .04
d = 0.37 [0.05, 0.7]

Education years 10.5(3.2) 11.4(3.1) 10.1 (3.0) 11.4 (3.1) 9.9 (2.9) 11.5(3.1) 10 (3.1) 11.6 (3.1)
t = −1.68, p = .16
d = −0.28 [0.48, −0.18]

t = −2.45, p = .03
d = −0.42 [−0.07, −0.77]

t = −3.06, p = .007
d = −0.51 [−0.17, −0.86]

t = −3.1, p = .007
d = −0.51 [−0.18, −0.84]

Disease years 9.1 (8.6) 7.9 (7.2) 10.5 (9.3) 7.6 (6.8) 9.4 (8.2) 7.9 (7.3) 9.8 (9.4) 7.7 (6.7)
t = 0.83, p = .41
d = 0.15 [−0.62,0.05]

t = 1.83, p = .08
d = 0.37 [0.03, 0.73]

t = 1.08, p = .28
d = 0.20 [−0.14, 0.55]

t = 1.48, p = .14
d = 0.28 [−0.04, 0.61]

Expanded Disability
Status Scale

3.2 (1.7) 2.5 (1.5) 3.2 (1.8) 2.5 (1.5) 3.2 (1.5) 2.5 (1.6) 3.3 (1.8) 2.5 (1.5)

t = 2.64, p = .02
d = 0.47 [0.13, 0.81]

t = 2.32, p = .04
d = 0.45 [0.1, 0.79]

t = 2.67, p = .02
d = 0.44 [0.1, 0.79]

t = 2.80, p = .01
d = 0.49 [0.17, 0.82]

Fatigue Severity
Scale

5.0 (1.4) 3.6 (1.7) 4.8 (1.6) 3.8 (1.7) 5.2 (1.4) 3.7 (1.7) 5.2 (1.4) 3.6 (1.7)

t = 5.65, p < .001
d = 0.85 [0.51, 1.2]

t = 3.71, p = .002
d = 0.62 [0.27, 0.97]

t = 5.76, p < .001
d = 0.93 [0.57, 1.29]

t = 6.83, p < .001
d = 1.03 [0.69, 1.37]

Gender (% females) 74.5% 66.2% 73.8% 66.7% 73.8% 66.7% 76% 65.5%
χ 2

(1) = 0.76, p = .38
H = 0.18 [−0.15, 0.51]

χ 2
(1) = 0.48, p = .5

H = 0.16 [−0.19, 0.5]
χ 2

(1) = 0.47, p = .49
H = 0.16 [−0.19, 0.5]

χ 2
(1) = 1.42, p = .23

H = 0.23 [−0.09, 0.56]

This table displays the means and standard deviation (between brackets) of the values observed in P-depressed patients and N-depressed patients (as defined
by each CMDI subscale or total scores) in all the clinical/demographic variables considered in the present study. For all variables except gender, differences
between groups were tested by means of Student’s t tests and their size was estimated in terms of Cohen’s d and its 95% CI. The p-values associated to these
t-tests are FDR-corrected for all t-test based comparisons included within each column, whereas the 95% CI for Cohen’s d that do not continue the zero value
allow identifying between-means differences that were significant at uncorrected p < .05. Gender-associated differences were tested by comparing the proportion
of females included in each group by means of a chi-squared test of independence and the size of the differences in these proportions were estimated using
Cohen’s H. All statistically significant differences are highlighted in bold.

(−0.31) and Vegetative (−0.29) subscales (Z
_

∗
PASAT-Eval vs. PASAT-Total = 1.88, p = .071; Z

_

∗
PASAT-Eval vs. PASAT-Mood = 3.14, p = .007;

Z
_

∗
PASAT-Eval vs. PASAT-Veg = 2.90, p = .007; Z

_

∗
PASAT-Total vs. PASAT-Mood = 2.82, p = .007; Z

_

∗
PASAT-Total vs. PASAT-Veg = 3.03, p = .007;

Z
_

PASAT-Mood vs. PASAT-Veg = 0.43, p = .667). The SDMT and fluency measures exhibited statistically significant correlations with

all the CMDI subscales and the total score. Once again, the values of these correlations (and especially those involving the
SDMT) were higher for the Evaluative subscale. Verbal and visual memory measures were solely and weakly correlated with
the Evaluative subscale scores.

These conclusions received convergent support from mean-based comparisons of P-depressed and N-depressed PwMS on the
cognitive variables. Table 5 displays the means and standard deviations (in brackets) of the values observed in P-depressed and N-
depressed PwMS (as defined by each CMDI subscale or total score) on all the tests included in the BRB-N, as well as the Matrix
Reasoning subtest of the WAIS-III battery. More specifically, these comparisons confirmed that differences between P-depressed
and N-depressed PwMS were larger on the PASAT3, the SDMT, and the semantic fluency measure, and these differences were
larger when these groups were created according to their scores on the Evaluative subscale. Moreover, differences in verbal and
visual memory were only observed when defining P-depressed/ N-depressed PwMS based on the Evaluative subscale.

Discussion

The first goal of our study was to adapt the CMDI to Spanish. Our findings indicate that this Spanish CMDI adaptation yields
very similar scores to those of the existing English (Nyenhuis et al., 1995) and Italian (Solari et al., 2003) CMDI versions, not
only the total scores but also on the three different subscales of this inventory. The same conclusion is reached when comparing
the percentage of “probably depressed” (P-depressed) participants observed in our study, which did not differ significantly
from the percentages reported by Nyenhuis et al. (1995) and Solari et al. (2003). All these results, together with those that
reveal adequate psychometric characteristics, support the validity of the Spanish version and its usefulness as a good measure
to diagnose depression in Spanish-speaking PwMS.
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Fig. 4. Predictive importance of cognitive variables in CMDI scores. Each panel depicts the importance profile of each CMDI subscale (mood, evaluative,
vegetative) or CMDI total scores (2,000 runs, p < .001). Within each panel, green/yellow/red boxplots illustrate the distribution of the estimated importance
value of cognitive variables confirmed as relevant/tentative and non-relevant predictors of CMDI scores, respectively. The vertical line depicts the median,
whereas the dotted lines correspond to the values of the first and third quartile of the maximum shadow attribute.

As in previous studies using the CMDI (e.g., Arnett et al., 2008; Nyenhuis et al., 1995; Solari et al., 2003), our results also
confirmed that PwMS have higher CMDI scores than HCs. These differences were observed on all the CMDI subscales (mood,
evaluative, and vegetative), on the total CMDI scores, and when comparing the percentage of P-depressed individuals. The size
of these differences can be considered “moderate-to-large” (Cohen, 1969), and they confirm the association between MS and
enhanced depressive symptomatology (Diamond, Johnson, Kaufman, & Graves, 2008; Solaro et al., 2018).

In addition, we provide the first evidence indicating that the severity of depressive symptomatology in PwMS differs across
MS subtypes. More specifically, we found that the MS progressive phenotypes were associated with higher CMDI scores (on
all subscales) than those observed in RR PwMS. In contrast, CIS individuals exhibited lower CMDI scores than RR PwMS, and
their scores on all the CMDI subscales were very similar to those of HC. These results are not surprising because progressive
forms of MS are associated with more advanced age, more years of disease evolution, larger motor and sensory deficits, a higher
degree of cognitive impairment, and greater fatigue (Dekker et al., 2019; Lorefice et al., 2015; Planche et al., 2016; Siegert &
Abernethy, 2005).

Moreover, we corroborated that depressive symptomatology is closely associated with fatigue and, to a lesser extent, with
physical disability (EDSS scores). The association between depression, EDSS, and fatigue scores has been described in
previous studies (Lorefice et al., 2015; Patten, Marrie, & Carta, 2017; Pittion-Vouyovitch et al., 2006; Siegert & Abernethy,
2005; Solaro et al., 2016). Thus, as we also observed, other studies showed that fatigue is correlated with disability
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Fig. 5. Correlations between cognitive variables and CMDI scores. The figure summarizes the values of the ordinal correlations (Spearman’s rho) between
cognitive variables and the CMDI scores. The correlations that remain significant after multiple testing corrections are depicted using a gradient scale, whereas
those that did not or that had been rejected as possible predictors by the Boruta algorithm (Fig. 4) are depicted in gray and white colored cells, respectively.

(Jones, Motl, & Sandroff, 2021) and that both disability and fatigue are correlated with depression measures (Arnett et al.,
2008, 2021; Jones et al., 2021; Krupp, Serafin, & Christodoulou, 2010). In addition, and highlighting the importance of using
psychometric instruments that allow us to independently evaluate different dimensions of depression, we observed that fatigue
and physical disability were more clearly, but not exclusively, associated with vegetative depressive symptomatology. This
observation confirms that depression is related to fatigue and physical disability, even when somatic symptomatology is excluded
from rating scales (Brenner & Piehl, 2016). Therefore, the increased prevalence of depression in PwMS cannot only be attributed
to a possible confound between the vegetative symptoms associated with both disorders.

Our study also shows that higher CMDI scores are associated with worse cognitive performance in PwMS. The relationship
between depressive symptomatology and cognition has been well-established (for a review, see Arnett et al., 2008; Siegert
& Abernethy, 2005), and it is more noteworthy in “cognitively effortful” tasks that require information processing speed,
attention, working memory, and executive functions (Arnett, Higginson, Voss, Bender, et al., 1999; Arnett, Higginson, Voss,
Wright, et al., 1999; Arnett et al., 2008; Arnett, Higginson, & Randolph, 2001; Diamond et al., 2008; Hoffmeister et al.,
2021; Takeda et al., 2021). In agreement with these previous studies, we observed that the inverse correlations between CMDI
scores and performance on the PASAT and SDMT were larger than those observed for other cognitive tests. Of note, and again
highlighting the importance of using psychometric instruments to independently evaluate different dimensions of depression,
we also observed that the size of these associations was larger when considering the scores on the Evaluative subscale of the
CMDI than when considering the scores of the same participants on the Mood or Vegetative subscales.

In conclusion, the present study provides a valid Spanish-adapted version of the CMDI that yields similar results to those
obtained with other previous versions of this inventory (Nyenhuis et al., 1995; Solari et al., 2003). Using this new psychometric
instrument, we found that the prevalence of depression in PwMS is higher than in HCs but also that different dimensions of
depressive symptomatology (which are separately evaluated by the three CMDI subscales) are differentially associated with
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Table 5. Differences between P-depressed and N-depressed PwMS in cognitive variables

Mood subscale Evaluative subscale Vegetative Subscale Total scores

P-dep N-dep P-dep N-dep P-dep N-dep P-dep N-dep

Paced Auditory Serial
Addition test 3 s

25.8 (18.9) 36.5 ((17.8) 21.2 (17.6) 37.5 (17.2) 26.9 (18.5) 35.8 (18.2) 24 (17.8) 37.4 (17.6)

t = −3.4, p = .011
d = −0.59 [−0.93, −0.25]

t = −5.28, p < .001
d = −0.94 [−1.29, −0.58]

t = −2.76, p = .025
d = −0.49 [−0.84, −0.14]

t = −4.55, p < .001
d = −0.75 [−1.09, −0.42]

Symbol Digit Modalities
Test

41.8 (13.9) 47.6 (13.8) 39.2 (15.4) 48.1 (13) 42.1 (14.6) 47.3 (13.7) 40.8 (13.9) 48.1 (13.6)

t = −2.46, p = .039
d = −0.42 [−0.75, −0.08]

t = −3.42, p = .005
d = −0.66 [−1.01, −0.31]

t = −2.05, p = .112
d = −0.37 [−0.72, 0.002]

t = −3.18, p = .005
d = −0.53 [−0.86, −0.2]

Semantic fluency 18.1
(4.9)

20.8
(5.6)

17.6
(5.1)

29.8
(5.5)

17.8
(4.9)

20.8
(5.6)

17.3
(5.1)

21.1
(5.4)

t = −3.04, p = .015
d = −0.48 [−0.81, −0.14]

t = −3.55, p = .004
d = −0.59 [−0.94, −0.24]

t = −3.36, p = .006
d = −0.55 [−0.90, −0.21]

t = −4.44, p < .001
d = −0.71 [−1.04, −0.38]

Phonetic fluency 9.9 (4) 11.8 (5.5) 9.7 (4.4) 11.8 (5.4) 9.5 (3.4) 11.9 (5.6) 9.4 (4.2) 12.1 (5.5)
t = −2.65, p = .030
d = −0.38 [−0.72, −0.05]

t = −2.59, p = .016
d = −0.40 [−0.75, −0.06]

t = −3.47, p = .006
d = −0.47 [−0.82, 0.12]

t = −3.61, p = .006
d = −0.53, [−0.86, −0.2]

Spatial Recall Test
Long-Term Storage

19.3 (5.3) 19.4 (2.3) 17.3 (5.2) 20 (5.1) 18.9 (5.4) 19.6 (5.2) 18.4 (5.1) 19.8 (5.2)

t = −0.09, p = .980
d = −0.02 [−0.35, 0.32]

t = −3.01, p = .009
d = −0.53 [−0.88, −0.18]

t = −0.54, p = .667
d = −0.13 [−0.47, 0.22]

t = −1.58, p = .169
d = −0.26 [−0.58, 0.07]

Spatial Recall Test
Delayed-Recall

6.8 (2) 6.8 (2.3) 6.2 (2) 7 (2.2) 6.6 (2) 6.8 (2.3) 6.5 (1.9) 6.9 (2.3)

t = −0.02, p = .981
d = 0.0 [−0.34, 0.33]

t = −2.14, p = .044
d = −0.35 [−0.7, −0.01]

t = −0.71, p = .667
d = −0.09 [−0.43, 0.-26]

t = −1.03, p = .336
d = −0.16 [−0.48, 0.17]

Selective Reminding Test
Long-Term Storage

39.9 (12.2) 41.4 (13.3) 37.7 (15.4) 42 (12.9) 40.4 (11.6) 41.3 (13.4) 39 (12) 41.8 (13.3)

t = −0.73, p = .67
d = −0.12 [−0.45, −0.22]

t = −1.91, p = .066
d = −0.34 [−0.68, 0.01]

t = −0.40, p = .689
d = −0.06 [−0.41, 0.28]

t = −1.37, p = .215
d = −0.22 [−0.54, 0.11]

Selective Reminding Test
Long-Term Retrieval

28.4 (13.3) 32.4 (14.1) 26.8 (12.6) 32.8 (14) 28.9 (11.8) 32.2 (14.5) 28 (12.6) 32.7 (14.2)

t = −1.78, p = .129
d = −0.29 [−0.63, −0.04]

t = −2.64, p = .02
d = −0.43 [−0.78 -0.09]

t = −1.49, p = .231
d = −0.23[−0.58, 0.11]

t = −2.16, p = .055
d = −0.34 [−0.66, −0.01]

Selective Reminding Test
Delayed Recall

8.1 (2.1) 7.9 (2.3) 7.8 (2.1) 8 (2.3) 7.8 (2.3) 8 (2.5) 7.9 (2.1) 8 (2.3)

t = −0.33, p = .924
d = 0.05 [−0.29, 0.39]

t = −0.65, p = .521
d = −0.11 [−0.45, 0.24]

t = −0.53, p = .667
d = −0.09 [−0.44, 0.25]

t = −0.43, p = .669
d = −0.07 [−0.39, 0.26]

Matrix subtest 14.9 (5.1) 16.7 (4.1) 14.5 (4.8) 16.8 (4.2) 15.2 (4.6) 16.6 (4.3) 14.8 (4.8) 16.8 (4.2)
t = −2.16, p = .067
d = −0.41 [−0.74, −0.07]

t = −2.78, p = .014
d = −0.53 [−0.87, −0.18]

t = −1.80, p = .153
d = −0.33 [−0.68, 0.02]

t = −2.58, p = .023
d = −0.45 [−0.78, −0.13]

This table displays the means and standard deviation (between brackets) of the values observed in P-depressed PwMS and N-depressed PwMS (as defined by
each CMDI subscale or total scores) in all the tests included in the BRB-N as well as the Matrix Reasoning subtest of the WAIS-III battery. For all variables,
differences between groups were tested by means of Student’s t tests and their size was estimated in terms of Cohen’s d and its 95% CI. The p-values associated
to these t-tests are FDR-corrected for all comparisons included within each column, whereas the 95% CI for Cohen’s d that do not continue the zero value allow
identifying between-means differences that were significant at uncorrected p < .05. All statistically significant differences are highlighted in bold.

specific handicaps and sequelae characteristic of this clinical population, such as physical disability, fatigue, and cognitive
impairment. These findings are relevant for improving the diagnosis of depression in PwMS because they help to clarify its
relationship with physical and cognitive deficits in MS. Nevertheless, the present study is not devoid of limitations and, therefore,
some caution should be applied to our results and conclusions. In particular, it should be noted that, although it cannot be
considered “small,” our sample could be suboptimal for some of the performed statistical analyses (e.g., CFA) and it did not
allow performing separate analyses for different MS subtypes.
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