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Abstract

Background: Multiple sclerosis (MS) is associated with significant impairment.

Objective: The objective of this article is to identify and compare clinical measures that can predict self-

rated disability in patients with MS using the World Health Organization Disability Assessment

Schedule II (WHODAS-II).

Methods: Patients with MS and healthy controls were consecutively recruited at one center. Patients

were evaluated for cognitive function assessment, neurological status, perceived disability, mood, fati-

gue and disease duration. Controls underwent neuropsychological evaluation only. Data were analyzed

using multivariate regression.

Results: WHODAS-II total score was predicted by fatigue (p< 0.001) and neurological status

(p< 0.05). Student’s t test comparisons between published WHODAS-II normative data and the

enrolled cohort of patients with MS showed significantly worse (p< 0.05) scores for patients on

mobility, self-care, life activities, participation and total score domains, but not in cognition. Group

differences between patients with MS (n¼ 61) and controls (n¼ 61) were significant in all cognitive

measures except one verbal memory test subscale. Memory function correlated best with the social

participation domain of the WHODAS-II.

Conclusions: Self-reported disability in patients with MS was most strongly influenced by fatigue and to

a lesser extent by physical disability. Although cognitive function does affect self-assessment of dis-

ability, this is not captured by patients on the WHODAS-II cognitive domain.
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Introduction

Multiple sclerosis (MS) is a chronic inflammatory

demyelinating degenerative disease of the central

nervous system; it is the second most disabling

neurological disease that affects young adults after

traumatic brain injury.1 Owing to the peculiar patho-

physiology/unpredictability of the course of the dis-

ease, MS significantly limits patients’ autonomy,

threatening their independence and self-respect.

Patients’ health/disability status can be compromised

not only by neurological symptoms that result in

physical disability, but also by diverse symptomatic

manifestations that can either be neuropsychiatric or

neuropsychological. For example, anxiety, impaired

mood, cognitive impairment and fatigue are very

common features in MS and have been shown to sig-

nificantly reduce patients’ quality of life (QoL) and

contribute to disability.2 Given the multifaceted

nature of MS, accounting for the impact of all these

features on patients’ health/disability would be very

useful according to a biopsychosocial model: 1) to

understand the real-life burden of MS in terms of activ-

ity limitations/participation restrictions; and 2) to com-

pare burden in patients with MS with that of other

health conditions. The World Health Organization

Disability Assessment Schedule II (WHODAS-II)3 is

a useful measure to examine the role of various features

of disease as contributors to disability. The WHODAS-

II was designed as a disability assessment instrument

based on the biopsychosocial conceptual framework of
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the International Classification of Functioning,

Disability and Health (ICF).4

The aim of this study was identification and

comparison of potential correlates of patients’ per-

ceived disability according to the ICF model, taking

into account fatigue, mood, neurological status and

cognitive functioning.

Methods

This study was approved by the Ethics Committee of

IRCCS Santa Lucia Foundation. After obtaining

written informed consent, 75 patients with MS

were consecutively recruited at the IRCCS Santa

Lucia Foundation in Rome, Italy from February 1,

2012 to December 22, 2012. Exclusion criteria were

current or past psychiatric and/or medical disorder

other than MS that could interfere with neuropsycho-

logical testing and self-perceived disability and

MS relapse or corticosteroid use within the past six

weeks. Cognitive impairment was not set as an

exclusion criterion according to previous literature,

showing that self-reported QoL can be reliably

assessed in patients with MS and cognitive dysfunc-

tion.5�8 All patients underwent a comprehensive

clinical evaluation using scales for assessment of dis-

ability, cognitive function, neurological status, mood

and fatigue. Neuropsychological tests scores of the

MS group were compared with a subsample of 61

healthy individuals (controls) recruited consecutively

as volunteers from January 7, 2011 to December 21,

2011, and matched for age and education. Healthy

controls were recruited in the context of a former and

ongoing validation of the neuropsychological battery

used in this study, as normative data of the Italian

population were not present for most of the admin-

istered tests (see Table 1 for demographics).

Patients’ WHODAS-II scores were compared with

available Italian normative data.9 The complete cog-

nitive assessment was performed on all participants

by a trained neuropsychologist.

Measurement instruments

WHODAS-II. The self-administered version of the

WHODAS-II3 consists of 36 items that assess

functioning and disability during the 30 days

before testing. The validity, reliability and factor

structure of the WHODAS-II has been evaluated in

several conditions, such as systemic sclerosis10 anky-

losing spondylitis,11 stroke,12 psychosis and MS,13

schizophrenia,14 hearing loss,15 rehabilitation

patients16 and back pain.17 The WHODAS-II was

also translated and validated for the Italian healthy

Table 1. Participant demographics.

Patients with MS

(n¼ 61)

Healthy controls

(n¼ 61)

Significancea

Sex, n (%)

Male 15 (24.6) 15 (25)

Female 46 (75.4) 46 (75) NS

Mean±SD age, years 45.3±10.5 46.3±10.2 NS

Mean±SD educational level, years 13.5±4.1 13.3±4.0 NS

Median±SD EDSS score 3.0±1.6 NA �
MS phenotype, n (%) NA �
RRMS 48 (78.7)

SPMS 13 (21.3)

Mean±SD disease duration, years 13.7±8.5 NA �
Employment status Employed¼ 30

Unemployed¼ 15

Housewife¼ 8

Disability pension¼ 3

Retired¼ 2

Student¼ 3

� �

MS: multiple sclerosis; NS: not significant; EDSS: Expanded Disability Status Scale; NA: not applicable; RRMS:
relapsing�remitting multiple sclerosis; SPMS: secondary-progressive multiple sclerosis.
aSignificance level was set at 0.01.
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population.18 More recently, its validity has been

confirmed with modern Rasch model analyses in

MS.19 The WHODAS-II covers six domains of func-

tioning: cognition (understanding and communicat-

ing), mobility (moving and getting around), self-care

(hygiene, dressing, eating and staying alone), getting

along (interacting with other people), life activities

(domestic responsibilities, leisure, work and school)

and participation (joining in community activities).

Seven scales can be derived from the six domains of

functioning: understanding and communicating (six

items), getting around (five items), self-care (four

items), getting along with others (five items), life

activities: household (four items), life activities:

work/school (eight items) and participation in soci-

ety (eight items). Response options for each item

range from 1 (no difficulty) to 5 (extreme difficulty

or cannot do). WHODAS-II scores for each scale are

calculated by summing the recoded item responses

and transforming them into a range from 0 to 100,

where lower scores indicate lower levels of disabil-

ity. A total score is calculated from all items of all

the domains. In this study, we considered the life

activities: work/school scale only for the computa-

tion of the total score and not independently, as only

30 patients were employed.

Predictor variables. Eight clinical variables were

selected as potential contributors to WHODAS-II

scores: age; gender; disease duration; physical dis-

ability, measured with the EDSS19 as obtained by

neurological examination; fatigue, measured with

the Modified Fatigue Impact Scale (MFIS)20 as com-

pleted by the patient; and mood, measured with the

Chicago Multiscale Depression Inventory (CMDI)21

mood subscale as completed by the patient.

Cognitive function was measured with a battery of

tests of verbal and visual memory, information pro-

cessing speed, and executive function: immediate

recall (sum across five learning trials), short-delay

free recall, and long-delay free recall of the

California Verbal Learning Test-II (CVLT-II);22

10/36 Spatial Recall Test (10/36 SRT) total learning

and delayed recall;23 Paced Auditory Serial Addition

Test;24 Symbol Digit Modalities Test;25 and correct

sorts on the Delis-Kaplan Executive Function

System26 Sorting Test. Disease duration was mea-

sured from the time of diagnosis using McDonald’s

criteria.27

Statistical analysis. Mean WHODAS-II domain and

total scores were compared with available Italian

normative data reported in Federici et al.9 Group

differences between patients with MS and healthy

controls were assessed with Student’s t test.

The significance level for t tests was set at

p< 0.05. Multivariate linear regression analyses

(backward; p value to enter <0.05, p value to exit

>0.10) were conducted to predict the WHODAS-II

domains and total scale. Preliminary analyses did not

identify collinearity between predictor variables.

Three univariate outliers were excluded from the

analyses. Variables relative to WHODAS-II scales

1 (understanding and communicating), 3 (self-care),

4 (getting along), 5 (life activities) and 6 (participa-

tion in society) underwent square root adjustment to

address asymmetry levels below �1 and beyond

þ1.28 Regression analyses were performed in two

steps. In the first step, predictors into each clinical

domain were entered into independent regression

models for each scale of the WHODAS-II. In the

second step, predictors retained in significant

models (tested through an analysis of variance

using a threshold of p< 0.05) were gathered together

to predict each clinical outcome scale. Cohen’s

ƒ,29,30 an appropriate measure for calculating local

effect size within a multivariate regression model,

was computed for each predictor retained in the

second step in models that retained more than one

predictor to better clarify/compare the role of each

clinical domain in the prediction of self-rated disabil-

ity scores in patients with MS. The variance inflation

factor (VIF) was computed in order to detect the

presence of multicollinearity (i.e. high correlation)

among predictor variables.

Results

Of the initial 75 patients, 14 were excluded from the

study. One patient was excluded because of past

alcohol abuse, two for the occurrence of relapses,

two for corticosteroid use in the six weeks before

the study, three for missing answers in the question-

naires, five for receiving antidepressant medications,

and one patient withdrew from the study owing to

injury to the upper limb. Patients’ mean age±SD

was 45.3±10.5 (range, 24�72) years, mean educa-

tion was 13.5±4.1 (range, 5�21) years, median

Expanded Disability Status Scale (EDSS) score

was 3.0±1.6 (range, 1.0�8.0) and mean disease dur-

ation was 13.7±8.5 (range, 2�40) years. There were

46 women (75.4%) and 15 men (24.6%). Forty-eight

patients (78.7%) had relapsing�remitting MS, 11

(18%) had a secondary progressive and two (3.3%)

had a primary progressive course. Healthy controls’

mean age±SD was 46.3±10.2 (range, 22�72) and

mean±SD education was 13.3±4.0 (range, 5�18

years).

No significant differences were found in demo-

graphic data between patients with MS and healthy
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individuals as shown in Table 1. Regarding the neuro-

psychological data, the MS group scored significantly

below the healthy control group on all measures

except CVLT-II immediate recall (Table 2).

WHODAS-II t test comparisons between the MS and

healthy control groups (Table 3) showed signifi-

cantly worse scores for the MS group on the mobility

(p< 0.001), self-care (p< 0.01), life activities

(p< 0.01) and participation (p< 0.001) domains, as

well as WHODAS-II total score (p< 0.01).

Significantly worse scores also were recorded in

the getting along domain (p< 0.05), while no signifi-

cant group differences were recorded on the cogni-

tion domain (Table 3). However, it has to be noted

that the mean age of the available normative sample

of Federici et al.9 is lower than the mean age of the

current MS sample (MS group: mean age±SD,

45.29±10.5 (range 24�72 years); healthy controls:

mean age±SD 29.96±9.94 (range 18�60 years).

Complete results for significant variables independ-

ently predicting the WHODAS-II can be found in

Table 4.

We then gathered all the independently significant

predictors to predict the various WHODAS-II scales.

Summarized results for total regression models can

be found in Table 5. The cognition model

(p< 0.001) retained MFIS and CVLT-II immediate

recall and long-delay free recall. The mobility

model (p< 0.001) retained MFIS, EDSS and age.

Table 2. Group comparison of neuropsychological tests between patients with MS and healthy controls.

Neuropsychological

tests scores

Patients with MS

(mean±SD) (n¼ 58)a
Healthy controls

(mean±SD) (n¼ 61)

t test

value

p value

CVLT-II IR 47.60±13.20 48.96±9.00 0.495 NS

CVLT-II SDFR 10.43±4.01 11.74±2.5 2.238 <0.05

CVLT-II LDFR 10.74±3.96 12.05±2.73 2.363 <0.05

SDMT 40.94±12.27 44.80±10.7 2.079 <0.05

D-KEFS total sorts 9.54±2.44 10.51±2.31 2.465 <0.05

10/36 SRT IR 16.47±4.2 20.51±5.48 4.886 <0.001

MS: multiple sclerosis; CVLT-II: California Verbal Learning Test-II; IR: immediate recall (sum across five trials); NS:
not significant; SDFR: short-delay free recall; LDFR: long-delay free recall; SDMT: Symbol Digit Modalities Test;
D-KEFS: Delis-Kaplan Executive Function System; 10/36 SRT: 10/36 Spatial Recall Test.
an differs from the value indicated in Table 1 owing to the removal of three univariate outliers.

Table 3. Group comparison of WHODAS-II domain and total scoresa between patients with MS and healthy

controls.

WHODAS-II Patients with

MS (mean±SD)

(n¼ 58)a

Healthy controls26

(mean±SD)

(n¼ 271)

t test

value

p value

Cognition 9.31±12.44 11.84±12.96 1.3587 NS

Mobility 30.75±31.33 7.07±13.51 9.1240 <0.001

Self-care 8.10±15.03 3.53±8.00 3.2893 <0.01

Getting along 7.48±10.00 12.57±16.97 2.2452 <0.05b

Life activities 24.48±29.45 15.64±18.36 2.9365 <0.01

Participation 25.24±20.65 12.12±13.86 5.9705 <0.001

Total score 18.43±14.62 12.95±11.77 5.9705 <0.01

Higher scores indicate worse impairment.
WHODAS-II: World Health Organization Disability Assessment Schedule II; MS: multiple sclerosis; NS: not
significant.
an differs from the value indicated in Table 1 owing to the removal of three univariate outliers.
bAll significant p values indicate higher domain scores for the MS group, except for the getting along domain.
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The self-care model (p< 0.001) retained MFIS. The

getting along model (p< 0.01) retained age. The life

activities (p< 0.001) model retained MFIS and

CVLT-II immediate recall and long-delay free

recall. The participation model (p¼ 0.01) retained

MFIS, CVLT-II short-delay free recall, CMDI and

10/36 SRT. The WHODAS-II total score model

(p< 0.001) retained MFIS and EDSS. All of the

Table 4. Variables independently predicting WHODAS-II domains and total scores in order of

explained variance.

WHODAS-II Predictor variable p value R2 Corrected R2

Cognition

MFIS <0.001 0.378 0.367

10/36 SRT SDR

CVLT-II SDFR 0.01 0.17 0.124

CMDI mood <0.01 0.13 0.115

EDSS 0.03 0.08 0.06

AGE 0.05 0.07 0.05

Mobility

MFIS <0.001 0.398 0.387

EDSS <0.001 0.253 0.239

CMDI mood <0.01 0.136 0.120

10/36 SRT IR 0.05 0.063 0.046

AGE <0.001 0.196 0.181

Self-care

MFIS 0.001 0.161 0.146

EDSS 0.06 0.059 0.042

CMDI mood 0.07 0.058 0.041

Getting along

CVLT-II LDFR 0.02 0.09 0.073

MFIS 0.08 0.052 0.035

AGE <0.01 0.123 0.108

Life activities

MFIS <0.001 0.278 0.265

CVLT-II IR

CVLT-II LDFR

10/36 SRT IR 0.07 0.118 0.069

EDSS 0.07 0.056 0.039

Participation

MFIS <0.001 0.433 0.423

CVLT-II SDFR

10/36 SRT SDR <0.05 0.346 0.323

CMDI mood <0.001 0.306 0.293

EDSS <0.001 0.217 0.203

AGE <0.001 0.174 0.159

Total score

MFIS <0.001 0.552 0.544

EDSS <0.001 0.258 0.245

CMDI mood <0.001 0.228 0.214

10/36 SRT IR <0.05 0.115 0.100

AGE <0.001 0.183 0.168

WHODAS-II: World Health Organization Disability Assessment Schedule II; MFIS: Modified Fatigue
Impact Scale; 10/36 SRT: 10/36 Spatial Recall Test; CVLT-II: California Verbal Learning Test-II;
SDFR: short-delay free recall; CMDI: Chicago Multiscale Depression Inventory; EDSS: Expanded
Disability Status Scale; IR: immediate recall (sum across 5 trials); LDFR: long-delay free recall; SDR:
short-delay recall.
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comprehensive regression models showed VIF

values below 10 for the predictor variables, indicat-

ing a negligible risk of multicollinearity.

Discussion

This is the first study analyzing the clinical domains

associated with self-perceived disability in patients

with MS according to the ICF model, which

describes disability in the context of biopsychosocial

reciprocal interactions rather than simply physical

function as evaluated traditionally with the EDSS

in the MS field. The statistical method employed in

the present study examined 12 important clinical

variables to identify the relative impact of each on

parameters of daily activities and participation as

outlined by the ICF model based on self-report. As

expected, the results showed that patients with MS

experience strong limitations in the domain of

mobility. Moreover, the impact of the disease on

self-perceived disability was also observed in most

of the other domains, including life activities, social

participation and self-care, compared with healthy

controls. The only exception was the cognition

domain, where patients with MS reported scores

Table 5. Variables retained in final regression models predicting WHODAS-II domain and total scores and

scales listed in order of local effect size.

WHODAS-II Predictor variables p value Effect size

(Cohens ƒ2)

R2 Corrected R2

Cognition

MFIS <0.001 0.68

CVLT-II LDFR <0.001 0.34

CVLT-II SDFR 0.01 0.16

0.472 0.440

Mobility

MFIS <0.001 0.77

EDSS 0.05 0.27

AGE 0.09 0.22

0.560 0.533

Self-care

MFIS <0.001 0.19

0.161 0.146

Getting along

AGE <0.01 0.12

0.123 0.108

Life activities

MFIS <0.001 0.46

CVLT-II IR <0.01 0.07

CVLT-II LDFR <0.09 0.04

0.518 0.478

Participation

MFIS <0.001 0.66

CMDI mood 0.01 0.34

CVLT-II LDFR 0.01 0.29

10/36 SRT SDR 0.07 0.23

0.600 0.570

Total score

MFIS <0.001 1.19

EDSS 0.01 0.31

0.601 0.586

WHODAS-II: World Health Organization Disability Assessment Schedule II; MFIS: Modified Fatigue Impact Scale;
CVLT-II: California Verbal Learning Test-II; LDFR: long-delay free recall; SDFR: short-delay free recall; EDSS:
Expanded Disability Status Scale; IR: immediate recall (sum across five trials); CMDI: Chicago Multiscale Depression
Inventory; 10/36 SRT: 10/36 Spatial Recall Test; SDR: short-delay recall.
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similar to healthy controls (Table 3), even though

they were clearly impaired on formal neuropsycho-

logical testing (Table 2). Measures of fatigue, neuro-

logical disability, cognitive function and mood

accounted for a large percentage of the variance of

the WHODAS-II scores. Interestingly, the measure

of fatigue (MFIS) had the largest impact by far on all

of the WHODAS-II domains (Table 4). As expected,

the mobility scale showed the worse scores among

all of the functioning scales and was significantly

predicted by fatigue, neurological disability as mea-

sured by the EDSS and age. This is consistent with

the knowledge that the EDSS primarily assesses

mobility31 and with a previous study showing that

patient-reported mobility is strongly correlated with

EDSS scores.32 The models predicting the self-care

and getting along scales accounted for a small per-

centage of variance predicted by fatigue and age,

respectively. The regression model on the cognition

scale of the WHODAS-II identified fatigue and

verbal memory as significant predictors, both with

a large effect size.

The getting along scale of the WHODAS-II showed

better scores for patients with MS than healthy con-

trols (Table 3). This may reflect problems with the

domain structure of the WHODAS-II18,33,34 or may

reflect a real difference and deserves further investi-

gation. The life activities domain retained fatigue

and CVLT-II, which was in line with previous stu-

dies that show how objective cognitive impairment

negatively affects activities of daily living in MS.2

The participation domain was strongly predicted by

fatigue, mood and visual and verbal memory. The

regression model of the total score reflected the

strong relationship observed in the mobility

domain, retaining both the MFIS and EDSS as sig-

nificant predictors. However, when variables were

inserted independently into the model to predict the

total score, mood, visuospatial memory and age also

were retained as significant predictors, echoing the

impact of these variables on the life activities and

participation domains.

In this study, we found that fatigue by far plays a

major role in patients’ self-perception of disability.

Among all predictors studied, self-reported fatigue

had the greatest influence on self-perceived disabil-

ity, even greater than physician-assessed physical

disability. The MFIS was in fact retained in the

majority of the domains and in total score as the

predictor with the largest effect size. One possible

interpretation of this result is that it may reflect a

self-report bias. However, there is little evidence in

the statistical literature that self-report bias could

represent an issue in psychological research, and

growing evidence suggests that the problem of

common method variance is probably exaggerated

(see Chan35 and Conway and Lance36 for review).

Moreover, both MFIS and the WHODAS-II demon-

strated good psychometric properties in several stu-

dies.9,10,12,13,16,19,37 The strong relationship between

self-reported disability (and patient-reported outcome

measures in general) and fatigue thus reflect the fact

that fatigue represents a serious limitation to patients’

independence and appears to be the main contributor

to disability from the patient’s perspective.

Moreover, age showed a significant impact on the

mobility and the getting along domains of the

WHODAS-II, showing a medium and small effect

size, respectively. Finally, objective cognitive per-

formance has a significant impact on several

domains of everyday functioning evaluated by the

WHODAS-II, not just the cognitive self-report

domain, despite the relatively low albeit significant

difference between the two groups in the neuropsy-

chological measures. Specifically, cognitive per-

formance plays a significant role in limiting

patients’ social participation and daily activities.

However, patients do not seem to be aware of it, as

the objective difference between patients and healthy

controls in objective cognitive measures is not cap-

tured by the self-reported cognitive domain of the

WHODAS-II. This finding is consistent with several

studies showing that MS patient self-report does not

correlate with objective cognitive impairment and

with a recent study showing that performance of

patients with MS on an Internet-based task of every-

day life can be predicted by objective cognitive

performance and not by self-reported cognitive

impairment.38,39 Moreover, it highlights that

although the MS group in this study may have lim-

ited cognitive impairment, objective cognitive func-

tion has a significant impact on patients’ activities

and social participation.

In conclusion, our results provide an important

understanding of contributors to disability as per-

ceived by patients with MS, replicating and extend-

ing what has been observed in previous studies

exploring the relationship between QoL, physical

disability, cognitive function, mood and fatigue.2,39

Furthermore, the coherent relationship between pre-

dictor variables and the domains of functioning in

the WHODAS-II encourage further research with

the WHODAS-II in MS.

There are some important limitations to this study. In

addition to the aforementioned opportunity of a
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measurement bias, the sample size did not allow for

the evaluation of all the possible variables that could

explain construct variability in the WHODAS-II.

The role of predictors, such as personality, social

support and anxiety, has not been explored and can

be an important area for future research in order to

detect other variables potentially associated with the

domains showing a negligible percentage of

explained variance. Moreover, a larger sample size

could allow assumptions about the associations

between the WHODAS-II domains and specific cog-

nitive domains assessed with the neuropsychological

battery. Finally, the cross-sectional nature of this

study could not capture the relevance of the selected

variables relative to disease progression. Also, norms

for the WHODAS-II are needed, as the published

data from healthy controls were not appropriately

matched. Further investigations in this direction are

underway. This study also was limited to a single

center in a large European city; therefore, additional

research in patients with MS from different cultures

and countries is needed.
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