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ABSTRACT

Katajapuu, Niina

Psychometric Properties of 12-item World Health Organization Disability
Assessment Schedule 2.0 (WHODAS 2.0) Amongst People with Chronic
Musculoskeletal Pain

Jyvaskyla: University of Jyvaskyld, 2021, 71 p.

(JYU Dissertations

ISSN 2489-9003; 368)

ISBN 978-951-39-8587-5 (PDF)

Aim of this thesis was to explore the floor and ceiling effect, differential item
functioning (DIF), minimal clinically important difference (MCID) and minimal
detectable change (MDC) of 12-item World Health Organization Disability
Assessment Schedule (WHODAS) 2.0 amongst people with chronic
musculoskeletal pain. Of the cross-sectional data of 1 988 patients seen at
Physical and Rehabilitation Medicine (PRM) clinic, 65 % were women. The
mean age was 48 years, and the average score of 12-item WHODAS 2.0 was
13/48 points. Of the participants, 88% had a primary diagnosis of ‘Diseases of
the musculoskeletal system and connective tissue'. Of those, 39% had a
diagnosis of ‘Dorsalgia’. Floor and ceiling effects were calculated as relative
frequencies of the lowest or the highest scores for each item. The DIF was tested
using logistic regression analysis and the Chi? test and interpreted graphically
based on item characteristic curves. The MDC and MCID were calculated based
on the variance of the scores. A systematic review explored the evidence of the
psychometric properties of 12-item WHODAS 2.0 among general population
and people with non-acute physical causes of disability.

The 12-item WHODAS 2.0 demonstrated high, almost nine points MDC.
As the MDC exceeded the level of MCID, nine points were considered to be the
amount of change perceived by a respondent as clinically significant. A
significant floor effect (>15%) was seen in all 12 items. A significant uniform
gender-related DIF was detected in 7 of 12 items.

In conclusion, due to the floor effect, the 12-item WHODAS may have
limitations in the lower end of the scale amongst people with milder disability.
Seven items functioned differently between men and women and almost nine
points MDC might complicate the use of WHODAS 2.0 total score. It appears
that it is a multidimensional scale, and its total score may represent different
combinations of several contributing factors. Therefore, all these findings
should be taken into consideration while making the work ability or
rehabilitation evaluations or interpreting the results based on the single total
score instead of item scores in patients with chronic musculoskeletal pain.

Keywords: WHODAS 2.0, psychometrics, rehabilitation, musculoskeletal
disease, pain



TIIVISTELMA (ABSTRACT IN FINNISH)

Katajapuu, Niina

12-osaisen WHODAS 2.0 -mittarin psykometriset ominaisuudet kroonisilla
tuki- ja liikuntaelinkipupotilailla

Jyvaskyla: Jyvaskyldn yliopisto, 2021, 71 s.

(JYU Dissertations

ISSN 2489-9003; 368)

ISBN 978-951-39-8587-5 (PDF)

Tamd vditoskirjatutkimus selvitti 12-osaisen terveyden ja toimintarajoitteiden
arviointimenetelmdn WHODAS 2.0 -mittarin toimivuutta kroonisilla tuki- ja
liikkuntaelinkipupotilailla. Mittarin katto- ja lattiavaikutusta, mittarin osioiden
muuttumattomuutta (DIF) sekd mittarin pienintd havaittavaa muutosta (MDC)
ja pienintd kliinisesti tdrkedd eroa (MCID) selvitettiin fysiatrian poliklinikalta
poikkileikkausasetelmassa kerdtylld (N=1988) aineistolla. Tutkimusjoukko
koostui naisista (65%) ja miehistd, joiden keskiarvoika oli 48 vuotta. Mittarin
kokonaispistemddran keskiarvo oli 13/48. Tutkittavista 88 %:la oli
pdddiagnoosi ‘Tuki- ja liikuntaelimiston sairaus’ ja heistd 39 %:la "Selkdkipu’.
Katto- ja lattiavaikutus laskettiin vastaajien kokonais- ja osiopistemddrien
frekvensseistd. Mittarin DIF tarkasteltiin logistisella regressioanalyysilld sekd
Chi? testilld. Osioiden toimivuutta tarkasteltiin kahden parametrin osiovaste
teorialla. MDC ja MCID laskettiin perustuen pistemddrdan varianssiin.
Systemaattisella kirjallisuuskatsauksella selvitettiin tietoa 12-osaisen WHODAS
2.0 -mittarin psykometrisista ominaisuuksista normaalivdestolld ja ihmisilld,
joilla oli fyysisid sairauksia ja toimintarajoitteita. 12 osion WHODAS 2.0 -
mittarin MDC oli 8,6 pistettd ylittdessi MCID: n kynnysarvon, joten vasta 9
pisteen muutos koetaan kdytdnnossa toimintakyvyn muutokseksi. Mittarin
kaikissa osioissa havaittiin tilastollisesti merkitseva lattiaefekti (>15 %) ja
erilainen osioiden toimivuus miesten ja naisten vililld 7:ssd osiossa.

Johtopédatokset: lattiaefektistd johtuen mittarin erottelukyky asteikon
matalammassa péddssd saattaa olla huono lievissd toimintakyvyn rajoituksissa.
Seitsemdn mittarin osiota toimii eri tavalla miehilld ja naisilla. Lisdksi
huomattavan korkea pienin havaittu muutos saattaa vaikeuttaa mittarin
antaman kokonaispistemddran kdyttamistd ja tulosten tulkintaa kroonisilla tuki-
ja liikuntaelinkipupotilailla. Nayttdd siltd, ettd 12 osion WHODAS 2.0 on
moniulotteinen mittari, jonka kokonaispisteméaaran muodostumiseen vaikuttaa
usea tekija. Hyddyntdessd mittarin kokonaispistemddrad osiopistemddran sijaan
kroonisten  tuki- ja  liikuntaelinkipupotilaiden  tyokykyarviossa ja
kuntoutusintervention vaikutusten arvioinnissa, edelld kuvatut 16ydokset tulee
ottaa huomioon.

Avainsanat: WHODAS 2.0, psykometriikka, kuntoutus, tuki- ja
liikkuntaelinsairaudet, kipu
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1 INTRODUCTION

The Finnish Ministry of Social Affairs and Health set the specialist board for the
rehabilitation reform in 2016. Based on the board’s 55 proposals, the experts of
the Rehabilitation Knowledge Base project ['Kuntoutuksen tietopohja -hanke’]
published in May 2020, the new guidelines for the self-assessment of
functioning. These guidelines are intended for use amongst adults. The
purpose is to help to recognize their need for rehabilitation and to measure the
outcomes of the rehabilitation. The guidelines suggest three generic self-
evaluation measures to be used to evaluate functioning (Sosiaali - ja
terveysministerio 2017) (Ministry of Social Affairs and Health, 2017). One of
these three measures is the 12-item World Health Organisation Disability
Assessment Schedule (WHODAS 2.0), which is based on the International
Classification of Disability, Functioning and Health (ICF) framework (WHO
2001). The Finnish legislation requires that functioning must be assessed before
granting rehabilitation or other comparable services to a citizen (THL 2019a).
The Social Insurance Institution of Finland (Kela) demands from the providers
of rehabilitation services using the ICF framework when evaluating clients’
functioning (Kela 2020c). The Kela provides a detailed list of obligatory
outcome measures for musculoskeletal rehabilitation courses. The list does not
include any particular measure of the comprehensive overall functioning level.
Instead, service providers are guided to use a national TOIMIA network and its
database of outcome measures (Kela 2020a, Kela 2020b).

The TOIMIA network provides national guidelines for evaluating
functioning using the ICF framework. These guidelines proposed using the
WHODAS 2.0 to evaluate participation amongst adults, especially those who
are suffering from physical disabilities (Paltamaa & Kantanen 2013). The
TOIMIA is describing psychometric properties of different scales (THL 2019c¢).
Among other scales, the TOIMIA has extensively reviewed the psychometric
properties of WHODAS 2.0 (Paltamaa & Anttila 2015). For that task, the
available data concerning two versions of the scale of interest were evaluated:
tirst - named “WHO-DAS II” or “WHODAS II” and the second version - the
WHODAS 2.0. The last updated description of the WHODAS 2.0 presented by
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the TOIMIA includes the reliability and validity of the 36-item WHODAS 2.0.
The validity of WHODAS 2.0 evaluation is described in the WHODAS manual
(Ustun et al. 2010b), the WHO’s World Multi-country survey (Ustun et al.
2003a), the World Health Survey (Ustun et al. 2003c) the Italian validation of
WHODAS 1II by Federici et al. (2009 a) and in the review by Federici et al. (2009
b). Furthermore, the TOIMIA conducted a supplemental review in 2010-2014. In
addition to these works, the description of the WHODAS 2.0 reliability was
supplemented by the data extracted from numerous individual studies.

At least seven different name versions of the WHODAS can be found from
the literature. Now, seven official versions of WHODAS 2.0, depending on the
length and administration, exists (Ustun et al. 2010a). The majority of previous
studies have been conducted using a 36-item version of the WHODAS 2.0. As
regards the 12-item version of WHODAS 2.0, several psychometric properties
and patient groups, to whom the scale has been applied, have been described.
According to the paper by Ustun et al. (2010a), the 12-item version was able to
explain 81% of the variability within the 36-item version (Ustun et al. 2010a).
Amongst patients with severe depression, the measure is unidimensional with
good discrimination ability, without differential item functioning between
genders, and with good correlation with scales measuring the quality of life and
the severity of depression (Luciano et al. 2010a, Luciano et al. 2010b, Luciano et
al. 2010c). Amongst the elderly, the 12-item WHODAS 2.0 has also been found
to be wunidimensional (Sousa et al. 2010). The scale has been found
unidimensional and without a differential, item functioning between genders
amongst people with acute myocardial infarction (Kirchberger et al. 2014).

The overall knowledge on the psychometric properties of the 12-item
WHODAS 2.0 has been scarce. Only a few validation studies of the WHODAS
2.0 Finnish translation has been published (Saltychev et al. 2017a, Saltychev et al.
2017b, Tarvonen-Schroder et al. 2018). There is a clear need for additional
research concerning the psychometric properties of 12-item WHODAS 2.0
amongst people with musculoskeletal problems. The purpose of the present
study was to evaluate the psychometric properties of 12-item self-administered
WHODAS 2.0 amongst adults with chronic musculoskeletal pain. Such
knowledge may help to implement the WHODAS 2.0 when recognizing the
need for rehabilitation services, planning rehabilitation contents, and assessing
achieved outcomes. If the 12-item WHODAS 2.0 turns out to be valid, it can be
recommended for the nation-wide use as a fast and relatively simple measure of
the functional level.

14



2 REVIEW OF THE LITERATURE

2.1 Functioning and disability

2.1.1 Classifications, models and definitions

World Health Organization (WHO) disseminates disease and disability
classifications. Probably the most known is the International Classification of
Diseases (ICD) published already in 1893. At the moment, the 11t revision
(ICD-11) is ready to use. Classifications are needed to evaluate the health and
health care process outcomes. ICD-10 is capable of evaluating the linear
presence of impairment or disease, ignoring their consequences on activities or
participation. One of the improvements from ICD-10 to ICD-11 is the
supplemental material for functioning assessment including 36-item WHODAS
2.0 and Model Disability Survey (MDS) (WHO 1980, p. 10, Gray & Hendershot
2000, WHO 2019).

Forty years ago, the WHO'’s International Classification of Impairments,
Disabilities and Handicaps (ICIDH) defined disability as a linear result of the
impairment of the body structure or function. From that biomedical angle, a
person might be restricted to perform every day activities by a disease only,
and disability is a consequence of medical abnormality (WHO 1980, p. 11,
Federici et al. 2009). Later development of ICIDH through ICIDH-2 resulted in
ICF classification.

In ICF, the concepts disability and functioning are presented in the health-
related functioning model (figure 1) (WHO 2001, p. 18). Compared to ICIDH,
ICF model aims to describe the health-related functioning in biopsychosocial
perspective, including the environmental and personal factors in the
classification (WHO 2001, Salvador-Carulla & Garcia-Gutierrez 2011).

United Nations (UN) convention on the rights of persons with disabilities
specifies disability based on its long-term nature, not as temporary or varying
health state of a human being. In the UN convention (2006), the word disability
is not that clearly defined. Instead, they describe the person with a disability or

15



impairment. The Conventions definition lays more on the medical perspective,
ignoring if the person's ability to participate in his life activities is decreased or
not. From a human rights perspective, disability is defined as "results from the
interaction between persons with (long-term) impairments and attitudinal and
environmental barriers that hinders their full and effective participation in
society on an equal basis with others”(Leonardi et al. 2006, United Nations
2006).

In Finland, Finnish Institute for Health and Welfare’s (THL) definition is
based on the biopsychosocial model. Functioning includes "physical,
psychological and social angles in peoples condition to cope with meaningful
and necessary life activities in his environment" (THL 2019b). Definitions of the
dimensions of functioning are presented in the next chapters.

Physical functioning

Physical functioning is related to optimal and safe mobility ability, what person
has to have to be able to participate and act in varying life activities at home
and other living environments (Satariano et al. 2012). The ICF classification
(2001) presents that physical performance and physical capacity are near related
to physical functioning. Physical performance describes an individual's ability
to perform certain functions on the specific environmental situation, in turn,
physical capacity relates on maximum capability on performing that function in
standardized circumstances (WHO 2001, p. 14-15).

Mental and cognitive functioning

In Aalto et al. (2011) work, the dimensions of mental functioning include
perception, thinking, learning and memory, which are needed to make
representations of the environment and oneself. It consists of the ability to feel
and experience the surrounding world. Mental functioning describes how the
person can utilize his resources and abilities in different life situations and for
the future. Like physical functioning, also mental functioning can be defined as
maximal possible functioning or mental functioning in real-life situations (Aalto
2011, p. 1-2). Evans et al. (2000) claim in their work that to measure the mental
and cognitive functioning, hundreds of tools have been developed, mostly
based on the medical perspective of mental health. In general, the domains
well-being, social functioning, problems or symptoms and risks to self or other
people are covered in mental functioning when measuring the effectiveness of
different therapies (Evans et al. 2000). Cognitive functions are part of the mental
functions related to receive, manage, store and use the information and
knowledge. Cognitive functioning is affected by different factors as mental

alertness, circadian rhythm, mood and stress as an example (Tuulio-Henriksson
2011, p. 1).

Social functioning

Tiikkainen (2018) defines social functioning through two aspects: It includes
social interaction and person as active participator and actor in society and
organizations. Social functioning requires, e.g. the social skills and ability to
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interact and act in different roles. Social functioning requires the ability to adapt
to the surrounding society with or without others, to participate in leisure time
activities and to help each other (Tiikkainen & Pynnonen 2018, p. 1).

2.1.2 International Classification of Functioning, Disability and Health (ICF)

WHO (2001) developed the ICF classification, a renewal of International
Classification of Impairments, Disabilities and Handicaps (ICIDH) to expand
ICIDH's disease originated perspective towards a classification of health
components (WHO 2001, p. 3-4). Before the final version of ICF, the ICIDH-2
was launched. It recognizes two relevant factors to understand and study
disability and functioning; environmental factor and dimension of social
participation (Gray & Hendershot 2000). In 2001 WHO accepted ICF
classification, which aims to describe the interaction between health status,
body structures and functions, activities, participation, environmental and
individual factors concerning functioning or disability (WHO 2001, p. 18-19).
Table 1 describes the concepts of ICF structure and figure 1 modified from
WHO (2001, 18) illustrates the interaction between health status and ICF
components. Compared to causal "process-like" ICIDH model, the multifaceted
ICF model is more dynamic, and interaction flows to several directions affecting
inhibitory or exhibitory on different functioning dimensions.

Health condition

Body structures and Activities Participation
functions

| |
| |

Environmental factors Individual factors

FIGURE 1 Interaction between the different ICF components
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TABLE 1

ICF concepts

Part 1 Functioning and disabili-

ties

Part 2 Contextual factors

Components | Body structures | Activitiesand | Environmental | Individual fac-
and functions participation factors tors
Body structures | Life actions and | External factors | Internal factors
Domains and functions tasks Influencing on | influencing on

functioning
and disabilities

functioning
and disabilities

One use of the ICF classification is to give a common understanding of the
concepts when measuring the disability or functioning. Several systematic
reviews have been published to show the existing literature combining the
disease-specific measurement tools and their linkage to ICF's four components
(Wasiak et al. 2011, Oliveira et al. 2013, Naughton & Algar 2019). In WHO (2001)
classification, the components ‘Body structures and functions’, “Activities and
participation” and 'Environmental factors' are divided into five to nine chapters
each. Each chapter contains numerous codes. To be meaningful, the codes
should contain at least one qualifier denoting the level of health on code in
question. The restrictions on each code under each three components can be
quantified using numeric scale from 0 denoting 'no problem', 1 'mild problem',
2 'moderate problem', 3 'severe problem', 4 'complete problem', 8 'not specified’
and 9 'not applicable' (WHO 2001, p. 21-24).

ICF checklist

The comprehensive ICF classification consists of more than 1400 categories and
their codes, which makes the full classification clinical use complex (Ptyushkin
et al. 2012, p. 14). The ICF checklist (WHO 2003) was developed to solve the
complexity of the ICF classification. ICF checklist includes the major ICF
categories and most regularly used domains with the information of persons
diagnose and other individual records. The qualifiers with the domains are
used in the checklist to record the functioning and disability using various
information sources. However, the 12-page checklist has over 120 domains to
choose and qualify for generic assessment. Therefore the checklist has been
used in ICF Core Set development (Stucki et al. 2008, Kostanjsek 2011).
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ICF Core Set

To make ICF easier for everyday use, ICF Research Branch developed ICF Core
Sets which should be used simultaneously with the International Classification
of Diseases (ICD). ICF Core Sets are practical batteries of ICF categories and
domains linked on different acute, post-acute and long-term health conditions.
The development was aimed for clinical use, research work and for service
providers to document and report functioning and disabilities. Now, ICF
Research Branch has published seven ICF Core Set subcategories including
musculoskeletal conditions, neurological conditions, mental health, other health
conditions, diverse situations, cardiovascular and respiratory conditions and
cancer. Though, the Core Sets are still missing the possibility to use them as
self-reported measures, WHO worked further towards patient-reported
measure, WHODAS questionnaire (Stucki et al. 2008, Ptyushkin et al. 2012, p.
19-21, ICF Research Branch 2017).

2.2 Background of the World Health Organization Disability As-
sessment Schedule WHODAS 2.0

Developing a generic assessment tool to evaluate functioning and disability is a
long term process. Preceding the WHODAS 2.0, WHO coordinated several
studies to develop a tool to measure psychiatric patients social functioning and
to assess disabilities concerning mental disorders (Jablensky et al. 1980, WHO
1988, p. 77). First version of World Health Organization Disability Assessment
Schedule (DAS) was followed by DAS II and D.A.S III as all the original items
did not apply on outpatient population or the items were not found culturally
relevant (Thara et al. 1988). The first version of WHO DAS theoretical
framework was based on biomedical perspective where the disability and
functioning were seen as a result of disease and the evaluation was focusing on
body impairments and activities (Jablensky et al. 1980). WHODAS development
proceeded almost parallel with the development of the ICIDH model towards
ICF. On its own, ICF is not a practical measurement tool. Instead, the ICF
framework created a shared understanding and a language of health-related
functioning and disability. The present WHODAS 2.0 development was
followed by WHODAS II. Both measures are based on the ICF framework to
evaluate activity limitations and restrictions in participation (Prieto et al. 2000,
Ustun et al. 2010a). For the development of WHODAS 2.0, information of
disability models used in the health assessment questionnaires were used
(Ziebland et al. 1993). Developers also utilized the information from the
extensive project report "Measuring consumer outcomes in mental health"
(Stedman 1997, p. 11-21). The parallel development of the disease and disability
classifications, models and measure are presented in figure 2.
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1900 1950 1975 1980 198> 1990 1995 2000 2005 2010 2015 2020 2025

Disease 1?2? ;‘f:::;i”;?‘ 19451989 Intemational Classification of R 0 2019-20221CD-11+
classifica- e Disease, ICD Functioning assessment
tion
Disability . . .
e Disease -> Cure or Death 1980-199 ICIDH, ICIDH 2 2001 ICF, 2021 merging ICF and ICF-CY
tion
Disability 1976-1988 WHO DAS
measure LI 1988-2009 WHO/DAS, WHODAS IT 2009 - present WHODAS 2.0
FIGURE 2 Timeline for WHO disease and disability classifications and
measure

2.3 Development of a measurement tool

Building a measurement tool has several steps, which are described in
upcoming chapters reflecting the work of de Vet et al. (2011). Figure 3
summarizes the different phases and the contents of the measure development.
The last and the continuous phase of the measure development, psychometric
evaluation, is described in general level referring also to Mokkink et al. (2010)
taxonomy. A detailed description of developing the WHODAS 2.0 and the

existing literature of its psychometric properties will be described in chapter 2.4
and 2.5.
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Construct Item selection

Defining the latent trait Literature
Defining the target population Patients/experts opinions and experiences
Defining the purpose of the measure: ; Item banks _ _
Discriminative/evaluative/predictive purpose? Theoretical background: Reflective or formative
Defining the questions: What person can do/what ) r_nodel (IRT)
they think they can do/what they actually do? Iter_n d'ff'cmt\’_ (IRT and CTT_)
Multi or single item construct? Scoring: Scale/index or profile

Pilot testing
Qualitative methods
Feasibility
Acceptability

Field testing
Item reduction, item difficulty
dimensionality, scale scoring
item functioning

Evaluating psychometric properties of
the measure

FIGURE 3 Measure development process
2.3.1 Conceptual framework and construct definition

Construct. Based on the need, the conceptual model or framework should be
clearly defined, considering all the aspects of the concept. A conceptual model
may be used if the concept or construct can be defined before planning the
questionnaires content and possible multiple dimensions. The construct can
also be defined post-hoc, using factor analysis, but might not be an efficient
way to define it (de Vet et al. 2011, p. 33). In the book of de Vet et al. (2011)
reflective and formative model behind the construct and item formulation is
introduced. Depending on the construct, either reflective or formative model of
the construct has to be chosen to be able to use proper methods for final item
selection. As the formative model describes the construct as a result of the items,
in the reflective model the items are reflections of the underlying construct
(figure 4, modified from de Vet et al. 2011, p. 14).

Q ‘Iteml‘ |Item1‘ @

I::> [ Item1 | [item1 ] |:> Formative model
@ ‘Iteml‘ |Item1‘ ﬁ

FIGURE 4 Formative and reflective model behind the underlying construct
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Target population. The descriptions of the items may vary depending on the
target population. Different questions and statements for adults and children
are needed. Also, the decision of diseases specific or generic measure has to be
made (de Vet et al. 2011, p. 34).

Purpose of measurement. The measures are developed to diagnose, to evaluate
and to predict the patient status. For diagnosis, the discriminative properties of
the measures are essential at a certain point of time. For evaluative measure, the
questionnaire has to have the ability to show the changes over time, and for
predictive purposes, the measure is planned to classify or categorize people
based on their prognosis. All three properties may also be present in the same
measure (Guyatt et al. 1992, de Vet et al. 2011, p. 54-55).

Choice of the measurement method differs in correspondence to the construct. In
order to measure the same construct, it is meaningful to separate the objective
measurement from the subjective measurement. The information of what a
person can do is different compared to what a person thinks they can do and
again compared to what they do. The "can-do" measures capacity and the
“think they can do” measures the perceived ability while the "they do"
measures the performance (WHO 2001, p. 14-15, de Vet et al. 2011, p. 35). Also,
the underlying construct defines if single or multi-item questionnaire comes to
question (Sloan et al. 2002).

2.3.2 Selecting and formulating items and item reduction

Extensive literature review of similar previous measures helps to choose the
items for multi-item questionnaires. An exception is if the measure is developed,
e.g. for a purely new disease. According to Cella et al. (2007), it is also possible
to use the item banks as Patient Reported Outcome Measure Information
System (PROMIS), where the items Item Characteristic Curves (ICC) have been
determined using item response theory (IRT). Items for the item banks are also
collected from previously developed and used measures (Cella et al. 2007).
Using clinicians and patients as experts, who has the experience and knowledge
of a specific construct, may be used as informants. Focus group interview is a
useful method to collect information from the informants for the new items
(Carey et al. 2012, p. 15-18). Several basic rules as unambiguous, positive
wording, specific time determination and one question or statement per item
has to be considered while formulating the items (de Vet et al. 2011, p. 41).
When the reflective model is behind the defined latent construct, (figure 4)
the items are expected to correlate between each other and followed by that, are
interchangeable. Thereby the items which are reflecting the same construct may
be reduced or replaced with a similar item. To be sure all the items reflecting
the underlying construct, are present, the developers need to be sure that
enough items are considered to represent the latent construct. Based on the
reflective model, the evaluative measure is adopting both discriminative
properties between individuals and the ability to detect change over time
within the subjects in the same construct (de Vet et al. 2011, p. 13-15). There are
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conflicting views over these concurrent abilities (discrimination and change
detection) related to the validity of the measure. Guyatt et al. (1992) present the
concept of signal and noise ratio when exploring the reliability and
responsiveness of evaluative and discriminative measure. The item, which is
showing good discrimination ability, is not necessarily able to measure the
change (Guyatt et al. 1992).

The item difficulty and required response options can be revised using
classical test theory (CTT) or IRT. Also, the discrimination ability is studied
using IRT based item characteristic curve (Thorpe & Favia 2012).

2.3.3 Item and scale scoring

The chosen measurement level (nominal, ordinal, interval or ratio) either allows
or prevents the possibility for a researcher to recode the existing data on other
measurement levels. The higher the chosen level is, the more options there are
to use a lower measurement level, if needed (de Vet et al. 2011, p. 48-49). In the
ordinal scale, the maximum meaningful number of categories in a clinical
perspective is found to be seven based on the short and long term memory
capability (Miller 1994). de Vet (2011) and Yu (2017) explains the usage of CTT
and IRT in scale development. Both CTT and IRT analysis can be used to detect
the usage and information of the chosen categories in a specific population. CTT
can be used to find out if there are categories which are not selected by any of
the respondents. IRT analysis is a proper method to detect the respondents with
different abilities in a latent trait, probability of choosing a specific score. Also,
the item characteristic curve gives information on the discriminative ability of
the item. If the items differ in their discrimination ability, the discrimination
parameter is used to weigh the items before summing the scores (de Vet et al.
2011, p. 68-69, Yu 2017).

2.3.4 Pilot testing and field testing - an essential part of the measure devel-
opment

Hak et al. (2006) and de Vet et al. (2011) are highlighting the importance of the
pilot - and field tests of the measure. Measure development needs numerous
test phases. Pilot testing relies on qualitative methods and is conducted with a
small number of people who are aware of developed construct, but also with
the final target group to get the measure understandable and pertinent entirety.
Different qualitative methods and their combinations like "The Three-Step Test-
Interview" may be used to collect the data to improve the questionnaire. Of
importance is to test the feasibility of acceptability of the questionnaire with the
target group (Hak et al. 2006, de Vet et al. 2011, p. 58-59). de Vet et al. (2011)
goes further on item reduction and obtaining a deep understanding of the data
structure. By way of field testing, the dimensions of the construct should be
obtained in multi-item measures. To be able to conduct legitimate field tests
using quantitative analysis, an adequate number of study participants are
needed. If in the pilot phase the number of participants in tests was a few
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dozens, for field-testing, couple hundred of participants are needed. To explore
the dimensionality of the data using factor analysis (FA) or IRT based methods
for scale scoring and item functioning, the amount of participants has to be high
enough (de Vet et al. 2011, p. 65-66, p. 68-69).

2.3.5 Evaluating the psychometric properties of the published measure

Based on the COSMIN (Consensus based Standards for selection of health
status Measurement INstrument) study, Mokkink et al. (2010 a, b) published a
taxonomy of psychometric properties built out of three domains: Reliability,
validity and responsiveness. Under these domains, seven psychometric
property aspects were named. The fourth domain “Interpretability”, was not
really considered as psychometric property of the measure. Table 2 summarizes
the psychometric properties and examples of the statistical methods and
characteristics to be used when the patient reported outcome measure (PROM)
is evaluated.

The terminology and wutilized statistical methods differ in the
psychometric evaluation literature. Among the other psychometric properties,
the responsiveness and interpretability are off great interest what comes to the
use of PROMs to evaluate the treatment usefulness. The COSMIN panel ended
in definition of responsiveness as follows: “The ability of the instrument to
detect (important) change over time in the construct to be measured”. The word
important was left out from the definition, because it was more related to the
interpretation of the change score (Mokkink et al. 2010a). Beaton et al. (2010)
defined the taxonomy for the responsiveness introducing three aspects in it.
First the who axis, where the focus should be on to whom the measure is being
used, was introduced. Second they discussed about the which part of the
responsiveness. Is the evaluation of the responsiveness done with the data of
the scores collected at one point of time or over time? Thirdly, they wrote about
what kind of responsiveness or change is being analysed. The observed change
as statistically significant change, or important change as clinically relevant
change?

These two taxonomies and terminologies defining the responsiveness rise
an important question of the change. de Vet et al (2010, p. 204) states
unambiguously, that responsiveness is always calculated as a change between
minimum two measurement points. The measurement has to be done in the
population, which is assumed to change in the measured construct towards one
direction or another over certain time interval. Instead, Beaton et al. (2001)
describes five separate perspectives of the change scores depending on how the
change is quantified. Most obvious is the change, which is possible to detect by
an instrument based on its range. As an example, the 12-item WHODAS
minimum total score is 0 and maximum is 48 when the possible range is 0 - 48
giving a 0 as ‘Minimum potentially detectable change’. The second is ‘Minimally
detectable change’ (MDC) where the change is defined as true change plus error.
The MDC can be quantified using distribution based methods utilizing the
standard deviation (SD) and known reliability coefficient of the instrument. de
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Vet states that MDC is an important value to interpret the change scores (de
Vet & Terwee 2010). Beaton et al. (2001) continues by introducing the ‘Observed
change’ referring to known efficacy and the ‘Estimated change’ referring on
external standard as patients or clinicians own evaluation of the improvement.
The last perspective of the change, is the important change. Here, the question is,
who interprets, what is important change? The measure can probably detect
change, but is the observed change important to the patient? Or is the
experienced or detected change important to the stake holders? Or does the
researcher decide, what is the cut-point of important change in hypothese
testing, when using the criterion approach?
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TABLE 2 Psychometric property domains, aspects, evaluation methods and characteristics
Domain Psychometric properties Property aspects Examples of the statistical methods
Internal Consistency Cronbach's alpha, KR-20, chi square
Test-retest, inter-rater, .
Reliability Reliability intra-rater ICC kappa or weighted kappa
Measurement error Test-retest, inter-rater, SEM, SDC, LoA
Intra-rater
Content validity Face validity N/A
o - Concurrent validity,
o Criterion validity predictive validity Correlation, ROC
Validity Structural validity EFA, CFA, IRT for (uni)dimensionality
Construct validity Hypotheses testing Adequate tests related to hypothese to be tested
Cross-cultural validity CTT: CFA, IRT: DIF
Responsiveness Responsiveness Adequate tests related to hypothese to be tested (correla-
tion between change scores, mean difference, ROC)
Interpretability Distribution, mean, SD,

KR-20 = Kuder Richardson, ICC = Intra Class Correlation, SEM = Standard Error of Measurement, SDC = Smallest Detectable Chance, LoA = Limits of Agreement, N/A
= Not Applicable, ROC = Receiver Operating Characteristic, EFA = Explorative Factor Analysis, CFA = Confirmatory Factor Analysis, IRT = Item Response Theory, CTT
= Classical Test Theory, DIF = Differential Item Functioning, SD = Standard Deviation



24 Developing WHODAS 2.0

Construct

The unidimensional conceptual framework of latent trait (functioning) of the
WHODAS 2.0 is based on the ICF framework, the ICF Checklist and the ICF
Core Sets. Six WHODAS domains cover the dimensions of functioning: a)
cognition, b) mobility, c) self-care, d) getting along, e) life activities and f)
participating in society (Ustun et al. 2010b, p. 4, Ustun et al. 2010a).

Target population and measurement purposes

The WHODAS 2.0 was developed to evaluate disability and functioning in
generic adult population or with individuals in clinical or research use (Ustun
et al. 2010b, p. 3-4) for various purposes. It was developed to evaluate the
limitations on activities and participation despite the medical diagnosis.
Furthermore, it was elaborated to discriminate the disability and functioning
levels or to evaluate the effect of health or other interventions (Ustun et al.
2010b, p. 4). The WHODAS 2.0's method to measure functioning is set on the
performance level (questioning what person does) and uses multiple items
based on six domains linked to an ICF framework (Ustun et al. 2010b, p. 11).

Selecting and formulating the items and item reduction

In order to generate a shared understanding of disability and its variation, focus
group and expert interviews were conducted in various countries representing
wealthier and poorer societies. The extensive scale review of health assessment
methods was utilized to understand the cultural variation in health and
disability measure. The continuance towards generic questionnaire included
the pooling of the items was based on cross-cultural studies done in 19
countries in Europe, Asia, Africa and North America (Chatterji et al. 2001, p. 21-
27 Ustun et al. 2003b, Ustun et al. 2010b, p. 12-13, Ustiin et al. 2010a). As a result
of Cross-Cultural Applicability (CAR) -study as a pilot study, 96 functioning
related items under next six domains were detected: Cognition, mobility, self-
care, getting along, life activities and participation. Along with item production,
in the CAR-study the WHODAS 2.0 was piloted for cross-cultural validity
(Room et al. 1996, Ustun et al. 1999, Chatterji et al. 2001, p. 21-27 Trotter et al.
2001). Several pilot and field studies were conducted to reduce the number of
items from 96 to final 36 and the shorter 12-item version of the measure (Ustun
et al. 2010 a,b).

Measurement level and Item/scale scoring

In the WHODAS 2.0, each item is evaluated using five response categories in
ordinal scale with a verbal description: 1 "None", 2 "Mild", 3 "Moderate", 4
"Severe" and 5 "Extreme or cannot do", or the scoring may be changed in use
from 0O to 4. The scoring is completed using a simple or complex method, where
simple scoring the given response in each item is summed without weighting of
the items. Simple sum score may be reliable if the structure of the tool is
unidimensional (Ustun et al. 2010b, p. 19) and has a good internal consistency
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(Sloan et al. 2002). Instead, in complex scoring, the IRT based difficulty level of
each item is noticed.

Furthermore, the sum score is defined based on weighed scores and the
severity of each given response. Complex scoring utilizes a computer program.
In addition to the total score, in the 36-item version, the domain scores can be
calculated for each domain using a simple or complex scoring method. Based
on the pilot studies completed in 19 countries (n=1431), the population norms
of a total score of the WHODAS 2.0 are available for both, 36-item and shorter
12-item version (Ustun et al. 2003a, p. 768, Andrews et al. 2009, Ustun et al.
2010Db, p. 43-44).

2.5 WHODAS 2.0 pilot and field testing

Followed by an extensive review of disability and health measures, the experts
grouped the pooled data of possible items on six existing WHODAS domains:
cognition, mobility, self-care, getting along, life activities and participation
(Ustun et al. 2010b, p. 12-13). The meaningfulness, universality and cross-
cultural feasibility of the pooled and categorized items were investigated in the
Cross-cultural applicability (CAR)-study, which was conducted using several
qualitative and quantitative methods. Utilizing the results of the CAR-study,
the 96 items WHODAS 2.0 version was developed for field testing (Room et al.
1996, Ustun et al. 1999, Chatterji et al. 2001, p. 21-27, Trotter et al. 2001, Ustun et
al. 2001, p. 320).

Ustun et al. (2010) describe the two phases of WHODAS field testing: The
tirst phase was aiming at item reduction and feasibility. Phase I studies used the
96-item version of WHODAS 2.0 to find out, which items were dispensable or
unnecessary, to investigate, how the shorter version performed and to explore
the rating scales feasibility. The study samples varied from 43 to 283 study
participants at 21 different sites. The samples consisted of different physical and
mental health statuses. The final item selection was based on qualitative field
studies, analysis of missing values, item factor loadings, minimal cross-loading,
high discriminative ability of the items at the whole range of disability and only
slight overlapping of the items (Ustun et al. 2010a, Ustun et al. 2010b, p. 14-16).

The second phase focused on reliability and validity studies. Several
psychometric properties were tested at 16 study sites around the world. The
study samples in different study sites varied from 57 to 140 consisting of the
general population, people with physical, mental or emotional problems and
alcohol or substance use. Both genders were recruited for studies from 18 years
old or above.

Reliability was tested using test-retest design and results were presented
as intra-class correlation coefficient and kappa values. Item total correlation and
Cronbach's alpha was used to detect domains and items internal consistency. In
these studies Cronbach's alpha varied between 0.79 and 0.98 in six disability
domains the total internal consistency in 36-item WHODAS 2.0 being 0.96
(Ustun et al. 2010b, p. 19, Ustun et al. 2010a).
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The principal component analysis was utilized to reveal the construct
validity of the measure. The analysis confirmed the hierarchical structure of
general disability factor and six factors representing the disability domains. All
the factor loadings were >0.77 (Andrews et al. 2009, Ustiin et al. 2010). Factor
structure of the items and domains were also explored in the second phase of
tield studies using confirmatory factor analysis. The results remained the same
as in phase 1 factor analysis (Ustun et al. 2010b, p. 21).

Furthermore, to detect responsiveness and concurrent validity, the 36-item
WHODAS 2.0 version was used in Chwastiak and Von Korf (2003) and Ustun's
(2010a) reports. The field-testing was conducted amongst various patient
populations in nine different countries. The results showed highest correlations
between the WHODAS 2.0 total score and measures, which were developed to
measure functioning and disability as London Handicap Scale (r=0.75), WHO
Quality of Life Measure (r=0.68) and Functional Independent Measure (r=0.68).
As anticipated, the correlation between the Short Form Health Survey (SF)
mental health part and WHODAS was low, (r=0.17) because SF measures signs
of illness, not the disability, solely. Responsiveness to change was evaluated
using repeated measures design and calculating effect sizes from the change in
mean divided by standard deviation at baseline. The effect size for the
WHODAS total score in back pain patients was 0.6 and people with depression
0.65. The difference between baseline and follow-up was statistically significant
in both populations (Chwastiak & Von Korff 2003, Ustun et al. 2010a).

For the scoring, dichotomized version (0 denoting no limitations and 1, 2,
3 or 4 denoting any limitation) and the polytomous version where 1 denoting
none (limitation), 2 denoting mild, 3 denoting moderate, 4 denoting severe and
5 denoting extreme limitation were tested utilizing Rasch model and
polytomous partial credit model (PCM) derived from Rasch model. Both
scoring methods were found to be compatible. Also, the IRT based population
norms for 36 and 12-item WHODAS 2.0 were derived during the field studies.
Getting 22 points out of 100 sets an individual in the 80t percentile of the whole
population in 36 -item WHODAS and receiving 11 out of 100 sets an individual
in 82nd percentile of the studied population (Ustun et al. 2003a, p. 767-768,
Ustun et al. 2010b, p. 22, Usttin et al. 2010a).

2.6 Summary of the newest literature of WHODAS 2.0

As described in the previous chapters, extensive psychometric research was
done during the WHODAS 2.0 development phase. Federici et al. (2009b)
conducted their first literature review on WHODAS II psychometric properties
and updated the review on 2017. Based on Federici et al. (2009b) work,
WHODAS has been utilized extensively as a PROM in numerous studies, and
its psychometric properties have been studied continuously. However, in their
2009 review, only eight studies published between 2000 and 2008 were reported
to be psychometric researches. In these studies, the 6-domain factor structure
was confirmed using factor analysis. Based on the internal consistency
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expressed mostly by Cronbach's alpha, the WHODAS II was found to be
reliable, the reliability coefficient varying between satisfactory and high.

Furthermore, the measure was found to be valid based on construct
validity, convergent validity and discriminant validity (Yoon et al. 2004,
Chisolm et al. 2005, Posl et al. 2007, Buist-Bouwman et al. 2008, Von Korff et al.
2008). Posl et al. (2007) also reported the WHODAS II responsiveness as a
sensitivity to change. The statistical significance between two measures of the
total score was found in all studied diagnose groups except in the stroke
population (Posl et al. 2007).

In Federici et al. (2017) review, 49 of the 810 studies are expressing
psychometric properties of the WHODAS 2.0. Of those, 37 were published after
Federici's (2009) first review. The studies reported alpha values for a total score
between good (0.80 to 0.90) and excellent (>0.90). For 36-item WHODAS, the
factor structure was unidimensional and consisted of two-level factor structure
with one general disability factor and six second level disability domains
(Ustun et al. 2010a). The similar factor structure could not be supported for the
post-stroke population (Kucukdeveci et al. 2010). For 12-item WHODAS the one
general disability structure was confirmed in several studies (Luciano et al.
2010c, Kirchberger et al. 2014, Carlozzi et al. 2015). The reliability of WHODAS
2.0 was explored using test-retest setting. The intraclass correlation coefficient
amongst different populations varied between 0.92 (schizophrenia) and 0.95
(inflammatory arthritis) (Baron et al. 2008, Guilera et al. 2012). The Federici’s
(2017) review presented dozens of studies reporting concurrent validity
between WHODAS and World Health Organization Quality of Life (WHOQL)
and WHODAS and SF 36 both cases showing inverse correlations ranging from
-0.41 to -0.70 (Federici et al. 2017).

To conclude, only thirteen of 37 studies reporting psychometric properties
of WHODAS were studying 12-item version, and of those, one of the studied
population consisted of arthritis patients. Three had a general population
consisting of different diagnoses or were classified as older people (Federici et
al. 2017). None of the studies reported 12-item WHODAS 2.0 psychometric
properties amongst musculoskeletal population only, and the critical value,
minimal clinically important difference score of the WHODAS 2.0 has not been
confirmed.
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3 PURPOSE OF THE STUDY

The purpose of this dissertation was to explore the validity and interpretability
of the 12-item WHODAS 2.0 amongst people with chronic musculoskeletal pain.
This study is part of the more extensive validity and implementation of the
International Classification of Functioning, Disability and Health (ICF) project.

The next specific research questions will be covered.

1. What is the available evidence of the 12-item WHODAS 2.0
psychometric properties in the general population with non-acute
physical disabilities? (Study I)

2. Does a floor or ceiling effect exist in the 12-item WHODAS 2.0 amongst
people with chronic musculoskeletal pain? (Study II)

3. Is there a significant gender-related differential item functioning (DIF)
in the 12-item WHODAS 2.0 amongst people with chronic
musculoskeletal pain? (Study III)

4. What is the minimal detectable change and minimal clinically
important difference in the 12-item WHODAS 2.0 amongst people with
chronic musculoskeletal pain? (Study IV)
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4 RESEARCH METHODOLOGY

4.1 Research process and dissertation structure

This thesis consists of a systematic review (Study I) and three original articles
(Studies II-IV). The studies II-IV utilize the cross-sectional data of the larger
ongoing project “Validity and implementation of International Classification of
Functioning, Disability and Health (Turku ICF-study)”. After collecting the data
in Turku ICF-study project, the systematic review (Study I) was conducted to
find out the most important missing psychometric properties of the 12-item
WHODAS 2.0. Based on the review and the data properties, the research
questions II, III and IV were formulated. Figure 5 presents the research design
of this thesis and table 3 presents the study designs, population, main diagnosis
and psychometric properties under research.

Turku ICF-Study: Data for studies II-
v Systematic review (Study I)

PSYCHOMETRIC PROPERTIES OF 12-ITEM WHODAS 2.0
AMONGST PATIENTS WITH CHRONIC
MUSCULOSKELETAL PAIN

Research questions
I-1v

Study II Study I1I Study IV

FIGURE 5 Research process based on the data of the Turku ICF-study and the
systematic review
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TABLE 3 Description of the study designs, participants, diagnoses and
psychometric properties

Participants Psychometric pro-
Study  Design (n) /number Main diagnose e P
. perties
of studies
Convergent validi-
ty, concurrent va-
. . . lidity, responsive-
I fgf;‘f‘rﬁatm 59,408/14 P;U;r:j’:l v(;zggbaﬂ?on-acute ness, structural
phy ty validity, discrimi-
native ability, test-
retest reliability
I erss— 1,988 Chromc musculoskeletal Interpretability
sectional pain
" Cro'ss— 1,988 Chromc musculoskeletal Construct validity
sectional pain
v Cro'ss— 1,988 Chroruc musculoskeletal Interpretability
sectional pain

4.2 Study I Systematic review

Systematic review for this dissertation was conducted following the Preferred
Reporting Items for Systematic Reviews (PRISMA) described by Moher (Moher
et al. 2009).

4.2.1 Eligibility criteria, literature search and study selection

For the literature search, the original articles, short communications and letters
to editors published in peer-reviewed academic journals were searched without
language or time of publication restrictions. Conference papers and theses were
excluded. The search was allocated in Medline, Embase, Web of Science, Scopus
and PsycINFO databases in January 2019. The papers focusing on primary
psychiatric diagnoses, acute traumas and other acute conditions, hearing loss
and progressive neurological disorders and the population under 19 years of
age were excluded. To obtain comprehensive result in literature search, the
search clauses were left very generic. An example of search strategy with clause
and filters is presented in table 4. The presented search clause was adopted in
all five databases. A detailed information of the search process is given in Study
I. Title and abstract screening was conducted by two independent reviewer
teams and conflicts were solved by consensus or by the referee, the third
reviewer. Full-text screening was completed similarly.
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TABLE 4 Example of the search strategy and the search clause in Study I

Database Search clause and filters

(whodas [TI] OR "World Health Organization Disability As-
sessment Schedule" [TI] OR "who-das" [TI] OR "who das" [TI])
AND ("12" OR "twelve") AND (hasabstract[text])

Medline
(PubMed)

4.2.2 Data extraction

For the qualitative analysis of 12-item WHODAS, the following psychometric
properties were extracted by one reviewer: validity, reliability, responsiveness
and interpretability as minimal detectable change (MDC) and minimal clinically
important difference (MCID). The predefined researcher designed form was
used to collect the data. The form included information of title of the study, first
author, publication year, country of origin, the setting of the study, sample size,
gender distribution, age, primary psychometric measure, main quantitative
result, main diagnose if possible and the conclusions of the study.

4.3 Construct validity (Study III) and interpretability (Study II
and IV) of 12-item WHODAS 2.0 amongst people with chron-
ic musculoskeletal pain

4.3.1 Study design and participants (Studies II-IV)

The analysis and results of studies II-IV were derived from the cross-sectional
data collected as part of the Turku ICF-project, in the Hospital District of
Southwest Finland. Turku ICF study aims to develop the primary clinical
practice in Turku University Hospitals (Tyks) physical rehabilitation medicine
(PRM) clinic. Hospital District of Southwest Finland consists of 28 member-
municipalities. Over 200 000 patients use Tyks's services each year. The PRM
clinic is one of the seven outpatient clinics of the operational division of
Diseases of Musculoskeletal System. The patients are referred to physical
rehabilitation medicine department from primary health care units,
occupational health care units and other specialist clinics. The physician’s
referral is always needed for the visit. The majority of the patients referred to
PRM clinic are chronic state musculoskeletal patients; instead, the acute state
patients are treated in other clinics. Most of the PRM clinic patients visit there
only once. The most common reason for the PRM clinic referral is to get the
plan for further examinations or to get the functioning- and work ability
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evaluation. The majority of the patients return to the primary health care or
occupational health care units. Only in single cases the further examination
continues in other specialists’” clinics.

Of 3,150 patients visiting the PRM clinic between April 2014 and February
2017, 1,988 (63%) participated in the study. Participants were volunteer women
and men. The Ethics committee of the Hospital District of Southwest Finland
approved the Turku ICF study protocol (ETMK 60/180/2012). Written
informed consent was obtained from all participants. The characteristics of the
study participants are presented in the chapter 5.2.1 and in the table 5.

4.3.2 Questionnaire

Researcher-designed patient-reported questionnaire was used to record the
data of participants. The questionnaire was sent to the patients a few weeks
before their clinic visit. It was filled out either at home or in the clinic lobby,
before the physician visit. It included a Finnish translation of the 12-item
WHODAS 2.0 (Paltamaa, 2014) and questions concerning pain, body weight
and height, educational level, perceived general health and age.

The self-administered 12-item WHODAS 2.0

The self-administered 12-item WHODAS 2.0 contained next items covering the
most common limitations of functioning appearing in the general population
during the last 30 days: 1. standing for long periods, 2. taking care of household
responsibilities, 3. learning a new task, 4. joining in community activities, 5.
emotional affection by health problems, 6. concentrating doing something for 10
min, 7. walking long-distance as 1 km, 8. washing whole body, 9. getting
dressed, 10. dealing with the people you do not know, 11. maintaining
friendship and 12. day to day work/school. A Likert-like scale in each item is
used to define the severity of the limitation with 0 denoting “no limitation” and
4 denoting “extreme limitation or inability to function”. The total score was the
sum of all 12 items where a score of 48 points represents the worst possible
restriction. The Finnish translation of the 12-item WHODAS is presented in the
publication of Paltamaa (2014).

Pain, body mass index, educational level, general health and age

Pain intensity was defined using eleven point’s numeric rating scale (NRS) 0
denoting "no pain" and 10 "denoting worst possible pain". Educational level
was defined as "further education (which equals in secondary education in
Finland)" vs "no further education (which equals no secondary education in
Finland)", and body mass index (BMI) was defined as the patient-reported body
mass divided by the square of the body height. It was expressed in units of
kg/m?. Perceived general health was defined using five points qualitative scale
describing general health as "good", "somewhat good", "average", "somewhat
bad" and "bad". Descriptions were quantified as 0 denoting "good" and five
denoting "bad". Age was defined in full years at the time of visiting the clinic.
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Medical diagnosis
Participant’s medical diagnosis was available for researchers from Turku
University Hospital’s medical record.

4.3.3 Statistical methods

Studies II-IV. The data in basic characteristics were presented as means,
standard deviations (SD), medians, interquartile ranges and percentage (%)
when appropriate. Statistical comparisons between the groups (genders) in
WHODAS total score, pain score, educational level and BMI were made by
using t-test.

In publication II and III, the WHODAS total score is presented as percentage (%)
of the total score and in publication IV as points. For the clarity, in this
conclusion's results section, in study II and III, the total scores are translated
from percentage to the points using formula (percentage of WHODAS total
score / 100) x 48.

Study 1I. In case of a rough 5-point Likert-type scale used in WHODAS 2.0
individual items, the ceiling and floor effects of WHODAS 2.0 were calculated
numerically as a relative frequency of lowest or highest possible score achieved
by the respondents. The cut-off for a significant floor or ceiling effect was set at
>15%. The distribution of a continuous WHODAS 2.0 total score was analyzed
graphically. The probit plotting method was used to detect the non-normality of
the WHODAS 2.0 total score's distribution.

Study III. To assess a differential item functioning (DIF) in study III, WHODAS
2.0 items were dichotomized as ‘none’ (rated by respondents as ‘0") versus ‘any
limitation” (rated by respondents as ‘1’, “2’, ‘3, or ‘4’). The IRT analysis defined
discrimination and difficulty parameters of a questionnaire. In this study,
discrimination of 0.01 to 0.24 was considered mone' (a totally level regression
curve), 0.25 to 0.64 'low', 0.65 to 1.34 'moderate’, 1.35 to 1.69 'high', and
discrimination >1.69 was considered 'perfect' (Baker F 2001, p. 34). The probit
logistic regression was used to test whether an item exhibits either uniform or
non-uniform DIF between gender groups (Swaminathan & Rogers 1990). A
two-tailed p-value =<0.05 indicated a significant difference between genders.
When significant DIF was observed, the results of the DIF analysis were also
presented and evaluated graphically as item characteristic curves based on 2-
parameter IRT analysis of dichotomized responses.

Study IV. To describe the variability between an individual's observed score and
the true score in study IV, the standard error of the measurement (SEM) was
calculated as SEM = SD x V(1 - rx) where rx« is reliability coefficient of the test -
in this case, Cronbach’s alpha. As the data were cross-sectional, a distribution-
based approach was employed to estimate MCID for WHODAS 2.0. Three
different formulas were used: 1) MCID = SEM, 2) MCID = 0.5 x SD and 3)
MCID = 0.33 x SD. The MDC was calculated as 1.96 x SEM x V2. The MDC was
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also expressed as a percentage (MDC%) - an estimate that is independent of the
units of measurement. Representing the relative amount of random
measurement error, the MDC % was calculated as (MDC/mean WHODAS total
score) x 100. The MDC% <30% was considered acceptable and <10% excellent.

Statistical software. All the analyses were conducted using Stata/IC Statistical
Software: Release 15. College Station (StataCorp LP, TX, USA).
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5 RESULTS

5.1 A systematic review (Study I)

5.1.1 Study selection

A total of 191 records resulted from the literature search. After removing the
duplicates, 86 were screened for eligibility. Of those, 43 studies were excluded
for the following reasons: 3 for hearing loss, 20 for psychiatric disorders, 3 for
trauma, 2 for Huntington disease, 3 for postpartum or pregnancy and 12
records for 36-item WHODAS and general comments. Based on the title and
abstract screening, 13 studies were excluded and remaining 30 were assessed
based on the full text. Finally, 14 records were included in the data extraction
phase. The flow chart of the study selection is described in figure 6.
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FIGURE 6 Flow chart of the study selection in systematic review (Study I)
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5.1.2 Population in selected articles

All the 14 papers were observational studies and published after 2013. Of 14
records, 12 papers focused on working-age people, two for the elderly. The
sample size varied between 80 to 31 251 study participants, and the majority of
the participants were women (from 47% to 98%) The mean age of participants
varied between 41.6 (SD 12.4) and 823 (SD 8.1) years. A noticeable
heterogeneity of health problems was observed among the participants;
patients waiting for elective neuro or joint surgery, patients with
musculoskeletal pain, fibromyalgia or spinal cord injury, general population,
healthy individuals and people compensated for any disabilities.

5.1.3 Psychometric properties of 12-item WHODAS

Reliability of the 12-item WHODAS 2.0 was most commonly reported using
Cronbach’s alpha. The alpha estimates varied from 0.81 to 0.96. The test-retest
reliability was evaluated in two studies. The differences between the repeated
measurements were insignificant.

Construct validity of 12-item WHODAS 2.0 scores were most commonly
reported presenting convergent validity. Most studies showed high correlations
between WHODAS 2.0 and other disability scales, indicating the two scales
measuring the same latent trait. In six of the studies, construct validity was
evaluated using either exploratory factor analysis or principal component
analysis showing a multidimensional structure of the scale. In four of the
studies, the confirmatory factor analysis was used. The result varied from poor
to good fit of the model. The number of factors varied from one common
(disability) factor and six sub-factors to one or two common factors only.

Discriminative validity was assessed using independent samples t-test for
Karnofsky Performance Status scale as disability indicator in one study.
Another study used item response theory to examine the discrimination of the
items. Results were positive and varied from high to perfect.

The distribution of the 12-Item WHODAS 2.0 scores was evaluated in
three studies reporting floor and ceiling effect. Two of the studies reported
substantial (32%) to significant (80%) floor effect. None of the studies reported a
ceiling effect of WHODAS 2.0

The minimal detectable change or minimal clinically important difference
was not reported in any of the studies.
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5.2 Construct validity (Study III) and interpretability (Studies II
and IV) of the 12-item WHODAS 2.0 amongst people with
chronic musculoskeletal pain

5.2.1 Characteristics of study participants

The participants’ demographic, health and functioning characteristics are
presented in the table 5. The participants were 48 (SD 6.3) years old, and 1 297
(65%) were women. The average WHODAS 2.0 total score was 13.1 (SD 9.4),
and the average intensity of the pain was 6.3 (SD 2.0) points. Most of the
patients (n=1 746, 88%) had a main diagnosis 'M' - 'Diseases of the
musculoskeletal system and connective tissue' - according to the International
Classification of Diseases version 10. The most frequent diagnoses were 'M54
Dorsalgia' (n=781, 39%) and 'M79 other soft tissue disorders' (n=202, 10%). 67 %
of participants had no high school education, and 33% informed high school
education. The average BMI level within study participants was 27.4 (SD 5.7).

TABLE 5 Characteristics of the study participants in studies II-IV
Variable Total Men Women  p-value
N 1,988 (100%) 691 (35%) 1,297 (65%)
Demographics
Age, years, mean (SD) 47.6 (6.3) 47.6 (14.7) 475 (15.1) 0.927
No high school, n (%) 1,258 (67) 515 (79) 743 (61) <0.001
High school, n (%) 609 (33) 136 (21) 473 (39)
Health status
Body mass index, mean (SD) 27.4 (5.7) 28.2(5.1) 27.0 (6.0) <0.001
Pain, points, mean (SD) 6.3 (2.0) 6.2 (2.0) 6.4 (1.9) 0.005
Diagnoses
Dorsalgia, n (%) 781 (39)
Other soft tissue disorders, n (%) 202 (10)
Functioning
WHODAS total score, mean (SD) 13.1 (9.4) 13.0 13.0 0.843

WHODAS total score median and

(inter quartile range) 12 (6 to 19)
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5.2.2 Floor and ceiling effects of 12-item WHODAS 2.0 (Study II)

The distribution of the WHODAS total score and all item scores separately was
examined. A significant floor effect was observed in all twelve WHODAS 2.0
items varying from 15% to 79% (table 6). Figure 7 displays the substantial floor
effect for a total score as well. No ceiling effect was detected for any of the
WHODAS 2.0 items.

TABLE 6 Summary of the floor and ceiling effects of the WHODAS 2.0 per item
. Floor Ceiling
WHODAS item
% %
Standing for long periods 29 0
Taking care of household responsibilities 21 0
Learning new task 74 1
Joining in community activities 46 6
Emotional affection by health problems 15 3
Concentrating doing something for 10 min 56 2
Walking long distance as 1 km 37 14
Washing whole body 51 2
Getting dressed 42 1
Dealing with people you don’t know 79 2
Maintaining friendship 62 2
Day-to day work/school 18 0
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FIGURE 7 Floor and ceiling effects of WHODAS 2.0 total score

5.2.3 Differential item functioning of 12-item WHODAS 2.0 (Study III)

In the discrimination ability of 12-item WHODAS analysis, the total scores of
the WHODAS 2.0 were 13.1 (SD 9.4) points (men 13.0 and women 13.1)
(p=0.843). The differences between men and women in BMI (p<0.001), pain
severity (p=0.005, 95% CI 0.01 to 0.38), and educational level (p<0.001) were
statistically significantly different. High to perfect discrimination ability was
observed for all the items except for item 9 ‘dressing’ with moderate

discrimination (table 7).
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TABLE 7 Discrimination values of each WHODAS 2.0 item with 95% ClIs

95% confidence limits

WHODAS 2.0 Item Discrimination
Lower Upper

1 Standing for long periods 1.45 1.32 1.58
2 Household responsibilities 2.29 211 248
3 Learning a new task 1.68 1.49 1.87
4 {;)ei?ing in community activi- 27 247 294
5 Emotionally affected by health 179 164 194

problems
6 Concentrating 1.92 1.74 21
7 Walking a long distance 1.49 1.36 1.63
8 Washing 1.72 1.56 1.88
9 Dressing 1.34 1.21 1.47
10 Dealing with people you don’t 205 182 599

know
11 Maintaining a friendship 218 1.97 2.38
12 Day to day work 1.82 1.67 1.97

Based on the IRT model, the difficulty of the items was studied. The levels of
latent ability (functioning) on eight items - ‘3 learning’, 4 “joining in community
activities’, 6 ‘concentrating’, 7 ‘walking’, 8 ‘washing’, 9 “dressing’, 10 ‘dealing
with people you don’t know’, 11 ‘maintaining friendship’- were shifted
towards the elevated disability level to adopt certain score compared to average
disability level of the entire studied population. Other four items 1 ‘standing’, 2
‘household responsibilities’, 4 ‘being emotionally affected” and 12 “day to day
work” demonstrated a perfect difficulty property (table 8).

In the table 8, the positive values on the ability column are denoting
higher disability levels, and the negative values represent the lower disability
levels. Interpretation of the results in the table 8 are as follows: If a person’s
latent ability level in item 1 is -0.87 the score 1 will be endorsed. If the latent
ability sets on location -0.19, score 2 will be endorsed. If the latent ability is 0.61,
the score 3 will be selected, and the score 4 will be selected, if the latent ability
of functioning is located on the level 1.62 on X-axis.
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TABLE 8 Difficulty properties of each WHODAS 2.0 item with 95% Cls, the ability
column presenting per score the latent ability location on X-axis in IRT
analysis item characteristic curve

1 Standing 2 Household
Score Ability 95% CI Score Ability 95% CI
>=1 -0.87 -0.98 -0.76 >=1 -1.02 -1.11 -0.93
>=2 -0.19 -0.28 -0.11 >=28 -0.12 -0.19 -0.05
>=3 0.61 0.52 0.7 >=3 0.78 0.7 0.86
4 1.62 1.47 1.76 4 1.89 1.76 2.03
3 Learning new 4 Joining community
Ability 95% CI Ability 95% CI
>=] 0.91 0.81 1.01 >=] -0.12 -0.19 -0.05
>=2 1.59 1.44 1.74 >=2 0.51 0.44 0.58
>=3 2.23 2.02 2.44 >=3 1.04 0.96 1.12
4 3.29 2.93 3.65 4 1.8 1.68 1.93
5 Emotional affection 6 Concentrating
Ability 95% CI Ability 95% CI
>=] -1.47 -1.59 -1.35 >=] 0.19 0.11 0.26
>=2 -0.17 -0.25 -0.09 >= 0.95 0.86 1.04
>=3 0.74 0.65 0.83 >=3 1.76 1.62 1.9
4 2.6 2.39 2.81 4 2.82 2.57 3.06
7 Walking 8 Washing
Ability 95% CI Ability 95% CI
>=1 -0.49 -0.59 -0.4 >=10 0.04 -0.03 0.12
>=2 0.2 0.12 0.29 >=2 1.04 0.94 1.14
>=3 0.87 0.76 0.97 >=3 1.83 1.68 1.99
4 1.67 1.52 1.82 4 2.96 2.69 3.23
10 Dealing with people you
9 Dressing don’t know
Ability 95% CI Ability 95% CI
>=] -0.32 -0.42 -0.23 >=] 1.02 0.92 1.11
>=2 1.05 0.94 1.17 >=2 1.54 1.41 1.67
>=3 2.1 1.9 2.29 >=3 2.08 1.91 2.26
4 3.93 3.49 4.36 4 2.81 2.55 3.08
11 Maintain friends 12 Day-to-day work
Ability 95% CI Ability 95% CI
>=] 0.37 0.3 0.44 >=] -1.28 -1.4 -1.17
>=2 1.1 1.01 1.2 >=2 -0.37 -0.45 -0.28
>=3 1.71 1.58 1.84 >=3 0.44 0.35 0.52
4 2.75 2.51 2.98 4 1.2 1.09 1.31

All p-values <0.001 except for 2 p=0.001 and b p=0.279.
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Significant DIF between the genders was observed in seven out of 12 items:
‘household responsibilities’, “being emotionally affected’, ‘concentrating for 10
minutes’, ‘washing’, ‘dressing’, ‘dealing with people you don’t know’, and
‘work’. All the detected DIFs were uniform (table 9).

TABLE 9 The Chi? test results on <0.05 significance level showing WHODAS 2.0
items with uniform differential item functioning between men and
women

WHODAS 2.0 items Chi? p-value

2 Household responsibilities 10.84 0.001

5 Emotional affection 10.9 0.001

6 Concentrating 13.5 0.0002

8 Washing 12.27 0.0005

9 Dressing 7.57 0.0059

10 Dealing with people you don’t know 8.49 0.0036

12 Day-to-day Work 3.97 0.0464

For items 2 “household responsibilities’, 5 “emotional affection” and 12 “work’,
men had to experience slightly worse disability than women to achieve the
same score. A reverse effect was observed for items 6, 8 9 and 10
(‘concentrating’, “washing’, ‘dressing’, ‘dealing with people you don’t know’)
(figure 8).
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Y-axis presents the probability of endorsing the item. X-axis presents the ability level.
Estimates for men in dash lines, estimates for women (or the entire sample) in solid lines.

FIGURE 8 Item characteristic curves of WHODAS 2.0 items 1-12 visualizing DIF
between the genders and difficulty and discrimination abilities of the
items.

5.2.4 Minimal clinically important difference and minimal detectable
change of the 12-item WHODAS 2.0 (Study IV)

The distribution of the WHODAS 2.0 total score was abnormal with a shift
towards the mild disability levels (figure 9). As the median and mean points
were alike, the distribution was considered close to normal enough to proceed
with calculations based on mean and standard deviation. The Cronbach’s alpha
as a measure of internal consistency was good 0.89. The mean WHODAS 2.0
total score was 13.1 (SD 9.4) and median 12 (Interquartile range from 6 to 19,
range 0 to 48) points.
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FIGURE 9 The distribution of the WHODAS 2.0 total score amongst people with
chronic musculoskeletal pain

The MCID estimates for WHODAS 2.0 ranged from 3.1 (calculated as SEM as
1/3 of SD) to 4.7 points, respectively. The MDC was 8.6 points, and MDC% was

66%.
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6 DISCUSSION

The main findings of this thesis were that amongst the chronic musculoskeletal
pain patients, the 12-item WHODAS 2.0 demonstrated a high MDC of almost
nine points. As the MDC exceeded the level of MCID, nine points were
considered to be the amount of change perceived by a respondent as clinically
significant. A significant floor effect (>15%) was seen in all 12 items. A
substantial floor effect for a total score was also detected graphically. A
significant uniform gender-related DIF was detected in seven out of 12 items.

6.1 Methodological considerations

The strength of the study was the large study sample, almost 2000 chronic
musculoskeletal patients who completed the 12-item WHODAS 2.0
questionnaire. In the systematic review, the number of participants varied
between 80 to 31 251 participants (mean n 3 969, median 183). Furthermore,
compared to the studies conducted during the development of the WHODAS
2.0 (Ustiin et al. 2010 a,b), in the present studies II-IV the sample was more
homogenous and gave a reasonable basis on the specific psychometric
evaluation of the measure for the adults with musculoskeletal pain. On the
other hand, our sample did not include people with osteoarthritis and
rheumatoid arthritis, two of the most common disabling musculoskeletal
conditions in the world (Briggs et al. 2018). Instead, Baron et al. (2018) and
Kutlay et al. (2011) examines the validity and reliability of WHODAS 2.0
amongst osteoarthritis and rheumatoid arthritis patients, but the 36-item
version of the WHODAS 2.0 was explored in both studies (Baron et al. 2008,
Kutlay et al. 2011). Thus, according to the large study sample, the results of the
present study may be generalized in a population having the main diagnosis of
'Diseases of the musculoskeletal system and connective tissue” and under that,
‘Dorsalgia’ and ‘Other soft tissue disorders’.

From a methodological point of view, it has to be acknowledged that
despite the large sample and sampling method, consecutive physical medicine
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rehabilitation policlinic patients, one fourth reported only 6 points out of 48
WHODAS total score, and three fourths less than 20. It seems that the studied
population was not very heterogeneous in regards to measured disability with
12-item WHODAS 2.0. Gaskin et al. (2017) noticed in specific psychometric
evaluations that a skewed sample distribution with a high number of
participants evaluating their disability level very low resulted in censored data
(Gaskin et al. 2017). That might also be the case in regards to results obtained in
the study II - Floor and ceiling effects of 12-item WHODAS 2.0. However, the
large sample size allows the use of powerful item response theory, which was
used in study II to detect the DIF of the 12-item WHODAS 2.0. The two-
parameter model requires at least 500 participants for the measure development
(Kean & Reilly 2015, p., 197).

To our knowledge, this is the first study to explore interpretability or
responsiveness (Beaton et al. 2001, Mokkink et al. 2010a) of the 12-item
WHODAS 2.0 score in people with chronic musculoskeletal pain. It is also
notable that the recent systematic review of Federici et al. (2017) identified only
one study presenting the minimal clinical important difference and minimal
detectable change of the WHODAS 2.0 total score for institutionalized
ambulatory older adults (Silva et al. 2019). Federici et al. (2017) results are in
line with the results of the Study I. The information of the estimates of the
minimal detectable change and the minimal clinically important difference are
essential when the clinicians are evaluating the usefulness of selected measures
and finally, the rehabilitation results.

However, there are certain limitations according to the statistical method
used in the current study to explore the MCID and MDC. Part of the literature
supports the use of an anchor-based method to detect the minimal clinically
important difference in the scale (de Vet & Terwee 2010). The anchor (patient or
clinicians” own expression of the change in the functional status, pain or other)
is used to detect the correspondence of the anchor and the studied measure.
Regardless, the distribution-based methods are also used in psychometric
studies (Kohn et al. 2014). The current study utilized distribution-based method,
as there was no anchor available as external criteria. Therefore, the
interpretation of minimal clinically important difference score on an individual
level based on the present study results should be cautious.

In Beaton et al. (2001) extensive non-systematic literature review, the
authors have created a tri-axial taxonomy of responsiveness. The taxonomy
highlights the multifaceted phenomenon of responsiveness. Beaton et al. (2001)
names three axes in the taxonomy: The first axis, ‘Who" describes to whom the
interpretation of the results is utilized, individual or group level. The second axis
‘Which’, describes, at which time point the data for the MCID or MDC
estimation were gathered; At a single cross-sectional point, when the
distribution between persons is utilized, or over a specific time to assess the
within-person change. These two concepts of the time point represent different
aspects of responsiveness and should not be treated as the same (Beaton et al.
2001). Still, there are studies where the MCID for longitudinal use has been
estimated utilizing cross-sectional between-person settings. The results differ
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from anchor-based methods but may be used to give an estimation of the MCID
for within-patient setting (Redelmeier & Lorig 1993, Redelmeier et al. 1996).
Thirdly, the taxonomy refers to the 'What' axis, which defines various types of
changes. As in present study, one of the changes is minimal detectable change,
expressing the amount of change in the total score, which is found to be true
without the measurement error. In current study, due to the cross-sectional
setting, the widely used internal consistency unit, Cronbach's alpha, was
utilized instead of the reliability coefficient to calculate standard error of
measurement for the minimal detectable change (Haley & Fragala-Pinkham
2006).

However, the present study gives important novel information of the 12-
item WHODAS 2.0 psychometric properties, especially the minimal detectable
change and differential item functioning, which both are important factors
while developing, choosing and interpreting a measure and its results in clinical
use amongst patients with musculoskeletal pain.

6.2 A systematic review of the 12-item WHODAS 2.0

To conduct the systematic review of the psychometric properties of the measure,
certain guidelines or steps have been proposed. de Vet et al. (2011) lists ten
general steps for a systematic review of measurement properties. The list does
not differ considerably on the phases of other type of reviews (de Vet et al. 2011,
p- 276). Only one systematic review and one non-systematic review of the
WHODAS 2.0 have been published before the study I. Federici et al. (2009, 2017)
conducted their reviews aiming to answer the general research questions
concerning the usage, versions, language, psychometric properties etc. of the
WHODAS II and WHODAS 2.0. The psychometric properties of the measure
was one question among the others. The research question was not precisely
focusing on certain psychometric property of certain version of the measure on
certain patient population. Therefore the comparison of Federicis et al (2017)
reviews results on current study is limited. In the current study, the focus was
primary on the all psychometric properties of the 12-item WHODAS 2.0 and
turthermore, the study focused on people with non-acute physical reasons of
disabilities. The convergent result with Federici et al. (2017) and current study
was that the MDC or MCID of the score were not known. Instead, contradicting
results concerning the unidimensionality of the 12-item WHODAS 2.0 structure
was found. In Federici et al. (2017) review they found six studies reporting one-
factor solution, instead in the current review only one of the nine studies using
either EFA, PCA or FA, reported good model fit for unidimensional structure of
the 12-item WHODAS 2.0. The methodological limitation in current study was
the fact that the methodological evaluation of the included studies was not
conducted. Notable is that only four publications explored the psychometric
properties of WHODAS within the musculoskeletal patients and three of them
utilized the same population. To get wider understanding of the psychometric
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properties of the 12-item WHODAS in musculoskeletal population, more
research should be done.

6.3 Floor and ceiling effects of the 12-item WHODAS 2.0

Generally, the interpretation of the results between different studies was
complicated because of the heterogeneous use of the concepts. The linkage of
the items and WHODAS 2.0 domains clarifies the comparison of the results
(table 10). Part of the studies published before the present study expressed the
results using the domain level, and others used the item level. The 12-item
WHODAS 2.0 version is comprised of two items (questions) from each six
domains of the WHODAS 2.0.

Concerning the second research question, the significant floor effect for 12-
item WHODAS 2.0 total score and all twelve different items were found in
present study. The highest floor effects were detected under ‘cognition” and
‘getting along’ domains (table 10). As far as we know, this was the first study
detecting the floor and ceiling effect of 12-item WHODAS 2.0 total score
amongst people with musculoskeletal pain. Therefore, the comparisons on
previous studies were made considering the different study population and
different versions of the measure. There were only a few reports where the
same 12-item measure was studied in the sense of floor and ceiling effect.
According to Schneider et al. (2015), their study was conducted amongst
maternal depression population. In that study, high, 74% adoption of the lowest
quarter of the total score was reported. The results could not be compared as
the population differed from current on age, diagnose and gender (Schneider et
al. 2015). Again, remarkable floor effect was found in the Kirchberger et al.
(2014) register study of myocardial infarction patients whose infarction had
been taken place 6.5 (2.4) years ago. The floor effect in all twelve items varied
between 28 to 84% depending on the item (Kirchberger et al. 2014). Further on,
floor effects between 25 to 88% were detected using web-based 12-item
WHODAS amongst people with anxiety and stress disorders (Axelsson et al.
2017).

Similar to the results of the present study, were found in the work of
Meesters et al. (2010) amongst older adults diagnosed with rheumatoid arthritis.
Without producing an exact percentage, the authors reported significant floor
effect under domains 'cognition' and 'getting along' in 36-item WHODAS II.
Notable is the small (N=85) study sample size (Meesters et al. 2010), where few
high and low-end scorings affect more on changes in sample distribution than
in the larger sample size.

Furthermore, significant, 59% floor effect was found in non-disabled
people and 39% in various disabled population in 'mobility' domain (in
WHODAS II version domain is named 'getting around') of 36-item WHODAS.
According to Federici et al. (2009), 74 % of non-disabled and 52% of disabled
reported zero points in 'self-care' domain (Federici et al. 2009). In contrary to
present Study II, Wolf et al. (2012) and van der Zee et al. (2014) detected > 15%
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ceiling effect in the items 'understanding” and 'communication' (34-53%) and
domain 'self-care' (18-28%). The studied population, people with spinal cord
injury, completed the 36-item version of WHODAS II (Wolf et al. 2012, van der
Zee et al. 2014).

Due to different versions of the WHODAS and heterogeneous population,
convergent findings between the previous studies and the current study is
difficult to draw. Still, the typical finding is that the scale shows the remarkable
floor effect on all 12 items under all six domains of the measure. In present
study, the population was not severely disabled. The total score was only 13 out
of 48 points. The 12-item WHODAS total score in Study II represented
approximately the same total score, which represents 85% of the population's
total score (Ustun et al. 2010a). Because the present population was gathered
from the physical rehabilitation medicine clinic, where the patients are referred
from the primary health care centres to get the evaluation of their working
ability, the population showed good functioning and low disability level. At the
same time, the findings of the significant floor effect raised the question: Should
the scale be more detailed to detect minor differences in the lower end of the
scale, or should it be used amongst people with more severe disabilities? In
recent study amongst people with low back pain, Cwirlej-Sozanska et al. (2020)
did not detect significant floor effect in 36-item WHODAS 2.0 total score.
Instead, convergent results with Study II in domain level were found. In
Cwirlej-Sozanska et al. study the ‘cognition” and ‘getting along’ domains
exceeded the set 15% floor effect level (Cwirlej-Sozariska et al. 2020). Modern
work highlights the need for learning new tasks and personal capacity for
networking with other people. If the WHODAS 2.0 is used to evaluate work
ability after the rehabilitation, there might be a risk that the measure is not able
to detect the patient improvement, if the scores given at the baseline are already
very low when more sensitive answer options are not available. On the other
hand, the scale may show better functioning ability than a person has, just
because of the floor effect of the measure.
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TABLE 10 Linking WHODAS 2.0 domains and items

Domain # Item description
Cognition 6 Concentrating on doing something
3 Learning a new task
Mobility 1 Standing a long period
7 Walking for long distance ( 1km)
Self-care 8 Washing your whole body
9 Getting dressed
Getting along 10 Dealing with people you don't know
11 Maintaining friendship
Life activities 2 Take care of household responsibilities
12 Day-to day work or school
Participation 4 Joining community activities
5 Emotionally affected by your health condition

6.4 Differential item functioning

In order to determine, how the WHODAS items performed in the chronic
musculoskeletal patient population, the IRT analysis showed in current study,
that in all eleven items of total 12, the discrimination ability was high or perfect
and one of the items ('dressing') showed moderate discrimination ability.
Further, item difficulty indexes of eight items - (learning, joining in community
activities, concentrating, walking, washing, dressing, dealing with the people
you don’t know and maintaining friendships) - were shifted towards the
elevated disability level compared to average disability level of the studied
population. The rest four items (standing, household responsibilities, being
emotionally affected, and work) demonstrated perfect difficulty properties
while the difficulty indexes were evenly distributed around the zero. In the
development phase of the scale the items with low discrimination ability, could
be considered to be deleted, as the patients with different overall disability may
choose the same score for these items. In the current study, the shifted item
location towards elevated disability in eight out of 12 items may reveal on a
question, if the measure is able to discriminate the patients with all levels of
disability, or just between the patients with mild or severe disability.

Significant differential item functioning by genders was found in next
seven items: ‘household responsibilities’, ‘being emotionally affected’,
‘concentrating for 10 minutes’, ‘washing’, “dressing’, ‘dealing with people you
don’t know’, and ‘work’. All the detected DIFs were uniform. For items
‘household responsibilities’, “being emotionally affected” and ‘work’, men had
to experience slightly worse overall disability than women to endorse the same
score as women in a given item. An opposite result was found for items
‘concentrating’, “washing’, “dressing’ and “dealing with people you don’t know’.
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These findings identified several possible problems of the 12-item
WHODAS 2.0 amongst patients with chronic musculoskeletal pain. If the items
are used for screening purposes, the difficulty index of six items under
cognition, self-care and getting along -domains shows that the scales are not
able to distinguish between the people who have limitations in their
functioning from the people who have not. Further on, the items are
functioning differently between the genders under life activities, self-care,
participation, cognition and getting along -domains. Men have to experience
more limitations in their overall functioning to give the same score in the item
than women in the household, work and emotional affection -items. The
opposite was seen in ‘concentration’, ‘washing’, “dressing’ and ‘dealing with
strangers’ -items, where women had to experience higher limitations to give
the same score as men.

The differential item functioning of 12-item WHODAS 2.0 had been
studied earlier in two studies (Luciano et al. 2010c, Kirchberger et al. 2014)
without a sign of DIF by gender. Luciano et al. (2010 a,b,c) and Kirchberger et al.
(2014) studies represented the population with diagnose of first major
depression or myocardial infarction. Kutlay (2011) with her colleagues, studied
the differential item functioning amongst knee osteoarthritis patients using 36-
item WHODAS. They detected DIF by gender in the item 'getting your
household activities done as quickly as needed', which goes under the domain
Life activities, similar findings as in Study III showing the DIF in 'taking care of
household responsibilities' (Kutlay et al. 2011). Furthermore, the study of
Novak et al. (2010) explored the DIF in 10 items in the 16-item WHO-DAS
version during the measure development phase. Their results are not
comparable to present study, as there existed items, which are not included in
12 or 36-item WHODAS 2.0 measure or could not be placed under any of the six
present WHODAS domains.

The results of the current study existing DIF in 12-item WHODAS by
gender were contradicting with previous studies of Luciano et al. (2010a) and
Kirchberger et al.(2014). The contrary results may be explained by the
differences in the studied population, the age group and used statistical method.
In Luciano et al (2010c) study, they used kernel-smoothing technique to detect
DIF while in Study III, the logistic regression was utilized. DIF can be estimated
using several techniques. Moses et al. (2010) compared the most commonly
used statistical methods to show DIF; raw data, logistic regression, log-linear
models and kernel smoothing. In their study, the logistic regression was found
to be most accurate and kernel smoothing technique being least accurate,
especially, if the groups differed in their overall ability, which was also the case
in Luciano et al. (2010 c) research.

Furthermore, the nature of the population according to the disease was
different and maybe affected examinees answers. Myocardial infarction is an
acute, life-threatening stage, whereas the chronic musculoskeletal pain may be
considered as less vulnerable status. That might have affected women and men
experiencing certain items differently in the chronic stage, compared to the
situation of myocardial infarction which affects very fundamental way on a
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person's existence. Therefore, the gender might not be a distinct factor. The
theoretical question of DIF existing or not existing in the same item was further
discussed in the publication of Zumbo (2007) He raised an approach of "The
third generation of DIF" where the test situations affect latent ability. In
Luciano et al. (2010 a,b,c) study, the latent ability, the medical state of the
participants, should be noticed (Zumbo & Gelin 2005, Zumbo 2007). A recent
study of Gomez-Benito et al. (2017) conducted in lower and middle-income
countries verged slightly on this approach. They aimed to explore the factors
explaining the order of self-rated severity of disability in WHODAS using
anchoring vignette questions. Still, their results did not explain gender-related
DIF. Gomez-Olive et al. (2017) were studying the overall variation in disability
for age and gender using mixed methods as Gomez-Benito et al. (2018) suggests
for the use of DIF in validation studies, but they did not detect DIF (Gomez-
Olive et al. 2017, Gomez-Benito et al. 2018).

6.5 Minimal detectable change and minimal clinically important
difference

The fourth question in this research was to find out the MCID and MDC of the
12-item WHODAS 2.0 to be able to interpret the results of the total score in the
future. Amongst patients with chronic musculoskeletal pain, the minimal
clinically important difference ranged from 3.1 to 4.7 points, depending on the
used formula. The minimal detectable change was 8.6 points equivalent of 66%.
To express the importance of these findings, figure 10 visually shows the
relationship between MCID and MDC. The illustration in figure 10 is modified
from the picture of de Vet & Terwee (2011, p. 260). The full line expresses the
possible scores of 12-item WHODAS, which may vary between 0 to 48 points.
In the studied population, the overall WHODAS score in the population was
13.1. Considering the situation where a person was evaluated before
rehabilitation intervention and after, the change in his WHODAS score should
decrease from 13 to 4, or increase from 13 to 22, to show the change to be a real
and meaningful change in functioning without a measurement error. From
rehabilitee's point, the decrease in the score should be between 8 to 10 to be
clinically meaningful, but still there exists the possibility of approximately 4
points of measurement error.
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Change not statistically € > Change statistically
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FIGURE 10 Statistical and clinical expression of MCID and MDC in 12-item

WHODAS 2.0 of chronic musculoskeletal pain patients

For MCID and MDC the present study is as far as we know, one of the few
studies where the minimal detectable change and minimal clinically important
difference of 12-item WHODAS have been explored. This current study
supports the findings of Silva et al. (2019), who reported the 8.15 MDCosy
within elderly participants from nursing home and day-care centre. It has to be
acknowledged that in their report, the WHODAS total scores were presented
per domain, but the presented sum score did not fit in the expressed domain
scores (Silva et al. 2019). In Axelsson et al. (2017) study amongst patients with
anxiety and stress disorders, the minimal clinically important difference was
close to the results of present study, between 3 and 7. To determine the MCID,
Axelsson et al. (2017) used the diagnose specific measure as an anchor.

It is essential to bear in mind that the findings of current study should be
cautiously extrapolated to other patients than chronic musculoskeletal pain out-
patients. The statistical method used in this present study was based on
standard deviation and therefore is sample dependent.

6.6 Practical implications

The findings of this thesis have important implications to understand the
interpretation of the 12-item WHODAS scores when deciding on its use in
health care and rehabilitation practise. Chronic musculoskeletal pain is a
widespread problem but based on the scores of the 12-item WHODAS, the
disability seemed to be only mild in the studied population. It should be
emphasised that followed by the results of the current study, the high floor
effect and difficulty level shifted towards mild disability in several items, the
12-item WHODAS 2.0 can not separate the disability levels in chronic
musculoskeletal pain population. Still, musculoskeletal pain is one of the most
commonly faced problem in PRM clinic and also in physiotherapy practise. It
causes most of the sickness absence in Finland. At the same time,
musculoskeletal pain is probably the leading cause of work presentism long
before sickness absence. If the 12-item WHODAS is utilized for example on
work ability evaluation to observe the functional limitations, the widely
detected floor effect of the measure prevents to identify those people, who are
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actually in the risk of more long-lasting musculoskeletal problems or the
decrease in their functioning.

An interesting finding was also the differential item functioning of the 12-
item WHODAS. In clinical practice, it underestimates the results of the
disabilities in part of the scale in both genders. As noticed before, the reason for
the DIF should be explored more in detail to be able to decide if some of the
questions should be scaled differently for men and women, or should be
dropped out. It is possible that in the studied age group male are slightly more
work-oriented and experience social pressure not to "complain" about their
work ability even it was seen that the overall disability was similar in men and
women. Further, because the questions of the measure are not working
similarly between the different subgroups, there should also be different
reference values for these groups. For now, the 12-item WHODAS scores are
interpreted similarly across the genders. This is not a case, for example, in the
measures which are evaluating the objective physical abilities.

Despite of the statistical method estimating the MDC and MCID of the 12-
item WHODAS in this study, getting the information of these thresholds is an
essential result of this study. From a clinical perspective in individual and
societal side, interpreting the change scores is one way of making decisions in
work ability evaluation and following the rehabilitation results and making the
changes in rehabilitation contents if needed. Knowing the MDC of WHODAS
gives an important reference value for this use.
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7 MAIN FINDINGS AND CONCLUSIONS

The findings of this dissertation can be summarized as follows:

1. Based on the systematic review, the 12-item WHODAS 2.0 scale
showed multidimensionality presenting one common disability fac-
tor and several sub factors

2. The 12-item WHODAS 2.0 showed significant, over 15 percentage
floor effect in all twelve items. The ceiling effect was not detected in
any of the items

3. The 12-item WHODAS 2.0 showed uniform differential item func-
tioning between the genders in seven of twelve items

4. The minimal clinically important difference of the 12-item
WHODAS 2.0 was set between 3.1 to 4.7 points and the minimal
detectable change was 8.6 points

In conclusion, due to the floor effect, the 12-item WHODAS may have
discrimination limitations in the lower end of the scale amongst chronic
musculoskeletal patients with milder disabilities. Men had to experience more
functional limitations compared to women to achieve the same score for the
items defining restrictions in household activities, emotional affection and work.
The opposite result was detected for the items defining concentration, washing,
dressing and dealing with strangers. High MDC of almost nine points might
complicate the use and the interpretation of the total score of WHODAS 2.0 in
the work ability and rehabilitation evaluations amongst chronic
musculoskeletal pain patients. The 12-item self-administered WHODAS 2.0
appeared to be a multidimensional scale, and its total score may represent
different combinations of several contributing factors. Therefore, utilizing the
12-item WHODAS in work ability evaluations or other treatment efficacy
evaluations amongst patients with chronic musculoskeletal pain, all the
previous findings should be taken into consideration while interpreting the
results based on the single total score instead of using item scores. The further
research should be conducted to explore the reliability and validity of domain
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scores in the 12-item version to be able to create a functional profile using the
short version of WHODAS 2.0.
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YHTEENVETO (FINNISH SUMMARY)

12-osaisen WHODAS 2.0 -mittarin psykometriset ominaisuudet kroonisilla
tuki- ja liikuntaelinkipupotilailla

Toimintakyvyn arviointiin on kehitetty luokittelua, malleja ja arviointimene-
telmid vuosikymmenien ajan. Diagnoosildhtoisestd, sairauskeskeisestd arvioin-
nista on siirrytty toimintakyvyn, toimintarajoitteiden ja terveyden kansainvali-
seen luokitteluun (ICF), jonka pohjalta Maailman terveysjdrjesto WHO julkaisi
WHODAS 2.0 Terveyden ja toimintarajoitteiden arviointimenetelmdn taméan
hetkisen version vuonna 2010. Tata WHODAS 2.0 12 kysymyksen mittariversio-
ta on suositeltu kadytettdvaksi aikuisten toimintakyvyn itsearviointiin kuntou-
tustarpeen tunnistamisessa ja kuntoutumisen seurannassa kevadasta 2020 lahtien.
Jotta mittarin antamia tuloksia voidaan tulkita luotettavasti, tulee sen mittaus-
ominaisuuksista olla riittdvasti tietoa. WHODAS 2.0 -mittarista on olemassa
useita eri versioita mittarin kdyttotavan ja osioiden lukumaédran vaihdellessa.
Mittarin pitkdd 36 kysymyksen versiota on tutkittu melko kattavasti, mutta ly-
hyttd 12 kysymyksen versiota vihemman. Esimerkiksi tietoa mittarin antaman
pistemddran muutoksen suuruudesta, jotta muutos voidaan tulkita todelliseksi
muutokseksi toimintakyvyssd mittavirheen sijaan, ei ollut olemassa. Taman
vditoskirjatutkimuksen tarkoituksena oli selvittdd 12 kysymyksen itse tdytetta-
van WHODAS 2.0 -mittarin suomenkielisen kddnnosversion mittariominai-
suuksia kroonisilla tuki- ja liikuntaelinkipupotilailla.

Viitoskirjan ensimmadisessd osajulkaisussa tarkasteltiin systemaattisen kir-
jallisuuskatsauksen avulla 12 kysymyksen WHODAS 2.0 -mittarin psykometri-
sid ominaisuuksia henkil6illd, joilla oli kroonisia fyysisid toimintarajoitteita.
Katsauksessa todettiin mittarin olevan luotettava ja korreloivan hyvin muiden
toimintakykyd tai toimintarajoitteita arvioivien mittareiden kanssa. Mittarin
faktorirakenne todettiin monidimensionaaliseksi.

Viitoskirjatutkimuksen kolmessa seuraavassa osajulkaisussa kaytettiin
vuosina 2014-2017 fysiatrian poliklinikalla kerdttya poikkileikkausaineistoa (N=
1 988). Aineisto kerittiin kdyttden 12 kysymyksen WHODAS 2.0 -mittaria seka
demografisia tekijoitd selvittavad kyselyd. Kyselyihin vastanneiden keski-ika oli
47,6 vuotta ja 65 % osallistujista oli naisia. Suurimmalla osalla (88 %) henkiloistd
oli ladketieteellisen diagnoosin pdidluokkaan "M" (Tuki- ja litkuntaelimiston sai-
raus) kuuluva diagnoosi. useimmiten '"M54" selkdkipu (39 %) sekd "M79” muu
pehmytkudossairaus (10 %).

Poikkileikkausaineistosta analysoitiin WHODAS 2.0 kokonaispistemaéara
ja tarkasteltiin kokonaispistemdédran jakaumaa visuaalisesti ja prosentuaalisesti,
selvittden mittarin lattia- ja kattovaikutus. Liséksi osiovaste-teorian ja logistisen
regressioanalyysiin avulla selvitettiin mittarin eri osioiden muuttumattomuus
sukupuolen mukaan. Ndiden ohella selvitettiin mittarin eri osioiden vaikeus
sekd osioiden erottelukyky. Kolmanneksi selvitettiin mittarin antaman koko-
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naispistemddrdn jakaumaan perustuen mittarin antaman kokonaispisteméddran
pienin kliinisesti tarked ero ja pienin havaittava muutos.

Taman vaitoskirjatutkimuksen tuloksena selvisi, ettd kroonisilta tuki- ja
liikkuntaelinkipupotilailta kerdtylld aineistolla 12 kysymyksen WHODAS 2.0 -
mittarin kokonaispistemddra sekd sen kaikki osiot osoittivat merkitsevaa lattia-
vaikutusta. Tama tarkoittaa sitd, ettd mikéli kuntoutujalla on lieva toimintaky-
vyn rajoite, mittarin asteikon matalampi pdd ei kykene erottelemaan ihmisia
joiden toimintakyky poikkeaa toisistaan. Tamaén lisdksi voidaan todeta, ettd mit-
tarin kahdestatoista osiosta seitsemdn toimii eri tavoin miehilld ja naisilla, vaik-
ka miesten ja naisten toimintakyvyn kokonaispistemddra tutkitussa aineistossa
oli sama. Tama tarkoittaa sitd, ettd osiosta riippuen, miesten ja naisten oli koet-
tava erilaista toimintakyvyn rajoitetta antaakseen saman vastauksen kyseessa
olevaan osioon. Edelleen selvisi, ettd mittarin pienin havaittu muutos oli 8,6
pistettd ja mittarin kliinisesti tarked ero vaihteli laskukaavasta riippuen kolmen
ja viiden pisteen vililla. Tama tarkoittaa sitd, ettd selvitettdessda kuntoutusinter-
vention vaikutusta toimintakykyyn 12 kysymyksen WHODAS 2.0 -mittarilla,
vasta yhdeksdn pisteen muutos kokonaispistemddrdssd voidaan katsoa todel-
liseksi toimintakyvyn muutokseksi, ei mittavirheeksi.

Huomioiden edelld kuvatut kokonaispisteméadran kdyttamiseen ja tulkin-
taan liittyvat rajoitukset, 12-osaista WHODAS 2.0 -mittaria voidaan kayttaa
tyokykyarviointiin sekd kuntoutustarpeen ja kuntoutuksen vaikutusten arvioin-
tiin kroonisilla tuki- ja litkuntaelinkipupotilailla erityisesti, jos halutaan erotella
lievid ja vaikeita toimintakykyrajoitteita kokevat kuntoutujat toisistaan.
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PSYCHOMETRIC PROPERTIES OF 12-ITEM SELF-ADMINISTERED WORLD HEALTH ORGANIZATION DISABILITY
ASSESSMENT SCHEDULE 2.0 (WHODAS 2.0) AMONGST GENERAL POPULATION AND PEOPLE WITH NON-ACUTE
PHYSICAL CAUSES OF DISABILITY — SYSTEMATIC REVIEW

Short title: Psychometrics of self-administered 12-item WHODAS 2.0
ABSTRACT

Objective

WHODAS 2.0 is a unified scale to measuring disability across diseases, countries, and cultures. The objective was
to explore the available evidence on the psychometric properties of 12-item self-administered WHODAS 2.0

amongst a general population and people with non-acute physical causes of disability.
Methods

Five databases Medline, Embase, Web of Science, Scopus and PsycINFO were searched for papers related to the
validity, reliability, responsiveness, minimal clinically important difference or minimal detectable change of 12-
item self-administered WHODAS 2.0. In order to avoid missing any potentially relevant studies, the search clauses
were left as generic as possible and the refining search was conducted manually. As the review was focusing on
chronic physical disorders and general adult population, major psychiatric diagnoses, acute traumas, other acute
conditions (e.g. postpartum or pregnancy), hearing loss, progressive neurological disorders, and age <19 years

were excluded. The relevancy of the studies was assessed by two independent reviewers.
Results

The 14 out of 191 observational studies were considered relevant. The sample sizes varied from 80 up to 31,251
participants. Great diversity was observed in the participants’ health problems. The Cronbach’s alpha was high —
up to 0.96. The correlations between WHODAS 2.0 and other disability scales were high. Substantial floor without
ceiling effect was reported by two studies. Exploratory factor analysis resulted in a multidimensional structure —

up to five factors. The discriminative ability and test-retest reliability of the scale was good.
Conclusions

It seems, that the 12-item self-administered WHODAS 2.0 is internally consistent and a reliable scale
demonstrating overall good correlation with other measures of disability. However, it appears that it is a
multidimensional scale and its total score may represent different combinations of several contributing factors.
Thus, the 12-item WHODAS 2.0 can be more reliable when creating a person’s functional profile formed by the 12

individual item scores instead of a single total sum.
KEYWORDS

disability evaluation; international classification of functioning, disability and health; functioning; psychometrics;

reproducibility of results; consistency; floor effect; ceiling effect; whodas
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INTRODUCTION

The World Health Organization Disability Assessment Schedule 2.0 (WHODAS 2.0) is an ambitious attempt made
by WHO to introduce a unified scale to measuring disability across diseases, countries, and cultures [1, 2].
WHODAS is based on the International Classification of Functioning, Disability and Health (ICF), producing
standardized numeric disability levels and profiles. The comprehensive 36-item WHODAS 2.0 has been developed
in order to describe six latent constructs: cognition, mobility, self-care, getting along, life activities, and
participation. In theory, these six ‘sub’-constructs (or ‘domains’ in the terms of ICF) should be able to explain the
broader concept of ‘general disability’. The number of indicators — WHODAS 2.0 items — varies from four to eight
for each of the six latent constructs. The 12-item WHODAS 2.0 has been derived from the 36-item version to
provide a briefer tool for assessing overall functioning in surveys or health-outcome studies. Two items for each
of the six latent factors have been included in the 12-item WHODAS 2.0. The 12-item version has been found to
be reliable, and has been reported to explain 81% of the overall variance of results of the 36-item WHODAS [1].
The total score of WHODAS 2.0 is scored either by using an item response theory or as the simple sum of scores

assigned to each of the items.

The WHODAS 2.0 is available in several versions: 36-, 24+12- and 12-item questionnaires in self-, interviewer- and
proxy-administered forms. While the full 36-item version has more commonly been used, the shorter 12-item
WHODAS 2.0 has raised a great interest among clinicians and researchers as an easy-to-use short indicator of
disability, sometimes called a WHODAS ‘screener’. About one third of all papers identified by a recent review on

WHODAS 2.0 has employed a 12-item version [3].

The psychometric properties of 36-item WHODAS 2.0 has extensively been studied [2]. Overall, it has been
described as a consistent, reliable, and unidimensional tool. Instead, the knowledge on the 12-item version’s
psychometrics is scarce. Previous research has often assumed that psychometric properties of the 12-item version
are fully inherited from its more comprehensive 36-item form. For example, several studies have conducted
confirmatory factor analysis of the 12-item WHODAS 2.0 based on a presumption of unidimensionality and
hierarchical structure (one common factor ‘disability’ and six subfactors regarding different dimensions of
disability) demonstrated by a 36-item [4, 5]. However, one could expect that excluding 24 out of 36 items might
affect psychometrics substantially. In other words, it is uncertain how well a 12-item version is able to reproduce

the psychometric properties of 36-item WHODAS 2.0.

The research on psychometrics of the 12-item WHODAS 2.0 is scattered across its different forms and diverse
populations of interest Firstly, the psychometrics of all three 12-item forms — self-, proxy and interviewer-
administered — have sometimes been reported as the properties of a general '12-item WHODAS’, even though

the psychometrics of self-reported form might differ from proxy- or interviewer-administered assessments.

Secondly, the research on the subject is scattered across numerous relatively small samples with different settings

and diagnostic profiles. It is true, that WHODAS 2.0 is a tool that should work, in theory, in any diseases and
2



settings, but this assumption should first be confirmed by comparing the psychometric properties of the WHODAS

2.0 between large samples involving similar conditions and analogous settings.

The objective of this study was to explore the available evidence on the psychometric properties of the 12-item
self-administered WHODAS 2.0 amongst a general population and people with non-acute physical causes of

disability.



METHODS
Inclusion and exclusion criteria

Inclusion: Papers (including short communications and letters to editor, excluding conference proceedings, theses

etc.) published in academic peer-reviewed journals. No restrictions on time of publication or language.

Exclusion: Major psychiatric diagnoses, acute traumas, other acute conditions (e.g. postpartum or pregnancy),

hearing loss, progressive neurological disorders, age <19 years.
Databases: Medline, Embase, Web of Science, Scopus, PsycINFO.

Outcome: Psychometric properties of WHODAS 2.0 understood as any property of WHODAS 2.0 related to its
validity, reliability, responsiveness, minimal clinically important difference or minimal detectable change, or

respective.
Data sources and searches

The MEDLINE (via PubMed), Embase, Web of Science, Scopus, and PsycINFO databases were searched in January
2019. The search clauses are presented in Table 1. In order to avoid missing any potentially relevant studies, the
search clauses were left as generic as possible and the refining search was conducted manually. The references

of identified articles and reviews were also checked for relevancy.
Study selection

Two independent reviewer teams (NK + EB vs. MS) screened titles and abstracts of articles and assessed the full
texts of potentially relevant studies (Figure 1). Disagreements between the reviewers were resolved by consensus

or by a third reviewer (KL). The methodological quality of the included trials was not rated.
Data extraction

The potentially relevant data were extracted from the records by one reviewer using a predefined structured form
including title, first author, year of publication, country of origin, study settings, participants’ main diagnoses if
specified, sample size, gender distribution, participants’ age, main psychometric measures used, main

quantitative results, and the conclusions drawn by the original authors.



RESULTS
Search results

The search resulted in 191 records. Of them, 148 were excluded as duplicates and papers on hearing loss,
psychiatric disorders, trauma, Huntington disease, postpartum and pregnancy, papers on 36-item version, and
general commentaries. The remaining 43 records were screened based on their titles and abstracts and 13
irrelevant papers were excluded. The number of observed agreements between the reviewers was 30 (70% of the
observations) and kappa was 0.23 (SE 0.16, 95% CI -0.09 to 0.55) considering the strength of agreement between
the reviewers to be ‘fair’. Thirty records were assessed based on their full-texts and 16 irrelevant papers were
excluded comprising 14 relevant studies potentially fit for a qualitative analysis (Figure 1). Additionally, one study

that was published after the search was considered relevant into further analysis [6].
Data extraction

The attempt to extract relevant data regarding a 12-item self-administered WHODAS 2.0 version from the report
by Tazaki et al. [7] was unsuccessful and that study was excluded from further analysis. Tazaki et al. [7] employed
five different versions of WHODAS 2.0 (12- and 36-item interviewer-administered, 36-item proxy-administered,
and 12- and 36-item self-administered versions) and there was a discrepancy in reporting a sample size (total
n=126 but 62 men and 70 women). After the selection and data extraction phases, 14 records were included into

further analysis.
Studied samples

All of the 14 remaining papers were published after 2013 (Table 2). All of them were observational studies. Two
studies focused on the elderly [8, 9] while the rest evaluated people of working age. The sizes of samples varied
from 80 up to 31,251 participants. Except for one study with 98% women [10], the proportions of female
participants were between 47% and 65%. A great diversity was observed in the participants’ health problems:
patients waiting for an elective joint arthroplasty or neurosurgery [8, 11], general population or healthy volunteers
[4, 9, 12, 13], patients with chronic musculoskeletal pain or fibromyalgia [10, 14, 15], patients with spinal cord
injury [5, 16], and people reimbursed for any disabilities [17].

Psychometric properties

The most common psychometric properties reported by the included studies were Cronbach’s alpha and
convergent validity. The alpha estimates were usually high varying from 0.81 up to 0.96. Any pooling of the
reported concurrent validity estimates was impossible as each study compared WHODAS 2.0 with different scales.
However, the reported correlations between WHODAS 2.0 and other disability scales applied at the same time
with WHODAS 2.0 were high in most of the studies. Floor and ceiling effects were reported by three studies. One
study (the biggest sample size of 31,251) reported a substantial floor effects up to 32% (on average 20%) without

a ceiling effect [12]. Another study conducted on a sample of 183 participants did not observe any floor or ceiling
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effects [11]. Moreover, in that study, none of the participants — patients waiting for a neurosurgical procedure —
reported a highest or lowest WHODAS 2.0 scores. The third study reported a significant floor effect up to 80% for

all 12 items and for a total score without a ceiling effect [6].

Exploratory factor analysis or principal component analysis were employed by six studies [5, 10, 12, 14, 15, 17].
None of them reported a unidimensional structure of 12-item WHODAS 2.0. The number of factors varied from
two up to five. Four studies employed confirmatory factor analysis. Only one of them reported a good model fit
[4]. In one study, the hierarchical model with one common factor and six subfactors (as suggested by WHODAS
2.0 developers for 36-item version) was assessed resulting in poor fit [5]. One study reported a good fit of one-
factor model but the reported root mean square error of approximation (RMSEA) was insignificant 0.079 pointing

at a poor fit [11]. Another study reported a good fit of a two-factor model [15].

In one study, the discriminative ability was assessed using Karnofsky Performance Status scale as indicator of
disability [11] reporting positive results. Another study assessed the discrimination ability using the item response
theory [14]. That study reported discrimination of WHODAS 2.0 items being high to perfect, even though, the
difficulty of items was shifted towards elevated disability rates. Such a shift implicates that a respondent should
be experiencing slightly worse disability (compared with the average population rate) to achieve a 50/50

probability of giving an answer that would be interpreted by the WHODAS 2.0 as a “worse disability.”

Three studies assessed test-retest reliability of the 12-item WHODAS 2.0 [9, 13, 18] reporting insignificant

differences between repeated measures. In all three studies, the time interval between measures was one week.



DISCUSSION

This systematic review of 14 observational studies evaluated the available evidence on the psychometric
properties of the self-administered 12-item WHODAS 2.0 among a general adult population or people with non-
acute physical causes of disability. While the spectrum of the studies was expectedly wide, some patterns could
be observed. Firstly, most of the studies found WHODAS 2.0 to be internally consistent. Secondly, the scale
seemed reliable in term of test-retest reproducibility even if the time interval between studied repeated measures
was hardly sufficient (one week). Thirdly, the 12-item WHODAS 2.0 might have a substantial floor but not ceiling
effect. Therefore, the screening ability of this WHODAS 2.0 version seems to be weak as it may not distinguish
lower levels of disability severity. Fourthly, WHODAS 2.0 seems to be able to discriminate well people with other
than the lowest levels of perceived disability. Fifthly, respondents might be slightly more disabled in reality than
the reported level of disability implies. Finally, the biggest concern risen of this review is one regarding the factor
structure of WHODAS 2.0. Instead of unidimensionality, several included studies pointed at the multidimensional
structure of the scale. While unidimensionality refers to measuring a single construct (in this case, disability level),
multidimensionality refers to the fact, that scale is measuring two or several different constructs. That makes the
total scores of multidimensional tests hard to interpret as there is no certainty on the exact contributions of each

underlying construct to the total [19].

The main weakness of this systematic review was the considerable heterogeneity of the included papers. Their
study populations ranged from healthy volunteers to tetraplegics. While one of the advantages of WHODAS is
comparability between different health problems, conclusions could be more reliable if there were several studies
on a similar disorder in different settings and on large samples. The number of identified relevant studies was
surprisingly small. The included studies assessed convergent validity of WHODAS 2.0 by comparing with a wide
spectrum of different tests and scales. While those comparators were mostly valid and reliable, the small number
of studies on each of them made a reliable pooling impossible. Unfortunately, no system of the assessment of
systematic bias seemed to fit the purpose of the review. The uncertainty regarding the methodological quality of
the included studies may substantially weaken the strength of generalization of the results. This was, however,
the first attempt to evaluate systematically the properties of the 12-item self-administered WHODAS 2.0 and the

review was able to deliver several generalized clinical recommendations.

Only one previous review has been conducted on the topic so far [3]. Evaluating over 800 papers on the WHODAS
2.0, Federici et al. concluded that the WHODAS 2.0 shows strong correlations with several other measures of
activity limitations probably due to the fact that it shares the same disability latent variable with them. This good
convergent validity was in line with the findings of the present review. Concerning the factor structure of WHODAS
2.0, the conclusions of review by Federici et al. were more optimistic than the inferences of the present review
that could not confirm the one-factor structure of 12-item WHODAS 2.0. The differences in the results of these
two reviews may lay in the differences between their scopes. The scope of the present review was limited to a

self-reported version of 12-item WHODAS 2.0 applied to a general population and people with non-acute physical
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conditions. Itis possible that the factor structures of other forms of WHODAS 2.0 are different. It is also possible
that WHODAS 2.0 may behave differently when applied to populations others than studied here. It has to be
noted that the majority of the papers included into the present study were published after April 2016 when the

review by Federici et al. was already submitted.

This review focused on a self-reported version of WHODAS 2.0. The psychometric properties of interviewer- and
proxy-administered forms may be different. When giving a self-reported response, a respondent may exaggerate,
avoid embarrassing details, or try to confirm a guessed research question. A response may also be affected by the
desire to obtain some social or financial benefit or service. On the other hand, a self-reported test may avoid the

influence of interaction with an assessor.
Implications for clinical practice

Due to a substantial floor effect, the use of the self-administered 12-item WHODAS 2.0 as a screening tool in
general population, when only mild severity of disability is expected, seems questionable. This scale may be used
as an easy-to-use short questionnaire to assess the functioning profile of people with chronic physical conditions.
The 12-item WHODAS 2.0 seems to be able to produce reliable repeated measures and, thus, may be used to
assess the change in functioning level. Due to its multidimensional structure (measuring more than a single
underlying construct), the 12-item version of WHODAS 2.0 may not be able to produce a reliable and comparable

total score. Instead, the scale’s 12 items should be scored and presented separately as a profile.
Recommendations for further research on 12-item WHODAS

The discrimination of this scale version ability is poorly understood — only two studies are conducted on the
subject so far, each employing a different statistical technique [11, 14]. The minimal clinically important difference
and minimal detectable change of the scale are still unknown and should be studied separately for each of the 12
items due to a seemingly certain multidimensional structure of the 12-item version. The convergent validity
should be re-tested against similar relevant standard scales. The results of the item response theory obtained
from only one sample should be reproduced in different settings and populations. The test-retest reliability
assessment should be repeated in different time interval between test-retest measures. A short time interval
(like a one-week interval employed in the included studies) may make the carryover effects due to memory,
practice, or mood more probable. Instead, longer intervals increase the probability of changes in the clinical status
[20, 21]. When a reference test (gold standard) is applicable then the sensitivity and specificity of WHODAS 2.0

should be evaluated, at least, in some populations.
Conclusions

It seems, that the 12-item self-administered WHODAS 2.0 is internally consistent and a reliable scale
demonstrating overall good correlation with other measures of disability. However, it appears that it is a

multidimensional scale and its total score may represent different combinations of several contributing factors.
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Thus, the 12-item WHODAS 2.0 can be more reliable when creating a person’s functional profile formed by the 12

individual item scores instead of a single total sum.
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Table 1. Search strategy

Database

Search clauses and filters

Medline (PubMed)

(whodas [TI] OR "World Health Organization Disability Assessment Schedule” [TI] OR “who-
das” [Tl] OR “who das" [TI]) AND (“12" OR “twelve”) AND (hasabstract[text])

(whodas:ti OR "World Health Organization Disability Assessment Schedule":ti OR “who-das”:ti

Embase OR “who das":ti) AND (“12" OR “twelve”)
(ALL(("12" OR "twelve"))) AND (TITLE(( whodas OR "World Health Organization Disability
Scopus Assessment Schedule” OR "who-das" OR "who das"))) AND (LIMIT-TO(DOCTYPE,"ar") OR

LIMIT-TO(DOCTYPE,"le") OR LIMIT-TO(DOCTYPE, "no")) AND (LIMIT-TO(SRCTYPE , "}"))

Web of Science

(TITLE: (((wholes OR "World Health Organization Disability Assessment Schedule”) OR "who-
das") OR "who das") AND ALL FIELDS: ("12" OR "twelve")) Timespan: All years. Indexes:
SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH, BKCI-S, BKCI-SSH, ESCI, CCR-
EXPANDED, IC. Refined by: DOCUMENT TYPES: (ARTICLE)

PsycINFO

Tl ((whodas OR "World Health Organization Disability Assessment Schedule” OR “who-das”
OR “who das”)) AND TX ((“12" OR “twelve")) Source type: Academic Journals

12




Table 2. Basic characteristics of the included studies

Settings, participants and main Sample Age, mean . .
Author and year Country diacnoses size Women (standard Psychometric properties
9 deviation), years
Patients hospitalized for elective hip
Galli 2018[8] Italy (ﬁ?)?[}itg:sl;n?\?tggﬁ]r)g 2?yh(reos$ilr?1§¥e(sg 80 67% 70.1(1.1) Convergent validity with modified Barthel index: 0.335
excluded.
1. i =
Gaskin 2017[12] Australia SAGA data ge;;érlls population >=50 31,251 54% 63.4 (9.5) EFAS: 1 to 3 factors (mostly 2 or 3). Floor effect: 6% to 32% (overall 20%). Ceiling effect: none.
- 2. i
Kimber 2015[4] Canada CE:HISS yegria)t/guthggrr:)irsleg(%?t%?etéon 23,798 51% 47.1(0.2) Alpha: 0.95 (95% CI 0.94 to 0.96) CFA® (assuming 1/6-factor structure).
Volunteers - general working Alpha: 0.85. Reported including patients with acute trauma: Test/retest (1 week): ICC7 0.88 (95%
Marom 2017[13] Israel population. Group with acute trauma 155 51% 43.1 (15.0) C1 0.83 to 0.91). Convergent validity: PCS-128 -0.46 (95% Cl -0.67 to -0.15), MCS-15° -0.62
excluded. (95% ClI -0.78 to -0.36), QDASH!® 0.53 (95% CI 0.33 to 0.69).
. General population using community Alpha: 0.86. Test/retest (1 week): ICC 0.77(95% CI 0.69 to 0.83). Convergent validity: Barthel
Moreira 2015[18] Portugal SUPpOTt Services. 144 64% 64.0 (6.7) index: -0.27, LSNS 0,19,
Saltychev 2017[14] Finland University outpatient clinic. Chronic 501 65% 47.1(13.9) EFA: 2 factors. IRT'2 discrimination - high to perfect for all items difficulty - a slight shift towards
non-specific musculoskeletal pain. ° ) ) elevated disability rates.
Saltychev2017[15] 4 Finland lrJ1zlr\:-ir[f(letgif(i)cmrﬁﬁtslgmocsl;(r:allcét;:lh;;gir:c 408 65% 47.0 (13.7) EFA: 2 factors. CFA: 2-factor assumption.
Patients scheduled for different CFA: assuming 1-factor structure (insignificant RMSEA 0.079). Alpha 0.875. Convergent validity:
Schiavolin 2014[11] Italy neurosuraical surge 183 50% 51.1(13.1) EUROHIS-QOL™ -0.52, PGWBI-S4 -0.52. Discriminative validity: significant difference between
g gery. KPS15>90 and KPS=<90. Floor and ceiling effects: none (0%).
Day Care Centers and Nursing L ~eTis 17 8
Silva 2017[9] Portugal | Homes. Possibly including interviewer- 100 62% 82.3(8.1) Convergent validity: GST-0.57 to v_v(e)szz) FT\ZT; 003;‘21'1’ TUG'0.3210 0.37. Test/retest (1
administered version of WHODAS 2.0. P ]
Online survev. Patients with soinal Alpha: 0.82. CFA: hierarchical and 1-factor with poor fit. EFA: 3 factors. Convergent validity was
Smedema 2017[5] USA c)(/).r diniu p 247 50% 41.6 (12.4) reported for each of 3 factors separately. Convergent validity: SWLS?® -0.16 to -0.36, CSES® -
ury. 0.05 to -0.56, IPA2L -0.16 t0 -0.47, SF-2022 0.0 to -0.62.
oni Patients with self PCAZ; 2 factors. 1t factor: alpha: 0.81; convergent validity: BFI2 0.35, pain intensity 0.28, MOS-
Smedema 2016[10] USA n '”fe;‘éxgé’ﬂbfo';’;;;; Selt 302 98% 48.4 (10.4) Sleep? 0.33, GFQ? 0.53, CESD-1027 0.63, MSPSS? -0.37. 21 factor: alpha 0.83; convergent
' validity BFI 0.43, pain intensity 0.43, MOS-Sleep 0.43, CFQ 0.31, CESD-10 0.42, MSPSS -0.20.
Qphra , University outpatient clinic. Patients Alpha: 0.86. Convergent validity:7-item World Health Organization (WHO) minimal generic set
Tarvonen-Schroder 2018[16] | Finland with spinal cord injury. 142 47% 56.7 (16.9) 0.49.
Xenouli 2016{17] Greece People without (A) and with (B) 109/ 65% / 46.3 (13.0) / EFA: group A - 5 factors, group B — 4 factors. Groups A + B: Alpha 0.85. Convergent validity: SF-
disabilities 101 63% 515 (18.4) PCS% -0.76, SF-MCS% -0.50, PSS-14310.55
Katajapuu 2019 [6]° Finland lrJ1zlr\::r[f(letgif(i)cmrﬁﬁtslgmocslLr:allcét;:lh;;gir::c 1988 65% 47.6 (15.0) Floor effect: 15% to 79%. Ceiling effect: none.

1World Health Organization’s longitudinal Study on global ageing and adult health (6 countries); 2 Canadian Community Health Survey-Mental Health; 3 Subpopulation of Katajapuu 2019 [6]; 4 Subpopulation of Katajapuu
2019 [6]; ® Exploratory factor analysis; 8 Confirmatory factor analysis; 7 Intraclass correlation coefficient; 8 Physical composite scores; ® Mental composite scores; 2 Quick Disability of Arm, Shoulder, and Hand Outcome
Measure; 1 Lubben Social Network Scale; 2 ltem response theory analysis; 13 European Health Interview Survey-Quality of Life; 24 Psychological General Well-Being Index-Short; 15 Karnofsky Performance Status; 16 Gait
speed test; 17 FTSST: Five-times-sit-to-stand-test; 18 Time Up & Go Test; 19 Satisfaction with Life Scale; 20 Core Self-Evaluations Scale; 2 Work and Education subscale of the Impact on Participation and Autonomy
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Questionnaire; 2 Medical Outcomes Study 20-Item Short-Form Health Survey; 2 Principal Component Analysis; 2 Brief Fatigue Inventory; % Medical Outcomes Study — Sleep Scale; % Cognitive Failures Questionnaire; 27
Center for Epidemiological Studies Depression Scale-Short Form; 2 Multidimensional Scale of Perceived Social Support; 2 Short Form 36 Brief Physical Health Scale; % Short Form 36 Brief Mental Health Scale; 3
Perceived Stress Scale
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ABSTRACT

Objective of this study was to investigate the floor and ceiling effects of 12-item World Health Organization
Disability Assessment Schedule 2.0 (WHODAS). This was a cross-sectional survey study at a university’s
Physical and Rehabilitation Medicine (PRM) outpatient clinic amongst 1988 patients with chronic
musculoskeletal pain. Floor and ceiling effects were calculated as relative frequencies of the lowest or the
highest possible scores for each item. Probit plotting method was used to detect the non-normality of
distribution of total score graphically. A significant floor effect of 15% to 79% was observed in all twelve
WHODAS 2.0 items. A substantial floor effect for total score was detected as well graphically. No ceiling
effects were observed. In this study, significant floor effect was found for all WHODAS 2.0 items amongst

patients with chronic musculoskeletal pain associated with mild or no disability.
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INTRODUCTION

In an ideal situation, a scale is able to measure the entire spectrum of a phenomenon. However, scales
commonly perform better around their mid area displaying a poorer discrimination ability at their tails
producing so called floor and ceiling effects. Statistically speaking, ‘floor effect’ is a level below and ‘ceiling
effect’ a level above which variance within an independent variable is no longer measurable (Velozo et al.,
2012, De Vet, 2011). For example, when using a pain numeric rating scale, estimates might cluster around
zero demonstrating a significant floor effect in a sample predominated by patients with mild pain severity or
without pain. In other words, in that hypothetical case, a numeric rating scale may fail to distinguish people
with very mild pain from those with no pain at all — both will mark zero.

Floor and ceiling effects are common findings when measuring functioning restrictions amongst people with
musculoskeletal disorders (McHorney et al., 1994, Pellicciari et al., 2016). Modest to substantial ceiling
effects have been found for the 36-item Short Form Health Survey (SF -36) in chronic medical and psychiatric
conditions (McHorney et al., 1994). Small average scores of Neck Disability Index in patients with acute neck
pain have probably been related to a floor effect in primary care population (Vos et al., 2006). A 36% floor
effect of Neck Disability Index has also been observed in patients with neck pain in a university spinal clinic
(Hung et al., 2015). Floor effects of Daily Activity Questionnaire have been detected in patients with different
musculoskeletal conditions, the worst floor effect being observed in ankylosing spondylitis and Sjogren
syndrome (Hammond et al., 2018).

WHODAS 2.0. is a generic tool to assess health and disability across all diseases and cultures in both clinical
and general population settings (World Health Organization, 2018, Chiu et al., 2014, Carlozzi et al., 2015,
Younus et al., 2017). While the WHODAS 2.0 psychometrics have extensively been studied, only a few
inconsistent reports on its floor and ceiling effects have been published so far. Federici et al. have observed
strong 75% floor effect in ‘self-care’ and 60% in ‘getting around’ domains amongst healthy volunteers and,
respectively, 50% and 40% amongst disabled patients (Federici et al., 2009). Significant floor effects in
“understanding and communicating” and “getting along with people” domains and a milder floor effect in

‘self-care’ domain amongst patients with rheumatoid arthritis have been reported (Meesters et al., 2010). In



turn, when studying patients with spinal cord injury, a floor effect has not been observed but, instead, a
large 54% ceiling effect in “understanding and communicating” domain and milder ceiling effects in “self-
care” and “getting along with others” domains (Wolf et al., 2012). Similar results amongst patients with spinal
cord injury have been seen: significant ceiling effects in items “understanding and communication”, “self-
care”, and “getting along with others” (van der Zee et al., 2014). The recent review has reported a floor effect
within ”self-care” domain explaining the finding by cultural differences (Federici et al., 2017). Both floor and
ceiling effects across most of the domains of a modified 36-item WHODAS 2.0 have been observed (Yen et
al., 2014). Previous research has suggested further evaluation of floor and ceiling effects of WHODAS 2.0
within different patient groups. Knowledge on how well WHODAS 2.0 performs across the entire spectrum
of restricted functioning amongst patients with chronic musculoskeletal pain may improve its usability in
different situations as e.g., screening, clinical evaluation, or attaining rehabilitation goals. The aim of this

study was to assess the ceiling and floor effects of WHODAS 2.0 amongst patients with chronic

musculoskeletal pain.



METHODS

This was a cross-sectional study of consecutive patients with chronic musculoskeletal pain who were seen in
an outpatient Physical and Rehabilitation Medicine (PRM) clinic of university hospital between April 2014
and February 2017. The survey was sent to the patients and filled up before a physician appointment. The
survey included the WHODAS 2.0 questionnaire and questions on demographics, pain intensity, perceived

general health, and working ability among others. A university hospital ethics committee approved the study.

The self-administered WHODAS 2.0 contains 12 items covering the most common limitations of functioning
appearing in general population. The questionnaire covers limitations during the last 30 days. A Likert-type
scale is used to define the severity of limitation with 0 denoting “no limitation” and 4 denoting “extreme
limitation or inability to function”. For the calculations employed in this study, the total score was the sum
of all 12 responses divided by 48 and multiplied by 100 and presented as a percentage where 100%

represents the worst possible restriction.

Age was defined in full years at the time of visiting the clinic. Pain intensity was assessed using an 11-point
numeric rating scale (NRS) 0 denoting “no pain” and 10 denoting “worst possible pain”. Educational level was
I,

dichotomized “high school” vs. “no high school”. Body mass index (BMI) was calculated as a body mass

divided by a squared body height (kg/m?).

Statistical analysis

The basic characteristics were presented as means, standard deviations (SDs), and percentage when
appropriate. In case of a rough 5-point Likert-type scale used in WHODAS 2.0 individual items, the ceiling and
floor effects of WHODAS 2.0 were calculated numerically as a relative frequency of lowest or highest possible
score achieved by the respondents (McHorney et al., 1994, Coster et al., 2014, Carlozzi et al., 2015). The cut-
off for a significant floor or ceiling effect was set at >=15%. Instead, the distribution of a continuous WHODAS
2.0 total score was analyzed graphically. To detect the nonnormality of WHODAS 2.0 total score’s distribution,
the probit plotting method was used as described by Miller.(Miller R.G, 1997) This method demonstrates

how the sample is differing from normality and presents irregularities in the tails rather than only in the



middle of the distribution. All the analyses were conducted using Stata/IC Statistical Software: Release 15.

College Station (StataCorp LP, TX, USA).



RESULTS

Of 3150 patients visiting the clinic, 1988 (63%) returned a questionnaire. The patients were 47.6 (15.0) year-
old and 1,297 (65%) were women (Table 1). The average intensity of pain was 6.3 (2.0) points. Most of the
patients (n=1746, 88%) had a main diagnosis 'M' - 'Diseases of the musculoskeletal system and connective
tissue' - according to the International Classification of Diseases version 10. The most frequent diagnoses
were 'M54 Dorsalgia' (n=781, 39%) and 'M79 Other soft tissue disorders' (n=202, 10%). A significant floor
effect was observed in all twelve WHODAS 2.0 items varying from 15% to 79% (Table 2). Figure 1 displays the

substantial floor effect for a total score as well. No ceiling effect was detected for any of WHODAS 2.0 items.



DISCUSSION

This cross-sectional study amongst 2000 patients with chronic musculoskeletal pain showed a significant floor

effect for all twelve items of WHODAS 2.0 and for its total score.

The sample represented a population of patients referred to a university PRM outpatient clinic supposing to
receive high-end examination and treatment and, thus, they probably differ from patients treated in primary
healthcare. The sample was predominated by women. As the patients experienced mostly mild disability, the
generalization of the results over populations with more severe disability levels (e.g., in in-patient settings)
may be problematic. However, the sample was large enough to achieve credible results for the population of

interest — mildly disabled patients with chronic musculoskeletal pain.

The results were in line with some previous studies that detected floor effects for several WHODAS 2.0 items
or for its overall score (Federici et al., 2009, Meesters et al., 2010, Schneider M et al., 2015). On contrary, the
results differed from previously observed ceiling effect in ‘self-care’ domain without any significant floor
effects amongst patients with spinal cord injury (Wolf et al., 2012, van der Zee et al., 2014). In other words,
the results of the present and previous studies pointed the possibility that WHODAS 2.0 may have a
substantial floor effect when disability is mild and ceiling effect in situations where disability is severe. This

conclusion raises a question if WHODAS 2.0 is sensitive amongst people with midrange disability levels only?

Further research is needed especially amongst populations with midrange disability severity and amongst

mixed samples containing patients of all grades of disability.

Amongst mildly disabled patients with chronic musculoskeletal pain, significant floor effect was found for all

WHODAS 2.0 items.
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TABLES AND FIGURES

Figure 1. Floor and ceiling effects of WHODAS 2.0 total score
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Table 1. Demographic characteristics of participants

Variable Estimate

Age, years 47.6 (15.0)
WHODAS 2.0 total score, points 27.3 (19.5)
Body mass index, kg/m? 27.4 (5.7)
Pain, points 0-10 6.3(2.0)
Educational level, n

High school 609 (33%)

No high school 1258 (67%)
Gender, n

Women 1297 (65%)

Men 691 (35%)

13



Table 2. Floor and ceiling effects of WHODAS 2.0 individual items

Lowest Highest
ltem

score ‘0"  score ‘4
Standing for long periods 29% 0%
Taking care of household responsibilities 21% 0%
Learning new task 74% 1%
Joining in community activities 46% 6%
Emotional affection by health problems 15% 3%
Concentrating doing something for 10 min 56% 2%
Walking long distance as 1 km 37% 14%
Washing whole body 51% 2%
Getting dressed 42% 1%
Dealing with people you do not know 79% 2%
Maintaining friendship 62% 2%
Day-to day work/school 18% 0%

14
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ABSTRACT

To investigate the gender-related DIF in 12-item World Health Organization Disability Assessment
Schedule 2.0 (WHODAS) amongst patients with chronic musculoskeletal pain. Cross-sectional survey study
with 1988 consecutive chronic musculoskeletal pain patients at university’s Physical and Rehabilitation
Medicine outpatient clinic. To assess a DIF, WHODAS 2.0 items were dichotomized as ‘none’ rated by
respondents as ‘0’ versus ‘any limitation’ rated as ‘1,2,3 or 4’. The item response theory analysis (IRT) was
used to define discrimination and difficulty parameters of a questionnaire. The probit logistic regression
was used to test uniformity of DIF between gender groups. The results of DIF analysis were presented and
evaluated graphically as item characteristic curves based on 2-parameter IRT analysis of dichotomized
responses. High to perfect discrimination ability was observed for all the items except one. Difficulty levels
of eight items were shifted towards the elevated disability level, four items demonstrated a perfect
difficulty property. Significant DIF between genders was observed in seven out of 12 items. All the
detected DIFs were uniform. For item ‘household’, ‘emotional affection’ and ‘work’, men had to
experience slightly worse disability than women to achieve the same score. A reverse effect was observed
for items ‘concentration’, ‘washing’, ‘dressing’” and dealing with strangers. In this study, significant DIF
between genders was found in seven of twelve items of 12-item WHODAS 2.0. amongst 1988 patients
with chronic musculoskeletal pain. All the detected DIFs were uniform. Even if this study showed gender-
related DIF in seven out of 12 items, we recommend using and studying 12-item WHODAS 2.0 in different

populations.

KEYWORDS

Musculoskeletal pain, WHODAS 2.0, differential item functioning, validity



INTRODUCTION

Gender differences in the prevalence of both musculoskeletal pain and disability are well documented
(Bartley. E, 2013, Bingefors and Isacson, 2004, Merril S et al., 1997). The tools to measure pain or
disabilities have to be reliable in both genders. However, the reference values of many proxy-rated,
patient-reported and objective outcome measures have also shown to be gender-dependent (Bohannon,

1997, Massy-Westropp et al., 2011, Dewitt R, 2013).

The 12-item version of World Health Organization Disability Assessment Schedule 2.0 (WHODAS 2.0) is a
generic tool to assess health and disability across different diseases and cultures in both clinical settings
and general population. The total score of WHODAS 2.0 has been reported to be age-dependent showing
a 0.6 point-increase for every age year (Gomez-Olive et al., 2017). While other psychometric properties
of WHODAS 2.0 have been studied (Carlozzi et al., 2015, Ustun et al., 2010, Saltychev et al., 2017), the
occurrence of a gender-related differential item functioning (DIF) is not known. This means that we do
not know, if WHODAS 2.0 is similarly sensitive in men and women with musculoskeletal pain. In two
previous studies on patients with either major depression or myocardial infarction, no gender-related
differences in any of WHODAS 2.0 items were observed (Kirchberger et al., 2014, Luciano et al., 2010). A
study of the 36-item WHODAS 2.0 on patients with knee osteoarthritis, showed a gender-related DIF only
in a ‘getting housework done as quickly as needed’ -item and gender-related DIF was observed in a
modificated 36 -item WHODAS functioning scale off people with mental health problems (Novak et al.,
2010, Kutlay et al.,, 2011). The 12-item WHODAS is widely used in patients with musculoskeletal
symptoms, but the gender-related DIF of this scale has not been evaluated in musculoskeletal pain yet.
This information is important to justify the wide use of 12-item WHODAS in screening disability, in

evaluating functioning, and in planning and reviewing rehabilitation.

The aim of this study was to investigate if there is a significant gender-related DIFin a 12-item WHODAS

2.0 amongst patients with chronic musculoskeletal pain.



METHODS

This was a cross-sectional study of consecutive patients with chronic musculoskeletal pain in an outpatient
Physical and Rehabilitation Medicine (PRM) clinic of a university hospital between April 2014 and February
2017. The survey was sent to the patients and filled up before a physician appointment. The survey
included a 12-item WHODAS 2.0 questionnaire and questions on demographics, pain intensity, perceived
general health, and working ability among others. The university hospital ethics committee approved the

study.

The self-administered WHODAS 2.0 contains 12 items covering the most common limitations of activity
and participation during the last 30 days. A Likert-like scale is used to define the severity of limitation from
0 to 4 with 0 denoting “no limitation” and 4 denoting “extreme limitation or inability to function”. The
total score was calculated in our study as a sum of all 12 items divided by 48, multiplied by 100, and

presented as a percentage where 100% represents the worst possible restriction.

Age was defined in full years at the time of visiting a clinic. Pain intensity was assessed using a 11-point
numeric rating scale (NRS) with 0 denoting “no pain” and 10 denoting “worst possible pain”. Educational

III

level was dichotomized “high school” vs. “no high school”. Body mass index (BMI) was calculated as a

body weight divided by a squared height (kg/m?).

Statistical analysis

The basic characteristics were presented as means, standard deviations (SDs), and percentage, when
appropriate. Independent t-test and chi square test were used to investigate potential differences

between men and women regarding their age, educational level, BMI, and pain intensity.

Differential item functioning (DIF) is a statistical characteristic of a scale item (here counted for each of
12 items included in WHODAS 2.0) that describes if the item is measuring an ability (here level of
functioning) differently for separate subgroups (here genders) within the sample. To assess a DIF,

WHODAS 2.0 items were dichotomized as ‘none’ (rated by respondents as ‘0’) versus ‘any limitation’



(rated by respondents as ‘1’, ‘2’, ‘3’, or ‘4’). It has previously been reported that such a dichotomous

version of WHODAS 2.0 is compatible with its polytomous version (World Health Organisation, 2010).

The item response theory (IRT) analysis defined discrimination and difficulty parameters of a
qguestionnaire. A discrimination parameter describes the sensitivity of test to differentiate severity levels
of symptoms. The steeper the regression curve, the more discriminative the test becomes. In this study,
discrimination of 0.01 to 0.24 was considered 'none' (a totally level regression curve), 0.25 to 0.64 'low’,
0.65 to 1.34 'moderate’, 1.35 to 1.69 ‘high', and a discrimination >1.7 was considered 'perfect' (a
regression curve approaching a vertical line) (Baker FB, 2001). Ideally, the steepest interval corresponds
to the patients who obtained average WHODAS 2.0 total scores in the studied population. In turn,
difficulty is a psychometric property of a single item or an entire test, which describes how much more or
less a respondent should perceive the studied ability (comparing with the average level of studied

population) in order to achieve a 0.5 probability to give a particular answer.

The probit logistic regression was used to test whether an item exhibits either uniform or nonuniform DIF
between gender groups that is, whether an item favors one group over the other for all values of the
functioning limitation or for only some values of that (de Boeck P, 2004, Swaminathan H and Rogers HJ,
1990). A uniform DIF occurs when the difference between groups remains the same across the entire
scale. In turn, a nonuniform DIF is observed when the direction of difference between groups varies at
different levels of functioning limitation (e.g., if men perform better up than women to a midpoint and
worse than women after that). A two-tailed p-value =<0.05 indicated a significant difference between
genders. When significant DIF was observed, the results of DIF analysis were also presented and evaluated

graphically as item characteristic curves based on 2-parameter IRT analysis of dichotomized responses.

All the analyses were conducted using Stata/IC Statistical Software: Release 15. College Station (StataCorp

LP, TX, USA).



RESULTS

Of 3,150 patients visiting the clinic, 1,988 (63%) participated the study. The patients were 47.6 (SD 15.0)
years old and 1,297 (65%) were women (Table 1). The average intensity of pain was 6.3 (SD 2.0) points.
Most of the patients (n=1746, 88%) had a main diagnosis 'M' - 'Diseases of the musculoskeletal system
and connective tissue' according to the International Classification of Diseases 10" Edition. The most
frequent single diagnoses were 'M54 Dorsalgia' (n=781, 39%) and 'M79 Other soft tissue disorders'

(n=202, 10%).

The total scores of WHODAS 2.0 were 27.3 (SD 19.5) points for both men and women (p=0.843). Probably
due to a large sample size, the differences between men and women in BMI (p<0.001), pain severity
(p=0.005, 95% ClI 0,38 - 0.01), and educational level (p<0.001) were statistically significant even if the

absolute estimates differed only a little.

High to perfect discrimination ability was observed for all the items except for item #9 "dressing” with
moderate discrimination (Table 2). Difficulty levels of eight items — #3, #4, #6, #7, #8, #9, #10, and #11
(learning, joining in community, concentrating, walking, washing, dressing, dealing with strangers,
maintaining friendships) — were shifted towards the elevated disability level compared to average
disability level of the entire studied population. In other words, musculoskeletal patients with mild or
none disability clustered around the lowest possible scores on these items. Other four items (standing,
household responsibilities, being emotionally affected, work) demonstrated a perfect difficulty property

(Table 3).

Significant DIF between genders was observed in seven out of 12 items: ‘household responsibilities’,
‘being emotionally affected’, ‘concentrating for 10 minutes’, ‘washing’, ‘dressing’, ‘dealing with strangers’,
and ‘work’. All the detected DIFs were uniform (Table 4 and Figure 1). For items #2, #5 and #12 (household,
emotional affection, work), men had to experience slightly worse disability than women to achieve the
same score. A reverse effect was observed for items #6, #8, #9 and #10 (concentration, washing, dressing,

dealing with strangers).



DISCUSSION

This study amongst 1,988 patients with chronic musculoskeletal pain showed significant DIF between
genders in seven of twelve items of 12-item WHODAS 2.0. All the detected DIFs were uniform meaning
that the direction of gender-related differences between responses persisted across the entire spectrum
of disability severity. For items ‘household responsibilities’, ‘emotional affection’, and ‘ work’, men had to
experience slightly worse disability than women to achieve the same score. A reverse effect was observed

for items ‘concentrating’, ‘washing’, ‘dressing’ and ‘dealing with strangers’.

The generalizability of the results is weakened by the fact that the sample represented a population with
chronic musculoskeletal pain treated in a highly specialized health care unit (university PRM clinic). Thus,
the patients might differ from those treated in e.g. primary health care. Additionally, the sample was
predominated by women. This was, however, the first study on gender-related DIF of the 12-item
WHODAS 2.0 with a sample large enough to achieve statistically significant results and narrow confidence

intervals.

The results were similar with two previous studies on the subject (Kutlay et al., 2011, Novak et al., 2010).
Novak et al. found gender-related DIF in many daily activities in people with mental health problems. In
turn, Kutlay et al. reported gender-related DIF in ‘life activities’ in patient with knee osteoarthritis. Both
studies also observed a significant DIF in ‘taking care of household responsibilities’ as seen in the present
study: compared to women, men had to experience worse disability to reach a similar score in this item.
Neither of these studies used the shortest 12-item WHODAS version. Both reports differ from the present
study by populations of interest and by statistical methods used. To assess DIF, Novak et al. used odds
ratio. The participants in that study were asked to evaluate their functioning level based on their worse
month in previous year. Opposing, the 12—item WHODAS 2.0 is based on responses concerning previous
30 days. The study by Kutlay et al employed a 36-item WHODAS 2.0. Silva et al. have reported on some
gender differences in responses to the WHODAS 2.0. In that study, men stated more often that they are
not doing housework marking the item ‘household work’ as ‘not applicable’. In the present study, this

phenomenon was not observed probably due to cultural differences between studied populations. Study



from Silva et al differed from the present study by statistical methods and WHODAS 2.0. version used.

They did not assess the differential item functioning and employed a 36-item WHODAS 2.0

The findings in this study differed from the results of two previous reports that did not observe DIF in any
of WHODAS items (Luciano et al., 2010, Kirchberger et al., 2014) . Differently to present study, they
employed samples of patients with acute health conditions like myocardial infarction and major

depressive episode and the respondents were older when compared to present study population.

The design used in this study does not provide any explanations to the gender differences in psychometric
properties of 12-item WHODAS 2.0. As this is the first study on patients with chronic musculoskeletal pain,
the results cannot be straightly reflected to previous studies either. If the found differences between
genders in this study population were only due to the gender-specific way of reporting disability with one
gender over-estimating and other underestimating functioning limitations, the gender effect would
probably not change across items as in our study. Women had to experience slightly worse disability to
get the same score than male in four items, while male had to have more disability to achieve the score
of women in three items. This finding supports the results of a previous study in elderly (Merrill et al 1997),

where self-reported disability was highly associated with measured difficulties in both genders.

Further research in needed to reveal possible gender-related DIFs in other settings and patient groups
with different levels of functioning. Repeated measures design may reveal potential fluctuations in DIFs
over time. In the light of our study results, men and women might answer differently to part of WHODAS

2.0 items.

Even if this study showed gender-related DIF in seven out of 12 items of the self-administered WHODAS
2.0 in musculoskeletal pain, these differences were uniform across the whole scale of severity, and we

still recommend using and studying 12-item WHODAS 2.0 in different populations.
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Figure 1. ltem characteristics curves of WHODAS 2.0 items 1 to 12

Estimates for men are presented in dash lines, estimates for women (or the entire sample) — in solid
lines. Y-axis presenting the probability of endorsing the item, X-axis presenting the ability level

S1 = standing S2 = household responsibilities S3 = learning S4 = joining community S5 = emotional
affection, S6 = concentrating, S7 = walking, S8 = washing, S9 = dressing, S10 = dealing with strangers, S11
= maintaining a friendship, S12 = work
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Abstract

Objectives: The aim of this study is to estimate a minimal clinically important difference (MCID)
and a minimal detectable change (MDC) of the |2-item WHODAS 2.0 amongst patients with chronic
musculoskeletal pain.

Design: Cross-sectional cohort study.

Setting: Outpatient Physical and Rehabilitation Medicine clinic.

Subjects: A total of 1988 consecutive patients with musculoskeletal pain.

Interventions: A distribution-based approach was employed to estimate a minimal clinically important
difference, a minimal detectable change, and a minimal detectable percent change (MDC%).

Results: The mean age of the patients was 48years, and 65% were women. The average intensity of pain
was 6,3 (2.0) points (0—10 numeric rating scale) and the mean WHODAS 2.0 total score was |3 (9) points
out of 48. The minimal clinically important difference ranged between 3.1 and 4.7 points. The minimal
detectable change was 8.6 points and minimal detectable % change was unacceptably high 66%.
Conclusions: Amongst patients with chronic musculoskeletal pain, the |2-item WHODAS 2.0
demonstrated a high minimal detectable change of almost nine points. As the minimal detectable change
exceeded the level of minimal clinically important difference, nine points were considered to be the
amount of change perceived by a respondent as clinically significant.
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Introduction

The World Health Organization Disability Assess-
ment Schedule 2.0 (WHODAS 2.0) is a generic
tool to assess functioning in diverse situations.'—
While the WHODAS 2.0 has widely been used in
clinical practice and research, the interpretation of
results, obtained from the WHODAS 2.0 responses,
have not been well defined.**

The interpretation of test results relies heavily
on such characteristics as minimal clinically
important difference (“MCID”) and minimal
detectable change (“MDC”). While changes in
test score may be statistically significant, they are
not necessarily perceived by patients as clinically
significant. This is especially true when the results
are obtained from a large sample — a very small
difference may become statistically significant
while its practical importance perceived by
patients is negligible. Minimal clinically impor-
tant difference describes the smallest amount of
change or difference that might be considered
important by patients or clinicians.® There are two
common method to calculate a minimal clinically
important difference: an anchor-based and a dis-
tribution-based. There is no general agreement on
which method is preferable. Probably, they both
have their pros and cons in different particular
situations. The anchor can be either an objective
or subjective measure (e.g. question about mild
improvement noticed by a patient or a clinician).
An anchor-based method reflects the patient’s of
clinician’s point of view. In turn, a distribution-
based method is based explicitly on the statistical
variability of obtained scores. A minimal detecta-
ble change is the smallest amount of change or
difference that is not the result of measurement
error.” In an clinically ideal world, the minimal
clinically important difference must exceed the
level of minimal detectable change. If minimal
clinically important difference is less than mini-
mal detectable change, then the observed result
below the level of minimal detectable change may
be caused by chance and not by the true difference
in scores even if the result exceeds the level of
minimal clinically important difference.®

Thus, without knowledge on minimal clinically
important difference and minimal detectable

change, the clinical meaning of the WHODAS 2.0
total score estimates remains unclear. The minimal
clinically important difference of the 12-item
WHODAS 2.0 has been established by a single
study amongst patients with anxiety and stress dis-
orders.’ In that study, an anchor-based method has
been used, and the minimal clinically important
difference has been estimated around three points
for a less strict model and six to seven points for a
stricter model. The minimal detectable change of
the WHODAS 2.0 has also recently been reported
by a single study amongst institutionalized ambu-
latory older adults as 10 points.'° So far, there have
not been reports on the minimal clinically impor-
tant difference or minimal detectable change of the
WHODAS 2.0 amongst patients with musculoskel-
etal health conditions. Due to the WHODAS 2.0
score’s multidimensionality and, thus, potentially
high level of minimal detectable change, the trust-
worthiness of the WHODAS 2.0 total score has
been questioned.>!!

The objective of this study was to estimate the
minimal clinically important difference and mini-
mal detectable change of 12-item WHODAS 2.0
amongst people with chronic musculoskeletal pain.

Methods

Data for this study were derived from the Turku
ICF Study (T54/2012) approved by the ethics com-
mittee of Hospital District of Southwest Finland
(ETMK 60/180/2012). Participants provided their
written informed consent for participation. This
was a cross-sectional study amongst 3150 consecu-
tive patients who were seen in an outpatient
Physical and Rehabilitation Medicine clinic of uni-
versity hospital between April 2014 and February
2017. The survey was sent to the patients and filled
up before a physician appointment. The survey
included 12-item WHODAS 2.0 questionnaire and
questions on demographics, pain intensity, and per-
ceived general health.

Self-administered | 2-item WHODAS 2.0

The self-administered 12-item WHODAS 2.0 con-
tains 12 items covering the most common limita-
tions of functioning appearing in general population
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(Appendix A). The questionnaire covers limitations
during the last 30 days. A Likert-like scale is used to
define the severity of limitation with 0 denoting “no
limitation” and 4 denoting “extreme limitation or
inability to function.” The total score is the sum of
all 12 items where a score of 48 points represents
the worst possible restriction. !

Independent variables

Age was defined in full years at the time of visiting
the clinic. Pain intensity was assessed using a
11-point numeric rating scale with 0 denoting “no
pain” and 10 denoting “worst possible pain.”
Educational level was dichotomized “further edu-
cation” (equivalent “further education or higher” in
UK) versus “no further education” (equivalent of
“primary and secondary education” in UK). Body
mass index was calculated as a body mass divided
by a squared body height (kg/m?). Perceived gen-
eral health status was assessed on a 4-point scale
where 0 indicated best possible and 3 worst pos-
sible health. Main diagnoses were defined using
the International Classification of Diseases, 10th
edition

Statistical analysis

The results were reported as means, standard devia-
tions, and standard errors, medians, ranges, and
interquartile ranges when appropriate. The internal
consistency was assessed by Cronbach’s alpha con-
sidering oo = 0.9 excellent, 0.8 < o < 0.9 good, 0.7
< o < 0.8 acceptable, 0.6 < o < 0.7 questionable,
0.5 < a < 0.6 poor, and o < 0.5 unacceptable.

To describe the variability between an individu-
al’s observed score and the true score, standard
error of measurement (SEM) was calculated as
SEM = SD X \/(1 -1, ) where 1 is reliability
coefficient of the test — in this case, Cronbach’s
alpha.'? Since the data were cross-sectional and no
patients’ opinion on perceived change in function-
ing was available as an anchor, a distribution-based
approach was employed to estimate minimal clini-
cally important difference for the WHODAS 2.0.
Three different formulas were used for the
task:!3-18

1) Minimal clinically important difference =
standard error of measurement

2) Minimal clinically important difference = 0.5
X standard deviation

3) Minimal clinically important difference =
0.33 X standard deviation

The minimal detectable change was calculated as
1.96 X standard error of measurement X /2. The
minimal detectable change was also expressed as a
percentage (“MDC%”) — an estimate that is inde-
pendent of the units of measurement. Representing
the relative amount of random measurement error,
the minimal detectable % change was calculated as
(minimal detectable change /observed mean
WHODAS total score) X 100. The minimal detect-
able % change <30% was considered acceptable
and <10% excellent!?2

All the analyses were conducted using Stata/IC
Statistical Software: Release 15. College Station
(StataCorp LP, TX, USA).

Results

Of 3150 patients visiting the clinic, 1988 (63%) par-
ticipated the study. The patients were 47.6 (6.3)
years old and 1297 (65%) were women. The average
intensity of pain was 6.3 (2.0) points on a numeric
rating scale. The general health median was 1 (range
0 to 4, IQR 1 to 2) (Table 1). The majority of the
patients were referred to the clinic due to non-spe-
cific chronic pain in their low back, neck, extremi-
ties, or soft tissue in general. Due to the national
guidelines, patients with rheumatoid arthritis, severe
osteoarthritis, or fractures were referred to other spe-
cialized clinics. Thus, only one patient had a main
diagnosis of rheumatoid arthritis, 0.3% had diagno-
ses of traumas, and 2% had diagnoses of primary
osteoarthritis. Most of the patients (n = 1746, 88%)
had a main diagnosis “M” — “Diseases of the muscu-
loskeletal system and connective tissue.” The most
frequent single diagnoses were “M54 Dorsalgia”
(n = 781, 39%) and “M79 Other soft tissue disor-
ders” (n = 202, 10%). The patients’ characteristics
are presented in Table 1.

The distribution of WHODAS 2.0 total score
was abnormal with shift towards mild disability
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Table |I. Demographic characteristics and the WHODAS 2.0 total score.

Variable Total

Age (mean and standard deviation), years 47.6 (6.3)
Body mass index (mean and standard deviation), kg/cm? 27.4 (5.7)
Pain (mean and standard deviation), points 6.3 (2.0)

Educational level (absolute proportions and percentage)
No further education
Further education or higher

WHODAS 2.0 (mean and standard deviation), points

WHODAS 2.0 (median, range, and interquartile range [IQR]), points

1258 (67%)
609 (33%)
13.1 (9.4)
12 (0 to 48, IQR 6 to 19)

WHODAS: World health Organization Disability Assessment Schedule.
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1 36
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50
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Figure |. Histogram of the WHODAS 2.0 total score
distribution.

WHODAS: World Health Organization Disability Assessment
Schedule.

levels (Figure 1). However, the median and mean
estimates were alike and thus, the distribution was
considered close to normal enough to proceed with
calculations based on mean and standard deviation.
The Cronbach’s alpha was good 0.89. The mean
WHODAS 2.0 total score was 13.1 (9.4) and
median 12 (Inter quartile range 6—19, range 0-48)
points. Based on three different calculation formu-
las, the minimal clinically important difference
estimates for the WHODAS 2.0 were 3.10 (calcu-
lated as standard error of measurement), 3.09 (cal-
culated as one third of standard deviation), to 4.68
(calculated as half of standard deviation) points.
The minimal detectable change was 8.6points
exceeding the level of minimal clinically important

difference and minimal detectable percentage
change was unacceptably high 66%.

Discussion

Amongst almost 2000 patients with chronic mus-
culoskeletal pain, the 12-item WHODAS 2.0 total
score demonstrated a minimal clinically important
difference of three to five points with minimal
detectable change of up to 9points exceeding a
minimal clinically important difference almost
twice. The minimal detectable % change showed
that almost 70% change in WHODAS 2.0 total
score should be expected before patients or clini-
cians might detect the change clinically.

While the large study sample advocates for the
trustworthiness of the findings, the generalization
of the results may be compromised by the study’s
cross-sectional design. Indeed, there were not lon-
gitudinal data to re-check the estimates by using an
anchor-based approach with patients’ real responses
on the changed clinical situation. It has to be kept
in mind that minimal clinically important differ-
ence and minimal detectable change are always
statistical approximations, which could be different
in real-world circumstances. The WHODAS 2.0
scores were distributed abnormally in the studied
sample with most of the patients perceived only
mild limitations of functioning. Therefore, caution
is needed when generalizing the results amongst
populations with more severe limitations.

Consistent with the results of this study, a study
by Silva et al. has recently set the minimal detectable
change of 12-item WHODAS in institutionalized
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elderly to 9.6points.!” Respectively, the size of
minimal clinically important difference seen in the
present study was similar to the estimates reported
previously by a study amongst patients with anxi-
ety and stress disorders.’ The results indirectly sup-
port previous reports on the potential unreliability
of WHODAS 2.0 total score due to multidimen-
sionality and a significant floor effect. A recent
review suggested that 12-item WHODAS 2.0 is a
multidimensional scale and it might be more useful
when used to create a functioning profile than
when providing a single total score.? A substantial
floor effect of the 12-item WHODAS 2.0 has been
seen in two studies.?!?? All these previous findings
may explain the high estimates of minimal clini-
cally important difference and minimal detectable
change seen in the present study.

Further research in different populations is rec-
ommended. To confirm the results by using an
anchor-based approach, longitudinal design is
needed. The WHODAS 2.0 can be scored using a
simple addition of individual items’ scores (used in
this study) or a more complex scheme taking into
account the weights of different domains included
into the WHODAS 2.0. Using that second scheme
might affect the observed estimates and this possi-
bility could be investigated by further research.

Clinical Messages

e Amongst patients with chronic musculo-
skeletal pain, the 12-item WHODAS 2.0
demonstrated a high minimal detectable
change of almost nine points.

e As the minimal detectable change
exceeded the level of minimal clinically
important difference, nine points were
considered to be the amount of change
perceived by a respondent as being clini-
cally significant.
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Appendix A. The |2-item

WHODAS 2.0

In the past 30days, how much difficulty did you

have in:

1. Standing for long periods such as 30 minutes?

2. Taking care of  your  household
responsibilities?

3. Learning a new task, for example, learning
how to get to a new place?

4. How much of a problem did you have in join-
ing in community activities (e.g. festivities,
religious or other activities) in the same way as
anyone else can?

5. How much have you been emotionally affected
by your health problems?

6. Concentrating on doing something for
10 minutes?

7. Walking a long distance such as a kilometer
(or equivalent)?

8. Washing your whole body?

9. Getting dressed?

10. Dealing with people you do not know?

11. Maintaining a friendship?

12. Your day-to-day work?

(0) None; (1) Mild; (2) Moderate; (3) Severe; (4)
Extreme/Cannot do
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