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Abstract 
Background: Multiple sclerosis (MS) profoundly 
influences individuals' participation across various life 
domains. This study evaluated the psychometric 
properties of the Persian version of the Participation 
Measure-3 Domains, 4 Dimensions (PM-3D4D) in 
people with MS (PwMS). 
Methods: In a cross-sectional design with a nested test-
retest sub-study, 230 PwMS were assessed. Construct 
validity was examined through intercorrelations among 
PM-3D4D dimensions and associations with the 
Community Integration Questionnaire (CIQ), 
Participation Measure for Post-Acute Care (PM-PAC), 
Satisfaction with Life Scale (SWLS), and Purpose in Life 

Test-Short Form (PIL-SF). The instrument's 
discriminative capacity across subgroups with different 
levels of disability and fatigue was also analyzed. 
Results: The PM-3D4D demonstrated excellent  
test-retest reliability [intraclass correlation coefficient 
(ICC)(2,1) = 0.81-0.90] and good internal consistency 
(Cronbach’s alpha = 0.79-0.89). Strong correlations 
emerged between the diversity and frequency 
dimensions (rs = 0.70-0.88), alongside moderate to 
strong correlations with the difficulty dimension  
(rs = 0.37-0.82).  
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As hypothesized, PM-3D4D scores correlated strongly 
with CIQ (rs = 0.71-0.83), and the difficulty dimension 
was negatively correlated with PM-PAC subscales  
(rs = -0.75 to -0.85). Desire for change showed weak 
negative correlations with SWLS (rs = -0.16 to -0.29) 
and moderate negative correlations with PIL-SF  
(rs = -0.33 to -0.51). The instrument significantly 
differentiated participants based on disability and 
fatigue levels (P < 0.001). 
Conclusion: The Persian version of the PM-3D4D is a 
valid and reliable measure for evaluating participation 
among PwMS in both clinical and research settings. 

Introduction 

Multiple sclerosis (MS) is a chronic autoimmune 
and inflammatory disorder of the central nervous 
system (CNS) that impairs motor, sensory, and 
cognitive functions and contributes to fatigue, 
collectively limiting individuals' participation.1-3 
Participation, as defined by the International 
Classification of Functioning, Disability and Health 
(ICF), refers to involvement in life situations, serves 
as a core indicator of health and well-being,4 and 
represents a primary objective in rehabilitation.2,3 
The ICF framework categorizes participation into 
three main domains: "interpersonal interactions and 
relationships", "major life areas", and "community, 
social, and civic life".5 

Restricted participation in people with MS 
(PwMS) presents a persistent challenge in 
rehabilitation.6 Given that disease onset often occurs 
during individuals’ most active and productive 
years, participation is significantly disrupted.7 This 
disruption highlights the necessity of evaluating 
participation as a multidimensional construct. 
Previous studies have underscored limitations in 
current participation frameworks, including the 
absence of a comprehensive definition, insufficient 
consideration of its multidimensional nature, and 
inadequate assessment across various life domains.8 
Such gaps fail to capture patients’ actual performance 
in diverse aspects of daily living.9 Accordingly, the 
complex structure of participation continues to pose 
challenges for precise measurement.5,8 

Several tools have been developed to assess 
participation, including the Craig Handicap Scale, 
the Impact on Participation and Autonomy (IPA), 
and the Assessment of Life Habits,10 along with the 
Frenchay Activity Index (FAI) and the Community 
Integration Questionnaire (CIQ).7 However, these 
instruments frequently conflate activity, 
impairment, and participation, thereby 
overlooking the multidimensional aspects of 

participation.10 To address this gap, Chang et al. 
restructured ICF participation domains. They 
developed the Participation Measure-3 Domains,  
4 Dimensions (PM-3D4D), an instrument designed 
to comprehensively assess participation across 
three domains ‒ productivity, social engagement, 
and community activities ‒ and four dimensions ‒ 
diversity, frequency, difficulty, and desire for 
change.5 This 24-item self-report tool evaluates 
both subjective and objective components of 
participation, supporting clinical decision-making 
and individualized treatment planning across 
diverse settings.5 The PM-3D4D has demonstrated 
strong psychometric properties, with Cronbach’s 
alpha ranging from 0.89 to 0.9310 and test-retest 
reliability [intraclass correlation coefficient 
(ICC)(2,1) = 0.70-0.96].11 

To ensure cross-cultural and cross-linguistic 
comparability, translated instruments must 
measure the same underlying construct as the 
original versions. Although this process is lengthy, 
it is essential to achieving conceptual and 
measurement equivalence.12 Validation of 
participation tools in native languages is critical due 
to linguistic, cultural, and geographic variability.13 
When culturally adapted appropriately, such 
translations allow meaningful comparisons across 
populations.14 Given the absence of a validated 
Persian version of the PM-3D4D for individuals 
with MS, this study aimed to evaluate its 
psychometric properties, including test-retest 
reliability, internal consistency, and face, content, 
structural, convergent, and discriminant validity. 

It was hypothesized that the Persian version of 
the PM-3D4D would demonstrate robust 
psychometric performance. Internal consistency, 
measured via Cronbach’s alpha, was expected to 
exceed 0.70, and test-retest reliability, evaluated 
using ICC(2,1), was anticipated to surpass 0.80. 
Based on prior findings,5 strong correlations were 
expected between the diversity and frequency 
dimensions, moderate-to-strong correlations 
between these and the difficulty dimension, and 
weak-to-moderate correlations with the desire for 
change dimension. In addition, the frequency 
dimension was hypothesized to show strong 
positive correlations with the CIQ, reflecting 
structural and content alignment.5 Conversely, the 
difficulty dimension was predicted to demonstrate 
strong negative correlations with the Participation 
Measure for Post-Acute Care (PM-PAC). In 
contrast, the desire for change dimension was 
expected to show weak to moderate negative 
correlations with the Satisfaction with Life  



 
 

 

Scale (SWLS) and the Purpose in Life Test-Short 
Form (PIL-SF). Correlation strength was 
categorized as weak (< 0.30), moderate (0.30-0.70), 
or strong (> 0.70).15 Lastly, it was anticipated that 
PM-3D4D scores would significantly distinguish 
between individuals with varying levels of 
disability and fatigue. 

Materials and Methods 

Participants: This cross-sectional study with a 
nested test-retest sub-study included 230 PwMS 
(mean age: 39.34 ± 9.40 years; women: 185, men: 45) 
recruited consecutively from the Iranian MS 
Association (and associated centers) using a 
convenience non-probability sampling method 
(Figure 1). After providing informed consent, 
participants completed the paper-based 
questionnaires in a quiet, standardized 
environment at the center. Inclusion criteria 
required participants to have an MS diagnosis 
confirmed by a neurologist based on the revised 
2017 McDonald criteria,16 be aged 18-65, and have 
a minimum of six months since diagnosis. 
Moreover, participants were required to have no 
significant visual impairments uncorrec with 
glasses, be proficient in Persian, report no sleep 
problems, as indicated by the patients or 
confirmed by their physician, and severe pain 
[Visual Analogue Scale (VAS) ≥ 6.5],17 or not 
experience severe depression [Beck Depression 
Inventory-Second Edition (BDI-II) score: 29-63],18 as 

severe depression affects cognition, motivation,19,20 
and correct questionnaire responses. 

Exclusion criteria included disease relapse or 
corticosteroid use within the preceding four 
weeks, significant cognitive impairment [Montreal 
Cognitive Assessment (MoCA) score < 24],21 due to 
self-reporting of the questionnaire,5 and the 
presence of other neurological or orthopedic 
disorders, substance abuse, arthritis, diabetes, 
mood instability, or uncontrolled cardiovascular 
conditions. The study’s ethical approval was 
granted by the local university 
(IR.IUMS.REC.1401.185) and the research adhered 
to the principles of the Declaration of Helsinki. 

Translation: Permission to evaluate the tool's 
psychometric properties was obtained from the 
original developer.10 This study used the Persian 
version of the PM-3D4D, which had previously 
been translated and cross-culturally adapted for 
the patient population according to the 
International Quality of Life Assessment (IQOLA) 
protocol.22 Since this version was initially adapted 
for patients with stroke, we conducted a two-stage 
evaluation process to ensure the suitability of the 
Persian translation for PwMS. In the first stage of 
clarity/pilot testing, a sample of 20 PwMS 
evaluated the clarity and potential ambiguities of 
the questionnaire items using a three-point Likert 
scale: "very clear", "somewhat clear", and 
"unclear".23 The demographic information of this 
pilot sample is presented in table 1.  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Flow diagram of participants in this study (MS: Multiple sclerosis; MoCA: Montreal Cognitive Assessment) 
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Table 1. Demographic and clinical characteristics of the participants 

Variable  Patients with MS (n = 20)  

(pre-test phase) 

Patients with MS (n = 230)  

(all participants) 

Age (year) (mean ± SD,  

minimum-maximum) 

 45.60 ± 7.48 

25-58 

39.34 ± 9.40 

17-65 

Gender [n (%)] Women 11 (55.0)  185 (80.4)  

 Men 9 (45.0)  45 (19.6)  

Marital status [n (%)] Single 4 (20.0)  67 (29.1)  

 Married 16 (80.0)  163 (70.9)  

Education level [n (%)] Academic 13 (65.0)  132 (57.4)  

 Non academic 7 (35.0)  98 (42.6)  

Employment status [n (%)] Employed 6 (30.0)  90 (39.1)  

 Unemployed 14 (70.0)  140 (60.9)  

EDSS (mean ± SD,  

minimum-maximum) 

 2.75 ± 2.03 

0-6.5 

2.61 ± 2.19 

0-7.5 

Disease duration (month)  

(mean ± SD, minimum-maximum) 

 153.40 ± 109.34 

24-484 

109.67 ± 77.63 

7-484 

Type of MS [n (%)] RR 15 (75.0)  177 (77.0)  

 SP 20 (4.0)  39 (17.0)  

 PP 1 (5.0)  14 (6.0)  

MoCA (mean ± SD,  

minimum-maximum) 

 27.10 ± 1.21 

25-29 

27.50 ± 1.49 

25-30 

Degree of disability [n (%)] Mild  12 (60.0)  134 (58.3)  

 Moderate  7 (35.0)  69 (30.0)  

 Severe  1 (5.0)  27 (11.7)  

Pain severity (VAS) (mean 

± SD, minimum-maximum)  

 2.03 ± 1.59 

0-4.5 

1.64 ± 1.72 

0-6 
SD: Standard Deviation; EDSS: Expanded Disability Status Scale; VAS: Visual Analuge Scale; MoCA: Montreal Cognitive 

Assessment; RR: Relapsing remitting; SP: Secondary progressive; PP: Primary progressive; MS: Multiple sclerosis 

 
The results confirmed the appropriateness of 

the items for this population, allowing progression 
to the second stage, which involved testing the 
validity and reliability of the instrument. 

Procedures: Participants completed a 
demographic questionnaire along with the  
PM-3D4D, CIQ, PM-PAC, SWLS, PIL-SF, and 
Fatigue Severity Scale (FSS), administered in a 
randomized order. A neurologist documented 
each participant’s MS subtype and Expanded 
Disability Status Scale (EDSS) score. To minimize 
respondent fatigue, structured rest intervals were 
incorporated during questionnaire administration. 

Reliability: In line with COnsensus-based 
Standards for the selection of health Measurement 
INstruments (COSMIN) guidelines,24 test-retest 
reliability of the PM-3D4D was evaluated using a 
simple random sampling method. 50 PwMS were 
selected to evaluate test-retest reliability by 
completing the questionnaire across two sessions 
held one week apart under standardized time and 
location conditions. The one-week interval was 
chosen to reduce the likelihood of clinical change 
while minimizing recall bias in responses.9 To 
ensure stability, all participants were clinically 

monitored for any significant symptom changes, 
including medication adjustments, new relapses, or 
worsened fatigue, during this one-week interval. 

Validity: Face and content validity of the  
PM-3D4D were assessed through structured 
interviews with two groups: 15 patients (distinct 
from the 20 participants in the pilot phase) and  
15 experts (comprising nine occupational 
therapists and six physiotherapists), each with 8 to 
24 years of experience working with PwMS. 

Structural validity was examined using both 
exploratory and confirmatory factor analyses. 
Exploratory factor analysis (EFA) with maximum 
likelihood extraction and varimax rotation was 
conducted to examine the underlying factor 
structure of the PM-3D4D. Confirmatory factor 
analysis (CFA) was performed to assess the model 
fit. In accordance with COSMIN guidelines 
(requiring seven participants per item),24 the study 
was conducted on a sample of 230 participants. 

To evaluate construct validity, 230 PwMS were 
recruited following COSMIN recommendations of 
5-10 participants per item.24 Construct validity was 
tested through four predefined hypotheses 
concerning interdimensional correlations within 



 
 

 

the PM-3D4D and their associations with the CIQ, 
PM-PAC, SWLS, and PIL-SF. These instruments 
were selected based on conceptual and structural 
alignment with the PM-3D4D. Based on prior 
evidence,5 strong correlations were anticipated 
between the diversity and frequency dimensions 
due to their objective nature and structural 
similarity (Hypothesis 1). Moderate-to-strong 
correlations were expected between these two 
dimensions and the difficulty dimension, 
reflecting structural differences and varying 
construct relevance (Hypotheses 2, 3). Weak-to-
moderate correlations were hypothesized between 
each of these three dimensions and the desire for 
change dimension (Hypotheses 4-6). 

In line with structural and content overlap, the 
frequency dimension was expected to correlate 
strongly with the CIQ (Hypothesis 7), and the 
difficulty dimension with the PM-PAC 
(Hypothesis 8). Weak and moderate negative 
correlations were hypothesized between the desire 
for change dimension and the SWLS and PIL-SF, 
respectively (Hypotheses 9, 10), due to the 
conceptual divergence between life satisfaction 
and desire for change.5 Nonetheless, life 
satisfaction may influence motivational factors 
that shape individual behavior, supporting the 
rationale for weak associations.25 

Known-group validity was assessed by 
comparing participation scores across subgroups 
stratified by disability and fatigue severity, as 
measured by the EDSS and FSS. Previous  
studies suggest that participation among PwMS is 
affected by multiple variables, including 
disability26 and fatigue.7 Patients were classified 
into three disability levels: mild (EDSS: 0-3), 
moderate (EDSS: 3.5-6), and severe (EDSS ≥ 6.5).13 
Fatigue was assessed using the FSS, categorizing 
patients as fatigued (FSS ≥ 4) or non-fatigued (FSS 
< 4).27 It was hypothesized that participation scores 
would significantly differ among groups with 
varying levels of disability and fatigue 
(Hypotheses 11, 12), as informed by existing 
research and clinical experience. 
Instruments 

PM-3D4D: The PM-3D4D is a 24-item self-
report questionnaire designed to assess 
participation over the past three months across 
three domains: productivity, social engagement, 
and community activities. It evaluates 
participation along four dimensions: diversity, 
frequency, difficulty, and desire for change. 
Diversity is captured using binary "yes/no" 

responses, frequency is assessed based on 
engagement over predefined time intervals, 
difficulty is rated on a 4-point scale ranging  
from 1 (very difficult) to 4 (no difficulty), and 
desire for change is recorded using "yes/no" 
responses. The PM-3D4D demonstrates strong 
psychometric performance, with established 
content validity, high internal consistency 
(Cronbach’s alpha = 0.89-0.93), and robust  
test-retest reliability (ICC(2,1) > 0.7).10,11 

CIQ: The CIQ is a 15-item instrument that 
assesses participation across three domains: home 
(5 items), community (6 items), and productivity (4 
items). Total scores range from 0 to 29, with higher 
scores indicating greater social integration.28 The 
validated Persian version has demonstrated 
acceptable reliability for use in PwMS.29 

PM-PAC: The PM-PAC assesses self-perceived 
participation restrictions across productivity, 
social engagement, and community involvement. 
It includes 17 items rated on a 5-point scale from  
1 (not limited) to 5 (very limited), where higher 
scores reflect more severe participation 
limitations.30 The Persian version has shown 
strong psychometric performance, supporting its 
reliability and validity.31 

SWLS: The SWLS is a 5-item instrument that 
measures overall life satisfaction using a 7-point 
Likert scale, from 1 (strongly disagree) to 7 
(strongly agree).32 The Persian version has 
demonstrated satisfactory reliability and validity 
in Iranian PwMS.33 

PIL-SF: The PIL-SF is a 4-item short form 
derived from the original 20-item instrument, 
designed to assess life purpose and meaning using 
a 7-point Likert scale. Total scores range from 4 to 
28, with higher scores indicating a greater sense of 
purpose and meaning.34 The Persian version has 
been validated and exhibits acceptable 
psychometric properties.35 

FSS: The FSS is a 9-item instrument that 
measures fatigue severity using a 7-point Likert 
scale, with scores ranging from 1 (strongly disagree) 
to 7 (strongly agree). A score of 4 or higher is 
considered indicative of pathological fatigue.36 The 
Persian version has shown acceptable reliability and 
validity among Iranian PwMS.37 

BDI-II: The BDI-II is a 21-item scale used  
to assess depression severity. Cut-off scores  
are categorized as follows: 0-13 (minimal),  
14-19 (mild), 20-28 (moderate), and 29-63 
(severe).18 The Persian version has demonstrated 
strong reliability.38 



 
 

 

All analyses were conducted using SPSS 
software (version 26.0, IBM Corporation, Armonk, 
NY, USA) and AMOS version 24.0. Following 
COSMIN guidelines, a minimum of 100 participants 
was required to ensure adequate evaluation of 
reliability and validity.24 The Kolmogorov-Smirnov 
test indicated non-normal data distribution; 
therefore, descriptive statistics summarized 
demographic and clinical characteristics. 

Floor and ceiling effects were defined as present 
if more than 15% of participants scored at the 
lowest or highest levels on the PM-3D4D.39 For 
internal consistency, Cronbach's alpha values  
> 0.70 were deemed acceptable, and McDonald's 
omega values ≥ 0.80 were considered good.40  
Test-retest reliability was evaluated using the 
ICC(2,1) (two-way random, absolute agreement, 
single rater) with 95% confidence intervals (CIs); 
values > 0.80 indicated good reliability.40 
Measurement error was estimated using the 
standard error of measurement (SEM) = standard 
deviation (SD)Total × √(1-ICC(2,1)),40 with SEM ≤ ½ 
SDTotal considered acceptable.40,41 The minimal 
detectable change (MDC) was calculated as MDC 
= SEM × √2 × 1.96 and the MDC% was calculated 
using the formula: MDC% = (MDC/Scale Range)  
× 100.41 Face validity was assessed qualitatively 
and quantitatively. The Item Impact Method (IIM) 
employed a 5-point Likert scale (1 = not at all 
important to 5 = very important), and items with 
an item impact score (IIS) > 1.5 were considered 
relevant.42 Content validity was examined using 
the Content Validity Ratio (CVR) and the Content 
Validity Index (CVI). CVR was calculated as  
(Ne − N/2)/(N/2), where Ne is the number of 
experts rating the item as essential and N is the 
total panel size; for 15 experts, CVR > 0.49 was 
acceptable. Item-level CVI (I-CVI) was defined as 
the proportion of experts rating an item 3 or 4 on a 
4-point scale, with values > 0.79 considered 
acceptable, while the scale-level CVI (S-CVI/Ave) 
was derived as the mean of I-CVI scores, with  
≥ 0.90 deemed acceptable.43 

The factor structure was examined in two 
stages. EFA using maximum likelihood extraction 
and varimax rotation with Kaiser normalization 
was first conducted to identify the underlying 
factor structure (loadings ≥ |0.40| are bolded to 
indicate primary factor membership). CFA was 
used to test the model fit of the identified structure. 
Model fit was evaluated by root mean square error 
of approximation (RMSEA), Tucker-Lewis index 
(TLI), comparative fit index (CFI), and the chi-

square to degrees of freedom ratio (χ²/df). RMSEA 
≤ 0.08 and CMIN/DF < 3 indicated adequate fit, 
and an acceptable fit was indicated by TLI and CFI 
values ≥ 0.9.44,45 

Construct validity was further examined 
through Spearman correlation coefficients 
between PM-3D4D dimensions and the CIQ,  
PM-PAC, SWLS, and PIL-SF. Correlations were 
interpreted as weak (< 0.30), moderate (0.30-0.70), 
or strong (> 0.70).15 Due to the non-normal 
distribution, the Kruskal-Wallis and Mann-
Whitney U tests were applied to assess 
discriminative validity by disability level and 
fatigue severity. For significant Kruskal-Wallis 
tests, pairwise comparisons were performed  
using Mann-Whitney U tests with Bonferroni 
correction, with an adjusted significance level of  
P < 0.017. For all other analyses, statistical 
significance was set at P < 0.05. 

Results 

Participants: Table 1 presents the demographic 
and clinical characteristics of the 230 PwMS 
included in the study, comprising 185 women and 
45 men. Participants with incomplete data were 
excluded from the reliability and validity analyses. 

Acceptability and Reliability: The PM-3D4D 
demonstrated acceptable distribution properties, 
with no notable floor or ceiling effects observed in 
the overall scores or most subscales. However, 
ceiling effects were present in the social domain, 
specifically in the diversity (33.5%) and difficulty 
(22.6%) dimensions. Internal consistency was 
strong, with Cronbach’s alpha coefficients of 0.79 
for the social domain, 0.89 for the community 
domain, and 0.81 for the productivity domain. The 
more robust McDonald’s omega coefficients 
further confirmed this reliability, yielding values 
of 0.83 for the social domain, 0.92 for the 
community domain, and 0.84 for the productivity 
domain (Table 2). Test-retest reliability was high, 
with ICC(2,1) values ranging from 0.81 to 0.91 across 
domains (Table 3). SEM values ranged from 0.06 to 
8.25, and MDC values ranged from 0.16 to 22.86, 
reflecting acceptable measurement precision 
across the PM-3D4D scales. 

Validity: All items were reported as 
unambiguous during qualitative interviews. IIS 
scores ranged from 3.07 to 5.00. CVR values for all 
PM-3D4D items ranged between 0.60 and 1.00, 
while I-CVI values fell between 0.86 and 1.00. The 
S-CVI/Ave was 0.95, reflecting excellent content 
validity at the scale level (Table 4). 

 



 
 

 

Table 2. Internal consistency of the Persian version of the Participation Measure-3 

Domains, 4 Dimensions (PM-3D4D) subscales (n = 230) 

Subscale Cronbach´s α McDonald's ω Item-total correlation (range) 

Social     
Community 0.79   
Productivity 0.89  0.83 -0.235 ~0.736 
 0.81 0.91 -0.148 ~ 0.824 
  0.84 -0.018~0.746 

 
Sampling adequacy for factor analysis was 

verified [Kaiser-Meyer-Olkin (KMO) = 0.867; 
Bartlett's test of sphericity: χ² = 16604.287,  
P < 0.001]. The EFA revealed substantial  
cross-loadings across factors, and the CFA 
demonstrated variable factor loadings, with many 
items falling below the conventional 0.40 threshold 
(Supplementary Tables S1-S5). Global fit indices 
for the CFA were acceptable (RMSEA = 0.08,  
χ²/df = 2.76). Construct validity was thoroughly 
examined through 12 predefined hypotheses, as 
detailed in tables 5-7. As shown in table 5, strong 
correlations were observed between the diversity 
and frequency dimensions (rs = 0.70-0.88), while 
moderate to strong correlations were found among 
diversity, frequency, and difficulty (rs = 0.37-0.82). 
The desire for change dimension showed weak to 
moderate negative correlations with the other 
dimensions (rs = -0.13 to -0.57). 

As presented in table 5, the frequency 
dimension showed strong positive correlations 
with CIQ (rs = 0.71-0.83). The difficulty dimension 

demonstrated strong negative correlations with  
all PM-PAC subscales (rs = -0.75 to -0.85). The 
desire for change dimension showed weak 
negative correlations with SWLS (rs = -0.16 to -0.29) 
and moderate negative correlations with PIL-SF  
(rs = -0.33 to -0.51). 

Table 6 reports significant differences across all 
PM-3D4D dimensions based on disability severity 
as measured by EDSS. As hypothesized, 
participants with higher disability levels showed 
reduced total diversity (H = 135.88, P < 0.01) and 
frequency (H = 114.53, P < 0.01), along with greater 
perceived total difficulty (H = 138.15, P < 0.01) and 
desire for change (H = 46.59, P < 0.01). It should be 
noted that for desire for change within the 
productivity domain, significant differences were 
only found between the mild and severe disability 
groups, but not between adjacent severity levels. 

Similarly, table 7 illustrates significant 
differences across all PM-3D4D dimensions 
between participants classified with and without 
fatigue based on FSS. 
 

Table 3. Test-retest reliability, standard error of measurement (SEM), and minimal detectable change (MDC) of the 

Persian version of the Participation Measure-3 Domains, 4 Dimensions (PM-3D4D) (n = 50) 

Variable Test [median (IQR)] Retest [median (IQR)] ICC (95% CI) SEM MDC MDC% 

Social       
Diversity 0.833 (0.334) 0.833 (0.167) 0.85 (0.76-0.91) 0.07 0.18 18.00 
Frequency 3.083 (1.249) 3.166 (1.166) 0.91 (0.84-0.95) 0.24 0.67 11.21 
Desire for change 0.333 (0.334) 0.500 (0.333) 0.82 (0.69-0.89) 0.10 0.28 27.90 
Difficulty 71.050 (30.385) 71.050 (23.783) 0.81 (0.69-0.89) 8.25 22.86 22.86 
Community       
Diversity 0.583 (0.417) 0.583 (0.334) 0.85 (0.75-0.91) 0.09 0.24 23.50 
Frequency 1.291 (1.292) 1.666 (0.959) 0.89 (0.82-0.94) 0.24 0.66 10.93 
Desire for change 0.583 (0.271) 0.583 (0.166) 0.82 (0.71-0.89) 0.06 0.17 16.60 
Difficulty 47.350 (19.770) 47.350 (13.770) 0.85 (0.74-0.91) 5.09 14.12 14.12 
Productivity       
Diversity 0.333 (0.167) 0.500 (0.271) 0.88 (0.79-0.93) 0.09 0.23 23.00 
Frequency 1.166 (1.000) 1.166 (1.167) 0.87 (0.78-0.92) 0.23 0.64 10.66 
Desire for change 0.500 (0.375) 0.500 (0.333) 0.86 (0.76-0.92) 0.09 0.24 23.80 
Difficulty 46.310 (34.563) 49.720 (20.820) 0.87 (0.78-0.92) 7.12 19.73 19.73 
Total       
Diversity 0.604 (0.344) 0.666 (0.260) 0.82 (0.69-0.89) 0.08 0.21 21.00 
Frequency 1.833 (0.990) 1.875 (0.896) 0.84 (0.73-0.91) 0.24 0.65 10.90 
Desire for change 0.500 (0.218) 0.500 (0.167) 0.83 (0.72-0.90) 0.06 0.16 15.70 
Difficulty 57.813 (26.405) 55.083 (21.205) 0.90 (0.84-0.94) 5.00 13.86 13.86 

ICC: Intraclass correlation coefficients; CI: Confidence interval; SEM: Standard error of measurement; MDC: Minimal detectable 

change; MDC%: Minimal detectable change percentage; IQR: Interquartile range 
 



 
 

 

Table 4. The results of face and content validity of the 

Persian version of the Participation Measure-3 

Domains, 4 Dimensions (PM-3D4D) 

Item IIS CVR I-CVI 

1 5.00 1.00 1.00 

2 4.80 1.00 0.86 

3 4.93 1.00 1.00 

4 4.66 0.86 1.00 

5 3.25 0.86 0.86 

6 3.47 0.73 0.93 

7 3.46 0.73 0.86 

8 4.66 1.00 1.00 

9 5.00 1.00 1.00 

10 4.86 0.73 1.00 

11 4.80 0.86 1.00 

12 3.07 0.73 0.93 

13 4.03 0.73 1.00 

14 4.28 1.00 1.00 

15 3.57 0.73 1.00 

16 3.87 0.73 0.86 

17 4.80 0.86 1.00 

18 3.87 0.86 0.93 

19 4.93 1.00 1.00 

20 3.87 0.86 1.00 

21 4.28 0.86 1.00 

22 4.80 1.00 1.00 

23 3.96 0.73 0.93 

24 3.47 0.60 0.86 
IIS: Item impact score; CVR: Content validity ratio; I-CVI: 

Item-level content validity index 

 
Those with fatigue reported lower total 

diversity (U = 1543.00, P < 0.01) and frequency  
(U = 1704.00, P < 0.01), as well as higher perceived 
difficulty (U = 835.50, P < 0.01) and greater desire 
for change (U = 3271.00, P < 0.01) in participation. 

Discussion 

MS symptoms exert a substantial influence on 
participation,26 and the inherently 
multidimensional nature of participation10 
underscores the need for comprehensive evaluation 
tools. The PM-3D4D addresses this need by 
assessing multiple participation domains in PwMS. 
To the authors’ knowledge, this is the first study to 
evaluate the test-retest reliability, measurement 
error, internal consistency, and construct validity of 
the PM-3D4D in this population. Findings indicate 
high test-retest reliability, acceptable internal 
consistency, and confirmed construct validity for 
the Persian version. 

No significant floor or ceiling effects were 
observed, except in the social diversity (33.5%) 
and social difficulty (22.6%) subscales. These 
ceiling effects, consistent with Chang et al.,10 may 

result from item simplicity, the exclusion of 
participants with severe cognitive impairment, 
and sociocultural factors in Iran, such as gender 
roles, social expectations, and limited 
opportunities for advanced participation. While 
adding more challenging items could improve 
discrimination, such items may not be relevant for 
most PwMS.10 

The PM-3D4D demonstrated high test-retest 
reliability across all subscales, with ICC(2,1) values 
≥ 0.8, consistent with previous findings.11 The  
one-week interval, also supported by Chang  was 
appropriate for minimizing clinical change and 
recall bias.11 Cronbach’s alpha and McDonald’s 
omega values confirmed strong internal 
consistency,10 indicating that items within each 
subscale are homogeneous and measure single 
constructs. Compared with the CIQ, which shows 
low-to-moderate reliability in PwMS,29 the  
PM-3D4D provides superior internal consistency, 
representing a distinct psychometric strength. 

SEM values were below ½ SDTotal, indicating 
acceptable measurement precision and stability 
across test and retest phases.40 MDC estimates 
defined the most minor detectable change for each 
subscale, ensuring that observed differences 
represent actual clinical change rather than 
measurement error or random variability. The 
MDC% values, ranging from 10.66% to 27.9%, 
establish clinically applicable thresholds. A lower 
MDC%, such as the 10.66% observed for 
“productivity frequency”, indicates higher 
measurement precision. Conversely, a higher 
MDC%, like the 27.9% for “social desire for 
change”, necessitates a larger magnitude of change 
to confirm a genuine clinical effect. 

Both qualitative and quantitative assessments 
supported face validity. Patients reported no 
ambiguities in item interpretation, and 
quantitative evaluation using the IIM confirmed 
that all items with scores > 1.5 were highly relevant 
for assessing participation in PwMS.42 Content 
validity was further reinforced, as both CVR and 
CVI exceeded established thresholds.43 
Collectively, these findings confirm that the  
PM-3D4D items adequately represent the 
construct of participation. This study, therefore, 
provides a unique contribution to the existing 
literature by comprehensively validating the 
Persian version of the instrument. 

The factor analysis results provide compelling 
empirical evidence supporting the formative 
nature of the PM-3D4D.10 



 

 
 

 

 

 

Table 5. Correlation among the four dimension scores of the Persian version of the Participation Measure-3 Domains, 4 Dimensions (PM-3D4D) with Community 

Integration Questionnaire (CIQ), Participation Measure for Post-Acute Care (PM-PAC), Satisfaction with Life Scale (SWLS), and Purpose in Life Test-Short Form  

(PIL-SF) (n = 230) 

PM-3D4D Diversity Frequency Desire for change CIQ PM-PAC SWLS PIL-SF 

Social        

Diversity 1       

Frequency 0.70*  

(0.63~0.76)# 

1      

Desire for 

change 

-0.39*  

(-0.55~-0.35)# 

-0.52*  

(-0.61~-0.42)# 

1   Total Total 

-0.24* (-0.37~-0.13)# -0.49* (-0.59~-0.39)# 

Difficulty 0.37*  

(0.34~0.55)# 

0.59*  

(0.52~0.68)# 

-0.53*  

(-0.65~-0.47)# 

 Social   

-0.82* (-0.86~-0.77)# 

Community        

Diversity 1       

Frequency 0.88*  

(0.85~0.91)# 

1  Community    

0.71* (0.63~0.76)# 

Desire for 

change 

-0.54*  

(-0.63~-0.44)# 

-0.53*  

(-0.64~-0.46)# 

1   Total Total 

-0.26* (-0.35~-0.10)# -0.46* (-0.57~-0.37)# 

Difficulty 0.78*  

(0.72~0.83)# 

0.79*  

(0.71~0.81)# 

-0.50*  

(-0.63~-0.41)# 

 Community   

-0.75* (-0.79~-0.68)# 

Productivity        

Diversity 1       

Frequency 0.83*  

(0.79~0.87)# 

1  Productivity    

0.83* (0.79~0.87)# 

Desire for 

change 

-0.13*  

(-0.27~-0.01)# 

-0.17*  

(-0.30~-0.05)# 

1   Total Total 

-0.16* (-0.28~-0.02)# -0.33* (-0.43~-0.20)# 

Difficulty 0.69* 

(0.60~0.74)# 

0.63* 

(0.54~0.69)# 

-0.23*  

(-0.34~-0.09) # 

 Productivity   

-0.81* (-0.88~-0.81)# 

Total        

Diversity 1       

Frequency 0.87* 

(0.60-0.74)# 

1  Total    

0.76* (0.70~0.81)# 

Desire for 

change 

-0.49*  

(-0.47~-0.24)# 

-0.57*  

(-0.67~-0.47)# 

1   Total Total 

-0.29* (-0.40~-0.17)# -0.51* (-0.60~-0.41)# 

Difficulty 0.82* 

(0.58~0.73)# 

0.81*  

(0.76~0.85)# 

-0.56*  

(-0.65~-0.47)# 

 Total   

-0.85* (-0.83~-0.73)# 
The values presented are Spearman correlation coefficients.  
*Correlation is significant at the 0.01 level (2-tailed); #95% confidence interval (CI) 

PM-3D4D: Participation Measure-3 Domains, 4 Dimensions; CIQ: Community Integration Questionaire; PM-PAC: Participation Measure for Post-Acute Care; SWLS: Satisfaction with 

Life Scale; PIL-SF: Purpose in Life Test-Short Form 



 
 

 

 

 

 

 

 

Table 6. Known-group validity of the Persian version of Participation Measure-3 Domains, 4 Dimensions (PM-3D4D) based on the severity of disability of patients 

with multiple sclerosis (MS) (n = 230) 

PM-3D4D Disability level Kruskal-Wallis 

H 

η² %Diff group 1  

vs. group 2 

%Diff group 1  

vs. group 3 

%Diff group 2  

vs. group 3 Group 1 (n = 134)  

[median (IQR)] 

Group 2 (n = 69)  

[median (IQR)] 

Group 3 (n = 27)  

[median (IQR)] 

Social         

Diversity 0.833 (0.167) 0.833 (0.167) 0.666 (0.333) 38.34 0.16 0.00* 25.08* 25.08* 

Frequency 3.500 (1.167) 2.666 (1.000) 2.166 (1.333) 56.04 0.24 31.28* 61.59* 23.09* 

Desire for change 0.333 (0.334) 0.500 (0.333) 0.666 (0.500) 35.53 0.15 -33.40* -50.00* -24.92* 

Difficulty 81.690 (24.040) 56.880 (14.310) 43.480 (24.800) 125.07 0.54 43.58* 87.83* 30.79* 

Community         

Diversity 0.750 (0.167) 0.333 (0.166) 0.166 (0.250) 131.51 0.57 125.23* 351.81* 100.60* 

Frequency 1.958 (0.750) 0.833 (0.541) 0.416 (0.416) 122.27 0.53 135.05* 370.67* 100.24* 

Desire for change 0.500 (0.167) 0.583 (0.250) 0.750 (0.167) 51.53 0.22 -14.24* -33.33* -22.27* 

Difficulty 61.990 (13.300) 40.390 (11.900) 30.210 (8.430) 141.96 0.62 53.48* 105.20* 33.70* 

Productivity         

Diversity 0.500 (0.166) 0.333 (0.167) 0.166 (0.167) 99.05 0.43 50.15* 201.20* 100.60* 

Frequency 1.666 (0.667) 0.833 (0.666) 0.500 (0.500) 85.09 0.37 100.00* 233.20* 66.60* 

Desire for change 0.500 (0.333) 0.500 (0.333) 0.666 (0.500) 8.80 0.03 0.00 -24.92* -24.92 

Difficulty 66.450 (15.100) 38.720 (20.900) 22.080 (21.500) 121.78 0.53 71.62* 200.95* 75.36* 

Total         

Diversity 0.708 (0.094) 0.416 (0.166) 0.291 (0.208) 135.88 0.59 70.19* 143.30* 42.96* 

Frequency 2.166 (0.500) 1.333 (0.625) 0.958 (0.625) 114.53 0.49 62.49* 126.10* 39.14* 

Desire for change 0.458 (0.208) 0.541 (0.187) 0.666 (0.292) 46.59 0.19 -15.34* -31.23* -18.77* 

Difficulty 71.490 (15.770) 45.320 (11.480) 33.450 (16.840) 138.15 0.60 57.74* 113.72* 35.49* 
Group 1: Mild disability [Expanded Disability Status Scale (EDSS): 0-3]; Group 2: Moderate disability (EDSS: 3.5-6); Group 3: Severe disability (EDSS ≥ 6.5) 
*Pairwise comparisons (Mann-Whitney U) using Bonferroni correction (P < 0.017) 

PM-3D4D: Participation Measure-3 Domains, 4 Dimensions; %Diff: Percentage difference between group medians 

 

 

 
 



 

 
 

 

Table 7. Known-group validity of the Persian version of Participation Measure-3 Domains, 4 Dimensions  

(PM-3D4D) based on the severity of fatigue of patients with multiple sclerosis (MS) (n = 230) 

PM-3D4D Severity of Fatigue 

Group 1 (n = 89)  

[median (IQR)] 

Group 2 (n = 141)  

[median (IQR)] 

Mann-Whitney U r P  %Diff group 1 

vs. group 2 

Social       

Diversity 0.833 (0.167) 0.833 (0.334) 4315.50 0.28 < 0.01 0.00 

Frequency 3.666 (0.834) 2.666 (1.251) 2883.00 0.46 < 0.01 37.51 

Desire for change 0.333 (0.334) 0.500 (0.333) 3755.00 0.34 < 0.01 -33.40 

Difficulty 100.000 (18.310) 59.860 (20.110) 1071.00 0.70 < 0.01 67.09 

Community       

Diversity 0.750 (0.167) 0.416 (0.333) 1546.00 0.64 < 0.01 80.29 

Frequency 2.000 (0.709) 1.000 (0.917) 1802.00 0.60 < 0.01 100.00 

Desire for change 0.500 (0.208) 0.583 (0.250) 3353.00 0.39 < 0.01 -14.24 

Difficulty 63.880 (12.420) 41.810 (19.400) 1123.00 0.69 < 0.01 52.79 

Productivity       

Diversity 0.666 (0.166) 0.333 (0.334) 2403.00 0.53 < 0.01 100.00 

Frequency 1.666 (0.667) 1.000 (0.917) 2585.00 0.49 < 0.01 66.60 

Desire for change 0.500 (0.333) 0.500 (0.333) 4897.00 0.19 < 0.01 0.00 

Difficulty 70.290 (17.240) 42.640 (27.470) 1370.00 0.66 < 0.01 64.84 

Total       

Diversity 0.750 (0.104) 0.458 (0.292) 1543.00 0.64 < 0.01 63.76 

Frequency 2.333 (0.500) 1.416 (0.896) 1704.00 0.61 < 0.01 64.76 

Desire for change 0.416 (0.167) 0.541 (0.208) 3271.00 0.40 < 0.01 -23.11 

Difficulty 77.260 (12.280) 47.490 (24.060) 835.50 0.73 < 0.01 62.64 
All pairwise comparisons were significant at P < 0.01 (Mann-Whitney U test); Group 1: Without fatigue [Fatigue Severity Scale 

(FSS) < 4]; Group 2: With fatigue (FSS ≥ 4)   

PM-3D4D: Participation Measure-3 Domains, 4 Dimensions; IQR: Interquartile range; %Diff: Percentage difference between 

group medians 

 
The observed pattern ‒ acceptable global model 

fit alongside problematic item-level parameters 
(substatial cross-loadings in EFA and low factor 
loadings in CFA) ‒ creates a psychometric profile 
that would be considered problematic for a 
reflective instrument but is entirely consistent with 
formative measurement theory. In formative 
models, items are conceptualized as independent 
determinants that collectively define the construct 
rather than as interchangeable effects of a latent 
variable.24 Consequently, these psychometric 
patterns are not indicative of poor quality but are 
instead the expected statistical signature of a 
formative model, where items represent 
independent, non-redundant determinants that 
collectively form the composite construct. 

Interrelationships among dimensions matched 
the predefined hypotheses.5 Weak associations 
were also noted between the objective and 
subjective aspects of the PM-3D4D5 and the 
Participation Objective, Participation Subjective 
(POPS).46 Diversity and frequency were strongly 
correlated, while both showed moderate-to-strong 
associations with difficulty and weak associations 
with desire for change. External validity was 
reinforced by strong correlations between 

frequency and the CIQ and between difficulty and 
the PM-PAC.5 The desire-for-change dimension 
showed weak negative correlations with the 
SWLS, reflecting its distinction from overall life 
satisfaction.46,47 As noted in Chang et al.'s research, 
individuals may feel dissatisfied with their 
participation yet lack the motivation to change; 
conversely, they may be satisfied with life while 
still wishing to alter their participation.5 In 
contrast, strong correlations with the PIL-SF 
suggest a closer link with life purpose, as 
individuals with explicit goals are more motivated 
to alter participation.48 

Participation scores also differed significantly 
across disability and fatigue subgroups. Disability, 
measured by the EDSS, was a major predictor.2 
Studies have shown that patients with lower 
disability reported greater participation,49 whereas 
those with moderate to severe disability showed 
marked restrictions.2 Notably, we found that 
desire for change in productivity followed a 
different pattern, increasing significantly only in 
severe disability rather than showing gradual 
increases across all disability levels. This indicates 
that substantial functional loss may be necessary to 
trigger meaningful motivation for changing 



 
 

 

productive activities. Fatigue further limited 
participation,4,7 particularly in complex social and 
work activities,7 even in the early stages of MS.50 
These findings supported the study hypotheses. 
According to COSMIN standards, acceptance of  
≥ 75% of hypotheses indicates adequate construct 
validity.24 In the present study, all 12 hypotheses 
(100%) were confirmed, demonstrating strong 
construct validity. 

Conclusion 

The PM-3D4D, validated for reliability and clinical 
applicability, provides a structured, evidence-based 
instrument for assessing participation in PwMS. Its 
use supports intervention planning and treatment 
prioritization by identifying specific restrictions 
across daily activities and social roles. Given the 
substantial impact of participation limitations on 
quality of life (QOL) and overall well-being, the 
instrument holds significant clinical and research 
relevance. By offering a functional framework for 
rehabilitation, the PM-3D4D enables clinicians to 
establish targeted therapeutic goals, allocate 
resources effectively, and direct interventions 
toward the most affected domains. Future research 
should establish the minimal clinically important 
difference (MCID) for the PM-3D4D to determine its 

sensitivity to subtle but clinically meaningful 
changes in participation levels. 

The predominance of female participants 
reflects the known gender distribution of MS but 
may reduce generalizability. Exclusion of PwMS 
with severe cognitive impairment, necessitated by 
the self-report format, represents an additional 
limitation. Moreover, the use of convenience 
sampling and the cross-sectional design restricted 
causal inferences and precluded assessment of 
longitudinal changes. Future longitudinal 
investigations are, therefore, recommended to 
address these methodological constraints. Finally, 
the lack of comparable validated versions in other 
languages limited opportunities for cross-linguistic 
validation and broader contextual interpretation. 

Conflict of Interests 

The authors declare no conflict of interest in  
this study. 

Acknowledgments 

The authors are grateful to all participants for their 
involvement in the study. They also acknowledge 
the support of the Iranian MS Association and the 
financial assistance provided by Iran University of 
Medical Sciences, Tehran, Iran. 

 
References 

1. Karhula ME, Tolvanen A, Hämäläinen PI, 
Ruutiainen J, Salminen AL, Era P. 

Predictors of Participation and Autonomy 

in People With Multiple Sclerosis. Am J 
Occup Ther 2019; 73(4): 7304205070p1-

p8. 

2. Johansson S, Ytterberg C, Gottberg K, 
Holmqvist LW, Von Koch L, Conradsson 

D. Participation in social/lifestyle 

activities in people with multiple sclerosis: 
Changes across 10 years and predictors of 

sustained participation. Mult Scler 2020; 

26(13): 1775-84. 
3. Karhula ME, Salminen AL, Hämäläinen 

PI, Ruutiainen J, Era P, Tolvanen A. 

Psychometric evaluation of the Finnish 
version of the impact on participation and 

autonomy questionnaire in persons with 
multiple sclerosis. Scand J Occup Ther 

2017; 24(6): 410-20. 

4. Ben Ari Shevil E, Johansson S, Ytterberg 
C, Bergström J, von Koch L. How are 

cognitive impairment, fatigue and signs of 

depression related to participation in daily 
life among persons with multiple 

sclerosis? Disabil Rehabil 2014; 36(23): 

2012-8. 
5. Chang FH, Chang KH, Liou TH, 

Whiteneck GG. Validation of the 

Participation Measure-3 Domains, 4 
Dimensions (PM-3D4D). Arch Phys Med 

Rehabil 2017; 98(12): 2498-506. 

6. Abdullah EJ, Badr HE, Manee F. MS 
People's Performance and Satisfaction 

with Daily Occupations: Implications for 

Occupational Therapy. OTJR (Thorofare 
N J) 2018; 38(1): 28-37. 

7. Allataifeh E, Khalil H, Almhdawi K,  

Al-Shorman A, Hawamdeh Z, El-Salem 
K, et al. The clinical correlates of 

participation levels in people with multiple 

sclerosis. NeuroRehabilitation 2020; 
47(2): 153-60. 

8. Chang FH, Ni P. Responsiveness and 

Predictive Validity of the Participation 
Measure-3 Domains, 4 Dimensions in 

Survivors of Stroke. Arch Phys Med 

Rehabil 2019; 100(12): 2283-92. 
9. Chang FH, Ni P, Coster WJ, Whiteneck 

GG, Jette AM. Measurement properties of 
a modified measure of participation for 

persons with spinal cord injury. J Spinal 

Cord Med 2016; 39(4): 476-83. 
10. Chang FH, Liou TH, Ni P, Chang KH, Lai 

CH. Development of the Participation 

Measure-3 Domains, 4 Dimensions (PM-
3D4D): A New Outcome Measure for 

Rehabilitation. Arch Phys Med Rehabil 

2017; 98(2): 286-94. 
11. Chang FH. Measuring Participation of 

Rehabilitation Patients: Test-Retest 

Reliability and Mode of Administration 
Concordance of the Participation 

Measure-3 Domains, 4 Dimensions  

(PM-3D4D). Arch Phys Med Rehabil 
2017; 98(8): 1622-7. 

12. Tsang S, Royse CF, Terkawi AS. 

Guidelines for developing, translating, and 
validating a questionnaire in perioperative 

and pain medicine. Saudi J Anaesth 2017; 

11(Suppl 1): S80-s9. 
13. Oervik MS, Sejbaek T, Penner IK, Roar 

M, Blaabjerg M. Validation of the fatigue 

scale for motor and cognitive functions in 
a danish multiple sclerosis cohort. Mult 

Scler Relat Disord 2017; 17: 130-4. 

14. Pashandi S, Khaghanizade M, Ebadi A. 
Review of translation and cultural 

adaptation process of questionnaires. 

Bimon Educ Strateg Med Sci 2009; 2(3): 
117-20. [In Persian]. 

15. Simon SD. Statistical evidence in medical 
trials: What do the data really tell us? Proc 

(Bayl Univ Med Cent) 2006; 19(4): 419. 

16. Thompson AJ, Banwell BL, Barkhof F, 
Carroll WM, Coetzee T, Comi G, et al. 

Diagnosis of multiple sclerosis: 2017 

revisions of the McDonald criteria. Lancet 
Neurol 2018; 17(2): 162-73. 

17. Boonstra AM, Schiphorst Preuper HR, 

Balk GA, Stewart RE. Cut-off points for 
mild, moderate, and severe pain on the 

visual analogue scale for pain in patients 

with chronic musculoskeletal pain. Pain 
2014; 155(12): 2545-50. 

18. Beck AT, Steer RA, Brown GK-II  
 



 
 

 

(BDI-II). In: Gellman MD, Turner JR, 
editors. Encyclopedia of Behavioral 

Medicine. New York, NY: Springer; 2013. 

19. Feinstein A. Mood disorders in multiple 
sclerosis and the effects on cognition.  

J Neurol Sci 2006; 245(1-2): 63-6. 

20. Heitmann H, Andlauer TFM, Korn T, 
Mühlau M, Henningsen P, Hemmer B, et al. 

Fatigue, depression, and pain in multiple 

sclerosis: How neuroinflammation 
translates into dysfunctional reward 

processing and anhedonic symptoms. Mult 

Scler 2022; 28(7): 1020-7. 
21. Goldstein FC, Ashley AV, Miller E, 

Alexeeva O, Zanders L, King V. Validity 

of the montreal cognitive assessment as a 
screen for mild cognitive impairment and 

dementia in African Americans. J Geriatr 

Psychiatry Neurol 2014; 27(3): 199-203. 
22. Sharifi D, Lajevardi L, Taghizadeh G, 

Azad A. The Persian Version of the 

"Participation Measure-3 Domains, 4 
Dimensions": Translation, Cultural 

Adaptation, Face and Content Validity. 

Func Disabil J 2025; 8(1). 
23. Beaton DE, Bombardier C, Guillemin F, 

Ferraz MB. Guidelines for the process of 

cross-cultural adaptation of self-report 
measures. Spine (Phila Pa 1976) 2000; 

25(24): 3186-91. 

24. Mokkink L, Prinsen CAC, Patrick DL, 
Alonso J, Bouter LM, de Vet HCW, et al. 

COSMIN Study Design checklist for 

Patient-reported outcome measurement 
instruments 2019. [Accessed June 2024]. 

Available from: URL: 

https://www.cosmin.nl/wp-
content/uploads/COSMIN-study-

designing-checklist_final.pdf 
25. Luhmann M, Hennecke M. The 

motivational consequences of life 

satisfaction. Motiv Sci 2017; 3(1): 51-75. 
26. Cattaneo D, Lamers I, Bertoni R, Feys P, 

Jonsdottir J. Participation Restriction in 

People with Multiple Sclerosis: 
Prevalence and Correlations With 

Cognitive, Walking, Balance, and Upper 

Limb Impairments. Arch Phys Med 
Rehabil 2017; 98(7): 1308-15. 

27. Valko PO, Bassetti CL, Bloch KE, Held U, 

Baumann CR. Validation of the fatigue 
severity scale in a Swiss cohort. Sleep 

2008; 31(11): 1601-7. 

28. Willer B, Ottenbacher KJ, Coad ML. The 
community integration questionnaire. A 

comparative examination. Am J Phys Med 

Rehabil 1994; 73(2): 103-11. 
29. Negahban H, Fattahizadeh P, 

Ghasemzadeh R, Salehi R, Majdinasab N, 

Mazaheri M. The Persian version of 

Community Integration Questionnaire in 
persons with multiple sclerosis: 

translation, reliability, validity, and factor 

analysis. Disabil Rehabil 2013; 35(17): 
1453-9. 

30. Gandek B, Sinclair SJ, Jette AM, Ware JE, 

Jr. Development and initial psychometric 
evaluation of the participation measure for 

post-acute care (PM-PAC). Am J Phys 

Med Rehabil 2007; 86(1): 57-71. 
31. Javanmard A, Abdi K, Ebadi A, 

Hosseinzadeh S. Participation instruments 

in persons with spinal cord injury: A 
narrative review. Med J Islam Repub Iran 

2020; 34: 66. 

32. Diener E, Emmons RA, Larsen RJ, Griffin 
S. The Satisfaction with Life Scale. J Pers 

Assess 1985; 49(1): 71-5. 

33. Tagharrobi Z, Sharifi K, Sooky Z, 
Tagharrobi L. Psychometric evaluation of 

the satisfaction with life scale (SWLS) in 

the students of Kashan Nursing & 
Midwifery Faculty, Kashan, Iran. Qom 

Univ Med Sci J 2012; 6(1): 90-99.  

[In Persian]. 
34. Schulenberg SE, Schnetzer LW, 

Buchanan EM. The purpose in life  

test-short form: Development and 
psychometric support. J Happiness Stud 

2011; 12(5): 861-76. 

35. Cheraghi M, Oreyzi SSHR, Faraahani H. 
Reliability, validity, factor analysis and 

normalization of the Crumbaugh and 

Maholick’s questionnaire of purpose-in-
life. J Psychol 2009; 12(1): 396-413. 

36. Armutlu K, Korkmaz NC, Keser I, 

Sumbuloglu V, Akbiyik DI, Guney Z, et 
al. The validity and reliability of the 

Fatigue Severity Scale in Turkish multiple 
sclerosis patients. Int J Rehabil Res 2007; 

30(1): 81-5. 

37. Azimian M, Farahani AS, Dadkhah A, 
Fallahpour M, Karimlu M. Fatigue 

severity scale: the psychometric properties 

of the persian-version in patients with 
multiple sclerosis. Res J Biol Sci 2009; 

4(9): 974-7. 

38. Ghassemzadeh H, Mojtabai R, 
Karamghadiri N, Ebrahimkhani N. 

Psychometric properties of a Persian-

language version of the Beck Depression 
Inventory--Second edition: BDI-II-

PERSIAN. Depress Anxiety 2005; 21(4): 

185-92. 
39. Hamilton DF, Giesinger JM, MacDonald 

DJ, Simpson AH, Howie CR, Giesinger K. 

Responsiveness and ceiling effects of the 
Forgotten Joint Score-12 following total 

hip arthroplasty. Bone Joint Res 2016; 

5(3): 87-91. 

40. Weir JP. Quantifying test-retest reliability 
using the intraclass correlation coefficient 

and the SEM. J Strength Cond Res 2005; 

19(1): 231-40. 
41. Souza DC, Wegner F, Costa LCM, 

Chiavegato LD, Lunardi AC. 

Measurement properties of the Human 
Activity Profile questionnaire in 

hospitalized patients. Braz J Phys Ther 

2017; 21(3): 153-8. 
42. Wilson FR, Pan W, Schumsky DA. 

Recalculation of the critical values for 

Lawshe’s content validity ratio. Meas Eval 
Couns Dev 2012; 45(3): 197-210. 

43. Lawshe CH. A quantitative approach to 

content validity. Pers Psychol 1975; 28(4): 
563-75. 

44. Carle AC, Riley W, Hays RD, Cella D. 

Confirmatory Factor Analysis of the 
Patient Reported Outcomes Measurement 

Information System (PROMIS) Adult 

Domain Framework Using Item Response 
Theory Scores. Med Care 2015; 53(10): 

894-900. 

45. Sherer M, Poritz JMP, Tulsky D, Kisala P, 
Leon-Novelo L, Ngan E. Conceptual 

Structure of Health-Related Quality of 

Life for Persons With Traumatic Brain 
Injury: Confirmatory Factor Analysis of 

the TBI-QOL. Arch Phys Med Rehabil 

2020; 101(1): 62-71. 
46. Brown M, Dijkers MP, Gordon WA, 

Ashman T, Charatz H, Cheng Z. 

Participation objective, participation 
subjective: a measure of participation 

combining outsider and insider 

perspectives. J Head Trauma Rehabil 
2004; 19(6): 459-81. 

47. Minnes P, Carlson P, McColl MA, Nolte 
ML, Johnston J, Buell K. Community 

integration: a useful construct, but what 

does it really mean? Brain Inj 2003; 17(2): 
149-59. 

48. Thompson NJ, Coker J, Krause JS, Henry 

E. Purpose in life as a mediator of 
adjustment after spinal cord injury. 

Rehabil Psychol 2003; 48(2): 100-8. 

49. Kwiatkowski A, Marissal JP, Pouyfaucon 
M, Vermersch P, Hautecoeur P, Dervaux 

B. Social participation in patients with 

multiple sclerosis: correlations between 
disability and economic burden. BMC 

Neurol 2014; 14: 115. 

50. Van der Hiele K, Middelkoop HA, 
Ruimschotel R, Kamminga NG, Visser 

LH. A pilot study on factors involved with 

work participation in the early stages  
of multiple sclerosis. PLoS One 2014; 

9(8): e105673. 

 


