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Abstract

Introduction To promote trauma survivors’ care quality, assessment of their disability is essential. This study assessed
psychometric characteristics of World Health Organization disability assessment schedule (WHODAS 2.0) and its
applicability in screening via phone survey through advanced methods.

Methods We recruited 321 adult patients within a national PERSIAN Traffic Cohort: post-crash phase. They completed
36-item WHODAS 2.0. The translation validity— with WHO permission- was examined. The confirmatory factor analysis
(CFA) tested the dimensionality, reliability and validity using smart partial least squares structural equation modeling.
Item properties — discrimination, difficulty, and differential item functioning — were assessed with the item response
theory-graded response model. Test-retest reliability was evaluated by retesting 40 participants after 9 days.

Results The majority of 321 respondents were men (72%) or employed (75%). The mean age was 40.3(SD=13.4;19- 70yrs.).
The translation validity was supported. CFA confirmed convergent validity, discriminant validity, predictive accuracy,
predictive relevance, and predictive quality. The composite reliability, Cronbach’s alpha (0.94-0.95) and rho-A, intra class
correlation coefficient, and weighted Kappa coefficient supported reliability. The 6-factor model showed sufficient fit
(GoF=0.58). Discrimination parameters distinguished respondents by disability levels, except for three items. The test
characteristic and information function curves illustrated items’ difficulty shifting toward higher disability level. Two
items specified significant differential functioning by sex.

Discussion The findings support reliability and validity of the Persian WHODAS 2.0. The findings demonstrate that
the measure is especially apt at distinguishing higher-levels of disability. This highlights the tool’s value in generating
functional profiles to assess disability among trauma survivors in both clinical and research settings.
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1 Introduction

Globally, 16% of total population experiences a major disability. Severely disabled people die up to 20 years earlier than
those without such conditions [1]. This imposes financial burden on society and family [2]. Trauma injuries are one of the
main causes of disability in active population, particularly in low- and middle- income countries [3], residence for 80% of
world’s disabled population [2]. The majority of traumatized people (80%) suffer from mild disability [4]. In Iran, trauma
caused by road accidents was the second top cause of disability and the third principal cause of death [5], amounting
to a burden equals to 12,478 years, 20% of which is due to disability [6]. It is crucial to assess neglected post-trauma
disabilities early and precisely to provide timely health [7] and rehabilitation services.

To reach a concise estimation of disability, a complete tool is required. Among various tools, World Health Organization
Disability Assessment Schedule 2.0 (WHODAS 2.0), available in 36- and 12-item versions [8], is well designed for diverse
conditions [9]. It is integrated into WHO resolution for 11 th International Classification of Disease—ICD- 11 to develop
functioning profiles and disability in clinical assessment [10-12]. Its psychometric properties have been broadly
investigated across different diseases and methodologies [13]. However, only the short version has been assessed in
post-crash trauma survivors [14]. None of existing Persian translations have been validated via phone surveys among
high-risk trauma survivors with road traffic accidents [15-18]. According to the above-mentioned statements, our expert
team selected WHODAS 2.0 to apply within the PERSIAN cohort study setting [19].

The paucity of the full version’s comprehensive psychometric evaluations by factor analysis and item-response theory,
particularly in among traumatized population, along with the adverse role of road traffic accidents (RTA) in causing severe
disability in Iran [20] led us to conceptualize and manage to deeply assess its psychometric characteristics.

2 Methods
2.1 Study participants

We assessed the psychometric properties applying phone interviews in clinical population. The study population
comprised trauma survivors who hospitalized after RTA in one of two referral trauma centers and enrolled within the
post-crash PERSIAN traffic safety and health cohort platform. Eligible survivors were aged > 18 yrs, and classified as high-
risk patients based on PTSD and PHQ Scores. A representative sample of them were invited to complete WHODAS 2.0.
The participation and data collection are described more elsewhere [21].

The inclusion criteria were: being hospitalized after RTA, registered, aged > 18 yrs, high-risk participants, and providing
their informed consent. Those unable to complete the questionnaire due to any disorders were excluded. Individuals with
cognitive impairments were not systematically excluded from the study unless they were unable to complete the study
assessments. Our questionnaires’ completeness was guaranteed since an experienced interviewer collected data [22].

2.2 Study procedure

We took several steps to assess psychometric properties of the WHODAS 2.0 as detailed below:

2.2.1 Translation

In order to develop the Persian version of WHODAS 2.0, the WHO permission was requested and issued for the second
time and submitted to the Road Traffic Injury Research Center (permission 1D:380,480). An expert team conducted

translation based on WHO guidelines: (1) forward translation; (2) Expert panel; (3) Back-translation; (4) Pre-testing and
cognitive interviewing, and (5) Final version [14].
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The forward translation to Persian language was done by two qualified translators as native-like English speakers
familiar with health and disability terms. The back-translation process by a linguist, blind to the original phrases, was
completed. Additionally, a semantic challenge, the complexity of item 6.5 ("emotionally affected") was faced. The
expert team resolved it after discussions with translators, and implementing minor revisions. Then, the translated
questionnaire was administered to several individuals as a pre-test to ensure the final questionnaire’s compatibility and
comprehensibility.

2.2.2 Reliability

The scale score reliability was evaluated by test-retest method, with a 9-day average interval between measurements
(range: 8-10 days), least which reduces learning effects [23, 24]. The participants had no changes in their drugs and
treatment during that time interval. We took consistency, fixed protocol for testing, and one tester, then, the sources of
inconsistencies were managed.

2.2.3 Validity

We applied confirmatory factor analysis (CFA) to test the dimensionality of the original construct. Then, item response
theory (IRT) models study how each individual item or the set of items relates to the trait of interest [25] and to appraise
the performance of the scale in a context [26].

2.2.4 Sample size and recruitment

The minimum sample size of 29 to measure intra-class correlation coefficient (ICC) is estimated using R package of
“calculate ICC sample size” (Calculate ICC Sample Size (p0 =0.6, k= 2, alpha =0.05, tails =2, power =0.95)) [27]. So, we
called 40 patients in both gender, four age groups (18-29; 30-44; 45-64; 65 and above), and four educational levels
(illiterate, up to six classes, 7-12 classes, associate degree and higher). Some patients rejected to participate (five), died
(one), and did not answer the call (two). They were substituted by the same sex, age group, and education level.

To assess the validity of the instrument, based on “a-priori sample size calculator for structural equation models’, with
F2=0.33[28], power =0.80, and alpha =0.05 for 36 observed variables, a sample size of 200 was recommended [29].
Then, we took 321 patients (about 50 cases per factor in CFA), and the model fit would maximize.

2.3 Measures

The questionnaires were demographic information and WHODAS 2.0

2.3.1 World health organization disability assessment schedule

As a general measure, WHODAS 2.0 was developed based on the framework of International Classification of Functioning,
Disability and Health to measure disability during the past 30 days [30]. It includes six domains: cognition (D1;6 items),
mobility (D2;5 items), self-care (D3;4 items), getting along (D4;5 items), life activities (D5;8 items), and participation (D6;8
items) [16, 31].

The response choices ranged from zero (none) to four (extreme/cannot do). The scale score ranged from 0 (no
disability) to 144 (complete disability). Higher the score, higher the disability level is [32]. We transformed the raw scores
into a range from 0 to 100 normalized using the min—-max normalization technique via the following formulae:

Min — max Normalized score = (raw score—minimum) + (possible range of 144) x 100
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The subscale scores were calculated by summing the items in each subscale [33]. Disability severity was categorized
as no problem (0-4), mild (5-24), moderate (25-49), severe/extreme (50-100) [34]. Surveys with two or more missing
items was excluded, while for one missing item, the mean of the remaining items was assigned [9].

2.4 Statistical analysis

The descriptive analysis and IRT analysis were performed in STATA statistical package version 15 [35]. The CFA were
performed in structural equation model of Smart Partial Least Squares (PLS) 3.3.9 program [36], because the current
model is quite simple, with a limited number of observed variables [37]. P-values less than 0.05 were considered as
significant.

2.4.1 Reliability

Internal consistency reliability was assessed by Cronbach’s Alpha [38] as moderate (0.5-0.75), good (0.75-0.9), and
excellent >0.90 [26, 39]. Composite reliability (CR) also assessed the internal consistency of the latent construct of
disability [40]. The stability over time was measured by ICC at full scale and subscale levels [41]. ICC was estimated via
the “single-rater type (k= 1), absolute-agreement, 2-way mixed-effects model with 95% confidence intervals [39]. Poor-
to-fair ICCs are < 0.4, moderate ICCs: 0.41-0.60, good ICCs:0.61-0.80 and excellent ICCs >0.80 [42]. The reliability was
estimated by standard error of measurement (SEM). The smallest detectable change (SDC) was also measured using
standard error of measurements (SDC =1.96 x /2 x SEM) [43]. The weighted kappa is applied for each ordinal item. A
recommended kappa of >0.60 specifies good test-retest reliability [44]. The normality of data to assess the reliability
was tested based on values of skewness (+ 3) and kurtosis (+ 7) [45, 46].

2.4.2 Validity

We assessed model validity using confirmatory factor analysis (CFA), in the Smart PLS algorithm. The normality at item-
and total-score levels was assessed using skewness (> 3) and Kurtosis (> 10) [47, 48]. The “factor weighting scheme”
was set with Maximum Iterations and Stop Criterion at 1000 and 7, respectively. The outputs are Outer Loadings, R
square, Cronbach’s Alpha, rho_A (Spearman’s rank-correlation coefficient), CR, Average Variance Extracted (AVE), Model
fit. Loadings = 0.5 demonstrate adequate item reliability [40]. In reflective measurement models, Cronbach’s alpha and
CR represent the lower and upper bounds of internal consistency, with rho_A falling between them [49]. An AVE >0.5
[12] and CR > 0.7 confirm that items measuring similar constraints are loaded to one factor [50]. The HTMT (heterotrait-
monotrait ratio) verifies discriminant validity (correlations >0.90 means no discriminant validity) [51].

The inner model metrics include R square, path coefficients size, F?, Q% and significance [52]. R? values, indicating
predictive accuracy, are 0.26 (substantial), 0.13 (moderate), 0.02 (weak) for endogenous latent variables [53]. Stone-
Geisser's Q% values, indicating predictive relevance, are 0.02(small), 0.15(medium), and 0.35(large) [54]. PLS Path Modeling
lacks an overall fit index, but a global goodness of fit (GoF) criterion, introduced in 2004, evaluates both measurement
and structural model performance. The GoF index is obtained as the geometric mean of the average communality index
and the average R square values [12] with thresholds of 0.10 (low), 0.25 (moderate), and 0.36 (high) [55].

We applied the graded response model (GRM) for ordered responses under categorical IRT models [25] to estimate
items’ discrimination and difficulty indices. The discrimination index describes the test sensitivity to differentiate the
characteristics severity. The difficulty index identifies the level of a perceived problem needed to achieve a 50% probability
of choosing a particular score [56]. The items with discrimination < 0.700 offer little information and not directly relate
to the latent trait [57]. The items with a> 1.0 are highly discriminant.
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Table 1 Reliability indicators of WHODAS 2.0 (n =40)
Subscales Mean (SD) Cronbach’s Composite  ICC" (95% Cl) SEM™ SDC*** Agreement
alpha reliability (95% Cl)
Test Retest

Cognition 5.31(11.00) 3.44 (7.89) 0.79 0.93 0.93 2.53 7.01 Excellent
(0.86-0.96)

Mobility 24.13 (29.22) 22.25(27.80) 0.73 0.97 0.99 2.83 7.84 Excellent
(0.98-0.99)

Self-care 16.09 (19.40) 13.28 (17.46) 0.67 0.93 0.98 2.60 7.21 Excellent
(0.93-0.99)

Getting along 5.88(9.26) 5.25(8.69) 0.78 0.86 0.97 1.55 4.29 Excellent
(0.95-0.98)

Life activities 30.23 (25.99) 29.38 (26.36) 0.67 0.99 0.99 3.68 10.20 Excellent
(0.99-0.99)

Participation 32.03 (21.75) 29.53 (20.34) 0.68 0.92 0.98 2.96 8.20 Excellent
(0.96-0.99)

Total score 20.68 (14.67) 18.96 (13.99) 0.76 0.99 1.43 3.96 Excellent
(0.94-0.99)

*ICC Intra-Class Correlation Coefficient); at significance level of 0.0001. **SEM Standard Error of Measurement. "SDC Smallest Detectable
Change

Table 2 Baseline

characteristics of study Variables Categories N =321 (%)
population (n =321) Sex Male 233 (72.6%)
Female 88 (27.4%)
Age 18-24yrs 42 (13.1%)
25-44 yrs 163 (50.8%)
45 -64 yrs 99 (30.8%)
65 yrs and above 17 (5.3%)
Employment Employed 237 (75.5%)
Unemployed 77 (24.5%)

Differential item functioning (DIF) evaluates if an item behaves differently across respondents with similar disability
[58] and indicates that the probability of endorsement of one response category among similarly disabled patients is
different for subgroups of people such as gender, age [58]. It may result from shifts in the discrimination parameter
(a-DIF), the difficulty parameter (b-DIF), or both (ab-DIF). To test for uniform (b-DIF) and non-uniform (ab-DIF) DIF [25],
items with P> 0.05 have no difference between groups. The value above 0.1 confirmed no uniform DIF [59].

3 Results

3.1 Translation validity

In item 6.5, “emotionally affected” with semantic complexity was discussed. The forward and back translations were
satisfactorily compatible, as reported by three experts separately on a four-level Likert scale. Modified Kappa rate (> 0.76)

indicated the complete compatibility, except for item 6.5. After minor revisions, to see items comprehensibility, the final
translation was completed by several respondents (Online Resource 1).

@ Discover



Research
Discover Public Health (2025) 22:171 | https://doi.org/10.1186/512982-025-00536-3

3.2 Reliability

The skewness and kurtosis values (0.46 & 2.77, respectively) specify the total score normality. The total Cronbach’s a
coefficient was 0.76 ranged from 0.67 (Life activities) to 0.79 (Cognition), demonstrating moderate to good internal
consistency. The CR showed the internal consistency of the latent construct of disability (Table 1).

The ICC examined consistency over time by the single-rater type, absolute-agreement, two-way mixed-effects model
with 95% Cl, representing excellent reliability at 0.99 (overall), varied between 0.93 (Cognition) and 0.99 (Mobility, Life
activities). Item-level ICC varied from 0.85 (good) to 0.97 (excellent). The lowest and highest mean test scores were in
Cognition and Mobility, respectively (Table 1). The item-level reliability, measured by weighted Kappa coefficient ranged
from 0.66 (D1.1) to 1.00 (D2.4, D3.4) (Online Resource 2). The smallest clinically important difference estimates were 1.43
(estimated as SEM). The minimal detectable change was 3.96 points exceeding the smallest clinically important difference.

3.3 Validity

For 321 respondents, the mean age (SD) was 40.3 (13.4; 19 -70 yrs). They were mostly male (72%) or employed (75%)
(Table 2).
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Fig. 1 Output of the WHODAS 2.0 construct in full model test
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Table 3 Matrix of latent Measurement Model

variables’ reliability and

validity (n =321) Scales D1 D2 D3 D4 D5 D6
D1- Cognition 0.799 0.441 0.452 0.611 0.408 0.569
D2- Mobility 0.395 0.842 0.838 0.385 0.791 0.782
D3- Self-care 0.368 0.729 0.804 0.464 0.782 0.829
D4- Getting along 0.549 0.349 0.390 0.856 0.444 0.596
D5- Life activities 0.380 0.737 0.712 0418 0.855 0.827
D6- Participation 0.516 0.720 0.724 0.546 0.784 0.793
Cronbach’s alpha 0.886 0.897 0.807 0.905 0.948 0.915
rho_A 0.893 0.900 0.847 0.909 0.951 0.921
Composite Reliability 0.914 0.924 0.877 0.932 0.956 0.931
Average Variance Extracted 0.639 0.708 0.647 0.733 0.731 0.628
F square 0.481 2484 2.183 0.633 4.540 5.813
Cross-validated Communality 0.493 0.558 0.432 0.598 0.660 0.522
Cross-validated Redundancy 0.204 0.500 0.433 0.275 0.587 0.528
Structural Model
F square 0.481 2484 2.183 0.633 4.540 5.813
Cross-validated Communality 0.493 0.558 0.432 0.598 0.660 0.522
Cross-validated Redundancy 0.204 0.500 0.433 0.275 0.587 0.528

3.3.1 Confirmatory factor analysis

Assumptions testing indicated no variables with zero standard deviations. All variables were normally distributed at item
and total levels using skewness and Kurtosis.

3.3.1.1 Measurement model Bootstrapping method confirmed convergent validity with significant item factor loadings
(p <0.0001). Item loadings ranged from 0.558 (3.3, t-statistics:9.990) to 0.924 (4.4, t-statistics:86.818). Items loadings
above 0.5 confirmed item validity. All t-values are above 2.58 and significant (p <0.01) (Fig. 1).

Path model (reflective). The values inside the circles represent the coefficient of determination (R?). The values
overlapping the arrows pointing towards the circles represent the path coefficients (P-values). The values overlapping
the arrows pointing towards the yellow rectangular shapes represent the loading values.

The Fornell-larcker criterion reports the discriminant validity. The elements in the matrix diagonal, signifying the AVEs’
square roots, are greater than the off-diagonal values in their corresponding row and column. The values above the
diagonal, HTMT (< 0.85), confirm discriminant validity. The correlation coefficients, below the diagonal, are significant
(p <0.01). AVEs (> 0.5) support the convergent validity (Table 3).

3.3.1.2 Structuralmodel All path coefficients are statistically significant (Fig. 1). The model explains a substantial variance
in disability constructs, between 32% (Cognition) to 85% (Participation). The R? values indicate model’s significant GoF
and good predictability.

The F? variables >0.35 are significant. The positive Q? values confirm the model’s predictive relevance. Construct
cross-validated communalities above 0.35 confirm large predictive relevance. Cross-validated Redundancy values for
Cognition and Getting along are at medium level, while others are at strong levels (Table 3).

3.3.1.3 Model fit The full model shows GoF of 0.58(> 0.36) and the Standardized root mean square residual (SRMR) at
0.08 (P =0.047) verifying the quality of the model. Besides, other model fit indices include comparative fit index (CFI)
of 0.96 (= 0.95), Tucker Lewis index (TLI) of 0.95 (= 0.95), root mean square error of approximation (RMSEA) of 0.12 (<
0.08), standardized root mean square residual (SRMR) of 0.08 ((< 0.08), RMS theta of 0.18 (0.12 < Borderline acceptable fit
<0.20), and Chi-square: 3816.43 (non-significant) [60] [61].
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3.3.2 Graded response model (GRM)

Iltem response theory analysis achieved a good fit after six iterations (n =321). The discrimination parameters (a:
0.85-5.30, (> 0.700)) represented that the item response categories effectively differentiate between respondents with
varying disability. The difficulty parameters (B: —4-4) show that a higher disabled patient would be more likely to have
a 50% chance of certifying more severe response options than a patient with a lower disability. Participants had a 50%
probability of selecting the categories B, (one or above), 3,, B; and 3, in D1.1, with difficulty parameters of —0.26, —0.35,
1.44, and 2.85, respectively. The difficulty level of the bold items shifted towards higher disability levels compared to the
average level (the positive values) (Table 4).

The test characteristic curve (Fig. 2a) showed a shift towards higher levels of disability. The test information function
curve shows function peak located on the right side of the point indicating an average level of disability in the studied
population (point of zero on the X-axis) (Fig. 2b).

The student’s t-test for independent samples represented insignificant gender difference in disability at the scale level.
The analysis revealed that women (n =88; mean =53.63, SD =30.82) did not report significantly higher disability than men
(n=233; mean =44.74,SD =34.26),t (319) =— 1.95, p > 0.05. To test for b-DIF and ab-DIF, on 321 observations across 36
items, the grouping variable was sex. The ability of interest was the total score disability. Non-Uniform DIF was reported
(P <0.05) for items 5.1 and 6.8, indicating significant DIF in discrimination and difficulty between men and women. For
all other items, gender difference was uniform (see Online Resource 3).

4 Discussion

The 36-item WHODAS 2.0 indicated robust translation validity and psychometric properties in application through phone
survey among trauma patients.

The study demonstrated that psychometric characteristics are reflective of disability levels caused by health condition,
rather than administration mode, within the population, although data collection methods, such as phone surveys,
may introduce variations. According to IRT and CFA, the tool effectively differentiates disability severity level [50, 57, 62,
63]. Furthermore, the strong consistency, high reliability, and validity indices point toward WHODAS 2.0’s robustness,
regardless of administration mode. There are however potential reasons to conduct future studies comparing telephone
administration mode with other common methods such as interviews [16, 18, 31, 50], including its remote data collection,
less costs [64], better response rate [65], easier quality control [66], no need to travel to study site, problematic when
interviewing with elderly patients and those with hearing problems [14], respondents socially desirable answers [67]
and weak reliability and validity versus mail ones [68].

The data verified excellent consistency over time and showed better results comparing to a study in people with hand
injuries (ICC =0.88) [69]. Multiple studies identified high ICCin large populations [9], mentally disordered patients [70],
and patients with sclerosis [17]. Similarly, we represented excellent stability reliability in trauma patients. The SEM of 1.43
for WHODAS 2.0 indicated that score variations within this range (£ 1.96SEM) with 95% confidence reflect measurement
error rather than true changes in patients’ disability and help clinicians recognize that changes smaller than the SEM are
likely not clinically significant, while larger changes may indicate true improvements or declines. The study indicated
that WHODAS 2.0 score changes exceeding 3.96 (SDC) likely reflect a real change in functional condition, rather than
measurement error. It guides clinicians to identify meaningful changes in function during assessment or intervention. A
study on 5809 people with multiple sclerosis reported 1.971 and 5.466 as values of SEM and SDC for 36-item WHODAS
2.0 [71]. The discrepancy may arise from differences in sample characteristics or methodologies, underscoring the need
for context-specific thresholds. Future research should examine these metrics in diverse populations to improve the
application of the WHODAS 2.0 and enhance patient care.

Our ideal internal consistency (a =0.95) was in consistent with studies in patients with sclerosis (a >0.7) [17], with
hearing loss (a =0.94) [72], with spinal cord injury (a =0.97) [73], and Taiwanese population (a =0.91) [17] and others (a:
0.92,0.94, 0.96) [9, 34, 74]. It represented better results compared with studies in Syrian refugees (a =0.74) [75], people
with musculoskeletal pain (a =0.84) [76] and female population after pregnancy [77]. Furthermore, “items” under one
factor measured the same constraint, confirmed CR [78], in line with studies on 298 adults receiving individual counselling
(0.72-0.93) [79] and road traffic survivors [50].

The study contributes to building evidence for excellent validity at total and subscale levels among post-crash trauma
survivors. The CFA model confirmed fit of the original six-facet model and its psychometric properties. The goodness of
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Fig.2 Test curves for the WHODAS 2.0 in phone surveys

fit indices verified model’s quality, similar to findings from a study on 1119 patients with chronic conditions in Europe
[63] and other studies [50, 62]. Convergent validity was confirmed as variance explained by indicators exceeds that by
error [12]. In opposite, a study of 298 adult patrons in therapy, reported AVEs < 0.5, rejecting convergent validity [79].
Item factor loadings (p <0.0001) further supported convergent validity. The Fornell-larcker criterion and HTMT matrix
supported discriminant validity.

Two items Eating (0.55) and Sexual activity (0.67) showed low factor loadings on their related factors. Similarly, some
papers have reached similar findings [62, 77]. Some other research studies found similar findings on Chinese and Persian
WHODAS 2.0 and indicated better fit with the reduced model [16, 62]. Moreover, some papers indicated the relevance of
sexual activities when disease severity is evaluated by healthcare professionals as they consider sexual functions to be
of relevant aspects [58]. The issue of sexual activities is related to patients’ physical functioning or chronic diseases for
instance Multiple Sclerosis [17]. Accordingly, Patients'socio-economic status, cultural background, and health-related
factors influence how they perceive and report challenging conditions related to these items. The exclusion of these
items must be approached cautiously because it could limit the generalizability of WHODAS 2.0 across diverse patient
populations. As such, it is important to discuss their potential limitations in diverse clinical contexts. This could result
in development of condition-based versions of WHODAS 2.0. Moreover, we highlight the importance of considering
population-specific characteristics when we interpret disability assessments. The influence of administration mode on
the emerging evidence should be approached cautiously, although video calls may offer a viable alternative to in-person
data collection methods [80]. Addressing these points, help us provide a more nuanced interpretation and greater clarity.

The inter subscale correlation coefficients (0.7) support strong relationships between activities requiring physical
movement: Mobility, Life activities, Self-care and Participation, consistent with a study of 600 women in different
postpartum periods [77]. This is expected as physical activities are correlated. Furthermore, comparisons with previous
studies are limited since, to our knowledge, this is the first application of WHODAS 2.0 in trauma survivors via phone
survey.

Concerning IRT analysis, the items effectively differentiated respondents across ability levels, showing good
discriminating power (> 0.700), and a direct relationship with the latent trait [57]. The highest discrimination value was
5.30 (D5.1) and the lowest value was 0.85 (D1.2), still above the recommended value. A shift towards higher disability
scores indicates the tool is more sensitive at distinguishing between “much more”and“more” disabled respondents than
between “more”and“less” disabled ones. A cohort study on patients with chronic musculoskeletal pain reported similar
findings [81]. The items’ difficulty identified a slight shift towards higher disability, namely, a participant should suffer
from slightly worse disability (compared with the average population rate) to achieve fifty-fifty probability of giving an
answer categorized as worse disability [81]. The items D6.5 and D6.6 were easiest for respondents at level one, while
item D1.5 was the most difficult at an alternative level four. Methods such as Rasch analysis consider items’ difficulty,
while IRT estimates ability to discriminate different disability levels. Overall, WHODAS 2.0 performs well at determining
disability level, particularly higher levels.
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Regarding DIF, two items (D5.1, D6.8) were biased by sex and overestimate the disability level in men compared to
women or vice versa, opposing some studies [8, 31]. Men and women at the same disability level responded similarly to
34 items and their group mean differences by sex were not attributable to gender-item bias. This contrasts with other
studies due to differences in populations (patients with depression or acute myocardial infarction), major participants
(male (69%) [82], female (67%) [8], ours’ male (73%)), and methodologies (Partial Credit Model [82], kernel-smoothing
[8], GRM in this work). Additionally, item D6.8 was not included in WHODAS 2.0 short version. A schizophrenias study
also revealed no DIF by sex using Partial Credit Model [83].

Our sample includes a higher proportion of men (72%) and employed individuals (75%) among hospitalized traffic
accident survivors. This gender distribution reflects the typical male dominance observed in road accident statistics [84,
85]. However, the situation is reversed in the case of fatal car crashes [86]. The composition of our sample, regarding
gender and employment status, may reflect certain characteristics of trauma patients who are more likely to develop
disabilities. With respect to the eligibility criteria, we applied broad criteria to capture a wide range of injury severities and
outcomes. This allowed us to include participants with mild to moderate cognitive challenges. Then, we acknowledge
that these sample characteristics may limit the generalizability of the results to certain populations, such as those who
are not employed or who experience more severe cognitive impairments. There is a need for further research in more
diverse trauma populations.

The Persian WHODAS 2.0 was developed upon WHO permission and translation guidelines. The available translations
[16, 18], were not assessed in RTA trauma patients and were not developed in a public-friendly format. We needed a
robust, informal Persian version to apply within the national post-crash PERSIAN Traffic Cohort Study platform. According
to its excellent translation validity, it could be proposed for assessment in other languages and disability-related
conditions.

4.1 Strengths and limitations

This study may be one of the first to evaluate the psychometric properties of the 36-item WHODAS 2.0 using phone
interviews with traumatized adult patients, however, we acknowledge challenges associated with this approach.
Although telephone interviews can be conducted more quickly and conveniently than a face-to-face interviews,
respondents may be more inclined to give socially desirable answers, source of potentially distort findings [671].
This social desirability bias may affect the reliability of the data. Interviewer's specific information to clarify
misunderstandings could further impact the responses [87]. Then, we recommend further research using varied
valid data collection methods to mitigate potential bias.

The trauma patients’ disability and functioning profile is determined at low cost and effort. The male dominance in
the sample reflects typical gender proportion in road traffic accidents [88]. A limitation was the inclusion of only above
18-year-old patients due to feasibility issues. Then, similar studies among adolescents are recommended. The findings do
not assess the tool’s longitudinal performance post-trauma and further research is needed to evaluate its responsiveness
over time. Furthermore, we should evaluate the tool among elderly and patients with hearing problem.

4.2 Conclusion

The validation of WHODAS 2.0 is realized within the post-crash PERSIAN Traffic Cohort platform, using the advanced
methods via Smart PLS structural equation modelling, considering the acceptable levels for the factor analysis and
the parameters of item-response theory. The factor analysis validates the latent constructs and IRT validates the
discrimination power of the items. The Persian 36-item WHODAS 2.0, developed and validated by translation, showed
good psychometric properties, good consistency over time, internal consistency reliability, and composite reliability,
in trauma survivors in clinical and research settings. This tool is good at measuring disability levels, and mainly good at
distinguishing higher levels. The study strengthens the existing literature demonstrating that WHODAS 2.0 indicated
decent and reliable psychometric properties among the study population, and translation validity.
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