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The aim of this study was to detect a possible age-related differential item functioning (DIF) of
the WHODAS 2.0 amongst people with musculoskeletal disorders.

This was a cross-sectional study of 1,739 consecutive patients with chronic musculoskeletal pain
at a university clinic. Difficulty and discrimination parameters were calculated for each of 12
items of the WHODAS 2.0 using item response theory. The presence of DIF was assessed both
numerically and graphically.

When considering differences in both difficulty and discrimination, a statistically significant DIF
was observed for all the items except for the item “washing” (p-values <0.001). The DIF was
mostly uniform. ltems “standing”, “household responsibilities”, “learning a new task”,
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“emotional affectedness”, “concentrating”, “washing” and “dressing” showed better precision
”n u

amongst older patients. ltems “walking”, “dealing with strangers”, “maintaining a friendship”
and “day-to-day work” were more informative amongst younger patients.

The 12-item WHODAS 2.0 showed a significant age-related DIF in 11 out of 12 items among
people with musculoskeletal pain. Difficulty and discrimination parameters were alike for all 12

nou

items. The DIF was mostly uniform. Items “standing”, “household responsibilities”, “learning a
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new task”, “emotional affectedness”, “concentrating”, “washing” and “dressing” showed better
precision amongst older patients. Items “walking”, “dealing with strangers”, “maintaining a
friendship” and “day-to-day work” were more informative amongst younger patients. These
results can be of use when applying the WHODAS 2.0 to people with musculoskeletal complaints,

especially when the studied groups are predominated by people of certain age.

Asiasanat: tuki- ja lilkkuntaelinten sairaudet, poikkileikkaustutkimukset, psykometriikka,
validointitutkimukset



Introduction

It is usually assumed that the response to a questionnaire explicitly reflects only the level of
measurable phenomenon. However, in reality, the response may be affected by the intrinsic
characteristics of the respondents, for example, by sex, educational level or socioeconomic status (1).
If these intrinsic factors significantly affect the response, then the measure may show differences
between two groups even though the level of the entity being measured is the same, or, respectively,
no differences may be seen even if the real levels of a trait to be measured are different. This
phenomenon is called "differential item functioning" (DIF) and is usually studied by performing an
analysis based on item response theory (IRT) (2) . It has previously been suggested that age can affect
the perception of the level of disability (3-5). Age-related DIF has been observed when evaluating
various subjective measures of functioning, among others National Health Interview Survey Disability

Supplement, PROMIS® physical functioning items, and EQ-5D-5L (3-5).

The WHO Disability Assessment Schedule (WHODAS 2.0) is a general scale to assess the level of
disability in different populations and health disorders (6). The easy-to-use 12-item version of the
WHODAS 2.0 has gained popularity especially as a screening tool or for research purposes (6, 7). The
12-item WHODAS 2.0 measures the level of disability in six major areas of functioning: cognition,

mobility, self-care, getting along, life activities, and participation (6).

The psychometric properties of WHODAS 2.0 have well been studied in different health disorders, and
it has been found to be valid and reliable scale (6). Of all the psychometric properties of the WHODAS
2.0, the potential presence of DIF has probably been studied the least. So far, all that is known about
the DIF of the WHODAS 2.0 items is that it can be present in some health conditions like cancer and
schizophrenia (8, 9) and absent in others like osteoarthritis, myocardial infarction and mild brain injury
(10-12). Even though the DIF of other questionnaires measuring disability in musculoskeletal diseases
has previously been studied, the possible DIF of WHODAS 2.0 (including age-related DIF) had not been

investigated before among people with musculoskeletal complaints (13-15).



Knowledge about the possible DIF of the WHODAS 2.0 can be important, at least in certain situations,
for clinicians, researchers and decision-makers. An example can be a situation when there is a need to
assess the level of disability in populations with predomination of people of a certain age. Potential
age-related DIF should also be taken into account when the level of disability is assessed repeatedly in
a few-year interval as aging may affect the response even if the real disability level remains unchanged.
The aim of this study was to detect a possible age-related DIF of the WHODAS 2.0 amongst people

with musculoskeletal disorders.



Materials and methods

This was a cross-sectional study of consecutive patients with chronic musculoskeletal pain at the
Physical and Rehabilitation Medicine (PRM) outpatient clinic of a university hospital between April
2014 and February 2017. The study was based on a self-administered version of the 12-item WHODAS
2.0 that patient had filled out before a physician appointment. The university hospital Ethics

Committee approved the study.

Sex was defined as men vs. women. Age was defined in full years at the time of the response.
Educational level was defined as high school vs. no high school. Marital status was defined as single vs.
co-habiting. Occupational status was dichotomized using the International Standard Classification of
Occupations (ISCO) as managers and professionals vs. technicians and manual workers. Pain intensity
was assessed using a 11-point numeric rating scale (NRS) from zero ‘no pain’ to 10 ‘worst possible
pain’. BMI was calculated as body weight in kg divided by a squared height in meters (kg/m2). The level
of leisure-time physical activity (lately “physical activity”) was assessed by using a four-item
guestionnaire with a five-grade scale. The patients were asked to mark the amount of their weekly
physical activity ‘as usual’ during the last year or since the onset of the disease. The respondents
compared their physical activity to the following items: 1) walking with normal speed; 2) fast walking;
3) jogging; or 4) running. The respondents approximated the amount of physical activity to “none”;
“<% hour”; "around 1 hour”; “2 to 3 hours”; and “>4 hours”. The responses were converted into
metabolic equivalent of task (MET) and expressed as MET-hour/week. To obtain METs from a
guestionnaire, the minutes of physical activity were multiplied by the following coefficients: walking
with normal speed — by 2.3; fast walking — by 3.6; jogging — by 7.0; and running by 8.0. The total amount

of physical activity per one week was the sum of all four items.

When filling out the WHODAS 2.0, the respondents were asked to rate how much difficulty they had
experienced during the past 30 days in performing 12 different activities (6). These activities were:

standing, household responsibilities, learning a new task, joining in community activities, emotional



affection, concentrating, walking, washing, getting dressed, dealing with unknown people, maintaining
a friendship, and day-to-day work. The responses were given on a scale from zero (no disability) to four
(extreme disability or inability to perform an activity) (6). The total score of WHODAS 2.0 questionnaire
was calculated as a sum of all 12 items divided by 48, multiplied by 100, and presented as a percentage

where 100% represents the worst possible disability level.

Statistical analysis

The descriptive statistics were reported as means and standard deviations (SD) or as frequencies and
percentage, when appropriate. Two groups of equal size were formed based on age and entitled
“younger patients” and “older patients”. The differences between age groups were evaluated by using

independent t-test or chi-square test, when appropriate.

Using item response theory, difficulty and discrimination parameters were calculated for each of 12
items of the WHODAS 2.0. Difficulty was understood here as the level of disability (compared to the
average level in the sample) needed to give a particular response to an item. In turn, discrimination
was understood here as the steepness of the regression curve describing the amount of information
obtainable from the response to an item depending on the level of perceived disability. Discrimination
parameter was interpreted as: 0.01-0.34 ‘very low’, 0.35-0.64 ‘low’, 0.65—-1.34 ‘moderate’, 1.35-1.69
‘high’ and >1.7 ‘very high’ (16). Here, information was defined as inverse variance. In other words,
here, information was understood as the preciseness of the score obtained from a response to an item.
The information was explored creating item information curves. The presence of DIF was confirmed if
there was statically significant difference (likelihood ratio test resulted in p-value <0.05) between a
fully constrained model and a model taking into account differences between items in both difficulty
and discrimination. The DIF was considered uniform if the direction of the difference in information
curves was similar for the entire scale of disability. In turn, the non-uniform DIF was present if the

curves of two groups were overlapping, in other words, the direction of difference varied at the



different levels of disability. The level of statistical significance was set as <0.05. All the reported p-

values were two-tail.

All the analyses were conducted using Stata/IC Statistical Software: Release 18. College Station

(StataCorp LP, Texas, USA).



Results

Of 1,739 patients, 1,123 (65%) were women (Table 1). The average age was 46.6 (14.7) years, the

average severity of pain 6.3 (2.0) points and the average WHODAS 2.0 composite score was 28.2%

(19.5%). There were some statistically significant differences between two age groups.

Table 1. Descriptive characteristics.

. Entire sample Younger Older p-value ?
Variable
N % N % N N
Sex 0.5590
Men 616 35 302 35 314 36
Women 1,123 65 567 65 556 64
Total 1,739 100 869 100 870 100
Educational status 0.0020
No high school 1,112 67 538 63 574 71
High school 552 33 312 37 240 29
Marital status 0.0020
Single 409 25 178 22 231 28
Cohabitting 1,227 75 645 78 582 72
Occupational status 0.2910
Managers and professionals 623 47 327 46 296 48
Service and physical work 706 53 391 54 315 52
Main diagnosis <0.001
M54 Dorsalgia 698 40 394 45 304 35
M79 Soft tissue disorders 182 10 100 12 82 9
M51 Intervertebral disc disorders 122 7 61 7 61 7
M75 Shoulder lesions 89 5 42 5 47 5
Other 643 37 271 341 372 43
Mean SD Mean SD Mean SD
Age, years 46.6 14.7 34.9 8.7 58.4 9.0 <0.0001
WHODAS score, % 28.2 19.5 27.3 19.6 | 29.1 | 194 0.0438
Pain, points 6.3 2.0 6.1 2.0 6.5 1.9 <0.0001
BMI, kg/m? 27.4 5.7 26.7 6.0 28.1 5.4 <0.0001
Physical activity, MET-h/wk 904.4 | 868.6 | 1,145.1 | 971.5 | 664.0 | 671.1 | <0.0001

2 t-test for continuous variables, Chi? test for categorical variables

Difficulty parameters were alike for all 12 items (Table 2). Discrimination parameter varied from

moderate 0.68 to very high 1.76 (Table 3). The 95% Cls of discrimination parameter were overlapping

for all 12 items.




Table 2. Difficulty parameter by age group

Response Younger Older Younger Older Younger Older
Mean 95 C1% Mean 95 C1% Mean 95 C1% Mean 95 Cl% Mean 95 Cl% Mean 95 Cl%
S1 Standing for long periods S5 Emotionally affected by health problems S9 Dressing
1vsO 0.75 0.38 1.12 | -0.19 | -047 | 0.09 | -143 | -1.67 | -1.20| -1.14 | -1.37 | -0.90 | 0.25 | 0.01 | 049 | 0.14 | -0.05 | 0.32
2vsl -0.21 | -0.56 | 0.13 | -045 | -0.72 | -0.17 | 0.06 | -0.12 | 0.25 | 0.24 | 0.06 | 0.43 1.23 | 0.92 | 1.55 1.19 0.94 | 1.44
3vs2 0.45 0.11 0.78 | 047 | 0.22 | 0.73 0.44 | 0.24 | 063 | 0.57 | 0.38 | 0.76 | 1.68 1.27 | 2.09 1.47 1.16 | 1.77
4vs3 1.58 1.18 | 199 | 1.03 | 0.76 | 1.31 | 2.80 | 237 | 3.22 | 3.11 | 2.62 | 3.61 | 3.76 | 2.86 | 467 | 3.38 | 2.67 | 4.08
S2 Household responsibilities S6 Concentrating $10 Dealing with strangers
1vsO -0.72 | -0.87 | -0.57 | -0.74 | -091 | -0.57 | 0.84 | 0.60 | 1.09 | 0.87 | 0.66 | 1.09 | 1.92 | 1.55 | 230 | 2.19 | 1.75 | 2.63
2vs1 0.00 | -0.13 | 0.14 | -0.11 | -0.25| 0.04 | 0.67 | 044 | 091 | 099 | 0.76 | 1.21 | 139 | 1.06 | 1.73 | 1.41 | 1.06 | 1.77
3vs?2 0.77 | 0.62 | 092 | 0.74 | 060 | 0.89 | 1.62 | 1.31 | 194 | 158 | 1.29 | 1.88 | 1.43 | 1.02 | 1.83 | 1.95 | 1.47 | 2.42
4vs3 1.86 162 | 210 | 1.84 | 1.61 | 2.08 | 2.54 | 2.03 | 3.06 | 3.03 | 2.43 | 3.64 | 2.46 | 1.89 | 3.03 | 2.70 | 1.96 | 3.43
S3 Learning a new task S7 Walking a long distance S$11 Maintaining a friendship
1vsO 2.28 1.80 2.75 197 | 1.55 2.40 0.58 | 0.32 | 0.84 | 0.63 0.26 | 1.00 | 0.68 | 0.51 | 0.86 | 1.18 0.92 | 1.45
2vs1 1.62 1.20 | 205 | 1.25 | 0.89 | 161 | 035 | 0.09 | 0.62 | 0.05 |-0.32 | 041 | 1.09 | 0.89 | 1.29 | 1.34 | 1.06 | 1.62
3vs?2 148 | 096 | 2.00 | 1.64 | 1.18 | 2.10 | 096 | 0.66 | 1.26 | 0.35 | -0.01 | 0.71 | 1.23 | 0.99 | 1.47 | 1.64 | 1.29 | 1.99
4vs3 338 | 244 | 432 | 289 | 211 | 3.67 | 1.18 | 0.84 | 1.52 | 1.01 | 0.64 | 1.38 | 2.35 | 1.97 | 2.73 | 3.33 | 2.60 | 4.07
S4 Joining in community activities S8 Washing ? S12 Day-to-day work

1vsO 0.26 | 0.11 | 040 | 0.27 | 0.11 | 043 | 0.61 | 040 | 0.82 | 0.44 | 0.26 | 0.62 | -1.06 | -1.28 | -0.84 | -0.52 | -0.77 | -0.27
2vs1 0.66 | 0.49 | 082 | 053 | 036 | 0.69 | 1.11 | 0.86 | 1.35 | 1.04 | 0.82 | 1.26 | -0.19 | -0.39 | 0.00 | -0.26 | -0.49 | -0.03
3vs?2 091 | 073 | 1.10 | 090 | 0.72 | 1.08 | 1.51 | 119 | 1.83 | 1.44 | 1.16 | 1.72 | 0.26 | 0.06 | 0.46 | 0.68 | 0.44 | 0.91
4vs3 1.77 152 | 202 | 1.70 | 1.46 | 195 | 3.09 | 246 | 3.73 | 2.27 | 1.85 | 270 | 0.64 | 0.43 | 0.84 | 0.99 | 0.73 | 1.24

2 Likelihood ratio test 0.0474, all the others <0.0001




Table 3. Discrimination parameter of WHODAS 2.0 items by age group

. Younger Older
WHODAS item
Mean 95 Cl% Mean 95 Cl%
S1 Standing for long periods 0.66 | 0.56 | 0.76 | 0.89 | 0.74 | 1.03
S2 Household responsibilities 1.65 (141 1.89 | 1.76 | 1.48 | 2.04
S3 Learning a new task 0.89 |0.71| 1.06 | 093 | 0.75 | 1.12
S4 Joining in community activities 168 | 141 | 195 1.71 | 1.41 | 2.00
S5 Emotionally affected by health problems 1.08 | 0.92| 1.24 | 1.20 | 1.00 | 1.39
S6 Concentrating 1.05 | 0.88| 1.22 | 1.23 | 1.01 | 1.44
S7 Walking a long distance 090 |0.76 | 1.04 | 0.67 | 0.56 | 0.79
S8 Washing 1.05 | 0.88| 1.22 | 1.25 | 1.04 | 1.46
S9 Dressing 0.74 | 062 | 0.86 | 1.02 | 0.85| 1.19
$10 Dealing with strangers 1.16 | 094 | 1.39 | 1.07 | 0.85 | 1.29
S$11 Maintaining a friendship 154 (128 1.79 | 1.08 | 0.89 | 1.28
S$12 Day-to-day work 1.13 | 096 | 1.30 | 0.99 | 0.83 | 1.15

When taking into account differences in both difficulty and discrimination, a statistically significant DIF
was observed (p-values <0.001 as evaluated by likelihood ratio test) for all the items except for the
item “washing” (p=0.061). Figure 1 showed item information curves for all 12 items. The DIF was

mostly uniform or almost uniform for all the WHODAS 2.0 items. ltems “standing”, “household
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responsibilities”, “learning a new task”, “emotional affectedness”, “concentrating”, “washing” and

n o u

“dressing” showed better precision amongst older patients, while items “walking”, “dealing with

” u

strangers”, “maintaining a friendship” and “day-to-day work” were more informative amongst younger

patients.
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Figure 1. Item information curves of WHODAS 2.0 items by age group.



Discussion

This study amongst 1,739 patients with musculoskeletal pain showed significant age-related DIF
between younger and older subgroups in most of the items of 12-item WHODAS 2.0. Difficulty and
discrimination parameters were alike for all 12 items. When taking into account differences in both
difficulty and discrimination, a statistically significant DIF was observed for all the items except for the

n u

item “washing”. The DIF was mostly uniform. Items “standing”, “household responsibilities”, “learning

n u n

a new task”, “emotional affectedness”, “concentrating”, “washing” and “dressing” showed better
n u

precision amongst older patients. Items “walking”, “dealing with strangers”, “maintaining a friendship”

and “day-to-day work” were more informative amongst younger patients.

The generalizability of the results might be weakened by the fact that the study was performed in a
highly specialized health care unit. Therefore, the situation may differ in other settings, like e.g.,
primary health care. Although the sample size was sufficient to produce statistically significant results,
the group of less than 2,000 patients is hardly representative of the entire population suffering from
musculoskeletal diseases. In addition, the sample was heterogeneous in terms of diseases and the
sample size was not sufficient to perform subgroup analyses. It also has to be mentioned that the IRT

is always an approximation.

The age-related DIF of WHODAS 2.0 among people suffering from chronic musculoskeletal disorders is
not well studied. Therefore, a direct comparison between current results and previous knowledge is
difficult. Indirectly, the results can be mirrored in studies where the WHODAS was used in other
diseases and in different age groups. For example, Berrio et al. have seen the age-related DIF in a single
item 'getting along' when the 36-item WHODAS 2.0 was used in schizophrenia patients (9). Also,
Svanborg et al. have studied the 36-item WHODAS 2.0 characteristics among patients with mental
disorders and reported DIF for one item, but in that case, it was "sexual activities" (17). Vaganian et al.
have observed the age-related DIF in the ‘self-care’ domain of the 12-item WHODAS 2.0 in patients

with cancer (8). On the other hand, Young et al. have studied the 32- and 36-item WHODAS 2.0

10



properties in multiple sclerosis patients without seeing significant DIF (18). Also, Kirchberger et al. did
not observe DIF in the WHODAS 2.0 among patients with myocardial infarction (11). In this way, the
only general observation regarding the possible phenomenon of DIF in WHODAS 2.0 is that it has not
been studied in depth enough so far. Based on previous studies, however, it can be assumed that DIF
can occur in certain situations and this possibility must be taken into account when using this measure.
People can experience a chronic musculoskeletal disorder at very different ages. It is reasonable to
assume that people of different ages may experience the types and severity of limitations differently

at different ages.

Further research on the possible DIF of WHODAS 2.0 among people with different musculoskeletal
disorders is needed. It is desirable that sample sizes are big enough to include subgroup analyses based
on different disorders and descriptive characteristics. Also, a longitudinal repeated measures research
may show the stability of DIF over time and possible changes in its magnitude and direction through

different ages.

Conclusions

The 12-item WHODAS 2.0 showed a significant age-related DIF in 11 out of 12 items among people
with musculoskeletal pain. Difficulty and discrimination parameters were alike for all 12 items. The DIF

” ou

was mostly uniform. Items “standing”, “household responsibilities”, “learning a new task”, “emotional

n o« VN

affectedness”, “concentrating”, “washing” and “dressing” showed better precision amongst older
patients. Items “walking”, “dealing with strangers”, “maintaining a friendship” and “day-to-day work”
were more informative amongst younger patients. These results can be of use when applying the

WHODAS 2.0 to people with musculoskeletal complaints, especially when the studied groups are

predominated by people of certain age.
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