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Abstract
Background: The Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC) is a widely used
patient reported outcome in osteoarthritis. An important, but frequently overlooked, aspect of validating health
outcome measures is to establish if items exhibit differential item functioning (DIF). That is, if respondents have the
same underlying level of an attribute, does the item give the same score in different subgroups or is it biased
towards one subgroup or another. The aim of the study was to explore DIF in the Likert format WOMAC for the
first time in a UK osteoarthritis population with respect to demographic, social, clinical and psychological factors.
Methods: The sample comprised a community sample of 763 people with osteoarthritis who participated in the
Somerset and Avon Survey of Health. The WOMAC was explored for DIF by gender, age, social deprivation, social
class, employment status, distress, body mass index and clinical factors. Ordinal regression models were used to
identify DIF items.
Results: After adjusting for age, two items were identified for the physical functioning subscale as having DIF with
age identified as the DIF factor for 2 items, gender for 1 item and body mass index for 1 item. For the WOMAC
pain subscale, for people with hip osteoarthritis one item was identified with age-related DIF. The impact of the DIF
items rarely had a significant effect on the conclusions of group comparisons.
Conclusions: Overall, the WOMAC performed well with only a small number of DIF items identified. However, as
DIF items were identified in for the WOMAC physical functioning subscale it would be advisable to analyse data
taking into account the possible impact of the DIF items when weight, gender or especially age effects, are the
focus of interest in UK-based osteoarthritis studies. Similarly for the WOMAC pain subscale in people with hip
osteoarthritis it would be worthwhile to analyse data taking into account the possible impact of the DIF item when
age comparisons are of primary interest.
Keywords: Osteoarthritis, WOMAC, Psychometrics, Item bias, Differential item functioning, Measurement
equivalence

Background
Osteoarthritis (OA) is the most common cause of disability in the UK [1] and with an aging population ever
more treatments and procedures are being carried out.
The increase in the number of treatments and procedures combined with limited resources means it is even
more important to use accurate measures of outcome.
Without good measures we cannot identify those that
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benefit from treatments or, indeed, identify those that
do not benefit from treatments, such as joint replacement, and for whom possibly other less invasive treatments may be more appropriate.
The Western Ontario and McMaster Universities
Osteoarthritis Index (WOMAC [2]) is the most commonly used disease-specific measure of outcome used in
OA [3]. The WOMAC was based on the objective of
defining the dimensionality of pain and disability in
osteoarthritis of the hip and/or knee. The WOMAC has
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24 items with a total score and three subscales: pain,
stiffness and physical function.
An important, but frequently overlooked aspect of
establishing the validity of a measure, is to establish if
items and measures work in the same way across subgroups of a population e.g. certain socio-economic groups
or gender. Importantly, the method allows for the detection of item bias independent of true differences in limitation between the groups. That is, if respondents have the
same underlying level of an attribute, does the measure
give the same score in different populations or is it biased
in some groups? For example, it has been shown that for
the Centre of Epidemiology Scale of Depression (CES-D),
women are more likely than men to endorse an item
about having crying spells even though they have the same
underlying level of depression [4]. Thus, this item exhibits
bias with respect to gender and scores for women might
be inflated compared to men. Hence, apparent group differences may be due to measurement bias rather than true
differences. Although a measure may appear equivalent at
the measure level, biases may still be present at the individual item level [5]. Thus, item level analyses are now
seen as central to establishing measurement equivalence
across subgroups of a population [6].
Methods of detecting item level bias have been developed in the area of education testing designed to avoid
biases, such as, for different racial groups. These methods are beginning to be implemented in the evaluation
of health outcome measures. The techniques are known
as differential item functioning (DIF) methods and
biased items are said to exhibit DIF.
DIF items have been identified in health outcome
measures with respect to gender, age, race, ethnicity,
socio-economic status, language, nationality and health
care setting [7]. For example, several items from cognitive screening measures were shown to be poor items
for those with low education levels [8]. Use of these
items may exaggerate the problems of more deprived
individuals.
If DIF items are found in measures in development
then these items could be re-written or the item could
be removed and an alternative DIF-free item with similar
item properties could be substituted. If DIF items are
found in an existing measure then it may be preferable
to select an alternative measure (with no DIF). If data
has already been collected then DIF items could be
removed and analyses repeated without the DIF items or
analyses adjusted to take account of the DIF items.
Importantly, previous studies have shown that cultural
differences impact on the validity of items within measures with different DIF items being identified in different
countries (e.g. [9,10]). Hence there is a need to explore
DIF within UK populations. Furthermore, it has been
shown that items work in different ways for different
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clinical conditions (e.g. [11,12]) including between arthritic conditions e.g. between psoriatic arthritis and
rheumatoid arthritis [13].
The WOMAC has alternative formats, it can be
administered using visual analogue scale responses or,
more commonly, with a 5 point Likert response format.
For the Likert-format version, DIF has only been
explored in Dutch, Canadian and German patients and
in each case DIF items have been identified. DIF items
were found for cross-cultural comparisons in the Dutch
WOMAC for people with hip OA [14]. Items with DIF
were also found with respect to clinical condition and
gender in a Canadian community and hip OA sample
[15] and with respect to clinical condition in a German
population of femoro-acetabular impingement and hip
OA [16]. In the UK, the VAS format version has shown
DIF items in an osteoarthritis sample with respect to
joint (hip v knee) [17].
Thus investigation of the commonly used WOMAC
has been very limited for UK populations and the possible biasing effects of social deprivation, psychological
state, body mass index or number of affected joints have
not been examined.
Hence, the aim of this paper was to examine DIF in
the Likert-scaled WOMAC for the first time in a UK
osteoarthritis population with respect to demographic,
social, clinical and psychological factors. Additionally,
the study included factors that had not been explored in
any of the other WOMAC DIF studies.

Methods
Design

Statistical techniques were applied to an existing data set
to explore DIF in items of the WOMAC with respect to
demographic, social, psychological and clinical factors.
Participants

The sample comprised a community sample of 763
people who had been diagnosed with osteoarthritis from
1359 people with hip and/or knee symptoms who completed a follow-up assessment (2002–2003) of health
outcome measures as part of the Somerset and Avon
Survey of Health Survey (SASH, [18,19]).
SASH is a large scale survey of the population aged 35+.
The age–sex stratified survey of 28080 people registered
with 40 general practices in Avon and Somerset yielded
2703 people reporting hip and/or knee symptoms at
baseline (1994–1995). Osteoarthritis was diagnosed by a
clinician assessing X-rays using the Kellgren-Lawrence
classification [20].
A written informed consent was obtained from all
patients. Ethics approval was obtained from the South
West Research Ethics Committee (MREC/01/6/51) and
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the study was conducted in accordance with the Helsinki
Declaration.
Measures
Outcome measures

WOMAC The WOMAC has 24 items with three subscales: pain (5 items), stiffness (2 items) and physical
functioning (17 items). Each item was scored 0–4 with a
high score indicating a worse outcome. Subscale totals
and an overall score were computed. In this study, the
pain and stiffness items were asked about hips and knees
separately. As the stiffness subscale only had two items,
for some analyses it was necessary to combine these 2
items with the pain subscale to form a seven item impairment scale (see Additional file 1: WOMAC items).
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DIF testing

Ordinal Logistic Regression (OLR) was used to explore
DIF. In DIF analyses it is crucial to control for the
underlying attribute that the item is supposed to be
measuring since different groups may have different ability levels (i.e. it is necessary to ‘match’ on ability levels).
The total score on the relevant subscale was used as the
matching variable.
DIF analysis was carried out by testing the effect of the
grouping variable and the interaction term (matching
variable by group) once the matching variable has
already been added into the model [25,26]. A macro was
written in SPSS to facilitate the DIF analysis.
Specifically, the following steps for OLR was carried
out for each item.
a) Ordinal logistic regression model:

Subgrouping factors Median splits were used where
appropriate as required for these methods.
The demographic factors explored were gender and age
group (median = 70.88), social deprivation was measured
by Townsend Index (median = −1.47), social class (1,2,3i v
3ii,4,5) and employment status (paid work v not paid
work). Mood was measured using a single item on the
EuroQol (no anxiety/depression v moderate or extreme).
The clinical factors were Body Mass Index (BMI, normal/
overweight v obese i.e., <30,>30), the number of affected
OA joints (1or 2 v 3 or 4) and type of OA (hip v knee).
Statistical analysis

General As the pain and stiffness subscales were measured separately for hip pain/stiffness and knee pain/
stiffness only those with diagnosed OA of that joint were
included in these analyses.

Demographics T-tests were carried out to explore mean
differences on each subgrouping factor on the WOMAC
subscales and to explore the relationships between age
and the other subgrouping variables.
Testing assumptions: unidimensionality Ordinal factor analysis was carried out to explore unidimensionality.
We used the FACTOR computer program [21] using
principal component analysis with polychoric correlations. Unidimensionality was supported if there were
large difference in eigenvalues between factor 1 to 2 and
small difference in eigenvalues between 2 and 3 [22,23].
The number of factors was also evaluated using the
MAP procedure proposed by Velicer (1976), [24] which
examines the matrix of partial correlations.

i) General procedure for DIF testing:
Three OLR models were calculated for each item:
1) Model1: The total score (matching variable) was
entered as a predictor variable.
2) Model2: The grouping variable was added into
Model1 as a second predictor variable.
3) Model3: The interaction (i.e. group by total) was
added into Model2 as the third predictor variable.
The difference in Chi-square between the Model1 and
Model3 was tested for the significance as a Chi-Square
test with 2 degrees of freedom [25]. If significant, this indicated DIF. The difference in Chi-square between Model2
and Model1 gave a test of uniform DIF (same DIF effect
over the construct) and the difference in Chi-square between Model3 and Model2 gave a test of non-uniform
DIF (uneven DIF effect over the construct) [25].
Significance testing and item level effect sizes: Different
criteria have been suggested to classify items as exhibiting
DIF and there appears to be no clear consensus on the
best approach. The two most widely used are those proposed by Swaminathan and Rogers (SR) [26] and Zumbo
[25]. SR uses a criteria of p < 0.05 for the difference in
Chi-square between Model3 and Model1, whereas Zumbo
uses p < =0.01. For an item to be classified by Zumbo criteria as having DIF then the effect size must also be significant. This was quantified using effect sizes from
Nagelkerke’s R square where the difference in R-squares
(Model3/Model1) must be at least 0.035 [27].
However, it has been suggested that Zumbo’s criteria
may result in very few items being classified as having
DIF, whereas the opposite may be the case for SR i.e. too
many items classified [28]. Bonferroni corrections based
on test length have been suggested, to minimise Type 1
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error due to the multiple testing [29,30]. Hence, here we
also applied a Bonferroni correction to the SR method
in order to balance not classifying enough items with
DIF with classifying too many items with DIF. The three
methods are all subsets of each other, i.e. SR would result in the maximum number of DIF items being identified, Zumbo would result in the minimum number of
DIF items and applying a Bonferroni correction to SR
(SRbon), would result in a number of DIF items between
Zumbo and SR. In this study we used all three criteria.
For uniform DIF the odds ratios were calculated to
examine the direction of the bias.
ii) Assumption testing: Proportional Odds:
An assumption of ordinal logistic regression is that
the parameters coefficients are equivalent across
the levels of the dependent variable (i.e.
proportional odds). If for any model the
assumption of proportional odds was violated then
k-1 dichotomous variables were created for that
item where k is the number of response categories.
b) Purification:
If DIF items were found then they were removed
from the matching variable and all the analyses for
the items in that measure re-run. As standard, the
item with DIF was included in total for that item as
this has been shown to reduce bias [31]. Purification
was an iterative process so the analyses may be rerun a number of times until no changes in identified
DIF items were seen on two consecutive analyses.
c) Effects of covariates
Where DIF items were identified, the analyses were
repeated (steps a-b above) with age additionally
entered as a covariate in the logistic regressions to
explore if apparent DIF effects in other subgroups
were confounded by age.
d) Examination of the impact of DIF at the measure
and subscale level.
Modified measures were constructed with DIF items
removed and compared to the original measure or
subscale. The effect of DIF on group differences was
explored using t-tests to see if different conclusions
would result if a DIF-free measure was used. Also
the difference in significance between the tests was
explored by repeated measures ANOVA and
exploring the interaction between total and factor i.e.
was the effect size reduced by a significant amount
depending on the total used. All totals were
recalculated as averages due to the different number
of items in each total. The impact of the DIF items
was based on the results using the SRbon criteria.
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e) The validity and reliability of DIF-free measure.
The validity and reliability of DIF-free measures was
explored by carrying out standard psychometric
tests. Construct validity was explored by examining
the relationship of the DIF-free measures with other
subscales and measures from other relevant
constructs. Internal consistency reliability was
explored using Cronbach’s alpha which was calculated
for the original measure and for the DIF-free measure.
f ) Power:
Based on Crane’s (2006) [29] suggestion for number
of participants in each subgroup, we required at least
80 participants per subgroup (based on the
maximum of 6 response categories). All subgroups
had more participants than the minimum required.

Results
Demographics

The participants demographic details are presented in
Table 1.
Being older was associated with being female (t(706) =
−2.89 p = 0.004), being in lower social deprivation group
(Townsend scores)(t(208.7) = −2.12 p = 0.03), having
better mood (t(327.9) = 1.73 p = 0.08) more affected
joints (t(543) = −4.43 p < 0.0005), having knee only OA
(compared to hip only OA) (t(208.7) = −2.12 p = 0.03)
and not working (t(706) = −20.0 p < 0.0005).
Significant mean differences on WOMAC physical
function were found with worse physical functioning for
those in the lower social class group, the more deprived
Townsend group, those not working, in low mood group
and being obese, similar differences to those found in
other OA samples. Greater knee pain was found associated with the lower social class group, those more
deprived, not working, in the low mood group and being
obese. More hip pain was found for those younger, in the
lower social group, in the low mood group, obese and
with fewer affected joints. Greater knee stiffness was associated with the lower social group, not being in paid
work, having lower mood and being obese. Greater hip
stiffness was associated with being younger, obese, having
lower mood and fewer affected joints (see Table 2).
Testing assumptions: unidimensionality

The ordinal factor analysis supported the unidimensionality for all subscales of the WOMAC with large difference in eigenvalues between factor 1 to 2 and small
difference in eigenvalues between 2 and 3. Only one dimension was also suggested from the MAP procedure.
When all the items were combined there was less evidence of unidimensionality with the first factor explaining less variance than the subscales and for hip OA two
factors were identified from the MAP analysis. Therefore
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Table 1 Participant characteristic table
Gender (male)

43.3%

Age (mean years(s.d.))

69.56 (9.84)

Marital status (married)

72%

Ethnicity (white)

99.1%

Paid employment (yes)

33.7%

Social Class
I

5.7%

II

33.8%

IIINM

19.0%

III M

23.4%

IV

14.7%

V

3.4%

Townsend quintiles (lower = most affluent)
20%

−2.76

40%

−1.89

60%

−0.80

80%

1.46

Mood (mod or severe/none)

30%/70%

BMI (mean(s.d.))

29.21 (5.30)

Affected joints
Hip OA (n)

487

Knee OA (n)

612

Both Hip and Knee OA (n)

336

Hip OA only (n)

151

Knee OA only (n)

276

No of affected joints (mean(s.d.))

2.64 (1.01)

WOMAC physical (mean(s.d.))

20.03 (14.51)

WOMAC pain for Hip OA (mean(s.d.))

3.70(4.16)

WOMAC pain for Knee OA (mean(s.d.))

5.83 (4.34)

WOMAC stiffness Hip OA (mean(s.d.))

1.70 (1.82)

WOMAC stiffness Knee OA (mean(s.d.))

2.53 (1.92)

only the subscales of the WOMAC were explored for
DIF (see Table 3).
Testing for DIF
Physical functioning subscale

DIF items for the WOMAC physical functioning subscale, using the Zumbo criteria only one item was identified for DIF by age and gender, using the SR criteria, 14 of
the 17 items were identified as having DIF across the
grouping factors, and using the SRbon criteria 5 DIF items
were identified (see Table 4).
Interpreting DIF effect based on the purified SRbon
results No DIF items were found for the grouping factors
of Social group, Townsend Index, Mood or number of

affected joints. For item 13 ‘Getting in/out bath’, uniform
DIF was identified with women and older people being
more likely to respond as having more limitations than
men although they had the same actual level of physical
functioning. For item 2 ‘Ascending stairs’, older and obese
people reported more limitations than they would have
with DIF-free items. People not in work tended to score as
having less limitations than people in paid work for item
14 ‘sitting’ although they had the same actual level of
physical functioning. For item 1 ‘descending stairs’, people
with knee OA reported more problems than their ‘true’
level compared to those with hip OA. There was a nonuniform effect for item 12 ‘lying in bed’ by employment
(i.e. the effect varied at different levels on the underlying
physical functioning construct). At poor overall physical
function the responses only slightly differed by employment group, however, in general, at other levels of physical
functioning, people not working responded as having
more difficulties that people working with the same actual
level of physical functioning. However, with age group
added into the logistic models as a covariate, while the
gender and BMI effects remained, the other significant
DIF items were now non-significant (i.e. the 2 DIF items
identified for employment status and 1 DIF item for hip v
knee OA).
Impact: using final purified SRbon testing for group
differences using original and DIF-free measures.
There was a trend (p = 0.07) for differences in physical
function by age group (see Table 2). However, this was
not significant when the SRbon corrected total was used
(p = 0.2). (see Table 4). Across the other grouping factors
removal of the DIF items had no impact on conclusions.
Testing for significant differences between original and
DIF free measures by group: Using repeated measures
ANOVA, significant reduced effects were found using the
corrected totals compared to the original totals for all the
subgrouping factors.
bi) Pain knee subscale

For the pain subscale for those with knee OA, no DIF
items were identified using the Zumbo criteria but four
of the 5 items did show DIF using the SR criteria for
one or more factor (except for social class). No DIF
items were identified using SRbon and so no impact
analyses were carried out (see Table 5).
bii) Pain hip subscale

For the pain subscale for those with hip OA, no items
were identified for DIF using the Zumbo criteria. Further,
DIF was not found for the sub-groups; gender, Townsend
deprivation index, mood or number of joints, when
assessed by any of three criteria. Three DIF items were
identified using SR criteria and 2 items using SRbon
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Table 2 T-tests WOMAC subscales by subgrouping factors
Significance of t-test for each WOMAC subgroup factor and means for each subgroup
Physical

Pain

Subgroup factor
Age
Younger (<=70.88)
Older (>70.88)
Gender

0.07
18.80

Stiffness

Knee

Hip

Knee

Hip

0.85

0.002

0.20

0.03

5.72

20.88

4.69

5.79

0.14

2.39

3.44

0.12

2.02

2.59

0.08

1.63

0.35

0.12

Male

19.11

5.49

3.72

2.44

1.68

Female

20.76

6.08

4.42

2.60

1.96

Social Class
Higher
Lower
Townsend

<0.0005

<0.0005

17.86

0.04

5.23

23.04

6.73

0.001

0.006

3.72
4.59

0.002

0.17

2.35

1.71

2.80

0.31

1.96

0.13

0.43

Less Deprived

18.14

5.26

3.88

2.41

1.76

More Deprived

21.97

6.42

4.29

2.66

1.90

Employed
Paid work
Not paid work
Mood

<0.0005

0.007

15.46

0.22

5.10

22.33

6.17

<0.0005

0.004

3.73
4.25

0.001

0.41

2.19

1.72

2.69

<0.0005

1.88

0.003

<0.0005

No anxiety

17.76

5.44

3.51

2.38

1.55

Moderate/Extreme

25.78

6.81

5.63

2.90

2.52

<0.0005

<0.0005

<0.0005

4.96

3.45

2.18

BMI
<30
>30
Number of joints

<0.0005
16.26
25.65

7.21

0.17

5.12

0.78

0.003
1.61

3.04

0.005

2.16

0.67

0.001

1 or 2

18.03

5.64

5.04

2.40

2.34

3 or 4

19.76

5.76

3.67

2.47

1.62

Hip only v Knee only

0.77

n/a

n/a

n/a

n/a

Hip

18.18

n/a

n/a

n/a

n/a

Knee

18.69

n/a

n/a

n/a

n/a

Key: Bold, significant t-test; a higher mean reflects a worse WOMAC score.

Table 3 Ordinal factor analysis
WOMAC subscale

Eigenvalues (%variance)

MAP:
number of
dimensions

N

0.78 (4.6)

1

675

0.44 (8.9)

0.28 (5.9)

1

557

0.27 (5.4)

0.22 (4.4)

1

449

5.40 (77.2)

0.51 (7.3)

0.42 (6.0)

1

553

5.86 (83.7)

0.44 (6.2)

0.30 (4.3)

1

437

Factor 1

Factor 2

Factor 3

Physical

12.11 (71.3)

1.27 (7.4)

Pain-knee

4.05 (81.1)

Pain-hip

4.39 (87.7)

Impair (stiff + pain)-knee
Impair (stiff + pain)-hip
All items-knee

15.96 (66.4)

1.82 (7.6)

1.13 (4.7)

1

517

All items-hip

14.77 (61.5)

3.01 (12.5)

1.08 (4.5)

2

403

Impair, impairment.
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Table 4 DIF testing of WOMAC physical functioning items
DIF items using each criteria
Sub-groups

Zumbo

SR

SRbon

Age

13

2,9,11,12,13,14

2,13,14

Gender

13

6,8,9,12,13 (2,16)

6,13

Social Class

none

7,16

none

Townsend

none

8,17

none

Employed

none

2,10,12,13,14

2,12,14

Mood

none

none

none

BMI

none

2,3,13,16,17 (9,1)

2

No joints

none

13 (6)

none

Hip only v Knee only

none

1,2,11 (7)

1

Type of DIF
(SRbon)

Impact (p value)
t-tests: DIF free itemsa

Effect size change b

Uniform (+)

0.20

<0.0005

Uniform(+)

0.32

<0.0005

12 NU/U; 14 U(−)

<0.0005

0.05

U(+)

<0.0005

<0.0005

U(+)

0.88

0.02

Key: Normal text: unpurified DIF items. Bold: final purified DIF items. Items in brackets: items that were added during purification. U uniform DIF, NU non-uniform
DIF, + positive odds ratio, - negative odds ratio. a p-value for t-tests comparing subgroups using DIF free items. b p-value of ANOVA interaction term to test
change in effect size (i.e. the difference between p-values for sub-group comparison using all items v DIF free items).

strength of correlations with the SF-36 physical functioning subscale were only slightly reduced (not shown).
The removal of the 1 DIF item from the pain subscale
for those with hip OA also only a very small reduction
in Cronbach’s alpha (Cronbach’s all = 0.94; without 1 DIF
item =0.93). The strength of correlations with the SF-36
pain subscale were only slightly reduced (not shown).

(items 2 and 4, see Table 6), however item 4 no longer
showed DIF for BMI with age as covariate.
Interpreting DIF item effect based on SRbon results
for item 2 ‘Pain going up/down stairs’, uniform DIF was
identified with older people reporting more problems
than their actual level of functioning would suggest.
Non-uniform DIF was identified for item 4 ‘Pain sitting
or lying’ by BMI group (see Table 6).

Discussion
Overall, the WOMAC performed well with only a small
number of DIF items. Five DIF items in the physical
functioning subscale were initially identified and two
DIF items in the pain subscale for people with hip OA.
After adjusting for age, two items were identified for the
physical functioning subscale as having DIF with age
identified as the DIF factor for 2 items, gender for 1 item
and BMI for 1 item. For the item ‘getting in/out bath’
older people and women were more likely to respond as
having more limitations than their level of limitation on
other items would suggest. The item ‘ascending stairs’
had DIF with those older and obese reporting more limitations than they would have with an unbiased item.
For the pain subscale, for people with hip OA, only one
item remained after adjusting for age, with older people
reporting more pain going up/down stairs than their
expected level.
However, previous studies did not identify DIF items
for these factors for these subscales [15-17]. All of the
previous studies, except one, examined DIF in non-UK
patients and this may suggest that the difference is due
to lack of cross cultural equivalence. There are many

Impact: using final purified HIP There were no differences in conclusions at the scale level using the original
or DIF free subscale, however there was a significant reduction in the effect of age on hip pain but there was
not a significant difference for the BMI (see Table 6).
c.) Stiffness subscale

As the stiffness subscale only contains 2 items, in order
to reduce measurement error, these two items were
combined with the pain items to form the total score as
this was shown as being unidimensional (see Table 3).
For people with knee OA, no items were identified as
having DIF. For hip OA, one item (item 2) was identified
as having DIF but only when using the SR criteria. As
no DIF items were identified using SRbon no impact
analyses were carried out.
The validity and reliability of DIF-free measures

The removal of the 2 DIF items from the physical subscale
and the 1 DIF item from pain hip subscale appeared to
have only a very small reduction in Cronbach’s alpha
(Cronbach’s all = 0.964; without 2 DIF items 0.963). The

Table 5 DIF testing WOMAC pain items for participants with Knee OA
SR DIF

Age

Gender

Social class

Townsend

Employed

Mood

BMI

No joints

5,3

3,5

none

3

3

1

2

3

Key: Normal text: unpurified DIF items; Bold: final purified DIF items.
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Table 6 DIF testing WOMAC pain items for participants with Hip OA
Subgroup

DIF items using each criteria
SR

SRbon

Age

2,4

2

Social Class

3 (5)

Employed

2,3,4,5

2,3

4

4

BMI

Type of
DIF
(SRbon)

Impact (p value)
t-tests

Effect size change

U(+)

0.007

<0.0005

U and NU

0.0005

0.15

Key: Normal text: unpurified DIF items. Bold: final purified DIF items. Items in brackets: items that were added during purification. U uniform DIF, NU non-uniform
DIF, + positive odds ratio, -negative odds ratio. a, p-value for t-tests comparing subgroups using DIF free items. b, p-value of ANOVA interaction term to test the
change in effect size (i.e. the difference between p-values for sub-group comparison using all items v DIF free items).

possible explanations for this. It is possible that in the
UK older people and women may have more baths than
showers than in other countries, or people in the UK
may use stairs more as they are more likely to live in
houses or to live in flats without a lift, or even structural
differences such as the UK having steeper stairs or deeper baths than in other countries. Hence, for older and
obese people in the UK the impact of the stairs item
may be more pronounced. The study based in the UK
that did not identify DIF by age was carried out on the
VAS version of WOMAC [17]. Hence it is possible that
the method of administration may explain the difference
in results.
However there are other explanations that should be
considered in comparing this DIF study with others that
have been carried out. Differences between our results
and previous studies may be due to different analysis
methods. All the other studies have used Rasch analysis
to explore DIF in the WOMAC. However, the item
‘getting in/out bath’ that we identified as displaying DIF
has also been shown not to fit with the Rasch model
[15,32] although it was not identified as exhibiting DIF
when explored by gender or hip v knee.
At the measure level, different conclusions may have
been made if the DIF-free measure was used when exploring the physical functioning subscale by age. In its original
form there was a trend of a difference in level of physical
function between older and younger people (p = 0.07).
However, using the DIF-free measure there was no longer
a significant difference between the older and younger
people with the p value reducing to 0.20. The impact of
the DIF items on BMI for physical functioning subscale
and for age for the hip pain subscale appear less likely to
change conclusions as although use of the DIF free items
did significantly reduce the level of significance, the actual
differences were still highly significant.
Therefore it appears that for the physical functioning
subscale it would be advisable to analyse data taking into
account DIF items when weight, gender or especially age
effects, are the focus of interest. Similarly for the pain
subscale in people with hip OA it would be worthwhile
to analyse data taking into account the possible impact

of the DIF items when age comparison are of primary
interest. In the study we took the approach of removing
the DIF items. However removing items may affect content validity of the measure and comparability with other
studies. Using more complex Item Response Theorybased analyses, DIF items do not need to be removed as
adjusted scores can be calculated for each subgroup. If
the measure is in development, an alternative to deleting
the DIF items, may be to substitute similar but DIF-free
items either by re-writing, choosing a item with similar
item properties or the source of the DIF could be probed
by cognitive interviewing or by reviewing the item by
groups of experts to detect source of DIF.
The study has some limitations. Different criteria exist
for classifying a DIF item using OLR, we used the SR
method with a Bonferroni correction. Only the item ‘in/
out bath’ by age and gender was identified using the
most stringent Zumbo criteria, whereas many DIF items
were identified using the SR method and hence it is possible that the impact at scale level would be greater if
the purification was based on the SR criteria. However,
this was not carried out due to the concern that too
many items would be removed and this may also intrinsically change the reliability and validity of the DIF-free
measure. We carried out a large number of statistical
tests and although we applied a Bonferroni correction it
is possible that some findings were due to chance and
thus replication would be desirable.
In this study we used OLR to explore DIF due to the
accessibility, flexibility and practicality of this method.
However, another approach to DIF detection is to use
the more complex item response theory (IRT) approach.
There is still much debate over the advantages and disadvantages over different methodological approach to
DIF [33-35]. IRT does have advantages, in particular the
use of the latent variable as the matching variable rather
the use of sum scores in OLR. However, IRT is a complex statistical method requiring the use of specialist
software and yet produces similar results to OLR
[33,34]. Additionally, IRT requires good model fit as
poor model fit can contribute to false DIF detection and
yet the methods for assessing model fit are not fully
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established [35]. However, it is possible that we may
have got different results if a different DIF method was
used. It is also possible that by using different significance criteria for the OLR method we may have reached
different conclusions. The study has other limitations.
The sample was a community sample and thus had relatively mild OA compared to, say, an arthroplasty sample.
However, some of the previous non-UK DIF studies also
included a community based OA sample [15], and people
with hip OA on their first consultation [16], hence this
does allow for our results to be compared with the these
studies without differences being attributable to differences in severity levels. However other studies did have
arthroplasty participants and so differences between our
results and these studies may have been due to the severity of OA in the samples [14,15,17]. The means of
WOMAC scores were reported for patients waiting for
arthroplasty with the mean for WOMAC physical being
58 (compared to 37 in our sample) and for WOMAC
pain, the mean score was 16 compared to 9 in our sample [14]. Additionally, we used median splits and other
splits may have produced different results. We also suggest that differences between our study and previous
studies may be due to the WOMAC being explored in
the UK but it could be that it was due to the specific location including local health service provision. Finally, the
diagnosis of OA was based on the health survey followed
by x-ray. The patients were not reviewed medically to ascertain that the OA was not coincidental and the hip
knee pain did not have another cause and x-rays were not
available for all participants and this may have introduced
bias.

Conclusions
Overall the WOMAC performed well with only a small
number of DIF items identified across the nine grouping
factors. However, DIF items were identified in the
WOMAC physical subscale with respect to age, gender
and BMI and in the WOMAC pain subscale for people
with hip OA with respect to age. The impact of the DIF
items rarely had an effect on the conclusions of group
comparisons. Nevertheless, it is suggested that when these
comparisons are of primary interest, particularly in a UKbased population, analyses should take into account the
DIF items. Our findings suggest that there may be social
and cultural reasons why items were identified as having
DIF in the UK but this will need further exploration.
Additional file
Additional file 1: The WOMAC items. Details of the WOMAC items.
Competing interests
The authors declare that they have no competing interests.

Page 9 of 10

Authors’ contributions
BP participated in the conception and design of the study, the analysis and
the drafting and revision of the manuscript. MJ participated in the
conception and design of the study and the drafting and revision of the
manuscript. DD contributed to the interpretation of the data and revision of
the manuscript. All authors read and approved the final manuscript.
Acknowledgements
This work was supported by Arthritis Research UK [grant number 18886].
We would like to thank Professor Paul Dieppe, Peninsula Medical School,
University of Plymouth, UK and Professor Jenny Donovan, Department of
Social Medicine, University of Bristol, UK for permission to use the SASH data.
SASH was funded by the Department of Health and South West NHS
Research and Development Directorate. We also thank Dr Mike Oram,
Department of Psychology, University of St. Andrews, UK for his great help
with writing the SPSS Macro.
Author details
1
Aberdeen Health Psychology Group, University of Aberdeen, Aberdeen, UK.
2
School of Psychological Sciences and Health, University of Strathclyde,
Glasgow, UK.
Received: 30 July 2012 Accepted: 20 December 2012
Published: 29 December 2012
References
1. NICE: Osteoarthritis: National clinical guideline for care and management in
adults; http://www.nice.org.uk/nicemedia/pdf/CG059FullGuideline.pdf. 2008
2. Bellamy N, Buchanan WW, Goldsmith CH, Campbell J, Stitt LW: Validation
study of WOMAC - a health status instrument for measuring clinically
important patient relevant outcomes to antirheumatic drug-therapy in
patients with osteoarthritis of the hip or knee. J Rheumatol 1988,
15:1833–1840.
3. Brockow T, Cieza A, Kuhlow H, Sigl T, Franke T, Harder M, et al: Identifying
the concepts contained in outcome measures of clinical trials on
musculoskeletal disorders and chronic widespread pain using the
international classification of functioning, disability and health as a
reference. J Rehabil Med 2004, 36:30–36.
4. Covic T, Pallant JF, Conaghan PG, Tennant A: A longitudinal evaluation of
the Center for Epidemiologic Studies-Depression scale (CES-D) in a
rheumatoid arthritis population using Rasch analysis. Health Qual Life
Outcomes 2007, 5:41.
5. Zumbo BD, Koh KH: Manifestation of differences in item-level
characteristics in scale-level measurement invariance tests of multi
group confirmatory factor analysis. J Mod App Stat Met 2005, 4:275–282.
6. Teresi JA, Fleishman JA: Differential item functioning and health
assessment. Qual Life Res 2007, 16(Suppl 1):33–42.
7. McHorney CA, Fleishman JA: Assessing and understanding measurement
equivalence in health outcome measures. Issues for further quantitative
and qualitative inquiry. Med Care 2006, 44:S205–S210.
8. Teresi JA, Golden RR, Cross P, Gurland B, Kleinman M, Wilder D: Item
bias in cognitive screening measures: comparisons of elderly white,
Afro-American, Hispanic and high and low education subgroups.
J Clin Epidemiol 1995, 48:473–483.
9. Nijsten T, Meads DM, de Korte J, Sampogna F, Gelfand JM, Ongenae K, et al:
Cross-cultural inequivalence of dermatology-specific health-related
quality of life instruments in psoriasis patients. J Invest Dermatol 2007,
127:2315–2322.
10. McKenna SP, Doward LC, Meads DM, Tennant A, Lawton G, Grueger J:
Quality of life in infants and children with atopic dermatitis: addressing
issues of differential item functioning across countries in multinational
clinical trials. Health Qual Life Outcomes 2007, 5:45.
11. Osborne RH, Elsworth GR, Sprangers MA, Oort FJ, Hopper JL: The value of
the Hospital Anxiety and Depression Scale (HADS) for comparing
women with early onset breast cancer with population-based reference
women. Qual Life Res 2004, 13:191–206.
12. Dallmeijer AJ, de Groot V, Roorda LD, Schepers VP, Lindeman E, Van den
Berg LH, et al: Cross-diagnostic validity of the SF-36 physical functioning
scale in patients with stroke, multiple sclerosis and amyotrophic lateral
sclerosis: a study using Rasch analysis. J Rehabil Med 2007, 39:163–169.

Pollard et al. BMC Musculoskeletal Disorders 2012, 13:265
http://www.biomedcentral.com/1471-2474/13/265

13. Taylor WJ, McPherson KM: Using Rasch analysis to compare the
psychometric properties of the short form 36 physical function score
and the health assessment questionnaire disability index in patients
with psoriatic arthritis and rheumatoid arthritis. Arthritis Rheum 2007,
57:723–729.
14. Roorda LD, Jones CA, Waltz M, Lankhorst GJ, Bouter LM, van der Eijken JW,
et al: Satisfactory cross cultural equivalence of the Dutch WOMAC in
patients with hip osteoarthritis waiting for arthroplasty. Ann Rheum Dis
2004, 63:36–42.
15. Davis AM, Badley EM, Beaton DE, Kopec J, Wright JG, Young NL, et al: Rasch
analysis of the Western Ontario McMaster (WOMAC) Osteoarthritis Index:
results from community and arthroplasty samples. J Clin Epidemiol 2003,
56:1076–1083.
16. Rothenfluh DA, Reedwisch D, Muller U, Ganz R, Tennant A, Leunig M:
Construct validity of a 12-item WOMAC for assessment of femoroacetabular impingement and osteoarthritis of the hip. Osteoarthritis
Cartilage 2008, 16:1032–1038.
17. Kersten P, White PJ, Tennant A: The visual analogue WOMAC 3.0
scale–internal validity and responsiveness of the VAS version.
BMC Musculoskelet Disord 2010, 11:80.
18. Eachus J, Williams M, Chan P, Smith GD, Grainge M, Donovan J, et al:
Deprivation and cause specific morbidity: evidence from the Somerset
and Avon survey of health. BMJ 1996, 312:287–292.
19. Juni P, Dieppe P, Donovan J, Peters T, Eachus J, Pearson N, et al: Population
requirement for primary knee replacement surgery: a cross-sectional
study. Rheumatology (Oxford) 2003, 42:516–521.
20. Kellgren JH, Lawrence JS: Radiological assessment of osteo-arthrosis.
Ann Rheum Dis 1957, 16:494–502.
21. Lorezo-Seva U, Ferrando PJ: FACTOR. http://psico.fcep.urv.es/utilitats/factor/
Download.html
22. Anderson RO: The theoretical development and empirical evaluation of a
logistic regression, paired-comparisons procedure for assessing
unidimensionality in the Rasch model. Minnesota: University of Minnesota;
1994. PhD.
23. Cooke DJ, Michie C, Hart SD, Hare RD: Evaluating the screening version of
the hare psychopathy checklist - Revised (PCL: SV): an item response
theory analysis. Psychol Assess 1999, 11:3–13.
24. Velicer WF: Psychometrika 1976, 41:321–327.
25. Zumbo BD: A Handbook on the Theory and Methods of Differential Item
Functioning (DIF): Logistic Regression Modeling as a Unitary Framework for
Binary and Likert-type (Ordinal) Item Scores. Ottawa, ON: Directorate of
Human Resources Research and Evaluation, Department of National
Defense; 1999.
26. Swaminathan H, Rogers HJ: Detecting differential item functioning using
logistic regression procedures. J Educ Meas 1990, 26:361–370.
27. Zumbo BD: Psychometric Methods for Investigating Item and Scale/Test Level
Invariance: DIF and Scale level Techniques. Liverpool, England: 6th
International Test Commission Conference; 2008.
28. Crane PK, Gibbons LE, Ocepek-Welikson K, Cook K, Cella D, Narasimhalu K, et al:
A comparison of three sets of criteria for determining the presence of
differential item functioning using ordinal logistic regression. Qual Life Res
2007, 16(Suppl 1):69–84.
29. Crane PK, Gibbons LE, Jolley L, van Belle G: Differential item functioning
analysis with ordinal logistic regression techniques. DIFdetect and
difwithpar. Med Care 2006, 44:S115–S123.
30. Perkins AJ, Stump TE, Monahan PO, McHorney CA: Assessment of
differential item functioning for demographic comparisons in the MOS
SF-36 health survey. Qual Life Res 2006, 15:331–348.
31. Lewis C: A note on the value of including the studied item in the test
score when analyzing test items for DIF. In Differential Item Functioning.
Edited by Holland P, Wainer H. Hillsdale, NJ: Lawrence Erlbaum Associates;
1993:317–319.
32. Wolfe F, Hawley DJ, Goldenberg DL, Russell IJ, Buskila D, Neumann L: The
assessment of functional impairment in fibromyalgia (FM): Rasch
analyses of 5 functional scales and the development of the FM Health
Assessment Questionnaire. J Rheumatol 2000, 27:1989–1999.
33. Hambleton RK: Good practices for identifying differential item
functioning. Med Care 2006, 44:S182–S188.
34. Scott NW, Fayers PM, Aaronson NK, Bottomley A, de Graeff A, Groenvold M,
et al: Differential item functioning (DIF) analyses of health-related quality

Page 10 of 10

of life instruments using logistic regression. Health Qual Life Outcomes
2010, 8:81.
35. Teresi JA: Different approaches to differential item functioning in health
applications. Advantages, disadvantages and some neglected topics.
Med Care 2006, 44:S152–S170.
doi:10.1186/1471-2474-13-265
Cite this article as: Pollard et al.: Exploring differential item functioning
in the Western Ontario and McMaster Universities Osteoarthritis Index
(WOMAC). BMC Musculoskeletal Disorders 2012 13:265.

Submit your next manuscript to BioMed Central
and take full advantage of:
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at
www.biomedcentral.com/submit

