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Abstract
Objective: The Animated Activity Questionnaire (AAQ) assesses activity limitations in
patients with hip/knee osteoarthritis (HKOA), and consisting video animations of which
patients choose the animation that best matches their own performance. The AAQ has shown
good validity and reliability. This study aims to evaluate cross-cultural and construct validity
of the AAQ.
Methods Cross-cultural validity was assessed using ordinal logistic regression analysis to
evaluate Differential Item Functioning (DIF) across 7 languages. Construct validity was
assessed by testing correlations between the AAQ, and a Patient Reported Outcome Measure
(PROM) and performance-based tests.
Results: Data of 1239 patients were available. Compared to Dutch (n=279), none of the 17
items showed DIF in English (n=202), French (n=193), 1 item showed uniform DIF in
Spanish (n=99) and Norwegian (n=62), and 2 items showed uniform DIF in Danish (n=201).
In all these languages, the occurrence of DIF did not influence the total score, which remained
comparable with the original Dutch version. For Italian (n=203) versus Dutch however, 6
items showed uniform DIF, and 1 item showed non-uniform DIF, indicating some problems
with the cross-cultural validity between these countries. With regard to construct validity, the
correlations with PROM (0.74) and performance-based tests (0.36-0.68) were partly as
expected ( > 0.60).
Conclusion: The AAQ, an innovative tool to measure activity limitations that can be placed
on the continuum between PROMs and performance-based tests showed a good overall crosscultural validity, and seems to have great potential for international use in research and daily
clinical practice in many European countries.
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Significants and Innovations
•

An innovative tool on the continuum between PROMs and performance based tests to
assess activity limitations in patients with hip- and knee osteoarthritis is developed: the
Animated Activity Questionnaire (AAQ),

•

The AAQ showed good cross-cultural validity in several languages.
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Introduction
A comprehensive assessment of limitations in daily activities is essential in the management
of hip and knee osteoarthritis (HKOA) in order to monitor the clinical course and the recovery
after rehabilitation, pharmacological treatment or surgical interventions. Common methods to
assess activity limitations are Patient Reported Outcome Measures (PROMs) [1,2] and
performance-based tests. [3,4] Both methods have advantages, but also disadvantages.
PROMs are considered easy to implement, inexpensive and harmless for the patient. But they
are also highly dependent on the perception and the reference frame of the patient. [5,6]
PROMs also require reading ability in the language at issue. Moreover, PROM scores are
influenced by a large number of personal factors (e.g. body mass, depression, self-efficacy,
fatigue and pain). [7-9] Performance-based tests, on the other hand, quantify the capacity of
the patient on how well he or she is able to perform specific tasks. But these tests may be
considered cumbersome and require physical presence of the patient. [9] It is also stated that
tests administered in the clinic, do not represent a real life situation and only capture a
snapshot of reality. [10]
The Animated Activity Questionnaire (AAQ) was recently developed as a new method
to assess activity limitations in patients with HKOA, for use in research and clinical practice.
[11] The AAQ uses videos in which an animation of a basic daily activity is shown, and
performed with different levels of difficulty. Patients are asked to choose the animation that
best matches their own performance. The AAQ combines the advantages of self-report
questionnaires and performance-based test. The AAQ is easy to implement, inexpensive,
harmless for patients, and in addition no comprehensive language understanding, except for
directions and internet navigating is required, which makes the AAQ accessible for people
with low literacy and non-native speakers. In addition the AAQ does not need an intensive
5
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forward and backward translation effort in case of international use as in questionnaires, and
the presence of patients in a clinic is not required as in performance-based tests. The AAQ
showed good content validity, construct validity and reliability.[11] Moreover, the AAQ
appeared to measure activity limitations closely mimicking real life situations. [12]
To evaluate the suitability of the AAQ across countries cross-cultural validity should
be studied. Cross-cultural validity has been defined as ‘the degree to which the performance
of items on a translated or culturally adapted instrument is an adequate reflection of the
performance of items in the original version of the instrument’ [13]. Cross-cultural validity
can be assessed by Differential Item Functioning (DIF) analyses. Ideally, patients from
different countries with the same level of activity limitations should have the same score on
each AAQ item (no DIF). [13] We hypothesized that, with respect to the AAQ, DIF due to
language differences will not be prevalent because minimal translation, except for directions,
is needed. In earlier studies, construct validity of the AAQ was tested in a small group of
patients from one country only.[11,12] These results should be confirmed in larger groups of
patients. Therefore the aim of our study was to study cross-cultural and construct validity of
the AAQ in larger groups of patients from 7 European countries.

Patients and Methods
Participants
This study was conducted in 7 European countries; Denmark, France, Italy, the Netherlands,
Norway, Spain, and United Kingdom with all different languages. In all participating
countries patients aged over 18 years, and with a diagnosis of hip and/or knee OA according
the ACR criteria [14,15], were invited by phone or when they visited the clinic where they
receive treatment, to participate in the study. If they were willing to participate, an
6
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information leaflet, an informed consent form, and a pre-stamped, pre-addressed envelope
were sent or given to them personally. After receiving the signed informed consent, the
patients were included in the study. A consecutive sample of patients was recruited from
different health care setting such as primary care, in-patient rehabilitation, and hospitals. The
goal was to include 200 patients in each country since this is considered an adequate sample
size for DIF analyses. [16]
Ethical approval
This study was conducted in accordance with the Handbook for Good Clinical Research
Practice of the World Health Organization, and Declaration of Helsinki principles
[http://www.wma.net/en/30publications/10policies/b3/] and, if required, approved by the
corresponding Medical Ethics Committees of the participating countries.
Assessments
The participants were sent an e-mail including an URL to an online questionnaire. They were
asked to complete the AAQ which contains videos of 17 basic daily life activities [11]:
ascending and descending stairs (2 items); walking outside on a flat surface (1 item); walking
outside on uneven terrain (1 item); walking inside (1 item); ascending and descending a slope
(2 items); picking up an object from the floor (1 item); rising from sitting on the floor (1
item); rising and sitting down from a chair, a sofa and a toilet (6 items); and taking off and
putting on shoes (2 items). Of each activity three to five videos were shown with an increase
of difficulty of performance, resulting in 3-5 response options. All videos of an activity were
shown simultaneously, ordered by level of difficulty on the screen, to facilitate comparison of
performance and level of difficulty. The first video of each activity represents optimal
performance, and the last video represents the highest level of difficulty in performance. The
videos could be played as many times as the patient wanted to see them. All participants were
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instructed as follows: "the video that best matches my own performance is ...". Each activity
also offer the response option ‘unable to perform’. Collaborating research partners in the
participating countries translated this question and the scoring instructions into their own
language.
Each activity was scored on a scale from 0 to 3, 4 or 5 depending on the number of response
videos for each activity. A normalized score from 0-100 was calculated for each activity. The
total score was calculated by taking the mean scores of the normalized scores of all activities
and dividing that by 17, with higher scores indicate less activity limitations. Two examples of
an item, and how the AAQ is developed, are available at: http://www.kminvumc.nl/_16_0.html
Directly after completing the AAQ, patients were asked to complete a Patient Reported
Outcome Measure (PROM); the ‘Function, daily living’(ADL) subscale of the HOOS [1] (i.e.
Hip disability and Osteoarthritis Outcome Score) or KOOS [2] (i.e. Knee injury and
Osteoarthritis Outcome Score) depending on the affected joint. The H/KOOS ADL subscale
contains seventeen items assessing perceived limitations in physical functioning. Each item
was rated on a five-point rating scale (i.e. 0-4). Scores were transformed to a 0-100 score with
higher scores corresponding to less activity limitations. The HOOS and KOOS showed
adequate content and construct validity in most of the participating countries. [1,2, 17-20]
In order to prevent contamination we changed the order of the AAQ and H/KOOS ADL
subscale in the second half of the patients in each country.
Finally, in each country patients were asked to execute three performance-based tests in the
clinical setting of the participating hospital or outpatient clinic in the following predetermined
order: the Stair Climbing Test [9, 21], and the Timed Up and Go test [22, 23], both
measuring the time in which the activity is performed, and the 30 second Chair Stands Test.
8
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[24, 25] which takes to number of sit to stands that was performed within 30 seconds. The
chosen performance-based tests were chosen from the most feasible, reliable and responsive
measures recommended by OsteoArthritis Research Society International.[26]
Patients were asked in consecutive order to execute the performance-based tests until a
minimum number of 35 patients per country participated.
Statistical analyses
Descriptive statistics were used to describe the study population with regard to age, gender,
Body Mass Index (BMI), affected joint (i.e. knee, hip or both), total joint replacement surgery
(none, unilateral, bilateral), physical therapy treatment, the mean AAQ score, mean H/KOOS
subscale score, means of the performance-based tests, and pain.
First, we tested the AAQ for unidimensionality in each participating country and in the
total patient group by means of a confirmatory factor analysis, as a prerequisite to perform the
cross-cultural validity analysis. Model fit was evaluated by estimating the Root Mean Square
Error of Approximation (RMSEA), Comparative Fit Index (CFI), and Tucker-Lewis fit Index
(TLI). RMSEA close to 0.06 or lower, CFI close to 0.95 or higher, and TLI close to 0.95 or
higher indicate good model fit. [27]
In addition, for cross-cultural validity an ordinal logistic regression analysis as
described by Petersen et al. [28] was used to assess Differential Item Functioning (DIF) across
countries. As the AAQ was developed in the Netherlands, the Dutch version of the AAQ was
considered the original version. DIF was assessed for each AAQ item, and for each country
separately. In the ordinal regression analyses the dependent variable was the AAQ item score,
and the independent variables were the group variable (two groups per analysis, with the
Dutch version as the reference group), the total AAQ score, and the interaction term between
the group variable and the total AAQ score. First we tested for non-uniform DIF. A pseudo R9
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square change score according Nagelkerke with a magnitude larger than 0.035 and a
significant interaction term (p-value < 0.001) [29] between the AAQ total score and the group
variable was considered as non-uniform DIF. If there was no non-uniform DIF, we tested for
uniform DIF. An odds ratio (OR) of the group variable with a magnitude outside the interval
0.53–1.89 and a statistical significance with a p-value < 0.001 was used as a criterion for
uniform DIF. [30] An OR below 0.53 indicates that a patient from the country under study,
with a similar functional level as a Dutch patient, score lower on the item. So, the execution
of the activity by a patient from the country at issue seems to be more difficult than for a
Dutch patient. If the OR is above 1.89 this indicates that a patient from the other country
scores higher, and executing the activity is less difficult than for the Dutch patients. Ordinal
logistic regression analyses were adjusted for gender, age, height, weight, affected joint, and
presence of a hip or knee prosthesis. If non-uniform DIF was found for an item, the scores of
that item were visualised by plotting the probability of a response option (in this case
choosing a certain video) against the total AAQ score for both countries, to show how much
the responses of the two countries are different and in which direction.
The impact of item(s) with DIF on the total score was determined by calculating the
correlation between the AAQ score with and without the DIF item(s). A correlation higher
than 0.95 was considered as no important impact of DIF on the total AAQ score.
Finally, to assess construct validity, correlations were calculated between the AAQ
score and the H/KOOS ADL subscale by means of the correlation coefficients (Spearman’sor Pearson’s correlation coefficient, depending on distribution of data). We calculated the
average correlation of the AAQ score and the three performance-based tests, and the
correlations between the AAQ and each performance-based test separately. The average score
was used because of the overlap with these tests with activities in the AAQ as well in the
H/KOOS ADL subscale, who both comprise a combination of different activities. We
10
John Wiley & Sons, Inc.
This article is protected by copyright. All rights reserved.

Arthritis Care & Research

Page 12 of 40

hypothesized that all correlation coefficients were > 0.60. In order to average the correlations
between AAQ score and the performance-based tests, scores of the three different
performance-based tests (i.e. Stair Climbing Test, Timed Up and Go test, and the 30 sec.
Chair Stands Test) were transformed into Fisher’s Z scores. After summarizing and averaging
the three scores, the score was transferred back into a correlation coefficient.
Data were analysed with the SPSS statistical package (version 20.0, SPSS, Chicago, Illinois),
and Mplus version 6.11.

Results:
Data of 1239 patients were available from: Denmark (N=201), France (N=193), Italy
(N=203), the Netherlands (N=279), Norway (N=62), Spain (N=99), and the United Kingdom
(N=202).
Patient characteristics
Table 1 shows that the mean age of the patients was 64.2, 72% were female, and the mean
BMI was 28. Of participating patients 58% had knee problems, 26% had hip problems, while
in 16% of the patients both joints were affected. In 35% of the patients unilateral, in 2%
bilateral, 18% knee, and 22% hip joint replacement surgery had taken place, and 45%
received physical therapy treatment at the moment the assessments took place. The mean
AAQ score was 77 (SD 18.5), and the mean H/KOOS ADL subscale score 66 (SD 20.5). The
means of the Timed Up and Go test, Stair Climbing Test and 30 sec. Chair Stands Test were
11.3 seconds, 17.5 seconds, and 10.5 sit to stands, respectively.
Confirmatory Factor Analyses showed good model fit for unidimensionality of the
AAQ in the total patient group for two out of three estimations (CFI = 0.957, TLI = 0.951,
and RMSEA = 0.144 (90% confidence Interval 0.139-0.148). Individual country versions
showed similar results (Table 2).
11
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Results of DIF analyses are shown in Table 3. Compared to the Dutch version, none of
the 17 items showed DIF in English or French patients. Uniform DIF was found in one item
for Spanish versus Dutch (walking inside; OR 0.29), and one item for Norwegian versus
Dutch (walking inside; OR 0.16). Walking indoors was more difficult for Spanish or
Norwegian patients respectively compared to Dutch patients. For Danish versus Dutch
versions of AAQ, uniform DIF was found in two items (walking outside on uneven terrain;
OR 0.45, walking inside; OR 0.43), representing more difficulty in executing the activities for
Danish patients compared to Dutch patients. An example of uniform DIF is shown in Figure
1. For Italian versus Dutch 6 items showed uniform DIF (descending stairs; OR 0.35,
walking outside on uneven terrain; OR 0.34, picking an object from the floor; OR 0.26, and
rising from the floor; OR 0.26), representing more difficulty in executing all four activities for
Italian patients compared to Dutch patients. Rising from a sofa; OR 10.40, and sitting down
on a sofa; OR 3.75, were less difficult for Italian patients compared to Dutch patients.
One item in the Italian AAQ version showed non-uniform DIF (rising from a toilet;
Nagelkerke 0.06). For patients with high limitations in activities, Italian patients have less
difficulty with rising from a toilet compared to Dutch patients. However, for patients with less
limitation in activities the difficulty of the item is more similar between Italian and Dutch
patients. (see Figure 1)
There was no important influence of uniform DIF on the total AAQ score for Spain and
Norway; Spearman’s correlation between AAQ score with and without DIF item were 0.98
and 0.99, respectively. For Denmark the Spearman’s correlations between AAQ score with
and without the two DIF items was 0.99. For Italy the Spearman’s correlations between AAQ
score with and without the seven DIF items was 0.98 (data not shown).
Regarding construct validity, Table 4 shows that in the total group of 1239 patients the
total AAQ score correlated highly (0.74) with the total H/KOOS ADL subscale. In a subgroup
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of 272 patients, in which the performance-based tests were executed, the correlation of the
total AAQ score with scores on the performance-based tests was lower than expected (0.55).
For the individual performance-based tests the correlations with the AAQ were 0.68 (Stair
Climbing Test), 0.59 (Timed Up and Go test), and 0.36 (30 sec. Chair Stands Test).
In Table 5 the results of the correlations within each country are shown, with a high
correlation (>0.60) between AAQ and H/KOOS ADL subscale for each country, ranging
from 0.64 to 0.85. The correlations between AAQ and performance-based tests range from
0.48 to 0.70, with a moderate correlation for Denmark (0.52), Italy (0.48) and borderline high
correlation for France (0.60), while the correlations for The Netherlands, Spain and United
Kingdom were high (0.68, 0.70 and 0.67, respectively). In Norway no performance tests data
were collected.

Discussion
In this study the AAQ was shown to have good cross-cultural validity, but there were
unexpected findings in construct validation. Regarding the former, some cultural differences
were seen between Dutch and Italian versions (DIF in 7 items), but the impact of DIF on the
total AAQ score was negligible.
Regarding construct validity, AAQ appeared to be unidimensional, although the RMSEA
indices (0.144) did not reach the level of good fit (<0.06). When the AAQ was developed we
expected that the AAQ would correlate higher with performance-based tests than with other
self-report questionnaires because the AAQ resembles more the real life situation. However,
all validation studies showed the opposite results: AAQ showed a higher correlation with the
H/KOOS ADL subscale (0.74) than hypothesized, and similar to that found previously (i.e.
0.76 [11] and 0.79 [12]). Also, the correlation between AAQ and performance-based tests
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(0.55) was lower than expected, and also lower than in previous studies (i.e. 0.62 [11] and
0.73 [12]).
A possible explanation is that the AAQ comprises more activities than the three activities of
the performance-based tests, such as picking up an object from the floor, rising from the floor,
and putting on and taking off shoes. On the other hand the H/KOOS ADL subscale also
comprises other activities, such as going shopping or sitting, and the correlation with AAQ is
high (0.74). We favor a second explanation: the AAQ is a Patient Reported Outcome Measure
(PROM) that measures a new construct, closely related to perception of performance and
actual life performance. Apparently, the perception of the patient in completing the AAQ is
playing a bigger role than we assumed, and while performance-based tests measure ‘just’
capacity in the ‘lab’, the AAQ goes beyond this and refers to an actual life performance, for
which indications are shown in earlier research in which the AAQ was highly correlated
(0.83) with home-recorded videos of activities performed by the patients at their own
home.[12]
Regarding cross-cultural validity this study showed that the AAQ has potential to yield
comparable scores across countries with different languages. The total score showed minimal
DIF and thus seems to be comparable across the countries under study. However, scores on
individual items, useful for clinicians in daily practice, cannot always be compared across
countries because of DIF. The advantage of the AAQ over other self-report questionnaires is
that no translation, except for directions, is needed, and that the AAQ is easier to use for
people with low levels of literacy.
DIF between countries is usually caused by differences in translation and culture. For the
AAQ, no intensive forward and backward translation is needed. Since the AAQ is a
computerized animation questionnaire which shows videos and no written questions (for
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which translation of items and response options is necessary), it is expected that the observed
DIF between countries is mainly caused by cultural differences and not language issues.
Although DIF occurred in 7 out of 17 items in Italian version, the impact on the total score
was negligible, similar as in other languages in the study, since the difference in AAQ scores
with and without DIF items was small with a correlation of 0.98. This is probably caused by
the fact that items with an odds ratio (OR) score beneath one (4 items with ORs of 0.35, 0.34,
0.26, and 0.26, respectively) were neutralized by the effect of items with an odds ratio above
1 (2 items with odds ratios of 10.40 and 3.75 respectively), and the item with non-uniform
DIF.
Nevertheless, more in-depth analyses are necessary to understand the occurrence of DIF in
Italy; Italian patients showed more difficulty in executing descending stairs, walking on
uneven surface, picking an object from floor and rising from the floor and less difficulty in
executing sitting down and rising from a sofa compared to Dutch patients with a similar level
of activity limitations. Moreover, a part of the Italian patients reported to have more difficulty
in rising from a toilet compared to Dutch patients. Differences between the populations in
weight and height were adjusted for. Although adjusted for the presence of a hip or knee
prosthesis, a substantial higher proportions of Italian patients (66%) had joint replacement
surgery compared to the Dutch patients (38%) which can play a role in country differences in
severity of the disease and activity limitations due to joint mobility differences, which was not
assessed. Also different national standards in stairs, or sofa heights may be an explanation for
country differences.
A qualitative approach should be added to the statistical DIF analyses for the interpretation of
DIF since a low agreement has been found in the past between expert review of items and
statistical analyses.[30, 31] With qualitative methods more socio-psychological explanations
can be explored for underlying reasons for DIF. Collins [32] mentioned the social-cognitive
15
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theory of survey response which can play a role in answering questions on a questionnaire.
The theory involves 4 sequential cognitive tasks in answering questions: (1) question
interpretation, (2) retrieval of information from memory to answer the question, (3) judgment
formation and response formation, and (4) response evaluation and response editing. In each
of the tasks, differences between countries can occur, based on personal and contextual
factors. This theory is focused on written questionnaires. With the AAQ also other cognitive
processes will play a role, such as self-reflection of movements. How well can a patient selfreflect on stair climbing or rising from the floor when choosing a corresponding performance
level of the activity shown in videos as in the AAQ? Differences between Italy and the
Netherlands might be based on more optimistic or pessimistic attitude in responding in one of
the two countries or differences in response styles (i.e. patients in one country tends to select
the end points of the scale more often). [33]

A methodological consideration with regard to our study is that we used the pseudo Rsquare change according Nagelkerke of 0.035 as a cut-off point for non-uniform DIF. [29]
The Zumbo-Thomas procedure [16] uses a far more conservative cut-off point for DIF of 0.13
which would have resulted in less DIF in our study. On the other hand there are also studies
that used a cut-off point of 0.02. [34, 35]
Another point for discussion is the variable number of response options of the items of the
AAQ, ranging between 4 and 6. In theory this difference could weaken the unidimensionality
of the scale, as items with the same number of response options tend to correlate higher with
each other than items with a different number of response options. But in our data items with
the same response options were not systematically correlated higher with each other than
items with different response options.
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A limitation of our study is that the results of the cross-cultural validity analyses for Spain
(n=99) and Norway (n=62) should be interpreted with caution because the recommended 200
respondents for adequate DIF analyses [16] was not achieved. Another limitation is having
the instructions i.e. “the video that best matches my own performance is”, instead of including
the temporal factor such as “my own performance today/in the previous week/in the previous
month”. On a paper based PROM participants can turn back over and re-read instructions
which usually say something like “thinking about your ability today/in the past week etc.
In conclusion, the AAQ showed a good overall cross-cultural validity, and presents an
innovative way of measuring a new construct which is self-reported, and that can be placed on
the continuum between PROMs and performance-based tests. The AAQ seems to have great
potential for international use in research and daily clinical practice. An online version to be
used by patients, clinicians and researchers is in preparation. To get more insight in the
construct of the AAQ, future research of the AAQ should focus on qualitative research which
is necessary to explore explanations for DIF in Italy, and more data should be collected in
Italy to confirm or refute the results in this study.
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Table 1. Patient Characteristics

Spain (n=99)

United
Kingdom
(n=202)

Subgroup validity
performancebased tests
(n=272, all
countries)

Total group
(n=1239)

Denmark
(n=201)

France
(n=193)

Italy
(n=203)

the
Netherlands
(n=279)

Sex, female (%)

887 (71.6%)

164 (81.6%)

126 (65.3%)

146 (71.9%)

193 (69.2%)

54 (87.1%)

80 (80.8%)

124 (61.4%)

201 (73.9%)

Age, mean (SD)

64.2 (9.9)

62.7 (10.4)

65.8 (7.2)

63.9 (12.0)

65.3 (7.9)

67.8 (10.0)

67.4 (10.1)

60.3 (10.6)

63.5 (8.5)

BMI, mean (SD)
Joint affected
knee
hip
knee and hip
Total joint replacement
none
knee
hip
unilateral
bilateral
Timed Up and Go test, mean (sec.)
Stair Climbing Test, mean (sec.)
30 sec. Chair Stand Test, mean (counts)
Physical therapy treatment? Yes

27.7 (5.5)

29.0 (5.9)

28.5 (5.8)

23.7 (6.0)

29.0 (6.0)

25.7 (4.0)

28.9 (5.0)

28.9 (5.0)

30.0 (6.4)

719 (58.0%)
324 (26.2%)
196 (15.8%)

117 (58.2%)
52 (25.9%)
32 (15.9%)

117 (60.6%)
49 (25.4%)
27 (14.0%)

97 (47.8%)
106 (52.2%)
0

156 (55.9%)
48 (17.2%)
75 (26.9%)

30 (48.4%)
20 (32.3%)
12 (19.4%)

77 (77.8%)
20 (20.2%)
2 (2.0%)

125 (61.9%)
29 (14.4%)
48 (23.8%)

163 (59.9%)
64 (23.6%)
45 (16.5%)

768 (62.0%)
222 (17.9%)
278 (22.4%)
433 (34.9%)
29 (2.3%)
11.3 (4.2)
17.5 (8.6)
10.5 (7.1)
554 (44.7%)

135 (67.2%)
35 (17.4%)
40 (19.9%)
57 (28.4%)
9 (4.5%)
9.6 (3.9)
15.7 (7.1)
10.6 (4.2)
181 (90.0%)

151 (78.2%)
21 (10.9%)
25 (13.0%)
38 (19.7%)
4 (2.1%)
9.9 (2.6)
14.7 (6.6)
10.5 (3.7)
14 (7.3%)

70 (34.5%)
70 (34.5%)
63 (31.0%)
133 (65.5%)
0
15.0 (2.8)
27.4 (5.4)
13.5 (2.4)
162 (79.8%)

166 (59.5%)
52 (18.6%)
68 (24.4%)
106 (38.0%)
7 (2.5%)
11.3 (5.0)
18.2 (10.1)
10.4 (12.2)
89 (31.9%)

33 (53.2%)
19 (30.6%)
12 (19.4%)
27 (43.5%)
2 (3.2%)
*
*
*
57 (91.9%)

88 (88.9%)
3 (3.0%)
9 (9.1%)
10 (10.1%)
1 (1.0%)
11.9 (4.6)
15.2 (5.8)
9.1 (4.4)
4 (4.0%)

125 (61.9%)
22 (10.9%)
61 (30.2%)
71 (35.1%)
6 (3.0%)
11.3 (3.4)
16.3 (8.3)
9.5 (4.1)
47 (23.3%)

191 (70.2%)
34 (12.5%)
50 (18.4%)
78 (28.7%)
3 (1.1%)
11.7 (4.2)
18.5 (8.8)
10.7 (6.8)
102 (37.5%)

AAQ score (0-100), mean (SD)

76.9 (18.5)

76.6 (15.6)

86.7 (14.7)

64.9 (19.2)

77.6 (17.8)

79.3 (15.6)

80.3 (18.4)

76.8 (19.3)

77.1 (17.7)

H/KOOS ADL subscale (0-100), mean
(SD)
Pain (0-10), mean (SD)

66.4 (20.5)

62.4 (16.5)

73.4 (19.9)

69.6 (17.6)

64.2 (21.7)

61.9 (19.8)

61.7 (24.1)

67.3 (22.1)

64.8 (20.1)

4.3 (2.6)

5.4 (2.4)

3.4 (2.3)

3.8 (2.6)

4.5 (2.7)

4.7 (2.6)

4.3 (2.6)

4.7 (2.6)

Norway
(n=62)

4.2 (2.2)
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Table 2 Confirmatory Factor Analyses of the AAQ in 7 different European countries
CFI
TLI
RMSEA
(90% Confidence Interval)
Denmark
France
Italy
The Netherlands
Norway
Spain
United Kingdom

n=201
n=193
n=203
n=279
n=62
n=99
n=202

0.913
0.973
0.982
0.963
0.934
0.980
0.982

0.901
0.969
0.980
0.957
0.925
0.977
0.979

0.166 (0.155-0.178)
0.111 (0.099-0.123)
0.110 (0.099-0.122)
0.127 (0.117-0.136)
0.147 (0.124-0.169)
0.098 (0.079-0.116)
0.113 (0.102-0.125)

Total
n=1239
0.957
0.951
CFI = Comparative Fit Index
TLI = Tucker-Lewis index
RMSEA = Root Mean Square Error of Approximation

0.144 (0.139-0.148)

26
John Wiley & Sons, Inc.
This article is protected by copyright. All rights reserved.

Arthritis Care & Research

Page 28 of 40

Table 3 Odds Ratio’s and Pseudo R-square values for Uniform Differential Item Functioning (DIF), and Non-Uniform DIF
respectively, in 17 items of the Animated Activity Questionnaire (AAQ)
Odds Ratio
95% Confidence p-value
Pseudo
P-value #
interval
R-square
change
(Nagelkerke) #
1. Ascending stairs
Italy (n=203)
United Kingdom (n=202)
Denmark (n=201)
France (n=193)
Spain (n=99)
Norway (n=62)

0.42
1.30
1.11
1.52
0.39
1.31

0.24-0.74
0.82-2.07
0.71-1.63
0.80-2.88
0.18-0.75
0.41-1.52

0.002
0.26
0.62
0.20
0.005
0.43

0.006
0.001
0.003
0.004
0.012
0.001

0.74
0.006
0.14
0.39
0.46
0.49

0.35*
0.86
1.22
2.08
1.13
1.10

0.27-0.63
0.58-1.26
0.83-1.76
1.19-3.65
0.61-2.15
0.68-2.20

<0.001*
0.44
0.20
0.01
0.70
0.75

0.018
0.002
0.002
0.018
0.000
0.001

0.12
0.24
0.94
0.03
0.82
0.40

3. Walking outside on a flat surface
Italy (n=203)
United Kingdom (n=202)
Denmark (n=201)
France (n=193)
Spain (n=99)
Norway (n=62)

0.86
1.11
0.51
2.24
1.77
0.65

0.43-1.13
0.71-1.73
0.33-0.77
1.13-4.41
0.79-4.12
0.33-1.18

0.61
0.65
0.001
0.02
0.13
0.20

0.012
0.000
0.012
0.008
0.007
0.003

0.32
0.40
0.32
0.82
0.09
0.46

4. Walking outside on uneven
terrain
Italy (n=203)
United Kingdom (n=202)
Denmark (n=201)
France (n=193)
Spain (n=99)
Norway (n=62)

0.34*
0.54
0.45*
0.76
0.61
0.72

0.19-0.51
0.34-0.87
0.28-0.68
0.40-1.44
0.26-1.36
0.42-1.61

<0.001*
0.01
<0.001*
0.42
0.16
0.36

0.012
0.008
0.015
0.002
0.014
0.002

0.03
0.14
0.17
0.40
0.01
0.61

5. Walking inside after at least 15
minutes sitting
Italy (n=203)
United Kingdom (n=202)
Denmark (n=201)
France (n=193)
Spain (n=99)
Norway (n=62)

0.41
0.49
0.43*
0.72
0.29*
0.16*

0.24-0.60
0.33-0.74
0.29-0.65
0.41-1.28
0.15-0.59
0.09-0.30

0.001
0.001
<0.001*
0.26
<0.001*
<0.001*

0.027
0.014
0.034
0.022
0.026
0.059

< 0.001
0.15
< 0.001
0.001
0.15
0.17

6. Walking up an incline
Italy (n=203)
United Kingdom (n=202)
Denmark (n=201)
France (n=193)
Spain (n=99)
Norway (n=62)

0.75
1.49
0.58
2.26
0.78
1.64

0.36-1.03
0.91-2.44
0.36-0.88
0.89-4.53
0.35-1.98
0.87-3.84

0.35
0.11
0.02
0.02
0.52
0.21

0.003
0.002
0.007
0.010
0.003
0.005

0.06
0.71
0.18
0.17
0.14
0.13

7. Walking down an incline
Italy (n=203)
United Kingdom (n=202)
Denmark (n=201)

0.42
1.51
0.64

0.24-0.69
0.93-2.44
0.41-0.97

0.006
0.10
0.05

0.009
0.002
0.007

0.02
0.75
0.09

2. Descending stairs

Italy (n=203)
United Kingdom (n=202)
Denmark (n=201)
France (n=193)
Spain (n=99)
Norway (n=62)
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France (n=193)
Spain (n=99)
Norway (n=62)

1.65
0.81
1.28

0.84-3.25
0.35-1.78
0.64-2.55

0.15
0.57
0.50

0.003
0.004
0.001

0.67
0.12
0.45

0.26*
0.69
0.61
0.52
0.83
1.26

0.16-0.40
0.45-0.94
0.40-0.90
0.29-0.96
0.42-1.78
0.62-2.29

<0.001*
0.09
0.02
0.04
0.59
0.50

0.019
0.002
0.006
0.013
0.000
0.001

0.79
0.61
0.95
0.05
0.63
0.64

0.26*
1.18
1.08
1.10
0.93
1.88

0.22-0.55
0.57-1.25
0.73-1.56
0.63-1.90
0.46-2.03
1.24-4.28

<0.001*
0.41
0.71
0.74
0.81
0.05

0.025
0.004
0.000
0.000
0.000
0.007

0.03
0.10
0.92
0.63
0.92
0.50

Italy (n=203)
United Kingdom (n=202)
Denmark (n=201)
France (n=193)
Spain (n=99)
Norway (n=62)

2.40
0.68
1.21
0.55
0.94
0.84

1.70-4.53
0.44-1.03
0.80-1.83
0.30-1.00
0.49-1.91
0.43-1.55

0.002
0.07
0.38
0.05
0.85
0.59

0.006
0.006
0.004
0.017
0.011
0.014

0.93
0.08
0.06
0.01
0.001
0.003

11. Sitting down on a chair
Italy (n=203)
United Kingdom (n=202)
Denmark (n=201)
France (n=193)
Spain (n=99)
Norway (n=62)

1.52
0.79
1.09
0.55
1.15
1.96

1.01-1.59
0.50-1.22
0.74-1.69
0.29-1.06
0.49-2.87
0.73-3.15

0.15
0.29
0.70
0.08
0.71
0.07

0.003
0.004
0.000
0.008
0.003
0.007

0.23
0.09
0.59
0.08
0.18
0.14

Italy (n=203)
United Kingdom (n=202)
Denmark (n=201)
France (n=193)
Spain (n=99)
Norway (n=62)

10.40*
1.26
1.26
0.90
1.39
2.22

7.28-20.68
0.84-1.88
0.86-1.87
0.53-1.55
0.70-2.67
1.17-3.91

<0.001*
0.27
0.25
0.71
0.30
0.01

0.055
0.002
0.001
0.002
0.001
0.007

0.18
0.12
0.90
0.19
0.96
0.88

13. Sitting down on a sofa
Italy (n=203)
United Kingdom (n=202)
Denmark (n=201)
France (n=193)
Spain (n=99)
Norway (n=62)

3.75*
1.73
1.47
1.74
2.71
1.65

3.22-8.65
1.14-2.63
0.99-2.20
0.96-3.14
1.43-5.82
0.83-2.89

<0.001*
0.01
0.06
0.07
0.004
0.13

Italy (n=203)
United Kingdom (n=202)
Denmark (n=201)
France (n=193)
Spain (n=99)
Norway (n=62)

1.56
1.17
1.57
0.66
0.79
1.12

1.17-2.94
0.75-1.82
1.09-2.52
0.35-1.23
0.35-1.57
0.49-1.81

0.10
0.49
0.04
0.19
0.51
0.75

0.058#
0.001
0.006
0.002
0.001
0.001

15. Sitting down on a toilet
Italy (n=203)

0.88

0.58-1.48

0.64

0.024

8. Picking up an object from the
floor
Italy (n=203)
United Kingdom (n=202)
Denmark (n=201)
France (n=193)
Spain (n=99)
Norway (n=62)
9. Rising from floor

Italy (n=203)
United Kingdom (n=202)
Denmark (n=201)
France (n=193)
Spain (n=99)
Norway (n=62)
10. Rising from chair

12. Rising from a sofa

0.025
0.009
0.007
0.004
0.012
0.004

0.001
0.02
0.04
0.28
0.07
0.33

14. Rising from a toilet

<0.001#
0.99
0.22
0.62
0.51
0.48

< 0.001
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United Kingdom (n=202)
Denmark (n=201)
France (n=193)
Spain (n=99)
Norway (n=62)
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0.78
1.16
0.57
1.07
0.68

0.50-1.22
0.78-1.87
0.29-1.09
0.51-2.78
0.29-1.08

0.28
0.51
0.09
0.85
0.27

0.001
0.001
0.004
0.006
0.003

0.51
0.72
0.76
0.18
0.39

1.68
1.57
0.85
1.46
1.12
0.78

1.21-2.71
1.09-2.25
0.61-1.22
0.89-2.40
0.64-1.95
0.47-1.40

0.03
0.02
0.36
0.13
0.70
0.37

0.029
0.008
0.002
0.019
0.006
0.002

< 0.001
0.97
0.72
0.006
0.06
0.98

1.53
1.24
1.15
1.41
1.43
1.22

0.86-1.90
0.85-1.82
0.80-1.64
0.83-2.38
0.82-2.69
0.59-1.25

0.08
0.27
0.46
0.20
0.24
0.50

0.020
0.006
0.002
0.013
0.003
0.001

0.004
0.07
0.55
0.008
0.90
0.84

16. Putting on shoes
Italy (n=203)
United Kingdom (n=202)
Denmark (n=201)
France (n=193)
Spain (n=99)
Norway (n=62)

17. Taking off shoes
Italy (n=203)
United Kingdom (n=202)
Denmark (n=201)
France (n=193)
Spain (n=99)
Norway (n=62)

* Uniform DIF according the following criteria: Odds Ratio outside the interval 0.53-1.89 and p < 0.001
# Criteria for Non-Uniform DIF are defined as a Pseudo R-square change according Nagelkerke > 0.035 and p < 0.001
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Table 4. Spearman correlations (95% CI) between the total scores of the Animated Activity Questionnaire (AAQ), H/KOOS ADL subscale, and performance
based tests in 1239 patients with hip and knee osteoarthritis.

AAQ
H/KOOS ADL
subscale
Stair Climbing Test
(SCT)
Timed Up and Go
Test (TUG)

AAQ

H/KOOS ADL
subscale

Average score
performance-based
tests*

Stair Climbing Test
(SCT)

Timed Up and Go
Test (TUG)

30 sec Chair Stand
Test (CST)

1.00

0.74 (0.71-0.76)

0.55 (0.47-0.63)†

0.68 (0.61-0.74)†

0.59 (0.50-0.66)†

0.36 (0.25-0.46)†

1.00

0.43 (0.33-0.52)†

0.42 (0.32-0.51)†

0.37 (0.26-0.47)†

0.49 (0.39-0.58)†

1.00

0.85 (0.81-0.88)†

0.34 (0.23-0.44)†

1.00

0.40 (0.29-0.49)†

30 sec Chair Stand
Test (CST)

1.00

* Scores based on transformation of separate performance-based tests scores into Fisher’s Z scores, calculating the average and back transformation into
an average correlation score
† Data analyses in a subgroup of 272 patients
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Table 5 Spearman correlations (95% CI) between the total scores of the Animated Activity Questionnaire
(AAQ), H/KOOS ADL subscale, and performance based tests in 7 European countries
Correlation AAQ - H/KOOS ADL
subscale

Correlation AAQ - average score
performance-based tests

n=201

0.64 (0.55-0.72)

n=40

France

n=193

0.79 (0.73-0.84)

n=39

0.60 (0.35-0.77)

Italy

n=203

0.83 (0.78-0.87)

n=51

0.48 (0.24-0.67)

The Netherlands
Norway

n=279
n=62

0.79 (0.74-0.83)
0.78 (0.66-0.86)

n=62
*

0.68 (0.52-0.80)

Spain

n=99

0.82 (0.74-0.88)

n=40

0.70 (0.50-0.83)

United Kingdom

n=202

0.85 (0.81-0.88)

n=40

0.67 (0.45-0.81)

Denmark

0.52 (0.25-0.72)

*There was no data collected from performance-based tests in Norway
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Figure 1 Examples of uniform DIF (item 5 for Spanish versus Dutch), and Non-uniform DIF
(item 14 for Italian versus Dutch).

32
John Wiley & Sons, Inc.
This article is protected by copyright. All rights reserved.

Page 41 of 40

Arthritis Care & Research

44x58mm (300 x 300 DPI)

John Wiley & Sons, Inc.
This article is protected by copyright. All rights reserved.

