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18 Abstract The aim of this study was to examine the psy-
19 chometric characteristics of the childhood health
20 assessment questionnaire-disability index (CHAQ-DI).
21 Seventy-six patients with juvenile idiopathic arthritis
22 (JIA), age range 4.8–15.8 years, completed a CHAQ
23 questionnaire one or more times. In total, 321 CHAQ
24 questionnaires were available for analysis. Factor anal-
25 ysis and correlation were used to analyse the data. The
26 analysis indicated that 12 items could be removed from
27 the original 30 items of the CHAQ-DI. Also the addition
28 of ‘‘aids and assistance’’ to the overall scoring method of
29 the CHAQ-DI did not contribute to the overall mea-
30 suring concept of the CHAQ-DI. The psychometric
31 characteristics of the CHAQ-DI could be improved by
32 removing 12 items from the original 30 items. Moreover,
33 a simple scoring method, without the addition of aids
34 and assistance to the total CHAQ-DI improves sensi-
35 tivity to change of the CHAQ-DI.

36 Keywords Disability evaluation Æ Outcome assessment
37 (Health care) Æ Juvenile rheumatoid Arthritis Æ
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39 Introduction

40 In 1994 Singh and collaborators developed the child-
41 hood health assessment questionnaire [CHAQ (1)]. The
42 CHAQ consists of 30 items in 8 domains, the disability
43 index, combined with two visual analogue scales for pain

44and severity, forming the discomfort scale [1]. The
45CHAQ disability index [CHAQ-DI] was developed from
46the template of the Stanford HAQ-DI [2]. There were
47new questions added to the CHAQ-DI while others were
48modified to adapt the instrument for the use in children
49between the ages of 1–19 years. Over the years the
50CHAQ-DI has been translated in over a dozen lan-
51guages and was utilized in more than 40 populations of
52different language/cultural background [3, 4]. In 1997
53the CHAQ-DI became the functional outcome instru-
54ment of choice in the PRInTO core set of outcome
55measures [5, 6]. Therefore, the CHAQ-DI is to be con-
56sidered one of the best-implemented functional outcome
57measures in paediatric rheumatology. The CHAQ-DI in
58studies has now has been administered to children with
59spina bifida [7], diabetes [4], JIA and JDM and has been
60validated in children with JIA and JDM [1, 8]. The re-
61ported psychometric characteristics of the CHAQ are
62very good [4], involving all the classical measures of
63reliability and validity as well as determining the small-
64est relevant clinical difference [9, 10]. So far only very
65few publications have dealt with the CHAQ-DI in a
66longitudinal nature [11, 12]. The scoring rules applied on
67the CHAQ-DI are a matter of another concern. When
68applied properly the rule is: in each of the eight domains,
69the highest score is taken, while the use of aids or
70assistance may add to the score if the difficulty com-
71pleting a task is only ‘limited’. However, in this way the
72patient is ‘penalized’ for utilizing help or a device. Also a
73patient shows no progression in his score domain when
74the worst score in a domain remains unchanged while
75other tasks or activities may have been improved con-
76siderably. This scoring rule might very well result in lack
77of sensitivity to change since aids and devices, once they
78are available in the household, patients will still use them
79even when they can perform these tasks without them as
80well. One can question if ‘aids and devices’ are impor-
81tant for the content validity of CHAQ-DI.
82From a historical perspective, the current patient
83population with rheumatic diseases seems to be consid-
84erably less impaired as a result of new medication
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85 regimes (e.g., MTX. and biologicals) [13]. This makes us
86 question the face validity of several CHAQ-DI items, as
87 some items score less and less positively and might turn
88 out to be redundant. Especially ‘aids and devices’
89 become less prominent in these patient groups.
90 The aim of this study was to examine the psycho-
91 metric characteristics of the childhood health assessment
92 questionnaire-disability index [CHAQ-DI], and selecting
93 those items that support the CHAQ-DI’s underlying
94 construct of functional ability. The second aim was to
95 explore different scoring methods on the psychometric
96 characteristics of the CHAQ-DI to increase sensitivity to
97 change of the CHAQ-DI.

98 Methods

99 Patients

100 Seventy-six patients with JIA were included in this
101 analysis; their age range was from 4.8 to 15.8 years
102 (mean±SD 9.19±2.54 years). Twenty boys and 56 girls
103 were included in this analysis. Thirty-three patients had
104 an oligoarticular JIA, 43 patients had a polyarticular
105 JIA including systemic JIA. In total, 321 CHAQ ques-
106 tionnaires were filled out by the parents, and were
107 available for analysis. The children in this convenience
108 sample participated between 1999 and 2002 in one of our
109 previous conducted studies in our department [11, 14],
110 or visited our outpatient clinic. Parents and patients
111 gave their informed consent for participating in the
112 study. The Institutional Review Board approved all
113 procedures.
114 The Dutch translation of the CHAQ was used as a
115 self-administered pencil and paper questionnaire for the
116 parents (proxy), as an index of functional ability. The
117 CHAQ [1] has been adapted from the Stanford health
118 assessment questionnaire, so that at least one question in
119 each domain was relevant to children of 6–19 years. The
120 CHAQ was recently cross-culturally adapted and vali-
121 dated for the Dutch language [3]. The question with the
122 highest score within each domain (range 0–3; able to do
123 with no difficulty=0; able to do with some difficulty=1;
124 able to do with much difficulty=2; unable to do=3; time
125 frame for scoring responses was past week) determined
126 the score for that domain, unless aids or assistance was
127 required (raising the score for that domain to a minimum
128 of two). The mean of the scores on the eight domains
129 provided the CHAQ-DI (range 0–3). The lower the score
130 the better the child’s functional ability.

131 Statistics

132 Data were entered and analyzed using SPSS 11.5 for
133 Windows. Factor analyses using the Oblimin method
134 with Kaiser Normalization was used to analyze the data.

135In the original scoring of the CHAQ, in each of the
136eight domains, the highest score is taken, while the use of
137aids or assistance may add to the score. Addition of the
138resulting eight highest scores into a sum-score is only
139reasonable if the eight scores are indicative of one
140underlying latent trait (functional ability), and, if the
141sum-score gives an indication of this trait (in this paper,
142the smaller the score the better a child’s functional
143ability). The latter can be investigated using classical test
144theory [15] and factor analysis [16]. A large reliability
145implies that the sum-score is a reliable indicator of one
146underlying latent trait. The same implication holds if the
147proportion of variance explained by the first principal
148component resulting from a factor analysis is large, and
149the other eigenvalues are small.

150Validity Statistics

151The validity of the sum-scores presented in the previous
152section will be investigated using correlations across
153children using the visual analogue scales for pain and
154severity. Furthermore, sum-scores are only useful if they
155can be used to track a child’s functional ability across
156time. Most of the children in the sample were evaluated
157with the CHAQ more than once. For each of the sum-
158scores the average partial correlation with pain and
159severity within children will be computed. The larger
160these are within correlations, the better the sum-score
161can track changes in discomfort as represented by pain
162and severity within children. Alpha level was set at
163P<0.05 for all analyses.

164Results

165As can be seen in Table 1, analysis of the original
166scoring of the CHAQ-DI rendered a reliability of 0.88,
167and the first principal component explained 56% of the
168variation of the 8 domain-scores. All the other compo-
169nents explained rather small proportions of variance
170(that is, eigenvalues smaller than 1). Furthermore, the
171factor loading were around 0.8 for each of the eight
172domain-scores. The conclusion is that the sum-score
173resulting from the original scoring of the CHAQ-DI
174renders a reliable indication of one underlying latent
175trait, that is, a child’s functional ability. Note that, if the
176factor loading had been unequal, a weighted sum-score
177might have been more appropriate. Weighting is
178achieved via multiplication of each standardized score
179with the corresponding factor loading. Another name
180for such a weighted sum-score is factor-score. Note also
181that in practice use of the sum-score is much easier than
182use of the weighted sum-score.
183Another way to score the CHAQ-DI is to base the
184sum-score on each of the 30 items contained in the
185questionnaire. Such a sum-score has the advantage to
186make the CHAQ-DI more sensitive to changes in a
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187 single item. The item ‘clipping finger-nails’ was excluded
188 because it was not scored in almost half of the respon-
189 dents. The reason is that most parents clip the nails of
190 their children themselves. All subsequent analyses
191 concern the 29 remaining items. Note that the infor-
192 mation with respect to assistance is not included in this
193 scoring. As can be seen in Table 1, the reliability of the
194 29 item-scores is 0.93. The first principal component
195 explained 39% of the variation in the 29 item-scores, the
196 second and third added 9 and 5%, respectively. The
197 implication is that the sum-score is a reliable indicator of
198 a dominant latent trait, but that the existence of other
199 latent traits cannot be ruled out completely. Since no
200 factor analysis is performed upon the remaining 18
201 items, the equivalent percentage of explained variance is
202 not relevant or computed, as can be seen in Table 1.
203 The loadings of the first unrotated principal compo-
204 nent were all around 0.6. The implication is that each
205 item is equally indicative of the dominant latent trait,
206 and that there is no reason to replace the sum-score by a
207 weighted sum-score. The oblimin-rotated factor load-
208 ings of the first two and the first three principal com-
209 ponents are displayed in Table 2. As can be seen, 18
210 items are selected that have factor loadings larger than
211 about 0.30 in both rotations on the first rotated factor
212 (one loading was 0.278). The reliability of the sum-score
213 of these 18 items is 0.93, that is, equal to the reliability of
214 the whole set of 29 items
215 As can be appreciated from Table 1, the sum-score
216 obtained for 18 items has the largest correlation both
217 with pain and severity, that is, larger than the original
218 score, the factor-score for the first principal component,
219 and the sum-score for 29 items. Both pain and severity
220 were also predicted using the scores on the three obli-
221 min-rotated factors displayed in Table 2 (note that the
222 sum-score for 18 items was derived from the first
223 oblimin-rotated factor). With respect to pain, the mul-
224 tiple correlations for the three factors were 0.71, with
225 respect to severity 0.70. Although these numbers are
226 slightly larger than the corresponding numbers for the
227 18 item sum-score, the improvement is so small that it is
228 fair to say that both have the same validity.
229 The partial correlation (the average within correla-
230 tion within children) between the sum-scores and pain
231 and severity, can also be found in Table 1. Children, for
232 whom the CHAQ was scored only once, were excluded
233 during the computation of the partial correlations.
234 Remaining were 63 children for who the CHAQ was

235scored at least three times (in total for these 63 children
236the CHAQ was scored 295 times). As can be seen, the 18
237item sum-score has the highest partial correlations, that
238is, has the best performance in tracking pain and severity
239within children.

240Discussion

241This study showed that the psychometric characteristics
242of the Dutch CHAQ could be improved for the use in
243children with JIA by removing twelve redundant items
244from the original 30 items of this questionnaire. The
245removed 12 items do not contribute significantly to the
246final CHAQ-DI score. The addition of these items can
247even lead to a decrease in psychometric characteristics of
248the CHAQ-DI. The 18-item short form performance is
249superior to the traditional CHAQ-DI.
250Moreover, our results indicate that the sensitivity to
251change of the CHAQ-DI could be improved using the
252total sum of the scores on individual items rather than
253the scoring original rule of the summation of domain
254scores. The addition of ‘aids and assistance’ information
255to the final score, does not contribute to the reliability
256and does not increase the correlation with pain and
257disease severity in patients with JIA. We feel that this
258part in the scoring procedure can be omitted from the
259CHAQ-DI scoring method without clinical and psy-
260chometrical consequences. In a previous study it was
261found that this new scoring method changed the sensi-
262tivity and distribution of the CHAQ scores by only a
263very small degree [17]. Moreover, this scoring method
264has also been used very recently by Lam et al. [18], who
265studied three revised versions of the CHAQ in a group
266of children with variety musculoskeletal disorders to
267increase sensitivity to change.
268Looking at the oblimin-rotated factor loadings of the
269first two and three principal components, one can
270hypothesize that component #1 in Table 2 represents
271most likely lower extremity performance while compo-
272nent #2 could well represent upper extremity perfor-
273mance (dexterity) of the item-constructs. Only the
274constructs of item positions 17, 41 and 47 show con-
275tradictory results. Two mayor constructs may explain
276the third component in the analysis; item-positions 7, 34,
27736, 37 and 38 are self-care/hygiene activities, while 47,
27850, 54 and 58 are school-based activities. Note that in
279most Dutch primary schools turning faucets is a

Table 1 Reliability of the different scoring methods of CHAQ-DI

Scoring Reliability
cronbach’s alfa

Percentage of
variance explained

Correlation
with pain

Correlation with
severity

Partial correlation
with pain

Partial correlation
with severity

Original 0.88 56 0.60 0.64 0.43 0.45
29 item 0.93 39+9+5 0.62 0.64 0.54 0.54
18 item 0.93 n/a 0.68 0.67 0.57 0.57

Note: On the 18-item model no factor analysis is performed, hence the percentage of variance explained is not applicable.
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280 common facility, while in most households a more
281 expensive ‘‘one lever’’ faucet is more frequent.
282 Thus, the factor analysis showed that there seems to
283 be two principal components of the CHAQ-DI. As
284 previously suggested by Jackson et al. [19] the principal
285 components of the CHAQ-DI are a lower extremity
286 function component and an upper extremity function
287 component. We can just speculate so far for determining
288 the underlying third component of the CHAQ-DI in the
289 second Factor analysis. It could consist of two con-
290 structs such as ‘self care/hygiene’ and ‘school-based

291activities’. Future studies are needed to clarify this
292matter.
293A recent study from Canada added eight new items to
294the CHAQ, seven items regarding sports activities and
295one item on dexterity [18]. These items also gave a better
296differentiation between controls and patients. These
297more physically challenging items can probably fit into
298component #1 or component #2, or maybe they measure
299a new component of the CHAQ, ‘‘aerobic physical
300fitness’’. In a previous study we found moderate to low
301correlations between CHAQ-DI scores and aerobic

Table 2 Factor analysis of the
CHAQ-DI items

Note: The CHAQ positions
refer to the position of the items
on the PRINTO version of the
CHAQ as published in [19].
Note: The 18 items selected for
the shorter form are given in
italics.

CHAQ
positions

Item Principal
components

Principal components

1 2 1 2 3

6 Dress, including tying
shoelaces
and doing buttons*

0.336 0.498 0.385 0.453 �0.081

7 Shampoo his/her hair �0.218 0.834 �0.047 0.688 �0.376
8 Remove socks 0.455 0.328 0.590 0.202 �0.218
12 Stand up

from a low chair or floor
0.742 0.070 0.700 0.097 0.146

13 Get in/out bed or stand
up in a crib

0.755 �0.031 0.826 �0.107 �0.053

16 Cut his/her meat �0.060 0.703 �0.162 0.800 0.142
17 Lift up a cup or glass to mouth 0.343 0.197 0.368 0.170 �0.023
18 Open a new cereal box �0.038 0.722 �0.042 0.731 �0.035
21 Walk outdoors on flat ground 0.867 �0.124 0.813 �0.090 0.190
22 Climb up five stairs 0.868 �0.042 0.865 �0.053 0.094
34 Wash and dry entire body 0.038 0.747 0.193 0.612 �0.316
35 Take a tub bath

(get in and out of tub)
0.421 0.295 0.474 0.244 �0.069

36 Get on and off the toilet
or potty chair

0.540 0.124 0.771 �0.092 �0.374

37 Brush teeth 0.166 0.392 0.335 0.240 �0.310
38 Comb or brush hair �0.056 0.715 0.061 0.615 �0.255
41 Reach and get down

a heavy object
such as a large game or
books from just above
his/her head

0.556 0.285 0.491 0.336 0.0157

42 Bend down to pick
up clothing or a piece
of paper from the floor

0.719 0.131 0.838 0.013 �0.152

43 Pull on a sweater
over his/her head

0.278 0.468 0.402 0.355 �0.222

44 Turn neck to look
back over shoulder

0.403 0.187 0.474 0.119 �0.098

47 Write or scribble
with pen or pencil

0.349 0.210 0.170 0.368 0.350

48 Open car door 0.388 0.420 0.323 0.476 0.136
49 Open jars

which have been
previously opened

0.140 0.646 0.051 0.728 0.141

50 Turn faucets on and off 0.250 0.451 0.073 0.610 0.324
51 Open a door

turning a key
0.319 0.509 0.182 0.631 0.255

54 Run and play 0.912 �0.226 0.750 �0.096 0.396
55 Get in and out of a car, a toy

car or school bus
0.571 0.107 0.437 0.220 0.294

56 Ride a bike or tricycle 0.747 �0.008 0.668 0.051 0.218
57 Do household chores (e.g., wash dishes,

take out trash, vacuuming, yard work,
make bed, clean room)

0.037 0.535 0.045 0.531 �0.038

58 Participate in physical education 0.688 �0.130 0.449 0.074 0.509
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302 physical fitness [20]. The addition of items on sports
303 activities might improve its association with aerobic
304 fitness.
305 A limitation in this study is that data are stemming
306 from just one centre and of a relatively small cohort of
307 JIA patients. This CHAQ-DI -short form should be
308 obviously cross-culturally validated in the other lan-
309 guages in which the CHAQ-DI is already available, since
310 items may have different loadings in different cultures.
311 Moreover, the CHAQ-DI is not only used in JIA, but
312 also in several other chronic disabling diseases. These
313 diseases might have their own characteristics, and this
314 probably could result in another short form. Thus, a
315 cross-validation of the CHAQ-DI short form is needed
316 in a larger and a more diverse population.
317 In conclusion, in this paper we examined the
318 psychometric characteristics of the CHAQ-DI. From
319 our analysis only 18 items could be selected that measure
320 the CHAQ-DI’s underlying construct of functional
321 ability. We propose a CHAQ-ID consisting of only these
322 18 items, which has superior psychometric characteris-
323 tics over the original 30-item CHAQ-DI. We also pro-
324 pose a simple scoring method of the sum of the scores on
325 the 18 items, without the addition of aids and assistance
326 to the total CHAQ-DI score to improve sensitivity to
327 change of the CHAQ-DI.
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