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Abstract
Objective

There are no disability instruments that have specifi cally been validated for gout. The aim of this study was to determine 
the construct validity of the Health Assessment Questionnaire Disability Index (HAQ-DI) in gout and the internal validity 

using Rasch analysis.

Methods
An observational cohort study of two groups of clinic patients with gout (n=20, n=53), in which clinical and functional 
measures were correlated with HAQ-DI scores. Rasch analysis was used to determine the internal validity of summated 

scores as a measure of physical disability.

Results
The HAQ-DI items fi tted a Rasch measurement model, confi rming internal validity of the scale, although there was          

evidence of disordered thresholds and rescoring items as a 3-option response rather than a 4-option response improved 
model fi t and resolved the disordered thresholds. HAQ-DI scores showed a bimodal distribution and evidence of fl oor       

effects. Clinical indices correlated highly with HAQ-DI scores in gout patients, particularly other measures of physical 
function. A strong relationship between days of sick leave and HAQ-DI was observed in gout patients (r2=0.44, p<0.001). 

Conclusions
It is concluded that HAQ-DI has good construct and internal validity in gout but a modifi ed scoring approach better fi ts 

a Rasch model.
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Introduction 
Gout is a prevalent disorder of uric acid 
metabolism (1), characterised by recur-
rent fl ares of self-limiting arthritis, and 
in the presence of persistent hyperuri-
caemia, formation of tophaceous dis-
ease and chronic deforming arthritis. 
A number of new therapies have been 
recently developed for use in gout (2-
5). Testing of new agents for manage-
ment of gout requires careful assess-
ment of clinical endpoints. In addition 
to relevant endpoints such as serum uric 
acid levels, frequency of gout fl ares 
and index tophus size, well-validated 
endpoints are needed to analyse the 
impact of these therapies on functional 
disability (6). 
Functional status has not been often as-
sessed in studies of gout. The original 
development of the Steinbrocker scale 
occurred in a population of patients 
with rheumatoid arthritis (RA), oste-
oarthritis and gout (7), but few studies 
since that time have reported functional 
measures in patients with gout. A recent 
observational study from Mexico meas-
ured physical function using the Health 
Assessment Questionnaire Disability 
Index (HAQ-DI) in a study of chronic 
gout to identify predictors of disabil-
ity. This showed that nearly half of the 
sample had some level of disability and 
that HAQ-DI was associated with tophi, 
hypertriglyeridemia and ischaemic heart 
disease (8). A study of patients with se-
vere gout screened for inclusion in a 
Phase 1 study of pegylated uricase found 
high scores on the modifi ed Health As-
sessment Questionnaire (MHAQ), with 
a mean (95% confi dence interval) score 
of 1.19 (0.94 to 1.44) (9). However, 
these instruments have not been specifi -
cally validated in patients with gout.
The HAQ-DI is the most widely used 
tool for assessment of functional status 
in rheumatology practice and research. 
Since the development of the HAQ-DI 
in 1980, this questionnaire has been 
extensively validated for use in rheu-
matoid arthritis (RA) (10, 11). The 
HAQ-DI is a key patient reported out-
come in the majority of rheumatology 
clinical trials, and is frequently used as 
part of the core set of the ACR clinical 
response criteria in rheumatoid arthri-
tis (RA) clinical trials (12). In patients 

with RA, the HAQ-DI is a strong pre-
dictor of health care utilisation (13), 
work disability (14), morbidity and 
mortality (15).
The HAQ-DI was comprehensively re-
viewed in 2003 and cites 183 publica-
tions relevant to the HAQ since 1996 
(11). It has been employed in studies of 
patients with HIV-AIDS, normal aging 
populations, disabled workers, National 
Health and Nutrition Examination Sur-
vey (NHANES), osteoarthritis, systemic 
lupus erythematosus, fi bromyalgia, pso-
riatic arthritis and systemic sclerosis. It 
has been translated into more than 60 
languages. Normative values are avail-
able from a Finnish population (16). It 
is easily available and easy to use. The 
HAQ-DI consists of 20 activities (items) 
rated as to the degree of diffi culty with 
4 response options ranging from “no 
diffi culty” to “unable to do”. The items 
are aggregated into 8 categories and the 
highest scoring item contributes to the 
score of that category. The HAQ-DI raw 
score is expressed as the average of the 
8 category scores (scale range 0 to 3). 
In addition the use of any aids for any 
activity increase the relevant category 
score to at least “with much diffi culty”.
Nonetheless, there have been criticisms 
of the HAQ-DI. The HAQ-DI was not 
able to detect short-term changes in 
physical performance in a trial of exer-
cise in patients with RA (17). The HAQ-
DI raw scores are ordinal rather than 
interval and therefore not strictly suit-
able for parametric statistical analysis 
(18). Scoring all 20 items of the HAQ-
DI, rather than the highest scoring item 
within each category improves person 
separation, that is, it distinguishes more 
clearly between people of different dis-
ability levels (19). Rasch analysis iden-
tifi ed an 8-item questionnaire (derived 
from the items of HAQ-DI) that had 
better measurement properties that the 
HAQ-DI for people with fi bromyalgia 
(20).
The aim of this study was to determine 
whether the HAQ-DI is a valid tool for 
assessment of disability in patients with 
gout. This work is necessary to deter-
mine the ‘truth’ aspect of the OMER-
ACT fi lter (21): does the HAQ-DI re-
ally measure the construct of physical 
disability in gout? 
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Valid self-report measures need to con-
form to adequate psychometric stand-
ards in order for the results of the ques-
tionnaire to be trusted. When question-
naire data are expressed numerically, 
there is even greater need to ensure that 
the numbers are meaningful, especially 
when mathematically manipulated as in 
parametric statistics. This has clinical 
relevance both to the practitioner using 
the questionnaire in the clinic and to the 
practitioner when assessing the results 
of clinical research that have used such 
questionnaires.

Methods
Subjects
Two groups of patients with gout com-
pleted the HAQ-DI and were analysed 
in this study. All participants met the 
Wallace preliminary classifi cation cri-
teria for gout (22). The fi rst group com-
prised of 20 patients with gout recruited 
from rheumatology outpatient clinics. 
This group contributed to a study of 
hand function in gout, which included 
completion of the Medical Outcomes 
Study Short Form 36 (SF-36) question-
naire (23), assessment of the Ameri-
can College of Rheumatology (ACR) 
functional class, measurement of hand 
function using the Disability of Arm, 
Shoulder and Hand (DASH) question-
naire (24), and the Sollerman hand 
function test (25). 
A further group of 53 consecutive pa-
tients, attending rheumatology outpa-
tient clinics for management of recur-
rent acute gout or chronic tophaceous 
gout was also studied. 
For all patients, tender joint count (/68), 
swollen joint count (/66), pain score 
(visual analogue scale 0-100mm), pa-
tient global assessment (Likert scale 0-
5), physician global assessment (Likert 
scale 0-5), number of days off work 
due to arthritis in preceding six months 
were recorded. 
This study was approved by the local 
ethics committee and all patients gave 
written, informed consent to participate.

Assessment tools
All patients completed the 20-item 
HAQ-DI in English as described by 
Fries (26). This self-report question-
naire examines eight key domains of 

activities of daily living (dressing and 
grooming, arising, eating, walking, 
hygiene, reach, grip, activities). Each 
domain is scored 0-3 (“no diffi culty” to 
“unable to do”), with the sum of all do-
mains divided by 8 to provide a HAQ-
DI score ranging from 0 (no disability) 
to 3 (severe disability) on an ordinal 
scale. 
The SF-36 is a validated self-report 
questionnaire that measures eight do-
mains (physical functioning, physical 
roles, emotional roles, bodily pain, 
general health, vitality, social function-
ing and mental health). Each domain 
ranges from 0 (severe disability) to 100 
(no disability) (23). 
The DASH is a self-reported series of 
30 questions relating to symptoms and 
general function of the upper extremi-
ties, with a score of 100 indicating 
maximum disability (24). 
The Sollerman hand function test is 
administered by an occupational thera-
pist. In this test, patients are examined 
on their ability to perform 20 everyday 
tasks, testing seven of the eight most 
common hand grips. Activities include 
doing up buttons, turning a key and 
closing a zipper, and are scored on time 
taken and grip style used with a total of 
80 indicating full hand function (25). 
This instrument is a useful measure of 
hand function in RA (27). 

Statistical analysis
The performance of each of the eight 
items of the HAQ-DI was determined 
using Rasch analysis (28). This ap-
proach proposes a measurement model 
in which a response to an item depends 
on two parameters: the ability of the re-
spondent (level of functional disability) 
and the diffi culty of the item (level of 
functional diffi culty). Each parameter 
can be estimated independently, impor-
tantly implying that item parameters 
are not sample-dependent. A probabil-
istic relationship (that takes the form of 
the logistic function) defi nes the Rasch 
model in terms of item diffi culty and 
respondent ability. Measures that fi t the 
Rasch model have many useful prop-
erties. Ideally, items within a measure-
ment instrument should be as easy or as 
diffi cult for people with different char-
acteristics (other than ability on the 

scale of interest). For example, for the 
people with the same level of physical 
disability, males should fi nd the same 
item as diffi cult as females. The extent 
to which this is not true is termed “dif-
ferential item functioning”.
In simple terms, the Rasch model 
permits rational summation of item 
scores from a multiple item question-
naire. This is what we expect from all 
self-report questionnaires that have 
more than one question. For summat-
ed items to result in a single score that 
is actually meaningful, a number of 
conditions must be met. One of these 
conditions is that each item is measur-
ing roughly the same attribute (uni-di-
mensionality); another is that the re-
sponse to the item by a particular per-
son should relate to the diffi culty of the 
item (easier items should be endorsed 
with less of the attribute than more 
diffi cult items and more disabled peo-
ple should endorse more functionally 
diffi cult items). Using the parameters 
of the Rasch model that are estimated 
from the observed data, Rasch mod-
elled scores can be calculated. These 
scores are felt to be truer measures of 
the underlying attribute than the raw 
summated score and are strictly linear 
across the scale. The Rasch modelled 
scores are expressed in ‘logits’, which 
are units of measurement relevant to 
the logistic form of the Rasch model 
so that each logit unit change repre-
sents a factor of 2.718 (Napier’s con-
stant) in the amount of the attribute 
that the person possesses. In addition, 
the diffi culty of each item is measured 
on the same logit scale, so a direct 
comparison between the targeting of 
the items and the ability of the sample 
can be easily undertaken. Because of 
the form of the Rasch model, when the 
item-diffi culty is the same as the per-
son-ability the probability of that item 
being endorsed is 50%. Rasch models 
originally developed from an educa-
tional context, in which student exam-
inations were being assessed as valid 
representations of the knowledge that 
was being tested. In a rheumatology 
context, Wolfe et al. developed the 
HAQ-II from Rasch analysis of origi-
nal HAQ-DI items plus additional 
items. The HAQ-II questionnaire was 
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shown to have better psychometric 
properties because it better fi tted the 
Rasch model (29). 
A rating scale polychotomous Rasch 
model was used for this analysis, ex-
pressing the probability of person an-
swering in a certain way, given the abil-
ity of the person, the average diffi culty 
of the item and the threshold of diffi cul-
ty between each response option. This 
model was used after checking a like-
lihood-ratio test comparing the rating 
scale model with an unrestricted partial-
credit model (χ2

df=13 15.19, p=0.296).
Fit of the observed data to the Rasch 
model was assessed using a chi-square 
statistic of the residuals between mod-
elled and observed scores. The calcu-
lated residual corresponds to an un-
weighted mean-square fi t statistic. A 
sample size of 64 to 144 patients has 
been determined to estimate item loca-
tion, with Type 1 error rate of 5%, to 
within 0.5 logits (30).
Differential item functioning (DIF) was 
assessed using ANOVA of group-spe-
cifi c residuals. In this analysis, 2-way 
ANOVA is conducted across levels of 
patient factors and levels of the variable 
(3 classes of HAQ-DI scores). Uniform 
DIF is indicated by a signifi cant main 
effect for the patient factors and non-
uniform DIF is indicated by an interac-
tion effect between patient factor and 
class interval. The patient factors tested 
were: ethnicity (Caucasian, Non-Cau-
casian). RUMM2020 was used to per-
form the analysis using the rating scale 
polychotomous Rasch model (31). 
Bonferroni corrections were made to 
adjust for multiple statistical tests.
Internal consistency of the HAQ was 
measured by Cronbach’s alpha reliabil-
ity coeffi cient. Concurrent validity was 
measured by determining the Pearson’s 
correlation between the Rasch mod-
elled HAQ scores and other measures 
of function. A priori predictions were 
made regarding the approximate size 
of the correlation (low <0.30, medium 
0.30 to 0.60, high >0.60). SPSS 12.0.1 
was used to perform this analysis. 

Results 
Sample characteristics
The characteristics of patients are 
shown in Table I. Since the sample was 

predominantly male, we did not test for 
differential item functioning (DIF) by 
gender.

Rasch analysis
The HAQ-DI fi tted the Rasch model 
with no evidence of item-trait inter-
action (item residual-0.35 SD 0.76; 
χ2

df=16 20.6, p=0.19). However, all 
items showed evidence of disordered 
thresholds both in the gout. The pattern 
of thresholds suggest that patients are 
confused or inconsistent in how they 
score an item as “with much diffi culty”
or “unable to do”. A repeat analysis af-
ter rescoring items by combining the 
“with much diffi culty” and “unable to 
do” responses into a single category 
showed better overall fi t (mean fi t re-
sidual-0.10 SD 1.04) and there was no 
evidence of disordered thresholds. A 
principal components factor analysis of 
person-item residuals confi rmed uni-di-
mensionality of the modifi ed HAQ-DI 
scores with 4.00% (95%CI 0 to 9) of 
t-tests that compared positively loading 
with negatively loading items on the 

fi rst component of the factor analysis, 
being signifi cant at the 5% level. The 
fi t of the modifi ed HAQ-DI to the Ra-
sch model is shown in Table II.
Items from an ideal measure should 
perform in the same way in different 
groups of subjects. That is, the diffi cul-
ty estimates of each item should be the 
same in non-Caucasian as Caucasian. 
The extent to which this does not occur 
is termed DIF. There was no evidence 
of DIF by ethnicity in this dataset, us-
ing the modifi ed scoring.

Internal consistency
Internal consistency was assessed by 
Cronbach’s alpha reliability coeffi cient, 
which represents the average inter-item 
correlation. For the HAQ-DI scores in 
gout (n=73), Cronbach alpha measured 
0.94, indicating excellent internal con-
sistency. 

Concurrent validity 
The HAQ-DI is used to measure physi-
cal function. Therefore, we hypothe-
sized that the HAQ-DI should strongly 

Table I. Sample characteristics.

 Gout hand function study Gout clinic patients
 n=20 n=53

Age, years (median, range) 58 (38-78) 57 (29-83)

Male gender, n (% 19 (95%) 41 (77%)

Ethnicity, n (%)
    Maori/Pacifi c 11 (55%) 36 (68%)
    Other 9 (45%) 17 (32%)

Disease duration, years (median, range) 17 (1-50) 11 (0.5-35)

Tophaceous disease, n (%) 16 (80%) 38 (72%)

Table II. Fit of HAQ-DI (modifi ed scoring) to the Rasch model in gout patients.

                                       Item diffi culty (SE)*         Residual (pResidual (pResidual ( -value)†

Eating 1.16 (0.26) 0.63 (0.72)
Dressing 0.47 (0.25) -0.88 (0.49)
Walking 0.11 (0.24) 0.83 (0.69)
Reaching -0.004 (0.24) -1.52 (0.26)
Grip -0.27 (0.24) 1.02 (0.99)
Arising -0.36 (0.24) 0.90 (0.20)
Hygiene -0.48 (0.24) -0.95 (0.23)
Activity -0.63 (0.24) -0.87 (0.34)
  
*Item-diffi culty refers to the amount of functional disability required for a person to be likely to          
endorse that particular item, as estimated by the Rasch model. Values are given in logits (with standard 
errors). The lower item-diffi culty estimates represent functional harder items.
†p†p† -value for a Chi-square test, Bonferroni corrected signifi cance level 0.00625. The residual represents 
the difference between the observed score and the Rasch modelled score.
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correlate with other measures of func-
tional status. Rasch transformed scores 
were used in this analysis. That is, the 
estimate of physical function derived 
from the HAQ-DI is indicated by its 
logit score from the Rasch analysis. 
This gives an interval-level measure 
that is the best estimate of physical 
functioning and is suitable for paramet-
ric analysis. A logit represents the unit 
of measurement relevant to the logistic 
form of the Rasch model, so that one 
logit change represents a factor 2.718 

(Napier’s constant). The relationship 
between HAQ-DI and other indicators 
of functional status as shown in Table 
III together with the predicted correla-
tion based on the behaviour of these 
measures in other populations. In gen-
eral, the correlations between clinical 
indicators and HAQ-DI in gout were 
stronger than predicted. In the 20 pa-
tients participating in the hand function 
study, there was a very clear relation-
ship between HAQ-DI score and ACR 
functional class, with a correlation of 

0.94 (p0.94 (p0.94 ( <0.001). Similarly, there was a 
strong correlation between other meas-
ures of physical disability in this group, 
such as the SF-physical function, SF-
physical role limitations, DASH and 
Sollerman test. Of 18 predicted correla-
tions, 10 were observed in gout. There 
was a strong relationship between the 
HAQ-DI and the number of sick days 
(r2=0.45, p<0.001). 

Floor and ceiling effects
Ideally, a measure should cover the 
range of potential ability. The fl oor 
and ceiling effects of the HAQ were 
analysed by plotting the distribution 
of HAQ scores for the entire gout co-
hort. This analysis demonstrated that 
the distribution of HAQ scores in the 
gout cohort was skewed with 20.5% of 
scores of 0 (Fig. 1). Rasch transforma-
tion normalised the distribution some-
what but there was still clear evidence 
of fl oor effects. Although the physical 
function subscale of SF-36 was more 
normally distributed, there was still a 
fl oor effect with 25% of the gout group 
scoring 90 or more.

Discussion 
The HAQ-DI performs well as a meas-
ure of physical disability in assessment 
of patients with gout. There is excel-
lent correlation with other measures 
of physical disability, e.g., DASH and 
Sollerman as has been described in RA 
(32). Good correlation with work dis-
ability was also observed, a potential 

Table III. Correlation between HAQ-DI and other clinical measures in gout.

Indicator Expected correlation Observed correlation

ACR functional class a +++ 0.94*

SF - physical function a +++ -0.83*

SF - physical role limitations a +++ -0.60*

SF - emotional health a + -0.54
SF - emotional role limitations a + -0.59
SF - vitality a ++ -0.44*

SF - pain a ++ -0.60*

SF - general health a ++ -0.73*

SF - social a + -0.48
DASH score a +++ 0.81*

Sollerman score a +++ -0.79*

Number of gout fl ares in the past 6 months a + 0.41
Pain VAS b ++ 0.70
Patient global assessment b +++ 0.73*

Physician global assessment b ++ 0.77 
Number of days of sick leave in past six months b +++ 0.68 (n=41)*

Swollen joint count b ++ 0.62
Tender joint count b ++ 0.58*
  
aHand function sample, n=20; bTotal sample, n=73
+low correlation (0 to 0.29); ++ moderate correlation (0.3 to 0.59); +++ strong correlation (more than 
0.60).
*indicates where predicted correlation was actually observed

Fig. 1. Distribution of HAQ-DI scores (original scoring and Rasch modelled scores). Showing fl oor and ceiling effects.
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consequence of poor functional abil-
ity. This is all consistent with adequate 
construct validity of the HAQ-DI in 
gout. We did fi nd improved internal 
validity of the HAQ-DI by collapsing 
response categories from 4 options to 
3 options. It would be of interest to as-
sess whether similar fi ndings are ob-
served in other studies of the HAQ-DI. 
Floor effects mean that small amounts 
of disability may not be adequately 
measured. However, this is similar in 
RA (33, 34).
Gout disease activity fl uctuates more 
than in RA, and signifi cant changes in 
functional capacity may occur at the 
time of acute fl ares. Of note, many of 
the patients included in this study had 
chronic tophaceous gout with long dis-
ease duration, and this group may re-
spond differently to those with early 
disease and recurrent acute gout. How-
ever, when duration of disease was en-
tered into a regression model, there was 
no signifi cant effect of this variable on 
the relationship between HAQ-DI and 
the number of sick-leave days. 
Other aspects of the OMERACT fi lter 
such as responsiveness over time and to 
therapy have not been analysed in this 
cross-sectional study. Further analysis 
in clinical trials of new agents will help 
to determine the responsiveness and 
discrimination between active and pla-
cebo treatment arms of the HAQ-DI. 
It may be prudent to evaluate newer, 
more robust versions of the HAQ-DI 
such as the 10-item HAQ-II (34) in 
further studies of functional status in 
patients with gout.

Conclusions 
The HAQ-DI is a valid instrument for 
measuring physical disability in people 
with gout. Internal validity is improved 
by a collapse of response options to 
each item from 4 to 3. 
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