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Objective. The extensively used Health Assessment Questionnaire Disability Index (HAQ-DI) has been well received by
the research and clinical community, notably because of its measurement strengths including reliability and stability of
scores over time, utility in observational studies and clinical trials, predictive relationship with morbidity and mortality
in rheumatoid arthritis (RA), and its translation for use in different countries. However, HAQ-DI scoring has not been
validated. The purpose of this study was to examine the structural validity of the HAQ-DI and evaluate the latent factors
underlying HAQ-DI scoring.
Methods. This study used a cross-validation approach on a total of 278 patients with RA. Exploratory and confirmatory
factor analyses were performed.
Results. Results yielded a single-factor HAQ-DI score, which favored the current scoring system of the HAQ-DI.
Additionally, modification indices suggested improved model fit with the secondary inclusion of correlated residual
scores from a motor skills subdomain.
Conclusion. The current study provides the first validation of the HAQ-DI scoring system as determined by its latent
factor structure. In addition, the findings suggest some benefit from a secondary interpretation of the scores based on
domains that measure motor skills.
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INTRODUCTION

Rheumatoid arthritis (RA) is a chronic, systemic, inflam-
matory disorder of unknown etiology that primarily in-
volves the joints. It may be remitting, but if uncontrolled,
may lead to deformity and destruction of joints due to the
erosion of cartilage and bone. This symmetrical disease
often progresses from peripheral to more proximal joints
and, in many patients, results in significant functional

disability. This disability can lead to difficulties in per-
forming simple physical activity and everyday tasks such
as cleaning, cooking, and dressing. Patient outcomes have
not been fully explained by laboratory or radiographic
measures, and as such, disability assessment offers an
important component of disease activity characterization.

The Health Assessment Questionnaire-Disability Index
(HAQ-DI) published in 1980 by Fries et al (1) has been
used extensively in the evaluation of disease-specific dis-
ability or quality of life (QOL) related to RA in the United
States and other countries (2–4). Both observational stud-
ies (2–4) and clinical trials (5–7) have used the HAQ-DI
and found its scores to be an important predictor of work
disability (8), morbidity (8,9), and mortality (10). Addi-
tionally, a recent study (11) has shown that the modified
HAQ (12) correlated with a latent construct of physical
disability at 0.87. Latent constructs represent constructs of
interest that can not be measured directly (e.g., measure-
ment of one’s preference).

Notwithstanding the widespread use of the HAQ-DI and
its appropriate reliability and convergent validity, empir-
ical support for the factor structure and scoring system of
the HAQ-DI is limited. In other words, the structural va-
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lidity of the HAQ-DI has not been adequately assessed;
structural validation is important so that one can under-
stand how to score and interpret the HAQ-DI (13). For
example, the HAQ currently uses a single total score, yet it
is not known whether the interrelationship among do-
mains that comprise the HAQ support the use of a single
score or whether multiple scores should be obtained. Da-
leo et al (14) and Kaufman (15) have noted that the scoring
system of a measure should reflect its latent structure: if a
measure has 3 factors, 3 scores should be calculated and
interpreted. For example, the popular Center for Epidemi-
ologic Studies Depression Scale (CES-D) has long been
viewed as having 4 factors, but only 1 score is calculated
(16), yielding what Daleo et al and Kaufman would deem
as an inappropriate scoring system given the factor struc-
ture. Cole et al (17) demonstrated that the CES-D has a
single hierarchical factor that subsumed the 4 factors in
the CES-D, and therefore provided the first empirical evi-
dence that the CES-D should be interpreted as a single
score based on the refined factor structure.

Only 1 study detailing a factor analysis of the HAQ-DI
was found (18) during an exhaustive review of the pub-
lished literature using PubMed, PsychInfo, and Social Sci-
ence Citation Index. Although Daltroy et al (18) found that
a single dominant factor comprised the factor structure of
the HAQ-DI, their results were generated using only ex-
ploratory factor analysis (EFA) even though confirmatory
factor analysis (CFA) is now regarded as essential after the
initial development of a measure (19). The use of CFA tests
the viability and stability of the underlying construct(s)
being evaluated (20,21). Indeed, CFA should be used as
part of the process when determining the structural valid-
ity of any previously validated measure (21), and opti-
mally EFA and CFA can be integrated using a cross-vali-
dation strategy (20).

The goal of the current study was to examine the struc-
tural validity of the HAQ-DI using a cross-validation ap-
proach with EFA and CFA. CFA was used to compare the
structure obtained through EFA with other logical struc-
tures for the HAQ-DI. The results were used to guide and
clarify scoring and interpretation procedures for HAQ-DI
domains.

SUBJECTS AND METHODS

Subjects. Subjects were a subset of individuals with RA
participating in a longitudinal study involving the West-
ern Consortium of Practicing Rheumatologists, which is a
regional consortium of 29 rheumatology practices in the
western United States and Mexico as described in previ-
ous studies (22,23). The inclusion criteria for this study
included a diagnosis of RA as defined by the American
College of Rheumatology (formerly the American Rheuma-
tism Association) criteria (24) within 15 months of symp-
tom onset, no previous disease-modifying antirheumatic
drug treatment, rheumatoid factor seropositive (RF titer
�1:80 or �40 IU/ml), �6 swollen joints, and �9 tender
joints. Symptom onset was defined as the date when mus-
culoskeletal symptoms began, provided that these symp-

toms persisted and led to the diagnosis of RA. This study
was approved by the appropriate institution review
boards.

The consortium rheumatologists assessed patient dis-
ease status at study entry (baseline), 6 months, 1 year, and
yearly thereafter. Using standard methods, detailed physi-
cian assessment included all of the core set outcome mea-
sures required to calculate the disease activity score
(DAS), including complete tender and swollen joint
counts and acute phase reactant measures, as well as
0–100-mm visual analog scales for global and pain assess-
ments. The DAS was calculated according to the published
algorithm using the Ritchie index, swollen joint count of
44 joints, and Westergren erythrocyte sedimentation rate
(ESR) in mm/hour (25). In addition, study visits included
radiographs of the hands, wrists, and forefeet; assays for
RF; and self-report measurements such as the HAQ-DI and
the CES-D (26). At each scheduled physician visit, blood
specimens were collected to determine C-reactive protein
levels; ESR was determined, when clinically indicated, in
the rheumatologist’s office or local laboratory.

Measures. The HAQ-DI is a condition-specific measure
of functional status or QOL (measuring activities of daily
living) intended for use in arthritis (1). The original
HAQ-DI was designed as a 20-item self-administered ques-
tionnaire that examined difficulties with the performance
of activities of daily living on a 0–3 scale in 8 domains
(dressing and grooming, arising, eating, walking, hygiene,
reach, grip, and other activities). A grade 3 of difficulty is
assigned to patients using assistive/adaptive devices (such
as canes, walker). The HAQ-DI score is calculated by sum-
marizing the highest score in each of the 8 domains and
dividing the sum by 8, resulting in a score range of 0 (no
disability) to 3 (severe disability) on an ordinal scale.

Statistical analysis. Data were entered and cross
checked using SPSS version 11.5 (SPSS, Chicago, IL) by
research assistants with ample data entry experience.
HAQ-DI scores were obtained per the instructions of Bruce
and Fries (27). A single-extraction variant of the multiple
imputation procedure for missing data replacement (28)
was conducted for the missing points using NORM soft-
ware (29). Multiple imputation uses a regression-type ap-
proach to estimate each missing datum. Imputed values
are generated taking into account responses from the same
participant on other correlated variables and responses to
the same domain from participants who responded simi-
larly. Using such multiple imputation formulae, Rubin
and Schenker (30) have demonstrated that single imputa-
tion yields virtually identical results to that of the more
laborious multiple database process. HAQ-DI domain de-
scriptive statistics are listed in Table 1.

Because the relationship between many health-outcome
variables is typically nonnormal (17,31), adjustments need
to be made to control for nonnormality for any latent
analysis using maximum likelihood estimation (MLE).
Bootstrapping was used during model estimation to con-
trol for multivariate nonnormality (32,33). The process of
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bootstrapping takes multiple random subsamples from the
current sample to smooth over any inaccuracies in the
estimates of model fit due to nonnormality.

Exploratory factor analysis. One randomly divided sub-
sample (n � 134) of the total sample was analyzed with
EFA using SPSS version 12.0 (SPSS). Principal compo-
nents analysis was used to determine the number of factors
to retain for the EFA, per the recommendations of Preacher
and MacCallum (19). In doing so, we examined the scree
plot (a plot of eigenvalues, or the strength of a factor, to the
number of factors – when the plot line becomes flat, factors
to the right are considered useless) along with the Kaiser-
Guttman criterion (eigenvalues �1.0 should be kept; see
reference 19). Subsequently, EFA was carried out using
MLE extraction factor analysis with direct oblimin rotation
(a type of oblique rotation), as suggested by Preacher and
MacCallum (19). The EFA analyses generate factor load-
ings, which are measures of how strongly the observed
variables in the HAQ-DI are associated with its latent
factor(s). Factor loadings for each domain were compared
with criteria established by Comrey and Lee (34): values
�0.71 signify excellent loadings, 0.63–0.70 are very good,
0.55–0.62 are good, 0.45–0.54 are fair, 0.32–0.44 are
deemed poor, and any values �0.32 are discarded.

Confirmatory factor analysis. Once the EFA was com-
pleted, a CFA was undertaken in the second subsample
(n � 144) to test the stability and replicability of the latent
model produced by the EFA (Figure 1). Therein, the rect-
angular blocks represent HAQ-DI domains with circles to
their left that represent each domain’s residual (i.e., any-
thing not measured by the relationship between the
HAQ-DI domain and the latent variable). The circular fig-
ure to the right of the domains represents the overall
HAQ-DI latent variable of disease impact.

CFA was performed using the AMOS statistical software
package (35). MLE extraction was used to estimate the CFA
model. The purpose of the CFA was to determine whether
the EFA-derived model provided sufficient goodness-of-fit
with the data in the second subsample, thus providing
evidence for the stability of the model (e.g., how closely
the model’s purported covariance matrix fits with the ac-
tual covariance matrix of the subsample). Schumacker and
Lomax (13) suggest that it is best to review multiple mea-
sures of model-data fit to examine the model from various

perspectives. Therefore, in the current study, 4 fit indexes
were used: Goodness-of-Fit (GFI), Adjusted Goodness-of-
Fit (AGFI), Comparative Fit Index (CFI), and Root Mean
Squared Error of Approximation (RMSEA). GFI and AGFI
were evaluated with a minimum criterion of 0.90 (36), and
CFI should be no less than 0.95 (37). RMSEA yields both a
score and a 90% confidence interval; good fit would be
indicated when the scores at the lower bound are �0.06
(38). GFI and AGFI are used to estimate strengths of asso-
ciation; GFI measures the association between the model
and data, whereas AGFI adjusts GFI by taking into account
the degrees of freedom (df) in a model (GFI can be inflated
by high df). CFI and RMSEA provide estimates of Type I
and Type II error, respectively. CFI is a measure of Type I
error in that it specifies the amount of difference between
the examined model and the independence model (i.e., a
standard comparison model that asserts none of the com-
ponents in the model are related), with higher scores in-
dicating larger differences; RMSEA is complimentary to
CFI because it is a measure of Type II error, determining
the difference between the examined model and the satu-
rated model (i.e., another standard model that asserts each
of the components in the model are related to all other
components in the model), with lower scores indicating

Table 1. Health Assessment Questionnaire domain correlations and descriptive statistics*

1 2 3 4 5 6 7 8

1. Dressing and grooming — 0.67 0.63 0.58 0.64 0.61 0.67 0.66
2. Arising — 0.55 0.65 0.62 0.58 0.62 0.65
3. Eating — 0.57 0.53 0.73 0.70 0.69
4. Walking — 0.63 0.65 0.63 0.70
5. Hygiene — 0.59 0.55 0.66
6. Reaching — 0.69 0.72
7. Grip — 0.73
8. Activity —
Mean � SD score† 1.00 � 0.76 0.98 � 0.76 1.07 � 0.94 0.89 � 0.83 1.17 � 1.01 1.28 � 0.99 1.05 � 0.85 1.22 � 0.88

* Correlations provided for descriptive purposes and were not analyzed for significance. All data were based upon multiple imputation data
replacement database.
† Score range for all domains was 0–3. Mean � SD score for all 278 participants was 1.17 � 0.70.

Figure 1. Health Assessment Questionnaire single-factor model
from the confirmatory factor analysis.
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greater differences. Ideally, the examined model should be
markedly different from the independence model and the
saturated model. If each of these 4 fit indices meet or
surpass these thresholds, then the model can be consid-
ered satisfactory.

Model refinement. Often a model’s fit indices may come
close to reaching the abovementioned thresholds, but not
close enough to be considered satisfactory. In such a case,
minor adjustments to the relationships in the model can be
made and the model can then be retested. The determina-
tion of which adjustments to make can be guided by using
modification indices, which provide an estimate of the
improvement in model fit that will occur by adding a given
relationship, including direct paths and correlations (13).
A standard approach of using a modification index of at
least 10.0 was used; paths with a modification index �10
were considered to be too weak to provide substantive
benefit. Modification of the model after an initial analysis
will only be conducted if the modification meets statistical
criteria and fits with the theoretical understanding of the
HAQ-DI (13). When modifications are added to a model,
the model will be rerun and interpreted with the new fit
indices (39).

RESULTS

A total of 315 participants were admitted into the study, of
which 27 participants (12%) were missing responses on 3
or more domains on the HAQ-DI. These subjects were
removed from the database to allow for proper use of
missing data replacement techniques (40). No more than
20% of missing data for any domain were found after
removal of the 27 participants. According to Schafer and
Graham (28), data should be missing at random to use
missing data replacement appropriately. The presence of
random or nonrandom missing data can be ascertained by
examining the patterns of missing data to ensure that no
one pattern (or patterns) is particularly likely over other
patterns of missing data. A review of the current data
found no such patterns, suggesting that these data are
accurately described as missing at random.

The final sample comprised 278 participants with a
mean � SD age of 51 � 13 years, a mean disease duration
of 8.7 � 10 months, and a mean HAQ-DI score of 1.17 �
0.70. This sample size provided extensive power for the
planned analyses (38). The descriptive statistics for the
HAQ-DI domain scores are provided in Table 1, including
correlations among the HAQ-DI domains as well as the
mean � SD and range of scores for each domain. Correla-
tions among all of the domains were large (according to the
criteria from Cohen [41]), ranging from the mid 0.50s to the
low 0.70s. Each of the 8 HAQ-DI domain scores range from
0 to 3, with the means and SDs near 1.0 for most scales.
Furthermore, HAQ-DI total scores ranged from 0 to 3 with
a mean � SD of 1.17 � 0.70.

To provide an exploratory analysis of the HAQ-DI latent
structure, an EFA was run on a randomly assigned sample.
Results of the EFA are displayed in Table 2, where each
domain is given a loading and a communality value. The
loading refers to the correlation of a domain with the

obtained latent factor, and the communality is the shared
variance between the domain and the factor (i.e., the
square of the loading). In other words, a high loading and
communality mean that the domain has a strong relation-
ship with the latent factor. Additionally, Table 2 shows
that 68.4% of the variance was accounted for by a single
factor, suggesting that this single dominant factor alone
comprised the latent structure of the HAQ-DI. The single-
factor structure was favored over the next most-viable
model, a 2-factor structure, because examination of the
eigenvalues showed a sharp decrease from 5.47 (68.38%
variance explained) for the single factor to 0.61 (7.62%
variance explained) for the 2-factor model. Additionally,
inspection of the scree plot revealed that the scree was
obtained at 2 factors (indicating a single-factor structure).
All 8 HAQ domains had excellent loadings (ranging from
0.74 to 0.87).

Based on the single-factor solution of the EFA, a CFA
was run solely on this single-factor model using the other
random half of the sample. In this CFA, the single-factor
model was close but did not meet adequate fit criteria
(GFI � 0.89, AGFI � 0.80, CFI � 0.93, RMSEA � 0.13).
Whereas CFI was nearly acceptable, RMSEA was not.
These results indicate that the latent structure was missing
some significant relationships and that minor adjustments
in the model were needed. Thus, to find unmodeled paths
that have both statistical and theoretical importance to the
HAQ-DI model (13), modification indices were inspected.
A modification index is a statistic that displays how much
model fit will be improved by adding a new path to the
model. In most models, paths can be added as unidirec-
tional (i.e., regression paths) or bidirectional (i.e., correla-
tional). Because the current model contained only a single
factor, additional paths could only be added as correla-
tions, specifically correlated residuals (42).

Model refinement: motor skills subdomain. Residuals
refer to the variance that is not accounted for by the rela-
tionship of a particular domain to its latent variable. For
example, the residual of the domain Grip is all of the
variance not otherwise accounted for by the path between
Grip and Health Assessment, or 1–0.76 for standardized
values (Figure 1). This residual value is influenced by
multiple other sources of variance, such as method vari-
ance, shared content beyond the primary factor, and mea-

Table 2. Factor matrix for the one-factor solution*

HAQ domain Loading h2

Dressing and grooming 0.78A 0.62
Arising 0.76A 0.58
Eating 0.80A 0.63
Walking 0.79A 0.62
Hygiene 0.74A 0.55
Reaching 0.82A 0.68
Grip 0.83A 0.68
Activity 0.87A 0.76
Percent of total variance — 68.38

* HAQ � Health Assessment Questionnaire; h2 � communality for
maximum likelihood estimation extraction; A � excellent loading.

HAQ-DI Factor and Scoring Validation 539



surement error (42). Hence, a correlation between 2 resid-
uals occurs when aspects of these residual terms are
strongly related, although correlations between residuals
are not generally assumed to arise from correlated mea-
surement error, as this should be random (43). The first
examination of fit indices revealed relatively high scores
between the residuals for Reach and Eating (modification
index � 11.88), Grip and Eating (modification index �
14.63), and Arising and Walking (modification index �
14.61), resulting in correlations of r � 0.22, 0.29, and 0.29,
respectively. All of these correlated residuals appear to
have a content relationship in that each focuses on motor
skills. Thus, after determining the HAQ score and disease-
specific QOL, these data suggest that the additional impact
on motor skills can be assessed by examining pairs of
scores on Arising and Walking, then Grip and Eating, and
finally Hygiene and Eating.

A second examination of modification indices was un-
dertaken, after these 3 additions of the correlated residuals
of the motor skills subdomain were added to the model.
This second round of modification indices indicated that
one more addition should be made by correlating the re-
siduals between Grip and Hygiene (modification index �
12.20). However, it should be noted that the correlation
between residuals for Grip and Hygiene was negative
(�0.40). Whereas the other correlated residuals have a
more logical interpretation, interpreting negatively corre-
lated residuals between Grip and Hygiene is more elusive
and should be examined further with other measures of
manual dexterity and hygiene. Moreover, the Grip-Hy-
giene residual correlation was only appreciable once the
previous correlated residuals were added, suggesting that
the residuals of Grip and Hygiene have a complicated
relationship to the first 3 combined correlated residuals.

No more sufficiently large correlated residuals were in-
dicated, and therefore the model was rerun to test the new
fit indices. The modified CFA model generated satisfactory
fit statistics for all model fit criteria (Table 3). Figure 1
shows the final factor structure of the HAQ-DI, including
the standardized factor loadings for the HAQ-DI latent
variable on each of the HAQ-DI domains, as well as the
level of standardized correlation between the domains.
The fit for this model provides substantial evidence for the
use of a single total score on the HAQ-DI.

DISCUSSION

The current study was the first to assess the latent struc-
ture of the HAQ-DI with rigorous methodologic tactics.
Although prior EFA had been performed on the HAQ
domains (18), those findings did not test the adequacy of

how well their results fit their data given the limitations of
the EFA. Beyond providing a confirmatory analysis of the
HAQ’s latent structure, this study also presented latent
analysis in a 2-step cross validation. Because factor analy-
sis is a sample-dependent technique, the validity of a
factor structure must be tested on an independent sample
for one to have confidence in the results.

The latent cross validation with EFA and CFA provides
much support for the current scoring system of the HAQ-
DI. Knowledge and validation of the latent structure of a
measure is inextricably tied to the knowledge and valida-
tion of a scoring system for a measure. Hence, these data
provide important and necessary validation for the way in
which the HAQ-DI is scored. Although the results do not
suggest that a new scoring for the HAQ-DI is required, new
clinical data are provided to support secondary interpre-
tations of the HAQ-DI based on residual correlations
within a motor skills subdomain. However, caution in the
interpretation of these pairs of scores within this model is
needed. The total-score interpretation of the HAQ-DI is
psychometrically the most appropriate interpretation of
domain scores; secondary interpretations based on corre-
lated residuals must only be done as embellishment and
not as a replacement to the HAQ-DI total score. Second,
the correlations between the residuals are moderate at
best, and offer only a bit of useful information beyond the
HAQ-DI total score (albeit, enough to mandate inclusion in
the HAQ-DI model). Third, further validation of the corre-
lated residuals should be undertaken before regular sec-
ondary interpretation of these factors is conducted. Such
validation would require a new study that specifically
tests the correlation interpretation, often necessitating the
inclusion of additional variables in the model from mea-
sures of similar and dissimilar content (44).

A possible limitation to the current study is that the
items for each HAQ-DI domain differ from person to per-
son. This is a necessary and expected aspect of the HAQ-DI
and all related psychometric evaluations of the HAQ-DI,
because HAQ-DI scoring criteria require one to use the
score of the highest item to create the score for the HAQ-DI
domains. The influence of this aspect of the HAQ-DI
should also be validated, and could be done within a
hierarchical structural model. Unfortunately, this valida-
tion would require an immense and diverse sample that is
rarely available in the study of RA.

Two key areas can be addressed in future research: the
viability of the HAQ in other frequently assessed popula-
tions and determination of further scoring system informa-
tion. The current study examined the HAQ with a sample
exclusively with persons diagnosed with RA. However,
the HAQ also is used frequently to determine the disease-

Table 3. Fit statistics for all structural models*

Model GFI AGFI CFI RMSEA RMSEA 90% CI

Single-factor (�2 � 20.62; 16 df)† 0.97 0.92 0.99 0.04 0.00–0.09

* GFI � Goodness-of-Fit; AGFI � Adjusted Goodness-of-Fit; CFI � Conformed Fit Index; RMSEA � Root Mean Square Error of Approximation; 90%
CI � 90% confidence intervals; df � degrees of freedom.
† P � 0.05.
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specific QOL in other populations, such as those with
osteoarthritis, systemic lupus erythematosus, and other
musculoskeletal conditions. At this time, there is no em-
pirical evidence to suggest that the data obtained herein
are necessarily generalizable to these other disease condi-
tions (45). Byrne (46) has recommended that prior to the
examination of similarity in CFA results for a measure
across various subgroups, one should first determine the
latent structure of the test on a single and appropriate
sample. The current study supplies such information.
Hereafter, it would be beneficial for other research to both
affirm the latent structure of the HAQ for other disease
populations and measure the consistency between those
groups and an RA group (46).

A second method to further examine the HAQ scoring
system is to use item response theory (IRT) (47). IRT
weights each item so that items that indicate the strongest
impact on health assessment receive stronger weights. A
common IRT model used for this analysis is the Rasch
model, which only examines the disease severity of each
item in estimating the overall score for an individual (48).
Like many IRT models, the Rasch model requires unidi-
mensionality (i.e., a single-factor model). CFA is often
used as a tool for determining the unidimensionality as-
sumption in IRT (17) and the current study provides evi-
dence that a single-factor model is appropriate, therefore
suggesting that a Rasch model may work for the HAQ-DI.
However, the Rasch model also asserts that the residuals of
each item should be uncorrelated (49). Therefore, careful
examination of the unidimensionality assumption is nec-
essary to examine the HAQ-DI with IRT, including consid-
ering alternative IRT models (50).

In summary, this study provides psychometric evidence
of the structural validity of the HAQ-DI within an RA
population. Considering the widespread use of the HAQ-
DI, it is important to demonstrate the psychometric stabil-
ity and validity of the measure. By integrating EFA with a
subsequent CFA, the current study demonstrates the va-
lidity of using the HAQ-DI total score as an estimate of
disability in RA. Of course, as with all studies of validity,
no one study can summarily prove the validity of a mea-
sure, as this must be done through a program of research.
In the future, it would be of interest to determine whether
the structural validity of the HAQ-DI extends to other
rheumatic diseases.
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