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Abstract

Objective Structural validity for the Health Assessment Questionnaire-Disability Index (HAQ-DI) has
recently been provided for patients with rheumatoid arthritis (RA). The goal of the current study was to
examine the structural validity of the HAQ-DI in patients with systemic sclerosis (SSc, scleroderma) and to
compare its performance with that in patients with RA. Methods The HAQ-DI structural validity was first
assessed in a sample of 100 scleroderma patients using confirmatory factor analysis. Second, the similarity
of factor structures between SSc patients (n = 291) and RA patients (n = 278) was tested using a mul-
tigroup structural validity model to assure that comparison of scores between these two diagnostic groups is
appropriate. Results Results yielded a single-factor HAQ-DI score which favored the current scoring
system of the HAQ-DI (model fit was CFI = 0.99 and RMSEA = 0.04). Moreover, even the most
stringent model of multigroup structural validity affirmed the similarity between SSc and RA patients on
the HAQ-DI (model fit was CFI = 0.99 and RMSEA = 0.04) nor was it different from a model without
any demands on group similarity: CFI difference = 0.007; x> = 4.29, df = 26, p=0.99. Conclusion The
current results indicate that a single-factor HAQ-DI is appropriate for future clinical trials in scleroderma
and, in addition, HAQ-DI scores among patients with SSc and early RA can be compared legitimately with
one another.
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Systemic sclerosis (SSc, scleroderma) is a connec- including the heart, lungs, kidneys, and gastroin-
tive tissue disease of unknown etiology character- testinal tract [1]. SSc has little effective treatment
ized by microvascular injury, variable fibrosis of and no cure, and patients must cope with pain, dis-

the skin, and distinctive visceral involvement figurement, disability, and feelings of helplessness.
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Given the impact of SSc on activities of daily liv-
ing, measures of this impact have been developed.
The Health Assessment Questionnaire-Disability
Index (HAQ-DI; published in 1980 by [2]) is the
most utilized of musculoskeletal-targeted mea-
sures. It has been used extensively in rheumatoid
arthritis (RA; [3]) and in SSc [4, 5]. Scores from the
HAQ-DI have been shown to be reliable and
responsive to change in a SSc clinical trial [5], and
to predict morbidity and mortality in patients with
diffuse SSc [6].

Previous researchers have shown the HAQ-DI
to be reliable and convergently valid, yet empirical
confirmation for the factor structure and scoring
system of the HAQ-DI is limited. According to
Messick in his seminal paper on validity [7], the
manner in which a test is scored must match the
underlying latent structure of the test in order to
have structural fidelity (i.e., a valid fit between the
latent structure and scoring system). In 2005, Cole
et al. [3] provided the first evidence for structural
fidelity of the HAQ-DI, examining its performance
as a single total score in RA patients (i.e., a single-
factor model was confirmed).

However, findings in RA patients regarding the
scoring validity of the HAQ-DI do not necessarily
generalize to other diagnostic groups. Indeed,
Haynes et al. [8] noted that the validity of a test is
necessarily specific to each subgroup of users:
inferences about the structural validity of the
HAQ-DI in diagnostic groups other than RA are
not appropriate without empirical evidence.
Moreover, to understand the similarity of struc-
tural validity of the HAQ-DI for more than one
diagnostic group, the similarity of the latent
structures must be examined between the two
diagnostic groups [9]. When the performance of
the HAQ-DI is found to be structurally invariant
between two diagnostic groups, comparisons on
the same scoring system are psychometrically jus-
tified [10].

Given the increased utilization of the HAQ-DI
in SSc clinical trials, the goal of the current study
was to examine the structural validity of the HAQ-
DI in patients with SSc. Confirmatory factor
analysis (CFA) was used to examine the fit of the
current scoring system of the HAQ-DI, already
validated for patients with RA patients, with the
responses from SSc patients [4, 11]. The similarity
of the structural validities between SSc and RA

was then tested to determine structural invariance
between the two groups. Results of this analysis
should be useful in guiding and clarifying inter-
pretation procedures for HAQ-DI domains from
SSc patients. Results should also be informative as
to the appropriateness of comparing HAQ-DI
scores between RA patients and SSc patients.

Methods
Participants

Patients were those enrolled in one of three stud-
ies, as described next. The organization of the
participants within each of the studies (including
subgroups of diffuse and limited SSc) is shown in
Figure 1.

Relaxin study

Participants from the relaxin study were in a
double blind, placebo-controlled, multicenter,
randomized clinical trial evaluating the safety and
efficacy of continuous subcutaneously infused
recombinant human relaxin in diffuse SSc over a
period of 24 weeks. The details of the study have
been published elsewhere [11]. Briefly, participants
were randomized to either relaxin 25 p/kg/day,
relaxin 10 p/kg/day, or placebo in a 2:1:2 ratio. All
participants had SSc as defined by the American
College of Rheumatology criteria [12] with diffuse
disease defined as the presence of thickening
proximal as well as distal to the elbows and knees
inclusive of the trunk and face [13]. All patients
had a disease duration of no more than 5 years,
with an average duration of 2.20 years. Two
hundred and thirty-nine (239) patients with diffuse
SSc were enrolled, with 136 patients receiving re-
laxin and 103 patients receiving the placebo.
Baseline HAQ-DI domains were available for 231
patients of these patients, all of whom were used
for the current analyses.

Scleroderma lung study

Participants were from the Scleroderma Lung
Study, a double blind, placebo-controlled, multi-
center, randomized clinical trial evaluating the
safety and efficacy of 1 year of treatment with oral
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Figure 1. Sample flow throughout analyses.

cyclophosphamide vs. placebo for rapidly pro-
gressive active pulmonary alveolitis associated
with SSc; it had an additional year of follow up
without any treatment [14]. Patients with SSc as
defined by the American College of Rheumatology
classification criteria [12] with <7 years duration
(onset defined as the date of the first typical non-
Raynaud’s manifestation) were included in the
trial if they also had evidence of SSc-related
interstitial lung disease and active alveolitis defined
by thoracic high-resolution computed tomography
(any ground glass opacification) and bronchoal-
veolar lavage (2% neutrophils and/or 3% eosin-
ophils); average disease duration was 3.10 years.
SSc patients were further divided into those with
limited and diffuse cutaneous SSc based on the
distribution of the skin thickness. Limited disease
was characterized by the skin thickness distal to
the elbows and knees and proximal to the clavicles
(with or without facial involvement). Diffuse dis-
ease was characterized by the same criteria as the
relaxin study. One-hundred and fifty-eight patients
were part of the clinical study. Baseline HAQ-DI
domains were available for all but two of these
patients (both of whom had limited SSc). Thus, a
total of 156 SSc patients were used from the SLS
study database, 40.4% of whom had limited SSc.
Figure 1 provides clarification for the division of
diffuse and limited participants in the current
study.

Rheumatoid arthritis sample

RA patients included in the current study are a
subset of a group of early RA patients partici-
pating in a long-term observational study by the
Western Consortium of Practicing Rheumatolo-
gists, which is a regional consortium of rheuma-
tology practices in the western United States and
Mexico. The consortium has been described in
detail in previous publications [15, 16]. Briefly,
patients in this subset had a diagnosis of early RA
(median duration was 5.2 months since symptom
onset, disease duration was less than 15 months),
had no previous disease modifying antirheumatic
drug treatment, were rheumatoid factor seroposi-
tive (RF median 214 1U/ml), and had =6 swollen
joints and >9 tender joints. Baseline HAQ-DI
domains were available for 278 patients, all of
whom were used for the current analyses. These
data were used for a previously published analysis
by Cole et al. [3].

Measures

Health Assessment Questionnaire-Disability Index
(HAQ-DI)

The HAQ-DI is a musculoskeletal-targeted mea-
sure of functional status with demonstrated utility
for patients with SSc [17, 18]. The original HAQ-
DI was designed as a 20-item self-administered
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questionnaire that examines difficulties with the
performance of activities of daily living on a 0-3
scale (no disability to severe disability) in eight
domains (dressing and grooming, arising, eating,
walking, hygiene, reach, grip, and other activities).
In the original HAQ-DI, an additional grade of
difficulty was added in patients using assistive/
adaptive devices (such as canes, walker) as in more
recent studies [6, 17], though, we did not modify
patients’ responses for use of assistive/adaptive
devices.

The HAQ-DI is calculated by summing the
highest score in each of the eight domains and
dividing the sum by 8, giving a score between 0
and 3 on a continuous scale. Both observational
studies [19-21] and clinical trials [22-24] have used
the HAQ-DI and found its scores to be a reliable
and valid predictor of work disability [25], mor-
bidity [25, 26], and mortality [27].

Data analysis

Data were entered and cross-checked by research
assistants with ample data entry experience. HAQ-
DI scores were obtained per the instructions in
Bruce and Fries [28]. No missing data were present
for the HAQ-DI domain scores. HAQ-DI domain
descriptive statistics are presented in Table 1.

Confirmatory factor analysis

Prior to examination of the structural validity with
CFA,' the total database was randomly split into
two sections. One split contained 100 participants
and was reserved for use with the initial CFA

(hereinafter, CFA sample), whereas the other split
contained the remainder of the participants
(invariance sample; n = 291). For the CFA sam-
ple, we determined that 100 participants should be
sufficient given (a) the stability of the previous
HAQ-DI CFA [3, 29] and (b) the size of the path
coeflicients (i.e., the standardized regression coef-
ficients between the latent factor and the HAQ
domains) found in the HAQ-DI for RA patients
(0.62-0.81), both of which have a marked impact
on stability for CFA [30].> The CFA model
examined (referred to as Model 1) was based on
the current HAQ-DI scoring system wherein a
unidimensional latent total score impacts the way
each patient scores on the HAQ-DI domains, as
shown in Figure 2. Within this model, the rectan-
gular blocks represent HAQ-DI domains with
ovals to their left which represent each domain’s
residual (i.e., any variance of each HAQ-DI
domain not measured by its relationship to the
latent variable). The circle to right of the domains
represents the overall HAQ-DI latent variable of
disease impact.

CFA was conducted with AMOS structural
equation modeling software [31]. Maximum like-
lihood (ML) was used to estimate the CFA
model. The purpose of the CFA was to measure
the extent to which the current scoring system
explains the way in which patients respond to the
HAQ-DI questions, thus providing evidence for
the structural fidelity of the scoring system with
the HAQ-DI’s latent construct (i.e., does the
scoring system of the HAQ-DI fit with the latent
constructs underlying the HAQ-DI?). Because the

Table 1. HAQ domain pearson correlations and descriptive statistics for all SSc participants

Dressing and grooming  Arising  Eating ~ Walking  Hygiene  Reaching  Grip  Activity

Dressing and grooming ~ — 0.58 0.63 0.40 0.69 0.66 0.53 0.57
Arising - 0.51 0.50 0.61 0.59 0.51 0.58
Eating 0.42 0.68 0.65 0.62 0.56
Walking - 0.44 0.49 0.46 0.54
Hygiene - 0.73 0.54 0.64
Reaching - 0.57 0.70
Grip - 0.54
Activity -

Mean 1.08 0.83 1.12 0.76 1.24 1.30 0.94 1.30
SD 0.91 0.83 . 0.84 1.13 1.02 0.82 0.95
Range 0-3 0-3 0-3 0-3 0-3 0-3 0-3 0-3

Note: Correlations are provided for descriptive purposes and were, therefore, not analyzed for significance. N = 391, HAQ-DI

mean = 1.07 and SD = 0.74.



1387

Health

. > Dress and Groom
Arising
Eating

E

B

R7) Walking

L

b=l

2

<

g 31 e Hygiene

S

@}

-40 Reach

o
. »  Daily Activities

Assessment

Figure 2. HAQ single-factor model from the confirmatory factor analysis (Model 1) with standardized path coefficients.

relationships among health-outcomes variables
from many fields are typically distributed non-
normally [32, 33], and because latent analyses
using ML assume normal distributions [34],
adjustments need to be made to the model cal-
culations to control for nonnormality. Two
thousand Bollen—Stine [35] bootstraps were used
during model estimation to control for multivar-
iate nonnormality, per the recommendations of
Nevitt and Hancock [34]. The process of boot-
strapping takes multiple random subsamples from
the current sample in order to smooth over any
inaccuracies in the model’s standard errors due to
nonnormality. Although nonparametric extrac-
tion is also appropriate for the HAQ scales, these
techniques require far larger samples [36]. More-
over, the Bollen—Stine bootstrap with ML
extraction has been shown to perform very well,
controlling estimation problems [37] with at least
four-ordered categories [36].

Model fit statistics in CFA (and generally for
structural equation modeling — SEM) provide
measures of the strength of relationship between
the theoretical model and the data. Schumacker
and Lomax [38] suggested that it is best to review
multiple model fit statistics in order to examine the
model from various perspectives [38]. Therefore, in

the current study, four fit indexes were used:
goodness of fit (GFI; ranges from 0 to 1 with
larger values indicating better fit), comparative fit
index (CFI; ranges from 0 to 1 with larger values
indicating better fit), nonnormed fit index (NNFTI;
ranges from 0 to 1 with larger values indicating
better fit, although values can at times exceed 1.0
and then suggest overfitting), and root mean
squared error of approximation (RMSEA; ranges
from 0 to 1 with smaller values indicating better
fit). GFI measures the amount of variance and
covariance in the data that is reproduced by the
tested model. CFI, NNFI, and RMSEA provide
estimates of Type I (CFI and NNFI) and Type II
error (RMSEA). CFI is a measure of Type I error
in that it specifies the amount of difference be-
tween the examined model and the independence
model (i.e., a standard comparison model that
asserts none of the components in the model are
related), with higher scores indicating larger dif-
ferences. NNFI conducts the same task as CFI,
but takes into consideration the number of
parameters in a model, an aspect that can inflate
CFI [39]. RMSEA is complementary to CFI
and NNFI as it is a measure of Type II error,
determining how well the examined model repro-
duces the saturated model (i.e., another standard
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model that asserts that all of the variance and
covariance of the dataset is explained), with lower
scores indicating greater similarity. If each of these
four fit indices meets or surpasses these thresholds,
then the model can be considered satisfactory.
GFI was evaluated with a minimum criterion of
0.90 [40], and CFI and NNFI were to be no less
than 0.95 [41]. RMSEA yields both a score and a
90% confidence interval; good fit was indicated
when the score was 0.06 or lower [41].

Structural invariance testing

Upon the successful completion of the CFA and
acceptance of a well-fit model, one has provided
evidence of structural validity (the validity that the
theoretical latent structure underlying a test is
supported by the data). Next, comparison of the
HAQ-DI structural validities was conducted for
SSc patients and RA patients. The group of SSc
patients was comprised of the 291 participants
from the random split of the SSc dataset, and the
group of RA patients was comprised of the 278
patients previously analyzed on the HAQ-DI by
Cole et al. [3]. Therefore, multigroup SEM was
employed to examine the structural invariance of
the HAQ-DI for the SSc patients and RA patients
(referred to as Mode 2). Multigroup SEM is tested
through a series of models, to determine where
difference may be present if the fully equated
model is not invariant (i.e., if the models are not
fully equal on all SEM parameters between the
two groups). We examined the fully equated
model, and planned to examine lesser-constrained
models only if the fully equated model did not
meet goodness of fit criteria.’ As before, the mul-
tigroup SEM model was evaluated using the
goodness of fit criteria CFI, NNFI, and RMSEA
(using the aforementioned criterion levels). As it is
common to assess multigroup SEM models with
the inclusion of latent means [9], GFI was not
examined because SEM models with mean struc-
ture in AMOS are not calculated because of the
theoretical problems associated with integrated
implied means and intercepts into the formula
(personal communication, James Arbuckle -
AMOS author, April 13th, 2006).

Comparison of the fully constrained invari-
ance model to the multigroup model without
constraints that force the groups to be equal was
conducted in order to determine if the full invari-

ance model placed unrealistic restrictions of the
model. This comparison was completed through
the use of two statistics: the change in CFI (ACFI)
and a y” difference test. Cheung and Rensvold [42]
recommended a criterion of no more than 0.02
CF1I difference for ACFI. Moreover, the x> differ-
ence test should be nonsignificant between the
models.

Model refinement

Often a model’s fit indices may come close to
reaching these 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
determination 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
(e.g., a correlation between the residuals of
domains of eating and grip), including direct paths
and correlations [38]. A standard approach of
using a modification index of approximately 10
was used (relating to a reduction in chi-square by
10, which indicates better model fit); paths with a
modification index much lower than 10 may to be
too weak to provide substantive benefit. Modifi-
cation of the model after an initial analysis would
only be conducted if the modification met statis-
tical criteria and fits with the theoretical under-
standing of the HAQ-DI [38]. When modifications
are added to a model, the model will be rerun and
interpreted with the new fit indices [43]. For more
applied information on this process, see Cole et al.

3],

Results

Confirmatory factor analysis of the HAQ-DI
in SSc patients

A total of 387 SSc patients had domain-level
information on the HAQ-DI, for which no miss-
ing data were present. The final sample of SSc
patients had a mean age was 47.75 years (SD =
11.28 years) and a mean HAQ-DI score of 1.07
(SD = 0.74). The descriptive statistics for the
HAQ-DI domain scores in the combined SSc
samples are provided in Table 1, including



correlations among the HAQ-DI domains (in the
upper matrix of Table 1) as well as the mean, SD,
and range of scores for each domain. Correlations
among all of the domains were mostly large
(according to criteria from [44]), ranging from the
mid 0.40s to the low 0.70s. Each of the eight HAQ-
DI domain scores range from 0 to 3, with the
means and SDs near 1.0 for most scales. Addi-
tionally, Figure 1 shows the random assignment of
participants to the analyses, including diffuse and
limited SSc patients for each analysis. The Model 1
and Model 2 sample splits resulted in groups with
no statistical differences on age, gender, HAQ total
score, Or race.

A CFA was run on the single-factor model using
CFA sample as had been previously found for the
HAQ [3]. In this analysis, the single-factor model
was close but did not meet adequate fit criteria
(GFI = 0.92, CFI = 0.95, NNFI = 0.93, and
RMSEA = 0.10). Whereas GFI and CFI were
acceptable, NNFI and RMSEA were not. These
results indicate that the model was missing some
significant relationships and that minor adjust-
ments in the model were needed. Thus, to find
unmodeled relationships that have both statistical
and theoretical importance to the HAQ-DI model
[38], modification indices were inspected. In most
models, variable relationship can be added as
unidirectional (i.e., regression paths) or bidirec-
tional (i.e., correlational). Because the current
model contained only a single factor, additional
paths could only be added as correlations, specif-
ically as correlated residuals [45].

Residuals refer to the variance that is not
accounted for by the relationship of a particular
domain to its latent variable. For example, when
examining Grip and Health Assessment, the
residual of Grip is all of the variance not
otherwise accounted for by the path coefficients
(i.e., the current modeled relationship) from
Health Assessment to Grip, or 1 — the square of
the standardized coefficient (i.e., 0.67° = 0.449)
for standardized values (Figure 2). This residual
value is influenced by many sources of variance,
such as method variance, shared content beyond
the primary factor, and measurement error [45].
Therefore, a correlation between two residuals
occurs when aspects of these residual terms are
strongly related (although correlations between
residuals are not generally assumed to arise from
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correlated measurement error as this should be
random [46]). The examination of fit indices re-
vealed relatively high scores between the residuals
for Grip and Eating (modification index = 8.91)
as well as between Grip and Hygiene (modifica-
tion index = 7.67), resulting in correlations of
r = 0.31 and —-0.40, respectively. Both of these
correlated residuals appear to have a content
relationship in that each focuses on hand-based
motor skills, an important limitation for SSc
patients. For example, if one has fine-motor skills
problems then these may exacerbate scores on
grip and activities dependent on grip, such as
eating and hygiene, more than the scores on
other domains. This differential between scores
on related domains compared to all of the HAQ
domains results in a secondary relationship which
is reflected in the correlated residuals. Although
these are occasionally spurious [47], substantia-
tion of correlated residuals across multiple sam-
ples can also enhance greater understanding of
the construct and inspire new lines of research
[3].

It should be noted that we used modification
indices with smaller values than normally used. As
the modification index is a measure of how much
reduction in chi-square can be achieved with the
addition of the path (and thus, improvement in
data-model fit), the aforementioned modification
indices were estimated to reduce chi-square by 22.4
and 19.3%, respectively. It is not altogether
uncommon to adjust this criterion when chi-square
is low, and thus small modification indices still
account for a large percent of chi-square change
[48, 49].

The modified CFA model generated satisfac-
tory fit statistics for all model fit criteria with
GFI, CFI, and NNFI each greater than 0.95 and
RMSEA = 0.04 (see Table 2 results for Model
1). Figure 2 shows the final factor structure of
the HAQ-DI, including the standardized path
coefficients for the HAQ-DI latent variable on
each of the HAQ-DI domains, as well as the
level of correlation between the two domain
residuals. If one squares the path coefficients, an
estimate of the variance explained by the latent
construct for each HAQ domain is provided. For
example, squaring the coefficient between HAQ-
DI and Hygiene takes the standardized coeffi-
cient of 0.90 to an explained variance of 81%.
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Table 2. Fit statistics for all structural models

Model 2

Model 1. CFA (modified)
Model 2. Structural invariance SEM — scleroderma vs.
RA (fully constrained)

Model 3. Post hoc structural invariance SEM — diffuse vs. 85.84

limited (fully constrained)

20.94*
112.27

df GFI CFI NNFI RMSEA RMSEA 90% CI
18 095 099 0.9 0.04 0.00-0.10
60 - 098 0.99 0.04 0.03-0.05
36 093 095 095 0.06 0.05-0.07

p>0.05.

Note: GFI — goodness of fit; CFI — comparative fit index; NNFI — nonnormed fit index; RMSEA — root mean square error of

approximation; CI — confidence interval.

Therefore, the latent construct explains 81% of
the variance for Hygiene. Conversely, the lowest
coefficient in the model, between HAQ-DI and
Walking, explains 25% of the variance. Although
this value is lower than all others, it is considered
to be between “‘fair” and “good” according to
criteria from Comrey and Lee [50] and it is not
surprising to have a wide range of strong load-
ings given the diversity of activities covered by
the HAQ.

Overall, model fit provided substantial evidence
for the use of a single total score on the HAQ-DI.
Additionally, bootstrapped confidence intervals
showed a 1-2% change from the unadjusted esti-
mates, resulting in moderately better (and suffi-
cient) multivariate normality.

Structural invariance

The fully constrained structural invariance model
(i.e., the model forcing all relationships to be equal
between SSc and RA patients) fit the data well,
based on all of the model-fit criteria (Table 2 dis-
plays the fit statistics for Model 2). Thus, when
forcing all parameters of the model to be equal
between SSc patients and RA patients, the model
still showed strong relationship to the data.
Bootstrapped confidence intervals again showed a
1-2% change from the unadjusted estimates,
resulting in moderately better (and sufficient)
multivariate normality.

Additionally, comparison between fully con-
strained invariance model and the nested uncon-
strained model showed no substantial differences
between the models. CFI for the unconstrained
model was 0.977, and thus ACFI = 0.007. More-
over, the ? difference test was also nonsignificant:
x? difference = 4.29 (df = 26, p = 0.99).

Discussion

The current results provide an expansion to the
understanding of the HAQ-DT’s structural validity
and fidelity with its scoring system using rigorous
psychometric methods. Along with prior results
examining the structural validity for RA patients,
single-factor scoring of the HAQ-DI has now been
demonstrated to be appropriate for SSc patients.
Moreover, comparison of HAQ-DI scores between
SSc patients and RA patients is psychometrically
justified. Finally, by examining the structural
validity of the HAQ’s latent structure in both ran-
dom splits of the SSc patient database (i.c., in the
CFA and invariance samples), this study also pre-
sented latent analysis in a two-step cross validation.
As factor analysis is a sample-dependent technique,
the validity of a factor structure must be tested on an
independent sample in order for one to have confi-
dence in the results. Therefore, the cross-validation
built into the current study should enhance the
generalizability of results for SSc patients.

An interesting finding of our study is that the
additional impact on motor skills can be inter-
preted by examining pairs of scores on Grip and
Eating as well as Grip and Hygiene. However, it
should be noted that the correlation between
residuals for Grip and Hygiene was negative
(—0.40). Whereas the other correlated residual pair
has a more logical interpretation, interpreting
negatively correlated residuals between Grip and
Hygiene is more difficult and should be examined
further with other measures of manual dexterity
and hygiene. This same negative residual correla-
tion is consistent with the correlation found by
Cole et al. [3] for RA patients on the HAQ-DI.

Fit indices for the current study were based on
rigorous criteria from strongly validated studies



[41, 51]. The use of such rigorous criteria is likely
to have been appropriate given the research by
Marsh et al. [52] in their investigation of the
appropriateness for various cutoff rules with
model fit in SEM. Although more complex models
often warrant various relaxations to the cutoff
rules, the current model is simple enough to war-
rant stricter use for assuring the psychometric
efficacy of this tool.

A possible limitation to the current study is that
the items for each HAQ-DI domain differ from
person to person. This is a necessary and expected
aspect of the HAQ-DI and all related psychomet-
ric evaluations of the HAQ-DI, as HAQ-DI scor-
ing 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 tested. Unfortunately, such a
model would be so complex that the sample size
demands would make it particularly difficult for
SSc studies. Additionally, it was possible that
patients with diffuse and limited SSc differed in
their response patterns, ultimately requiring indi-
vidual scoring models. Because the current pooled
database had only 65 patients with limited SSc and
326 with diffuse SSc, such differences would be a
limitation for analysis of the current database.
Both populations feature finger and hand skin
thickening and clinical features of peripheral vas-
cular injury including cold sensitivity and ischemic
ulcers. Although we did not consider these differ-
ences to provide a marked difference between the
response patterns between the two SSc subgroups,
this was a subjective assumption. Therefore, a post
hoc and exploratory structural invariance analysis
was undertaken to confirm that interpretation of
the HAQ-DI did not differ by this particular
scleroderma subtype.* Results indicated appro-
priate fit for the fully constrained structural
invariance model (see Table 2 results for Model 3).
Because these results use the combined CFA and
invariance samples, and because the sample size
for the limited SSc group is small, these results
should be interpreted with appropriate caution.

Finally, one should be cautious regarding the
interpretation of the structural invariance between
SSc patients and RA patients as implying that the
mean HAQ-DI score for these two groups is, and
shall remain, identical. Instead, the positive finding
for structural invariance provides evidence that the

1391

way patients respond to HAQ-DI domains items is
the same between these two groups, allowing
researchers to compare the means between SSc
patients and RA patients.

Two key arecas can be addressed in future
research: exploration of the validity of the HAQ-
DI in other diagnostic groups and exploration of
the negatively correlated residual between Grip
and Hygiene domains. The current study ex-
panded the structural validity and scoring fidelity
for the HAQ-DI to now include SSc patients and
RA patients. However, the HAQ-DI also is used
to determine the disease-specific functional abili-
ties and QoL in other diagnostic groups, such as
osteoarthritis, systemic lupus erythematosus, and
other musculoskeletal conditions. Although the
current results provide a rationale for using the
original RA structural validation model with other
disease populations, there is no empirical evidence
to suggest that current results are necessarily
generalizable to other disease conditions, including
other rheumatologic conditions (see 8 for a dis-
cussion of sample-specific validity). Byrne [53] has
recommended that one should first determine the
latent structure of a test on a single and appro-
priate sample prior to testing the similarity for
CFA results across various subgroups. HAQ-DI
structural validity is now available on two sam-
ples: SSc and RA. Hereafter, it would be beneficial
for other research to affirm the latent structure of
the HAQ for other disease populations and mea-
sure the consistency between those groups with
RA or SSc groups [53].

Notes

1. Confirmatory factor analysis is a type of factor analysis that
is used to examine the fit between a theoretical model and
the data. Typically, CFA is used to confirm that a single (or
multiple set of) latent construct(s) (sometimes called factors)
are responsible for the way patients respond to items on a
test. Because latent constructs cannot be measured directly,
CFA uses a set of statistics to measure the correlations be-
tween items to determine the fit between the theoretical la-
tent model and the data (for more on this process, see [49]).
For the current analyses, we hypothesized that a single latent
construct of “Burden on Activities of Daily Living” is
present. Although we cannot directly measure this burden,
we can infer its presence from the HAQ-DI domains scores.

2. In order to obtain a good likelihood of model convergence
and stable results, Bentler and Chou [54] recommended that at
least five participants per free parameter be used. The weakest
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model in the current study, the revised CFA, had 18 free
parameters, and therefore we had 5.56 participants per vari-
able. Although successful convergence and stable results are
not a measure of statistical power [55], previous results with
RA patients lead us to believe that the very large coefficients
and fit would be sufficient if the model results were stable.

3. It should be noted that the mean of the latent construct on
the HAQ-DI was allowed to vary between the groups, as
mean differences are expected between the scleroderma and
RA patients (and this is a useful difference between the
models). Moreover, please note that the mean of the latent
construct is different from the mean of the total score,
although this discussion is beyond the scope of the current
manuscript. For more information, please see Byrne [53].

4. This model was run without the latent mean structure
incorporated into the model in order to limit the degrees of
freedom for the smaller limited SSc group.

Appendix A

On behalf of the Scleroderma Lung Study (SLS) research
group, the following investigators also participated:

University of California Los Angeles, Los Angeles, California:
Philip J. Clements, MD, MPH; Donald P. Tashkin, MD; Rob-
ert Elashoff, PhD; Jonathan Goldin, MD, PhD; Michael Roth,
MD; Daniel Furst, MD; Ken Bulpitt, MD; Dinesh Khanna,
MD; Wen-Ling Joanie Chung, MPH; Sherrie Viasco, RN; Mil-
dred Sterz, RN, MPH; Lovlette Woolcock; Xiaohong Yan,
MS; Judy Ho, Sarinnapha Vasunilashorn; Irene da Costa.
University of Medicine & Dentistry of New Jersey, New Bruns-
wick, New Jersey: James R. Seibold, MD*; David J. Riley,
MD; Judith K. Amorosa, MD; Vivien M. Hsu, MD; Deborah
A. McCloskey, BSN; Julianne E. Wilson, RN. * Current
address: University of Michigan Scleroderma Program, Ann
Arbor, Michigan.

University of Illinois Chicago, Chicago, Illinois: John Varga,
MD; Dean Schraugnagel, MD; Andrew Wilbur, MD; David
Lapota, MD; Shiva Arami, MD; Patricia Cole-Saffold, MS.
Boston University, Boston, Massachussettes: Robert Simms,
MD; ArthurTheodore, MD; Peter Clarke, MD; Joseph Korn,
MD; Kimberley Tobin, Melynn Nuite, BSN.

Medical University of South Carolina, Charleston, South Caro-
lina: Richard Silver, MD; Marcie Bolster, MD; Charlie
Strange, MD; Steve Schabel, MD; Edwin Smith, MD; June
Arnold; Katie Caldwell; Michael Bonner.

Johns Hopkins School of Medicine, Baltimore, Maryland: Rob-
ert Wise, MD; Fred Wigley, MD; Barbara White, MD; Laura
Hummers, MD; Mark Bohlman, MD; Albert Polito, MD;
Gwen Leatherman, MSN; Edrick Forbes, RN; Marie Daniel.
Georgetown University, Washington, DC: zVirginia Steen,
MD; Charles Read, MD; Cirrelda Cooper, MD; Sean Whea-
ton, MD; Anise Carey; Adriana Ortiz.

University of Texas Houston, Houston, Texas: Maureen
Mayes, MD, MPH; Ed Parsley, DO; Sandra Oldham, MD;
Tan Filemon, MD; Samantha Jordan, RN; Marilyn Perry.
University of California San Francisco, San Francisco, Califor-
nia: Kari Connolly, MD; Jeffrey Golden, MD; Paul Wolters,

MD; Richard Webb, MD; John Davis, MD; Christine Anto-
los; Carla Maynetto.

University of Alabama, Birmingham, Alabama: Barri Fessler,
MD; Mitchell,Olman, MD; Colleen Sanders, MD; Louis
Heck, MD; Tina Parkhill.

University of Connecticut Health Center, Farmington, Connect-
icut: Naomi Rothfield, MD; Mark Metersky, MD; Richard
Cobb, MD; Macha Aberles, MD; Fran Ingenito, RN; Elena
Breen;

Wayne State University, Detroit, Michigan: Maureen Mayes,
MD; Kamal Mubarak, MD; Jose L Granda, MD; Joseph Sil-
va, MD; Zora Injic, RN, MS; Ronika Alexander, RN.
Virginia Mason Research Center, Seattle, Washington: Daniel
Furst, MD; Steven Springmeyer, MD; Steven Kirkland, MD;
Jerry Molitor, MD; Richard Hinke, MD; Amanda Mondt,
RN.

University of Alabama, Birmingham: Mitchell Olman, MD;
Barri Fessler, MD; Colleen Sanders, MD; Louis Heck, MD;
Tina Parkhill.

On behalf of the Relaxin study, the following investigators
also participated: J Korn, MD, R Simms, MD, P Merkel,
MD, Boston University, Boston, MA; NF Rothfield, Univer-
sity of Connecticut Health Center, Farmington, CT; F Wigley,
MD, Johns Hopkins University, Baltimore, MD; M Ellman,
MD University of Chicago, Chicago, IL; Y Kim, MD, Stan-
ford University, Palo Alto, CA; L Moreland, University of
Alabama at Birmingham, Birmingham, AL; RW Silver, Uni-
versity of South Carolina, Charleston, SC; VD Steen, Division
of Rheumatology, Georgetown University Medical Center,
Washington, DC; M Weisman, MD, Cedar Sinai Medical
Center, Los Angeles, CA; GS Firestein, MD, AF Kavanaugh,
MD University of California, San Diego, CA; ME Csuka,
MD Medical College of Wisconsin, Madison, WI; MD Mayes,
University of Texas Health Science Center, Houston, TX; D
Collier, University of Colorado, Denver, CO; TA Medsger,
Jr., University of Pittsburgh, Pittsburgh, PA; and Vivian M
Hsu, UMDNIJ-Scleroderma Program.
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