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Responsiveness of the SF-36 and the Health
Assessment Questionnaire Disability Index in a
Systemic Sclerosis Clinical Trial
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LARRY W. MORELAND, RICHARD SILVER, VIRGINIA D. STEEN, MICHAEL WEISMAN, MAUREEN D. MAYES,
DAVID H. COLLIER, THOMAS A. MEDSGER Jr, and JAMES R. SEIBOLD, for the Relaxin Study Group and the
Scleroderma Clinical Trials Consortium

ABSTRACT. Objective. This study compares the responsiveness to change of the Medical Outcomes Study Short
Form Health Survey (SF-36), a measure of health related quality of life (HRQOL), and the Health
Assessment Questionnaire Disability Index (HAQ-DI), a function instrument, in a randomized clin-
ical trial for treatment of systemic sclerosis (SSc).
Methods. A phase 2/3, multicenter, prospective, placebo controlled trial was conducted to evaluate
human recombinant relaxin treatment in patients with diffuse SSc over 24 weeks. At baseline, sub-
jects had stable, moderately severe, diffuse SSc of disease duration ≤ 5 years, modified Rodnan skin
score ≥ 20, serum creatinine < 2.0 mg/dl, percentage forced vital capacity (% FVC) predicted 
≥ 50%, and % DLCO predicted ≥ 40% and were not receiving concomitant disease modifying ther-
apies. Internal consistency reliability of multi-item scales was estimated using Cronbach’s alpha.
Responsiveness to change of the SF-36 and HAQ-DI was computed between Weeks 0 and 24.
Subjects were classified as unchanged or having a meaningful change in 4 different external meas-
ures: Change in (1) skin score ≥ 30%; (2) % FVC predicted of ≥ 15%; (3) self-reported patient glob-
al assessment by visual analog scale (VAS) ≥ 20%; and (4) physician global assessment by VAS of
≥ 20%. Responsiveness indices were computed and Cohen’s effect size criteria were used to assess
the magnitude of change.
Results. A total of 239 patients participated in this trial, with 196 completing the 24 week trial.
Cronbach’s alpha for the SF-36 scales ranged from 0.76 to 0.93 and for the HAQ-DI ranged from
0.69 to 0.91 (good to excellent). The SF-36 had a larger magnitude of responsiveness in overall dis-
ease (patient and physician global assessment) compared to the HAQ-DI, while the HAQ-DI had a
larger magnitude of responsiveness in clinical measures (i.e., change in skin score and % FVC pre-
dicted) than the SF-36.
Conclusion. These data support inclusion of both the SF-36 and HAQ-DI as outcome measures in
future clinical trials of diffuse SSc. (J Rheumatol 2005;32:832–40)
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Patient functioning and well being, health related quality of
life (HRQOL), is an important outcome of treatment for
chronic diseases1. Systemic sclerosis (scleroderma, SSc) is
a chronic multisystem disease with a potentially important
impact on HRQOL2, but few studies have been conduct-
ed3–7. While physiologic measures provide information to
clinicians, they often correlate poorly with HRQOL;
patients are interested in both kinds of outcome measures1.

Consequently, it is important to use a HRQOL instrument
that is reliable (i.e., produces the same results repeatedly)
and valid (it measures what it is intended to measure)
including being responsive to changes in HRQOL over the
course of observation8,9. A responsive measure should dis-
criminate between patients who have improved, deteriorat-
ed, or remained stable8.

There is a need to evaluate both generic HRQOL and dis-
ease-targeted instruments in SSc. This study assesses the
Medical Outcomes Study Short Form Health Survey (SF-
36, a generic measure)10 and the Health Assessment
Questionnaire Disability Index (HAQ-DI; a musculoskele-
tal-targeted measure)11 in a prospective, randomized, place-
bo controlled trial evaluating recombinant human relaxin in
the management of SSc with diffuse cutaneous involvement.
Both the SF-36 and HAQ-DI have been used successfully in
other rheumatic diseases12-16, but only recently evaluated in
SSc3,5-7,17-21. The objective of the original trial was to eval-
uate the efficacy and safety of relaxin in SSc. The present
analysis evaluates the responsiveness to change of the SF-36
and HAQ-DI using data from the relaxin trial.

MATERIALS AND METHODS
Population and sample. The subjects were participants in a double blind,
placebo controlled, multicenter randomized clinical trial evaluating the
safety and efficacy of continuous subcutaneously infused recombinant
human relaxin in patients with diffuse SSc over a period of 24 weeks.
Sixteen centers throughout the United States participated in the trial.
Subjects were randomized to either relaxin 25 µg/kg/day, relaxin 10

µg/kg/day, or placebo in a 2:1:2 ratio. The study was conducted in US aca-
demic scleroderma clinical research centers. All subjects had SSc as
defined by the American College of Rheumatology criteria22, with diffuse
disease defined as the presence of thickening proximal as well as distal to
the elbows and knees inclusive of the trunk and face23.

Subjects 18–70 years old were recruited to reflect a population of
patients with stable diffuse SSc (disease duration ≤ 5 years, modified
Rodnan skin score not changed by more than 5 units during screening and
baseline visit). The goal of the trial was to attempt to reverse established
fibrosis in the skin. The other inclusion criterion was moderately severe
skin disease with a skin score ≥ 20 (or ≥ 16 if there was truncal skin
involvement)23. The major exclusion criteria included the presence of sig-
nificant renal insufficiency as defined by serum creatinine ≥ 2.0 mg/dl, sig-
nificant pulmonary disease [defined as percentage forced vital capacity (%
FVC) < 50% of predicted and/or CO diffusion capacity (DLCO) < 40% of
predicted], uncontrolled congestive heart failure, uncontrolled hypertension
(defined as systolic > 160 mm Hg and diastolic > 100 mm Hg), use of > 10
mg prednisone/day, and current pregnancy. Concomitant use of agents
reported to be effective therapies of SSc (e.g., D-penicillamine and
immunosuppressives) were not permitted. The primary outcome measure
of the trial was the change in modified Rodnan skin score. An improvement
of 30% in the skin score was considered clinically meaningful based on
consensus by SSc experts24.

Two hundred thirty-nine patients with diffuse SSc were enrolled, with
136 patients receiving relaxin and 103 patients receiving the placebo. One
hundred ninety-six patients (115 in the relaxin group, 81 placebo) complet-
ed the 24 week trial and make up the group used in this analysis. For pur-
poses of the study, subject data were analyzed irrespective of treatment
assignment. As part of the study, each patient completed the following pro-
cedures at baseline and at 24 weeks: history and physical examination, skin
score, SF-36, HAQ-DI, pulmonary function tests, and routine laboratory
investigations. The joints were assessed at the metacarpophalangeal joint
(scored as a single joint unit), wrist, and knee bilaterally for presence or
absence of swelling and tenderness.

Generic HRQOL measure. The SF-36 is a generic measure of HRQOL (i.e.,
the concepts are not specific for any age, disease, or treatment group)10,25.
The SF-36 includes a health transition item and assesses 4 physical health
domains as well as 4 mental health domains. The SF-36 scales can be sum-
marized into physical component summary (PCS) and mental component
summary (MCS) scores. For clarity, the PCS will be referred to as “physi-
cal score” and the MCS as “mental score.” These summary scores are stan-
dardized to responses from the US general population, with a mean score
fixed at 50 and standard deviation at 1025. Each SF-36 scale is scored
0–100, a higher score representing better health.

Musculoskeletal-targeted measure. The HAQ-DI is a self-administered
arthritis-targeted measure intended for assessing functional ability in arthri-
tis11. The HAQ-DI is a self-administered 20 question instrument that
assesses a patient’s level of functional ability and includes questions of fine
movements of the upper extremity, locomotor activities of the lower
extremity, and activities that involve both upper and lower extremities. In
the original HAQ-DI, an additional grade of difficulty was added in
patients using assistive/adaptive devices (such as canes or walker). In the
current study, the patient responses were not modified for patient use of
assistive/adaptive devices. The standard HAQ-DI is determined by sum-
ming the highest item score in each of the 8 domains and dividing the sum
by 8, which results in a score from 0 (no disability) to 3 (severe disability).

The physician global assessment was assessed at each visit on a 10 cm
visual analog scale (VAS) asking the physician to rate the subject’s sclero-
derma and how it affects him/her today. The patient global assessment was
also assessed at each visit on 10 cm VAS asking the patient to rate the
severity of his/her disease today. The patient global assessment was admin-
istered as part of the scleroderma HAQ19. The global assessment is scored
0–100, where a higher score indicates worse overall disease.

The modified Rodnan skin score (referred to here as “skin score”) is a
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clinical measure of the extent and severity of skin thickening26,27. Skin
thickening in SSc, in addition to serving as the primary basis for disease
classification, is viewed as a clinical surrogate of disease progression28.
The skin thickening is assessed in 17 body areas: fingers, hands, forearms,
arms, feet, legs, and thighs (bilaterally) and face, chest, and abdomen
(singly). Each area is scored 0–3, 0 representing normal skin and 3 being
severe thickening [range 0 (no thickening) to 51 (severe thickening in all
17 areas)]. Scores > 20 are considered to reflect moderately severe skin
thickening.

External criteria for change. To assess if the SF-36 and HAQ-DI were
responsive to a meaningful change in the patient’s clinical status, we devel-
oped 4 different external criteria for classifying subjects as unchanged or as
having a clinically meaningful change between Weeks 0 and 24. The 4 dif-
ferent criteria were based on the literature in other arthritides29 or expert
consensus agreement24. The cutoffs for these external criteria were based
on calculations of the area under the receiver operating characteristic
(ROC) curve30. The area under the ROC curve can be used to quantify dis-
criminatory ability of the classification rule, in which an index of 0 means
absolutely no discrimination, 0.5 means no better than guessing, and an
index of 1.0 identifies changed group perfectly. Indices ≥ 0.7 are consid-
ered to have acceptable discrimination31. A sensitivity analysis with 5%
increments was conducted for all 4 external measures for the change (both
improvement and worsening) in 3 measures: SF-36 physical and mental
scores and HAQ-DI. The cutoff corresponding to the largest area under the
ROC curve was selected for the external measures. For example, the cut-
point of 20% in the skin score was tested to see if it might be clinically
important. To do this using the ROC approach, one graphs the tradeoff
between the sensitivity and specificity of the skin score with a cutpoint of
> 20%. This graph has an area under the curve (AUC) summarizing sensi-
tivity and specificity of the skin score using a 20% change versus each of
physical score, mental score, and HAQ-DI. The same is done for a skin
score change of > 25%, > 30%, > 35%, etc. For each cutpoint the AUC of
the ROC curve is calculated. After all skin score differences of interest are
modeled, graphed, and AUC are calculated, the AUC are compared. The
skin score cutoff with the largest AUC was deemed the best to use for defin-
ing a clinically meaningful change in skin score.

If there were 2 cutoffs with similar AUC, then the one comparable to
other arthritides was chosen. Interestingly, the cutoffs in clinical measures
based on the largest area under ROC curve were comparable to clinically
meaningful cutoffs based on the literature in other arthritides29 or expert
consensus agreement24. The 4 criteria were (1) change ≥ 30% in the skin
score (the primary endpoint of the clinical trial); (2) change ≥ 20% in self-
reported patient global assessment (on 0–100 mm VAS)29; (3) change 
≥ 20% in the self-reported physician-rated global assessment (on 0–100
mm VAS)29; and (4) change ≥ 15% in % FVC predicted.

The groups were divided into the “changed” group (with improvement
or worsening ≥ 30% in skin score and ≥ 15% in the % FVC predicted) and
“unchanged” group (< 30% change in skin score and < 15% change in %
FVC predicted). A parallel classification was made based on the patient and
physician global assessment groups. For the analysis of responsiveness,
direction of change (improvement versus worsening) is distinguished.

Analysis plan. Baseline descriptive statistics for the SF-36 and HAQ-DI
scores were calculated including mean score, standard deviation, minimum
and maximum score, and percentage at the floor and ceiling. Floor and ceil-
ing effects are the percentages of respondents scoring at the lowest and
highest possible scale level, respectively. These effects can influence
responsiveness, as they may limit a change of score over time.

Reliability. Reliability was measured by internal consistency, which refers
to the extent that different items in an instrument are measuring the same
underlying construct of interest. Internal consistency for multi-item scales
was estimated using Cronbach’s alpha32. An alpha ≥ 0.70 is considered sat-
isfactory for group comparisons.

Responsiveness indices. Responsiveness to change was evaluated using the
effect size (ES), standardized response mean (SRMch), and responsiveness

statistic (RS)8. These indices are ratios of observed change to a measure of
variance (also known as signal to noise). For all 3 indices, the numerator is
the mean change from the baseline to Week 24 in the changed group and
the denominators are the standard deviation at baseline (ES), the standard
deviation of change for the changed group (SRMch), and the standard devi-
ation of change for people who are deemed not to change (RS). To evalu-
ate the magnitude of response in the “unchanged” group, the SRMunch was
calculated by dividing mean change from the baseline to week 24 in the
unchanged group by the standard deviation of change for the unchanged
group.

Cohen’s rule-of-thumb for interpreting effect size is that a value of
0.20–0.49 represents a small change, 0.50–0.79 a medium change, and 
≥ 0.80 a large change33-35. Area under the ROC, as described above, was
also calculated.

To evaluate whether the magnitude of responsiveness indices for each
external measure between the SF-36 and HAQ-DI were statistically differ-
ent, an effect size index was calculated for each subject as the “individual
change” divided by the standard deviation of the group at baseline. The
standard deviation around the individual estimates provided the estimate of
the standard error of the effect size. Student’s t test was used to calculate
the significance of the mean change from baseline to Week 24 in the
changed group for the SF-36 and HAQ-DI. A p value < 0.05 was consid-
ered statistically significant.

RESULTS
The 24 week trial failed to show an improvement in the pri-
mary objective: change in the skin score in the relaxin group
(change in skin score –4.03 ± 7.27) versus placebo (change
in skin score –3.70 ± 7.11; p = 0.68; negative score indicates
an improvement in the skin score at Week 24 compared to
baseline)36-39.

Table 1 describes the baseline characteristics of the study
group (n = 196). Patients had severe skin involvement (skin
score of 27.3 ± 6.9)40, marked compromise in their physical
health as measured by physical score (1.7 SD below the US
general population), and moderate functional disability, with
a HAQ-DI of 1.18 ± 0.714. When the baseline demographic
data were compared between 196 patients who completed
the 24 week study and 36 patients who did not, the non-
completers had a statistically significantly higher skin score
(30.2 ± 6.4 vs 27.3 ± 6.9), physician global assessment (57.6
± 17.0 vs 49.4 ± 20.5), and HAQ-DI (1.6 ± 0.8 vs 1.18 ± 0.7)
(p < 0.05); and lower SF-36 physical (29.1 ± 10.4 vs 33.8 ±
10.6) and mental scores (46.1 ± 11 vs 49.8 ± 9.6) of the SF-
36 (p < 0.05 for all).

Floor effects were more common in the HAQ-DI (4.5%)
than in the SF-36 physical (0%) and mental (0%) scores.
There was no ceiling effect for any of the 3 scores.

Reliability
Internal consistency measured by Cronbach’s α was ade-
quate for both the SF-36 scales (ranging from 0.76 to 0.93)
and the HAQ-DI (range 0.70–0.90).

Change in the SF-36 physical score, mental score, and
HAQ-DI in relation to the 4 external measures (Table 2). In
the patients who worsened ≥ 30% in their skin score, the
change in the HAQ-DI was statistically different (worse)
compared to patients with < 30% worsening of the skin
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Table 1. Baseline information on 196 patients completing the study.

Baseline Variables Patient Population Range

Age, yrs* 47.2 ± 10.3 20.0–69.7
Females, % 85.2
Race, %

Caucasian 74.0
African American 13.3
Hispanic 11.2
Asian 0.5

SSc duration**, yrs* 2.20 ± 1.37 0.07–7.78
SF-36 physical score (0–100)* 33.8 ± 10.6 11.6–57.8
SF-36 mental score (0–100)* 49.8 ± 9.6 17.1 –68.3
Patient global assessment (visual analog scale)* 50.7 ± 23.4 0–100
Physician global assessment (visual analog scale)* 49.4 ± 20.5 5–98
HAQ Disability Index (0–3)* 1.18 ± 0.71 0–2.875
Modified Rodnan skin score* 27.3 ± 6.9 16–51
FVC % predicted* 84.9 ± 15.7 42–130
DLCO % predicted* 69.3 ± 21.2 36–147
Swollen joints (out of 6)* 0.91 ± 1.5 0–6
Tender joint count (out of 6) 1.22 ± 1.9 0–6
Right hand extension, mm* 162.34 ± 34.17 12–250
Cutaneous ulcer present, % 25.2

Physical (Physical Component Summary) and mental (Mental Component Summary) scores have means of 50
and standard deviations of 10 in the US general population, with higher scores indicating better health. HAQ
Disability Index is from 0 to 3 with higher score indicating worse functional disability. Patient and physician
global assessment is from 0 to 100, with higher score indicating worse overall patient assessment. Modified
Rodnan skin score is from 0 to 51, with higher score indicating worse thickening of the skin. * Mean ± SD. **
Duration defined as first non-Raynaud’s phenomenon manifestation.

Table 2. Change in the SF-36 physical score, mental score, and  HAQ-DI from baseline to 24 weeks in the 4 external measures. A negative score for the phys-
ical score and mental score denotes worsening of generic HRQOL; a negative score for the HAQ-DI denotes improvement in functional abilities.

External Measures Change in p Change in p Change in p
Physical Score Mental Score HAQ-DI

≥ 30% Worsening in skin score (n = 10) –2.5 ± 6.2 0.4 1.37 ± 15.6 0.83 0.35 ± 0.51 0.014
< 30% Worsening in skin score (n = 186) –0.03 ± 8.2 0.24 ± 8.4 0.03 ± 0.40

≥ 30% Improvement in skin score (n = 72) –0.65 ± 9.4 0.5 –0.02 ± 8.5 0.7 0.03 ± 0.41 0.76
< 30% Improvement in skin score (n = 124) 1.33 ± 7.3 0.49 ± 9.1 0.05 ± 0.40

≥ 15% Worsening in % FVC (n = 17) –2.2 ± 10.2 0.3 –2.84 ± 8.9 0.14 0.28 ± 0.5 0.01
< 15% Worsening in % FVC (n = 176) 0.06 ± 7.9 0.37 ± 8.6 0.02 ± 0.39

≥ 15% Improvement in % FVC (n = 7) –0.8 ± 3.8 0.8 –0.4 ± 8.7 0.8 –0.16 ± 0.11 0.04
< 15% Improvement in % FVC (n = 186) –0.11 ± 8.2 0.12 ± 8.7 0.04 ± 0.41

≥ 20% Worsening in patient global (n = 72) –3.95 ± 8.9 < 0.0001 –1.25 ± 8.1 0.06 0.21 ± 0.39 < 0.0001
< 20% Worsening in patient global (n = 124) 2.05 ± 6.8 1.2 ± 9.1 –0.05 ± 0.37

≥ 20% Improvement in patient global (n = 58) 5.9 ± 5.6 < 0.0001 3.13 ± 8.7 0.003 –0.21 ± 0.34 < 0.0001
< 20% Improvement in patient global (n = 138) –2.7 ± 7.7 –0.9 ± 8.7 0.15 ± 0.37

≥ 20% Worsening in physician global (n = 52) –0.57 ± 6.6 0.5 –1.73 ± 9.14 0.07 0.06 ± 0.4 0.5
< 20% Worsening physician global (n = 136) 0.21 ± 8.2 0.83 ± 8.6 0.02 ± 0.4

≥ 20% Improvement in physician global (n = 73) 0.26 ± 8.07 0.71 1.91 ± 8.6 0.03 –0.02 ± 0.4 0.15
< 20% Improvement in physician global (n = 115) –0.19 ± 7.8 –0.01 ± 8.7 0.06 ± 0.4
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score (0.35 ± 0.51 vs 0.03 ± 0.40; p = 0.014; Table 2). In
comparison, the physical and mental scores were not statis-
tically different in the 2 groups. A similar pattern was seen
in the other SSc-specific measure, % FVC predicted, where
change (for both worsening and improvement) in HAQ-DI
was statistically different from the “unchanged” groups (p
< 0.05). All 3 measures (physical score, mental score, and
HAQ-DI) separated the ≥ 20% “changed” patient global
assessment groups compared to the “unchanged” groups (p
< 0.05 for all, except change in the mental score for 20%
“improvement” in patient global assessment, p = 0.06). For
patients with ≥ 20% improvement in global assessment, the
improvement in the HAQ-DI was 0.21 ± 0.34, analogous to
the minimal clinically important difference reported in the
RA literature41. For change ≥ 20% in the physician global
assessment of disease activity, only the mental score
showed a significant trend for both improvement (p = 0.03)
and worsening (p = 0.07) compared to the “unchanged”
group.

Responsiveness
The next 2 sections give the results of the responsiveness
indices divided into the disease-specific measures (skin
score and % FVC predicted) and the global assessments
(patient and physician). The data in this section and in Table
3 relate only to total HAQ-DI score and the SF-36 physical
and mental scores.

Disease-specific measures
Responsiveness to skin score. An increase (worsening; n =
10) of the skin score at Week 24 was associated with a medi-
um to large magnitude of responsiveness (as determined by
the 3 responsiveness indices) to the worsening of skin score

in the HAQ-DI (Table 3). The magnitude of responsiveness
for the physical score was small (as determined by the 3
responsiveness indices). The SF-36 mental score was not
responsive to worsening in skin score (Figure 1, left side,
and Table 3). Effect size estimates for the HAQ-DI (0.52 ±
0.76, mean ± SD), physical score (0.25 ± 0.64), and mental
score (0.12 ± 1.42) did not differ statistically (p > 0.05).

In patients with an improvement in skin score (n = 72),
the magnitude of responsiveness for the physical score,
mental score, and HAQ-DI score was negligible (Figure 1,
right side; Table 3). Effect size estimates for the HAQ-DI
(0.05 ± 0.67, mean ± SD), physical score (0.07 ± 0.98), and
mental score (0.0 ± 0.9) did not differ statistically (p > 0.05).

Responsiveness to % FVC predicted. Using % FVC predict-
ed as measure of response (≥ 15% of change), 17 patients
worsened, while 7 patients improved (Table 3). When using
the worsening of % FVC as a measure, the total HAQ-DI
(0.37 ± 0.67) had a numerically larger magnitude of the
responsiveness (Figure 1, left side; Table 3) than the physi-
cal score (0.24 ± 1.12) and the mental score (0.27 ± 0.84);
however, the effect size estimates for the HAQ-DI, physical
score, and mental score did not differ statistically (p > 0.05).

When using improvement of the % FVC as a measure,
the total HAQ-DI (0.22 ± 0.16) had numerically but not sta-
tistically a larger magnitude of the responsiveness than the
physical score (0.06 ± 0.29) and the mental score (0.04 ±
0.75; p > 0.05) (Figure 1, right side; Table 3).

Global assessment
Responsiveness to patient global assessment. Using ≥ 20%
worsening in patient global assessment (n = 72) as the meas-
ure for change, the magnitude of responsiveness for the
physical score was larger than for the HAQ-DI total score in

Table 3. Responsiveness of the SF-36 physical and mental scores and the HAQ-DI to change (worsening and improvement) in the 4 external criteria.

Worsening of the External Measures
≥ 30% Worsening in Skin ≥ 15% Worsening in % ≥ 20% Worsening in Patient ≥ 20% Worsening in Physician

Score (n = 10) FVC (n = 17) Global Assessment (n = 72) Global Assessment (n = 52)
Instrument ES SRMch RS ROC ES SRMch RS ROC ES SRMch RS ROC ES SRMch RS ROC

Physical score 0.25 0.39 0.33 0.59 0.24 0.22 0.27 0.57 0.36 0.45 0.67 0.71 0.05 0.09 0.07 0.53
Mental score 0.12 0.09 0.16 0.46 0.27 0.32 0.33 0.61 0.15 0.15 0.14 0.57 0.20 0.19 0.20 0.55
HAQ-DI 0.52 0.69 0.92 0.69 0.37 0.55 0.30 0.68 0.33 0.54 0.60 0.66 0.08 0.16 0.15 0.52

Improvement of the External Measures
≥ 30% Improvement in Skin  ≥ 15% Improvement in % ≥ 20% Improvement in Patient ≥ 20% Improvement in Physician

Score (n = 72) FVC (n = 7) Global Assessment (n = 58) Global Assessment (n = 73)
ES SRMch RS ROC ES SRMch RS ROC ES SRMch RS ROC ES SRMch RS ROC

Physical score 0.07 0.07 0.09 0.49 0.06 0.21 0.10 0.57 0.59 1.05 1.00 0.82 0.03 0.03 0.03 0.54
Mental score 0.00 0.00 0.00 0.52 0.04 0.05 0.05 0.51 0.34 0.36 0.34 0.63 0.19 0.22 0.23 0.59
HAQ-DI 0.05 0.08 0.09 0.55 0.22 1.33 0.41 0.65 0.30 0.62 0.60 0.76 0.03 0.05 0.05 0.56

ES (effect size) = D/SD at baseline; SRMch (standardized response mean) = D/SD of D the “changed” group; RS (responsiveness statistics) = D/SD of D of
unchanged, where D = raw score change in the “changed” group; SD: baseline standard deviation; ROC, area under ROC curve; physical score: Physical
Component Summary; mental score: Mental Component Summary; HAQ-DI: Health Assessment Questionnaire Disability Index; Skin score: modified
Rodnan skin score; FVC: forced vital capacity.
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2 out of 3 indices (Figure 1, left side; Table 3). The mental
score was not responsive to change for this subgroup analy-
sis. Effect size estimates for the HAQ-DI (0.33 ± 0.62),
physical score (0.36 ± 0.81), and mental score (0.15 ± 0.99)
did not differ statistically (p > 0.05).

For patients who improved ≥ 20% on their global assess-
ment (n = 58; Table 3), the magnitude of responsiveness
tended to be greater for the physical score (as determined by
the 3 responsiveness indices) and comparable for the mental
score and HAQ-DI (Figure 1, right side; Table 3). The mag-
nitude of responsiveness index as assessed by the individual
effect size was statistically different between the physical
score (0.59 ± 0.56) and the HAQ-DI (0.30 ± 0.49; p = 0.003).

Responsiveness to physician global assessment. For wors-
ening (n = 52) and improvement (n = 73) of the physician
global assessment, only mental score showed a small mag-
nitude of responsiveness, as assessed by the 3 responsive-
ness indices (Figure 1; Table 3). For both worsening and
improvement, effect size estimates did not differ signifi-
cantly between the HAQ-DI, physical score, and mental
score (p > 0.05).

Relationship of the “changed” group and the “unchanged”
group. The responsiveness indices presented so far do not
take into account the change over time in the “unchanged”
group. For a HRQOL measure to be valid, the change in the
“changed” group should be of larger magnitude than the
“unchanged” group, in addition to the change being in the
same direction as the clinical measure. Table 4 presents a
comparison of the SRM magnitude and direction of change
in the “changed” and “unchanged” groups. The SRMch was
generally of larger magnitude than SRMunch, the exception
being the physical and mental scores in the improvement of
the skin score and % FVC predicted.

DISCUSSION
Scleroderma is a chronic disease associated with physical
impairment and work disability4. The ability of an HRQOL
or a functional instrument to detect clinically important
change is crucial to their usefulness in determining the
effectiveness of drug trials and other therapies on HRQOL9.
The magnitude of responsiveness, as measured by these
indices, is useful as a measure of treatment efficacy and in

Figure 1. Effect size responsiveness index of the SF-36 physical and mental scores and the HAQ-DI to change (worsening and improvement) in the 4 exter-
nal criteria.
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estimating sample size for future study design34. Although a
variety of approaches have been proposed to assess respon-
siveness of an instrument, no consensus has been reached on
which is the best1,34,42,43.

Both the SF-36 (generic) and the HAQ-DI (muscu-
loskeletal-targeted) changed in the same direction as the
changes in clinical measures in the “changed” group. This is
in contrast to the “unchanged group,” where the responsive-
ness indices had either a smaller size of change compared to
the “changed” group or change in the opposite direction
than the clinical measures. The SF-36 had a larger magni-
tude of response to the patient and physician global assess-
ment compared to the HAQ-DI, whereas the HAQ-DI had a
larger magnitude of responsiveness in clinical measures
(i.e., change in skin score and % FVC predicted) than the
SF-36. The area under the ROC curve in Table 3 addresses
the ability of the instruments to reveal both change and no
change in the external criteria. Although not formally tested,
the area under the ROC curve appeared to be comparable to
the magnitude of responsiveness indices. A medium magni-
tude of response (≥ 0.5) in one of the indices was associat-
ed with achieving the acceptable 0.7 level of discrimination
for the ROC curve analysis. The SF-36 is a generic measure
of HRQOL10,25 that allows comparisons of the relative bur-
den of different diseases and benefits of therapies across
normal and various disease cohorts. Another advantage of a
generic HRQOL is its ability to measure an unexpected clin-
ical event during a clinical trial, which might be missed by
clinical assessment and condition-specific measures. The
advantages of the HAQ-DI are (1) the ability to quantify
functional impairment associated with SSc, especially to
quantify hand dysfunction; and (2) inclusion of unique
scales, such as the grip, arising, hygiene, and eating scales

of the HAQ-DI, not captured by the SF-36. Being a muscu-
loskeletal-targeted instrument, HAQ-DI had a larger magni-
tude of response in worsening of the skin score compared to
the SF-36 physical and mental scores. On the other hand, for
physician global assessment, only the mental score of the
SF-36 had small responsiveness indices, suggesting that in
this study the physician global assessment was predomi-
nantly associated with mental health.

Our study has several strengths. The study included a
large sample size of patients with early diffuse SSc and had
little missing data at the end of the study (Week 24). Also,
the randomized, placebo controlled design is an ideal
method to study outcome measure performances.

There were certain limitations of the study. First, since
the relaxin was not effective, this analysis cannot test
whether the SF-36 or the HAQ-DI are able to discriminate
between efficacious or inefficacious drugs. However, given
the multiple domains of health measured by these 2 tools,
such discriminant capabilities are expected. Additionally, an
effective study drug would have resulted in more subjects
with improvement, and thus may have revealed more infor-
mation about the responsiveness of the instruments. The SF-
36 and HAQ-DI, nevertheless, can discern change in patient
disease status. Second, this clinical trial evaluated only dif-
fuse cutaneous SSc, and the results are not applicable to lim-
ited cutaneous SSc. Additional study is required of HRQOL
among individuals with limited SSc, although the HAQ-DI
has already been validated in limited disease17. A continuing
randomized-controlled trial in patients with both diffuse and
limited SSc with active alveolitis will help answer this ques-
tion. Third, this trial enrolled only subjects with a modified
Rodnan skin score ≥ 20, making the results less generaliz-
able to patients with diffuse disease and skin scores < 20.

Table 4. Comparison of the standardized response mean (SRM) in the “changed” and “unchanged” groups to change (worsening and improvement) in the 4
external criteria.

Instrument ≥ 30% Worsening in ≥ 15% Worsening in ≥ 20% Worsening in Patient ≥ 20% Worsening in Physician
Skin Score (n = 10) % FVC (n = 17) Global Assessment (n = 72) Global Assessment (n = 52)

SRMch SRMunch SRMch SRMunch SRMch SRMunch SRMch SRMunch

Physical score 0.39 0.003 0.22 –0.007 0.45 –0.36 0.09 –0.02
Mental score –0.09 –0.03 0.32 –0.04 0.15 –0.13 0.19 –0.1
HAQ-DI 0.69 0.08 0.55 0.05 0.54 –0.13 0.16 –0.05

≥ 30% Improvement in ≥ 15% Improvement in ≥ 20% Improvement in Patient ≥ 20% Improvement in Physician
Skin Score (n = 72) % FVC (n = 7) Global Assessment (n = 58) Global Assessment (n = 73)

SRMch SRMunch SRMch SRMunch SRMch SRMunch SRMch SRMunch

Physical score –0.07 0.18 –0.21 –0.01 1.05 –0.35 0.03 –0.02
Mental score –0.002 0.05 –0.05 0.01 0.36 –0.1 0.22 –0.0001
HAQ-DI –0.08 –0.12 1.33 –0.1 0.62 –0.4 0.05 –0.15

SRMch: D/SD of D the “changed” group, SRMunch: D′/SD of D′ the “unchanged” group. D: mean change from baseline to Week 24 in the changed group, D′:
mean change from the baseline to Week 24 in the unchanged group. Positive number indicates that SF-36 and the HAQ-DI changed in the same direction (in
agreement) as the changes in clinical measures, and negative number indicates that SF-36 and the HAQ-DI changed in the opposite direction (in disagree-
ment).
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Fourth, we studied patients for only 6 months. It may well
be that analysis of longer duration trials would be more or
less sensitive for disease improvement.

This study provides support for the reliability and validi-
ty of the SF-36 and HAQ-DI in diffuse SSc over 6 months.
The SF-36 had a larger magnitude of responsiveness in
detecting the changes in both patient and physician global
assessment compared to the HAQ-DI, while the HAQ-DI
had a larger magnitude of responsiveness in detecting
changes in skin and pulmonary disease associated with the
SSc than the SF-36. The 2 instruments were complementa-
ry to each other in providing valuable information in this
study population. The data support inclusion of both the SF-
36 and HAQ-DI as outcome measures in future clinical tri-
als of diffuse SSc.
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