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Comparison of Internal and External Responsiveness of
the Generic Medical Outcome Study Short Form-36
(SF-36) with Disease-specific Measures in Rheumatoid
Arthritis
MARTINE M. VEEHOF, PETER M. ten KLOOSTER, ERIK TAAL, PIET L.C.M. van RIEL, and MARTA.F.J. van de LAAR

ABSTRACT. Objective. To examine the comparative internal and external responsiveness of the generic Medical
Outcome Study Short Form-36 Health Survey (SF-36) and disease-specific measures in patients with
rheumatoid arthritis (RA).
Methods. Data were collected from 280 RA patients starting anti-tumor necrosis factor treatment. A
total of 168 patients completed a questionnaire including the SF-36, the Arthritis Impact
Measurement Scales 2 (AIMS2), the Health Assessment Questionnaire (HAQ), a visual analog scale
for general health (VAS-GH), and an 11-point numerical rating scale for pain (NRS pain) at baseline
and after 12 months. Internal responsiveness was evaluated with paired samples t-tests and stan-
dardized response means (SRM). External responsiveness was investigated with receiver-operating
characteristic statistics and Spearman rank-order correlation coefficients. A health transition item
was used as the external indicator of change.
Results. No significant differences in internal and external responsiveness were found between the
SF-36 and disease-specific measures within the domains physical function, pain, and psychological
function. In the domain social function, the SF-36 was more responsive than the AIMS2. In the
domain general health, the SF-36 was less responsive (only internal) than the AIMS2 and VAS-GH.
Conclusion. Our study showed comparable internal and external responsiveness of the SF-36
compared with disease-specific measures (AIMS2, HAQ, NRS pain) in all health domains, except
social function and general health domains. The assumption that disease-specific measures are more
responsive to detect intervention-related changes over time is not confirmed by our data. (First
Release Mar 1 2008; J Rheumatol 2008;35:610–7)
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The impact of disease on human life encompasses more than
the clinical manifestations of the disease or the pathophysi-
ological process. Therefore, in the 1980s the concept of
health-related quality of life (HRQOL) was introduced.
HRQOL describes the influence of a disease on all dimen-
sions of health, such as signs and symptoms, function, and
psychological and social well-being. To date, the concept of

HRQOL has been measured by self-administered question-
naires that provide information from the perspective of the
patient. Measurement of HRQOL is warranted, on one hand,
to better understand the effects of a disease and, on the other
hand, to personalize treatment, assess a patient’s progress,
and evaluate the effects of treatment.
Several generic and disease-specific measures have been

developed to assess HRQOL. Generic instruments focus on
general issues of health and are developed for any popula-
tion irrespective of disease or condition1,2. A commonly
used generic measure is the Medical Outcome Study Short
Form-36 Health Survey (SF-36)3. Disease-specific instru-
ments, on the other hand, are developed for a specific dis-
ease or condition and thus contain items of particular rele-
vance to the disease or condition1,2. Disease-specific meas-
ures used frequently in rheumatology are the Arthritis
Impact Measurement Scales 2 (AIMS2)4 and the Health
Assessment Questionnaire (HAQ)5. Both generic and dis-
ease-specific measures have their own advantages and dis-
advantages. Where generic measures allow comparisons
across different diseases and with the normal population,
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disease-specific measures have the potential to be more
responsive to (intervention-related) changes over time1,2,6.
The responsiveness of a measure is an important factor to

consider when deciding to use a generic or disease-specific
measure in research or daily clinical care, particularly when
the aim is to measure changes over time7,8. Presently, con-
sensus on a definition of responsiveness and the best study
design and analysis strategy to assess it is still lacking9-11.
Husted, et al’s review concluded that 2 major types of
responsiveness exist: internal responsiveness and external
responsiveness. Internal responsiveness describes the ability
of a measure to change over a prespecified timeframe,
whereas external responsiveness describes the relationship
between change in a measurement and change in a reference
measurement of health status (external criterion)9. Studies
on the responsiveness of the SF-36 compared with disease-
specific measures (AIMS2, HAQ) in patients with rheuma-
toid arthritis (RA) are scarce. The few studies that address
this subject showed conflicting results and/or used different
study designs and analysis strategies for responsiveness6,12-14.
The aim of this study was to assess the internal and external
responsiveness of the SF-36 in comparison with disease-
specific instruments in patients with RA.

MATERIALS AND METHODS
Patients and study design. The data for this study were collected as part of
the ongoing Dutch Rheumatoid Arthritis Anti-TNF Monitoring (DREAM)
study, a register that started in April 2003 to prospectively monitor and
evaluate the use of anti-tumor necrosis factor (TNF) in patients with RA in
12 hospitals in The Netherlands. Inclusion criteria for the DREAM study
are: diagnosis of RA, active disease [Disease Activity Score 28 (DAS28) >
3.2]15, previous treatment with at least 2 antirheumatic drugs including
methotrexate (MTX) at an optimal dose or intolerance for MTX, and no
previous treatment with anti-TNF agents.

In the DREAM study, all RA patients starting anti-TNF treatment are
seen every 3 months by independent trained research nurses, who collect
data on patients’ demographics (age, gender, disease duration), clinical con-
dition (DAS28, functional class according to Steinbrocker), health status
[SF-36, visual analog scale for general health (VAS-GH)], and functional
status (HAQ). For this study, we used data from centers that additionally
performed theAIMS2 and an 11-point numerical rating scale for pain (NRS
pain) at baseline and at 3 and 12 months.

Measures. SF-36. The SF-36 is a generic health status questionnaire con-
taining 36 items, 35 of which are combined into 8 scales: physical function,
bodily pain, social function, mental health, general health, vitality, role
physical, and role emotional3,16,17. Scale scores were calculated according
to published scoring procedures18 and range from 0 (poor health) to 100
(optimal health). Only scales that are identified by disease-specific meas-
ures were included for analysis: physical function, bodily pain, social func-
tion, mental health, and general health. The SF-36 has been shown to be a
reliable, valid, and responsive questionnaire in patients with RA19-24. The
responsiveness of the Dutch version of the SF-36 has never been investi-
gated in RA.

SF-36: health transition item.A single item of the SF-36, the health transi-
tion item, gives an indication of perceived change in general health over the
past 12 months. This item is scored on a 5-point scale ranging from “much
better” to “much worse”3,17. Fitzpatrick, et al provided evidence on the
validity of the use of a transition item to assess change in health status in
RA25.

AIMS2. The AIMS2 is a disease-specific measure developed for patients
with arthritis4,26. This 57-item questionnaire contains 12 scales to assess 5
dimensions of health: physical function, symptom, affect, and social inter-
action and role. One additional item is included to assess general health
perception. Component scores were calculated, ranging from 0 (good
health) to 10 (poor health). The responsiveness of the Dutch AIMS2 has
been investigated by Taal, et al and was shown to be satisfactory27.

HAQ. The HAQ is a disease-specific questionnaire developed to assess
functional limitations in patients with rheumatic diseases5,28-30. The instru-
ment contains 20 items on 8 domains of life (dressing, arising, eating, walk-
ing, hygiene, reach, grip, and common activities). The HAQ standard dis-
ability index (HAQ-DI) was calculated, which takes into account the use of
aids and devices. The HAQ-DI yields a score from 0 to 3, with higher
scores indicating more disability. The Dutch version of the HAQ has been
shown to be a responsive measure31.

NRS pain. Arthritis pain was measured on an 11-point numerical rating
scale with verbal anchors from “no pain” (0) to “extreme pain” (10). This
scale is part of the RheumatoidArthritis DiseaseActivity Index (RADAI)32.

VAS-GH. The VAS-GH is a 100 mm line with verbal anchors from “very
good health status, could not be better” (0) to “very bad health status”
(100). Patients were asked to rate their current general health.

Data analysis. Demographic and clinical characteristics and scores on out-
come measures were described. Continuous data were presented as means with
standard deviations (SD). Categorical data were presented as proportions. The
Kolmogorov-Smirnov test was used to test the normality of the distribution of
the scores on the outcome measures. In accordance with Husted, et al, we
assessed the internal and external responsiveness of the SF-36 and correspon-
ding disease-specific measures9. Since high scores on SF-36 indicate good
health, while high scores on AIMS2, HAQ, NRS pain, and VAS-GH indi-
cate poor health, we multiplied the change scores of SF-36 by –1, to facil-
itate comparison among the instruments. Analyses were performed using
the statistical packages SPSS 12.0, S-PLUS 6.1, and MedCalc 8.1.

Internal responsiveness. The paired samples t-test (for the normally dis-
tributed measures) and Wilcoxon signed-rank test (for non-normally dis-
tributed measures) were used to assess the ability of the measures to assess
changes between baseline and 12-month followup assessments. Change
was considered significant when p ≤ 0.05. Further, standardized response
means (SRM) were calculated. The SRM is calculated as the mean change
score divided by the standard deviation of that change score and is seen as
an indicator of the ability to distinguish “signal” from “noise”33,34. In
accord with the criteria of Cohen35, a SRM between 0.20 and 0.49 can be
interpreted as a small effect, a SRM between 0.50 and 0.79 as a moderate
effect, and a SRM equal to or greater than 0.80 as a large effect9. We
applied a bootstrap procedure to obtain 95% confidence intervals (95% CI)
for the SRM 36. Bootstrapping consists of resampling with replacement.We
selected 1000 samples (each of 168 observations) with replacement and
calculated the SRM for each sample. The SRM of the bootstrap samples
were ordered from lowest to highest and the 95% CI for the SRM were
obtained by reading the 25th and 975th observations. The comparative
responsiveness of the SF-36 and the disease-specific measures was deter-
mined by comparing the SRM and calculating a 95% CI for the difference
in SRM, using the 1000 bootstrap samples. SRM were considered signifi-
cantly different if the interval did not contain the value zero37.

External responsiveness. Receiver-operating characteristic (ROC) curves
and Spearman rank-order correlation coefficients with 95% CI were com-
puted to describe the relationship between changes in the measure and an
external indicator of change. We used the health transition item of the SF-
36 as external indicator. For the ROC curves this item was coded as a bina-
ry variable. Patients who judged their health after 12 months of anti-TNF
treatment as “much better” or “somewhat better” were classified into the
“improved health” group. Patients who judged their health as “about the
same”, “somewhat worse,” or “much worse” were classified into the “non-
improved health” group. The areas under the ROC curves (AUC) were cal-
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culated to quantify the probability of the measures to correctly classify
patients as improved or non-improved. The areas range from 0.5 (no accu-
racy in distinguishing improvers from non-improvers) to 1.0 (perfect accu-
racy). The comparative accuracy of the SF-36 and the disease-specific
measures was determined by comparing the AUC using the Wilcoxon
signed-rank test38. A 95% CI was computed for the difference in AUC. The
areas were considered significantly different if the interval did not contain
the value zero.

RESULTS
Patient characteristics. Two hundred eighty patients were
included in this study. Of them, 168 (60%) completed all the
questionnaires at baseline and after 12 months of followup.
There were no significant differences in demographic (age,
gender) and baseline clinical characteristics (disease dura-
tion, DAS28, Steinbrocker functional class) between
patients who did and who did not complete all question-
naires at both measurement times (data not shown). Data
from patients who did not complete all questionnaires at
baseline and after 12 months of followup were excluded
from further analyses.
At baseline, 71% of the 168 patients were female and

mean age and mean disease duration were 54.2 (SD 12.6)
and 10.2 (SD 9.2) years, respectively. Mean DAS28 was 5.5
(SD 1.2), indicating high disease activity at study entry. The
majority of the patients (81%) had mild disability and were
classified into Steinbrocker functional class II.

Internal responsiveness. In Table 1 mean scores at baseline
and 12-month changes are described. Results are shown for
each domain of health separately. All measures showed sig-

nificantly improved scores after 12 months of TNF-blocking
treatment.
In Table 2 SRM and 95% CI are presented. Within the

domains physical function, pain, and psychological function
the SRM were quite similar and no significant differences
were found between the SF-36 and the disease-specific
measures (AIMS2, HAQ, NRS pain). A significant differ-
ence was found only between the AIMS2 pain scale and the
NRS for pain. The AIMS2 was more responsive to detect
improvement in pain than the NRS (difference in SRM =
0.20, 95% CI 0.02–0.38). Within the domains social func-
tion and general health the SRM were quite different, and
significant differences were found between the SF-36, the
AIMS2, and the VAS-GH. In the domain social function, the
SF-36 was more responsive than the AIMS2 (difference in
SRM = 0.29, 95% CI 0.07–0.54). In the domain general
health, the SF-36 was less responsive than the AIMS2 (dif-
ference in SRM = 0.43, 95% CI 0.21–0.62) and theVAS-GH
(difference in SRM = 0.44, 95% CI 0.22–0.62).
Replication of the analyses with 3-month change scores

confirmed these findings (data not shown).

External responsiveness. The health transition item indicat-
ed that the majority of the patients judged their health some-
what (30.2%) or much (30.8%) improved after 12 months of
anti-TNF treatment. The remainder judged their health
about the same (21.9%), somewhat worse (14.8%), or much
worse (2.4%).
Results of the ROC analyses are shown in Table 2 and

Figure 1. The AUC were quite similar in the dimensions
physical function, pain, psychological function, and general
health, and no significant differences were found between
the SF-36 and disease-specific measures. Differences were
more pronounced in the social function dimension.
Comparison of the AUC of the SF-36 and the AIMS2
showed significant differences. The SF-36 had higher accu-
racy than the AIMS2 to distinguish improvers from non-
improvers (difference in AUC = 0.15, 95% CI 0.04–0.27,
p = 0.01). Results of the correlation analyses (Table 2) con-
firmed these differences between the SF-36 and the AIMS2.
Only the AIMS2 social interaction scale was not significant-
ly correlated with the health transition item.

DISCUSSION
This longitudinal observational study among patients with
RA who were starting anti-TNF treatment showed compara-
ble internal and external responsiveness of the generic SF-
36 compared with the disease-specific AIMS2 and HAQ
within the domains physical function, pain, and psychologi-
cal function. In the social function domain the SF-36 was
more responsive than the AIMS2. In the general health
domain the SF-36 was less responsive (just internal) than the
AIMS2 and the VAS-GH.
We followed the suggestion of Husted, et al and differ-

entiated between internal and external responsiveness9.

Table 1.Mean scores at baseline and 12-month changes for SF-36 and dis-
ease-specific measures. Values are means (SD).

Health Domain Baseline 12-month Changes

Physical function, n = 151
SF-36 physical function 37.12 (22.06) 14.56 (19.49)
AIMS2 physical function 3.11 (1.63) –0.75 (1.24)
HAQ-DI 1.43 (0.57) –0.28 (0.48)

Pain, n = 167
SF-36 bodily pain 37.91 (18.21) 18.53 (21.38)
AIMS2 symptom 6.62 (2.19) –2.17 (2.29)
NRS pain 5.74 (2.59) –2.30 (3.05)

Social function, n = 161
SF-36 social function 65.02 (22.62) 11.26 (23.02)
AIMS2 social interaction 3.85 (1.37) –0.22 (1.11)

Psychological function, n = 158
SF-36 mental function 71.25 (17.07) 6.80 (14.72)
AIMS2 affect 3.50 (1.60) –0.67 (1.32)

General health, n = 164
SF-36 general health 44.42 (18.83) 4.03 (16.89)
AIMS2 general health 6.67 (2.31) –1.68 (2.51)
VAS-GH 58.94 (21.99) –18.84 (27.79)

All scores are significantly improved at 12-month followup assessments
(p ≤ 0.05). SF-36: Medical Outcome Study Short Form-36; AIMS2:
Arthritis Impact Measurement Scales 2; HAQ-DI: Health Assessment
Questionnaire Disability Index; NRS: numeric rating scale; VAS-GH: visu-
al analog scale for general health.
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Internal responsiveness, evaluated with the SRM, describes
the ability of the measures to detect improvement in
HRQOL after 12 months of anti-TNF treatment. The
absolute value of the SRM is sample-dependent. This means
that the SRM is dependent on the effectiveness of treatment
and the variation in change scores. The lowest SRM scores
were found in the dimensions social function and psycho-
logical function. This may suggest lack of responsiveness of
these scales to detect changes in psychological and social
function. On the other hand, anti-TNF treatment may have
less influence on psychosocial function than on physical
function and pain. The responsiveness of these scales needs
to be investigated in more detail. External responsiveness
describes the relationship between change in the measures
and change in an external standard. In contrast to internal
responsiveness, external responsiveness is not sample-
dependent, but is dependent on the external criterion for
judging clinical change. In the absence of a gold standard,
we used a self-reported health transition item as external cri-
terion of change, as suggested by Fortin, et al39. A health
transition question describes the magnitude and direction of
change in health status over a given time period. The use of
self-reported change in health status as indicator of clinical
change limits the value of our results. The judgment of
change is difficult for the patient and may be determined by
psychological factors (e.g., mood, expectations) and current
health state40,41. On the other hand, self-reported change in
health status is a widely accepted external criterion in the
evaluation of the responsiveness of HRQOL measures. It
has been used in a number of studies and conditions, includ-
ing rheumatologic conditions9,42-51. Self-reported change in

health status takes into account the patients’ perspective,
which is a main focus of HRQOL measures, and is more
likely to correlate with HRQOL measures compared with
clinical variables52,53.
To assess internal and external responsiveness, we used

different indices of responsiveness. All methods produced a
consistent ranking of the comparative responsiveness of the
measures within each domain of health, except for the phys-
ical function domain. This means that all methods indicated
the same measure as most or least responsive. We found dif-
ferences, however, in the magnitude of the differences
between the measures within a health domain across the
indices of responsiveness. In the general health domain, sig-
nificant differences were found in internal responsiveness
between the SF-36, theAIMS2, and theVAS-GH. These dif-
ferences did not appear using external indices of respon-
siveness. The same applied to significant differences found
in internal responsiveness between the AIMS2 pain scale
and the NRS for pain. These results support the conclusion
of previous studies that the magnitude of responsiveness is
highly dependent on methodological issues such as the def-
inition of responsiveness (e.g., internal versus external
responsiveness or general change versus clinically important
change), the method to assess responsiveness, the external
criterion of change, the study sample, and the effectiveness
of the treatment9,10,54. Therefore, the absolute values of
responsiveness indices cannot be easily compared across
studies and should be interpreted with caution.
Our study is one of the first to investigate the compara-

tive responsiveness of the SF-36, the AIMS2, and the HAQ
in a cohort of patients receiving a treatment of proven effi-

Table 2. Responsiveness statistics for SF-36 and disease-specific meaures.

Internal External
Responsiveness Responsiveness

Health Domain SRM (95% CI) AUC (95% CI) Spearman’s rho

Physical function, n = 151
SF-36 physical function 0.75 (0.59–0.94) 0.72 (0.64–0.81) 0.48 (0.34–0.59)*
AIMS2 physical function 0.61 (0.45–0.77) 0.75 (0.68–0.83) 0.51 (0.38–0.62)*
HAQ-DI 0.59 (0.37–0.75) 0.72 (0.64–0.81) 0.52 (0.40–0.63)*

Pain, n = 167
SF-36 bodily pain 0.87 (0.68–1.04) 0.75 (0.67–0.81) 0.45 (0.32–0.56)*
AIMS2 symptom 0.95 (0.76–1.16)† 0.77 (0.70–0.83) 0.50 (0.38–0.61)*
NRS pain 0.75 (0.57–0.93)† 0.71 (0.64–0.78) 0.38 (0.24–0.50)*

Social function, n = 161
SF-36 social function 0.49 (0.32–0.69)† 0.69 (0.61–0.76)† 0.33 (0.18–0.46)*
AIMS2 social interaction 0.20 (0.02–0.36)† 0.54 (0.46–0.62)† 0.07 (–0.09–0.22)

Psychological function, n = 158
SF-36 mental function 0.46 (0.28–0.61) 0.68 (0.60–0.75) 0.33 (0.18–0.46)*
AIMS2 affect 0.50 (0.35–0.65) 0.71 (0.63–0.78) 0.36 (0.21–0.48)*

General health, n = 164
SF-36 general health 0.24 (0.06–0.39)†‡ 0.69 (0.61–0.76) 0.39 (0.25–0.51)*
AIMS2 general health 0.67 (0.51–0.85)† 0.75 (0.68–0.81) 0.43 (0.29–0.55)*
VAS-GH 0.68 (0.50–0.84)‡ 0.75 (0.67–0.81) 0.45 (0.32–0.56)*

SRM: standardized response mean; AUC: area under the curve. †,‡ significant difference between measures;
* p ≤ 0.01. For definitions of measures, see legend to Table 1.



614 The Journal of Rheumatology 2008; 35:4

Figure 1. ROC curves for SF-36 and disease-specific measures using the
health transition item of the SF-36 as the external criterion. According to
this criterion, patients were classified as improved or non-improved after
12-months of anti-TNF treatment.
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cacy. Anti-TNF agents have been shown to improve
HRQOL in RA patients55-59. Most previous studies did not
specifically aim at changes after an intervention of known
efficacy but followed a group of patients over time6,13,14.
Changes in HRQOL were less pronounced in these studies,
which used disease activity (mostly self-reported) as the
external criterion to distinguish patients whose health situa-
tion did not change from patients whose situation did
improve or deteriorate. Results, which were presented for
each subgroup separately, corresponded to our findings with
regard to the comparative responsiveness of the measures.
However, information on the dimensions social function6,13

and general health6,13,14 was not included in these previous
studies. Because of differences in methodology, the absolute
responsiveness values in the studies cannot be compared
with our values. One previous study also focused on the
responsiveness of the SF-36 versus a disease-specific instru-
ment following an intervention of proven efficacy12. Wells,
et al investigated the responsiveness of the SF-36 and the
HAQ in patients starting methotrexate therapy12. In contrast
to our findings, they reported a moderate SRM for the SF-
36 and a large SRM for the HAQ. These findings, however,
were based on a small sample size, and the statistical signif-
icance of the difference was not reported. Moreover, they
reported on the physical component summary score of the
SF-36 only, and not on the physical scale score.
In our study, neither the generic nor the disease-specific

instrument was consistently the most responsive measure
within the 5 dimensions of health. The assumption that dis-
ease-specific measures are more responsive to detect
improvements due to RA-specific interventions is not con-
firmed by our data. The choice for the generic SF-36 or the
disease-specific AIMS2 and HAQ depends among other
things on the health domain one is interested in. For most
purposes the SF-36 is a suitable evaluation instrument.
However, if general health is the primary domain of interest,
the AIMS2 and VAS-GH are preferred above the SF-36.
Moreover, if a specific aspect of physical function, such as
arm and hand function, is the primary domain of interest, the
AIMS2 and the HAQ are recommended. A disadvantage of
the SF-36 is that the physical scale may not reveal all
aspects of physical health relevant to arthritis patients. For
instance, only few activities related to upper extremity func-
tion are included20. So, besides the health domain of inter-
est, the specific concepts measured within a health domain
should be considered when choosing between the generic
SF-36 and the disease-specific AIMS2 and HAQ.
Our study showed comparable internal and external

responsiveness of the generic SF-36 in comparison with the
disease-specific AIMS2 and HAQ within the physical func-
tion, pain, and psychological function domains. In the social
function and general health domains the SF-36 was, respec-
tively, more and less responsive than the disease-specific
measures. The hypothesis that disease-specific measures are

more responsive to detect interventions-related changes over
time is not confirmed by our study.
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