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Objective: To investigate the influence of response shift (RS) on health-
related quality of life (HRQOL) and utility assessment among patients
undergoing total knee replacement. Methods: Consenting patients

ndergoing total knee replacement were interviewed to determine
heir HRQOL by using the six-dimensional health state short form, de-
ived from SF-36, and the EuroQol five-dimensional questionnaire at
aseline (pretest 1) and the six-dimensional health state short form,
erived from SF-36, at 6 (pretest 2) and 18 months after surgery (post-
est). RS was studied by using a “then-test” approach by contacting
articipants 18 months after surgery and asking them to evaluate their
RQOL at baseline (then-test 1) and at 6 (then-test 2) and 18 months
fter surgery. RS was calculated as the score difference between pretest
nd then-test scores for a given time point. Relationships between RS
nd external variables were explored by using univariate and multiple
iner regression analyses. Results: In 74 subjects (63% response rate,
ealth state short form, derived from SF-36, scores for then-tests at O

e no
mato

al So

oi:10.1016/j.jval.2011.11.011
aseline (0.48 [0.42–0.49]) and at 6 months (0.72 [0.66–0.79]) after sur-
ery were significantly different from respective pretest scores (0.61
0.58–0.68] at baseline, P � 0.000; 0.69 [0.63–0.72] at 6 months, P �
.000), showing RS at both time points. RS at baseline (0.14 [0.08–0.20])
as significantly larger than that at 6 months (�0.05 [0.14 to 0.00], P �

.000). EuroQol five-dimensional questionnaire pretest and then-test
cores at baseline also differed significantly (0.69 [0.17–0.73] vs. �0.18
�0.23 to 0.00], P � 0.000). RS at baseline was not affected by assessed
emographic or medical variables. RS at 6 months was greater in sub-

ects with more years of education (16% of variance in multiple liner
egression, P � 0.01). Conclusion: RS was present and impacted HRQOL
nd utility assessment among patients undergoing total knee replace-
ent before and 6 months after surgery.

eywords: health-related quality of life, response shift, total knee
eplacement, utility assessment.
edian age 68 years), median (interquantile range) six-dimensional Copyright © 2012, International Society for Pharmacoeconomics and

utcomes Research (ISPOR). Published by Elsevier Inc.
Introduction

Originating from self-report evaluation studies on organizational
and educational psychology, a phenomenon termed response shift
has been increasingly reported in patient-reported outcomes as-
sessment among chronically or terminally ill patients over the last
decade[1–3].

In the health-care arena, response shift has been regarded as
an instinctive psychological mechanism of patients to adapt to the
changes caused by illness or treatment [4]. Sprangers and
Schwartz [5] defined response shift as a change in the meaning of
one’s self-evaluation of a target construct as a result of a) a change
in the respondent’s internal standards of measurement (scale
recalibration); b) a change in the respondent’s values (scale repri-
oritization); or c) a redefinition of the target construct (reconcep-
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tualization). Although distinguished as three types of response
shift [5], reconceptualization, scale recalibration, and reprioritiza-
tion are thought to occur in combination [6].

Health-related quality of life (HRQOL) measurement may be
affected by response shift because it quantifies patient percep-
tions, which may change with time because of response shift. Par-
adoxes such as overestimation of health status or underestima-
tion of treatment effects measured by HRQOL outcomes have been
found across various patient groups, including those with cancer,
stroke, mental illness, and so on [7–9]. A theoretical model has
been built to illustrate the relationship between response shift and
HRQOL, in which “changes in an individual’s health status may
prompt behavioral, cognitive and affective processes necessary
for accommodating illness, which may be influenced by anteced-
ents (e.g., sociodemographics, personalities, expectations, etc.) of
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the individual; These processes have the potential to change an
individual’s standards, values and conceptualization of HRQOL”
[7]. The presence of response shift calls into question the assump-
tion that patients would perceive and value a self-reported item
with entirely the same internal standards during longitudinal re-
search. In other words, there may be situations where true change
measured by HRQOL instruments may not be simply calculated as
the difference between respective pre- and postintervention test
scores [10,11].

In surgical interventions including total knee replacement
(TKR), pre- and postintervention comparisons of HRQOL have
been used as a standard method to evaluate patients’ improve-
ment in both generic and disease-specific health status, and
consequently to determine the cost-effectiveness of the treat-
ment [12,13]. Because of response shift’s possible impact on
such studies, its exploration has become an emerging area in
HRQOL research of surgical interventions [14 –16]. There is,
however, limited information currently available on the impact
of response shift in subjects undergoing TKR, with only one
recent publication showing that response shift significantly af-
fected postoperative function 6 months after TKR when mea-
sured by using a disease-specific HRQOL questionnaire, the
Western Ontario and McMaster Universities Osteoarthritis In-
dex [17]. The impact of response shift on generic HRQOL instru-
ments, however, including preference-based HRQOL instru-
ments (e.g., the EuroQol five-dimensional questionnaire [EQ-5D]
or the six-dimensional health state short form, derived from
SF-36 [SF-6D]), is not known; if present, this may lead to inac-
curate or even invalid results when these instruments are used
in utility assessment in this situation. In addition, the evidence
of response shift’s influence on patients undergoing TKR over a
follow-up period longer than 6 months is also lacking. Neither is
it clear whether response shift also affects comparisons be-
tween two postoperative time points for recovery assessment.

To address these gaps in the literature, the primary objective
of the current study was to explore and compare the impact of
response shift on HRQOL and utility scores measured by generic
HRQOL instruments at baseline and 6 months after TKR when
assessed 18 months after TKR. It was hypothesized that re-
sponse shift at baseline would be larger than that at 6 months
following TKR, given that there was no major intervention be-
tween 6 months and 18 months postoperatively. If response
shift were demonstrated, potential demographic and health-
related factors associated with response shift at that time point
would be investigated. In addition, the agreement between the
SF-6D and the EQ-5D in detecting response shift would also be
explored. Based on a comparison study of the EQ-5D and the
SF-6D across seven patient groups including those with osteo-
arthritis, it was hypothesized that the correlation of response
shift between the two measures would be moderate as catego-
rized by Cohen’s criteria (a correlation coefficient within the
range of 0.3– 0.5) [18,19].

Methods

Subjects and study design

Contactable consenting patients undergoing TKR without cogni-
tive problems seen at a tertiary referral center in Singapore were
recruited in this Institutional Review Board–approved study. Be-
cause of difficulties in communication during the telephone sur-
vey (the third phase as mentioned below), dialect-speaking pa-
tients who could not speak either English or Mandarin Chinese
(n � 19) were excluded. In addition, patients undergoing any ad-
ditional surgery during the study period were also excluded to
obviate any confounding physical and psychological impact

caused by this additional surgery.
This Institutional Review Board–approved prospective study
was carried out in three phases. Data for the first two phases were
retrieved from an earlier Institutional Review Board–approved
study, in which generic HRQOL and utility scores were determined
by an interviewer by using the SF-6D and the EQ-5D at baseline
before the surgery (pretest 1) and using the SF-6D 6 months after
surgery (pretest 2) [20]. Response shift was studied by using the
“then-test” approach in the third phase, in which eligible Manda-
rin- or English-speaking patients were interviewed through the
telephone 18 months after their surgery. In this telephone inter-
view, patients were asked to give their HRQOL scores for their
current health status by using both the SF-6D and the EQ-5D (i.e.,
post-test scores). They were also asked to give their HRQOL scores
at baseline (i.e., then-test 1 scores) and 6 months after TKR (i.e.,
then-test 2 scores). The rationale of the then-test approach is that
at post-test using the same measure, respondents will provide
their retrospective judgment of the health status at baseline and 6
months using the same internal standard [21]. In the scoring
scheme of the then-test approach, response shift is calculated as
the difference between pretest and then-test scores for each time
point assessed, in this case at baseline and 6 months after TKR.
True change or adjusted treatment effect is calculated as the dif-
ference between respective post-test and then-test scores. The
difference between respective post-test and pretest scores was
considered the observed change or unadjusted treatment effect
[22]. Additional data collected during the telephone survey in-
cluded demographics (age, gender, education level, work status,
dwelling type), medical information (presence of acute or chronic
illnesses, past knee surgery, number of knees operated), and gen-
eral satisfaction with knee surgery (on a 0–10 Likert scale).

HRQOL measures

SF-6D
The SF-6D is a preference-based HRQOL measure assessing phys-
ical functioning, role limitations, social functioning, pain, mental
health, and vitality, with four to six levels per dimension, allowing
18,000 health states to be identified [23,24]. An SF-6D health state
is defined by selecting one level from each dimension. The SF-6D
score or the SF-6D utility index is scaled from 0.26 to 1.00 contin-
uously, with 0.26 representing the worst health state (all dimen-
sions being at the worst level) and 1.00 representing full health (all
dimensions being at full functional level). The validity and equiv-
alence of the SF-6D in English and Chinese versions have been
previously demonstrated in a population-based study in Singa-
pore [25].

EQ-5D
The EQ-5D is a preference-based HRQOL measure with five do-
mains (mobility, self-care, usual activities, pain/discomfort, and
anxiety/depression) for respondents to self-classify and rate their
health status [26]. For each item, there are three response levels
(namely, with no problem, with some problems, and with extreme
problems), which allow 243 unique health states to be identified.
Scoring methods have been developed to assign each of these
health states a utility score, in which 1 represents full health (no
problem with all five items) and 0 represents being dead. The
range of the final score or the utility index is from �0.594 to 1.00
[27]. The validity of English and Chinese versions of the EQ-5D has
been previously demonstrated among patients with rheumatic
diseases in Singapore [28].

Statistical analysis

Data were entered into a Microsoft Excel spreadsheet (Microsoft
Corporation, Redmond, WA) and analyzed by using SPSS 13.0

(SPSS, Inc., Chicago, IL). All tests were two tailed and conducted at
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a significance level of 0.01 to reduce the possibility of spurious
tests of significance due to multiple comparisons. Descriptive
analyses were used to characterize demographics (age, gender,
education level, work status, dwelling type), medical information
(presence of acute or chronic illness, past knee surgery, number of
knees operated), and general satisfaction with knee surgery (on a
0–10 Likert scale). Data with a normal distribution were reported
as mean (SD). Otherwise, medians (interquantile range or IQR)
were reported. Wilcoxon signed rank tests were used to assess the
significance of differences between pre- and then-test scores and
between true change and observed change at baseline and 6
months after surgery, respectively. In addition, Wilcoxon signed
rank tests were used for comparisons of response shift, observed
change, and true change between baseline and 6 months after the
surgery. Relationships between response shift and external vari-
ables were investigated by univariate analyses by using Mann-
Whitney or Kruskal-Wallis tests for categorical independent vari-
ables, or Spearman’s correlation for continuous independent
variables. Independent variables with P � 0.10 in univariable anal-

Table 1 – Subject characteristics.

Median (interquantile
range), unless otherwise

specified (N � 74)

Age (y) 68 (63–76)
Ethnicity, n (%)

Chinese 66 (89.2)
Malay 3 (4.1)
Indian 4 (5.4)

Female, n (%) 60 (81.1)
Education, n (%)

�6 y 49 (66.2)
7–12 y 19 (25.7)
�12 y 6 (8.1)

Working, n (%) 10 (13.5)
Housing, n (%)

Private 15 (20.3)
Public 59 (79.7)

Presence of acute disease(s),* n (%) 53 (71.6)
Presence of chronic disease(s),† n (%) 50 (67.6)
Past knee surgery, n (%) 7 (9.7)
Number of knee(s) operated on at

baseline, n (%)
1 59 (79.7)
2 15 (20.3)

Satisfaction with the operation(s)‡ 8 (8–9)
SF-6D index for current health

status at 18 mo
0.77 (0.66–0.90)

EQ-5D index for current health
status at 18 mo

0.87 (0.71–1.00)

EQ-5D, EuroQol five-dimensional questionnaire; SF-6D, six-dimen-
sional health state short form, derived from SF-36.
* Having had at least one of the acute disease(s) in the following five

categories: a running nose/sore throat/cough, vomiting/diarrhea,

a headache lasting more than 1 d, sleeping disorder, body injury

in the past 4 wk.
† Having had at least one of the chronic disease(s) in the following

nine categories: diabetes, hypertension, heart disease, stroke,

asthma or other lung disease, cancer, rheumatism or back pain or

other bone or muscle illness, mental illness, other chronic dis-

eases.
‡ Self-reported satisfaction with the total knee replacement was

measured on a 11-point Likert scale from 0 (totally unsatisfied) to

10 (totally satisfied).
yses were then entered into respective multiple linear regression
T B B B A S E P * † ‡ § � ¶ #
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(MLR) models to explore factors potentially impacting response
shift. The dependent variable for each MLR was response shift at
baseline or at 6 month after TKR, respectively. Because of the small
number of subjects, we considered the results of MLR analysis as
exploratory. The agreement between the SF-6D and the EQ-5D in
detecting response shift was explored by Spearman’s correlation
and Bland-Altman plots.

Results

Response rate and subject characteristics

The response rate of this 18-month follow-up study was 63% (74 of
117 patients). Altogether 43 patients were not recruited for the
following reasons: dialect speaking (n � 19), uncontactable
n � 10), declined participation (n � 5), cognitive problems (n � 4),
verseas residence (n � 2), admission into hospital (n � 1), deaf-
ess (n � 1), and death (n � 1).

The majority of respondents were elderly women with few
ears of education and with chronic disease(s) (median [IQR] age:
8 [63–76] years, 81% females, 92% with �12 years of education,
8% with at least one chronic disease). Patients’ satisfaction with
he TKR was high, with a median (IQR) score of 8 (8–9). More de-
ailed subject characteristics are presented in Table 1.

Presence and impact of response shift

As shown in Table 2, median (IQR) SF-6D scores of then-tests at
baseline (0.48 [0.42– 0.49]) and 6 months after TKR (0.72 [0.66 –
0.79]) were significantly different from the respective pretest
scores (0.61 [0.58 – 0.68] at baseline, P � 0.00; 0.69 [0.63– 0.72] at 6

onths after TKR, P � 0.00), indicating the presence of response
hift at both time points. Interestingly, response shift at base-
ine (0.14 [0.08 – 0.20]) was significantly larger than that at 6

onths after TKR (0.05 [0.14 to 0.00], P � 0.00). When measured
y the EQ-5D, significant difference was also detected between
retest and then-test scores at baseline (0.69 [0.17– 0.73] for pre-
est vs. �0.18 [�0.23 to 0.00] for then-test, P � 0.00).

Thus, when response shift was considered in studying the im-
act of TKR, the adjusted improvement in health status became
ignificantly greater between the pre- and 6-month postoperative
eriod (true change of 0.30 [0.18–0.39] by the SF-6D and 0.72 [0.22–
.91] by the EQ-5D, P � 0.00). On the contrary, after adjustment, the
reatment effect between the periods of 6 months and 18 months
fter surgery was considered as not clinically minimally important
s per the minimally important difference for the SF-6D published
y Walters and Brazier [32], though statistically significant (true
hange of 0.03 [0.00–0.09] by the SF-6D, P � 0.00) (Table 2).

Similarly, when the magnitude of response shift was further
tudied by using individual SF-6D items (Table 3), it was found that

Table 3 – Response shift in domains of the SF-6D at baselin

SF-6D domains† M

0 mo

Physical functioning (six levels) 1.00 (1.00 to 0.
Role limitations (four levels) 2.00 (2.00 to 0.
Social functioning (five levels) 2.00 (3.00 to 0.
Pain (six levels) 1.00 (2.00 to 0.
Mental health (five levels) 2.00 (2.00 to 1.
Vitality (five levels) 1.00 (2.00 to 0.

SF-6D, six-dimensional health state short form, derived from SF-36.
* Response shift � pretest level – then-test level.
† Each domain is measured by numeric levels from “1” onward, with
he degree of impairment in all six domains (each measured by p
ne item) was rated as more severe during the then-test at base-
ine. A similar situation was also found in the then-test 6 months
fter TKR, except for the domain of “vitality” where the direction of
esponse shift was toward less severe reduction, in contrast with
hat observed for the other domains.

Interestingly, contrary to the quantitative data showing the
resence of response shift provided by patients, these same
ubjects generally did think that their then-test and pretest rat-
ngs were similar. At the end of the telephone survey, when
sked whether their then-test ratings were different from pre-
est ratings, 70 of the 74 patients thought that these would be
imilar for both time points assessed (i.e., at baseline and 6
onths postoperatively). At baseline, the magnitude of re-

ponse shift of patients who thought their scores were similar
n � 70) (by EQ-5D: 0.72 [0.25– 0.90]; by SF-6D: 0.15 [0.08 – 0.20])

as slightly larger than that of patients who were actually
ware of the difference (n � 4) (by EQ-5D: 0.57 [0.04 –1.02]; by
F-6D: 0.12 [0.07– 0.25]). There seemed to be, however, no obvi-
us difference between the two groups regarding response shift
t 6 months after TKR (SF-6D scores of �0.05 [�0.14 to �0.00] vs.

�0.05 [�0.19 to �0.05], respectively). As the sample size of the
comparison group is very small (n � 4), the data should be in-
terpreted as exploratory trending data.

Influence of external variables on response shift

Univariate analysis indicated that response shift at baseline mea-
sured by using the SF-6D was significantly influenced by education
level, working status, and presence of chronic disease(s). Interest-
ingly, patients with less education and chronic disease(s) who
were not working experienced a larger degree of response shift
than did those having higher education and a job but no chronic
disease. The 6-month postoperative response shift measured by
using the SF-6D, however, was significantly influenced only by
education level. In contrast with the findings at baseline, patients
with more education experienced a larger degree of response shift.

The exploratory MLR analysis (Table 4) suggested that the com-
bination of education level, working status, and presence of
chronic disease accounted for 8% of the variance in baseline re-
sponse shift (P � 0.05). At 6 months postoperatively, educational
level was the only external variable incorporated, accounting for
16% of the variance (P � 0.01).

Systematic difference between the SF-6D and the EQ-5D of
detecting response shift

In the current study, the EQ-5D was found to have a significantly
larger magnitude of response shift at baseline (0.72 [0.22–0.91]) as
compared with the SF-6D (0.14 [0.08–0.20]). A moderate correla-
tion (Spearman’s correlation coefficient of 0.43 [P � 0.00]) in re-
ponse shift at baseline for these two measures was found as hy-

d 6 mo after total knee replacement*.

n (interquantile range) P

6 mo

1.00 (1.00 to 0.00) 0.059
0.50 (1.00 to 0.00) �0.001
1.00 (1.00 to 0.00) 0.002
0.00 (1.00 to 0.00) �0.001
0.00 (1.00 to 0.00) �0.001
1.00 (0.00–2.00) �0.001

er number indicating worse condition.
e an

edia

00)
00)
00)
00)
00)
00)
othesized. Further comparison of the degree of response shift by
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using a Bland-Altman plot (Fig. 1) also showed moderate agree-
ment between the two measures, with most of the data points
falling in between the lower and upper 95% limit of agreement. A
systematic difference in response shift between the SF-6D and the
EQ-5D was also detected in the plot, demonstrated by the presence
of a linear relationship between EQ-5D and SF-6D scores. The
mean difference between the two measures (EQ-5D minus SF-6D)
was 0.43 (SD 0.40; 95% CI (�0.36 to 1.22]), suggesting that the re-
sponse shift detected by the EQ-5D might be potentially larger
than that detected by the SF-6D.

Discussion

In this 18-month follow-up study of patients undergoing TKR, we
detected the presence of response shift and quantified its impact
on both HRQOL and utility assessment by using the then-test ap-

Table 4 – Influence of external variables on respective resp

Independent variable(s)* Regressio
(95% confid

MLR on baseline response shift†

Education level‡

7–12 y �0.04 (�0
�12 y �0.08 (�0

Working status‡ �0.02 (�0
Presence of chronic disease(s)‡ 0.41 (�0

MLR on response shift at 6 mo after
total knee replacement

Education level‡

7–12 y �0.05 (�0
�12 y �0.12 (�0

SF-6D, six-dimensional health state short form, derived from SF-36.
* Only external variable(s) with P � 0.05 in univariable analyses wer

external variables had P � 0.1.
† Multiple linear regression model; Response shift in the table was m
‡ Reference categories of education level, working status, and presen

chronic disease(s), respectively.

Fig. 1 – Bland–Altman plot: Difference versus average of
response shift measured by the EQ-5D and the SF-6D. EQ-
5D, EuroQol five-dimensional questionnaire; SF-6D, six-

dimensional health state short form, derived from SF-36.
proach. We found that response shift was present at both baseline
and 6 months after TKR and that it significantly influenced HRQOL
scores. This may have an impact on the use of conventional pre-
and post-test methods to assess improvement in HRQOL and util-
ity scores in longitudinal studies. It also suggests that treatment
effect may be masked by response shift, because of gradual adap-
tation to an improving health status of patients [29,30]. To the best
of our knowledge, this is the first study exploring response shift by
using generic measures and over a prolonged 18-month postoper-
ative period among patients undergoing TKR. Given that TKR is a
commonly performed procedure, our findings are important in
several ways as detailed in the following paragraphs.

First, our data complement and extend the findings of the pre-
viously reported 6-month longitudinal study on another group of
patients undergoing TKR using Western Ontario and McMaster
Universities Osteoarthritis Index, further supporting the idea of
incorporating the measurement of response shift to more accu-
rately measure treatment effects [13].

Second, our results raise concerns over the accuracy of gener-
ating utility differences in the conventional post- and pretest
manner to evaluate the effectiveness or cost-effectiveness of an
intervention or to make comparisons between several interven-
tions. The substantial changes caused by response shift may also
have clinically important implications on drug subsidy or technol-
ogy assessment, as illustrated below.

In addressing the clinical implications of response shift, the
minimal important difference (MID) for an HRQOL or utility score
needs to be considered. The MID is defined as the smallest differ-
ence in score that patients perceive as beneficial [31]. The MID of
the SF-6D and the EQ-5D has been reported as 0.041 and 0.074,
respectively [32]. Based on our results, the quantum of response
shift as a percentage of MID changed substantially over time (re-
sponse shift at baseline: 341% by the SF-6D and 97% by the EQ-5D;
response shift at 6 months after TKR: 122% by the SF-6D). With
regard to economic impact, after adjustment for the response shift
observed in this study, the cost-utility ratio would be decreased by
almost twofold, suggesting a substantial increase in the cost-ef-
fectiveness of TKR. For example, when a hypothetical value of
US$10,000 is assigned to account for direct and indirect costs of
TKR over 18 months, the impact of response shift in SF-6D scores
on the cost-utility ratio is as high as US$29,167 per quality-ad-
justed life-year (QALY), changing the unadjusted ratio of

shift at baseline and 6 mo after total knee replacement.

efficient
interval)

P Adjusted R2

0.08
0.02) 0.179
0.00) 0.068
0.06) 0.608
0.10) 0.110

0.16
0.00) 0.055
�0.05) 0.001

orporated into (MLR) models as independent variable(s). No further

red by the SF-6D.

chronic disease(s) were �6 y of education, not working, and with no
onse

n co
ence

.10 to

.17 to

.10 to

.01 to

.10 to

.20 to

e inc

easu

ce of
US$62,500 per QALY, which would be considered not cost-effective
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(based on a commonly used cutoff point of US$50,000 per QALY), to
US$33,333 per QALY, which would be considered cost-effective
[33]. Therefore, the impact of response shift could potentially top-
ple the decisions on the approval and subsidy of interventions,
especially for cases whose cost-utility ratios are close to the cutoff
point before adjusting for response shift. Furthermore, the pres-
ence and impact of response shift could potentially influence com-
parisons across different studies, if response shift were not fully
assessed and adjusted for. Interestingly, although we have shown
that the response shift generated from the SF-6D and the EQ-5D
differed systematically, it is of note that the impact of the response
shift on the cost-utility ratio in the above example if measured by
the EQ-5D would be $26,511 per QALY, close to that of the SF-6D.

Third, by extending the study period beyond 6 months, we had
the opportunity to further characterize the nature of response
shift and its influence on health status both at baseline and 6
months after TKR. We found that during the first 6-month recov-
ery period, patients may have experienced a larger degree of re-
sponse shift because of a comparatively faster pace of recovery;
subsequently, a plateau in health status could have been reached
and maintained, leading to a much lesser degree of response shift.
Such evidence was also supported by clinical impressions and
comments from most of the patients during the telephone survey,
who generally expressed a view that their health status had not
improved substantially between 6 and 18 months after TKR [34].
The differing magnitude of response shift at baseline and 6
months also suggests that recall bias was not a major factor influ-
encing the results of this study, given that a similar magnitude of
response shift would be expected if recall bias were present.

The interview during telephone survey also provided some
other important information for study design and interpretation
of results. The discrepancies between quantitative and qualitative
assessment of response shift further suggested that patients ex-
perienced response shift in an unconscious manner. Therefore, it
is necessary to determine both pre- and then-test scores for refer-
ence purposes. It was also found that the SF-6D was preferred over
the EQ-5D by 51 patients to assess health status, as the three-level
EQ-5D items were felt by subjects to be less accurate of a descrip-
tion of three levels of health states when compared with the SF-
6D, which had five to six levels for various items. Such information
could partially explain the discrepancies between the two mea-
sures in detecting the response shift at baseline. Last but not the
least, the moderate agreement between the SF-6D and the EQ-5D
in measuring response shift suggested that it was feasible to de-
tect response shift with both measures. The systematic difference
between the two measures, however, raises a note of caution re-
garding the accurate quantification of response shift in HRQOL
and utility assessment.

We also recognize some limitations of the current study. First,
the small sample size (n � 74) prevented us from generalizing our
results to all patients undergoing TKR. For the same reason, the
factors identified in MLR analyses should be considered as explor-
atory rather than confirmatory. Second, as the EQ-5D pretest data
at 6 months were not available, we were not able to study the
agreement between two measures for this time point to provide
more robust results. Third, although the then-tests were taken at
18 months to minimize the difference in the magnitude of recall
bias, recall bias might still have affected the results of the “then-
test” in our study to a certain extent because the retrospective
design of the then-test approach is known to be susceptible to
recall bias [35]. According to the proposed guideline by Schwartz
and Sprangers (2010) on “improving the stringency of response
shift research use the then test” that was published after the com-
pletion of our study, this exploratory study may also have some
other limitations. For example, we did not include clinician-based
measures in the study to assess patient’s health states. We were

also not able to utilize statistical approaches to estimate recall bias
and the implicit theory of change, as we did not have an adequate
sample size to conduct meaningful analysis. Also, we did not per-
form the psychometric tests of the then-tests, such as construct
validity and stability [35].

In conclusion, response shift was present and impacted HRQOL
and utility assessment among patients undergoing TKR both just
prior to and 6 months after surgery. This suggests that HRQOL and
utility evaluations should be performed bearing in mind the po-
tential changes in patients’ internal standards that lead to re-
sponse shift.
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