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Abstract
Background Researchers have long posited that response-shift effects may obfuscate treatment effects. The present work 
investigated possible response-shift effects in a recent clinical trial testing a new treatment for Neuromyelitis Optica Spec-
trum Disorder (NMOSD). This pivotal trial provided impressive support for the drug Eculizumab in preventing relapse, 
but less strong or null results as the indicators became more subjective or evaluative. This pattern of results suggests that 
response-shift effects are present.
Methods This secondary analysis utilized data from a randomized, double-blind trial evaluating the impact of Eculizumab 
in preventing relapses in 143 people with NMOSD. Treatment arm and then relapse status were hypothesized ‘catalysts’ of 
response shift in two series of analyses. We devised a “de-constructed” version of Oort structural-equation modeling using 
random-effects modeling for use in small samples. This method begins by testing an omnibus response-shift hypothesis and 
then, pending a positive result, implements a series of random-effects models to elucidate specific response-shift effects.
Results In the omnibus test, the ‘standard quality-of-life (QOL) model’ captured substantially less well the experience of 
placebo as compared to Eculizumab group. Recalibration and reconceptualization response-shift effects were detected. 
Detected relapse-related response shifts included recalibration, reprioritization, and reconceptualization.
Conclusions Trial patients experienced response shifts related to treatment- and relapse-related experiences. Published trial 
results likely under-estimated Eculizumab vs. Placebo differences due to recalibration and reconceptualization, and relapse 
effects due to recalibration, reprioritization, and reconceptualization. This novel random-effects- model application builds 
on response-shift theory and provides a small-sample method for better estimating treatment effects in clinical trials.

Keywords Neuromyelitis optica spectrum disorder · Definitive neuromyelitis optica · Neurologic · Response shift · Clinical 
trial · Patient-reported outcome · Clinician-assessed outcome

Abbreviations
MCS  Norm-based mental component score of the 

SF-36™
NMOSD  Neuromyelitis optica spectrum disorder
OSIS  Opticospinal impairment score

PCS  Norm-based physical component score of the 
SF-36™

PRO  Patient-reported outcome
SF-36v2™  Short-form-36v2
QOL  Quality of life
VAS  Visual-Analogue-Scale indicator of global 

health on the European Quality of Life 
5-Dimension (EQ-5D

Introduction

Despite the advantages of rigorous clinical trial designs in 
providing unbiased estimates of treatment outcomes, these 
designs may also lead to somewhat paradoxical findings. 
For example, a treatment may have an unarguable ben-
efit on objective outcomes but a less clear impact on more 
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subjective outcomes. Research on response-shift effects pro-
vides a theory-driven and empirically testable path toward 
understanding such paradoxes. “Response shift” refers to 
the idea that when individuals experience a change in health 
status, they may change their internal standards, values, or 
conceptualization of a target construct like “quality of life” 
(QOL) [1, 2]. Over the past two decades, research in a broad 
range of therapeutic areas has supported that response-shift 
effects can influence clinical research findings, and can 
represent positive and negative adaptation [3–12]. While 
response-shift effects are generally small, they can influence 
study conclusions and are thus not inconsequential [3, 4].

The current methods for detecting response-shift effects 
[1, 13, 14] work with the idea that unexpected levels of QOL 
scores reflect adaptation [9, 11, 12, 15–20]. For example, if 
a clinician-assessed outcome does not agree with a patient-
reported outcome (PRO), this “discrepancy” may signal 
patients’ changes in internal standards, values, or conceptu-
alization of the target construct (e.g., QOL) [17]. Rather than 
suggesting that either the clinician-assessed or the patient-
reported outcome is flawed or biased, this discrepancy 
suggests that there is ‘more than meets the eye,’ and that a 
deeper investigation of the situation is warranted. A recent 
study of people with spinal cord injury (SCI) reported that 
while objective measures of motor and cognitive function 
had stabilized one to five years post-injury, patient-reported 
outcomes reflected recalibration and reconceptualiza-
tion response shifts [5]. Specifically, patients experienced 
improvements in physical functioning primarily by dint of 
improvements in physical role performance over time (recal-
ibration) [5]. They also appeared to change their concep-
tualization of QOL over time such that over the long-term 
follow-up, the people with SCI stopped considering their 
SCI per se as part of their general health, and instead only 
considered SCI sequelae as part of their general health [5]. 
These response-shift effects may be important in understand-
ing the full range of dynamics that matter for QOL, as in for 
example, measures of clinical significance in other patient 
populations such as with multiple sclerosis and spinal dis-
orders [21, 22].

Researchers have long posited that response-shift effects 
may obfuscate treatment effects. A substantial number of arti-
cles have discussed the importance of response-shift effects in 
clinical trials (e.g., [23, 24]), and several studies have tested for 
response-shift effects in clinical trials [6, 11, 25–29]. Several 
of these studies used the then-test method, a method prone to 
recall bias and lack of specificity which challenges interpreta-
tion [30–32]. One of the studies used the relative-importance 
method to evaluate reprioritization response shifts [11], and 
two of these studies either combined the then-test with the 
Schedule for the Evaluation of Individualized QOL (SEIQOL) 
individualized method [27] or used another individualized 
metric, the Patient-Generated Index (PGI) [29]. These latter 

two studies thus provide a fuller, qualitative context to the 
respondents’ changes in priorities and conceptualizations of 
QOL. The metrics are, however, difficult to harness in quanti-
tative metrics that can help to interpret trial outcomes in com-
parison to metrics that ignore response-shift effects.

The present work aimed to investigate possible response-
shift effects in a recent clinical trial (n = 143) testing a new 
treatment for Neuromyelitis Optica Spectrum Disorder 
(NMOSD) [33]. This uncommon but severe form of demy-
elinating disease is a relapsing, autoimmune, inflammatory 
disorder that typically affects the optic nerves and spinal cord, 
leading to blindness and paralysis [34]. Often initially misdi-
agnosed as having multiple sclerosis, NMOSD patients face 
a frightening trajectory of severe relapses that leave residual 
neurologic disability and bring about unpredictable and disa-
bling future attacks [35].

This NMOSD clinical trial provided impressive support 
in preventing relapse (primary outcome) for the drug Eculi-
zumab. It also provided support for Eculizumab on the more 
objective secondary outcomes, which were clinician-assessed 
indicators as well as the EQ-5D utility measure of health state 
[36]. There was, however, less strong support as the indicators 
became more subjective or evaluative (e.g., EQ-5D visual ana-
logue scale  or EQ-5D VAS indicator of global health; evalua-
tive physical functioning), with null results for the evaluative 
self-report measure of mental functioning [37]. This pattern 
of results led us to hypothesize that response-shift effects are 
present.

Response-shift methods for detecting effects in secondary 
analyses often rely on relatively large sample sizes [38]. For 
example, the abovementioned SCI study used Oort’s Structural 
Equation Modeling (SEM) [10, 39], a well-vetted method that 
has been used in a number of secondary analyses of observa-
tional data [4, 10, 40–42]. This approach provides an ordered 
series of steps that test for response-shift effects, with later 
steps conducted only if earlier steps pass muster. The sample 
for the present study is too small for an Oort SEM analysis. 
Instead, we devised a “de-constructed” approach that is more 
appropriate for use with small samples. This method begins 
by testing an omnibus response-shift hypothesis and then 
implements a series of analyses aimed to elucidate what is 
uncovered in the omnibus test. We investigated possible effects 
first for Treatment Arm as a ‘catalyst’ of response shift due to 
the substantial health-state changes that differentiated the two 
groups [2, 17]. We then examined Relapse Group as a catalyst, 
to better understand these findings.
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Methods

Sample and trial procedure

This secondary analysis utilized data from a randomized, 
double-blind, time-to-event trial evaluating the impact of 
Eculizumab in preventing relapses in 143 people with 
NMOSD. Eligible participants were patients of age 
18 years or older, who had a diagnosis of NMOSD or 
neuromyelitis optica chronic medical condition. This 
international trial was recruited from 80 sites over four 
continents. Figure 1 provides the timing of clinician- and 
patient-reported outcome collection over the course of the 
trial. (For complete details on trial inclusion and exclu-
sion criteria and procedures see reference [33]). The trial 
was conducted in accordance with the provision of the 
Declaration of Helsinki, the International Conference on 
Harmonization guidelines for Good Clinical Practice, 
and applicable regulatory requirements. The trial was 
approved by the institutional review board at each par-
ticipating institution. All the patients provided written 
informed consent before participation.

Measures

For the present analysis, we included information about 
treatment arm (i.e., Eculizumab vs. Placebo) as well as 
the following clinician- and patient-reported outcome 
data and information about relapse.

Clinician-assessed outcomes. Clinicians who were blind 
regarding trial-group assignment rated patients’ disability 
on the Kurtzke Expanded Disability Status Scale (EDSS) 
[43]. This standard neurological outcome tool assigns scores 
based on eight Kurtzke Functional Systems that include 
signs of disability (pyramidal, cerebellar, brainstem, sen-
sory, bowel/bladder control, visual, cerebral, and other). 
The EDSS score ranges from 0 [no disability] to 10 [death]. 
Treating clinicians or appropriately trained staff members 
evaluated patients using the modified Rankin scale (MRS) 
[44], which assesses the degree of dependence in daily activ-
ities; scores range from 0 (no disability) to 6 (death). The 
Hauser Ambulation Index (HAI) [45] focuses on mobility 
disability by assessing how much time and degree of assis-
tance is needed to walk 25 feet. Its scores range from 0 to 9, 
with higher scores indicating increased impairment.
PROs. Patients completed the European Quality of Life 
5-Dimension 3-Level (EQ-5D-3L) questionnaire [36]. For 
the purpose of this study, we included the EQ-5D VAS item, 
a subjective global score of self-reported health ranging 
from 0 (worst imaginable health) to 100 (best imaginable 
health). The Short-Form-36v2 (SF-36v2™) [46] is a generic 
evaluative measure of functional health that includes eight 
domain scores (general health, physical functioning, physi-
cal role performance, social functioning, emotional role 
performance, mental health, pain, vitality) that are summa-
rized with the Physical Component Score (PCS) and Mental 
Component Score (MCS). The norm-based scoring system 
of the SF-36™ ranges from 0 to 100, with a normative mean 
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Fig. 1  Timing of PRO measurement collection in the clinical trial design. This study schema provides the timing of clinician- and patient-
reported outcome collection over the course of the trial
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of 50 and standard deviation of 10. Higher scores indicate 
better functional health.
Information about relapse. In the clinical trial, time to 
relapse was the primary endpoint. The Opticospinal Impair-
ment Score (OSIS) [34] evaluated relapse severity in four 
domains: Visual Acuity, Motor Function, Sensory Function, 
and Sphincter Function. Scores range from 0 to 8 for the 
first domain, and 0 to 5 for all others. High scores indicate 
worse functioning.

On-trial relapse was defined as a patient’s new onset of 
neurologic symptoms or worsening of new neurologic symp-
toms if those symptoms persisted for more than 24 h, were 
attributed to NMO, and were preceded by at least 30 days 
of clinical stability. On the basis of the neurological exam 
and the OSIS, the treating clinician and a blinded examin-
ing clinician judged the severity of the relapse (“Clinician-
Assessed Relapse”). A ‘major’ relapse was defined as an 
increase in 2–3 points in OSIS Visual Acuity (depending 
on whether the patient started with a score of 2–7 or 0–1, 
respectively); and an increase of 2–3 points on the OSIS 
Motor Subscale (depending on whether the patient started 
with a score of 2–6 or 0–1, respectively). Any loss in pro-
prioception on the OSIS Sensory Subscale was considered 
‘major.’

An independent panel of three experts (two neurologists 
and one neuroophthalmologist) who were blinded to treat-
ment assignment then adjudicated the relapse by considering 
information from the Clinician-Assessed Relapse, Magnetic 
Resonance Imaging data, Optical Coherence Tomography 
imaging data, and the recorded exam. This adjudication 
process was intended to strengthen the robustness of the 
trial’s primary endpoint by reducing error variance due to 
(a) geographic differences in standards of care; and (b) a 
potential bias toward over-reporting a neurologic event as 
an on-trial relapse to mitigate potential long-term sequelae 
of a missed relapse. There were 43 patients with Clinician-
Assessed Relapses, of whom 22 were adjudicated positively 
(i.e., categorized in the Adjudicated-Relapse group).

Statistical analysis

This secondary analysis of NMOSD trial data examined evi-
dence of response-shift effects in trial outcomes. We began 
by focusing on differences by treatment arm (Eculizumab 
vs. Placebo) and then examined differences by relapse sta-
tus. Relapse status was defined as a three-level variable (No 
Relapse, Clinician-Assessed Relapse, Adjudicated Relapse). 
This variable allowed us to test relationships that had more 
power (due to larger sample size than simply comparing 
the Adjudicated-Relapse and No-Relapse groups), and that 
differentiated more subjective indicators of signal (i.e., 
Clinician-Assessed) from more objective indicators (i.e., 
Adjudicated).

These analyses aimed to “de-construct” different aspects 
of measurement invariance in the context of a small sample 
to characterize recalibration, reprioritization, and reconcep-
tualization response shifts. We proceeded in four steps.

Step 1:  Hypothesis-driven group differences in expected–
observed discrepancy scores. This step tested the 
‘omnibus response-shift hypothesis’ that there are 
differences between expected and observed QOL 
scores (“discrepancy scores”) as a function of 
the hypothesized response-shift catalyst (i.e., treat-
ment arm and then whether the person ultimately 
had a relapse). If this omnibus test does not sup-
port a response-shift effect, then then subsequent 
analytic steps would not be implemented.

  To examine discrepancy-score differences by 
catalyst group, we used the Rapkin and Schwartz 
residual-modeling approach [17, 47]. We began 
by computing a principal component from the 
PRO scores, including the EQ-5D VAS and the 
8 domain scores of the SF-36™ at all time points 
(Supplementary Table 1). This analysis enabled 
summarizing the PRO scores in one component 
score using data from all time points (see Results 
section for details).1 If this analysis had not sup-
ported the existence of one dominant component, 
we would have reduced the scores included such 
that they were well represented by a unidimen-
sional component score. We then used this compo-
nent score as the dependent variable in a random-
effects model [48] that included the following 
demographic and clinical predictors at all avail-
able time points: gender, race, country, ethnicity, 
age, number of years since diagnosis, number of 
years since NMOSD-presenting symptoms, body 
mass index, and treatment compliance; and scores 
on the MRS, HAI, EDSS, and KFS. We saved the 
residuals from this model, and then tested models 
predicting these residuals (i.e., scores capturing 
the discrepancy between expected and observed 
outcomes) using hypothesized response-shift cata-
lyst groups as the independent variable. Paneled 
histograms illustrate catalyst-group differences in 
the discrepancy scores.

1 The use of a PCA to summarize PROs for use in computing dis-
crepancy scores can easily be modified to include only one PRO if 
that were in fact the available data.
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  If these results suggested that there were response-
shift effects, steps 2–4 would then examine evi-
dence of recalibration, reprioritization, and 
reconceptualization response shifts, respectively. 
Random-effects models [48], and more spe-
cifically random-intercept models, were used 
to examine longitudinal differences in patterns 
of emphasis by catalyst group—whether PCS 
and MCS differed by treatment arm or relapse 
group in their ability to explain EQ-5D VAS 
scores; and  whether such dynamics changed 
over time. (The decision to work with SF-36™ 
QOL summary [component] scores rather than 
domain scores was based on the statistical col-
linearity of the latter [e.g., average  rbaseline = 0.40, 
range = 0.14–0.66], whereas the PCS and MCS 
scoring algorithm results in uncorrelated compo-
nent scores  [rbaseline =  − 0.13]).

Step 2:  Group differences in patterns of emphasis. This 
analysis focused on characterizing a recalibration 
response shift. It examined whether the catalyst 
groups evinced different patterns of emphasis 
entailing a different connection between PCS or 
MCS and the EQ-5D VAS. This pattern would be 
indicated by significant two-way interactions (cat-
alyst group-by-PCS; catalyst group-by-MCS) in a 
random-effects model predicting the EQ-5D VAS 
(dependent variable) from MCS, PCS, catalyst 
group, and Time (Weeks in Study). It is similar to 
asking in an Oort SEM [39] context whether the 
intercept of the slope relating the QOL component 
with the global ED-5D VAS is different by catalyst 
group.

Step 3:  Group differences over Time in patterns of empha-
sis. This analysis focused on characterizing repri-
oritization response shift. Step 3 expanded on the 
prior model to investigate whether these patterns 
of emphasis changed differently by catalyst group 
over time. It tested the three-way interactions 
among catalyst group, Weeks in Trial, and PCS or 
MCS scores, after adjusting for main effects and 
the other interactions.

Step 4:  We then tested for reconceptualization response 
shift by implementing a series of random-effects 
models predicting each QOL domain from catalyst 
group after adjusting for the other eight domains. 
Step 4 examined whether certain measures cap-
tured unique aspects of QOL that distinguished 
catalyst groups. This analysis focused on charac-
terizing how each QOL domain’s relationship with 
catalyst-group status varied when isolated from 
(i.e., after adjusting for) the other QOL domains. 
We can infer reconceptualization response shift 

from this analysis based on how much catalyst-
group variance is uniquely accounted for by each 
SF-36™ domain.

Handling of missing data

There was very little missing data in this data set, and the 
variables we used in our modeling had no missing data.

Results

Sample

The study sample included 143 people, of whom 107 had 
Definitive Neuromyelitis Optica and 36 had NMO Spectrum 
Disorder (Table 1). Two-thirds of the sample was on Ecu-
lizumab and one-third on placebo, and the sample evinced 
high levels of treatment adherence. The sample had a mean 
age of 44 and a mean age of diagnosis of 41. The sample was 
predominantly female. Each patient had between three and 
23 clinician visits during the trial, and each spent between 
two and 30 months under study.

Table 2 displays the descriptive statistics of baseline 
scores on the clinician- and patient-reported outcomes. 
On average, the sample had ‘slight disability’ on the MRS, 
and scores on the HAI and EDSS consistent with some gait 
abnormalities, but not enough to prevent independent walk-
ing. The sample’s average SF-36™ PCS score was substan-
tially below norm-based means; the MCS score was slightly 
but not significantly below norm-based means. The biggest 
decrements on the SF-36™ domain scores were in physical 
functioning and physical role performance. On the EQ-5D 
VAS, mean scores reflected substantial health impairment. 
The Self-Care domain of the EQ-5D evinced the greatest 
decrement. Figure 2 shows the mean change from baseline 
on the SF-36™ domains by treatment arm. The Eculizumab 
group evidenced bigger changes in the SF-36™ physical 
domains compared to the Placebo group, which showed 
larger changes in the mental domains. 

Component score used for creating discrepancy 
scores

Supplementary Table 1 shows the loadings of each of the 
PROs used in the PCA. The PRO data from all time points 
were effectively captured in one component score (Succes-
sive Eigenvalues = 4.95, 0.96, and 0.85; successive vari-
ances explained = 55%, 10.7%, and 9.4%.). Fig. 3 shows the 
distribution of the discrepancy scores in the entire sample. 
The distribution was centered around zero, and slightly 
left-skewed.
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Table 1  Descriptive statistics of study sample (N = 143 patients)

NMO Neuromyelitis Optica, SD standard deviation

Variable Mean SD

Age 44.2 13.3
Range 19–75
Age at NMO diagnosis 40.8 14.1
Range 14–73
Body mass index 25.7 6.5
Range 15.4–49.0
Treatment duration (Days) 566 400
Range 22 1478
Treatment compliance
 70–79% 1 1%
 80–89% 12 8%
 90–99% 50 35%
 100% 80 56%

N %

Study arm
 Eculizumab 96 67%
 Had an On-Trial Relapse 14 15%
 Had an Adjudicated On-Trial Relapse 3 3%
 Placebo 47 33%
 Had an On-Trial Relapse 29 62%
 Had an Adjudicated On-Trial Relapse 19 40%

NMO Diagnosis
 Definitive Neuromyelitis Optica 107 75%
 NMO Spectrum Disorder 36 25%

Country
 USA 38 27%
 Japan 14 10%
 Rep. of Korea 13 9%
 Russia 13 9%
 Turkey 11 8%
 Italy 7 5%
 Thailand 7 5%
 Argentina 6 4%
 Germany 6 4%
 Other (< 5 in each country) 28 20%

Gender
 Male 13 9%
 Female 130 91%

Race
 American Indian or Alaskan Native 1 1%
 Asian 52 36%
 Black or African-American 17 12%
 Other 1 1%
 White 70 49%
 Missing 2 1%
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Table 2  Descriptive statistics of 
scores at baseline (N = 143)

Where applicable, reported scores are norm-based rather than transformed
SD = standard deviation

Reported by Item or (Sub)scale Mean SD Min Max

Clinician Modified Rankin Score (MRS) 2.15 1.09 0 4
Hauser Ambulation Index (HAI) 2.30 1.95 0 8
Expanded Disability Status Score (EDSS) 4.18 1.60 1 7

Patient SF-36 Physical Component Score (PCS) 38.02 10.17 8.45 65.56
SF-36 Mental Component Score (MCS) 46.04 12.23 7.17 70.29
Bodily Pain (BP) 42.12 10.97 21.68 62.00
General Health (GH) 40.27 9.00 21.33 60.32
Mental Health (MH) 45.48 11.50 11.63 63.95
Physical Functioning (PF) 38.63 11.09 19.26 57.54
Role Emotional (RE) 42.22 13.73 14.39 56.17
Role Physical (RP) 36.81 11.29 21.23 57.16
Social Functioning (SF) 41.42 11.68 17.23 57.34
Vitality (VT) 44.75 10.02 22.89 67.45
EQ-5D Visual Analogue Scale (VAS) 62.13 20.17 0 100
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Fig. 2  Mean change from baseline to study end in SF-36™ domain scores and EQ-5D VAS by treatment arm. The Eculizumab group evidenced 
bigger Changes in the SF-36™ physical domains compared to the Placebo group, which showed larger changes in the mental domains
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Treatment arm as catalyst

Step 1: Treatment arm differences 
in expected‑versus‑observed discrepancy scores

The Kruskal–Wallis non-parametric test revealed differences 
in the central tendencies of the distributions of the discrep-
ancy score by treatment arm (test statistic = 108.40, df = 1, 
p < 0.0005). The placebo group had a systematically lower 
median (Fig. 4). For the Eculizumab patients, the discrep-
ancy score was generally close to zero. A sensitivity test was 
done omitting one low-scoring outlier in the Placebo group 
and the results were essentially unchanged.

Step 2: Treatment arm differences in patterns of emphasis

Table 3 shows the results of random-effects models assessing 
differences in patterns of emphasis in the trial participants. 

There were significant two-way interactions between treat-
ment arm and PCS and MCS scores, such that the Placebo 
patients had a greater emphasis on PCS and a lesser empha-
sis on MCS in their ED-5D VAS scores as compared to the 
Eculizumab patients.

Step 3: Treatment arm differences in changes over time 
in patterns of emphasis

There were no significant three-way interactions for Treat-
ment Arm with time and PCS or MCS (Table 3). These 
results suggest that differences in patterns of emphasis did 
not change over time. Residuals overall and for each group 
were non-normal (p < 0.0005 for each treatment arm) due to 
skewness (− 0.57 and − 0.39, for Placebo and eculizumab, 
respectively).

Step 4: Group differences in conceptualization of QOL

Table 4 shows results of the series of random-effects mod-
els aimed at clarifying how each domain’s relationship with 
Treatment Arm varied across models when adjusting for all 
the other domains. These models suggested that the Placebo 
group was associated with substantially worse-than-expected 
ED-5D VAS and Vitality scores. None of the other seven 
SF-36™ domain scores had statistically important relation-
ships with Treatment Arm after adjusting for the other QOL 
domain scores.

Because Eculizumab was highly effective at prevent-
ing relapse, we hypothesized that the response-shift 
effects related to treatment arm overwhelmingly reflected 
the impact of relapse on patients. We thus investigated 
response-shift effects by relapse status using the same series 
of analyses.

Relapse group as catalyst

Step 1: Relapse‑group differences 
in expected‑versus‑observed discrepancy scores

The Kruskal–Wallis non-parametric test supported that 
there were relapse-group differences in the discrepancy-
score distributions (test statistic = 14.87, df = 2, p = 0.001). 
Figure 5 shows the distribution of discrepancy scores by 
relapse group. For No-Relapse patients, the discrepancy 
score was generally close to zero. For the Clinician-Assessed 
Relapse and Adjudicated-Relapse groups, the score varied 
more widely. Post hoc pairwise comparisons revealed that 
the Adjudicated-Relapse group had substantially larger and 
more-negative discrepancy scores than the other groups 

Fig. 3  Discrepancy Score Distributions for the whole sample. The 
distribution was centered around zero, and slightly left-skewed

Fig. 4  Discrepancy Score Distributions by Treatment Arm. The dis-
tributions of discrepancy scores are different by treatment arm, with 
the largest and more-negative discrepancies found in the Placebo 
group, as compared to the Eculizumab group. One low-scoring outlier 
was not shown in the graph but was retained in calculations
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(K-W Test Statistics =  − 35.99 versus − 14.97 and − 21.02, 
respectively; p < 0.0001 versus p = 0.125 and 0.09, respec-
tively). A sensitivity test omitted the low-scoring outlier 
in the No-Relapse group and the results were essentially 
unchanged.

Step 2: Relapse‑group differences in patterns of emphasis

Table 4 shows results of random-effects models assess-
ing differences in patterns of emphasis in the trial 
participants. There was a significant two-way inter-
action between Adjudicated Relapse and PCS, and 

Table 3  Random effects models testing treatment-arm-related differences in emphasis

Bolded significance values have p < 0.05. Italicized significance values have p < 0.10
PCS = physical component score, MCS =  mental component score

Type III tests of fixed effects: dependent variable: EQ-5D VAS score

Source Numerator df Denominator df F Sig

Intercept 1 900.66 0.87 0.35
Weeks 1 253.53 1.52 0.22
Treatment Arm 1 900.66 1.57 0.21
SF-36 PCS 1 966.50 138.63 0.00
SF-36 MCS 1 1295.42 100.60 0.00
Treatment Arm * Weeks 1 253.53 0.57 0.45
Weeks * SF-36 PCS 1 248.21 0.80 0.37
Weeks * SF-36 MCS 1 467.63 0.14 0.71
Treatment Arm * SF-36 PCS 1 966.50 8.63 0.00
Treatment Arm * SF-36 MCS 1 1295.42 4.45 0.04
Treatment Arm * Weeks * SF-36 PCS 1 248.21 2.21 0.14
Treatment Arm * Weeks * SF-36 MCS 1 467.63 0.62 0.43

Estimates of fixed effects: dependent variable: EQ VAS score

Parameter Estimate SE df t Sig 95% confidence interval

Lower bound Upper bound

Main effects
 Intercept 9.16 4.79 813.89 1.91 0.06  − 0.24 18.57
 Weeks 0.03 0.06 124.78 0.52 0.61  − 0.09 0.16
 Treatment Arm = Placebo  − 10.50 8.37 900.66  − 1.25 0.21  − 26.93 5.94
 Treatment Arm = Eculizumab Referent 0.00
 SF-36 PCS 0.64 0.08 1005.57 8.03 0.00 0.49 0.80
 SF-36 MCS 0.66 0.06 1057.45 11.08 0.00 0.55 0.78

Two-way interactions
 Treatment Arm = Placebo * Weeks 0.11 0.14 253.53 0.76 0.45  − 0.17 0.38
 Treatment Arm = Eculizumab * Weeks Referent 0.00
 Weeks * SF-36 PCS 0.00 0.00 125.45 0.64 0.52 0.00 0.00
 Weeks * SF-36 MCS 0.00 0.00 288.19  − 1.25 0.21 0.00 0.00
 Treatment Arm = Placebo * SF-36 PCS 0.43 0.15 966.50 2.94 0.00 0.14 0.71
 Treatment Arm = Eculizumab * SF-36 PCS Referent 0.00
 Treatment Arm = Placebo * SF-36 MCS  − 0.23 0.11 1295.42  − 2.11 0.04  − 0.45  − 0.02
 Treatment Arm = Eculizumab * SF-36 MCS Referent 0.00

Three-way interactions
 Treatment Arm = Placebo * Weeks * SF-36 PCS 0.00 0.00 248.21  − 1.49 0.14  − 0.01 0.00
 Treatment Arm = Eculizumab * Weeks * SF-36 PCS Referent 0.00
 Treatment Arm = Placebo * Weeks * SF-36 MCS 0.00 0.00 467.63 0.79 0.43 0.00 0.00
 Treatment Arm = Eculizumab * Weeks * SF-36 MCS Referent 0.00
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Clinician-Assessed Relapse and MCS. Thus, compared 
to the No-Relapse patients, Adjudicated-Relapse patients 
had a greater emphasis on PCS in their ED-5D VAS 
scores, and Clinician-Assessed relapse patients had a 
greater emphasis on MCS in their ED-5D VAS scores.

Step 3: Relapse‑group differences in changes over time 
in patterns of emphasis

There were significant three-way interactions for Relapse-
by-time-by-PCS and Relapse-by-time-by-MCS (b =  − 0.01 
in both cases; p = 0.02 and 0.01, respectively), after adjust-
ing for main effects and two-way interactions (Table 5). 

These results suggest that although PCS and MCS are 
more important in accounting for ED-5D VAS for peo-
ple who had an adjudicated relapse than for people with 
no relapse, this difference attenuates over time. Residuals 
overall and especially for the no-relapse group were non-
normal (p < 0.0005 and 0.0005, respectively) due to skew-
ness (− 0.48 and − 0.52, respectively). For the adjudicated 
and clinician-assessed relapse, the residuals were normally 
distributed (p = 0.05 and 0.50, respectively).

Step 4: Relapse‑group differences in conceptualization 
of QOL

Table 6 shows results of the series of random-effects mod-
els aimed at clarifying how each domain’s relationship with 
relapse status varied across models when adjusting for all 
the other domains. These models suggested that relapse sta-
tus was associated with substantially worse-than-expected 
ED-5D VAS scores for both Clinician-Assessed and Adju-
dicated-Relapse groups, after adjusting for the 8 SF-36™ 
domain scores. In other words, in contrast to the SF-36™ 
domain scores, ED-5D VAS scores uniquely discriminated 
Relapse-Group deficits. On the other hand, people who had a 
Clinician-Assessed Relapse had slightly better than expected 
Social-Function scores. In other words, Social-Function 
scores uniquely revealed a strength of this Group. None 
of the other seven SF-36™ domain scores had statistically 
important relationships with relapse status after adjusting 
for the other QOL domain scores.

Discussion

This secondary analysis of clinical trial data revealed that 
not receiving active treatment and, more specifically, the 
experience of relapse made people change their thinking 
about QOL (see summary in Table 7). The implications for 
such changes on interpreting treatment effects may be sub-
stantial. Our results suggest that the QOL impacts of pla-
cebo/relapse were under-estimated by the usual analyses, 
and thus the benefit of Eculizumab is likely even greater 
than what was documented in the pivotal clinical trial [33], 
extending to subjective outcomes.

Of note, the whole study sample started the trial with 
close-to-normal scores on the MCS, despite decidedly low 
scores on the PCS and ED-5D VAS. Thus, despite having 
dealt with the vicissitudes of NMOSD for an average of 
4 years, the participants managed to maintain prior to the 
trial a relatively normal level of mental-health function-
ing. In this they also managed to maintain stability over the 
course of the trial, regardless of treatment arm. This paradox 
is consistent with response-shift theory, which posits that 

Table 4  Isolating QOL associations by treatment arm

SF-36=Short-Form 36, EQ-5D VAS European quality of life 5-dimen-
sion visual analogue scale
 + p = 0.07
***p < 0.0001

Placebo

EQ-5D VAS  − 4.0+
SF-36™ Bodily Pain  − 1.7
SF-36™ General Health 0.4
SF-36™ Mental Health 1.3
SF-36™ Physical Function  − 1.2
SF-36™ Role Emotional  − 0.3
SF-36™ Role Physical  − 0.5
SF-36™ Social Function 0.5
SF-36™ Vitality  − 3.1***

Fig. 5  Discrepancy Score Distributions by Relapse Group. The dis-
tributions of discrepancy scores are different by relapse group, with 
the largest and more-negative discrepancies found in the Adjudicated-
Relapse as compared to the Clinician-Assessed and No-Relapse 
Groups. One low-scoring outlier was not shown in the graph but was 
retained in calculations
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Table 5  Random effects models testing relapse-related differences in emphasis by relapse group and over time

Bolded significance values have p ≤ 0.05. Italicized significance values have p < 0.10
SF-36 = Short-Form 36, PCS = physical component score, MCS = mental component score, EQ-5D VAS = European Quality of Life 5-Dimen-
sion Visual Analogue Scale

Type III tests of fixed effects: dependent variable: EQ-5D VAS score

Source Numerator df Denominator df F Sig

Intercept 1 702.74 2.17 0.14
Weeks 1 643.17 14.34 0.00
Relapse (Three-level variable) 2 719.81 5.92 0.00
SF-36 PCS 1 688.01 89.58 0.00
SF-36 MCS 1 1177.91 116.32 0.00
Relapse * Weeks 2 598.15 7.98 0.00
Weeks * SF-36 PCS 1 573.96 5.40 0.02
Weeks * SF-36 MCS 1 345.09 7.54 0.01
Relapse * SF-36 PCS 2 687.40 2.92 0.05
Relapse * SF-36 MCS 2 1180.61 4.12 0.02
Relapse * Weeks * SF-36 PCS 2 535.78 3.14 0.04
Relapse * Weeks * SF-36 MCS 2 344.49 4.19 0.02

Estimates of fixed effects: dependent variable: EQ VAS score

Parameter Estimate SE df t Sig 95% confidence interval

Lower bound Upper bound

Main effects
 Intercept 11.63 4.57 850.90 2.54 0.01 2.66 20.60
 Weeks 0.02 0.06 121.34 0.25 0.80  − 0.10 0.14
 Adjudicated relapse  − 36.01 11.46 896.94  − 3.14 0.00  − 58.50  − 13.53
 Clinician-assessed relapse  − 22.38 12.00 585.46  − 1.86 0.06  − 45.95 1.19
 No Relapse Referent 0.00
 SF-36 PCS 0.77 0.08 1013.18 10.24 0.00 0.63 0.92
 SF-36 MCS 0.51 0.06 1082.46 8.72 0.00 0.40 0.63

Two-way interactions
 Adjudicated Relapse * Weeks 0.99 0.26 469.55 3.88 0.00 0.49 1.49
 Clinician-Assessed Relapse * Weeks 0.29 0.25 797.25 1.16 0.24  − 0.20 0.77
 No Relapse * Weeks Referent 0.00
 Weeks * SF-36 PCS 0.00 0.00 121.02  − 0.31 0.76 0.00 0.00
 Weeks * SF-36 MCS 0.00 0.00 286.98 0.43 0.66 0.00 0.00
 Adjudicated Relapse * SF-36 PCS 0.51 0.22 872.94 2.31 0.02 0.08 0.94
 Clinician-Assessed Relapse * SF-36 PCS  − 0.09 0.20 569.25  − 0.42 0.67  − 0.49 0.32
 No Relapse * SF-36 PCS Referent 0.00
 Adjudicated Relapse * SF-36 MCS 0.22 0.14 1244.70 1.56 0.12  − 0.06 0.50
 Clinician-Assessed Relapse * SF-36 MCS 0.41 0.15 1124.81 2.63 0.01 0.10 0.71
 No Relapse * SF-36 MCS Referent 0.00

Three-way interactions
 Adjudicated Relapse * Weeks * SF-36 PCS  − 0.01 0.00 439.02  − 2.43 0.02  − 0.02 0.00
 Clinician-Assessed Relapse * Weeks * SF-36 PCS  − 0.004 0.01 670.12  − 0.73 0.47  − 0.01 0.01
 No Relapse * Weeks * SF-36 PCS Referent 0.00
 Adjudicated Relapse * Weeks * SF-36 MCS  − 0.01 0.00 276.16  − 2.48 0.01  − 0.02 0.00
 Clinician-Assessed Relapse * Weeks * SF-36 MCS  − 0.01 0.00 453.64  − 1.59 0.11  − 0.01 0.00
 No Relapse * Weeks * SF-36 MCS Referent 0.00
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changes in internal standards, values, and conceptualizations 
of health allow individuals to maintain QOL homeostasis in 
the face of changing health circumstances [2, 17].

Our findings likely reflect the ‘shadow’ of response shift, 
inferred by the behavior of examined interactions and unique 
variance explained rather than characterized more directly. 
People on placebo and/or people who had a relapse are 
thinking differently about health due to their experiences. 
The relapse experience appears to reflect less and less that 
which is assessed by the SF-36™ generic functional health 
indicators, and so assessment of more constructs would 
be required to delineate exactly what ‘health’ means after 
relapse. For example, ‘health’ may have more to do with 
purpose in life or meaningful social connections, concepts 
measured by the Ryff Psychological Well-Being scale [49, 
50]. Including measures of cognitive appraisal [51, 52] 
would also facilitate more direct characterization of the 
response-shift effects. Nevertheless, in the absence of other 
such measures, the ED-5D VAS has clear value in this study.

The present study represents a response-shift investiga-
tion of clinical trial data using accepted analytic methods. 
Triggered by prior unexpected non-significant treatment 
differences in the more subjective domains related to men-
tal health, here we pursued a series of analyses to expli-
cate these patterns. These analytic steps begin by testing 
an omnibus response-shift hypothesis that examines the 
distribution of discrepancy scores by catalyst group. If this 
hypothesis does not support response shift, then no further 
analyses would be done. In our companion paper [53], we 
provide a method that builds on these findings to enable 
estimation of how response shift affects measured outcomes.

It should be noted that the residual-modeling approach 
specified in our analyses is distinct from Mayo’s 2008 
method [7]. While Mayo’s 2008 method also works with 
residuals, the Rapkin and Schwartz method [17] explicitly 
computes a ‘standard model’ that includes all available 
antecedents, and saves the residuals (i.e., discrepancies), 
which are then used as the dependent variable in hypoth-
esis-driven analyses. Once the response-shift omnibus 
hypothesis is supported (i.e., the aforementioned discrep-
ancies differ by catalyst group), the method presented in this 
article then implements a series of random-effects models 
to test response-shift effects operationalized in ways simi-
lar to the Oort SEM method. If measures of appraisal had 
been collected in the trial data, the Rapkin and Schwartz 
method would also examine main effects and interactions of 
appraisal and change in appraisal in conjunction with cata-
lyst (i.e., treatment arm or relapse status) main effects and 
interactions. In contrast, the Mayo method creates residuals 
based on a short list of antecedents (i.e., disease severity, 
age, sex, and comorbidity), and then creates residual-tra-
jectory scores which are then modeled using latent class 
analysis. Both methods utilize residuals to test response-
shift hypotheses in interesting and informative ways, but the 
method used in our work is correctly identified as the Rapkin 
and Schwartz (2004) method [17].

The study has a number of strengths including the high-
quality data on relapse, the inclusion of subjective and 
objective indicators, and the longitudinal follow-up with low 
attrition. Its limitations must, however, be acknowledged. 
Our results likely under-estimate response-shift effects 
for several reasons. First, the sample sizes of those who 
ultimately had an adjudicated relapse are relatively small, 
affording statistical power to detect only large effect sizes 
[54]. Accordingly, some models may be over-identified. To 
reach significance despite low power means more than to 
do so when aided by high power. This situation prevents the 
application of well-codified response-shift analyses using 
SEM that would enable us to work with collinear domain 
scores (using residual correlation), and to model moderation 
and mediation effects more robustly. The residuals from the 
two random-effects models were also not always normally 
distributed, which violates a random-effects model assump-
tion [48, 55]. Random-effects models appear, however, to be 
robust to such violations [56, 57]. Further, the study does 
not include measures of certain relevant constructs such 
as well-being or of cognitive processes underlying patient 
self-report. Measures of QOL appraisal processes [51, 52] 
would facilitate a more narrative and nuanced descrip-
tion of how the relapse groups differed in their frames of 
reference, standards of comparison, experience sampling, 
and patterns of emphasis [58, 59]. Future research might 
include such cognitive-appraisal and well-being scales [49, 

Table 6  Isolating QOL associations with relapse status

SF-36 Short-Form 36
*p < 0.05
† Parameter estimates are not shown for individual SF-36™ domains 
that are covariates in a given model

Dependent variable Parameter  estimate†

Clinician-assessed 
relapse

Adju-
dicated 
relapse

EQ-5D VAS  − 7.8*  − 6.5*
SF-36™ Bodily Pain  − 1.7  − 2.1
SF-36™ General Health  − 2.1  − 0.1
SF-36™ Mental Health  − 0.7  − 0.2
SF-36™ Physical Function  − 2.4 0.5
SF-36™ Role Emotional  − 1.7  − 2.1
SF-36™ Role Physical  − 0.7  − 1.7
SF-36™ Social Function 2.8* 0.1
SF-36™ Vitality 0.8  − 1.7
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50] in prospective clinical trials of new treatments to ensure 
that the patients’ experience is captured over the course of 
the trial. Finally, most data that were collected from those 
who ultimately suffered a relapse were collected before that 
relapse. Thus, the study design afforded little opportunity 
for detecting Relapse-Group differences. Despite these odds, 
we found such differences, perhaps suggesting that relapse 
patients are experiencing sub-clinical, early warning signs 
of a relapse. Further investigation into these early warning 
signs might enable interventions to delay the ‘tipping point’ 
to full relapse [60, 61].

In summary, this study of response-shift effects in the 
Eculizumab clinical trial suggests response-shift effects 
by treatment arm and relapse status. Using a series of ana-
lytic steps aimed at detecting the ‘shadow’ or reflection 
of response shift, we found that, among Placebo patients 
and as relapse criteria became more specific and rigorous, 
commonly accepted clinical and demographic indicators 
explained less well the patients’ QOL ratings. The idea 
of ‘health’ among placebo patients and among those who 
eventually relapsed reflected different patterns of emphasis, 
and these emphases changed over time for relapse patients, 
compared to the No-Relapse Group, even when these differ-
ences were “watered down” by the inclusion of pre-relapse 
data. We conclude that there are other aspects of QOL that 
become more important when one experiences a relapse, 
aspects that are not well captured in the SF-36™ and/or 
EQ-5D VAS. This ‘shadow’ of response shift may take 
a more definite shape when more relevant constructs are 
included in a study well powered to explicate the relapse 
experience.

Acknowledgements We are grateful for data management assistance 
from Minying Royston, and for the interest and support of Karl-Johan 
Myrén. We are grateful to Dr. Bruce D. Rapkin for helpful comments 
on an earlier draft of this manuscript.

Author contributions CES designed the research study. CES, RBS, and 
BDS analyzed the data. CES wrote the paper and RBS and BDS edited 
the manuscript. All authors read and approved the final manuscript.

Funding The application method development for this work was 
funded by DeltaQuest Foundation. Data and secondary analyses thereof 
were funded in part by Alexion Pharmaceuticals.

Data availability The study data are confidential and thus not able to 
be shared.

Compliance with ethical standards 

Conflict of interest All authors declare that they have no potential con-
flicts of interest and report no disclosures.

Ethical approval The trial was conducted in accordance with the provi-
sion of the Declaration of Helsinki, the International Conference on 
Harmonization guidelines for Good Clinical Practice, and applicable 

regulatory requirements. The trial was approved by the institutional 
review board at each participating institution. All the patients provided 
written informed consent before participation.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creat iveco mmons .org/licen ses/by/4.0/.

References

 1. Schwartz, C. E., & Sprangers, M. A. G. (1999). Methodological 
approaches for assessing response shift in longitudinal health-
related quality-of-life research. Social Science and Medicine, 
48(11), 1531–1548.

 2. Sprangers, M. A. G., & Schwartz, C. E. (1999). Integrating 
response shift into health-related quality of life research: A theo-
retical model. Social Science and Medicine, 48(11), 1507–1515.

 3. Schwartz, C. E., Bode, R., Repucci, N., Becker, J., Sprangers, 
M. A. G., & Fayers, P. M. (2006). The clinical significance 
of adaptation to changing health: A meta-analysis of response 
shift. Quality of Life Research, 15, 1533–1550.

 4. Sajobi, T. T., Brahmbatt, R., Lix, L. M., Zumbo, B. D., & 
Sawatzky, R. (2018). Scoping review of response shift meth-
ods: current reporting practices and recommendations. Quality 
of Life Research, 27(5), 1133–1146.

 5. Schwartz, C. E., Stucky, B. D., Rivers, C. S., Noonan, V. K., 
& Finkelstein, J. A. (2018). Quality of life and adaptation in 
people with spinal cord injury: Response shift effects five-years 
post-injury. Archives of Physical Medicine and Rehabilitation, 
99, 1599–1608.

 6. Ahmed, S., Mayo, N. E., Wood-Dauphinee, S., Hanley, J. A., 
& Cohen, S. R. (2004). Response shift influenced estimates of 
change in health-related quality of life poststroke. Journal of 
Clinical Epidemiology, 57(6), 561–570.

 7. Mayo, N., Scott, C., & Ahmed, S. (2009). Case management 
post-stroke did not induce response shift: The value of residuals. 
Journal of Clinical Epidemiology, 62, 1148–1156.

 8. Sawatzky, R., Gadermann, A. M., Ratner, P. A., Zumbo, B., & 
Lix, L. (2012). Identifying individuals with inflammatory bowel 
disease who experienced response shift: A latent class analysis. 
Quality of Life Research, 21, 33.

 9. Lix, L. M., Chan, E. K., Sawatzky, R., Sajobi, T. T., Liu, J., 
Hopman, W., & Mayo, N. (2016). Response shift and dis-
ease activity in inflammatory bowel disease. Quality of Life 
Research, 25(7), 1751–1760.

 10. Oort, F. J., Visser, M. R. M., & Sprangers, M. A. G. (2005). An 
application of structural equation modeling to detect response 
shifts and true change in quality of life data from cancer patients 
undergoing invasive surgery. Quality of Life Research, 14, 
599–609.

 11. Sajobi, T. T., Fiest, K. M., & Wiebe, S. (2014). Changes in 
quality of life after epilepsy surgery: The role of reprioritization 
response shift. Epilepsia, 55(9), 1331–1338.

http://creativecommons.org/licenses/by/4.0/


1281Quality of Life Research (2021) 30:1267–1282 

1 3

 12. Finkelstein, J. A., Quaranto, B. R., & Schwartz, C. E. (2014). 
Threats to the internal validity of spinal surgery outcome 
assessment: Recalibration response shift or implicit theories of 
change? Applied Research in Quality of Life, 9(2), 215–232.

 13. Schwartz, C. E., Sprangers, M. A. G., Ahmed, S., Bode, R., Li, 
Y., Oort, F. J., & Vollmer, T. (2011). Response shift in patients 
with multiple sclerosis: An application of three statistical tech-
niques. Quality of Life Research, 20(10), 1561–1572. https ://
doi.org/10.1007/s1113 6-011-0056-8.

 14. Barclay-Goddard, R., & Epstein, J. D. (2009). Response shift: 
A brief overview and proposed research priorities. Quality of 
Life Research, 18, 335–346.

 15. Sprangers, M. A., Van Dam, F. S., Broersen, J., Lodder, L., 
Wever, L., Visser, M. R., et al. (1999). Revealing response shift 
in longitudinal research on fatigue—The use of the thentest 
approach. Acta Oncologica, 38(6), 709–718.

 16. Schwartz, C. E., & Sprangers, M. A. G. (2000). Adaptation 
to changing health: Response shift in quality-of-life research 
response shift in quality-of-life research. Washington DC: 
American Psychological Association.

 17. Rapkin, B. D., & Schwartz, C. E. (2004). Toward a theoretical 
model of quality-of-life appraisal: Implications of findings from 
studies of response shift. Health and Quality of Life Outcomes, 
2(1), 14.

 18. Schwartz, C. E., & Rapkin, B. D. (2004). Reconsidering the 
psychometrics of quality of life assessment in light of response 
shift and appraisal. Health and Quality of Life Outcomes, 2, 16.

 19. Sajobi, T. T., Lix, L. M., Singh, G., Lowerison, M., Engbers, 
J., & Mayo, N. E. (2015). Identifying reprioritization response 
shift in a stroke caregiver population: A comparison of missing 
data methods. Quality of Life Research, 24(3), 529–540.

 20. Sawatzky, R., Sajobi, T. T., Brahmbhatt, R., Chan, E. K., Lix, L. 
M., & Zumbo, B. D. (2017). Longitudinal change in response 
processes: A response shift perspective. In B. D. Zumbo (Ed.), 
Understanding and investigating response processes in validation 
research (pp. 251–276). Cham: Springer.

 21. Schwartz, C. E., Powell, V. E., & Rapkin, B. D. (2017). When 
global rating of change contradicts observed change: Examining 
appraisal processes underlying paradoxical responses over time. 
Quality of Life Research, 26, 847–857. https ://doi.org/10.1007/
s1113 6-016-1414-3.

 22. Schwartz, C. E., Zhang, J., Rapkin, B. D., & Finkelstein, J. A. 
(2019). Reconsidering the minimally important difference: Evi-
dence of instability over time and across groups. The Spine Jour-
nal, 19(4), 726–734.

 23. Hamidou, Z., Dabakuyo, T. S., & Bonnetain, F. (2011). Impact of 
response shift on longitudinal quality-of-life assessment in cancer 
clinical trials. Expert Review of Pharmacoeconomics & Outcomes 
Research, 11(5), 549–559.

 24. McPhail, S., & Haines, T. (2010a). The response shift phenom-
enon in clinical trials. Journal of Clinical Research Best Practices, 
6(2), 1–8.

 25. Bernhard J, Hürny C, Maibach R, Herrmann R, Laffer U, Research 
SGfCC. (1999). Quality of life as subjective experience: Refram-
ing of perception in patients with colon cancer undergoing radi-
cal resection with or without adjuvant chemotherapy. Annals of 
Oncology, 10(7), 775–782.

 26. Bernhard J, Lowy A, Maibach R, Hürny C, Research SGfCC, 
Research SIfAC. (2001). Response shift in the perception of 
health for utility evaluation: An explorative investigation. Euro-
pean Journal of Cancer, 37(14), 1729–1735.

 27. Ring, L., Höfer, S., Heuston, F., Harris, D., & O’Boyle, C. A. 
(2005). Response shift masks the treatment impact on patient 
reported outcomes (PROs): The example of individual quality of 
life in edentulous patients. Health and Quality of Life Outcomes, 
3(1), 55.

 28. McPhail, S., & Haines, T. (2010b). Response shift, recall bias 
and their effect on measuring change in health-related quality of 
life amongst older hospital patients. Health and Quality of Life 
Outcomes, 8(1), 65.

 29. Ahmed, S., Mayo, N. E., Wood-Dauphinee, S., Hanley, J. A., & 
Cohen, S. R. (2005). Using the patient generated index to evalu-
ate response shift post-stroke. Quality of Life Research, 14(10), 
2247–2257.

 30. Schwartz, C. E., Sprangers, M. A. G., Carey, A., & Reed, G. 
(2004). Exploring response shift in longitudinal data. Psychol-
ogy and Health, 19(1), 51–69.

 31. Ahmed, S., Mayo, N. E., Corbiere, M., Wood-Dauphinee, S., Han-
ley, J., & Cohen, R. (2005). Change in quality of life in people 
with stroke over time: True change or response shift? Quality of 
Life Research, 14, 611–627.

 32. Schwartz, C. E., & Sprangers, M. A. G. (2010). Guidelines for 
improving the stringency of response shift research using the then-
test. Quality of Life Research, 19, 455–464.

 33. Pittock, S. J., Berthele, A., Fujihara, K., Kim, H. J., Levy, M., 
Palace, J., et al. (2019). Eculizumab in aquaporin-4–positive 
neuromyelitis optica spectrum disorder. New England Journal of 
Medicine, 381, 614.

 34. Wingerchuk, D. M., & Weinshenker, B. N. (2003). Neuromyeli-
tis optica: Clinical predictors of a relapsing course and survival. 
Neurology, 60(5), 848–853.

 35. Mealy, M. A., Boscoe, A., Caro, J., & Levy, M. (2019). Assess-
ment of patients with neuromyelitis optica spectrum disorder 
using the EQ-5D. International Journal of MS Care, 21, 129–134. 
https ://doi.org/10.7224/1537-2073.2017-076.

 36. Foundation, E. R. (2018). EQ-5D-3L user guide. Rotterdam, The 
Netherlands: EuroQOL Research Foundation.

 37. Berthele A, Pittock SJ, Fujihara K, Kim HJ, Levy M, Palace 
J, Nakashima I, Terzi M, Totolyan N, Viswanathan S, Wang 
KC, Pace A, Fujita KP, Yountz M, Armstrong R, Wingerchuk 
DM (2019) Impact of eculizumab on reported quality of life 
in patients with aquaporin-4 antibody-positive neuromyelitis 
optica spectrum disorder: Findings from the PREVENT study. 
In: European Committee for Treatment and Research in Mul-
tiple Sclerosis (ECTRIMS), Stockholm, Sweden, September 
11–13.

 38. Schwartz, C. E., Ahmed, S., Sawatsky, R., Sajobi, T., Mayo, N., 
Finkelstein, J. A., et al. (2013). Guidelines for secondary analysis 
in search of response shift. Quality of Life Research, 22, 2663–
2673. https ://doi.org/10.1007/s1113 6-013-0402-0.

 39. Oort, F. J. (2005). Using structural equation modeling to detect 
response shifts and true change. Quality of Life Research, 14, 
587–598.

 40. Ahmed, S., Sawatzky, R., Levesque, J.-F., Ehrmann-Feldman, 
D., & Schwartz, C. E. (2014). Minimal evidence of response 
shift in the absence of a catalyst. Quality of Life Research, 23(9), 
2421–2430.

 41. Ahmed, S., Bourbeau, J., Maltais, F., & Mansour, A. (2009). The 
Oort structural equation modeling approach detected a response 
shift after a COPD self-management program not detected by 
the Schmitt technique. Journal of Clinical Epidemiology, 62, 
1165–1172.

 42. King-Kallimanis, B. L., Oort, F. J., Nolte, S., Schwartz, C. E., & 
Sprangers, M. A. G. (2011). Using structural equation modeling 
to detect response shift in disability and QOL scores of multiple 
sclerosis patients. Quality of Life Research, 20(10), 1527–1540.

 43. Kurtzke, J. F. (1983). Rating neurologic impairment in multiple 
sclerosis: An expanded disability status scale (EDSS). Neurology, 
33(11), 1444–1452.

 44. Van Swieten, J., Koudstaal, P., Visser, M., Schouten, H., & Van 
Gijn, J. (1988). Interobserver agreement for the assessment of 
handicap in stroke patients. Stroke, 19(5), 604–607.

https://doi.org/10.1007/s11136-011-0056-8
https://doi.org/10.1007/s11136-011-0056-8
https://doi.org/10.1007/s11136-016-1414-3
https://doi.org/10.1007/s11136-016-1414-3
https://doi.org/10.7224/1537-2073.2017-076
https://doi.org/10.1007/s11136-013-0402-0


1282 Quality of Life Research (2021) 30:1267–1282

1 3

 45. Hauser, S. L., Dawson, D. M., Lehrich, J. R., Beal, M. F., Kevy, S. 
V., Propper, R. D., et al. (1983). Intensive immunosuppression in 
progressive multiple sclerosis: A randomized, three-arm study of 
high-dose intravenous cyclophosphamide, plasma exchange, and 
ACTH. New England Journal of Medicine, 308(4), 173–180.

 46. Ware, J. E., Jr., Bayliss, M. S., Rogers, W. H., Kosinski, M., & 
Tarlov, A. R. (1996). Differences in 4-year health outcomes for 
elderly and poor, chronically ill patients treated in HMO and fee-
for-service systems. Results from the medical outcomes study. 
JAMA, 276(13), 1039–1047.

 47. Schwartz, C. E., Michael, W., & Rapkin, B. D. (2017). Resil-
ience to health challenges is related to different ways of thinking: 
Mediators of quality of life in a heterogeneous rare-disease cohort. 
Quality of Life Research, 26, 3075–3088. https ://doi.org/10.1007/
s1113 6-017-1633-2.

 48. Laird, N. M., & Ware, J. H. (1982). Random-effects models for 
longitudinal data. Biometrics, 38(4), 963–974.

 49. Ryff, C. D. (1989). Happiness is everything, or is it? Explorations 
on the meaning of psychological well-being. Journal of Personal-
ity and Social Psychology, 57, 1069–1081.

 50. Ryff, C. D. (2013). Psychological well-being revisited: Advances 
in the science and practice of eudaimonia. Psychotherapy and 
Psychosomatics, 83(1), 10–28.

 51. Rapkin, B. D., Garcia, I., Michael, W., Zhang, J., & Schwartz, C. 
E. (2017a). Distinguishing appraisal and personality influences 
on quality of life in chronic illness: Introducing the quality-of-life 
appraisal profile version 2. Quality of Life Research, 26, 2815–
2829. https ://doi.org/10.1007/s1113 6-017-1600-y.

 52. Rapkin, B. D., Garcia, I., Michael, W., Zhang, J., & Schwartz, 
C. E. (2017b). Development of a practical outcome measure to 
account for individual differences in quality-of-life appraisal: The 
brief appraisal inventory. Quality of Life Research. https ://doi.
org/10.1007/s1113 6-017-1722-2.

 53. Schwartz CE, Stark RB, Stucky BD, Li Y, Rapkin BD (2020) 
Response-shift effects in neuromyelitis optica spectrum disorder: 
estimating response-shift-adjusted scores using equating. Quality 
of Life Research (in press).

 54. Cohen, J. (1992). A power primer. Psychological Bulletin, 112, 
155–159.

 55. Singer, J. D., & Willett, J. B. (2003). Applied longitudinal data 
analysis: Modeling change and event occurrence. New York: 
Oxford University Press.

 56. Maas, C. J., & Hox, J. J. (2004). The influence of violations of 
assumptions on multilevel parameter estimates and their standard 
errors. Computational Statistics & Data Analysis, 46(3), 427–440.

 57. Schielzeth, H., Dingemanse, N. J., Nakagawa, S., Westneat, D. 
F., Allegue, H., Teplitsky, C., et al. (2020). Robustness of linear 
mixed-effects models to violations of distributional assumptions. 
Methods in Ecology and Evolution, 11(9), 1141–1152.

 58. Schwartz, C. E., Finkelstein, J. A., & Rapkin, B. D. (2017). 
Appraisal assessment in patient-reported outcome research: Meth-
ods for uncovering the personal context and meaning of quality 
of life. Quality of Life Research, 26(26), 545–554. https ://doi.
org/10.1007/s1113 6-016-1476-2.

 59. Rapkin, B. D., & Schwartz, C. E. (2019). Advancing quality-of-
life research by deepening our understanding of response shift: 
A unifying theory of appraisal. Quality of Life Research, 28(10), 
2623–2630. https ://doi.org/10.1007/s1113 6-019-02248 -z.

 60. Lenton, T. M., Livina, V. N., Dakos, V., van Nes, E. H., & Schef-
fer, M. (2012). Early warning of climate tipping points from criti-
cal slowing down: Comparing methods to improve robustness. 
Philosophical Transactions of the Royal Society A , 370(1962), 
1185–1204. https ://doi.org/10.1098/rsta.2011.0304.

 61. Olde Rikkert, M. G., Dakos, V., Buchman, T. G., de Boer, R., 
Glass, L., Cramer, A. O., et al. (2016). Slowing down of recovery 
as generic risk marker for acute severity transitions in chronic 
diseases. Concise Clinical Review for Critical Care Medicine, 
44(3), 601–606. https ://doi.org/10.1097/CCM.00000 00000 00156 
4.

Publisher’s Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1007/s11136-017-1633-2
https://doi.org/10.1007/s11136-017-1633-2
https://doi.org/10.1007/s11136-017-1600-y
https://doi.org/10.1007/s11136-017-1722-2
https://doi.org/10.1007/s11136-017-1722-2
https://doi.org/10.1007/s11136-016-1476-2
https://doi.org/10.1007/s11136-016-1476-2
https://doi.org/10.1007/s11136-019-02248-z
https://doi.org/10.1098/rsta.2011.0304
https://doi.org/10.1097/CCM.0000000000001564
https://doi.org/10.1097/CCM.0000000000001564

	Response-shift effects in neuromyelitis optica spectrum disorder: a secondary analysis of clinical trial data
	Abstract
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Sample and trial procedure
	Measures
	Statistical analysis
	Handling of missing data

	Results
	Sample
	Component score used for creating discrepancy scores
	Treatment arm as catalyst
	Step 1: Treatment arm differences in expected-versus-observed discrepancy scores
	Step 2: Treatment arm differences in patterns of emphasis
	Step 3: Treatment arm differences in changes over time in patterns of emphasis
	Step 4: Group differences in conceptualization of QOL

	Relapse group as catalyst
	Step 1: Relapse-group differences in expected-versus-observed discrepancy scores
	Step 2: Relapse-group differences in patterns of emphasis
	Step 3: Relapse-group differences in changes over time in patterns of emphasis
	Step 4: Relapse-group differences in conceptualization of QOL


	Discussion
	Acknowledgements 
	References




