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Abstract

Purpose This study seeks to estimate clinically signifi-
cant change in quality of life (QOL) appraisal by com-
paring changes in appraisal over 6 months of follow-up in
people with multiple sclerosis who experienced no change
in symptoms versus those with worsening symptoms. This
estimation is important for enabling valid interpretation of
longitudinal change, both in terms of ensuring the com-
parison of scores and for response shift estimation.
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Methods This is a secondary analysis of longitudinal data
(N = 859) of participants in the North American Research
Committee on Multiple Sclerosis registry. Patient group-
ings were characterized on the basis of self-reported
symptom change over 1 year of follow-up and compared in
terms of their responses to the QOL Appraisal Profile.
Bonferroni adjustments reduced the type I error rate, and
interpretation was restricted to those comparisons with
small or larger effect sizes using Cohen’s criteria.

Results The Symptoms Unchanged group evidenced
more change in Frame of Reference goal delineation
themes and Combinatory Algorithm, whereas the Symp-
toms Worse group evidenced more change in Sampling of
Experience and Standards of Comparison items. The group
differences were, however, not large or statistically sig-
nificant in most cases, likely due to being under-powered to
detect interaction effects.

Conclusions Many aspects of appraisal are relatively
constant in the context of unchanging and changing
symptom experience, but symptom changes led patients to
make substantial shifts in what experiences they sample
when thinking about their health-related QOL. These
underlying cognitive processes may help people to main-
tain homeostasis in their perceived QOL.

Keywords Appraisal - Fluctuations - Stable health -
Multiple sclerosis - Response shift - Patient-reported
outcomes

Introduction

Understanding how individuals appraise their health-rela-

ted quality of life (QOL) is important to evaluate mean-
ingful change over time. When individuals experience a
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health state change, they may change their internal stan-
dards (i.e., recalibration), values (i.e., reprioritization), or
meaning (i.e., reconceptualization) of the target construct
one is asking them to self-report [1, 2]. These response
shifts are to be expected with evaluative constructs, which
are assessed by idiosyncratic rather than objective criteria
[3]. Evaluative ratings of QOL are products of an appraisal
process, where individuals must consider what QOL means
to them, what experiences they have had that are relevant
to QOL, how experiences compare to other circumstances
or outcomes, and the relative importance of different
experiences [4]. Although philosophers and clinicians have
long noted response shift phenomena [5-7], clinical
investigators have in the past decade recognized that
response shift effects not only may obfuscate important
treatment-related changes, but may indeed be a desired
effect in rehabilitation and psychosocial interventions
[8-10]. Response shift has now been studied and recog-
nized to affect adaptation to a wide range of health con-
ditions, including multiple sclerosis (MS) [11-14], cancer
[9, 15-27], stroke [28, 29], diabetes [30, 31], geriatrics
[32-34], palliative care [35-38], dental disorders [39],
HIV/AIDS [40, 41], and orthopedics [42].

Past research has documented that there are substantial
differences in how QOL is appraised within and between
individuals. There are two primary reasons to study
appraisal processes. First, to ensure comparability of QOL
scores within or between individuals, one would need to
know that the same appraisal parameters were emphasized.
This is called a contingent true score [3]. Predicting QOL
scores within or between individuals is contingent on being
able to measure changes in appraisal due to maturation and
aging, changes in health-related function, personal resour-
ces (psychosocial, financial, etc.), other life events, and
random fluctuations. Second, one studies appraisal pro-
cesses to estimate response shifts over time: one can
examine how much changes in appraisal explain the dis-
crepancy between expected and observed QOL [4]. This
“discrepancy” can be thought of as the residuals in a
regression model, reflecting unexplained variance in the
outcome. This examination relies on the assumption that
the change in appraisal is meaningful. It is, however,
unknown what part is random fluctuation, what part is due
to maturation and aging, and what part is due to health-
related changes in function. It would be helpful to have an
estimate of clinically significant change in appraisal due to
health-related changes in function to enable valid inter-
pretation of such change, both in terms of ensuring the
comparison of valid contingent true scores and for response
shift estimation. A way to get at such an estimate is to look
at change in appraisal over time in patients who have stable
health in comparison with those who do not have stable
health.
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Characterizing signal versus noise in appraisal changes

We focus on the four appraisal processes described in the
Rapkin and Schwartz [4] response shift model: (1) Frame
of Reference: What life domains are relevant to an indi-
vidual’s QOL? (2) Sampling of Experience: What experi-
ences does the individual consider pertinent within these
domains? (3) Standards of Comparison: What points of
reference does the individual use to evaluate these expe-
riences? and (4) Combinatory Algorithm: What is the rel-
ative importance attributed to these different evaluations in
forming an overall QOL rating? These appraisal processes
determine perceived QOL. Appraisal measures have been
used to understand instances when ratings of QOL differ
appreciably from expected values—for example, when an
individual’s QOL ratings remain stable or even improve
despite worsening health status.

Background on multiple sclerosis

The present work involves people with MS, the most pre-
valent chronic progressive neurological disease among
young adults worldwide. In the USA, there are approxi-
mately 400,000 cases of MS, with an incidence of nearly
200 new cases each week [43]. The illness course is gen-
erally characterized as either relapsing—remitting (85 %) or
progressive (15 %) [43]. Recent therapeutic advances in
treating this autoimmune disease have, however, trans-
formed both treatment options and the natural history of
MS [44, 45]. When used early in the course of disease [44],
disease-modifying therapies are leading to increasing
numbers of people with MS who are experiencing stable
health without progression of disability. Recent meta-
analyses suggest that the typical effects of therapeutic
agents are generally small (e.g., & = 0.20), using standard
clinical outcome measures (e.g., Expanded Disability Sta-
tus Scale (EDSS) [46] or the MS Functional Composite
[47]). Such small effect sizes are thus not easily detected
[48, 49]. Further, as patient-reported outcome measures
become increasingly standard in MS clinical trials, the
detection of treatment effects depends on the outcome
measure’s reliability, validity, and responsiveness. Person
factors—such as response shift phenomena—may mitigate
the reliability, validity, and responsiveness of health-rela-
ted QOL measures. Thus, understanding how appraisal
processes fluctuate in stable and non-stable patients is
relevant to efficacy and comparative effectiveness studies
of current and new disease-modifying therapies.

Hypotheses

We expect fluctuations in appraisal over time to occur. We
expect appraisal to be influenced by health state changes
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and other life events. We thus hypothesize that appraisal
processes will exhibit fluctuation of lesser magnitude in
stable patients than in non-stable patients.

Methods
Sample

This project involved secondary analysis of stable and non-
stable subsamples selected from an existing longitudinal
data set of 859 people who provided data in a supplemental
survey administered to the North American Research
Committee on Multiple Sclerosis (NARCOMS) registry
population [50]. This self-report registry includes over
36,000 individuals of age 18 or over, reporting clinician-
diagnosed MS. Bi-annual survey updates using either paper
or secure web-based survey forms capture data on demo-
graphics, disease characteristics, disability, treatments, and
access to healthcare providers. Potential candidates for the
study were selected from those NARCOMS registry par-
ticipants who completed the latest two semi-annual update
surveys online and resided in the USA. All participants
participated voluntarily in a web-based add-on survey after
they completed the Spring 2010 and Fall 2010 semi-annual
updates. This study was approved by the New England
Institutional Review Board, and NARCOMS is also
reviewed by the IRB at the University of Alabama at
Birmingham. All participants provided written informed
consent.

Measures
Variables identifying stable patients

An overall symptom transition item querying perceived
change over the past 6 months was included, ranging from
1 (much worse) to 7 (much better), with a score of four
indicating no change. This item was included in the last
data collection time point, i.e., 6 years after study entry.

Primary outcome variable

Cognitive appraisal processes were assessed using the QOL
Appraisal Profile [4]. This measure includes open-ended
(i.e., qualitative) and multiple-choice questions to assess
the four appraisal parameters described above. Frame of
Reference was assessed using eight open-ended text items
that asked participants to describe: (a) what QOL means to
them at this time (QOL Definition); and (b) concerns that
were most important to their current life satisfaction (Goal
Delineation), specifically: (1) What are the main things you
want to accomplish? (2) What are the main problems that

you want to solve? (3) What situations do you want to
prevent or avoid? (4) What things do you want to keep the
same as they are now? (5) What things do you want to
accept as they are? (6) What demands and responsibilities
do you want to let go of or reduce? (7) Of the things that
you just mentioned, which ones did you think about the
most when filling out this questionnaire? Close-ended
Likert-scaled items were used to assess Sampling of
Experience (14 items, each ranging from 0 to 4), Standards
of Comparison (8 items, each ranging from O to 4), and
Combinatory Algorithm (16 items each ranging from 1 to
3). The QOL Appraisal Profile was administered at the last
two time points, i.e., five-and-a-half and 6 years following
study entry.

Statistical analysis
Creating stable subsample

We identified patients who endorsed “Symptoms Unchan-
ged” (i.e.,ascore = 4 ona(0-7 scale) or “Symptoms Worse”
(i-e., a score of <3) over the past 6 months on the follow-up
Symptom Transition item. The Symptoms Unchanged group
was used as the referent group (coded as “0”), and the
Symptoms Changed group was coded as “1.” A two-sample
proportionality test was used to compare the demographic
characteristics of the Symptoms Unchanged and Symptoms
Worse subgroups.

Coding the QOL appraisal profile

The open-ended data were coded by at least two trained
coders, and inter-rater agreement was moderately high
(mean kappa 0.65). For this analysis, we conservatively
used only those codes on which both raters agreed in
order to reduce random variation in the data. This approach
reduced the number of different QOL themes attributed to
different individuals. The QOL Definition text data were
coded according to a standardized protocol [51] with
themes originally derived from an extensive sorting pro-
cedure [52]. QOL Definition themes were coded as “0” if
they were not reflected in the individual’s written text
response and “1” if they were reflected in the individual’s
written text response. Goal themes were rated on a series of
seven items describing goal content, such as goals related to
interpersonal involvement, roles, mood states, and health.
For each of an individual’s goal statements, items were
coded as “0” if they were not relevant to the individual’s
written text response and “1” if they were reflected in the
individual’s written text response. The seven goal items
were summed, resulting in scores that ranged from O to 7 for
each of the goal theme codes.
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Fluctuations in appraisal over time

Multi-level mixed-effects regression models [54] were
used to investigate group, time, and group-by-time effects
in response to the QOL Appraisal Profile over the 6 months
of follow-up [53]. For continuous outcomes (e.g., those
QOL Appraisal scores based on Likert-scaled items),
multi-level mixed-effects linear regression models were
computed [53]. For dichotomous outcomes (e.g., the coded
open-ended QOL Definition data), multi-level mixed-
effects logistic regression models were computed [54].

Multiple comparisons

Past research on the QOL Appraisal Profile has revealed that
the item responses do not reduce to composite scores that are
consistent within or between patient groups over time [51, 55].
Consequently, we do not believe that it is proper to utilize data
reduction strategies such as principal components analysis.
Rather, we work with the item-level data within appraisal
parameters and use the findings for descriptive purposes [55].
This approach leads to an inflated type I error rate due to the
large number of comparisons. When discussing prevalence of
fluctuations, we will present both raw (unadjusted) and Bon-
ferroni-adjusted results [56] to account for multiple compar-
isons. When inferring difference in the content of appraisal
processes, we will only interpret those comparisons with
effects sizes characterized by Cohen [57] to be at least of small
magnitude (i.e., >0.20). This approach will thus provide an
indication of the “noise” in estimating the prevalence of
appraisal fluctuations over time while only interpreting the
robust group differences. We then evaluated whether adjust-
ing for important covariates that distinguished the groups
modified the findings; in this case, we only examined those
comparisons that were statistically significant after Bonfer-
roni adjustment.
Stata Release 12 [58] was used for all analyses.

Results
Sample

Table 1 shows the sample demographic characteristics for
the study sample, as well as for the Symptoms Unchanged
(N = 343) and Symptoms Worse (N = 374) subgroups.
Participants in the study sample had a mean age of
55 years, and 74 % of the participants were female, which
is consistent with the gender distribution in MS [59]. Less
than half of the sample was employed, with a median
annual household income between $50,000 and $100,000
in the whole sample. Ninety-seven percent of participants
reported living in a private home. In terms of health
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behaviors, 59 % endorsed drinking alcohol monthly or less
often, and 88 % were non-smokers. The median body mass
index characterized the sample as overweight (body mass
index of 25-29.9), with 30 % in the overweight category
(over 25) and 29 % in the obese category (over 30).

A comparison of subgroup differences (Table 1) suggests
that the Symptoms Unchanged subgroup had a higher pro-
portion of females (p < 0.0001), was younger (p < 0.02),
was more likely to be employed full-time, and was less likely
to be unemployed (p < 0.003 and 0.001, respectively).
These variables were entered as covariates in final models
that were statistically significant even after Bonferroni cor-
rection. Models that adjusted for significant demographic
covariates identified in Table 1 did not modify the findings
described below (data not shown).

Frame of reference
Prevalence

Both groups evidenced statistically important appraisal
change in their QOL Definition with regard to two themes
(Table 2). With regard to goal delineation themes, the
Symptoms Unchanged group evidenced changes in six
themes, whereas the Symptoms Worse group evidenced
changes in two themes (Table 3). There were no significant
group-by-time interactions for Frame of Reference, both in
terms of QOL Definition (Table 2) and Goal Delineation
(Table 3). These changes reflected small to moderate effect
sizes (ES range 0.21-0.51).

Content

Both groups evidenced changes in QOL Definition such that
Contentment and Family/Friends were mentioned more
often in the follow-up than at baseline (Table 2). These
changes reflected small effect sizes (ES range 0.25-0.32).
Goal delineation themes that changed in the Symptoms
Unchanged patients reflected content related to community
involvement, financial concerns, independent functioning,
interpersonal relationships, living situations/housing, and
MS-related goals. In contrast, the Symptoms Worse group
evidenced change in goal delineation themes related to only
financial concerns and interpersonal relationships (Table 3).
These changes reflected small to moderate effect sizes (ES
range 0.21-0.51).

Sampling of experience
Prevalence

Patients in the Symptoms Unchanged group evidenced
changes in one Sampling of Experience item, whereas
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Table 1 Sample demographic characteristics

Overall sample Symptoms Unchanged Symptoms Worse z/t )4
N 859 343 374
Gender: % female 743 % 79.59 % 67.38 % 3.69 0.000
Mean age (sd) 54.6 (9.2) 54.15 (9.5) 55.76 (8.2) —2.43 0.015
Marital
Never married 8.9 % 10.85 % 6.20 % 2.24 0.025
Married 70.1 % 70.67 % 72.51 % —-0.54 0.587
Divorced 113 % 8.80 % 12.40 % —1.56 0.119
Widowed 39 % 323 % 323 % —0.01 0.995
Separated 1.4 % 1.47 % 1.62 % —0.16 0.870
Cohabitation/domestic partner 4.5 % 4.99 % 4.04 % 0.61 0.543
Employment status
Full-time 249 % 29.50 % 19.89 % 2.99 0.003
Part-time 14.6 % 16.22 % 13.17 % 1.16 0.248
Not employed 60.6 % 54.28 % 66.94 % —-3.47 0.001
Annual income
Less than $15,000 6.1 % 4.11 % 6.47 % —1.41 0.160
$15,001-30,000 12.7 % 10.26 % 13.48 % —1.33 0.185
$30,001-50,000 14.1 % 15.84 % 1321 % 1.00 0.318
$50,001-100,000 304 % 29.62 % 32.61 % —0.87 0.387
Over $100,000 20.1 % 21.70 % 18.33 % 1.13 0.259
Do not wish to answer 16.7 % 18.48 % 15.90 % 0.91 0.361
Income change in past 6 months
Yes 20.8 % 16.72 % 24.46 % —2.56 0.011
No 74.6 % 78.01 % 71.24 % 2.08 0.038
Do not wish to answer 4.6 % 5.28 % 4.30 % 0.61 0.540
Residence status
Private home 96.7 % 98.24 % 95.15 % 2.29 0.022
Private home with home health aid 2.7 % 1.47 % 4.31 % —2.25 0.025
Assisted living 0.2 % 0.29 % 0.27 % 0.06 0.952
Nursing home 0.4 % 0.00 % 0.27 % —0.96 0.336
Mean body mass index (SD) 27.4 (6.7) 27.4 (6.5) 27.3 (6.8) 0.36 0.718
% Underweight (BMI < 18.5) 29 % 293 % 323 % —-0.23 0.816
% Normal weight (BMI 18.5-25) 37.9 % 37.24 % 39.35 % —0.58 0.562
% Overweight (25.1-30) 304 % 29.33 % 30.46 % —0.33 0.741
% Obese (>30) 28.8 % 30.50 % 26.95 % 1.05 0.294
Alcohol use
Never 32.5 % 31.09 % 33.96 % —0.82 0.412
Monthly or less 26.6 % 25.51 % 26.95 % —0.44 0.661
2-4 Times per month 18.3 % 19.35 % 18.06 % 0.44 0.657
2-3 Times per week 11.6 % 12.32 % 10.78 % 0.64 0.520
4 or More times a week 10.9 % 11.73 % 10.24 % 0.64 0.524
Smoking
No, not at all 88.3 % 89.44 % 87.87 % 0.66 0.508
Yes, some days 3.6 % 3.52 % 3.77 % —0.18 0.856
Yes, every day 8.1 % 7.04 % 8.36 % —0.66 0.509

Bolded values are highlighted to indicate significant Bonferroni-adjusted p values (i.e., p < 0.005)

@ Springer



14

Qual Life Res (2014) 23:9-19

Table 2 Comparing QOL definition over 6 months in Symptoms Unchanged and Symptoms Worse groups

Symptoms Unchanged (N = 343)

Symptoms Worse (N = 374)

Group x time interaction

b4 p ES Z p ES B Std. Err.  z 4 ES
Health 2.280 0.023 0.123 1.870 0.061 0.097 0.064 0.241 0.270  0.790  0.000
Contentment 5.710 0.000 0.308 4.850 0.000 0.251 0.111  0.237 0.470 0.640 0.001
Family/friends 5.920 0.000 0.320 5.960 0.000 0.308 0.015 0.256 0.060 0.954 0.000
Independence 0.190 0.849 0.010 0.610 0.543 0.032 —0.074 0.241 —0.310 0.760 0.000
Positive attitude —0.820 0.412 0.044 1.850 0.065 0.096 —1.570  0.785 —2.000 0.046 0.003
Problems 1.780 0.075 0.096 2.320 0.021 0.120 —0.172  0.674 —0.260 0.799  0.000
Contribution 2.410 0.016 0.130 2.210 0.027 0.114 0.042  0.339 0.120  0.901  0.000
Reminiscence 0.840 0.403 0.045 0.000 1.000 0.000 0.481 0.747 0.640 0.520 0.001
Personal growth 0.870 0.386 0.047 2.830 0.005 0.146 —1.050 0.671 —1.570 0.117 0.002
Non-answer —-2.570 0.010 0.139 —2.780 0.005 0.144 0.047 0.346 0.140 0.892  0.000
Treatment related 1.830 0.067 0.099 0.380 0.705 0.020 1.674 1.318 1.270  0.204 0.002

Bolded values are highlighted to indicate significant Bonferroni-adjusted p values (i.e., p < 0.0045) and Cohen’s effect size (ES = t/\/n) small

or greater

patients in the Symptoms Worse group evidenced changes
in four Sampling of Experience items. There were four
significant group-by-time interactions for Sampling of
Experience (Table 4), although none of these effects met
Cohen’s criteria [57] for even small effect sizes.

Content

Patients in the Symptoms Unchanged group were more
likely to focus on their MS over time, whereas patients in
the Symptoms Worse group were less likely to think about
the worst moments, recall recent episodes, focus on their
MS, or take into account what their doctor told them
(Table 4). Significant group-by-time interactions revealed
differences in change by group regarding thinking about
the worst moments, recalling recent episodes, focusing on
MS, and trying to communicate the seriousness of the
condition (Table 4).

Standards of comparison

Prevalence

There were no changes over time in Standards of Com-
parison in the Symptoms Unchanged group, whereas the
Symptoms Worse group evidenced a change in one item,
reflecting an effect size smaller than Cohen’s criterion
(Table 5). There were no significant group-by-time inter-
actions for Standards of Comparison (Table 5).

Content

The Symptoms Unchanged patients showed no change in

Standards of Comparison. The Symptoms Worse group
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were less likely to emphasize a time in their past before
their MS (Table 5).

Combinatory algorithm
Prevalence

The Symptoms Unchanged group evidenced change on one
item related to how they combine information to answer
QOL questions, reflecting an effect size smaller than
Cohen’s criterion. The Symptoms Worse group did not
evidence change on any item assessing this appraisal pro-
cess. There were no significant group-by-time interactions
for Combinatory Algorithm (Table 6).

Content

The Symptoms Unchanged patients showed an increase in
focusing on things they are proud of, whereas the Symp-
toms Worse patients did not evidence fluctuation in any
combinatory algorithm item (Table 6).

Discussion

Understanding the base rate for appraisal changes over
time is an important first step to operationalizing response
shifts on the basis of appraisal changes in studies of health-
related QOL. This study is the first to our knowledge to
examine fluctuations in appraisal over time in chronically
ill patients characterized by symptom change over the past
6 months. The sample included large enough numbers of
patients in each group and balanced group sizes to permit
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Table 3 Comparing frame of reference goal codes over 6 months in Symptoms Unchanged and Symptoms Worse groups

Symptoms Unchanged Symptoms Worse Group x time interaction

(N = 343) (N =374)

z D ES z p ES B Std. Err 2 p ES
Acceptance —0.450  0.651  0.024 2.630 0.008 0.136 —0.058 0.026 —2.210 0.027 0.003
Accomplishing chores/tasks 1.800  0.072  0.097 1.610 0.108 0.083 0.005 0.055 0.090 0.932 0.000
Achievement —-0.210  0.830  0.011 0440 0.661 0.023 —0.009 0.018 —0.460 0.642 0.001
Community involvement —-3.850  0.000 0208 —2.150 0.032 0.111 —0.031 0.028 —1.110 0.265 0.002
Disengagement 1.600  0.109  0.086 0.840 0.403 0.043 0.002 0.005 0.500 0.614 0.001
Drug and alcohol use - - - - - - - - - - -
Education —0.220 0.829  0.012 0.650 0.513 0.034 —0.012 0.019 —0.620 0.534 0.001
Existential concerns 0.490 0.622  0.026 2,570  0.010 0.133 —0.012 0.008 —1.520 0.129 0.002
Fantasy - - - - - - - - - - -
Financial concerns —6.250  0.000 0337 —5550 0.000 0.287 —0.026 0.081 —0.320 0.752  0.000
Health issues —-2.150 0.031 0.116 1.000 0316 0.052 —-0.276 0.125 —2.210 0.027 0.003
Immigration and citizenship - - - - - - - - - - -
Independent functioning —4.490  0.000 0242 —1.970 0.048 0.102 —0.165 0.098 —1.680 0.092 0.002
Interpersonal relationships —8.510  0.000 0459 —9.900 0.000 0.512 0.150 0.120 1.250 0.210 0.002
Involvement in community outreach  — - - - - - - - - - -
Legal and crime/safety concerns —-0.360 0.717  0.019 0.000 1.000 0.000 —0.003 0.011 —0.250 0.802 0.000
Leisure activities —1.760  0.078  0.095 0.860 0.387 0.044 —0.077 0.042 —1.840 0.065 0.003
Living situations/housing —4.480  0.000 0242 —-0950 0.343 0.049 —-0.113 0.047 —2.410 0.016 0.003
Maintenance 2,700  0.007  0.146 1.950 0.051 0.101 0.008 0.019 0.460 0.648 0.001
Mental health and mood state 1.960  0.050  0.106 1.620 0.105 0.084 0.014 0.072 0.190 0.851 0.000
MS-related goals —4.780  0.000 0.258 —1.660 0.098 0.086 —0.144 0.068 —2.110 0.035 0.003
Prevention 1.570  0.116  0.085 0.000 1.000 0.000 0.008 0.007 1.090 0.276 0.002
Problem resolution —1.110 0266  0.060 0290 0.772 0.015 —0.014 0.014 —0.980 0.327 0.001
Provider/treatment-related concerns —0.880  0.377  0.048 1.690 0.091 0.087 —0.057 0.031 —1.830 0.067 0.003
Racism - - - - - - - - - - -
Religious/spirituality —1.980 0.048 0.107 —1.720 0.086 0.089 —0.005 0.035 —0.130 0.896 0.000
Self-image and personality —-1.610  0.107 0.087 —2.630 0.009 0.136 0.026 0.034 0.780 0.434 0.001
Societal and altruistic concerns —0.390 0.697  0.021 —1.870 0.061 0.097 0.033 0.030 1.080 0.280 0.002
Travel —0.770  0.444 0.042 —1.180 0.236 0.061 0.010 0.031 0.320 0.745 0.000
Work and unemployment —2.260 0.024 0.122 2390 0.017 0.124 0.013 0.078 0.160 0.871 0.000
Non-answer —2.480 0.013 0.134 —2.790 0.005 0.144 0.046 0.155 0.290 0.768 0.000

Bolded values are highlighted to indicate significant Bonferroni-adjusted p values (i.e., p < 0.0012) and Cohen’s effect size (ES = t/\/ n) small

or greater

robust statistical inference about within-group patterns, but
the study is under-powered to detect between-group dif-
ferences in patterns of change. We found that while there
are differences between the groups in changes in appraisal
over time, the differences are not large nor are they sta-
tistically significant in most cases. This null finding is
likely due to being under-powered to detect interaction
effects. For example, in the Frame of Reference analyses of
goal delineation changes, the Symptoms Unchanged group
evidenced change in three times the number of items as
compared to the Symptoms Worse group, but there were no
significant group-by-time interaction effects. A power
analysis of one comparison, where there was a significant

group difference on Community Involvement in one group
but not the other, revealed only 35 % power.

Although there were within-group changes detected
within each appraisal process, the prevalence of changes
varied by appraisal process: sometimes we found more
change in the Symptoms Unchanged group (e.g., Frame of
Reference goal delineation themes, Combinatory Algo-
rithm), and other times, we found more changes in the
Symptoms Worse group (e.g., Sampling of Experience
items, Standards of Comparison). Thus, there appear to be
many aspects of appraisal that are relatively constant in the
context of unchanging and changing symptom experience,
but there are other aspects of appraisal that appear to
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Table 4 Comparing sampling of experience over 6 months in Symptoms Unchanged and Symptoms Worse groups

Symptoms Unchanged  Symptoms Worse Group x time interaction
(N = 343) (N =374)
Z p ES b4 P ES B Std.  z p ES
Err
Find yourself thinking about the worst 2.060 0.040 0.111 -3.080 0.002 0.159  0.377 0.103 3.650 0.000 0.00509

moments?
Emphasize the positive as much as possible? —2.810 0.005 0.152 —-1.010 0.314 0.052 -0.117 0.096 —1.220 0.224 0.0017

Think about the ways things have been going ~ 0.720 0.470 0.039 —-0.110 0.910 0.006  0.062 0.107  0.580 0.561 0.00081
over the past few days or weeks?

Try to remember everything relevant over the 0.140 0.891 0.008 —0.040 0.971 0.002 0.014 0.113 0.120 0.904 0.00017
past 3 months?

Balance positives with the negatives? 0.180 0.861 0.010 —2.560 0.010 0.132  0.217 0.110 1.970 0.049 0.00275
Recall recent episodes or flare ups? 0.810 0.417 0.044 -3.160 0.002 0.163 —0.283 0.089 —3.160 0.002 0.00441
Think about the future? —1.640 0.101 0.089 —1.990 0.047 0.103 0.031 0.104  0.300 0.765 0.00042
Focus on your MS? 3.390 0.001 0.183 —5.110 0.000 0.264 0.682 0.113  6.030 0.000 0.00841

Consider your relationships with family and 0.170 0.866 0.009  0.490 0.627 0.025 -0.021 0.091 —-0.230 0.815 0.00032
friends?

Take into account what your doctor has told —0.770 0.443 0.042 —-3.200 0.001 0.165 0.216 0.121 1.780 0.075 0.00248
you about your health?

Consider things that you would only think —0.080 0.939 0.004 1.080 0.279 0.056 —-0.084 0.101 —0.830 0.404 0.00116
about for an interview like this?

Try to give your first reaction to the 0.900 0370 0.049 —-0.510 0.607 0.026 0.086 0.086 0.990 0.322 0.00138
questions?
Try not to complain too much? —1.310 0.189 0.071 -2.160 0.031 0.112  0.077 0.118  0.650 0.515 0.00091

Try to communicate the seriousness of your 2.610 0.009 0.141 —-2.300 0.021 0.119 0.395 0.114 3.470 0.001 0.00484
situation?

Bolded values are highlighted to indicate significant Bonferroni-adjusted p values (i.e., p < 0.0036) and Cohen’s effect size (ES = #/,/n) small
or greater

Table 5 Comparing standards of comparison over 6 months in Symptoms Unchanged and Symptoms Worse groups

Symptoms Unchanged = Symptoms Worse Group x time interaction

(N = 343) (N =374)

Z p ES b4 4 ES B Std. b4 P ES
Err

Other people you know who are living now —-0.440 0.657 0.024 -0.560 0.574 0.029 0.012 0.122 0.100 0.921 0.000
with MS?

People whose health doesn’t limit in any way? 1.170 0.240 0.063 2300 0.021 0.119 -0.112 0.132 —0.850 0.396 0.001

The things your doctor told you would 1.860 0.062 0.100 —0.430 0.668 0.022  0.166 0.104 1.600 0.110 0.002
happen?
Your ideal; your dream of perfect health? 1.040 0.297 0.056  0.700 0.481 0.036  0.027 0.126 0.210 0.832 0.000

The kind of life that you are really working —1.400 0.160 0.076 —1.360 0.173 0.070 0.001 0.116 0.010 0.990 0.000
for?

The way that the people in your life see you? 1.940 0.053 0.105 1.450 0.147 0.075  0.035 0.120 0.290 0.770 0.000
Most people your age? 0.600 0.549 0.032  1.380 0.166 0.071 —-0.072 0.122 —0.580 0.559 0.001
A time in your past before you had your MS? ~ 0.240 0.811 0.013 —2.900 0.004 0.150 0.293 0.130 2260 0.024 0.003

Bolded values are highlighted to indicate significant Bonferroni-adjusted p values (i.e., p < 0.0063) and Cohen’s effect size (ES = t/\/ n) small
or greater

differentiate the groups. In our study, symptom changes led Considering our findings in light of the idea of a con-
patients to make substantial shifts in what experiences they  tingent true score [3], it would seem that the two com-
sample when thinking about their health-related QOL. parison groups had a similar contingent true score in terms
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Table 6 Comparing combinatory algorithm over 6 months in Symptoms Unchanged and Symptoms Worse groups
Symptoms Unchanged  Symptoms Worse Group x time interaction
(N = 343) (N = 374)
z D ES z p ES p Std. Err 2 p ES
“That”
The way things usually are? 0.590 0.556 0.031 -0.120 0.906 0.006  0.138 0.277 0.500 0.619 0.001
How hard it has been? —0.040 0.971 0.002 1.530 0.127 0.083 —0.301 0.259 —1.160 0.245 0.002
Things that are disappointing to you? —0.210 0.830 0.011 1.270 0.204 0.069 —-0.282 0.263 —1.070 0.283 0.001
What is important to you? 1.560 0.119 0.081 0.100 0923 0.005  0.295 0.291 1.020 0.310 0.001
Things that make you feel calm? 1.110 0.267 0.057 —-0.560 0.575 0.030  0.287 0.245 1.170 0.241 0.002
Recent concerns? 2310 0.021 0.119 -0.700 0.482 0.038  0.501 0.235 2.130 0.033 0.003
The help you need from other people? —0.670 0.505 0.035 —0.820 0.411 0.044 0.052 0.279 0.190 0.853 0.000
Things that are settled to your satisfaction? 2490 0.013 0.129 2.190 0.029 0.118 0.034 0.242 0.140 0.887 0.000
“This”
Big changes? 0.340 0.737 0.018 1.000 0317 0.054 —-0.132 0.258 —0.510 0.608 0.001
How well you are doing? 1.990 0.047 0.103 0310 0.758 0.017  0.330 0.296 1.110 0.266 0.002
Things that you are proud of? 3.120 0.002 0.161 1.460 0.143 0.079  0.294 0.264 1.120 0.264 0.002
What is important to others? —1.550 0.121 0.080  0.490 0.625 0.026 —0.360 0.255 —1.410 0.158 0.002
Things that make you feel worried? —0.050 0.958 0.003 —0.040 0.967 0.002 —0.002 0.259 —0.010 0.995 0.000
Long-time concerns? —2.370 0.018 0.123 —-1.230 0.219 0.066 —0.205 0.250 —0.820 0412 0.001
What you do on your own? —1.320 0.185 0.068  0.090 0.929 0.005 -—-0.283 0.283 —1.000 0.317 0.001
Things that are unfinished? —1.300 0.193 0.067  0.530 0.599 0.029 -0.322 0.250 —1.290 0.197 0.002

Bolded values are highlighted to indicate significant Bonferroni-adjusted p values (i.e., p < 0.0031) and Cohen’s effect size (ES = t/\/ n) small

or greater

of Frame of Reference QOL Definition, Standards of
Comparison, and Combinatory Algorithm—that is, three of
the five aspects of appraisal measured. This finding would
suggest meaningfully comparable scores over time in terms
of these underlying appraisal processes

The changes in Sampling of Experience appraisals are,
however, different by group. Thus, the health state changes
are associated with differential change in this particular
appraisal processes. This idea is consistent with the Rapkin
and Schwartz theoretical model of response shift [4], which
operationalizes response shift as an epiphenomenon that is
inferred when changes in appraisal explain the discrepancy
between expected and observed outcome scores. Future
research should evaluate whether the Rapkin and Schwartz
[4] operationalization of response shift is viable given this
item-based use of the QOL Appraisal Profile. Although
findings from this study serve to validate the profile as a
measure of the constructs in the Rapkin and Schwartz
model, there is still a need to determine how appraisal
assessment can be improved so it behaves more like a
psychometric tool.

These findings have implications for the responsiveness
of patient-reported outcome tools. We know from research
on clinically significant change that responsiveness is
context-specific. In other words, the magnitude of respon-
siveness estimates depends on the sample, the intervention,

the measures, the period of follow-up, etc. [60]. Based on
our findings, both Symptoms Unchanged and Symptoms
Worse patients are undergoing notable and distinct changes
in different aspects of appraisal processes. It is likely that
an outcome tool’s responsiveness is affected by these
appraisal changes, and also likely that the minimally
important difference of a tool will vary as a function of
underlying appraisal processes [61].

It is possible that the appraisal parameters most ame-
nable to change among Symptoms Unchanged patients are
relevant to maintaining homeostasis in perceived QOL and
a QOL “set point” [62]. Our finding that healthier
(Symptoms Unchanged) patients showed greater variability
in goal delineation (Frame of Reference) suggests that
when symptoms are more stable, people have a broader and
more diverse array of goals that they consider when
thinking about quality of life. In contrast, sicker (Symp-
toms Worse) people have more limited foci for their goals
but more varied experience sampling. Consequently, they
are forced to restrict their goals but think about more varied
aspects of their experience in order to adapt to changing
circumstances.

Although this study breaks new ground in our under-
standing of base rate and health-related appraisal changes, the
limitations of this study should be acknowledged. First, the
data are entirely self-reported, so triangulating patient- and
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clinician-reported or biological indicators of disease pro-
gression is not possible. Second, the analyses are descriptive
and many comparisons were computed. Although we reduced
the type I error rate by using a Bonferroni adjustment for
multiple comparisons, there were still a number of “compar-
ison families” [63] investigated, so a risk remains of finding
differences due to chance. The study was also under-powered
to detect group-by-time interactions so our findings are likely
conservative estimates. The robustness of our findings would
thus need to be tested in other independent samples. Finally,
the study focused on a sample of chronically ill people and
included people with unchanged and worsened symptom
experience over 6 months. It is possible that the nature of the
sample affected the results. To assess the generalizability of
our findings, future research would need to replicate the study
on stably healthy people as compared to a group who becomes
sick.

In summary, there are notable changes in appraisal
among MS patients whose health state is changing, but there
are also appraisal fluctuations in stable patients. These
fluctuations may reflect how individuals maintain a QOL
“set point,” and may provide insight into how variability is
necessary for maintaining healthy, dynamic systems [64].
Future research might replicate our study in other patient
samples and investigate whether specific patterns of change
in appraisal are associated with better or more adaptive QOL
outcomes. Meaningful changes in appraisal among patients
with worsening symptom experience may reflect response
shifts [52], as well as other relevant constructs such as
coping flexibility [64], neurocognitive challenges, existential
angst, and measurement error [65]. Future research should
consider these alternative hypotheses when designing the
study so that contrasting hypotheses/theories can be tested.
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