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Abstract

Purpose Individual change on a patient-reported outcome (PRO) measure can be assessed by statistical significance and
meaningfulness to patients. We explored the relationship between these two criteria by varying the confidence levels of the
coefficient of repeatability (CR) on the Patient-Reported Outcomes Measurement Information System (R) Physical Function
(PF) 10a (PF10a) measure.

Methods In a sample of 1129 adult cancer patients, we estimated individual-change thresholds on the PF10a from baseline
to 6 weeks later with the CR at 50%, 68%, and 95% confidence. We also assessed agreement with group- and individual-level
thresholds from anchor-based methods [mean change and receiver operating characteristic (ROC) curve] using a PF-specific
patient global impression of change (PGIC).

Results CRs at 50%, 68%, and 95% confidence were 3, 4, and 7 raw score points, respectively. The ROC- and mean-change-
based thresholds for deterioration were —4 and —6; for improvement they were both 2. Kappas for agreement between anchor-
based thresholds and CRs for deterioration ranged between k=0.65 and 1.00, while for improvement, they ranged between
0.35 and 0.83. Agreement between the PGIC and all CRs always fell below “good” (k < 0.40) for deterioration (0.30-0.33)
and were lower for improvement (0.16-0.28).

Conclusions In comparison to the CR at 95% confidence, CRs at 50% and 68% confidence (considered likely change indexes)
have the advantage of maximizing the proportion of patients appropriately classified as changed according to statistical
significance and meaningfulness.

Keywords Individual change - Patient-reported outcomes - Meaningful change - Cancer

Introduction is also important to know whether a patient feels they have

changed or not. For this reason, the current regulatory guid-

Estimating change on patient-reported outcomes (PROs) for
individual patients can be informative in clinical trials and
clinical monitoring of individual patients. To be confident
that change is real, it needs to be differentiable from error. In
addition, change should be meaningful to patients. Psycho-
metric tradition has focused on differentiating true change
from error using 90% or 95% confidence intervals [1-3]. It
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ance from the United States Food and Drug Administration
(US FDA) emphasizes meaningful within-patient change to
define clinical benefit on a PRO [4].

There are notable challenges around selecting thresholds
for whether individual patients, instead of groups of patients,
have changed on a PRO measure. The amount of improve-
ment or deterioration considered meaningful varies from
one person to the next [5—7]. While this inter-individual
variation can be captured through single-item approaches
like retrospective change ratings [e.g., patient global impres-
sion of change (PGIC)] [8], this cannot be done directly for
multi-item scales. While applying group-level meaningful
change estimates to classify individuals as changed has sig-
nificant problems [9; 10] due to error of individual-change
estimates, especially in raw change scores [11], given the
lack of actual individual estimates of meaningful change, we
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might consider how group-level information can enrich or
support our understanding of individual change [12].

To protect against measurement error associated with
individual-change estimates, we may require that change
is statistically significant. For example, the reliable change
index (RCI)[13], or its mathematical transformation to the
coefficient of repeatability (CR), provides a way of estimat-
ing statistically significant within-patient change based on a
pre-specified significance or confidence level and the stand-
ard error of measurement (SEM), or the expected measure-
ment error around an individual’s score. Using 95% confi-
dence (p-value of <0.05), the CR tends to generate large
estimates of the amount of change needed to be statistically
significant. Such estimates are likely to exceed change that
has meaning to the individual [14]. Some have suggested
relaxing the confidence level required to denote individ-
ual change, recognizing that 95% certainty may be overly
restrictive and may lead us to misclassify a sizable number
of patients who feel they have changed as unchanged [14,
15]. That is, for some applications, it may be acceptable to
be less certain that a change threshold is differentiable from
measurement error if doing so classifies as changed more
patients who feel they have changed. In addition, a better
understanding of the trade-offs between decreased statisti-
cal confidence and increased likelihood of meaningfulness
is needed. In this paper, we examine how CRs calculated at
varying levels of confidence classified individual patients
as having changed or not changed relate to the patient’s
perception of meaningful change. Our goal is to explore a
likely change index (LCI) with a confidence level < 95% that
improves upon use of either group-level meaningful change
estimates or standard reliable change analyses by consider-
ing information across these approaches. We focused on the
cancer setting, examining change in terms of deterioration
and improvement over time.

Methods
Data set and participants

We used data from an observational, longitudinal study with
cancer patients from five comprehensive cancer centers
across the United States: Mayo Clinic (MN), Northwestern
University (IL), University of North Carolina (NC), Memo-
rial Sloan-Kettering Cancer Center (NY), and MD Anderson
Cancer Center (TX) (PI: Sloan; RO1-CA154537) [16]. IRB
approval was obtained at each site. Patients were eligible
if they were > 18 years of age, had a cancer diagnosis and
initiated treatment in the following 7 days or underwent can-
cer-related surgery within the past 14 days, had an Eastern
Cooperative Oncology Group (ECOG) performance status
rating of 0—4, and were able to provide informed consent
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and participate in the study. The study collected data on
the Patient-Reported Outcomes Measurement Information
System (R) (PROMIS®) PF10a, at enrollment (baseline)
and 6 weeks later. A follow-up of 6 weeks was selected to
provide sufficient time for change in patients’ physical func-
tion from baseline. The dataset contained 1829 patients. The
analytic sample of 1129 consisted of patients with data on
the PGIC anchor and all PROMIS PF10a items at baseline
and 6 weeks.

Measures
PROMIS PF10a

The PF10a was created as part of an effort to generate can-
cer-targeted PROMIS measures. PROMIS items relevant to
cancer were identified with focus groups, content experts
in cancer, and field-testing with cancer patients. This short
form has been found to be highly correlated with a legacy
physical function measure, with fewer ceiling effects, and is
also correlated with global HRQOL, and has demonstrated
known-groups validity and responsiveness to changes in
clinical measures of health [17, 18]. To isolate the effect of
different individual-change thresholds of interest, we exam-
ined simple summated PF10a scores from patients with
non-missing data. Each PF10a item has response options
numbered from 1 to 5, with higher responses indicated better
physical function. Summing these items resulted in a pos-
sible score range of 10-50. We elected to use raw summed
scores instead of the PROMIS item-response theory (IRT)-
estimated T scores because IRT scores approach error dif-
ferently than summed scores, and we sought to illustrate the
comparison of statistical significance and meaningfulness of
change with a simple example.

Other measures

A PGIC item was included at the 6-week assessment, asking
patients how much their physical function changed since the
baseline assessment, with responses options of “A lot bet-
ter” (1), “A little better” (2), “About the same” (3), “A little
worse” (4), and “A lot worse” (5). To facilitate analyses, we
dichotomized these categories to derive two additional vari-
ables, one representing deterioration [1 =deteriorated (“A
lot worse”/“A little worse”), 0 =stayed the same/improved
(“About the same”/“A lot better”/”A little better”)] and one
representing improvement [ 1 =improved (“A lot better”/”A
little better”), 0 =stayed the same/deteriorated (“About the
same”/“A lot worse”/*A little worse”)]. At baseline, patient
performance status was assessed by self-report, as follows:
“Please indicate which statement best describes your CUR-
RENT activity level?”’: O (normal activities, without symp-
toms); 1 (some symptoms, but do not require bed rest during
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waking day); 2 (require bed rest for less than 50% of waking
day); 3 (require bed rest for more than 50% of waking day);
4 (unable to get out of bed) [19].

Statistical methods

The RCI formula used for this study was (X2 -X ) / \/ESEM ,
where X, and X, are the individual patient’s value of
the PRO at baseline and 6 weeks, the SEM (standard
error of measurement) is defined as SD /1 — reliability
(SD, =standard deviation of the PF10a and the reliability
is Cronbach’s coefficient alpha at baseline). We calculated
the RCI at three levels of statistical significance: 95%,
68%, and 50%. We selected 68% since it represents obser-
vations within one standard deviation from the mean on
a standard normal distribution and has been suggested as
a potential threshold value to indicate likely change [15].
The RCI categorizes the patients as significantly changed
(deteriorated or improved), if its value exceeds the criti-
cal value of the standard normal distribution: 95% = 1.96;
68% =0.994; 50% =0.674. To calculate the score thresh-
old on the PF10a, we used the CR, a transformation of the
RCI calculated as criticalvalue * \/2SEM. The CR is also
known as the smallest detectable change, minimally detect-
able change, or smallest real difference. We refer to the CR
when discussing uses of this transformation. We also refer
to CRs at 68% and 50% confidence as LCIs. Despite using
between-subjects information about measurement error (i.e.,
the sample SD within the SEM), such statistics still yield a
valid individual-level interpretation. The numerator of these
statistics contains the raw PRO change score for specific
individual patients and puts the measurement error inherent
in that raw change score into context by dividing by an esti-
mate of measurement error. Given the high intensity of data
collection needed to make a purely intra-individual statistic
possible, the RCI and LClIs are useful in their practicality,
requiring only two measurement occasions [11, 20].

We took two approaches to estimating thresholds for
meaningful change at the group level. First, we used receiver
operating characteristic (ROC) curve analysis. The ROC
approach was conducted by first fitting a logistic model
regressing the dichotomized PGIC variables (deteriorated
or improved) on the PF10a change score to estimate the
area under the curve (AUC) and predicted probability of
having changed for each observed change score. We then
used the predicted probabilities, number of true and false
positives and negatives, sensitivity, and specificity output
from logistic model run as input to the %rocplot macro in
SAS to generate ROC plots [21]. The threshold for impor-
tant change from this analysis is defined as the change score
suggested by Youden’s index, or the sum of sensitivity
and specificity — 1 [22]. The mean-change approach was
conducted by estimating the mean PF10a change score for

patients classified as deteriorated and stayed the same on
the PGIC anchor separately. We used a linear model with
least squares (LS) means to estimate change scores for this
procedure. The threshold for meaningful change from this
analysis was defined as the change score estimated for the
deteriorator group or improver group, as appropriate. We
conducted both the ROC and mean-change analyses for both
deterioration (using version of PGIC 1=deteriorated and
0=stayed the same/improved) and improvement (using ver-
sion of PGIC 1=improved and 0 =stayed the same/ dete-
riorated). Before selecting final thresholds, we adjusted the
threshold suggested by Youden’s index for unequal propor-
tions of patients changed vs. not changed [6]. For the ROC
and mean-change analyses, thresholds were set by rounding
up to the nearest whole number from the relevant estimate so
that the assigned threshold exceeds the meaningful change
estimate. We further note that these thresholds do not repre-
sent the minimally important difference or change because
they include patients who have changed a lot as well as a
little in the anchor.

We then estimated the agreement between thresholds
suggested by CR at 95%, 68%, and 50% significance level
critical values with the group-level, anchor-based thresholds
suggested by the ROC and mean-change approaches, which
constituted a comparison of individual-change thresholds
(CR) to group-change thresholds (anchors). We also exam-
ined the agreement between thresholds suggested by the CRs
with whether patients were categorized as deteriorated or
improved using the physical function PGIC anchor, as appro-
priate. This comparison is advantageous because it examines
the agreement between two individual-level variables. For
each agreement comparison, we calculated kappa statistics
with 95% confidence intervals [23]. The following standards
were used to guide interpretation of the kappa: <0.40=poor;
0.40-<0.75=good; >0.75 =excellent [24]. Next, we calcu-
lated the sensitivity, specificity, positive predictive value,
and negative predictive value of correspondence between
the methods of classifying patients as having deteriorated
or improved, as appropriate.

Results

Patient characteristics are detailed in Table 1. The majority
or highest proportions of patients were female (63%), aged
46-65 years (55%), had a diagnosis of breast cancer (27%)
or lymphoma/myeloma (22%), were at Stage 4 in their can-
cer (35%), and had a ECOG performance status rating of 1
(74%).

The means of the PF10a raw scores at baseline and
6 weeks were 40.52 and 39.38, respectively. (Table 1.) The
distribution of PROMIS PF10a change scores from base-
line to 6 weeks is shown in the histogram in Fig. 1. The

@ Springer



Quality of Life Research

Table 1 Patient characteristics

(N=1129) Female sex, % (n) 63% (716)

Age, % (n)
18-45 years 17% (192)
46-65 years 55% (613)
> 65 years 28% (307)

Cancer Site, % (n)
Breast 27% (294)
Cervix 0% (0)
Colorectal 10% (107)
Lung 7% (78)
Lymphoma/Myeloma 22% (244)
Prostate/Bladder 1% (14)
Uterine 0% (0)
Head/Neck/Gastroesophageal 8% (86)
Other 25% (276)

Cancer Stage, % (n)
Stage 1 13% (135)
Stage 2 23% (243)
Stage 3 30% (329)
Stage 4 35% (372)

ECOG Performance Status Rating, % (n)
0 0% (0)
1 74% (824)
2 26% (294)

PROMIS Physical Function 10a, mean (SD, min, max)
Baseline 40.52 (7.24, 14.00-50.00)
6 weeks 39.38 (7.7, 12. 00-50.00)
Change —1.24 (6.19, —30,00, 21.00)

Patient Global Impression of Change at 6 weeks, % (n)

A lot better

A little better
About the same
A little worse
A lot worse

12% (135)
19% (219)
43% (490)
21% (233)
5% (52)

mean change score was —1.24 (SD =6.20), with a minimum
of —30.00, median of —1.00, and maximum of 21.00. Of the
total analysis sample, 25% (n=285) had deteriorated, report-
ing being either “A little worse” (n=233) or “A lot worse”
(n=52); 31% (n=354) had improved, reporting being either
“A little better” (n=219) or “A lot better” (n=135); and 43%
(n=490) reported being “About the same.” (Table 1.) The
Spearman correlation between the PGIC (uncollapsed) and
change on the PF10a was —0.42. The point biserial correla-
tion (equivalent to Pearson’s correlation) between change
on the PF10a and dichotomized deterioration (deteriorated
vs. stayed the same/improved) PGIC was —0.36, and the
point biserial correlation between change on the PF10a and
improvement (improved vs. stayed the same/deteriorated)
PGIC was 0.31.
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Coefficient alpha for the PROMIS PF10a at baseline
was 0.90. The SEM at baseline was 2.29. The CRs were as
follows: 95% confidence =6.35, implying a threshold of 7
points; 68% confidence=3.22, implying a threshold of 4
points; 50% confidence=2.18, implying a threshold of 3
points. We note the similarity of the SEM and the CR at
50% confidence in this case (difference =0.11). Consider-
ing the broader relationship between the SEM and CR, the
Supplementary Materials feature a table demonstrating that
absolute differences between the SEM and CR are smallest
for the CR at 50% confidence and largest for the CR at 95%
confidence. In addition, within each confidence level, the
difference increases as the SEM increases.

Regarding deterioration, on the anchor-based analysis
of important group change, the adjusted ROC analysis
suggested a threshold of —3 points using Youden’s index
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Fig. 1 Distribution of PROMIS
PF10a raw change scores

Percent

(area under the curve =0.73, sensitivity =0.61, specific-
ity =0.75). (Fig. 2a.) After adjustment for unequal propor-
tions of changed vs. unchanged patients, this threshold was
—4. Using the mean-change approach, patients categorized
as stayed the same or improved on the PGIC anchor had a
mean PF10a change score of 0.05, and those categorized
as deteriorated had a mean PF10a change score of —5.04,
implying a threshold of —6 points. (Fig. 3a.)

Regarding improvement, on the anchor-based analysis
of important group change, the ROC analysis suggested a
threshold of 1 point using Youden’s index (area under the
curve=0.71, sensitivity =0.57, specificity =0.73). (Fig. 2b.)
After adjustment for unequal proportions of changed vs.
unchanged patients, this threshold was 2. Using the mean-
change approach, patients categorized as stayed the same or
deteriorated on the PGIC anchor had a mean PF10a change
score of —2.54, and those categorized as improved had a
mean PF10a change score of 1.62, implying a threshold of
2 points. (Fig. 3b.)

Results of tests of agreement between categoriz-
ing patients as deteriorated on the PROMIS PF10a using
change thresholds generated from the CRs and categoriz-
ing patients as deteriorated and improved using anchor-
suggested thresholds on the PROMIS PF10a are shown
in Tables 2 and 3. The kappa for agreement between the
ROC-generated thresholds and CRs for deterioration indi-
cated good agreement for CR at 95% confidence (x=0.69),
perfect agreement for the CR at 68% due to the estimate
being the same (k= 1.00), and excellent agreement for the
CR at 50% (xk=0.85). The sensitivity and negative predictive

PROMIS PF10a Raw Scores

value (NPV) were 1.00 for CRs at 95% and 68% confidence
(no false negatives, i.e., categorized as changed on CR but
not changed on the ROC-based threshold), and these values
were slightly lower for the CR at 50% due to a small number
of false negatives. The specificity and positive predictive
value (PPV) for the CR at 95% were relatively high at 0.87
and 0.60, respectively, due to some expected false positives
(i.e., categorized as not changed on the CR but changed on
the ROC-based threshold). These values were perfect for the
CR at 68% and 50%, with no false positives at these levels of
confidence. For improvement, kappa values for agreement
between CRs and the ROC-generated threshold were lower
than for deterioration, though agreement was good for CR
at the 68% (x=0.68) and excellent for the 50% confidence
level (k=0.83). Sensitivity and NPV for all confidence lev-
els were 1.00 with no false negatives observed. Specificity
and PPV increased as the CR confidence level decreased and
false positives decreased.

Regarding CRs and the threshold suggested by the
mean-change analysis, for deterioration, the best agree-
ment was observed with the CR at 95% (k=0.88), with
sensitivity and NPV perfect (no false negatives), a speci-
ficity of 0.96, and PPV of 0.83. Excellent agreement was
also observed for the deterioration CR at 68% confidence
(x=0.80), and good agreement was observed for the 50%
level of confidence (k=0.65). For improvement, the best
agreement was observed with the CR at 50% confidence
(k=0.83), which met the standard for excellent agreement.
(Table 3.) There were no false negatives for improvement at
any level of confidence resulting in perfect sensitivity and
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A ROC Plot for Anchor-Based Deterioration Value
of PROMIS PF10a
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b ROC Plot for Anchor-Based Meaningful Improvement Value
of PROMIS PF10a
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Fig.2 a ROC plot for anchor-based deterioration value of PROMIS
PF10a. b ROC plot for anchor-based improvement value of PROMIS
PF10a

NPV. The proportion of false positives declined with level
of confidence.

Regarding agreement between categorizing patients as
deteriorated on the PROMIS PF10a using change thresh-
olds generated from the CRs and categorizing patients as
deteriorated using the PGIC anchor directly (i.e., not using
the PGIC anchor to generate thresholds on the PROMIS
PF10a), the contingency tables and kappa statistics are
given in Table 4. Kappas always fell below the cut-offs for
poor agreement (< 0.40). The proportion of false positives
(categorized as not changed on the CRs but changed on the
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PGIC) decreased with the level of confidence, while the
proportion of true positives increased. Likewise, sensitivity
decreased substantially under these conditions, but speci-
ficity increased slightly. Agreement between CR thresholds
for improvement and improvement indicated on PGIC was
also always poor, with kappas ranging between 0.16 and
0.27. The proportion of false positives decreased with the
confidence level. At the same time, the proportion of false
negatives increased modestly as confidence level decreased.
While the proportion of true negatives decreased slightly, it
was always around 60%.

Discussion

In comparison to the CR at 95% confidence, relaxing the
confidence level to 50% or 68% to generate LCIs tended
to agree better with anchor-based estimates of meaningful
change. Even with precise measures such as the PROMIS
PF10a, there is non-trivial error in individual measurement,
especially when one considers change. Requiring 90-95%
confidence that a score has changed over time therefore risks
classifying people who have experienced meaningful change
as unchanged because larger estimates of change were
needed to reach that level of certainty. Assigning thresh-
olds for individual change should include an understanding
of the likelihood that the change is due to chance, at least
at a conceptual level, and whether it reflects the level of
change a patient would find meaningful but not exclude too
many patients who feel they have changed. [25; 26]. The
LCI statistics presented here accomplish these goals for the
PROMIS PF10a.

Our goal in this paper is not to relax the confidence level
on the RCI or CR to the point that it matches thresholds from
group-level meaningful change and claim to have identified
an all-encompassing statistic that captures both statistical
significance and meaningfulness. Instead, we highlight the
value of LClIs to use two valuable sources of information
(significance and meaningfulness) to classify individuals
most appropriately as either having changed or not in a given
research or clinical application. For some applications, lower
levels of confidence that the individual has changed may be
appropriate. For example, identification of patients whose
current magnitude of change is smaller but who may expe-
rience larger change in the future may warrant lower levels
of confidence. An additional example of when lower levels
of confidence may be useful is studies or clinical applica-
tions where the goal is to screen for deterioration on the
PRO of interest and there is preference for specificity over
sensitivity.

We also ask the reader to consider that many stud-
ies will classify individual patients as having changed
based on anchor-based criteria appropriate for group-level
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analyses, such as the mean change and ROC approaches.
Such approaches are recommended in the U.S. FDA’s guid-
ance [27; 28] and have been championed in the PRO change
literature [29]. Regardless of whether the intent of these
methods is to reveal meaningful change, it remains a fact that
each meaningful change threshold has some level of detect-
ability given a particular sample of patients as a function
of the PRO’s measurement error. Given that our analyses
showed that anchor-based thresholds are closer to the LCIs
at 68% and 50% for the PROMIS PF10a, we may consider
that many meaningful change thresholds would tend to have
about that level of detectability; i.e., classifying individuals

with anchor-based, meaningful change thresholds would
result in a 32% probability (where it is close to the LCI
at 68% confidence) or 50% (where it is close to the LCI
at 50% confidence) that the patient would be classified as
having changed even if they have not. These scenarios may
or may not be acceptable to users of PRO measures; that
depends on the specific researcher and specific application.
The important point for the present study is to recommend
researchers take this information into account when deciding
what thresholds to apply.

Put another way, even if our goal is to capture meaningful
change, we must acknowledge that the statistical properties

Table2 Agreement between deterioration and improvement classification thresholds: coefficient of repeatability (CR) thresholds on PROMIS
PF 10a change vs. ROC-based threshold on PROMIS PF 10a change

Deterioration per CR 95% (7 points)
Yes, n (%)
No, n (%)

Improvement per CR 95% (7 points)
Yes, n (%)
No, n (%)

Deterioration per CR 68% (4 points)
Yes, n (%)
No, n (%)

Improvement per CR 68% (4 points)
Yes, n (%)
No, n (%)

Deterioration per CR 50% (3 points)
Yes, n (%)
No, n (%)

Improvement per CR 50% (3 points)
Yes, n (%)
No, n (%)

Deterioration per ROC-Based Threshold (4 points)

Yes, n (%) No, n (%)
189 (17%) 0 (0%)
125 (11%) 815 (72%)

Improvement per ROC-Based Threshold (2 points)

Yes, n (%) No, n (%)
88 (8%) 0 (0%)
236 (21%) 805 (71%)

Deterioration per ROC-Based Threshold (4 points)

Yes, n (%) No, n (%)
314 (28%) 0 (0%)
0 (0%) 815 (72%)

Improvement per ROC-Based Threshold (2 points)

Yes, n (%) No, n (%)
193 (17%) 0 (0%)
131 (12%) 805 (71%)

Deterioration per ROC-Based Threshold (4 points)

Yes, n (%) No, n (%)
314 (27%) 74 (7%)
0 (0%) 741 (66%)

Improvement per ROC-Based Threshold (2 points)

Yes, n (%) No, n (%)
252 (22%) 0 (0%)
72 (7%) 805 (71%)

Statistic

Kappa (95% CI)
Sensitivity

Specificity

Positive Predictive Value
Negative Predictive Value
Statistic

Kappa (95% CI)
Sensitivity

Specificity

Positive Predictive Value
Negative Predictive Value
Statistic

Kappa (95% CI)
Sensitivity

Specificity

Positive Predictive Value
Negative Predictive Value
Statistic

Kappa (95% CI)
Sensitivity

Specificity

Positive Predictive Value
Negative Predictive Value
Statistic

Kappa (95% CI)
Sensitivity

Specificity

Positive Predictive Value
Negative Predictive Value
Statistic

Kappa (95% CI)
Sensitivity

Specificity

Positive Predictive Value
Negative Predictive Value

Value

0.69 (0.64,0.74)
1.00

0.87

0.60

1.00

Value

0.35 (0.29, 0.40)
1.00

0.77

0.27

1.00

Value

1.00 (1.00, 1.00)
1.00

1.00

1.00

1.00

Value

0.68 (0.63,0.73)
1.00

0.86

0.60

1.00

Value

0.85 (0.82,0.88)
0.81

1.00

1.00

091

Value

0.83 (0.80, 0.87)
1.00

0.92

0.78

1.00
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Table 3 Agreement between deterioration and improvement classification thresholds: coefficient of repeatability (CR) thresholds on PROMIS
PF 10a change vs. mean-change-based threshold on PROMIS PF 10a change

Deterioration per CR 95% (7 points)
Yes, n (%)
No, n (%)

Improvement per CR 95% (7 points)
Yes, n (%)
No, n (%)

Deterioration per CR 68% (4 points)
Yes, n (%)
No, n (%)

Improvement per CR 68% (4 points)
Yes, n (%)
No, n (%)

Deterioration per CR 50% (3 points)
Yes, n (%)
No, n (%)

Improvement per RCI 50% (3 points)
Yes, n (%)
No, n (%)

Deterioration per Mean-Change-Based Threshold (6
points)

Yes, n (%) No, n (%)
189 (17%) 0 (0%)
40 (3%) 900 (80%)

Improvement per Mean-Change-Based Threshold (2
points)

Yes, n (%) No, n (%)
88 (8%) 0 (0%)
236 (21%) 805 (71%)

Deterioration per Mean-Change-Based Threshold (6
points)

Yes, n (%) No, n (%)
229 (20%) 85 (8%)
0 (0%) 815 (72%)

Improvement per Mean-Change-Based Threshold (2
points)

Yes, n (%) No, n (%)
193 (17%) 0 (0%)
131 (12%) 805 (71%)

Deterioration per Mean-Change-Based Threshold (6
points)

Yes, n (%) No, n (%)
229 (20%) 159 (14%)
0(0%) 741 (66%)

Improvement per Mean-Change-Based Threshold (2
points)

Yes, n (%) No, n (%)
252 (22%) 0 (0%)
72 (7%) 805 (71%)

Statistic

Kappa (95% CI)
Sensitivity

Specificity

Positive Predictive Value
Negative Predictive Value
Statistic

Kappa (95% CI)
Sensitivity

Specificity

Positive Predictive Value
Negative Predictive Value
Statistic

Kappa (95% CI)
Sensitivity

Specificity

Positive Predictive Value
Negative Predictive Value
Statistic

Kappa (95% CI)
Sensitivity

Specificity

Positive Predictive Value
Negative Predictive Value
Statistic

Kappa (95% CI)
Sensitivity

Specificity

Positive Predictive Value
Negative Predictive Value
Statistic

Kappa (95% CI)
Sensitivity

Specificity

Positive Predictive Value

Negative Predictive Value

Value

0.88 (0.85, 0.92)
1.00

0.96

0.83

1.00

Value

0.35 (0.29, 0.40)
1.00

0.77

0.27

1.00

Value

0.80 (0.75, 0.84)
0.73

1.00

1.00

0.91

Value

0.68 (0.63, 0.73)
1.00

0.86

0.60

1.00

Value

0.65 (0.61, 0.70)
0.59
1.00
1.00
0.82

Value

0.83 (0.80, 0.87)
1.00
0.92
0.78
1.00

of PROs, such as reliability and error, hinder our ability to
hear the patient’s voice clearly as captured on PROs. For
this reason, reliability, and its implications for how certain
we can be that PRO scores reflect signal and not noise, is
an indispensable element of estimating individual change.
A common rule of thumb suggests that measures should
demonstrate at least 90% reliability for applications with

individual patients [30]. The analyses conducted in this study
reflect this high level of reliability, but the results would have
differed if reliability were lower in that larger thresholds
would be required for statistically significant change. While
it is difficult to increase the reliability of a PRO without
adding additional items, and therefore additional administra-
tion burden, the benefits of higher reliability may influence

@ Springer



Quality of Life Research

measure selection for applications with individual patients.
For example, owing to their reliance on IRT, PROMIS meas-
ures tend to be more reliable at the score level than many
classical test theory (CTT)-based PROs, especially when
administered as computer adaptive tests [31; 32].

There are some limitations to consider. First, as we note
above, the level of confidence used with the LCI should
reflect the needs of the application. We caution potential
users that as the confidence level approaches 50%, the like-
lihood of that change being due to chance increases; on

the other hand, the likelihood of classification (changed
versus not changed) based on average perceived level of
meaningfulness may also increase. Indeed, the LCI at 50%
reflects equal likelihood that the change is or is not due
to chance. A researcher using the LCI at lower confidence
levels must accept a level of uncertainty around whether
the change is due to measurement error alone (not true
change). Related to this point, we note that the LCI at
50% will always be slightly lower than the SEM for any
application, regardless of the measure used and the sample

Table 4 Agreement between Deterioration and Improvement Classification: Coefficient of Repeatability (CR) Thresholds on PROMIS PF 10a
Change vs. Physical Function Patient Global Impression of Change (PGIC)

Deterioration per CR 95% Deterioration per PGIC
Yes, n (%)

Yes, n (%) 111 (10%)

No, n (%) 174 (15%)
Improvement per PGIC

Improvement per CR 95% Yes, n (%)

Yes, n (%) 58 (5%)

No, n (%) 296 (26%)
Deterioration per PGIC

Deterioration per CR 68% Yes, n (%)

Yes, n (%) 146 (13%)

No, n (%) 139 (12%)
Improvement per PGIC

Improvement per CR 68% Yes, n (%)

Yes, n (%) 119 (10%)

No, n (%) 235 (21%)
Deterioration per PGIC

Deterioration per CR 50% Yes, n (%)

Yes, n (%) 173 (15%)

No, n (%) 112 (10%)
Improvement per PGIC

Improvement per CR 68% Yes, n (%)

Yes, n (%) 141 (12%)

No, n (%) 213 (19%)

Statistic Value
No, n (%) Kappa (95% CI) 0.33 (0.27, 0.40)
78 (1%) Sensitivity 0.59
766 (68%) Specificity 0.81

Positive Predictive Value 0.39

Negative Predictive Value 0.91

Statistic Value
No, n (%) Kappa (95% CI) 0.16 (0.11,0.21)
30 (3%) Sensitivity 0.66
745 (66%) Specificity 0.72

Positive Predictive Value 0.16

Negative Predictive Value 0.96

Statistic Value
No, n (%) Kappa (95% CI) 0.30 (0.24, 0.36)
168 (15%) Sensitivity 0.46
676 (60%) Specificity 0.83

Positive Predictive Value 0.51

Negative Predictive Value 0.80

Statistic Value
No, n (%) Kappa (95% CI) 0.27 (0.22, 0.33)
74 (7%) Sensitivity 0.62
701 (62%) Specificity 0.75

Positive Predictive Value 0.34

Negative Predictive Value 0.90

Statistic Value
No, n (%) Kappa (95% CI) 0.31 (0.26, 0.37)
215 (19%) Sensitivity 0.45
629 (56%) Specificity 0.85

Positive Predictive Value 0.61

Negative Predictive Value 0.75

Statistic Value
No, n (%) Kappa (95% CI) 0.28 (0.22, 0.34)
111 (10%) Sensitivity 0.56
664 (59%) Specificity 0.76

Positive Predictive Value 0.40

Negative Predictive Value 0.86

This contingency table is between patients classified as deteriorated or improved on the PROMIS PF10a using thresholds from the CR classifica-

tions of deterioration or improvement and on the PGIC anchor directly (not based on a classification of PROMIS PF10a scores)
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studied. Two terms from the LCI’s equation, the critical
value and 4/2, are sample and measure independent. The
LCI at 50%’s critical value is 0.674, and when multiplied
by \/5 yields 0.953. This value multiplied by the SEM,
which yields the LCI at 50%, will always be 95% of the
SEM. Second, our findings are from a single sample of
patients. Though this sample boasts some attractive quali-
ties in terms of its diversity and having been drawn from
multiple study sites, our results may be sample-specific.
Third, while we relied upon current standard approaches
to estimate meaningful change with anchors at the group
level, recent research has pointed to flaws in these methods
[7; 33], including both the ROC method [6] and the mean-
change method [29; 34]. Use of newer methods may have
improved our estimates of group-level meaningful change,
but our objective here was to compare CR-based thresh-
olds with those from the most common approaches. It is
important to consider the lack of agreement between the
individual-level thresholds for meaningful change based
on the PGIC directly with the CR-based thresholds. It is
not difficult to understand why the individual-level indica-
tor of meaningful change would agree less often with the
CR since individual variation is high, and this variation
is averaged-out at the group level. This has ramifications
for the LClIs suggested here; we note that they can be said
to agree with change that patients, on average, find to be
meaningful but not necessarily with what the individual
the LCI is calculated for finds meaningful. Yet, we also
acknowledge the potential that some known biases in the
PGIC (e.g., recall bias) may have affected these results
[8]. Regarding calculation of the RCI and LCI, some may
consider that the SD of change is more appropriate to use
than the SD of the baseline. Future research should address
this topic. Finally, we elected to define thresholds from
meaningful and significant change estimates by rounding
up to the nearest integer. This approach has the benefit of
ensuring that all patients counted as having changed have
exceeded the change estimate. On the other hand, when the
estimate is closer to integer below it than the one above
it, our approach may be conservative when classifying
patients as having changed.

In conclusion, LCIs using 68% or 50% confidence may
be a good way to balance multiple, potentially competing
needs for estimates of individual patient change on PROs.
While relaxing the confidence level for the RCI entails a
trade-off in terms of the amount of certainty we have that
a patient has changed, it is more often aligned with the
amount of change that, on average, patients find meaning-
ful. To maximize the proportion of appropriately classified
individuals across improved, unchanged, and deteriorated
categories, researchers should consider use of the LCI.
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