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Abstract
Purpose: Anchor-based methods have been used to derive clinical outcome assessment (COA)
interpretation thresholds of meaningful change over time for understanding individual (within-patient) as
well as within-group change and between-group differences. The methods explore the associations
between the targeted concept of the COA measure and the concept measured by the external anchor(s),
typically a global rating, chosen as easier to interpret than the COA measure. While they are valued for
providing plausible interpretation thresholds, anchor-based methods pose a number of inherent
theoretical and methodological conundrums.

Methods: This investigation provides a critical appraisal of anchor-based methods for COA interpretation
thresholds and details a key bias in anchor-based methods that directly in�uences the magnitude of the
interpretation threshold.

Results: Five important concerns for the use of anchor-based methods have emerged from the literature:
1) global estimates of change are consistently biased toward the present state; 2) the use of static
current state global measures, while not subject to artifacts of recall, may exacerbate the problem of
estimating clinically meaningful change; 3) the anchor assessment response(s) that indicates
meaningful change usually involves an arbitrary judgment; 4) the calculated interpretation thresholds are
sensitive to the proportion of patients who have improved; and 5) examination of anchor-based
regression methods reveals that the correlation between the COA change scores and the anchor has a
direct linear relationship to the magnitude of the interpretation threshold derived using an anchor-based
approach. Stronger correlations yielding larger interpretation thresholds.

Conclusions: While anchor-based methods are recognized for their utility in deriving interpretation
thresholds for COAs, the biases associated with estimation of the threshold using these methods may
impede progress in the development of standard-setting methodologies for COAs.

Introduction
Clinical outcomes assessments (COAs), a term that encompasses patient-reported outcomes (PROs),
clinician-reported outcomes (ClinROs), observer-reported outcomes (ObsROs), performance outcome
(PerfOs), as well as certain COAs derived from technologies such as mobile health technologies [1], are
crucial to interpretation of clinical studies as they uniquely describe or re�ect how patients feel or
function. It is essential to understand the COA change over time that is meaningful to patients to
appropriately interpret clinical study �ndings.

Early pioneers in the quest to incorporate the patient voice into clinical studies and the need for
meaningful interpretation of COA results used global patient-reported ratings of change as external
anchor items to understand patients’ overall assessment of change [2, 3]. The anchor-item responses
were then used to classify patients’ individual PRO domains/instrument change scores to inform the
interpretation of clinical study results. Jaeschke et al noted “Despite the absence of a criterion measure,
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establishing the meaning of changes in a new measure requires some sort of independent standard.
Global ratings represent one credible alternative. ...This information will be useful in interpreting
questionnaire scores, both in individuals and in groups of patients participating in controlled trials.” [3]

Anchor-based approaches have been central to many empirical methods employed to aid the
interpretation of clinically meaningful change over time in COAs. For over a decade, the US Food and
Drug Administration (FDA) has promoted the use of these methods to support the interpretation threshold
“for an individual patient PRO score change over a predetermined time period that should be interpreted
as a treatment bene�t” [4]. More recently, the FDA has con�rmed this approach, noting “To aid in the
interpretation of study results, FDA is interested in what constitutes a meaningful within patient change
(i.e., improvement and deterioration from the patients’ perspective) in the concepts assessed by COAs”
and “recommends the use of anchor-based methods to establish meaningful within-patient changes.” [5].
In the same 2019 document, FDA diminished the role of distribution-based methods, stating:

Distribution-based methods (e.g., effect sizes, certain proportions of the standard deviation and/or
standard error of measurement) do not directly take into account the patient voice and as such cannot be
the primary evidence for within-patient clinical meaningfulness. Distribution-based methods can provide
information about measurement variability. [5]

Anchor-based methods explore the associations between the targeted concept of the COA measure and
an external criterion measured by the anchor (or multiple anchors) chosen to be easier to interpret than
the COA measure [1, 4, 5]. Simply stated, “the anchor measure(s) are used as external criteria to de�ne
patients who have experienced a meaningful change in their condition.” [1]. As noted above in the early
interpretation studies, the anchor is often a global rating [2, 3]. By identifying the patients who
experienced meaningful change based on the anchor measure(s), the meaningful change threshold of the
COA measure can be derived [1].

While the anchor(s) are valued for providing plausible interpretation criterion measures to aid
interpretation, anchor-based methods contain a number of inherent theoretical and methodological
problems that have emerged from the health-related quality of life (HRQoL) literature. The intent of this
paper is to provide a critical appraisal of the use of the anchor-based methods by detailing �ve key
concerns for the use of these external criterion in the interpretation of: clinically meaningful change at the
individual level or clinically signi�cant differences between groups of patients. Finally, we propose
strategies that represents alternatives to both distribution- and anchor-based methods to address the
underlying challenges.

Methods
This investigation reviewed key publications that contribute to the appraisal of anchor-based methods
employed to derive COA interpretation thresholds. The appraisal detailed a key bias in anchor-based
methods that directly in�uences the magnitude of the interpretation threshold.



Page 4/12

Results
Five important concerns for the use of anchor-based methods have emerged from the literature: 1) global
estimates of change are consistently biased toward the present state; 2) the use of static current state
global measures, while not subject to artifacts of recall, may exacerbate the problem of estimating
clinically meaningful change; 3) the anchor assessment response(s) that indicates meaningful change
usually involves an arbitrary judgment; 4) the calculated interpretation thresholds are sensitive to the
proportion of patients who have improved; and 5) for anchor-based regression methods, the correlation
between the COA change scores and the anchor has a direct linear relationship to the magnitude of the
interpretation threshold derived using an anchor-based approach, with stronger correlations yielding
larger interpretation thresholds. Each of these �ve concerns is discussed below.

1. Global Estimates of Change Are Consistently Biased Toward the Present State

Anchor-based methods based on a patient global estimate of change (e.g., “Please choose the response
that best describes the overall change in your since you started taking the study medication: Much better,
A little better, No change, A little worse, Much worse” [6]) have consistently demonstrated bias by
overweighting the present state and underweighting the initial state. Empirically, if reports of within-
patient change are an unbiased estimator of the difference between study baseline and the present
condition, they should result in a high positive correlation with present state and a negative correlation of
equal magnitude with the baseline scores [7]. However, empirical investigations correlating the
assessment of change on the anchor with independent measures of baseline and present state have
consistently demonstrated a high positive correlation with the patients’ current status, and a near zero,
and occasionally positive, correlation with baseline assessments [7–10].

The fundamental problem with the approach is that remembering and estimating change from a baseline
several weeks or months earlier can be an extremely di�cult recall task; as a consequence, people devise
alternative, albeit unconscious, strategies [7]. One identi�ed strategy is implicit theory of change [11].
Using numerous examples from the social science literature, Ross [12] documented how individuals do
not directly recall the initial state; instead, they use implicit theories based on their current state to
estimate their initial state and then reconstruct the estimate of change over time. As a result, implicit
theories of patient-perceived stability and/or change lead to recall bias and overweight current status in
the change estimation. Ross’s work provides a framework to understand the empirical evidence [7–10]
that retrospective ratings are a re�ection of the patient’s perception of the current status rather than an
accurate assessment of change over time.

2. The Use of Static Current State Global Measures May Exacerbate the Problem of Estimating Clinically
Meaningful Change

The challenge to appropriately identify the patients who have a meaningful change is perhaps more
di�cult when a static (current state) patient global impression of severity (PGIS) scale is used (e.g.,
“Please choose the response below that best describes the severity of your illness over the past week:
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None, Mild, Moderate, Severe) as recommended by the FDA [6]. This approach does not directly elicit
information from patients about the magnitude of meaningful change.

Moreover, these patient assessments of present state may also suffer from a bias analogous to the
implicit theory of change or stability. The related bias is called response shift – as a patient’s health state
changes, their expectation of ideal health may change with it. Patients with chronic or degenerative
diseases may acclimatize to their health state, so report good or excellent health despite obvious
in�rmities. As a consequence, “HRQoL scores can be stable despite changes in HRQoL” [14]. That is, the
static PGIS response given at baseline may not re�ect the health framework used by the patient at later
PGIS assessments.

3. The Anchor Assessment Response(s) That Indicates Meaningful Change Usually Involves an Arbitrary
Judgment

Using the patient global estimate of change (e.g., “Please choose the response that best describes the
overall change in your since you started taking the study medication: Much better, A little better, No
change, A little worse, Much worse” [6]) to understand and interpret meaningful change requires the
selection of a speci�c global response(s) to anchor the change score analyses. What then constitutes a
meaningful change? Does a patient need to be Much better or perhaps simply A little better for the COA
change/improvement to be meaningful? What if the disease or condition is known for rapid patient
deterioration on the COA’s concept of interest, should a patient change response of No change indicate a
meaningful change or improvement over time given the historically-known downward disease trajectory?
Moreover, the selected meaningful change level(s) need to identify the patients who have changed, while
at the same time, have not changed too much. That is, it is important to identify the subset of patient who
have experienced a meaningful change, but at the same time, to not overestimate the important change
threshold through the inclusion of patients with large changes in the meaningful change estimation
process [13].

The situation is exacerbated when static state measures are used because relevant change levels are
determined by computing the difference between the two states, yet meaningful change is not directly
estimated by patients. Recognizing this, the FDA asks sponsors to specify and justify “the anchor
response category that represents a clinically meaningful change to patients on the anchor scale, e.g., a
2-category decrease on a 5-category patient global impression of severity scale.” [1]. However, when the
criterion judgment of meaningful change over time on this static scale is left in the hands of the
investigating team or an expert panel, this undermines the process of identifying meaningful patient-
informed change using the static anchor.

It is suggested [1, 5] that interpretation of meaningful change may be assisted by graphic display of the
empirical cumulative density function (eCDF) at each global change value. While the eCDF curves from
each change level provides descriptive information on the relationship of the COA to the anchor’s change
score, these graphic displays do not directly inform the anchor’s meaningful change threshold. That is, by
noting that “The meaningful within-patient threshold of the target COA should be explored by the eCDF of
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the anchor category where the patients are de�ned and judged (by the anchor measure) as having
experienced meaningful change in their condition” [1] assumes that meaningful change level for the
anchor is known or has been established.

Indeed, without an adequate qualitative investigation [15] of the global item’s response options to
understand what patients within the target population consider a meaningful change in how they feel or
function on the global item’s scale, the selected relevant level(s) for the global assessment response(s)
that indicates meaningful change may involve an arbitrary judgment by the investigating team, and that
judgment can differ over time [3, 16]. The use of a static anchor (e.g., PGIS) and eCDF displays does not
address the crucial issue of how the anchor’s meaningful change level is established.

Finally, the reliability of anchor ratings is generally unknown, with limited evidence supporting test–retest
reliability of anchor item(s). The paucity of evidence of reliability for the anchor assessments was �rst
noted in 1997 by Norman, Stratford and Regehr [7], and as described by Lavigne in 2016, if the anchor
item(s) used to assess the meaningful change is not reliable, the resulting change threshold for
meaningful improvement or decline may not be reliable [17].

4. The Calculated Interpretation Threshold Is Sensitive to the Proportion of Patients Who Have Improved

Terluin et al [18] examined the impact of the proportion of improved patients on minimally important
change (MIC) thresholds in: 1) multiple simulations of patient samples from anchor-based MIC studies,
and 2) in a clinical study dataset. A group MIC was compared to the average of all individual patient
reported MIC levels if the patient reported an important change/improvement using a global change
anchor, and the group MIC was calculated using two methods, receiver-operator characteristic (ROC)
curves and predictive modeling [18]. Not surprisingly, when the proportion of improved patients was less
than 50%, the group MIC underestimated the average of individual MICs because proportionately more
observations came from the unchanged group. Conversely when more than half the patients had an
important change/improvement, the group MIC overestimated the average of individual MICs for the
same reason [18].

The FDA has discouraged the use of ROC analysis as the primary method for understanding the
meaningful within-patient change threshold for similar reasons, making note that this method is “partially
a distribution-based approach” and “the most sensitive threshold identi�ed by ROC [analysis] may not
actually be the most clinically meaningful threshold to patients” [5].

5. The Strength of the Relationship Between Changes in the Anchor and Changes in the COA has a Direct
Impact on the Magnitude of the Meaningful Change Threshold

An important and often overlooked source of bias in anchor-based methods that directly in�uences the
magnitude of the meaningful change threshold is the correlation between change assessed by the anchor
and the COA change scores [13]. It is self evident that there should be some relationship between change
in the COA and change assessed by the anchor scale [1, 5]. This can be visualized by considering extreme
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cases. If there is a no relationship between change on the COA and change on the anchor (rxy = 0.0), then
no amount of change in the anchor will lead to a non-zero predicted change in the COA. The two
measures are independent. Conversely, if there is a perfect linear relationship (rxy = 1.0), then any change
in the anchor will lead to an equivalent 1 SD change in the COA. And presumably intermediate change
correlations/relationships between the two measures must result in correspondingly intermediate values
on the meaningful change on the COA.

Without providing speci�c thresholds, FDA notes that an anchor should be “su�ciently correlated to the
targeted COA.” [1, 5]. Hays, Farivar, & Liu reported in 2005 that a correlation coe�cient of r ≥ 0.371
(equivalent to an effect size of 0.80) de�nes “a noteworthy (large effect) association” between change on
the anchor and change on target COA measure [19]. Other authors have recommended a range of 0.30–
0.70 for the magnitude of this change scores correlation [20, 21]. Leaving aside the broad nature of these
recommendations, what is not recognized is that selecting a correlation range does not nullify the impact
of the correlation on the calculation of the meaningful change threshold. Quite the opposite; the
magnitude of the association is a direct determinant of the magnitude of this threshold when regression
analysis is used to estimate change in the COA that results from meaningful change on the anchor [13].
Expressed in standard deviation (SD) units, the meaningful change threshold is the difference on the
anchor scale in SD units corresponding to meaningful change multiplied by the correlation coe�cient.

This key issue makes clear that the magnitude of the resulting meaningful change threshold that
emerges from the regression analysis will increase with the strength of this relationship. [13]. Moreover,
the effect is non-trivial – depending on the strength of the correlation, the meaningful change threshold
can vary from 0 to 1 SD, and is minimal when the correlation is smallest – the weakest relationship.
Setting arbitrary ranges of correlation such as 0.30 to 0.70 reduces the impact of correlation, but it
remains a major determinant.

While the magnitude of this bias can be directly estimated, it is unclear how to address the role of this key
determinant. Fayers and Hays recommended a strategy called linking that equates the standardized
change in the COA and the anchor; this strategy is equivalent to assuming a perfect linear relationship (rxy

= 1.0) between the change scores [13]. This strategy is, of course, problematic in justifying the use of the
anchor if there is a notably weak association between the two change scores. Moreover, the effect of this
strategy is not trivial. Using the results from Suner et al [22], Fayers and Hays’ report the estimated
minimal important difference (MID) on the 25-item National Eye Institute Visual Function Questionnaire
(NEI VFQ-25; scored 0 (worst) to 100 (best vision-related function)) using at least a 15-word change in
visual acuity as the anchor was 4.3 points using linear regression models (r < 0.3) and 21.8 via the linking
approach—two widely different thresholds for interpreting change over time for patients with neovascular
age-related macular degeneration [13, 22].

This �nding is worrisome in that a stronger association between change on the COA and anchor will yield
higher values for meaningful change threshold, while a weaker anchor relationship yields a lower
threshold for demonstrating a meaningful change using regression analysis.
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The importance of this �nding may give cause for the reconsideration of all meaningful change
thresholds computed to date using an anchor-based approach and regression analysis.

Discussion
Anchors have assumed a central role in the interpretation of health status changes related to therapeutic
interventions. This investigation explored �ve known challenges to an external anchor-based approach to
interpretation of changes in the COA of interest, and interpretation of the evidence from anchor-based
methods is vulnerable to these biases.

At the heart of this discussion is the utility and interpretation of the external anchor measure. When
detailing the considerations for selecting anchors, the FDA states “anchors should be plainly understood
in context, easier to interpret than the COA itself, and su�ciently correlated to the targeted COA.” [1].
Naturally, the patient’s global change assessment is often used as such an anchor, allowing patients to
directly provide “the standard by which to measure the bene�ts and harms of their treatments.” [18].
However, global change assessments consistently suffer from recall bias; these and other anchor
measures often are subject to arbitrary level-setting for meaningful change, limited and often unknown
test-retest reliability, and vulnerability to biases from implicit theory of change and response shift.
Empirically, an understanding that the change score correlation between the COA and the anchor is
directly associated with the magnitude of the meaningful change threshold derived using regression
analysis questions the role of these assessments in the interpretation process.

There is an underlying paradox. Extensive resources are invested in research related to the development
of content and psychometrically valid COAs. Yet the interpretation of change over time, and the critical
act of determining the magnitude of change on these often multi-item measures that will be regarded as
clinically meaningful is accomplished by comparing the domain/concept change scores to a plain and
easy anchor measure(s) with often unknown and irreducible biases. In 2016, Coon and Cappelleri
described this dilemma, noting:

However, even if a related, interpretable, serial anchor is used for determining how to interpret PRO scores,
the development of the anchor is unsettlingly more simple than that of the PRO. In other words, how can
we hinge the interpretation of our rigorously developed PRO on an overly simple anchor? [21]

A New Approach: De�ning the Meaningful Change Threshold Within the COA

In our view, the external anchor-based method, while providing an early and useful approach to
interpretation, may have reached the limit of its development. At a conceptual level, it is simply illogical to
interpret a carefully developed COA using a “gold standard” that consists of a single and/or simpler
item(s), and is known to be vulnerable to identi�ed biases.

One solution is to refocus efforts to development of methods that derive thresholds of change within the
COA itself. One very promising development in this regard initiated by the Patient Reported Outcomes
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Measurement Information System® (PROMIS® [23]) researchers is the PRO-Bookmarking [24] approach,
an adaptation of the Bookmark procedure for pass/fail standard-setting used by US state academic
achievement assessment systems [25]. Using Item Response Theory (IRT) methods, the PROMIS® was
developed calibrated PROs to assess physical, emotional and social health of patients in clinical care,
observational studies and clinical trials [23]; in addition, PROMIS® researchers developed PRO-
Bookmarking to identifying key change thresholds in PROs using the items within the PROMIS® measure
[24].

In its original form, a key feature of the Bookmark procedure is the Ordered Item Booklet (OIB), which
contains all academic test items (one per page) ordered by empirically-determined di�culty (easiest to
hardest). Using the OIB, a panel of subject matter experts (SMEs) determines where to place a bookmark
between two items such that the “minimally quali�ed” student is expected to have mastered the items
below the bookmark, with multiple rounds of training and discussion between SME panelists [25, 26].

In the most recently published PROMIS® bookmarking report investigating meaningful change in the
concepts of rheumatoid arthritis (RA) pain interference and fatigue, the original Bookmark procedure was
modi�ed in a number of ways [27]. The OIB was replaced with a series of patient vignettes (natural
language short stories) that describe 4 or 5 key symptoms from PROMIS item banks of the two
investigated concepts. Each vignette had a PROMIS® IRT-based score, and these vignettes were
presented to the panels in order from lowest to highest scores. The SMEs panels including two key
informants, clinician and patients; each panel separately reviewed ordered vignettes to identify
(bookmark) transition points from none-mild, mild-moderate and moderate-severe across the severity
spectrum for these two concepts. Using vignettes at the severe or mild level as a baseline, each panel was
then asked to identify the vignettes that represented a meaningful improvement or worsening,
respectively, for each investigated concept, with the PROMIS® change scores then used to identify the
magnitude of the meaningful change thresholds reported for each panel [27].

The approach has a critical difference from previous distribution- and external anchor-based methods in
that calibration arises within the COA, thereby obviating many of the concerns raised earlier about
anchor-based methods. Second, it clearly articulates the patient’s voice, unlike distribution-based
methods, and provides a clear comparison to the clinician perspective, which did not always align with
the patient perspective. A third difference is that, while it originated in the educational context of standard
setting for academic tests, the PROMIS® bookmarking adaptation for PRO assessments provides a
relevant and rich opportunity to learn from key informants how meaningfulness is discerned.

However, the Bookmark procedure is only one strategy used by educators for calibrating criterion
referenced cut scores using known information from within the test. Others – including Angoff [28],
Hofstee [29], Nedelsky [30] - may be adaptable to COA assessments and deserve investigation [31, 32,
33]. With heightened awareness and a deeper understanding of the biases inherit to external anchor-
based methods used to derive meaningful change thresholds to understand both individual and group
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change over time, we encourage researchers to further pursue new methods that use the information
within a COA based on their usefulness in the education standard-setting arena.
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