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Minimal Clinically Important Difference

A Standard Method for Determining the Minimal Clinically Important Difference for
Rehabilitation M easures
Abstract

The Minimal Clinically Important Difference (MCIDO} receiving increasing interest and
importance in medical practice and research. ThélME€the smallest improvement in scores in
the domain of interest which patients perceiveasehcial. In clinical trials, comparing the
proportion of individuals between treatment andtadrgroups who obtain a MCID may be
more informative than comparisons of mean chang&d®sn groups since a statistically
significant mean difference does not necessarpyasent a difference that is perceived as
meaningful by treatment recipients. The MCID magodbe useful in advancing personalized
medicine by characterizing those who are mostyikelbenefit from a treatment. In clinical
practice, the MCID can be used to identify if atjggwant is experiencing a meaningful change
in status.

A variety of methods have been used to determie@@GID with no clear agreement on
the most appropriate approach. Two major sets dfiods are either (1) distribution-based, i.e.,
referencing the MCID to a measure of variabilityeffect size in the measure of interest, or (2)
anchor-based, i.e., referencing the MCID to anregleassessment of change in the condition,
ability, or activity represented by the measurentdrest. In prior literature, using multiple
methods to “triangulate” on the value of the MCl&stbeen proposed. In this commentary, we
describe a systematic approach to triangulate @ i&ID using both distribution-based and
anchor-based methods. Adaptation of a systemapimaph for obtaining the MCID in
rehabilitation would facilitate communication anahgparison of results among rehabilitation

researchers and providers.
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Key Words: Quality of Health Care; Outcome and Process Assess(hlealth Care);
Patient Outcome Assessment; Minimal Clinically Intpat Difference
List of Abbreviations

GIC Global impression of change

IRT Item-response theory

MCID Minimal clinically important difference

MCR Mean change response

MOI Measure of interest

RCI Reliable change index

RCID Robust clinically important difference

ROC Receiver operating characteristic

SEM Standard error of measurement

The Minimal Clinically Important Difference (MCID}¥ gaining increasing interest and
importance in medical research and practice. J&esaid colleagué®riginally proposed the
concept in 1989 as “the smallest difference ins@othe domain of interest which patients
perceive as beneficial and which would mandatéhénabsence of troublesome side effects and
excessive cost, a change in the patient's managémeansuch, use of an anchor-based MCID
as described below epitomizes a marked departone tiraditional statistics, such as,
significance testingptvalues) and effect sizes.

Traditionally, studies have estimated and comp#rediverage improvement (change) in
an outcome measure of interest (MOI) between treatrand control groups using statistical

tests to determine if the improvement in the treatngroup is “statistically significantly” greater
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than that in the control group, beyond what is etgx by chance (i.ep-value < 0.05).
However, statistical significance does not necdgsaguate tcclinical significance. Large
sample sizes have the power to find that smalédbfices thadre not clinically meaningful are
statistically significant, and small samples sizek the power to demonstrate that large
differences thare clinically meaningful are statistically significan

The magnitude of the within-group improvement @& tietween-group differences in
improvement (relative to the variability at base)imre often reported as measures of within- and
between-group effect size. For example, Cohenanailfy effect sizes of 0.2, 0.5, and 0.8 are
commonly interpreted as small, medium, and larfgcesizes, respectively. Statistical testing
can be used to answer the question: “Does treatgnenp improve more than control group
beyond what we would expect by chance?” Effectssa=mpt to extend interpretation beyond
statistical significance towards clinical significae by answering the question: “On average, is
the within group improvement (or between group cangmn of improvements) small or large
(relative to the degree of variability across satg¥?” However, this is still an interpretation of
treatment effect at the group level, that is, therage response to treatment across many
individuals, and may not reflect the treatment @ffer a particular individual. The degree of
improvement may vary considerably across individaad may be dependent upon subject-
specific characteristics (measured or unmeasuFeatfhermore, the effect size is not expressed
in units of the MOI and is not interpretable at théividual level (e.g., in a clinical setting when
presented with a single patient’s pre- and postttnent values). Finally, and perhaps most
importantly, the effect size may not reflect wheg persons served consider a meaningful

difference in their quality of life.
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The MCID is expressed in the same units as the Mdican be more appropriately used
in a clinical setting to identify if a specific inddual has had a meaningful response to treatment
when making decisions to continue or alter treatoieime MCID can also be used in a research
setting and for program evaluation to better untdestreatment effect, enabling researchers to
guantify the proportion of people who had a meafuinggsponse to treatment. In addition, this
proportion can be interpreted at the individuakleas an estimate of the probability that an
individual will respond to treatment. Statisticajrgficance testing can be used to compare the
proportions ofesponders, i.e., those achieving a MCID or better, betweeatment and control
groups to determine if the response rate is gréatie treatment group beyond what would be
expected by chance. Additional analyses can beumted to describe and compare
characteristics between responders and non-respotadielentify subject-specific factors that
are associated with increased or decreased lilailjor probability) of response to treatment.

Without a good appreciation of how much improvemsractually meaningful to persons
served, studies may not be appropriately powerekttect clinically meaningful differences.

The MCID can be used to better design studiesatosthatistical and clinical significance are

more aligned. Studies can be powered to havecserifisample size to detect a meaningful
change rather than a statistically significantediéhce based on effect sizes. For example, studies
are often powered to detect a Cohen’s d effectige5 (difference/SD), which could represent
different magnitudes of change depending on theFsilthermore, studies are often
underpowered to conduct analyses assessing resjpoineatment as comparisons of the
proportion of responders between groups and therfaassociated with the likelihood of

response often require larger sample sizes thapaasons of mean change. Studies of

treatment efficacy should be adequately powerdwate sufficient sample to detect differences
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in mean changes between groups as well as differiarite proportion of responders between
groups in order to maximize understanding of teattnent effect being studied.

Statistical testing, effect size, and MCID eachvjde researchers and clinicians with
unique information regarding treatment efficacytat group level. However, the MCID can also
be used specifically at the individual level. leigpressed in the same units as the MOI making it
easily implemented in a clinical setting when cdesing continuing or altering treatment.
Response to treatment analyses and advances onpkred medicine research can help further
guide clinicians’ treatment selection by identifyisubject-specific characteristics associated
with increased or decreased likelihood of treatmesponse. As we will describe in this paper,
the value of the MCID, like other measures of trezit effect, can be obtained in a statistically
reliable manner but may be substantially diffeiantalue from measures of effect size or other
types of distribution-based indicators.

Despite its potential value, computation of the l@4 controversial as a recent
exchange of Letters to the Editor in hehives illustrates” Two major methods have been
proposed to derive the MCID: a distribution-baspgraach and an anchor-based apprdach.
The distribution-based approach references statlistidicators of significant change, such as,
the standard error of measurement (SEM), indicatbvarious effect sizes, such as, a standard
deviation (SD), or factors of these basic indicaitdihe anchor-based approach estimates the
MCID in reference to another estimate of meaninghange by the person served or a service
provider. Most commonly, a Global Impression of @& (GIC) rating is used as the anchor.
Within the anchor-based approach, the degree ofgehm the MOI that indicates meaningful
change is derived either by a mean change resgbi3R) or a receiver operating characteristic

(ROC) analysis. MCR compares the means of indivgumaicating improvement on the anchor
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to those who do not report improvement. ROC praviasimilar comparison based on the
proportion of agreement between the MOI and théd@ndrOC analysis yields sensitivity,
specificity, and accuracy statistics, similar talenation of diagnostic procedures or of other
types of classification analyses.

Early descriptions recommended using multiple mashto determine the MCID and
then “triangulating” on the best val{i@ However, a specific or systematic method for this
triangulation has not been suggested. Subsequemitiodologists have favored an anchor-
based approach and emphasized the importanceresegying the perspective of the person
served in determining meaningful charige.

Studies attempting to identify the MCID for variomgasures have used a wide variety of
methods. In their review, Engel and colleaduisscribe the methods used and found that only
about half used an anchor-based approach. In peaetidistribution-based value in the
neighborhood of %2 SD has typically been identilsdhe MCID and has been recommended for
use in the absence of an empirically establish&geva We will not comprehensively review
this literature; the interested reader is refeteedbcent review’s’ and other papers cited
previously for more detailed information about thethods and history of the MCID. In this
commentary, we describe a method for systematitaigngulating” on the most appropriate
value for the MCID using both distribution-basedi @mchor-based approaches. We have used a
similar method previoushf. In this paper, we present this method systematiead add
additional reliability tests. We believe the metlumscribed here is appropriate for use with
many standard rehabilitation measures and sudgasthie use of a consistent method to derive
MCIDs in rehabilitation will support communicati@out and comparability across studies. We

have previously suggested that an indicator ofbstsuntial improvement in status, the Robust
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Clinically Important Difference (RCID), might aldi® determined to identify cases in which
change is not only minimally meaningful but impiiees® The method described here
systematically identifies values both for the MGIBd RCID.

Method

The proposed method for systematically identifyting value of the MCID is
fundamentally an anchor-based method. We agreeothtrs cited previously that an anchor-
based method is preferable to using distributiosebdandicators alone. However, we also
believe that distribution-based indicators provia®iliar and well-accepted benchmarks for
evaluating measurement error and effect size. Cuesly, initial steps in the proposed method
determine a range of distribution-based indicatioas are then further evaluated through anchor-
based procedures.

The recommended distribution-based indicatorslaetandard error of measurement
(SEM), the baseline (or pre-treatment) standardadien (SD), and three factors of these basic
indicators: ¥2SD, 1.96SEM, and the Reliable Chandgex (RCI). Their values range from the
smallest amount of change that can be determingdebyOl (i.e., SEM) to very large change
(i.e., 1 SD).

We agree with Engel and colleagU#sat, when evaluating the proposed MCID in
reference to an anchor, a ROC approach is pretetald MCR approach. The MCR approach
compares the mean change between those achieeimgitimum amount of change
(responders) and those who do not (non-respongerd);onsequently may not be sensitive to a
minimally meaningful change among those responglbsse change scores fall below the mean
change. The method described below is a ROC appréaBOC computation provides the

sensitivity andspecificity of the range of values of the MOI relative to @K. Accuracy can be
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computed by taking the weighted sum of sensitiaitg specificity, with weights corresponding
to proportion of individuals above and below the lGi.e., the prevalence). We also
recommend computing Youden’s Ind&x8y combining sensitivity and specificity, Youden’s
Index provides an overall indicator of the perfonm@ of these metrics and, unlike the other
more familiar indicators, is independent of thevatence of responders and nonresponders.
Youden'’s Index can vary between 0 and 1 with higlaues indicating a smaller overall
proportion of false negatives and false positi@finitions and formulas for these metrics are
provided in Text Box 1.

Since the validity of an anchor-based approachragsuhat the anchor is representative
of , that is, is associated with change on the Miad,correlation between the anchor measure
and change on the MOI is computed prior to anyrathenputations. A Spearman correlation is
suggested since most anchors, including the GiI@mewended here, are ordinal measures.
While a correlation of at least .3 to .35 has hemommended as a minimum correlation
between the change score and the anther suggest that a stronger correlation indicating
least 50% or better shared variance (i.e., coroslaf .7 or higher) provides greater confidence
that the anchor is sensitive to change on the M@Ithat both these measures represent the
same construct.

The change in the MOI and the anchor may not bguately correlated for a number of
reasons. Most commonly, (a) the MOI change scoes dot have adequate reliability or
precision; (b) the time between measurements oMtbEis too great, leading to recall bias or
response shift; or (c) the MOI is unreliable beesofsthe participant’s impaired self-awareness.
Lack of reliability or precision in the MOI and csgquently MOI change can be avoided by

carefully selecting statistically sound measureef@luation. Measures with an interval level of
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scaling are required since, with such measureghtaege score will indicate the same degree of
change regardless of the initial level on the meadDrdinal measures can be transformed to
interval scaling through Rasch or other item-resgadheory (IRT) procedures. Recall bias is
distortion in perceived change due to difficultyratalling the progression of one’s condition
over an extended period of time. An optimal pewbtime between initial and final
measurement has not been well-defined and maywiéinthe MOI and the anchdf.Response
shift refers to a change in one’s perception ofonendition over time. In other words, the
factors that the rater considered in making thiiniating changed over the course of time and
are different at the time of the final rating. Uability due to recall bias or response shift can
probably not be addressed retrospectively and like$y prevents a valid MCID determination.
Unreliability due to impaired self-awareness i®oalgficult to address retrospectively in
participant ratings. In such cases, ratings made fimpre objective observer are preferable for
determining the MCID.

If a lack of correlation between change in the M@d the anchor prevents computation
of the MCID, % SD may be used as the putative MGrecommended by othé&rs.
Alternatively, if a more conservative estimatelw# tlinically important difference is appropriate
in the context of the research, the RCI may be.uBkis is the approach we used in prior work
in which a substantial correlation between changbdé MOI and anchor was not obtained due
to the extended time (5 years) between measureroktite MOI. Computing both these proxy
values mirrors the derivation of a MCID and RCIDowever, the use of such proxy values
should only be used in specific research situat{ergs, the time between measurements is
extremely long) where derivation of the MCID andIRGs not possible. Proxy values should

not be substituted for systematic and precise dgon of the MCID and RCID in the long term.
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Example

The basic steps for obtaining the MCID and RCI2tyiare as follows: (1) obtain a
representative sample (being aware that the MCIP vaay among samples of varying severity
of iliness, chronicity, demographic, and other das}, (2) determine if the correlation between
the MCID and the anchor is adequate to proceddiq), (3) compute the sensitivity, specificity,
accuracy, and Youden'’s Index for the MOl relativgtte GIC in identifying those who indicate
that their condition is “Better” or “Much Betterdnd then (4) select the MCID and RCID
corresponding to the highest accuracy and optieradisivity and specificity as indicated by
Youden'’s Index. A more detailed, step-by-step dpson of the method is provided as
Supplementary Material 1.

To demonstrate this method, we have constructedck ulata set (available as
Supplemental Material 2) consisting of 100 caseshis mock data set, the MOI was expressed
as an integer (no decimal values) T-score betwesamddL00 with a mean of 50 and a SD of 10 at
time 1. Reliability ¢) was assumed to be 0.9. GIC values on an orduadé sndicating much
worse (-2), a little worse (-1), about the same &(jttle better (1), much better (2) were seldcte
to generally agree with change on the MOI; howeteemirror reality, some values did not
agree. The Spearman correlation between chandedd®| and the GIC was .88. With an
adequate correlation between MOI change and the(&0C7), distribution-based indicators
were calculated as follows: SEM=3.2; %> SD=5.0; £396M=6.2; RCI=8.8; 1 SD=10.0.
Because the measure was integer-based, decimabvialuthe distribution-based indicators
were rounded to the nearest whole integer as gsglan Tables 1-3.

In this example, inspection of Table 1 shows bo#6£SEM and .5 have the same

accuracy and acceptable sensitivity and specifieltywever, Youden’s Index favors .5 SD as

10
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the MCID. Inspection of Table 2 suggests the R@ ArsD as possible values for the RCID;
both show good accuracy, sensitivity and specfi¢itowever, RCI has a slightly higher
Youden'’s Index and is selected as the potentiaCRThese proposed values are then evaluated
for the entire sample (Table 3). Inspection of €abkhows that both the proposed MCID and
RCID continue to perform well for the entire samafel are selected as the final MCID and
RCID.
Concluding Comments

Determination of the MCID for statistically reli@omeasures used in rehabilitation has
significant potential value as described in theadtiction to this paper. In contrast to effect size
the MCID is expressed in the units of the meagsedfirather than referenced to the variability
of its distribution and represents the smalleshgeahat is clinically significant and meaningful
to the person served. As such, the MCID for a nreasiay vary across different populations
(e.g., diagnostic groups) as well as with seveditypnicity, demographic and other factors
within these populations. Effect size represengsniagnitude of change between or within
treatment groups and is not indicative of individueatment response. Whereas, the MCID
represents a degree of change that will be perdeseneaningful by most persons served and
can be used to inform individual treatment decision

Measures developed using IRT should be used inidgrihe MCID since they are
reliable and are equivalent to interval measurgsaviding change scores of consistent value
regardless of the initial level of the measure. M/the impression of the treatment recipient is of
paramount importance in determining whether a nmgdini change has been obtained, the
impression of a more objective observer is alseatiie, particularly in assessments in which

there is substantial risk of impaired self-awarsm@s the part of the treatment recipient. The

11
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method described here focused on the evaluatiposifive change since this is most often of
interest in evaluating rehabilitation interventior®wever, a similar method might also be used
to evaluate negative change or deterioration. \Wamgdted to provide a clear and straightforward
approach to determining the MCID. Nonethelesshasva in our example, reliability indicators
for potential values may be very similar and sootgggment may be required in the final
determination.

We proposed the determination of a RCID in additmthe MCID. However, we wish to

emphasize the value of determining the minimal geahat is meaningful to participants and

providers, and to caution against the ascendantteed®CID as a more important indicator. The
RCID is of interest only in identifying those whadhan outstanding response to treatment. In
some fields, the RCI is embraced as the premiesuneaf significant change. However, while
the RCl indicates a value that is very unlikelytwur by statistical chance, it does not address
the issue of meaningful change since it is derivech a distribution-based approach. As
described in MCID reviews and studies cited presfpuparticipants mayeliably perceive a
meaningful change at a level much less than the RCI

As investigations of methods for personalized mediexpand, both the MCID and
RCID should be useful in characterizing individualso benefit from specific treatments. On the
historic timeline for the development of scientifiethods (which can span a century), the
MCID—first proposed 30 years ago—is just reachidglescence. Consequently, further
evolution of this concept and methodologies captpected. For example, the best method to
compute the standard error used in the calculati@ome distribution-based indicators is
debated? as can be the optimal measure for reliability. Wslee proposed that the correlation

between the MOI and the anchor should be relatisebng, i.e, .7 or higher, while othetsve

12
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276  suggested a correlation as low as .3. Future sgsieempirical investigation is required to
277  determine the recommended correlation between tBéavid the anchor. In the interim,
278  adaptation of a consistent approach to determithiedVICID in rehabilitation will support
279  clearer communications and comparison of resulsngnnehabilitation providers and

280 researchers.
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Table 1. Agreement between distribution-based indicators and
classification values of GIC = Better vs. No Change, Worse or Much

Worse.
Accuracy | Sensitivity Specificity Youden’s

Index

SEM=3 74 1.00 .62 .62

.5SD=5 .80 .88 .76 .64

1.96SEM=6 .80 77 .81 .58

RCI=9 .79 42 .95 .37

1SD=10 g7 .31 .98 .29




Table 2. Agreement between distribution-based indicators and

classification values of GIC = Much Better vs. No Change, Wor se or

Much Worse.
Accuracy Sensitivity Specificity Youden’s

Index

SEM=3 .70 1.00 .62 .62

.5SD=5 .81 1.00 .76 .76

1.96SEM=6 .85 1.00 .81 .81

RCI=9 .96 1.00 .95 .95

1SD=10 .97 .94 .98 .92




Table 3. Agreement between distribution-based indicators and
classification values of GIC = Better or Much Better vs. No Change,

Worseor Much Worse.

Accuracy | Sensitivity Specificity Youden’s
Index
SEM=3 .78 1.00 .62 .62
.5SD=5 .83 .93 76 .69
1.96SEM=6 .83 .86 .81 .67
RCI=9 .82 .64 .95 .59
1SD=10 .80 .55 .98 .53




Supplementary Material 1. Detailed Stepsfor MCID and RCID Deter mination
1. Obtain a representative sample, i.e., large aslpeds represent the relevant patient group.
Note: The Minimal Clinically Important Differenc®CID) may vary by severity, chronicity,
demographic and other factors.
2. Obtain pre-post measurements on the measure oésni@OIl) and compute change scores.
3. At the time of the post-treatment ratings on thelM&so obtain ratings of overall improvement
relative to pre-treatment on a 5-point scale Glolgression of Change scale (GIC) from
participants and providers, i.e., (-2) Much Woisg&) Worse, (0) No Change, (+1) Better, (+2)
Much Better.
4. Compute Spearman correlation coefficient betwedd &1id MOI change score; value > .5 may be
acceptable; >.7, preferred.
5. Compute distribution-based indicators for scalentdrest:
a. SEM = SDyaseinV1 — 1)
b. Y baseline (pre-treatment) SD

c. 1.96 x SEM

d. Reliable Change Index (RCI) = 1.96 x (SRinéV2(1 — 1)) = 2.77 x SEM
e. 1 SD (baseline)
Note: In the above formulas= a measure of reliability, e.g., test-retest,raxh’s alpha, or
for Rasch or IRT measures, person reliability.
6. Divide the sample between those indicating “Bett®r'GIC and those indicating No Change,
Worse, or Much Worse; do not include those indiatluch Better.
7. With this dichotomized GIC as the classificatiouea compute sensitivity, specificity, accuracy,
and Youden’s Index for the MOI change score at éaafl of the distribution-based indicators,
comparing those at or above the distribution-baseéidator to those with change scores below the

indicator.



8. Select the distribution-based indicator with thghlest accuracy and optimal sensitivity and
specificity as indicated by Youden’s Index as thappsed MCID.

9. Repeat steps 6-7 dividing sample between thoseatidg Much Better and those indicating No
Change, Worse, or Much Worse; do not include thadieating Better.

10. Select the distribution-based indicator with thgh@st accuracy and optimal sensitivity and
specificity as indicated by Youden’s Index as theppsed Robust Clinically Important Difference
(RCID).

11.Repeat steps 6-7 dividing sample between thosedtidg Better or Much Better and those
indicating No Change, Worse, or Much Worse.

12.Verify or reconsider MCID and RCID values basedesults obtained in #11.

For the sake of brevity, we will only describe tradculation of the first row in Table 2 in the

main paper. To make these computations, the sangdealivided into those whose MOI change was 3

or more, i.e., a SEM, and those with change lems 8 These were compared to those whose GIC was 1

(Better) and whose GIC was 0 or less (No Changes#/dMuch Worse). As described in Step 6, those

with a GIC of 2 (Much Better) were not included.eThable below displays the numbers in each of

these categories. Applying the formulas in Tabl&dcuracy = (36+26)/84 = 62/84 = .74; Sensitivity =
26/(26+0) = 1.00; Specificity = 36/(36+22) = 36/6862; and Youden’s Index = 1.00+.62-1 = .62. All

the other rows in in Table 2-4 can be derived engame fashion.

Casedistribution by GIC and Change of 1 SEM on MOl.
GIC<0 GIC=1
Change < 3 True Negatives | False Negatives
36 0 36
Change> 3 False Positives True Positives
22 26 48
58 26 84




Text Box 1. Definitions and for mulas.

Sensitivity [percent of those improved on the GIC correctbniified by selected cutpoint on
MOI change score] = # True Positives / [# TrueitRaes + # False Negatives]

Specificity [percent of those not improved on the GIC corkeictentified by selected cutpoint on
MOI change score] = # True Negatives / [# True dizgs + # False Positives]

Accuracy [overall correct classification rate] = [# Truedhitves + # True Negatives] / # Total

Youden’s Index = Sensitivity + Specificity — 1.00






