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Purpose: The minimal clinically important difference (MCID) is a way of dichotomizing data for assessment of success or failure
based on clinically meaningful changes. The magnitude of the MCID is often misunderstood to be a singular quantity applicable across
studies. However, substantial differences have been reported among MCIDs for the same outcome measures usually based upon
differences extrinsic to the calculation. This study explores the effects of variabilities intrinsic to the calculation of the MCID.
Methods: The MCIDs for two knee replacement patient-reported outcomes measures of pain and function were calculated at 1 year
postoperative with an integrative anchor and distribution-based method using external anchor questions and receiver operator
characteristic (ROC) curves. The effects upon the magnitude and precision of the MCIDs of varying the anchor questions, the
thresholds for success/failure, and the sample sizes were examined.

Results: Wide variabilities were observed in both the magnitudes and precision of the MCIDs. The threshold for success had the
largest effect on magnitude of pain scores, while the sample size had the largest effect on precision. For function scores, the sample
size had the largest effect on magnitude, and the anchor question had the largest effect on precision.

Conclusion: Comparisons among MCIDs are difficult to interpret if elements of the calculations are different and influence the
results. While factors extrinsic to the calculations, e.g., study population, trial design, methods of calculation, etc., are known to
produce differences in the magnitude of MCIDs, this study shows that more subtle and less obvious factors intrinsic to the calculations
have profound effects on both the magnitude and precision of MCIDs. Comparisons among MCIDs should be made with caution and
call for greater transparency in reporting intrinsic methods. It is probably advisable for individual studies to calculate their own MCIDs
and not rely on published values.
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Introduction

For a variety of clinical, quality improvement, and research applications, it is often advantageous to express outcomes in
binary or categorical terms, reflecting the success or failure of a therapeutic intervention. To be most useful, the outcomes
should represent clinically meaningful changes, that is, changes that are acknowledged by the patient to be of sufficient
magnitude to represent a successful or unsuccessful result. Patient-reported outcome measures (PROMs) express
clinically meaningful outcomes." However, they are usually expressed as continuous scales with no criteria for
success/failure. One way of transforming PROMs to categorical scales is with the minimum clinically important
difference (MCID) that reflects important health status changes on the patient level and can represent success or failure
of a therapeutic intervention. “MCIDs are patient derived scores that reflect changes in a clinical intervention that are
meaningful for the patient”.”

The concept of MCIDs in outcome assessment was introduced in 1989 and quickly became an important outcome
instrument, supported by the FDA and NIH.? It was adopted by the AAOS to assess clinical significance and publications
appeared purporting to identify the MCID for a number of patient-reported outcome instruments.* While early reports
suggested that the MCID was a well-defined and singular quantity, subsequent studies demonstrated differences among
reported values for the same outcome measures.” ® MCIDs have been shown not to be singular values and not necessarily
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transferable among studies, and comparisons of MCIDs among studies are fraught with difficulties. Part of the dilemma
is that (1) there are several methods of estimating the MCID; (2) the MCID depends upon the clinical population, disease
entity and severity; and (3) the calculations themselves depend upon a variety of methodological techniques.>®® Most of
the inconsistencies have been ascribed to factors extrinsic to the actual calculation of the MCID such as patient
population characteristics, including socioeconomic status, mental health, and social support, disease type and severity,
and methods used to calculate the MCID. %1014

The hypothesis of this study is that both the precision and magnitude of the MCID can be influenced also by methods
intrinsic to the calculations and, together with extrinsic factors, influence how MCIDs can be interpreted and compared.
While much has been written about external features influencing MCIDs, this report demonstrates effects of features
internal to the calculation and draws conclusions about comparing MCIDs using different criteria for the calculation. This
study uses the Knee Injury and Osteoarthritis Outcomes Score (KOOS) Pain subscale and the Veterans Rand 12-Item
Health Survey Physical Component Summary (VR-12 PCS) scale in the setting of total knee replacement (TKR) to
examine the dependency of the MCID calculations upon the intrinsic elements of the methods used and, thereby, explain
the wide variations that have been reported in MCID calculations. The importance of the study derives from the
observation that 10-30% of patients report suboptimal pain and function status after TKR and that clinically relevant,
reliable, binary descriptors of clinical success and failure are needed.'” To ensure that the MCID is interpreted and
compared accurately, sources of uncertainty need to be identified.

Methods

This study required, and was granted, approval by the Institutional Review Board of the Lifespan Academic Medical
Center. Deidentified clinical data from patients undergoing TKR were obtained from the Functional Outcomes Research
for Comparative Effectiveness in Total Joint Replacement (FORCE-TJR) data registry of The Miriam Hospital Total
Joint Center. As part of the registry, the validated PROMs, KOOS pain subscale, VR-12 PCS, and Patient-Reported
Outcomes Measurement Information System (PROMIS), were prospectively collected preoperatively and at 3 and 12
months postoperatively. The KOOS pain and the PCS represent two independent domains of pain and function,
respectively. This study used the preoperative and 12-month postoperative data from 101 consecutive patients for its
calculations. Inclusion criteria included primary TKR for osteoarthritis and completed preoperative and 1-year post-
operative KOOS pain and PCS scores, and the PROMIS questionnaire.

The MCIDs for the KOOS pain and PCS scales at 12 months postoperative were calculated using an integrative
anchor and distribution-based method. In this method, MCIDs are calculated by using anchor questions to categorize
patients based on clinical improvement and applying receiver operator characteristic (ROC) curves to identify the value
on the health status instrument under study (ie, KOOS pain or PCS) that characterizes patient outcomes most
precisely.'*!'® The anchor questions were external to the PROMs and responses to them were collected concurrently
with those of the PROMs.

The study hypothesis that both the precision and magnitude of the MCID can be influenced by methods intrinsic to
the calculation was tested by examining the effects on the magnitude and precision of the MCIDs for clinical
improvement of (1) varying the anchor questions; (2) varying the threshold for success; and (3) varying the sample
size. The patient population was the same for all three tests.

Varying the Anchor Question

In an anchor-based MCID method, outcome scores are compared with an external, relevant “anchor” question with which
patients report their degree of improvement.'> Anchors can be transition questions, Patient Global Impression of Change
(PGIC) or Patient Global Assessment (PGA) of treatment effectiveness.'*!” We used PGA questions as our external
anchors. The effects on the MCIDs of two external anchor questions were examined for each domain of pain and function
(Table 1). One pain anchor question was obtained from the VR-12 and the comparison anchor question for pain was
obtained from the PROMIS. One function anchor question was obtained from the KOOS ADL subscale and the
comparison was obtained from the PROMIS.
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Table | Anchor Questions

Outcome Measurement Anchor Question
Domain Source
KOOS Pain VRI2 “During the past 4 weeks, how much did pain interfere with your normal work (including both work outside
the home and housework)?”
PROMIS “How would you rate your pain on average?”
VRI2 PCS KOOS ADL “The following question concerns your physical function. By this we mean your ability to move around and

to look after yourself. For the following activity please indicate the degree of difficulty you have experienced
in the last week due to your surgical knee. If you are not able to do the activity listed, tell us how difficult it
would be if you attempted to do the activity. ‘Rising from sitting’”

PROMIS “To what extent are you able to carry out your everyday physical activities such as walking, climbing stairs,

carrying groceries, or moving a chair?”

Note: Bold text indications assessment domain.

Varying the Threshold for Success

Because of its greater precision, the PROMIS anchor questions for pain and function were used to examine the effects on
the MCID of varying the criteria for success. Responses to the anchor questions were obtained on 0—10 Likert scale for
KOOS pain and a 1-5 Likert scale for PCS function. Two sets of clinically realistic thresholds for success/failure were
compared for their effects on the MCID. For KOOS pain, one group of patients with a response of 0-3 were considered
as clinical success while patients with a response of 4-10 were considered as failures. They were compared to another
group of patients with a response of 0—6, considered as clinical success, and a response of 7—10, considered as clinical
failures. For PCS function, one group of patients with a response of 1-2 were considered as clinical failures while
patients with a response of 3—5 were considered as clinical successes. They were compared to a group with a response of
1-3 considered as clinical failures and 4-5 considered as clinical successes.

Varying the Sample Size

The study of the effect of sample size on the MCID compared samples of 50 with 101 patients. The PROMIS anchor
questions for the KOOS pain scale and PCS function score were used to examine the effects on the MCID of varying the
sample size. A response of 0-3 was considered as the threshold for clinical success for KOOS pain and a response of 1-3
was considered as the threshold for clinical success for PCS function.

Statistical Analysis
Data was imported in SAS version 9.4 (SAS Institute Inc., Cary, NC) for data management and analysis. The MCID was
calculated separately for the KOOS pain and PCS scales at 12-months postoperatively. For each scale, the patient cohort
was divided into two groups, successfully and unsuccessfully treated patients, according to the responses to the anchor
question. The magnitude and precision of the MCID for clinical success were calculated for each scale by using the ROC
threshold method. In the context of calculating the MCID, the health status instrument (ie, the KOOS Pain Scale or the
VR12 PCS) was considered the diagnostic test while the quantification of clinical success was defined by the responses to
the anchor question. The ROC threshold estimated the magnitude of the MCID and was calculated by finding the value of
the health status instrument that was maximal by Youden’s J statistic, which was calculated as follows."'®

J = sensitivity + specificity - 1

Precision was described by the concordance index (C-statistic) of the ROC curve and was compared within scenarios
using Z-tests. Results are reported as mean + SD. A p<0.05 was used to determine statistical significance.

Results

The patient population was representative of patients undergoing TKR. The mean age was 67; 70% were female; the
mean BMI was 32. The results indicate that the magnitudes and precisions of the MCIDs of the two PROM domains
examined after TKR were affected by factors intrinsic to their calculations. Varying the anchor questions, thresholds for
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Figure | ROC curves for KOOS pain subscale demonstrating the effects of the anchor question upon both magnitude and precision of the MCID. (A) Anchor question
derived from the VR-12. (B) Anchor question derived from PROMIS. The statistical significance (p value) applies to the measure of precision (C-index).

success/failure, and the sample size each exerted substantial effects on the magnitude and precision of the MCIDs of the
KOOS pain subscale and the PCS function scale. Examples of the ROC curves for KOOS pain with varying anchor
questions are shown in Figure 1A and B. Compared with the VR-12 question, the PROMIS question doubled the MCID
from 15.99 to 31.26 and significantly increased the precision from a C-index of 0.68 to 0.77 (p < 0.001). An example of
changing the threshold for success/failure on the ROC curves for PCS function scores is shown in Figure 2A and B.
Compared to a threshold of success of 3—5, using a threshold of success of 4-5 doubled the MCID from 1.03 to 2.46;
however, the precision significantly decreased from a C-index of 0.75 to 0.58 (p < 0.001).
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Figure 2 ROC curves for PCS function domain demonstrating the effects of the threshold criteria from a Likert scale upon both magnitude and precision of the MCID. (A)
Success criteria 3-5. (B) Success criteria 4-5. The statistical significance (p value) applies to the measure of precision (C-index).
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Table 2 Estimated MCID for KOOS Pain

MCID C-Index P-value

Varying Anchor Questions <0.0001
VR-12 Anchor 15.99 0.68
PROMIS Anchor 31.26 0.77

Varying Criteria for Success/Failure <0.0001
Criteria | (0-3 Clinical Success) 31.26 0.77
Criteria 2 (0—6 Clinical Success) 6.26 0.56

Varying Sample Size <0.0001
Sample Size of 50 25.06 0.53
Sample Size of 100 31.26 0.77

The mean preoperative KOOS pain score was 47.4 £ 19.3 and at 1-year follow-up, increased to 81.2 = 20.4. The
magnitude of the MCID of the KOOS pain subscale ranged from 6.26 to 31.26 and the precision from 0.53 (poor) to 0.77
(excellent) (p < 0.001) (Table 2). Both the magnitude and precision of the KOOS pain MCID were sensitive to all 3
changing scenarios. The threshold for success had the largest effect on magnitude while the sample size had the largest
effect on precision. The sample size exerted the smallest effect on magnitude.

The mean preoperative PCS score was 36.2 + 9.8 and at 1-year follow-up, increased to 45.8 £9.5. The magnitude of
the MCID of the PCS ranged from 1.03 to 12.19 and the precision from 0.50 (poor) to 0.77 (excellent) (p < 0.001)
(Table 3). The magnitude and precision of the PCS MCID were also sensitive to all 3 changing scenarios. The sample
size had the largest effect on magnitude and the anchor question had the largest effect on precision.

Discussion

The goal of an MCID is to express, with as much precision as possible, the clinical significance of an increment of
change in a patient’s medical status. Therefore, it has to express both a clinical change that is meaningful to a cohort of
patients and it has to be statistically rigorous enough to deflect bias. The integrative anchor-based ROC MCID method
best reflects clinical change, offers a degree of precision, and dichotomizes continuous data. However, comparisons
among MCIDs are fraught with error if elements of the calculations are different and influence the results.

Several studies have shown that factors extrinsic to the calculations themselves can produce variability in the MCID.
These factors include characteristics of the study populations including sociodemographics, trial design including
various clinical measurement scales, and the methods used to calculate the MCID.”!*!? Assessing outcome after
TKR with quality of life (SF-36), disease-specific (WOMAC), and knee specific (KOOS) instruments will yield different
MCIDs. Different MCIDs have been calculated depending upon the condition being assessed and the outcome assess-
ment instruments used.!*2° MCIDs of TKR, THR, and rehabilitation differ from one another.”*® Preoperative baseline
PROM threshold scores have been shown to affect the KOOS pain scores 1 year after TKR.®'? Length of follow-up can

Table 3 Estimated MCID for PCS

MCID C-index P-value

Varying Anchor Questions <0.0001
VR-12 Anchor 6.67 0.50
PROMIS Anchor 1.03 0.77

Varying Criteria for Success/Failure <0.0001
Criteria | (3—5 Clinical Success) 1.03 0.75
Criteria 2 (4-5 Clinical Success) 2.46 0.58

Varying Sample Size <0.0001
Sample Size of 50 12.19 0.50
Sample Size of 100 2.46 0.53
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also affect the MCID. A study of the long-term variability of the MCID of TKR patients demonstrated that the
magnitude of the MCIDs fluctuated between 1 and 7 years postoperative so that the time of calculation of the MCID
is an important extrinsic factor.”' One-third of patients exhibited changes in MCID within 1-2 years post therapy.
A meta-analysis demonstrated the dependency of MCID upon the external factors of time of assessment, study
population, diagnosis, baseline status and patient demographics but did not include MCID analytics for KOOS or
PCS after TKR."

While extrinsic factors have been well reported to affect the MCID, less attention has been paid to factors intrinsic
to the calculations. Our data indicate that, in addition to factors extrinsic to the calculation of the MCID, elements
intrinsic to the calculations themselves can produce differences in both the magnitude and the precision of the MCID.
With two commonly used PROMs in the context of TKR, KOOS pain subscale and VR-12 PCS, our data have shown
that both the magnitude and the precision of the MCID calculation can be affected by the anchor question, the threshold
for success, and the sample size. With the KOOS pain score MCID, we observed up to a 25-point (5-fold) range in
magnitude and a 0.24 range in C-index (from poor to excellent), depending upon the variables used in the calculations.
For the MCID of the PCS function score, we observed an 11.16 range (over 10 fold) in magnitude and a 0.27 range in
C-index (from poor to excellent). These results are examples of the susceptibility of the MCID calculations to intrinsic
factors.

There are some limitations to this study. Perhaps the most important one is the uncertainty of the generalizability of
its observations since they were done with a particular set of methods and in a particular population of patients. As the
general theme of this report points out, MCIDs may not be easily transferable from one study to another. Additionally,
while the results are striking, there may well be other factors not studied which also influence the MCID calculations.
The reasons that certain factors influence the calculation of the MCID to a greater degree than do others is uncertain at
this time and requires further study. The anchor-based method contains a degree of subjectivity in the choice of the
anchor question representing the assessment domain and the selection of the threshold levels of success. What is
successful for one individual may not be for another. The addition of the ROC curve allows the most precise assessment
to be made of the aggregate responses and adds an important quantitative factor to the anchor method. The study also had
strengths one of which was the concurrent, contemporaneous collection of the anchor questions and PROMs that reduced
bias. The advantage of using the integrative approach is combining clinical relevance with quantitative rigor. Anchor
questions provide clinical significance of the MCID, but their use alone may not take into account measurement
variability; distribution-based methods account for measurement variability but can lack clinical relevance. By combin-
ing the two approaches, using the ROC curves to provide quantitative support to the clinical anchor questions, the

integrative approach addresses the clinical and statistical aspects of the MCID calculation.'*'®

Conclusion

There is not yet a single approach for establishing the MCID nor are there consensus values in MCIDs in the TKR
population.’*'? For example, the MCIDs of KOOS pain subscales have been reported to vary from 10 to 38, indicating
that no one value can be applied universally.?> Both intrinsic and extrinsic factors can have marked influences upon the
precision and magnitude of the MCID that make comparisons among MCIDs difficult. Our data as well as the literature
reviewed indicate the need for caution when interpreting the MCID and especially when it is used to compare studies or
populations. Determining whether a treatment is clinically efficacious is of importance on both person- and policy-levels.
On a person-level, quantifying outcomes is important for the identification of risk profiles and informs patient selection,
perioperative risk mitigation efforts, and informed consent. On a policy-level, regulatory decisions, reimbursement, and
best practice guidelines depend upon accurate quantitative outcome data. To enhance the use of the MCID as
a comparator of outcomes in more than one study, the details of how the MCID was computed should be specified.
Transparency of methods including characteristics of patient populations, methodological specificity including anchor
questions, thresholds and sample sizes, time course of evaluation, and precisions of calculations should be provided.
Nonetheless, because other factors may influence the MCID, comparisons among MCIDs from different studies should
be made with caution. It is probably advisable for individual studies to calculate their own MCIDs and not rely on
published values.
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