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The concept of the minimal clinically important difference (MCID) emerged from the recognition that statistical significance alone is not
enough to determine the clinical relevance of treatment effects in clinical research. In many cases, statistically significant changes in outcomes
may not be meaningful to patients or may not result in any tangible improvements in their health. This has led to a growing emphasis on the
importance of measuring patient-reported outcome measures (PROMs) in clinical trials and other research studies, in order to capture the
patient perspective on treatment effectiveness. MCID is defined as the smallest change in scores that is considered meaningful or important
to patients. MCID is particularly important in fields such as neurology, where many of the outcomes of interest are subjective or based on
patient-reported symptoms. This review discusses the challenges associated with interpreting outcomes of clinical trials based solely on
statistical significance, highlighting the importance of considering clinical relevance and patient perception of change. There are two main
approaches to estimating MCID: anchor-based and distribution-based. Anchor-based approaches compare change scores using an external
anchor, while distribution-based approaches estimate MCID values based on statistical characteristics of scores within a sample. MCID is
dynamic and context-specific, and there is no single ‘gold standard’ method for estimating it. A range of MCID thresholds should be defined
using multiple methods for a disease under targeted intervention, rather than relying on a single absolute value. The use of MCID thresholds
can be an important tool for researchers, neurophysicians and patients in evaluating the effectiveness of treatments and interventions, and in
making informed decisions about care.
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of neurology where a working knowledge of MCID is vital as
less thoughtful application of an arbitrary MCID estimate will
do much harm than good. Most of the frequently used PROs
lack clarity on the MCID thresholds. Through this article, we
aim to review the definition, methods, MCID thresholds and
their limitations (if any) in various neurological conditions.

INTRODUCTION

In clinical practice, we often tend to interpret outcomes of a
trial based on significant differences. In the world of statistics,
a significant difference is simply a difference that is unlikely to
be caused by chance, a claim backed by mathematical theory.
To add further, a statistically significant difference in a given
variable is often determined by the sample size of a clinical trial,
such that a seemingly unimportant detail may gain an apparent
statistical difference.l'’ Randomized Controlled Trails (RCTs)
with large sample sizes can demonstrate statistically significant
differences that may not be true. On the other hand, some trials
may not achieve statistically significant value and may be of
uncertain relevance but can be perceived as an improvement
by the patient. Also, in clinical practice, a discrepancy may
exist between the objective and subjective assessment of
this change.”” A statistically significant change may not be
clinically relevant if the change is not perceived by the patient.
Also, clinical significance is often confused with statistical
significance. Various patient-reported outcomes (PROs) are

MAaTeriALS AND METHODS

We conducted a comprehensive search of electronic
databases, including PubMed, Embase and Cochrane
Library, to identify relevant articles published until
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utilised in the neurology research and are well established in
the literature. However, the clinical interpretability of these
remains a challenge.®’ The minimal clinically important
difference (MCID) is a crucial component that assigns a
threshold of difference with clinical relevance. In the vast field

Attribution-NonCommercial-ShareAlike 4.0 License, which allows others to remix, tweak, and build
upon the work non-commercially, as long as appropriate credit is given and the new creations are
licensed under the identical terms.

For reprints contact: WKHLRPMedknow_reprints@wolterskluwer.com
DOI: 10.4103/aian.aian_207_23

© 2023 Annals of Indian Academy of Neurology | Published by Wolters Kluwer - Medknow -




Mishra, ef al.: MCID in neurology

February 2023. We used a combination of medical subject
heading (MeSH) terms and keywords related to MCID,
patient-reported outcome measures (PROMs), and neurological
conditions. Search terms included ‘MCID’, ‘MID”,
‘MCID’, ‘minimal important difference (MID) ’ ‘minimal
clinically important change (MCIC)’, ‘clinically important
change’, ‘minimal clinical important difference’, ‘clinical
important difference (CID)’, ‘meaningful change’, ‘stroke’,
‘parkinsonism’, ‘dystonia”, ‘essential tremor”, ‘tardive
dyskinesia”, ‘ataxia’, ‘multiple sclerosis’, ‘Neuromyelitis
Optics’, ‘Neuropathy’, ‘Myopathy’, ‘Headache’, ‘Dementia’,
‘Cognitive Impairment’, ‘myelopathy’, ‘seizure’, ‘epilepsy’
and ‘Myasthenia’. We also reviewed the reference lists of
relevant articles to identify additional studies. The final
reference list was generated on the basis of relevance and
originality with regard to the topics covered in this review.

ResuLts
What is MCID?

MCID is defined as ‘the smallest change in the outcome
measure that patients perceive as beneficial’.[¥ Jaeschke
et al.™ first defined MCID in the year 1989 as the ‘smallest
difference in score in the domain of interest which patients
perceive as beneficial and which would mandate, in the
absence of troublesome side effects and excessive cost,
a change in the patients’ management’. MCID and its
inconsistent nomenclature include MID, minimal MCIC,
CID, and meaningful change.l’” MCID values are important
in interpreting the clinical relevance of observed changes, at
both individual and group levels, and can be patient or clinician
centred. For instance, two patients (patients A and B), were
both bedridden due to a stroke. Patient A is a young adult who
considers ‘being able to attend a job and do physical work’
as a clinically relevant change. Patient B is an elderly patient
who considers ‘being able to walk with aid’ as a clinically
relevant improvement. Although both patients are affected by

a similar disease and are functioning at a similar level, both
have a different interpretation of the term ‘clinical relevance’
and will have different goals of treatment. Similarly, from a
patient’s viewpoint, a meaningful change in the domain of
interest may be the one that reflects a reduction in symptoms
or improvement in function; however, from the clinician’s
viewpoint, a meaningful change may be one that indicates
a change in the treatment or in the prognosis of the disease.

How to determine MCID?

Initially, MCID was developed as a tool for PROs, particularly
quality of life measures.[”” However, over the years, the
concept of MCID has been applied to a greater diversity of
measures, including physical performance.®! Evaluation
of MCIDs for different outcome measures is important for
clinical decision-making and for study designs in calculating
the sample sizes for different trials and surveys.!'” The
United States Food and Drug Administration (US FDA) also
recognized the need to determine MCID on measures used to
support the labelling claims of medical products.!'!] Although
there are several methods in place to determine MCID, two
approaches namely anchor-based and distribution-based
approaches are most commonly used.!'?! While anchor-based
approach estimates MCID by comparing change scores using
an external anchor, distribution-based approach estimates
MCID values based on the statistical characteristics of scores
within a sample. There is no ‘gold standard’ approach for
determining MCID, and both methods have their merits and
limitations. Calculation of MCID through different approaches
is presented in Figure 1.

Anchor-based approach

The anchor-based methods estimate MCID values by
comparing the change in PRO score with some other measure
of change, known as an anchor or external criterion.'” Anchor
will be used to assign subjects into groups of no change,
improvement or worsening. The anchor can be objective or
subjective. Some commonly used anchors are Patient global

MCID

Smallest change in an outcome measure
that is perceived to be clinically beneficial

Broadly estimated through two methods

Anchor-based method
Compares change in an outcome
measure with an external anchor

|

Distribution-based method
Takes into account the statistical
ics of outcome scores

1 l Effect size
Mean change approach itivity & ificity appi Change in mean score
ROC curves will be used to divided by SD
determine the score with equal
sensitivity and specificity to
discriminate between ‘improved’ and Standard deviation (SD)
‘unchanged’ patients Variation among a group
of scores
“With-in patients” “Between-patients”
Mean change of outcome Mean change of outcome scores is

score is determined in patients determined by comparing between
who report improvement on a an active and a control treatment
scale after an intervention group

*MCID-Minimal clinically important difference; SEM-Standard
error of measurement; ROC-Receiver operator characteristics

Figure 1: Shows the different approaches used to estimate MCID
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impression of change (PGIC), Clinician global impression of
change (CGIC) and Global rating of change (GROC). Although
any instrument can be chosen as an anchor, there often needs
to be an established association (correlation coefficient >0.3)
between the anchor and the PRO measurement to make any
meaningful interference in the PRO scores. While use of
an anchor is the common characteristic of this approach,
many variations may be identified among the anchor-based
approaches.

‘With-in patients’ score change

In this type of anchor-based approach, patients are asked to
rate their change after a targeted intervention on a scale, for
example, a 7-point Likert scale (1 = ‘very bad’ to 4 = ‘same as
before’to 7 = ‘very good’).['¥] The next step is to determine the
group of patients who scored ‘good’ or ‘very good’. Then the
median or mean change of the score of the instrument in this
group of patients is determined that is often considered as the
MCID that correlates with clinical improvement.

'Between-patients’ score change

In this approach, the PRO scores or changes in PRO scores of
a group of patients are compared with two adjacent levels on
a global assessment scale (anchor).!'*!3] This approach is used
when groups of patients are compared to each other. Examples
include studies in which quality of life scores are compared
between an active and a control group.

Sensitivity and specificity-based approach

In this method, patients are asked to rate their change on a
scale. Receiver operating characteristic (ROC) curves are
used to determine the score with the best trade-off between
sensitivity and specificity to discriminate between ‘improved’
and ‘unchanged’ patients.!') In addition, the area under the
curve (AUC) of an ROC curve represents the probability
that scores will correctly discriminate between improved and
unchanged patients. An area of 0.7 to 0.8, 0.8 to 0.9 and more
than 0.9 are considered acceptable, excellent and outstanding
discrimination, respectively.['”]

Distribution-based approach

The distribution-based approach estimates MCID values based
on the statistical characteristics of change scores within a
sample.["! This method compares the change in PRO scores
to a pre-defined measure of variability like effect size (ES),
standard deviation (SD) and standard error of the mean (SEM).
The SD measures the variability among the observations about
their mean. Various studies have used a value of half of the
SD as MCID for the disease condition/disorder under study.!”!
The ES is defined as the change in mean scores divided by
the SD of the scores at baseline. Cohen suggested that score
differences of 0.2 SD units correspond to small but clinically
important differences and 0.5 SD as substantial change.!'®!
SEM is a measure of variability in the scores owing to the
inaccurate scale or measure used.” SEM is promising for
MCID-related research as it takes into account the amount
of error specific to the instrument and the amount of random

variation to be expected in repeated administrations.!'"”? Another
advantage of SEM is that it is sample independent.["” Reliable
change index (RCI) is often used to investigate the change
that has taken place during the course of an intervention. RCI,
introduced by Jacobson and Truax (1984), is obtained using
the difference in pre-and post-test scores divided by standard
error of difference in measurements.?”! RCI cannot be used
alone and always should be used in conjunction with other
methods while estimating MCID.%

A lesser-used approach to estimate MCID is the Delphi
method.?"! This method is particularly used for acute onset
diseases such as strokes, especially for a technical efficacy
outcome such as reperfusion, which requires an expert to
appreciate the difference, rather than the patient. A survey
will be conducted involving various experts wherein the
MCID for the outcome variable will be estimated based on
their responses. Rasch model is a novel technique that is
being increasingly used in modern medical research over the
past decades.”) The Rasch model states that the person with
a higher ability (less disability) has a higher chance of getting
a higher score. It is especially useful when the ordinal scale
doesn’t behave in a linear fashion (for example, the Modified
Ranking scale in stroke).

Limitations of MCID

Determination of MCID needs balancing the implications of
competing errors. A possibly too high threshold increases the
chance of Type-II error. A Type-II error is considered when
treatment is declared non-efficacious while it does have a
clinically meaningful effect in reality. Similarly, a very low
threshold increases chances of committing a Type-I error.
A too low threshold might lead to conclude that a treatment
is efficacious when in reality it doesn’t have a clinically
meaningful effect. A researcher might be more concerned
about the Type-II error as it indicates an insensitive tool or
an inefficacious treatment. On the other hand, the readers
might be more concerned about a Type-I error, as a poor tool
might be declared to have larger sensitivity than it has in
reality. The inverse relationship of MCID with sample size is
also important to note. Larger the MCID, smaller will be the
sample size required. An inconsiderate MCID may influence
the sample size and hence threaten the study with ethical,
scientific and economic concerns.

While estimating the MCID value, it is important to appreciate
that there is no single ‘true’ MCID value for a given measure.
MCID values are dynamic and context-specific.**! Different
MCID values may exist for detecting improvement and
deterioration on the same outcome measure. Application of
different methods even on the same sample can yield different
MCID values. Also within each method, MCID value may
change depending on the variable or anchor used. Similarly,
usage of the same outcome measures and methods on different
study populations can yield different MCID thresholds. Hence,
it is recommended that multiple approaches should be used
while estimating MCID thresholds.®!
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Both the anchor-based and distribution-based methods have
their inherent advantages and limitations attached. While
anchor-based methods take into account the patients’ perception
of change in score, the same is a limitation of distribution-based
methods.!"” Therefore, while estimating MCID thresholds, it
has been suggested that both the approaches can be used to
triangulate the process.!'” Secondly, MCID doesn’t take into
account the cost of the intervention.**! For example, a patient
might appreciate the change after a treatment, but may not
consider that was the benefit gained worth it. Lastly, MCID
considers a change in scores from baseline and because not
all PRO scales are true interval scales (for example, visual
analogue scale), the amount and quality of change is likely to
be different for improvement and worsening.!**!

MCID in neurology diseases

While performing clinical research trials, neurologists should
always consider if the pre-defined primary outcome is clinically
relevant to our patients. For example, the MCID for the total
Unified Parkinson Disease Rating Scale (UPDRS) score has
been estimated to be between 4 to 8 in various studies.%*”
So if a trial involving a novel drug in Parkinson’s disease
shows significant improvement (p < 0.05) in UPDRS score
compared to Levodopa but fails to show a clinically meaningful
difference to the patient (mean change in UPDRS score <4),
the novel drug would be no better to the patient in clinical
practice. Hence, it is important to know the MCID thresholds of
various scales commonly used in neurology while interpreting
the results of a clinical trial. Table 1 summarises the MCID of
some commonly used scales in neurology. Tables 2 and 3 show
examples of the study design, methods of estimating MCID
and its threshold in various neurological diseases. However,
it is important to know that MCID values doesn’t exist or are
not clearly defined for some scales used in neurology — for
example, National Institute of Health Stroke Scale (NIHSS)
and Modified Rankin Scale (mRS) in stroke, 12-Item Short
Form Survey (SF-12) in Multiple Sclerosis, Scale for the
Assessment and Rating of Ataxia (SARA scale) in ataxia,
monthly migraine days (MMD) in headache and Integrated

Table 1: MCID thresholds for commonly used scales in
neurology

Disease Scale MCID threshold

Migraine!?$3! HIT-6 25t06

Primary dystonial®>*! BFMD-RS Improvement >16.6%
Worsening >21.5%

Epilepsyl+3% QOLIE-31 12 to 16 points

Alzheimer’s demential“4?! MMSE 1 to 3 points

Parkinson’s diseasel?02743-51] UPDRS 4 to 8 points

Multiple Sclerosist®***! T25FW 1.3 to 12.6 seconds

Multiple Sclerosis!*>3¥ 6MWT 76.2 to 88 metres

Strokel*®! Barthel Index ~ 1.45 to 1.85

Abbreviations: HIT-6: Headache impact test-6, Burke-Fahn-Marsden
Dystonia — Rating scale (BFMD-RS), QOLIE-31: Quality of life

in epilepsy inventory-31, MMSE-mini-mental state examination,
UPDRS - Unified Parkinson’s Disease Rating Scale, T25FW — Timed
25-foot walk test, GMWT — 6-minute walk test

Alzheimer’s Disease Rating Scale (IADRS) in Alzheimer’s
disease. Future studies should focus on estimating MCID
thresholds for these scales to better interpret the results of a
clinical trial.

Discussion

The importance of correlating statistically significant
results with clinical significance in clinical trials is being
increasingly recognized to prevent misinterpretation of
study outcomes and avoid subjecting patients to unnecessary
treatments.’*7! In 2003, the Task Force on Rating Scales
for Parkinson’s Disease of the Movement Disorder Society
emphasized the significance of establishing MCID thresholds
for UPDRS (Unified Parkinson’s Disease Rating Scale) and
urged researchers to determine MCID thresholds for the
same.”" Not only from a patient perspective, MCID is also
gaining momentum from a regulatory perspective. The US
Food and Drug Administration device branch has, in some
instances, required sponsors of pivotal acute ischemic stroke
trials to specify the MCID in advance and has established
a framework to evaluate trial success. This framework
includes not only the usual attainment of statistically
significant differences between treatment arms but also a
requirement that the point estimates for superiority exceed
the pre-specified MCID. This indicates probable rather than
possible clinical importance.l’”!

To estimate the MCID for a specific PRO measure, it is
suggested to use multiple approaches and triangulate methods.
Anchor-based methods that involve various patient-rated,
clinician-rated and disease-specific variables can provide
primary and meaningful estimates of an instrument’s MCID.
In addition, results from previous clinical trials, including
the PRO measures, can offer insight into observed effects
based on treatment comparisons and aid in determining the
MCID. In situations where anchor-based estimates are not
available, distribution-based methods can provide supportive
information and help interpret estimates from anchor-based
approaches. If the scale is ordinal, the raw score difference
may not accurately represent the clinical significance of
the change. In such cases, the Rasch model can be used
to transform the ordinal scale into an interval-based scale,
providing a more accurate determination of the MCID.!"®! It
is recommended that the MCID primarily rely on relevant
patient-based and clinical anchors, while clinical trial
experience is utilized to enhance the understanding of the
MCID.?7! Using a combination of methods will generate
a range of values that require decision-making guidance to
choose a single value or a narrow range of MCID values. This
can be facilitated by further analyzing the MCID in the context
of the population and intervention to arrive at a more precise
range of MCID. However, if it is still difficult to select the
best MCID or uncertainty exists, researchers may consider
using a systematic review and evaluation process, such as a
modified Delphi method, to determine the final selection of
MCID values."®"!
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The reluctance of researchers to use or report the MCID may
stem from various reasons, but one significant factor is the
vagueness of the concept and the lack of clear guidelines on
how to define it. This is further complicated by practical and
financial limitations that may determine the trial’s sample
size instead of the MCID. In certain situations, researchers
may establish the estimated treatment effect and MCID after
determining the maximum feasible sample size, which can
result in biased assumptions. While there is no universal
solution for determining the MCID at present, implementing
processes such as a multidisciplinary committee could aid
researchers in planning and executing their studies.®

Inconsistent MCID thresholds can be a drawback in clinical
trials because they can lead to variability in how the treatment
effect is interpreted. When there are inconsistent MCID
thresholds, it can be difficult to compare the results of
different studies. For example, one study might use an MCID
threshold of 5 points on a particular scale, while another study
might use a threshold of 10 points on the same scale. This
can make it challenging to determine whether the treatment
effect is clinically significant across studies. Inconsistent
MCID thresholds can also affect clinical decision-making. If
the threshold for clinical significance varies widely between
studies, it can be difficult for clinicians to determine the
appropriate course of action for a given patient. To address
this issue, it is important for researchers to clearly define and
justify the MCID threshold used in their study. This can help
to ensure that the treatment effect is interpreted consistently
and that the findings are comparable across studies.[$>!

Despite the challenges and controversies surrounding the
determination of MCID, it remains a crucial concept in modern
clinical trials. Moreover, there is a growing appreciation for
the need to incorporate the patient’s viewpoint into trials. Trial
sponsors who demonstrate a comprehensive understanding of
patients’ conditions and the obstacles they face in participating
in the study can significantly improve recruitment and retention
rates, while also generating more informative data.[(36-8%
Implementing a patient-centred approach can further facilitate
the identification and rectification of hitherto neglected
outcome domains, such as sleep disturbances or experiences
with the intervention performed on them.®*? MCID serves
as a benchmark for measuring meaningful improvement or
deterioration in patients and should be used by researchers and
clinicians alike to better formulate and guide clinical practice
in future. Lastly, because the MCID thresholds are dynamic
and context-specific, using the previously established MCID
thresholds is strongly discouraged especially when the study
population, intervention and the outcomes are different to the
original one.

CoNncLusIoN

MCIDs are the smallest change of scores that are subjectively
meaningful to patients. While anchor-based approach estimates
MCID by comparing change scores using an external anchor,

distribution-based approach estimates MCID values based on
the statistical characteristics of scores within a sample. MCID
is dynamic and context-specific and there is no ‘gold standard’
method for estimating MCID. A range of MCID threshold
should be defined using multiple methods for a disease under
targeted intervention rather than a single absolute value.
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