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Abstract

It is important for clinicians and researchers to understand the effects of treatments on their patients, both at
an individual and group level. In clinical studies, treatment effects are often reported as a change in the outcome
measure supported by a measure of variability; for example, the mean change with 95% confidence intervals
and a probability (p) value to indicate the level of statistical significance. However, a statistically significant
change may not indicate a clinically meaningful or important change for clinicians or patients to interpret. The
minimum clinically important difference (MCID) or minimally important difference (MID) has therefore been
developed to add clinical relevance or patient experience to the reporting of an outcome measure. In this
article, we consider the concept of the MID using the example of practical outcome measures in patients with
CRD. We describe the various ways in which an MID can be calculated via anchor- and distribution-based
methods, looking at practical examples and considering the importance of understanding how an MID was
derived when seeking to apply it to a particular situation. The terms MID and MCID are challenging and often
used interchangeably. However, we propose all MIDs are described as such, but they could be qualified by a
suffix: MIDS (MID — Statistical), MID-C (MID — Clinical outcome), MID-P (MID — Patient determined).
However, this type of classification would only work if accepted and adopted. In the meantime, we advise
clinicians and researchers to use an MID where possible to aid their interpretation of functional outcome
measures and effects of interventions, to add meaning above statistical significance alone.
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interpret. The minimally important difference (MID)
has therefore been developed to add clinical relevance
or patient experience to the reporting of an outcome
measure.

For some outcome measures, such as mortality or
frequency of a severe event, the clinical importance
is intuitive; very large trials are often needed to
demonstrate a statistical difference in these impor-
tant endpoints, and therefore, surrogate markers
(prognostic factors) are frequently developed and
investigated . Other treatments may be very impor-
tant to patients but predominantly impact on health-
related quality of life (HRQOL), and a variety of
questionnaires'? have been developed and vali-
dated to objectively assess HRQOL in chronic
respiratory disease (CRD) over the last 40 years.
Clinical interpretation of a meaningful change in a
questionnaire score is less intuitive. Similarly, for
prognostic factors, it is not always obvious what
change is needed to affect mortality or development
of severe disease and a ‘number needed to treat’
figure can be calculated. A commonly quoted
example to highlight the differences between clin-
ical relevance at a population level versus the indi-
vidual level is blood pressure reduction whereby an
average reduction in 2 mmHg of systolic blood
pressure within a population can significantly
reduce the frequency of strokes over time,’ yet a
reduction of 2 mmHg is likely to be trivial to an
individual’s risk.*

There are consequently different constructs of the
minimum important difference including:

1. A statistical difference reflecting a true
change has occurred either within a popula-
tion or in an individual which are usually dif-
ferent values.

2. The difference in a surrogate prognostic factor
needed to achieve a reduction in a serious med-
ical event within a population.

3. A meaningful change to patients in measures
where interpretation of the change is not
intuitive.

4. A change which reflects cost-effectiveness rel-
evant for healthcare systems.

5. A change individuals can detect.

In this article, we consider the concept of the MID
using an example of practical outcome measures in
patients with CRD.

Statistical concepts around the
‘minimum important difference’

The minimum important difference (MID) and mini-
mal detectable change (MDC) describe statistical dif-
ferences without other inference. Distribution-based
methods are based on the size of the effect estimate
and its relationship to a measure of variability, that is,
variance between or within a person’s change.’ The
most commonly used method is effect size ° repre-
sented by the number of standard deviations by which
the scores have changed from baseline after the inter-
vention or observation period and is calculated as the
mean change divided by the baseline standard devia-
tion (SD). Cohen described a range of effect sizes
depending on the comparators. Cohen’s d is the most
commonly used, where an effect size of 0.2 is consid-
ered small, 0.5 moderate, and 0.8 largeé for compar-
ing differences between two means of a continuous
variable and is most used where the measurement
units are arbitrary or where clinical data are insuffi-
cient for sample size estimation. Half of the SD of the
mean change is another commonly used distribution-
based method.” The MDC is defined as ‘the minimal
change that falls outside the measurement error’®
commonly calculated as MDC = 1.96 x standard
error of the measurement (SEM which estimates how
repeated measures of a person on the same instrument
tend to be distributed around their “true” score) X
square root of 2.

All measurements have an ‘innate’ individual
variability even when external conditions are con-
trolled for including disease stability. It is impor-
tant to understand this concept in daily clinical
practice and therefore the magnitude of any natural
variation of a test to enable accurate interpretation.
These results are generated by multiple repeat test-
ing using the analysis popularized by Bland and
Altman.’ Although their seminal paper described
the difference in measurement between two differ-
ent methodologies for the same outcome measure,
the statistical principles are similar when applied to
repeatability. To be 95% confident that a ‘true’
change has occurred, an individual requires to have
changed by 2 SD of the mean difference derived by
two tests after any learning effect (Figure 1).These
concepts are discussed in further detail in an edi-
torial titled ‘Has My Patient Responded?'® There
may be a bias, that is, the average difference
between the two tests is above or below zero,
which needs to be taken into account and there
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Figure 1. Example data of the repeatability of the incre-
mental shuttle walk test distance. An example from
unpublished data where the mean difference for the two
tests is zero, so there is no bias. However, there is signif-
icant individual variability described by 2 SD approximately
55 metres for the dataset below. These data can aid clinical
interpretation within an individual patient; to be 95% con-
fident that a true change had occurred over time or with an
intervention an individual would have to improve by >55
metres.

may be a relationship between the difference
between the two tests depending on the magnitude
of the test result known as heteroscedascity.

The minimum ‘clinically’ important
difference

The minimum °‘clinically’ important difference
(MCID) aims to add clinical context and describe an
important change in a health outcome whether to
influence prognosis (living longer) or health-related
quality of life (HRQOL) (living better) which are
broadly the two important components healthcare is
aiming to improve. In the chronic obstructive pulmon-
ary disease (COPD) literature, the MCID gained
particular relevance with the development of disease-
specific questionnaires to assess HRQOL in the late
1980s. With reference to the Chronic Respiratory Dis-
ease Questionnaire (CRDQ), Jaeschke described the
MCID as ‘the smallest difference in score in the
domain of interest which patients perceive as beneficial
and which would mandate, in the absence of trouble-
some side effects and excessive cost, a change in the
patient’s management’.!" Subsequently, Schunemann
defined the MID as ‘the smallest difference in score
in the outcome of interest that informed patients or
informed proxies [who can be clinicians] perceive as
important, either beneficial or harmful, and which
would lead the patient or clinician to consider a change

in the management’.*'* The informed proxy may not
be able to provide a surrogate rating for outcomes that
are intrinsic to the patient, for example, an individual’s
perception of dyspnoea. The descriptor ‘clinically’ for
the MID was purposefully removed to ensure that the
focus was on the patient experience of their daily
lives rather than a ‘clinical’ (or clinician’s) view. For
the purpose of this review, we use the term ‘MID’
and will describe the particular construct and meth-
odology applied.

Examples of MIDs using practical
outcome measures of exercise
performance and function

Practical outcome measures of exercise
performance and function

Exercise performance is often measured in patients
with COPD to assess the degree of functional limita-
tion, to prescribe treatment and to measure the out-
come of an intervention, for example, pulmonary
rehabilitation or pharmacological therapy commonly
bronchodilation. It is important for clinicians and
researchers to be able to interpret what constitutes a
meaningful change in exercise performance to infer
whether a treatment has been successful or needs
changing and to inform sample size calculations for
clinical trials.'? Field walking tests are commonly
used to assess exercise performance in COPD such
as the six-minute walk test (6MWT),'? the incremen-
tal shuttle walk test (ISWT)'* and the endurance shut-
tle walk test (ESWT).'> More recently, practical
outcome measures for lower levels of function and
frailty have been extensively evaluated in COPD such
as the four-metre gait speed (4MGS '), five repetition
sit to stand test (5STS'’), timed up and go test
(TUG'®) or a collection of tests as part of the short
physical performance battery (SPPB'?).

Statistical methodology: Distribution methods

Distribution-based estimates will differ depending on
the context, for example, in response to different
interventions or in different populations, where the
variance is different [more/less heterogeneous].20
An example is the calculated MID for the ESWT
which was lower for bronchodilation than for pulmon-
ary rehabilitation (PR) due to the differences in effect
size: PR results in a much larger magnitude of change
than bronchodilation.?’ An MID is consequently not
specific solely to an outcome of interest but also to the
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context in which it was derived. When calculating
sample sizes for research studies or service evalua-
tion, it is therefore important to use an MID relevant
to the particular intervention of interest. Table 1 pro-
vides examples of MIDs derived by distribution meth-
ods for commonly used exercise and functional
measures in CRD.

It has been argued that distribution-based methods
should only be employed as ‘temporary substitutes
pending availability of empirically established
anchor-based MID values’, particularly when there
is a lack of consistency in the values derived by
various methods.>® However, distribution-based
methods are useful for understanding whether a
likely change has occurred within a population (not-
withstanding the lack of clinical interpretation) and
also for sample size calculations.

Anchor-based methods: Patient determined
andlor perceived

MIDs developed using anchor-based methodologies
are frequently termed MCIDs in the literature. The
anchor is typically either another measure usually
with an established MID or a patient’s subjective rat-
ing of change or ‘global rating of change’ on a 5- or 7-
point Likert-type scale: for example, ‘much better’,
‘slightly (or somewhat) better’, ‘about the same’,
‘slightly (or somewhat) worse’, and ‘much worse”>’.
Linear regression may be used to compare the known
MID of the anchor with the magnitude of change in
the test of interest that corresponds to the established
MID. For example, the MID for cycle endurance time
was calculated by linear regression of the change in
cycle endurance time versus the change in the St
George’s Respiratory Questionnaire (SGRQ) and
selecting the cycle endurance time which correlated
with an improvement of at least 4 units on the
SGRQ™ (Table 1). This method requires at least a
moderate relationship to exist between the anchor and
the outcome of interest.’

Where the anchor is a global rating of change, the
rating may be given by the patient, by the clinician or
patients’ proxy, though agreement between what con-
stitutes a meaningful change may differ between these
individuals.'? Importantly, these anchor-based meth-
ods have the advantage of linking the change in a
given score to the patient’s perspective. However,
patients may place a different value on a particular
benefit (inter-individual variation) or even the same
patient may place a different value on the same

benefit (intra-individual variation) depending on the
circumstances.* Many clinical decisions with patients
are balanced with risk, for example, the risk of sur-
gery versus the benefits — an individual will have a
different perception or interpretation of what the risk
is worth versus the potential benefits. The same is true
of how ‘important differences’ are assessed. Depend-
ing on what a patient has had to ‘invest’ may influ-
ence how much they expect to gain for example in the
development of the MID for the ESWT the MID was
greater for pulmonary rehabilitation (PR) than for
bronchodilation.?" Participant responses may also
depend on their prior experience with the treatments
or healthcare outcomes under evaluation.*!

Another integral part of anchor ratings is a patient
may simply be reflecting acuity. They can detect
there has been a change, but the change may not be
associated with any clinical or patient-reported
improvements. It is important that the question for
the global ratings of change is precise and easily
understood. For example, a question at the end of
an intervention could be phrased about how they feel
after the intervention or how they performed on an
exercise test compared to a previous test. It is likely
these questions will yield different results and the
latter is more about acuity.

According to a comprehensive review by Copay
et al.,> four variations of the anchor-based approach
can be described: (1) the within-patients score change,
(2) the between-patients score change, (3) the sensi-
tivity- and specificity-based approach, and (4) the
social comparison approach. The within-patient score
asks patients to rate their improvement in the outcome
of interest on a global scale (Likert) described above.
The second approach is to compare the difference in
response to two adjacent levels on a global rating
scale. For example, the MID may be the difference
between those who found no change compared to
those feeling better. The third approach for calculat-
ing MIDs includes sensitivity and specificity analy-
ses. Sensitivity reflects the proportion of patients who
report an improvement and whose score exceeds the
threshold value, that is, they are ‘a true positive’.
Specificity reflects the proportion of patients who
report a deterioration and whose score is below the
threshold value or a ‘true negative’. A sensitivity of 1
would mean that all true positives were identified, and
a specificity of 1 would mean that all true negatives
identified. Receiver operating curves (ROCs) can be
constructed and the area under the curve (AUC) ana-
lysed. The null hypothesis reflects an AUC of 0.5, that
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is, no better at identifying a true from a false positive
than a simple guess. In a systematic review of studies
which evaluated the MID of the 6MWT in the elderly
or those with chronic respiratory or cardiac disease,*?
the authors chose an AUC cut-off of 0.7 based on
previous expert opinion regarding health status ques-
tionnaires.*> Where the AUC was at least 0.7 in the
latter systematic review, the MID for the 6MWT ran-
ged from 14.0 metres to 30.5 metres. The authors
therefore concluded that a change in the 6MWT of
14.0-30.5 metres may be clinically important across
multiple patient groups.*? Although the previous
authors chose an AUC of 0.7, this is arbitrary. Often
the cut point is taken from the top left of an ROC
curve, but this can vary depending on the specific
situation as to how important sensitivity and/or spe-
cificity are.

The fourth approach is not widely used where
patients are ‘paired up’ to discuss their health then
compare themselves to other patients. The MID is the
difference between those rating themselves as ‘a little
worse’ or ‘a little better’ rather than ‘about the same’
compared to the other patient.” The original MCID for
the 6MWT of 54 metres was derived using a social
comparison approach?® (Table 1); patients were asked
to observe others completing exercise and compare
their own exercise capacity with that of others.

A real-life example of the challenges of using
MIDs

Another consideration is using the MID of different
outcome measures to assess the same intervention for
either systematic reviews or service evaluations. The
recent UK COPD PR audit data** used the available
MID estimates for the 6MWT of 30 m and the ISWT
of 48 metres described in a systematic review of field
walking tests*> to combine and assess the overall
results, as both tests are used across the United King-
dom. The 6MWT MID used was derived both by
distribution and anchor-based methods; the latter
anchor was a global rating of change where any pos-
itive change was subsequently combined to analyse
two groups: ‘improvers’ or not.”® The ISWT MID
used was derived by an anchor method using a global
rating of change but were described per level of
improvement on a 5-point Likert-type scale®* A
recent description of the ISWT MID using both a
distribution and anchor method (similar to that used
for the SMWT) reduced the value to 36.1 metres.*' By
using the latter MID, the overall results for the audit

would have been even better. When rating individual
programmes those using the ISWT currently will
appear comparatively ‘worse’ than those using the
O6MWT.

MID using clinical outcomes such as
healthcare utilization and mortality

The majority of the literature describing the MID of
exercise performance tests have used global rating of
change scores, other exercise performance tests or
HRQOL questionnaires, but few have investigated the
association with clinical outcomes such as healthcare
utilization or mortality. Investigators of the ‘Evalua-
tion of COPD Longitudinally to Identify Predictive
Surrogate End-points’ (ECLIPSE) study reported an
annual decrement of 30 metres in 6MWT distance
was associated with nearly twice the increased risk
of death.”® Unfortunately, there was no consistent
MID associated with hospitalization.

The MIDs for functional measures in CRD have
been carefully described in large cohorts of patients
by distribution and anchor methods (Table 1), where
the anchors have been commonly used outcomes of
PR. Increased 5STS and TUG times have been shown
to be significantly correlated with worsening prog-
nosis scores (e.g. BODE/ iBODE indices: Body mass
index, airflow Obstruction, Dyspnoea and Exercise
capacity)' ™7 and the 4MGS independently predicts
the risk of readmission in older patients hospitalized
for acute exacerbation of COPD.*® However, further
linkage of the MID to clinical outcomes such as falls,
fear of falling, fractures, healthcare utilization and
mortality would add to the interpretation of these
functional measures.

Healthcare utilization is a clinical outcome but also
informs health economic evaluation of interventions.
‘Quality-adjusted life years (QALY)’ are often used
for cost-effectiveness analyses where a score of 1 =
perfect health and 0 = death, anything negative is
worse than death; one QALY is equivalent to one year
of life in perfect health (a score of 1).*” The EuroQol
(EQ5D) is frequently used to assess QALYs and has
been extended to five levels EQ-5D-5 L. It consists of
two parts: a utility index (UI) and a visual analogue
scale (VAS) of 1-100, where 0 = ‘the worst health
you can imagine’ and 100 = ‘the best health you can
imagine’. The Ul is calculated from five dimensions:
mobility, self-care, usual activities, pain/discomfort
and anxiety/depression to generate a five digit number
which is then converted to a Ul based on EQ5D-5 L
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value set derived for a particular country.*® An MID
for the EQ5D-5L has been described for patients with
COPD undergoing PR using both distribution and
anchor methodologies. The MID for the Ul was
0.109 and 0.054, respectively, and the MID for the
VAS was 10.1% and 6.99%, respectively.*’ Similar to
other data using anchor methods in the context of PR,
very few people rated themselves as worse, so the
results are unidirectional for improvement. If using
these figures for a sample size calculation, an inves-
tigator might be wise to use the larger MID from the
distribution method in the secure knowledge that the
study would also be powered for a clinically mean-
ingful effect.

Combining different methodologies
of MID

A further method is using a combination of both
anchor- and distribution-based methods, assessing the
agreement between the values of the MID obtained,
and presenting a range of MID values. Puhan et al.
used this approach with data from the National
Emphysema Treatment Trial (NETT)** to describe
MIDs for the 6MWT (18.9—-30.6 metres) and the max-
imal incremental cycle ergometer test (2.2-5.5 watts).
A triangulation method to identify a definitive MID
which incorporates a distribution-based approach, the
latter is patient and professional opinion, and an exter-
nal (clinically relevant) anchor has been proposed .>°
Although attractive practically, separate values may
be needed depending on the context.

Other considerations for the
interpretation of the MID

There are further caveats with the use of MID of
outcome measures. Similar to the distribution
method, the anchor method also yields different
results across different interventions. For instance,
the MID could not be established for the ESWT in
the context of PR as the correlations between the
anchors and the measured change in ESWT perfor-
mance were weak.”!

Endurance tests such as constant power (cycling) or
constant speed (walking) tests have their own compli-
cations for the assessment of the MID. The relationship
between power or speed and duration is curvilinear
rather than linear and therefore where the baseline
endurance test lies on the curve will affect the
responsiveness, independent of any intervention

effect’’. For example, a high power/speed test lasting
less than 5 minutes will be less responsive than a test
which lasts between 10 and 15 minutes. Although set-
ting endurance tests at a percentage of a maximum test
(e.g. 80% of peak oxygen uptake) tries to reduce this
effect, where this is positioned on the power-endurance
curve is highly variable between individuals.

Perceived global rating of change can be influ-
enced by altered expectations after an intervention.
In the original description of the MCID for the ISWT,
where patients rated themselves as ‘the same’ after PR
was associated with a 20-metre improvement in the
ISWT.*? It is also important to note that a MID of a
change in outcome measure should be bidirectional
referring to either an improvement or a deterioration.
Due to the effectiveness of PR, it is frequently only
possible to be powered to describe important
‘improvements’ due to the low numbers of patients
getting ‘worse’ in this context.

It is important to understand the population char-
acteristics for the MID derivation as the MID is likely
to be affected by disease severity, type of disease and
symptoms (Table 1). Where possible the MID for the
particular population of interest should be used. Many
of the described MIDs for field walking tests involved
secondary care populations and those undergoing PR
in patients with moderate-to-severe chronic obstruc-
tive pulmonary disease (COPD). The results therefore
may not be extrapolated to either mild or early dis-
ease, or other CRD, particularly when using anchors
regarding how patients feel or whether they can detect
a change. For example, patients with severe breath-
lessness may detect small improvements in ET which
may appear trivial to someone with mild disease. For
the 6MWT, patients who felt they had improved after
PR with a baseline 6MWT <350 metres had a lower
change in 6MWT (around 50 metres) compared to
those with a baseline 6MWT >350 (around 90
metres).”® For the ISWT, there is no relationship
between the baseline ISWT and the change in ISWT
distance with PR. However, whether the MID was
different depending on the baseline ISWT for those
that felt they had improved was not assessed.’?
Whether the absolute change in walk test is described
or the relative change is also for debate. For the
ISWT, the absolute change was described due to the
lack of relationship between baseline walking dis-
tance and the change.’” The amount of work needed
for the same distance will be different across the spec-
trum of walk distances. For the 6MWT, Holland et al.
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reported that absolute change was ‘a more sensitive
indicator’ than percentage change.”®

In summary, there are many different approaches to
the description and derivation of a MID. It is important
to understand how an MID was derived when seeking to
apply it to a particular situation. The terms MID and
MCID are challenging and often used interchangeably.
We propose that all MIDs are described as such, but they
could be qualified by a suffix: MID-S (MID — Statisti-
cal), MID-P (MID — Patient determined), MID-C (MID
— Clinical outcome). However, this type of classifica-
tion would only work if widely accepted and adopted.

In the meantime, we advise clinicians and research-
ers to consider the population (severity, symptoms),
intervention, and the intended purpose for the MID and
seek to match to this as carefully as possible. There are
cautions to amalgamation of differently derived MIDs
to produce a range, but this is a described method.
Whichever methodology is used, the MID is aiding the
interpretation of outcome measures and effects of inter-
ventions, and should therefore be used where possible
to add meaning above statistical significance.
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