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Abstract

Objective: To determine the Physical Component Summary (PCS) score’s minimal clinically

important difference (MCID) on the Short Form 36 (SF-36) for people with stroke.

Methods: We conducted secondary analysis of data from a large randomized controlled trial

(N¼ 400) in the post-hospital discharge phase of stroke rehabilitation with outcome measure-

ment 6 and 12 months following stroke. Three methods were used for estimating the MCID: two

anchor and one distribution. Method 1 compared SF-36 PCS scores at 12 months for responses

to the SF-36’s Perceived Health Change (PHC) question. Method 2 compared the change in PCS

score between 6 and 12 months for responses to the PHC question. Method 3 used Cohen’s

method to estimate the MCID from the PCS score distribution.

Results: Method 1: the mean PCS score increased by 3.0 units (95% confidence interval [CI] 2.2–

3.9) for each unit change in the PHC question. Method 2: the mean change in PCS score

increased by 2.1 units (95% CI 1.4–2.8) for each unit change in the PHC question. Method 3:

the MCID was estimated to be 1.8 units.

Conclusions: Our estimate of the MCID for the PCS in patients with stroke was 1.8 to 3.0 units.
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Introduction

Progress in stroke rehabilitation research
has been hampered by the absence of
generally agreed outcome measurement
tools.1,2 Researchers, grant allocation com-
mittees and journal editors require tools
that are valid, responsive to change, appro-
priate across the full range of stroke
severity, but also meaningful to a non-
stroke-specific audience. Ideally, these
tools would also contribute to meaningful
estimates of the cost-effectiveness of any
intervention being tested. The Physical
Component Summary (PCS) score of the
Short Form 36 (SF-36) meets many of
these conditions. The SF-36 is a 36-question
self-report instrument that was developed
to measure health-related quality of life.
The PCS is derived from a selection of
responses to yield a single score between 0
and 100, with a mean of 50 and standard
deviation (SD) of 10 in population studies,
which reflects “physical health.” The PCS
has robust psychometric properties, has
been shown to be responsive to changes in
stroke, and has been used in a large number
of trials in many different conditions. The
questions from the SF-36 can be used
to calculate tariffs for cost-effectiveness
analysis.3–5

For patients with stroke, however, the
minimal clinically important difference
(MCID) for the PCS of the SF-36 has not
been adequately defined. The MCID was
originally defined as “the smallest differ-
ence 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 patient’s man-
agement.”6 A more concise definition is
“the smallest benefit of value to patients.”7

Tools with an established MCID for the
condition under study allow for adequate
powering of studies, a critical element in
planning a trial and a universal requirement

for grant funding applications. Such tools
also allow for appropriate interpretation of
the clinical relevance of statistically signifi-
cant study results. To define the MCID for
a condition, the score difference must be
related to a meaningful and beneficial
change in health status perceived by the
patient.8,9 “Norman’s Law” proposes a
standard MCID of 5 units (half the SD)
for the PCS for all chronic conditions with
any degree of severity, with no rigorous
testing of this hypothesis for patients with
stroke.10 Others have argued that an MCID
of 2.5 units is generally accepted for the
PCS with rheumatological conditions.11

Researchers have sought to establish
MCIDs for the PCS in different conditions,
with a range of 2 to 6 points described, clus-
tering around 2 to 3 points.12–14 As part of
the Taking Charge after Stroke (TaCAS)
study among 400 individuals after acute
stroke, in this study, we aimed to describe
the MCID of the PCS for patients following
stroke.

Methods

This was a secondary analysis of data from
the TaCAS study,15 a randomized con-
trolled trial of a novel intervention (the
“Take Charge’” intervention) compared
with controls for people discharged to com-
munity living following stroke. The full
methods and main results of that study
have been previously reported, according
to CONSORT (Consolidated Standards of
Reporting Trials) guidelines.15 In the cur-
rent analysis, we treated study participants
as a single cohort, reported in line with the
STROBE (STrengthening the Reporting of
OBservational studies in Epidemiology)
guidelines for an observational cohort
study.16 In the TaCAS study, the SF-36
was measured 12 months after the index
stroke, representing the final follow-up. In
addition, the Short Form 12 (SF-12,
described below) was measured after
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6 months. PCS scores were calculated from
the raw data using proprietary software
supplied under license from QualityMetric
(www.qualitymetric.com), which is a stan-
dard, validated approach to scoring.

Instrument and MCID estimation

The SF-36 is a generic 36-item, patient-
reported survey of health, widely used in
clinical studies across many conditions.17

The survey contains eight domains: vitality,
physical functioning, bodily pain, general
health perceptions, physical functioning,
emotional functioning, social functioning,
and mental health. There are no disease-
specific questions. Possible scores range
from 0 to 100, with higher scores represent-
ing better health status. These scores are
Z-transformed and weighted to calculate
PCS and Mental Component Summary
(MCS) scores, which are norm based with
a mean of 50 and an SD of 10.18 The PCS
score can be interpreted as describing the
physical health of the person. The PCS
has excellent psychometric properties,
including for people with stroke.3,4 The
SF-12 includes 12 of the 36 items found
on the SF-36. The PCS for the SF-12 is cal-
culated in a similar fashion to that of the
SF-36. The comparability of the PCS SF-12
and PCS SF-36 has been cross-validated
using data from general population surveys
in multiple countries but has not been
assessed specifically for people with
stroke.19 Pearson correlation coefficients
between PCS SF-36 and PCS SF-12 scores
in those studies were very high, ranging
from 0.94 to 0.96. Norm-based scoring
and a fixed population-based mean of 50
(SD¼ 10) allows for treatment of the PCS
SF-36 and PCS SF-12 as being on the
same scale.

We estimated the MCID using three
methods: two anchor based and one distri-
bution based.8,20 For anchor-based meth-
ods, a modified version of the Perceived

Health Change (PHC) question from the
SF-36 after 12 months was used as the
anchor. In line with our definition of
MCID, we assumed that patients would
generally agree that a one-level difference
in this score would represent a meaningful
change. Importantly, this question does not
form part of the calculation of the PCS. We
modified this question, which reads
“Compared with 1 year ago, how would
you rate your health in general now: much
better, somewhat better, about the same,
somewhat worse, or much worse?” to read
“Compared with 6 months ago, how would
you rate your health: much better, some-
what better, about the same, somewhat
worse, much worse?” The reasoning for
this was that if participants were asked
this question at 12 months following
stroke, there may be confusion about
whether this question was a comparison
with pre-stroke function rather than with
the previous assessment at 6 months. Data
summaries were calculated for the PCS
score at 12 months for each level of the
PHC question. The second anchor-based
estimation for the MCID was the difference
in PCS score at 12 months (based on the
SF-36) and the PCS score at 6 months
(based on the SF-12), for each level on the
PHC question. Linear regression was used
to estimate the difference in PCS scores
(method 1) and PCS 12-month versus PCS
6-month difference scores (method 2) per
1-unit increase in PHC, with the resultant
regression coefficient nominated as the
MCID.

For the distribution-based method of
MCID estimation, we used the Cohen
effect-size benchmark.21 According to the
Cohen score, differences of 0.2 SD units
correspond to small but important changes
in treatment trials,20 which is widely sup-
ported.20,22,23 The root mean square error
(RMSE) from the analysis of variance
(ANOVA) for the main comparison was
used to estimate the SD.
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Ethical considerations and statistical

analysis

The study protocol for the TaCAS trial was

approved by the Health and Disability

Ethics Committee. Written informed con-

sent was obtained from all participants.

The trial is registered with the Australia

New Zealand Clinical Trials Registry

ACTRN12615001163594.
We used SAS version 9.4 for the analyses

(SAS Institute, Cary, NC, USA).

Results

A total of 400 adults were randomized in

the TaCAS study. The mean (SD) age of

participants was 72.0 (12.5) years and 234

(58.5%) were men. The mean (SD) days

from stroke in the 6-month and 12-month

assessments was 190 (31) and 354 (32) days,

respectively. Of the original 400 partici-

pants, 369 (92.3%) were assessed at 6

months, and 351 of these (95%) completed

the SF-12. Of 388 participants (97% of the

total) contacted at 12 months, 381 (98.2%)

completed the SF-36. Mean (SD) scores for

the PCS at 6 months and 12 months for all

participants combined were 43.5 (8.9) and

45.4 (9.2), respectively.

MCID assessment

Method 1: Perceived Health Change (PHC)

question as anchor, PCS at 12 months
The summary data for the PCS score for

each level of PHC are shown in Table 1.

Mean PCS scores for responses of “same”

and “somewhat better” for the PHC ques-

tion were virtually identical (46.4 and 46.2,

respectively). Otherwise, mean scores were

distributed over a large range, from 22.2 for

“much worse” to 48.3 for “much better.”

The mean (95% confidence interval [CI])

PCS score increased by 3.0 units (2.2–3.9)

for each unit change in the PHC question

(p< 0.001).

Method 2: Perceived Health Change

(PHC) question as anchor, change in PCS

score between 6 and 12 months.
The summary data for the difference in

PCS scores for each level of PHC are shown

in Table 2. Scores for the mean change in

PCS were appropriately distributed, from

�8.9 units for “much worse” to þ4.2 units

for “much better.” The mean (95% CI)

change in PCS scores increased by 2.1

units (1.4–2.8) for each unit change in the

PHC question (p< 0.001).
Method 3: Distribution method
The RMSE from the ANOVA for the

PCS SF-36 was 9.2 (Table 3). Based on

the RMSE of 9.2 and 0.2 as a small effect

size, a small effect would be 0.2� 9.2¼ 1.8

units.

Discussion

Using a combination of anchor-based and

distribution-based methods, we estimated

the MCID of the SF-36 PCS to be between

1.8 and 3.0 units. This was broadly similar

to MCIDs of the PCS in other chronic con-

ditions,11–14 although smaller than the

“Norman’s Law” value of 5 units.10

This was the first time that the MCID

for the PCS has been defined in a patient

population with stroke. This was a large

Table 1. Mean SF-36 PCS scores at 12 months
after stroke for each level of the Perceived Health
Change question.

Perceived health change

at 12 months*

SF-36 PCS

mean (SD)

1¼Much better, n¼ 110 48.3 (8.2)

2¼ Somewhat better, n¼ 106 46.2 (8.3)

3¼ Same, n¼ 107 46.4 (8.8)

4¼ Somewhat worse, n¼ 55 37.4 (8.4)

5¼Much worse, n¼ 3 22.2 (4.3)

* Question 2 from the Short Form 36 v2 (New Zealand

version), with modification (see text).

SF-36 PCS, Physical Component Summary score of the

Short Form 36; SD, standard deviation.
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study, and both follow-up rates and PCS

completion rates were excellent. The three

methods used to estimate the MCID were

appropriate and provided broadly similar

estimates. It is not possible to determine

which of these is the “best” estimate of the

MCID for stroke. As others have described,

the distribution method provided the small-

est estimate for the MCID.13 We suggest

that in future intervention trials for stroke

rehabilitation, powering the study to detect

a difference of 2.5 units in the PCS, midway

between our estimates from the two anchor-

based methods, would be a reasonable com-

promise between potentially missing a small

but important difference and maintaining

manageable study numbers.
The PCS has much to offer as an out-

come measure in stroke rehabilitation

trials, and the addition of a stroke-specific

MCID may encourage more researchers to

consider its use. Scores are self-rated, align-

ing with the move toward greater use of

patient-reported outcomes in rehabilitation

trials.24 The modified Rankin Scale

(mRS),25 an uneven ordinal scale spanning

multiple domains of function, remains the

benchmark outcome measure for acute

stroke trials despite its several weaknesses,

with familiarity, speed, and zero cost rated

as important by adherents.26 The mRS is

much less useful in stroke rehabilitation

trials where few participants are likely to

score in the lowest (0, 1) categories or to

be included in the most severe (5) category.

Thus, it may be difficult for clinically useful

rehabilitation interventions to make any

statistical impact on outcome across the

three remaining categories with very large

clinical thresholds for movement between

categories.26 Use of the PCS as a primary

outcome measure allows for recruitment of

participants across the full range of stroke

severity and is responsive to small but clin-

ically meaningful changes in outcome.15

The SF-12 takes less than 10 minutes to

Table 2. Change in mean PCS over 6 months for each level of the Perceived Health Change question.

Perceived health

change at 12 months*

SF-36 PCS at 12 months minus

SF-12 PCS at 6 months mean (SD)

1¼Much better, n¼ 101 4.2 (7.1)

2¼ Somewhat better, n¼ 94 2.6 (6.3)

3¼ Same, n¼ 99 1.2 (6.9)

4¼ Somewhat worse, n¼ 50 �2.4 (6.5)

5¼Much worse, n¼ 3 �8.9 (11.1)

*Question 2 from the Short Form 36 v2 (New Zealand version), with modification (see text).

SF-36 PCS, Physical Component Summary score of the Short Form 36; SF-12 PCS, Physical Component Summary of the

Short Form 12; SD, standard deviation.

Table 3. Analysis of variance for Physical Component Summary of the Short Form 36 versus three
randomization arms in the Taking Charge after Stroke trial, 12 months after stroke.

Source DF Sum of squares Mean square F value P

Model 2 973.4 486.7 5.75 0.0035

Error 378 31968.5 84.61

Corrected total 380 32941.8

1Root mean square error: 9.2.

DF, degrees of freedom.
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complete. The need for a license and the

cost remain impediments to its use, but in

the context of most stroke trial budgets, the

outlay is modest.

Conclusions

Our estimate for the MCID of the PCS in a

population with stroke was 1.8 to 3.0 units.

We recommend the use of 2.5 units for

planning of clinical trials.

Data sharing

Original data are available from the correspond-

ing author on reasonable request with an appro-

priate hypothesis and analysis plan.
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