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Abstract

The aim of this study is to show the relationship between test–retest reproducibility and responsiveness and
to introduce the smallest real difference (SRD) approach, using the sickness impact profile (SIP) in chronic
stroke patients as an example. Forty chronic stroke patients were interviewed twice by the same examiner,
with a 1-week interval. All patients were interviewed during the qualification period preceding a ran-
domized clinical trial. Test–retest reproducibility has been quantified by the intraclass correlation coefficient
(ICC), the standard error of measurement (SEM) and the related smallest real difference (SRD). Re-
sponsiveness was defined as the ratio of the clinically relevant change to the SD of the within-stable-subject
test–retest differences. The ICC for the total SIP was 0.92, whereas the ICCs for the specified SIP categories
varied from 0.63 for the category ‘recreation and pastime’ to 0.88 for the category ‘work’. However, both
the SEM and the SRD far more capture the essence of the reproducibility of a measurement instrument.
For instance, a total SIP score of an individual patient of 28.3% (which is taken as an example, being the
mean score in the study population) should decrease by at least 9.26% or approximately 13 items, before
any improvement beyond reproducibility noise can be detected. The responsiveness to change of a health
status measurement instrument is closely related to its test–retest reproducibility. This relationship becomes
more evident when the SEM and the SRD are used to quantify reproducibility, than when ICC or other
correlation coefficients are used.

Key words: Outcome measure, Reliability, Reproducibility, Responsiveness, Sickness impact profile,
Stroke

Abbreviations: ANOVA – analysis of variance; COTA – Center for Orthopedic Techniques Amsterdam;
d – days; GENOVA – generalized analysis of variance; ICC – Intraclass Correlation Coefficient; LBP – low
back pain; MI – myocardial infarction; mo – months; SD – standard deviation; SEM – Standard Error of
Measurement; SIP –Sickness Impact Profile; SRD –Smallest Real Difference; var – variance

Introduction

Outcome measures should be stable in stable
subjects (reproducibility), but should also be able
to detect changes in unstable subjects (respon-
siveness). Reproducibility, which is also known as
the test–retest reliability, and responsiveness are

closely related methodological properties of an
outcome measure. Reproducibility as well as re-
sponsiveness have to do with repeated measures of
the same individual. Better reproducibility implies
better precision of single measurements, which is a
prerequisite for better tracking of changes in
measurements in research or clinical practice [1].
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Reproducibility is defined as the ability to
measure attributes in a consistent manner when
administered on several occasions to stable sub-
jects [2, 3]. Reproducibility is not a singular quality
of a measurement instrument, but is dependent on
the design of the reproducibility study (e.g. the
timing of the measurements and the number of
facets, i.e. sources of variance) and the study
population. Responsiveness is the ability of a scale
to detect clinically relevant changes over time [3].
There are several techniques for the quantification
of responsiveness [4]. According to Guyatt et al.
[3] responsiveness is the ratio of the clinically rel-
evant change to the SD of the within-stable-subject
test–retest differences. Thus, the test–retest repro-
ducibility of an instrument has direct implications
for its responsiveness.

In clinical practice as well as in clinical trials, in-
formation is needed to answer the question of how
much difference is needed to detect a real change,
considering chance variation or measurement error
[5]. To address this important issue, a test–retest
reproducibility study in chronic stroke patients was
performed during the qualification period of a
randomized clinical trial, using the sickness impact
profile (SIP) as an example. The objective of this
study was to investigate the relationship between
reproducibility and responsiveness, and to intro-
duce the smallest real difference (SRD) approach.

Methods

Study population

The study population consisted of candidates for a
randomized clinical trial concerning the efficacy of
percutaneous radiofrequency thermocoagulation
of the tibial nerve and an ankle foot orthosis on
walking ability [6]. Included in the study were
patients aged between 18 and 75 years, who at
least 4 months previously had suffered an ischemic
or hemorrhagic stroke of a cerebral hemisphere
resulting in hemiplegia, and were experiencing
walking problems caused by a spastic equinus or
an equinovarus position of the foot. Participants
were also required to have adequate communica-
tion and cognitive abilities. The research protocol
was approved by the medical ethics committee of
the University Hospital Vrije Universiteit.

Sickness impact profile

The SIP has been developed to provide an ap-
propriate and responsive measure of health status,
for use in assessing the effects of health care ser-
vices [7–9]. Published data on the test–retest re-
producibility of the SIP are often extracted from
the original publications of McMahon and Daw-
born [10], Hazard Munro et al. [11] and Hyde [12].
However, Bergner et al. [7, 13, 14] and Bruin et al.
[15] used earlier versions of the SIP, containing
312, 236 and 189 items respectively. Few authors
have used the final version of the SIP to investigate
reproducibility [16–22]. This final version includes
a physical and a psychosocial dimension, 12 cate-
gories, and 136 items [14, 15]. The results of these
studies have shown correlation coefficients ranging
from 0.20 to 0.95 [16–22]. With the exception of
the study carried out by Jacobs et al. [20], none of
the reproducibility studies discussed the conse-
quences of the test–retest results, i.e. incomplete
reproducibility (coefficients <1), in relation to the
responsiveness of the SIP [16–22].

In our study we used the validated Dutch ver-
sion of the SIP. This version has the same weight
factors as the original American version [23, 24].
The SIP covers 12 different categories of disabili-
ties, based on 136 yes/no answers, and a weighted
score is applied to each answer. Furthermore, a
physical dimension score (based on three catego-
ries) and a psychosocial dimension score (based on
four categories) can be calculated. The items refer
to various aspects of health-related dysfunctioning
in the patient on the day of the interview. Potential
scores range from 0 to 100%, with higher per-
centages representing greater ‘sickness impact’,
and thus poorer health [14, 23, 24].

Design of the test–retest reproducibility study

During the qualification period preceding the
clinical trial, patients were interviewed on two
separate occasions with a 1-week interval. The first
measurement took place prior to a diagnostic
block of the tibial nerve with 0.5% marcaine [25].
The effect of this local anesthetic disappears after a
few hours. The second measurement took place
1 week later, prior to randomization. All patients
were interviewed by the same person. This implied
a one-facet study design, with ‘week’ (i.e. mea-
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surement) as the only source of variance [1, 26].
No clinically relevant changes in the health status
of the patients were expected during the 1-week
interval between the two interviews. Furthermore,
because of the diversity of the many statements
and the time required to complete the SIP, it was
expected that patients would not remember their
first responses.

Data-analysis

The total SIP scores, as well as the category and
dimension scores, are considered as interval scales
[27]. Test–retest reproducibility was assessed by
calculating three different numerical indexes [1,
28]. All these reproducibility indexes are based on
analyses of variance components. The total vari-
ance can be sub-divided into (1) variance between
subjects and (2) variance within subjects. Using
this one-facet study design, the within-subject
variance could be sub-divided into two compo-
nents: ‘week’ (i.e. week 1 and week 2) and ‘resi-
dual’, respectively. This last component includes
the two-way interaction for ‘subject�week’ as
well as a certain amount of residual error resulting
from systematic and unsystematic error sources
that are unknown [26]. The following numerical
indexes were calculated:

(1) Intraclass correlation coefficient (ICC): The
ICC is generally accepted in the medical literature
as the preferred method of quantifying reproduc-
ibility [3, 29]. The ICC is calculated as the ratio of
the variance between subjects (i.e. the variance of
interest) and the total variance.
(2) Standard error of measurement (SEM):
Quantifying the test–retest reproducibility of an
assessment involves calculating the variability in
measurements of the same individual, i.e. the
variance within subjects, which is referred to as
error variance. The SEM is the square root of the
within-subject variance (i.e. the square root of the
total variance, excluding the variance between
subjects) [1, 2, 30], and is expressed in the same
dimension as the measurement (note: the standard
error of measurement (SEM) is not the same as the
standard error of the mean, which is also abbre-
viated as SEM).
(3) Smallest real difference (SRD): Measurement
error makes the observed value of a measure differ

from the true value. Assuming that measurement
errors are distributed normally, an interval or er-
ror band can be calculated around one measure-
ment, expressing the uncertainty of the observed
score, as induced by error [1, 2]. At the 95%
confidence level, this interval is equal to
�1:96� SEM. To calculate an error band around
the difference between two measurements, we as-
sume that the measurement error of both mea-
surements are independent of each other. This
interval or error band expresses the uncertainty
of the difference between the two observed scores
[1, 28].

When this interval contains the value 0, the
difference between the two measurements could be
induced by error alone. The difference between
both measurements should be at least 1:96�p
2� SEM to indicate 95% confidence of a real

difference between the true scores (1.96 because of
the 95% confidence,

p
2 because of the difference

of two variances). We propose to call the index
1:96�p

2� SEM the ‘SRD’. In other words, the
SRD is the smallest measurement change, that can
be interpreted as a real difference, i.e. beyond zero
[31, 32].

To calculate the ICC, the SEM and the SRD,
analysis of variance (ANOVA) for random effects
was performed, using the PC version of the GE-
NOVA programme, developed by Crick and
Brennan [33, 34].

Results

Study population

The study population consisted of 40 chronic
stroke patients referred to the outpatient Depart-
ment of Rehabilitation Medicine of the University
Hospital of the Vrije Universiteit. Ten women and
30 men, with a median age of 58 years (range: 26–
72 years), and with a median interval between the
cerebrovascular accident and the first measure-
ment of 45.5 months (range: 5–185 months) gave
their informed consent to participate in the study.
Six patients had experienced a hemorrhagic stroke
and 34 patients had experienced an ischemic
stroke. Half of the patients had left-sided hemi-
sphere lesions, and the other half had right-sided
hemisphere lesions. Almost 70% of the patients
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also had some type of comorbidity (musculoskel-
etal system, tractus respiratorius, tractus digesti-
vus, peripheral circulatory system, cardiovascular
system, diabetes mellitus, etc.).

SIP scores

Descriptive statistics, including the mean and SD
for the total SIP scores, for the physical and psy-
chosocial dimensions and for each category, are
presented in Table 1. The total SIP score varied
from 8.5 to 51.1%, the physical dimension score
varied from 6.7 to 59.2%, and the psychosocial
dimension score varied from 0.0 to 59.6% (first
interview). Patients stated that their stroke had
great impact on their walking ability, and the
mean ambulation score is quite high. This is not
surprising, because to be included in the clinical
trial, one of the criteria was that patients experi-
enced problems with walking. Recreation and
pastime, work, and household management were
also greatly affected.

Test–retest reproducibility

With ANOVA for random effects, the between-
subject and within-subject variance components
were computed. These variance components are
listed in Table 2, together with the three repro-

ducibility indexes. The SRD is expressed both as a
percentage and as an estimated number of SIP
items (last column of Table 2). Although each SIP
item has a different weight, we estimated the
number of SIP items that approximately corre-
sponds with the SRD%, by calculating the mean
item-weight in percentages for each SIP category
(i.e. 100%/total number of items in the category),
and dividing this percentage by the SRD%.

The results of the current study indicate that,
with the exception of the categories emotion, sleep
and rest, and household management, the mean
differences between the first and the second mea-
surement are small (last column of Table 1). The
ICCs for the SIP categories and dimensions are
ranging from 0.922 for the total SIP score to 0.633
for recreation and pastime (Table 2).

However, the SEMs and the SRDs give a better
view of the test–retest reproducibility of the SIP.
The SRDs, expressed in the same dimension as the
SIP, are large (Figure 1), especially when taking
into account the baseline values of the SIP (see
Table 1). For instance, the score of a patient with
a total SIP score of 28.3% (the same as the group
mean score in this study) should decrease by at
least 9.26% (or an approximate reduction of 13
‘positive’ SIP items) before any real improvement
is detected (Figure 2). Smaller changes should be
interpreted as measurement error or ‘reproduc-

Table 1. Descriptive statistics of the SIP scores (%) on two separate occasions with 1-week interval

Areas of disability First measurement Second measurement 1-week later Difference week 1–2

Mean SD Mean SD Mean SD

Physical dimension 29.8 13.4 30.9 15.2 )1.1 6.4

Ambulation 43.3 12.8 45.2 14.3 )1.9 7.6

Body care and movement 24.6 14.4 26.1 16.3 )1.4 7.6

Mobility 28.6 20.9 27.8 22.5 0.8 12.7

Psychosocial dimension 24.1 14.5 22.6 16.9 1.5 8.7

Social interaction 19.4 13.0 19.3 15.7 0.1 10.3

Emotion 23.3 21.8 19.0 22.1 4.2 12.4

Alertness 30.3 27.0 27.5 29.4 2.8 20.5

Communication 27.6 22.6 27.1 22.8 0.4 15.5

Independent categories

Sleep and rest 21.6 18.2 16.8 14.7 4.9 8.5

Household management 44.3 21.9 48.5 22.0 )4.3 13.8

Recreation and pastime 44.6 19.8 42.7 18.1 1.9 16.3

Eating 11.1 7.6 10.4 8.2 0.8 6.5

Work 43.2 32.9 42.3 32.9 0.9 16.3

Total SIP 28.3 11.0 28.0 12.9 0.3 4.7
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Table 2. Test–retest reproducibility results of the SIP (N = 40)

Areas of disabilitya Between-subject Within-subject var ICC SEM SRD SRD

variance Week Residue (%) (%) number of

itemsb

Physical dimension (45) 184.08 0.08 20.49 0.899 4.54 12.57 6

Ambulation (12) 156.37 1.08 28.54 0.841 5.44 15.08 2

Body care and movement (23) 207.44 0.31 28.93 0.876 5.41 14.99 4

Mobility (10) 390.49 0.00 80.41 0.829 8.97 24.86 3

Psychosocial dimension (48) 210.78 0.21 37.64 0.848 6.15 17.05 9

Social interaction (20) 155.28 0.00 52.76 0.746 7.26 20.13 4

Emotion (9) 405.10 7.04 77.03 0.828 9.17 25.42 3

Alertness (10) 586.35 0.00 211.09 0.735 14.53 40.27 4

Communication (9) 396.58 0.00 120.00 0.768 10.95 30.36 3

Independent categories (43)

Sleep and rest (7) 238.40 10.93 36.51 0.834 6.89 19.09 2

Household management (10) 387.61 6.83 94.84 0.792 10.08 27.95 3

Recreation and pastime (8) 228.16 0.00 132.05 0.633 11.49 31.85 3

Eating (9) 41.51 0.00 21.28 0.661 4.61 12.79 2

Work (9) 950.47 0.00 133.54 0.877 11.56 32.03 –

Total SIP (136) 131.94 0.00 11.16 0.922 3.34 9.26 13

var – variance.

ICC ¼ between-subject variance

between-subject variance + within-subject variance
:

SEM ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
within-subject variance

p
¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
(total variance)ð1� ICCÞ

p :

SRD ¼ 1:96�p
2� SEM.

aThe total number of items in each dimension and category is given between parentheses.
b The SRD is expressed as an estimated number of SIP items, by calculating the mean item-weight in percentages for each SIP category

(i.e. 100%/total number of items in the category), and dividing this percentage by the SRD%. For example, the mean item-weight of

the category ambulation is estimated as 100%/12 items = 8.33% per item; the SRD expressed as an estimated number of SIP items is

15.08%/8.33% = 1.81 or approximately two items.

Figure 1. Smallest Real Difference (%) for each SIP category,

the physical and psychosocial dimension, and the total SIP.

Negative score indicating improvement, positive score indicat-

ing deterioration.

Figure 2. Smallest Real Difference (%) illustrated around the

mean SIP scores (%) on the first measurement; higher scores on

the second measurement indicate deterioration, lower scores on

the second measurement indicate improvement.
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ibility noise’. For ambulation, the score should
decrease by 15.08% (consistent with approxi-
mately two items) before any real improvement is
detected (Figure 2).

Discussion

Relationship between reproducibility and respon-
siveness

Reproducibility as well as responsiveness refer to
within-subject variability, i.e. repeated measures of
the same individual. Indexes that capture this no-
tion of within-subject variability are the SEM and
the SRD. The ICC is an accepted method of
quantifying reproducibility. The ICC is more ap-
propriate than Pearson’s product moment corre-
lation coefficient, because systematic variability is
neglected in the latter method [29]. However, using
the ICC, the variance between subjects is usually
considered as variance of interest, whereas with
respect to longitudinal changes the magnitude of
within-subject variance over time is relevant [28,
31, 35–37]. Furthermore, reproducibility coeffi-
cients, expressed as a dimensionless number be-
tween 0 and 1, do not lend themselves to
straightforward interpretation. As has been dem-
onstrated in this article, reproducibility coefficients
such as the ICC are not appropriate for gaining
insight into the methodological quality of instru-
ments measuring change within a subject over
time. In our opinion, the SEM and the SRD are
better suited for this purpose [1, 38].

Results of clinical trials depend on the choice of
the primary outcome measure. As mentioned ear-
lier, responsiveness is the ability of a scale to detect
clinically relevant changes over time due to some
intervention or change in clinical status, and could
be expressed as the ratio of the clinically relevant
change to the SD of the within-stable-subject test–
retest differences [3]. The test–retest reproducibil-
ity study delivered us the denominator of this
responsiveness ratio. However, with respect to the
numerator ‘the clinically relevant change’ there is
no solution yet. At the moment, there are no
standardized methods for defining the magnitude
of minimal clinically relevant changes [39]. Nor
can our SRD approach answer the question what

is clinically important. There is an essential dif-
ference between ‘clinically relevant change’ and the
‘SRD’. The SRD is a clinimetric property of a
measurement instrument, whereas ‘clinically rele-
vant change’ is an arbitrarily chosen amount of
change indicating which change clinicians and re-
searchers minimally expect or judge as important,
taking the natural course, the strength of an in-
tervention, etc., into account. However, the SRD
tells you whether the instrument will be able to
measure such a difference. If the minimally clini-
cally important differences we want to measure do
not exceed the SRD, there is no doubt that the
measurement instrument is not valid for this pur-
pose [40]. Therefore, we propose the following
approach: if the numerator of the responsiveness
ratio of Guyatt et al. [3] is set equal to the SRD,
the responsiveness is by definition 1.96. In this
respect, the SRD approach may be helpful for
making sample-size calculations in the planning of
clinical trials and a critical evaluation of which
measure to define as the primary outcome measure
[1]. Based on the test–retest results of this study,
measuring true changes within a chronic stroke
patient seems to be almost impossible with the
SIP, especially when taking into account the
baseline values. Hence, using the SIP very large
treatment effects are needed to detect efficacy. As
has been reported in previous studies, there are
some doubts about the responsiveness of the SIP
in stroke patients. For instance, Schuling et al. [41]
found no changes in SIP scores during the
first 6 months post-stroke, whereas during the
same period the Barthel scores changed signifi-
cantly. It was concluded that the SIP was not
responsive enough to detect the modest improve-
ment in a consecutive cohort of acute stroke
patients [41].

Improving reproducibility and responsiveness

Measurement error makes the observed value of a
measure differ from the true value. Measurement
error not only affects a single measurement, but
also affects the measurement of changes (respon-
siveness). An instrument that shows high vari-
ability within stable subjects would be considered
to have poor responsiveness. In this respect, re-
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producibility is a necessary condition of respon-
siveness. It should be noted that reproducibility as
well as responsiveness indexes are no fixed char-
acteristics of a measurement instrument. Factors
associated with the study design (e.g. the time-
interval, method of administration, number of
observers), the study population (e.g. diagnosis,
age, gender, emotional status, cognitive level),
therapeutic interventions, etc., might all influence
the magnitude of the variance between subjects as
well as the error variance. The most valid ap-
proaches to improve reproducibility and respon-
siveness are those which reduce measurement
error. The generalizability theory helps to analyse
the sources and the relative magnitude of mea-
surement error [2, 26, 28]. The effects of specific
strategies to reduce measurement error (e.g.
training of the observers, repeated measurements)
can also be analysed. In order to reduce mea-
surement error, two or more repeated measure-
ments are preferable. By calculating the average of
k scores, the SEM is reduced by a factor 1=

p
k [2].

However, for the SIP it is not recommended that a
second measurement should take place shortly
after the first one, because patients experience the
SIP as lengthy and boring. If it is included as part
of a series of measurements in a clinical trial the
burden on the respondent might also affect the
other measurements. An alternative strategy for
improving the responsiveness has been demon-
strated by Stratford et al. [42], who identified 20
SIP items that proved to be responsive to treat-
ment in low back pain patients. Although, by se-
lecting the most responsive items and by changing
the items by adding ‘because of your back pain’,
the generic health status instrument becomes more
disease-specific. This set bounds to the usefulness
of the instrument and generalization of the scores
to patients with different diagnoses.

Conclusion

The responsiveness of a health status measurement
instrument is closely related to its test–retest re-
producibility. This relationship becomes more ev-
ident when the SEM and in particular the SRD are
used to quantify reproducibility, than when ICCs
or other correlation coefficients are used.
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