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Abstract

Background: Optimizing the validity and responsiveness of utility measures will enhance their usefulness in
randomized trials. We evaluated the impact of clinical marker state (CMS) rating prior to patients’ rating
their own health on two utility instruments (feeling thermometer (FT) and standard gamble (SG)) in
patients with chronic respiratory disease (CRD). Methods: We randomized 182 patients with CRD to
complete the FT (self-administered) and SG with CMS (FT+/SG+, n=91) or without marker states
(FT)/SG), n=91) before and after undergoing respiratory rehabilitation in a multi-center trial. Results:
Use of CMS did not influence baseline utility scores. Improvement after therapy on the scale from 0 (dead)
to 1.0 (full health) was 0.04 both in FT+ (p=0.03) and FT) (p=0.02; the difference between FT+ and
FT) was 0.00, p=0.83). Improvement on the SG was 0.05 in both SG+ (p=0.08) and SG) (p=0.04;
difference between SG+ and SG) 0.00, p=0.95). Correlations with other health related quality of life
scores were highest for FT+. Conclusion: Administration of CMS did not improve responsiveness of the
FT but may have improved construct validity. The SG showed limited construct validity and responsive-
ness that was not influenced by CMS use.

Key words: Clinical trial, Feeling thermometer, Preference measures, Quality of Life, Standard gamble,
Utilities, Visual analogue scale

Introduction

Assessment of patients’ utilities and health state
preferences is receiving greater attention [1–5].
Utility and health state preference instruments
yield data that are useful for both health related
quality of life (HRQL) measurement and eco-

nomic analysis [6–10]. Preference instruments are
also of increasing interest for use in clinical trials.

Several different methods for measuring prefer-
ences are available [11–15]. Direct preference-
based instruments generate a preference score for
respondents’ current health state, typically on a
0.0–1.0 scale where 0.0 indicates dead and 1.0
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indicates full health. Many investigators regard the
standard gamble (SG), a direct preference instru-
ment, as the reference standard for preference
measurement [13, 16, 17]. The SG, however,
requires interviewer administration, may be
conceptually challenging for patients, and, in
comparison to other preference instruments, may
be unresponsive to small but important changes in
HRQL [18–20].

As a result of the limitations of the SG, inves-
tigators sometimes use other instruments to mea-
sure HRQL and obtain preference estimates.
Alternatives include the feeling thermometer (FT),
a visual analogue scale presented in the form of a
thermometer [13]. When completing this instru-
ment, patients choose the score on the thermom-
eter that represents the value or preference they
place on their health state. The FT is simpler than
the SG and has shown good responsiveness and
validity in several studies [21–26]. Although
experience with the FT is predominantly based on
interviewer administration, self-administration is
possible and enhances the feasibility of the FT in
the context of large clinical trials [25].

The use of direct preference instruments like the
SG and FT requires that patients comprehend the
task involved. Patients must understand how their
own health state compares to other health states,
including the extreme health states of ‘‘full health’’
and ‘‘dead’’. To optimize task understanding and
to increase patients’ thoughtfulness about their
ratings, authors recommend the rating of clinical
marker states (CMS) – patient scenarios or hypo-
thetical health states – prior to rating their own
health [27–30]. CMS may improve task under-
standing, because they remind patients to think
about specific domains that affect their HRQL [30].
CMS may also stimulate patients to consider how
their disease impacts on these HRQL domains and
help clinicians interpret results of studies using
preference instruments [31, 32]. Because chronic
obstructive pulmonary disease (COPD) is a disease
affecting primarily older patients, optimal admin-
istration of preference instruments in clinical
studies may be particularly challenging in the
context of COPD. CMS could, therefore, facilitate
the completion of the FT and SG.

Patients typically rate three CMS representing
mild, moderate and severe impairment of HRQL
before rating their own health. Although the use of

CMS is widespread, few studies have addressed
their impact on responsiveness and construct
validity of direct preference rating instruments.
Indeed, we are aware of only two direct compari-
sons, our own prior studies [25, 26]. One study in
patients with chronic respiratory disease (CRD)
failed to demonstrate convincing improvements in
measurement properties for either the SG or FT
with CMS, but the study was small and possibly
underpowered [26]. In another study in which we
enrolled younger patients with gastroesophageal
reflux disease, use of CMS improved the respon-
siveness and construct validity properties of the
FT but not the SG [25]. However, patients in the
latter study were younger than average patients
with CRD and therapy with a proton pump
inhibitor led to large improvements in HRQL,
leaving uncertainty whether results are generaliz-
able across patient populations and interventions.

Administration of CMS increases the amount of
time required to complete a preference instrument
and the complexity of the process, and thus dis-
courages the use of the preference instruments.
Efficiency of preference elicitation is a particularly
important concern in clinical trials. Increased time
and burden of administration in clinical trials
would be desirable if response to an intervention,
the primary endpoint in most clinical trials, could
be detected more easily or with greater validity
with the use of CMS, but not otherwise. Because
we believe that preference instruments provide
important information not otherwise available, we
would like to encourage their use, and maximize
their validity, responsiveness, and efficiency.
Therefore, we conducted a randomized multi-
center trial to compare the impact of CMS on the
responsiveness (primary endpoint), and the
validity, and time of administration (secondary
endpoints) of the SG and FT in patients with CRD
undergoing respiratory rehabilitation, an inter-
vention of known effectiveness in improving
HRQL [33].

Methods

Patients and therapeutic intervention

We have followed Stalmeier and colleagues’ sug-
gestion regarding the presentation of information
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in the methods section of studies dealing with
preference-based instruments [34]. From Septem-
ber 2001 until June 2003, we recruited patients
from four respiratory rehabilitation centers in
Canada and the United States. Eligible patients
included all inpatients and outpatients with
chronic respiratory disease (CRD) enrolling in
respiratory rehabilitation except for patients who
were unable to complete the questionnaires due to
language limitations. The institutions’ ethic review
boards approved the study and all patients pro-
vided written informed consent.

The rehabilitation programs were 8 weeks in
duration, and included an exercise component.
Recruitment terminated in Hamilton, Canada, in
June of 2002 due to the death of the site investi-
gator (Dr David Stubbing). The initial interviews
took place during the patient’s admission to the
program and the follow-up interview took place at
a clinic visit approximately 12 weeks thereafter. At
each site, a single research assistant conducted or
supervised interviews at baseline and follow-up
according to an interviewer guide. Patients rated
their health as it had been in the 2 weeks prior to
the interviews. Follow-up appointments in Tor-
onto proved unfeasible during the severe acute

respiratory syndrome (SARS) outbreak because of
temporary closure of the rehabilitation hospital.
The hospital housing the Toronto rehabilitation
facility served as one of the main care facilities
during the SARS outbreak.

We randomized 280 patients with CRD to two
different modes of administering the feeling
thermometer and standard gamble. In a factorial
design, we also randomized patients to the self-
administered Chronic Respiratory Questionnaire
(CRQ-SA) or the interviewer-administered CRQ
(CRQ-IA). We will report the data of the latter,
independent analysis in a separate manuscript [35].

Direct preference-based measures

Feeling thermometer with CMS (FT+)
The FT is a visual analogue scale depicted as a
vertical thermometer in which the worst state is
dead (a score of 0) and the best state is full health
(equal to a score of 100) [13]. Patients completed
a self-administered version with interval markings
of the FT [25, 26]. Table 1 shows the three CMS
representing mild, moderate and severe symptoms
of COPD that we tested extensively in a pilot
study [36].

Table 1. Marker states for mild, moderate and severe chronic airflow limitation

Mild Moderate Severe

– chronic lung problems mildly limit

activities

– limited by chronic lung problems – severely limited by chronic

lung problems

– sometimes becomes more short of breath

than used to when jogging, playing sports,

or hurrying up a couple flights of stairs

– often becomes short of breath doing

activities such as climbing a flight of

stairs, or climbing a hill

– when speaking fast has to slow down

because of shortness of breath

– has to try to remember pacing during

these activities and to consciously slow

down, otherwise becomes very short

of breath

– often becomes severely short of

breath doing even ordinary activities

such as bending, dressing or talking

– gets very short of breath when

angry or upset

– must pace and slow down with

every activity

– rarely feels more tired than

used to be the case

– more tired than used to be,

and feels low in energy some of the time

– feels very tired, and low in energy

all of the time

– in general, feels in control of

breathing problems, but not always

– often feels out of control of

breathing problems

– rarely feels frustrated and impatient

about exercise limitation

– feels frustrated and impatient about

breathing problems all of the time

– overall, generally happy and

free from worry

– sometimes feels frustrated and

impatient about breathing problems

– lung problems and the way they

affect life have a large influence on

emotions, and is almost always fretful,

angry and irritable

3



Feeling thermometer without CMS (FT))
In the alternative mode of administration, patients
rated their own health on the self-administered FT
without prior exposure to, or rating of, the three
CMS.

Standard gamble
This instrument offers two options from which
patients must make a choice: Choice A is a
hypothetical treatment with two possible out-
comes: (1) returning to full health (probability p)
for t years, at the end of which the patient dies or
(2) immediate death (probability 1 – p). We varied
t depending on the patient’s age as follows: pa-
tients aged more than 80 years, t=the rest of the
patient’s lifetime; age 76–80 years, t=10 years;
age 66–75 years, t=15 years; age 56–65,
t=25 years; age 46–55 years, t=30 years; and age
36–45 years, t=35 years. Specifying duration of
remaining life ensures that patients use the same
time frame as others of their age, and reduces the
random error that might result from patients
inferring different time frames. Varying the time
frame by age avoids an additional lack of realism if
one chose a single time frame and either young
patients have an unrealistically short duration of
remaining life, or old patients have an unrealisti-
cally long duration. The alternative (choice B) is
the sure outcome that the patient will stay in a
health state (their own health state, or a marker
state) for t years until death. We did not use the t
years approach with the FT.

Interviewers used a chance board with the
ping-pong approach varying the probability p in
steps of 0.05 to obtain the value, p*, where the
patient considered choice A equal to choice B
[13, 37]. This indifference probability, p*, is the
utility value for the health state or the patient’s
own health in the interval from dead (=0) to
full health (=1). The greater a patient’s will-
ingness to accept the risk of a worse outcome
(e.g., dead) to avoid the health state in choice A,
then the lower is the utility of the state in choice
A to them. We administered the SG in two
formats. In one (SG+), patients rated the three
CMS (mild, moderate and severe COPD) prior
to rating their own health state. The CMS were
identical to those of the FT. In the other ap-
proach (SG)), patients rated their own health
state without prior exposure to the CMS.

Definition of full health and death
We defined full health and provided a definition
similar to that of the Health Utilities Index 3
(HUI3) for both the FT and the SG [26, 38]. The
descriptions included phrases such as ‘‘Able to
walk around the neighborhood without difficulty,
and without walking equipment’’, ‘‘Happy and
interested in life’’, ‘‘Able to remember most things,
think clearly and solve day to day problems’’ and
‘‘Free of pain and discomfort’’. We defined the
worst health state as dead (equivalent to a score of
0) and we did not ask patients to rate the states full
health or dead.

Validation instruments

Validation instruments included the CRQ. The
CRQ is a disease specific instrument for patients
with chronic airflow limitation measuring HRQL
in the domains dyspnea, fatigue, emotional func-
tion and mastery on 7 point scales [39, 40]. We
calculate domain scores as means scores on each
domain. The St. George’s Respiratory Question-
naire (SGRQ) is a widely used disease specific
instrument for patients with respiratory disease
[41]. The Short Form 36 version 2 (SF-36.v2) is a
generic instrument including eight domains and it
is one of the most widely used HRQL instruments
[42]. The scoring for the original version of the
SF-36 uses positive weights for scores from phys-
ical domains (for PCS) and negative weights for
the mental health domains (for PCS) to compute
component scores. In contrast the RAND-36
approach uses only positive weights. Investigators
have noted that the negative weights can distort
the results of the component scores [43, 44]. This
distortion could be more evident in situations in
which the health condition involves both sub-
stantial physical and mental health burdens.
Because mental health may be impaired in patients
with severe respiratory disease we computed
summary scores using the RAND algorithm.
RAND-36 weights exist for the original version of
the SF-36 but not SF-36.v2, we developed our own
weighting approach for the mental component
score using the RAND36 strategy based on the
program by Hays et al. [45]. The Health Utilities
Index 3 (HUI3) is a multi-attribute utility instru-
ment widely used as a generic HRQL instrument
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[14]. All of these instruments are valid and
responsive to change in HRQL.

At the follow-up visit, the same interviewer
administered or supervised the administration of
the instruments to each patient in the same order
as at baseline. The CRQ, SGRQ, HUI3, FT and
SF-36.v2 were self-administered under supervi-
sion; the SG was interviewer administered.

The FT and SG represent patients’ preferences
for the HRQL of their own, individually and
subjectively defined health states while HUI3
overall utility scores represent community prefer-
ences for the patients’ health states defined by the
HUI3 health status classification system. The FT
and SG differ in various ways, including the SG’s
presentation as a choice under uncertainty. All
three, however, provide a global measure of pa-
tients’ HRQL, and are therefore conceptually
similar enough that, if all were valid, they would
show substantial correlations with one another.
The SF-36 is a generic instrument that measures all
important domains of HRQL. Given that the
extensive process of refinement of the SF-36
focused on retaining the most important items, we
would anticipate moderate correlations between
the preference measures and the physical and
mental function scores of the SF-36.

The CRQ and the SGRQ are disease-specific
measures that focus on the most important prob-
lems in physical and emotional function of
patients with COPD. A large body of literature
suggests that patients with severe COPD experi-
ence major physical and emotional function
problems, and that they find such problems
extremely distressing [46]. The more severe the
COPD, the greater the impact of the specific
problems associated with COPD on patients’
HRQL. Our patients’ decision to invest large
amounts of time and energy in respiratory reha-
bilitation provides testimony to the impact of their
COPD-associated impairments on their HRQL.
These considerations led us to anticipate that the
construct validity of the preference measures
would be manifest in moderate correlations with
the domains of the CRQ and SGRQ that reflect
important physical and emotional dysfunction,
and change in that physical and emotional dys-
function.

Study design

We randomized patients to either the FT+ and
SG+, or the FT) and SG) format of direct
preference measurement. Patients rated their own
health as it had been in the 2 weeks prior to the
interview both at baseline and follow-up. In the
FT+/SG+ group, patients first rated the three
CMS on the FT before rating their own health on
the FT, followed by the three CMS and their own
health on the SG. In the FT)/SG) group patients
rated their own health on the FT followed by the
SG. This order avoided exposure to any other
HRQL instruments before patients rated the FT
and therefore allowed us to evaluate the FT as a
freestanding self-administered instrument. In
addition, we randomized the order of the CMS in
two possible sequences (either moderate, severe
and mild or moderate, mild and severe, respec-
tively) to account for possible effects of adminis-
tration order. We administered all instruments in
the same order both at the baseline and the follow-
up visit.

An experienced research coordinator from the
methods center trained all site interviewers in a
day-long session. We performed randomization at
the methods center in blocks of eight stratified by
center. Ethic review boards at all study sites ap-
proved the study protocol and all patients signed
an informed consent form prior to enrollment in
the study.

To avoid bias in the interpretation of the results,
the authors (with the exception of the statistician,
LG) remained blinded to patients’ group assign-
ment (CMS vs. no CMS) during the period in
which we formulated our interpretation of the re-
sults. We broke the code only after agreeing on the
main conclusions for this manuscript.

Statistical analysis

For the comparisons between patients included in
this analysis and patients who did not complete the
study we used unpaired t-tests for continuous
variables and chi-square test for categorical out-
come variables. For better comparison with the
SG we performed a linear transformation of the
FT scores by dividing the scores by 100. Thus, in
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this analysis the reported scores on the FT ranged
from 0 to 1. We calculated mean scores and
standard deviation for the scores of the FT and SG
CMS for the group of patients randomized to the
administration of the FT and SG prior to rating
their own health. Except for the SGRQ, higher
scores on any of the HRQL instruments represent
better HRQL. For the calculation of the correla-
tion coefficients we multiplied the SGRQ scores
with 1 to facilitate comparison.

Responsiveness
We focused on the ability of the FT+, FT),
SG+, and SG) to detect improvement with
respiratory rehabilitation therapy by performing
paired t-tests comparing baseline and follow-up
values on the utility measures with and without the
randomly allocated CMS. To evaluate rela-
tive responsiveness of the instruments with and

without CMS, we compared the differences be-
tween scores from the baseline and follow-up visit
for the utility measures with and without use of the
CMS using an unpaired t-test.

Construct validity
Using data from the baseline visit we evaluated the
cross-sectional construct validity of the instru-
ments. We calculated Pearson’s correlation coeffi-
cients for the pairs of scores for all pair-wise
combinations on the FT, SG, HUI3, CRQ, SGRQ
and the SF-36.v2. We assumed that higher corre-
lations of the FT and SG with the validation
instruments would indicate greater construct
validity. To assess longitudinal construct validity
of the instruments we calculated Pearson’s corre-
lation coefficients for the differences between
scores from the baseline and follow-up visit for
FT+, FT), SG+ and SG) with the change on the

2 excluded before baseline visit

91 in FT+/SG+ 91 in FT-/SG-

97 excluded after baseline visit

281 randomized

279 completed baseline visit

182 completed study

Figure 1. Flow diagram describing patient enrollment and completion of the study. This flow diagram describes patient enrollment

and flow through the study. The reasons for exclusion were: 2 patients were withdrawn because of inability to read (prior to the

baseline visit); 25 patients reported that the completion of the instruments was too much work, no time or uncomfortable with the

questions, 21 patients did not complete the rehabilitation program because they were too sick, we could not follow-up 17 patients

because of severe acute respiratory syndrome (SARS), 12 were not satisfied with the rehabilitation program (possibly related to

SARS), 6 could not be reached for follow-up (possibly related to SARS), 7 patients died, 3 patients stopped because of the death

of one of the investigators, 3 patients moved, and 3 did not complete the feeling thermometer or standard gamble at both visits.
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HRQL instruments. We considered correlations of
less than 0.2 as very weak, from 0.2 to 0.35 as
weak, from greater than 0.35 to 0.5 as moderate
and of more than 0.5 as strong. We compared
Pearson’s correlation coefficients using the z-test.

Sample size
The primary outcome of interest in this analysis
was the relative responsiveness of the FT+/SG+
compared to FT)/SG). In our previous study, the
mean scores in the FT) group (on the scale from 0
to 1) increased by 0.07 (SD 0.20) after respiratory
rehabilitation [47]. The corresponding change for
the administration of the FT in the FT+ group
was 0.14 (SD 0.21). As a result, the difference in
the magnitude of change between the two groups
was 0.07 (SD 0.20). We previously also found that
the minimal important difference (MID) on the FT
is approximately 0.05–0.08 [47]. We determined
that by enrolling 200 patients (100 in each group)
we would be able to detect a difference of 0.08
(equal to approximately 0.4 SD of the change

score) in the change between the two groups with a
2-tailed test, an alpha of 0.05 and a beta of 0.2.
Due to the 12-week follow-up we ended recruit-
ment when the projected numbers indicated a
sample size of 100 per group. However, shortly
after we concluded recruitment of new patients the
primary recruitment center lost a large number of
patients due to the SARS outbreak. Therefore, we
did not reach the projected sample size of 100 per
group. The actual power of the test to detect a
difference of 0.08 in the mean preference scores
between the FT+ and FT) groups with the re-
duced number of participants (91 per group) was
in fact 85% due to the smaller than expected
variance.

Multiple testing
The primary objective was the comparison of the
FT+ and FT) as well as the SG+ and SG)
groups, respectively. Because of the intended use in
clinical trials for which responsiveness is of pri-
mary concern, we used the standard a of 0.05 as

Table 2. Demographic information for patients randomized to feeling thermometer and standard gamble with and without marker

states

Patient characteristic With marker states (n=91) Without marker states (n=91)

Gender (% female) 37 (40.7) 36 (39.6)

Age# (SD) 68.2 (8.1) 67.5 (8.0)

Diagnosis

COPD§ 83 (92.2) 85 (93.4)

Other* 7 (7.8) 6 (6.6)

FEV1 % predicted (n with data) 44.2 (20.8) (n=75) 42.8 (16.0) (n=76)

Time since diagnosis in years# (SD); median (IQR) 11.6 (13.8) 6.5 (3, 15) 10.0 (10.5) 7 (3, 13)

Smoking history (%)

Never 7 (7.7) 2 (2.2)

Current smoker 2 (2.2) 1 (1.1)

Quit 82 (90.1) 88 (96.7)

Living alone (%) 27 (29.7) 28 (30.8)

Employed (%) 9 (10.0) 9 (10.0)

HUI-3 0.62 (0.27) 0.56 (0.27)

CRQ - Dyspnea 4.29 (1.34) 4.13 (1.16)

CRQ - Fatigue 4.06 (1.27) 3.86 (1.29)

CRQ - Emotional function 4.89 (1.18) 4.69 (1.21)

CRQ - Mastery 4.91 (1.30) 4.74 (1.26)

St George’s - Activities 71.20 (21.46) 75.91 (13.61)

St. George’s - Impacts 36.81 (18.25) 36.67 (15.41)

St. George’s - Symptoms 57.26 (22.85) 63.46 (17.79)

SF36-Physical Component Score 34.32 (8.34) 32.33 (7.56)

SF36- Mental Component Score 50.06 (10.65) 49.94 (12.66)

#Mean (standard deviation).
§Chronic Obstructive Pulmonary Disease.

*Other diagnoses include: idiopathic pulmonary fibrosis, chronic pulmonary aspergillosis, post-pulmonary resection and bronchiectasis.
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cut-off for statistical significance for this objective.
For the evaluation of construct validity we used
several HRQL instruments, some with several
domains. As a result we performed many statisti-
cal tests to compare correlation coefficients,
thereby increasing the probability of statistically
significant findings by chance alone in the absence
of adjustment of the p-values. However, in the
present report we made no adjustment for multiple
comparisons because we used validation instru-
ments with correlated scores and because of the
lack of consensus on how one should adjust for
such analysis. We acknowledge that the multiple
testing weakens the inferences with respect to dif-
ferences in correlation coefficients between the two
study arms of the study.

Results

We initially enrolled 281 patients in this study.
Figure 1 describes the flow of participants through
each stage of the randomized trial and the reasons
for exclusion from the study.

A total of 182 patients (n=91 in the FT+/SG+
group and n=91 in the FT)/SG) group) com-
pleted the study. Important reasons for exclusion
were the death of the investigator responsible for
the Hamilton rehabilitation program and the
outbreak of SARS precluding follow-up of many
patients in the Toronto center. However, there was
no difference in gender, age, length and type of
respiratory diagnosis, smoking history and
employment status in the patients who are

Table 4. Cross-sectional construct validity of the FT and SG groups at baseline (Pearson correlation coefficient)

Type of

instrument

Instrument FT with

marker states

(n=91)

FT without

marker states

(n=91)

SG with

marker states

(n=91)

SG without

marker states

(n=91)

Utility measures SG with marker states 0.42 X X X

SG without marker states X 0.36 X X

HUI-3 0.49 0.46 0.28 0.29

Disease-specific

questionnaires

CRQ - Dyspnea 0.58 0.46 0.22 0.27

CRQ - Fatigue 0.62 0.47 0.23 0.30

CRQ - Emotional function 0.56 0.46 0.29 0.42

CRQ - Mastery 0.54 0.47 0.16 0.35

St.Georges’s - Symptoms 0.39 0.21 0.18 0.22

St.George’s - Activities 0.55 0.32 0.29 0.12

St. George’s - Impacts 0.61 0.46 0.33 0.21

SF-36 Physical Component Score 0.59 0.44 0.28 0.22

SF-36 Mental Component Score 0.54 0.39 0.24 0.39

p<0.05 for r>0.21, there was no statistically significant difference in r between the FT+ and FT) or SG+ and SG) groups,

respectively.

Table 3. Responsiveness of the feeling thermometer (FT) and the standard gamble (SG) with and without marker states

Group N Baseline

Mean±standard

deviation

Follow-up

Mean±standard

deviation

Differences:

follow-up -

baseline (95%

confidence interval)

p value for difference

between the baseline

and follow-up

FT with marker states 91 0.61 ± 0.18 0.65 ± 0.14 0.04 (0.004, 0.071) 0.03

FT without marker states 91 0.60 ± 0.17 0.64 ±0.12 0.04 (0.007, 0.079) 0.02

p-value for difference between groups 0.74 0.90 0.83

SG with marker states 91 0.68 ± 0.28 0.73 ± 0.22 0.05 ()0.007, 0.010) 0.08

SG without marker states 91 0.65 ± 0.21 0.70 ± 0.18 0.05 (0.002, 0.010) 0.04

p-value for difference between groups 0.46 0.43 0.95
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included in this analysis compared with those not
included in this analysis (the lowest p-value for
differences between these groups was 0.16 for
gender). Table 2 shows the characteristics of in-
cluded patients. The two groups were similar in
baseline characteristics and baseline HRQL scores.
The scores on the HRQL questionnaires indicated
significant physical impairment. The mental com-
ponent scores on the SF-36 indicated no impair-
ment with the original scoring. However, when we
used the modified RAND scoring approach, the
results indicated some impairment on the mental
component score (43.3, SD 11.1, in the FT+ vs.
42.9, SD 11.4, in the FT) groups). All preference
based instruments detected important impairment
of HRQL indicated by the low scores the partici-
pants exhibited. The mean scores and SD for the
CMS at follow-up in the FT+/SG+ were 0.81
(0.12) for the mild, 0.60 (0.13) for the moderate
and 0.36 (0.16) for the severe CMS on the FT. The
corresponding ratings of the CMS on the SG were
0.84 (0.12) for the mild, 0.70 (0.20) for the mod-
erate and 0.52 (0.25) for the severe CMS.

Responsiveness

Table 3 presents the responsiveness of the FT and
SG with and without CMS. There were no sig-
nificant differences in baseline scores on the FT
and SG. The improvements in scores after therapy

were small in that the mean change approached
the MID on the FT. The mean change was 0.04
(p=0.03 vs. baseline) in the FT+ group and 0.04
(p=0.02 vs. baseline) in the FT) group (difference
between FT+ and FT) 0.00, p=0.83). The
corresponding improvements were 0.05 in
the SG+ group (p=0.08 vs. baseline) and 0.05 in
the SG) group (p=0.04 vs. baseline) (difference
between SG+ and SG) 0.00; p=0.95). Although
the mean change scores were slightly greater for
the SG than for the FT, only the FT groups and
SG), but not SG+ showed statistically significant
change scores. The latter is a result of the greater
variance around the change scores of the SG.

Construct validity

Table 4 shows the cross-sectional construct valid-
ity of the FT and SG at baseline. The correlations
were moderate to strong for the FT regardless of
whether or not the patients completed the CMS.
Individual correlations were not statistically sig-
nificantly different between the FT+ and FT)
groups, but all correlation coefficients were higher
in FT+. Eight out of 11 correlations were strong
and 3 correlations were moderate in the FT+
group, while there were no strong correlations, 9
moderate and 2 weak correlations in the FT)
group. Because we observed similar correlations
between the FT and the other instruments at

Table 5. Longitudinal construct validity of the FT and SG. Correlations between changes in the FT, SG and other instruments

(Pearson correlation coefficient)

Type of

instrument

Instrument FT with

marker states

(n=91)

FT without

marker states

(n=91)

SG with

marker states

(n=91)

SG without

marker states

(n=91)

Utility measures SG with marker states 0.31 X X X

SG without marker states X 0.28 X X

HUI-3 0.44 0.32 0.05 0.21

Disease-specific

questionnaires

CRQ - Dyspnea 0.44 0.28 0.18 0.07

CRQ - Fatigue 0.48 0.35 0.18 0.08

CRQ - Emotional function 0.33 0.26 0.11 0.03

CRQ - Mastery 0.30 0.21 0.02 )0.02
St.Georges’s - Symptoms 0.11 0.07 )0.01 0.06

St.George’s - Activities 0.15 0.04 0.22* )0.15*
St. George’s - Impacts 0.37 0.27 0.12 )0.04
SF-36 Physical Component Score 0.23 0.19 0.08 0.04

SF-36 Mental Component Score 0.43* 0.14* 0.13 )0.06

p<0.05 for r>0.21.

*p< 0.05 for differences between correlation coefficients of FT+ and FT) or SG+ and SG), respectively.
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follow-up, we present only the results for the
baseline visit.

The two right-most columns of Table 4 examine
the cross-sectional construct validity of the SG at
baseline. Overall the correlations were substan-
tially weaker compared to the FT, and there was
no clear difference between the SG+ and
SG) group (3 out of 10 correlations were higher
for the SG+ group). As with the FT, the corre-
lations between the SG and other instruments at
follow-up were similar to those at baseline.

Table 5 shows the correlations of the change
scores from baseline to follow-up for the FT and
SG with the other measures. Correlations between
the FT and other instruments were generally
moderately strong and were stronger in the FT+
group compared to the FT) group. Compared to
the FT) group all correlations were higher in the
FT+ group. Differences between the FT+ and
FT) groups in the strength of correlations with the
validation instruments reached statistical signifi-
cance for the SF-36.v2 mental component score.

The correlations of change in the SG with
change in other instruments were weak. Compared
to omission of CMS, the administration of CMS
with the SG resulted in similar correlation
coefficients for most questionnaires although the
difference was statistically significant for the
SGRQ-Activities domain. Out of 10 correlations 8
were stronger in the SG+ group.

Time of administration

The time for completion was 9.2 min (95% CI:
8.5–9.9) in the FT+, 4.4 min (95% CI: 4.1–4.7) in
the FT), 13.1 min (95% CI: 12.0–14.2) in the
SG+ and 6.0 min in the SG) (95% CI: 5.3–6.6)
groups at baseline. The differences between groups
were all statistically significant. On average the
time for completion was 1.0 min (FT)) to 1.8 min
(SG+) shorter at follow-up (p<0.05 for all groups
compared with baseline).

Discussion

This RCT evaluated the influence of administering
hypothetical health or clinical marker states on
responsiveness and construct validity of two
instruments that investigators use to obtain

preference scores, the FT and SG. The FT detected
small improvements in HRQL, but there was no
increase in responsiveness with administration of
CMS. Results suggested higher construct validity
in the FT+ group compared to the FT) group
(Tables 4 and 5). The results also suggested that
the SG detected small improvements in HRQL,
but these results were not statistically significant
for the SG+. Overall, the differences in respon-
siveness and construct validity between the SG+
and SG) were small and in general not statistically
significant.

The strength of this study includes its random-
ized multi-center design. The study’s parallel
group design eliminated the possibility of one
format influencing response to the other. We used
an intervention of known effectiveness in regard to
improving health-related quality of life in patients
with CRD [33]. Another important strength of our
study was the use of multiple validation instru-
ments and choice of a self-administered version of
the FT.

The study has some weaknesses. We limited
ourselves to addressing the impact of CMS on the
responsiveness and construct validity of the FT
and SG. Even if CMS did not improve the con-
struct validity or responsiveness of the FT and SG,
they may still be useful in enhancing their score
interpretability for those evaluating effectiveness
of interventions [31, 32], an issue that we did not
address in this study. Another way in which
investigators may use marker states is, when
HRQL impairment is minimal, to ‘chain’ SG
responses. Here, patients first rate their health
state in relation to the mild impairment CMS
state. Subsequently, they rate the mild CMS
against death and full health.

While we developed the CMS carefully, it is
possible that different, equally thorough ways of
developing and defining CMS might lead to dif-
ferent results. In addition, due to the outbreak of
SARS we did not reach the projected sample size
(91 instead of 100 per group). However, the power
of the tests we employed to evaluate responsive-
ness did not suffer because the variance around the
mean was lower than we anticipated. Our power to
detect small but statistically significant differences
in correlation coefficients was limited. The possi-
bility exists that we observed statistically signifi-
cant results in the secondary endpoints that are
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due to multiple testing. Therefore, readers should
interpret the statistically significant differences in
the correlation coefficients with caution.

We confirmed previous studies showing that
utilities obtained with visual analogue scales, such
as the FT, are lower than utilities obtained with
the SG [13]. Patients place a lower value on im-
paired health states when using the FT than when
using the SG. However, all three preference based
instruments detected important impairment of
HRQL in these patients with CRD at baseline.

The FT showed moderate to strong correlations
with change scores on the other questionnaires
(Table 5). The correlations were all stronger with
use of the CMS, but the differences reached sta-
tistical significance only for the SF-36.v2 mental
component score (Table 5), and interpretation of
significant correlations is difficult in the presence
of multiple comparisons. On the other hand, fail-
ure to show more and stronger statistically sig-
nificant differences between FT+ and FT) may
have been a function of limited sample size and
consequently limited power. Moreover, chance is
an unlikely explanation for the finding that all of
the correlation coefficients were higher in the FT+
group than in the FT) group (Tables 4 and 5).

The SG showed weaker cross-sectional correla-
tions than the FT (Table 4) and very poor longi-
tudinal construct validity in terms of the constructs
measured with the HRQL validation instruments;
correlations were near 0 (Table 5). Correlations
appeared uninfluenced by use of CMS. Overall, 11
out of 20 correlations were higher in the SG+
group (3 out of 10 correlations in Table 4 and 8 out
of 10 in Table 5).

One could argue that correlations of the SG
with results of disease-specific instruments are not
relevant to the construct validity of the SG. This
would be the case if one did not anticipate that
CRD-related impairments would have a strong
influence on patient preferences. There is strong
evidence from other studies that severe CRD has a
profound effect on patients’ HRQL. Moreover, the
patients in our study were willing to spend con-
siderable time and energy on respiratory rehabili-
tation, another testimony to the impact of the
condition on their lives. These considerations
suggest that very low correlations between SG and
the validation tools in this study reflect limitations
with SG validity.

Our previous smaller trial in which we ran-
domized 84 older patients with COPD to an
interviewer administered FT and SG with or
without administration of CMS are generally
consistent with the results of this study [26]. As in
the current study, in our previous analysis of
patients undergoing respiratory rehabilitation,
results suggested superior construct validity of the
FT was superior when patients rated CMS prior to
rating their own health. Although we observed a
trend toward superior responsiveness in the FT+
group in that study, the difference compared with
the FT) group was not statistically significant.
The prior study also failed to show clear differ-
ences in construct validity between the SG+ and
SG). The only trend that did exist was toward
inferior cross-sectional and longitudinal construct
validity of the SG+ compared with the SG) [26].

In another study enrolling patients with moder-
ate to severe GERD, we found evidence for
improved responsiveness and longitudinal con-
struct validity of FT+, but not for SG+, in
patients randomized to rating CMS prior to rating
their own health [25]. Furthermore, as in the cur-
rent study, correlations with disease-specific
instruments were moderate to high, providing
strong support for FT validity. Nevertheless, the
evidence for construct validity does not establish
that the FT has interval scale properties.
Improvements in responsiveness with marker state
administration may be population or intervention
specific in that we have found strong evidence for
the phenomenon in GERD, but not CRD patients.
One possible explanation is that the GERD
patients’ mean age was more than 15 years younger
than the CRD patients; younger patients may gain
more from CMS in terms of contextualizing their
subsequent responses than do older patients.

The traditional use of the SG includes admin-
istration of CMS. Our three randomized studies
provide consistent evidence that use of CMS does
not improve SG responsiveness and they may
compromise its validity. The results of the three
studies suggest that investigators can minimize
respondent burden by using the SG in the least
burdened fashion, without prior rating of CMS.
Our approach to this investigation was to start
from a neutral position with regard to the CMS.
That is, we made no assumptions about their im-
pact on efficiency or measurement properties, and
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proceeded accordingly. We found the obvious in
terms of efficiency – CMS adds appreciable time
and respondent burden – but failed to observe
compelling evidence of benefit or harm in terms of
measurement properties. An alternative philo-
sophical approach to the investigation would have
been to assume that the CMS has beneficial effects
on measurement properties, and thus to recom-
mend its use even in the face of increased respon-
dent burden unless results showed definitively
excluded benefit, or demonstrated definitive
compromise of measurement properties with the
CMS. Observers who find this alternative ap-
proach compelling might conclude that our results
fail to definitively demonstrate equivalence or
detrimental effects of the CMS on measurement
properties and that, as a result, investigators
should continue its use despite the associated
administrative burden.

Possible explanations for the lack of CMS’
usefulness for the SG include fatigue in patients
who performed multiple ratings on the SG [13, 48].
In our study, rating the SG with CMS required
approximately 4–5 min more than rating the FT
with CMS which patients on average completed in
6–9 min. Furthermore, the increased complexity
of the SG might lead to difficulties with marker
state rating. To the extent that patients find rating
a hypothetical health state challenging in itself, the
SG may add to this possible confusion. Analyses
of data from the first of the three trials we con-
ducted indicate that the reliability of CMS is lower
for the SG than for the FT [49]. In that study, the
smaller randomized trial of 84 patients we
described above, 64.2% of the CMSs ratings were
in the correct order of severity during two mea-
surements on the FT but only 11.3% on the SG.

In addition, detecting small changes in FT scores
as a result of rehabilitation provides further sup-
port for the responsiveness the FT had demon-
strated in other studies [21–24, 47]. In the previous
study in patients with COPD undergoing a similar
intervention, the changes measured with the FT
were larger than in the current study. Changes
measured with the validation instruments were also
proportionally larger in that study. For example,
CRQ domain change scores ranged from 0.36 to
0.83 on the 7-point scale in the current study, but
they ranged from 0.91 to 1.42 in the previous study.
The MID that corresponds to patients’ experience

of an important change in HRQL corresponds to a
change of 0.5 on the 7-point scale of the CRQ [50,
51]. However, interpretation of the MID should
always acknowledge that if the mean change in
HRQL scores is below the MID, a proportion of
patients may still have experienced a change that is
above the MID [52–54]. Our results based on the
mean change scores of the CRQ and the SGRQ
indicate that, in this study, a large proportion of
patients did indeed experience important changes
to their HRQL [40]. The correlations between the
change scores on the FT and the validation
instruments suggest that the FT is indeed measur-
ing changes in HRQL.

In conclusion, we demonstrated in this and two
other studies that CMS possibly improve the
construct validity, but not the responsiveness of
the FT. Thus, decisions about use of CMS with the
FT will depend on issues of feasibility, efficiency,
and the relative priority given to responsiveness
and validity. CMS did not, however, improve
responsiveness or construct validity of the SG.
Fully elucidating the impact of CMS will require
further investigations in other populations and
could include other preference instruments. Until
this evidence is available, investigators could con-
sider omitting CMS when administering the SG in
a clinical trial setting when responsiveness and
validity are the key measurement properties
required.
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