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Abstract

Purpose: To compare societal values across health-state classification systems and to describe the perfor-
mance of these systems at baseline in a large population of persons with confirmed diagnosis of interver-
tebral disc herniation (IDH), spinal stenosis (SpS), or degenerative spondylolisthesis (DS). Methods: We
compared values for EQ-5D (York weights), HUI (Mark 2 and 3), SF-6D, and the SF-36-derived estimate
of the Quality of Well Being (eQWB) score using signed rank tests. We tested each instrument’s ability to
discriminate between health categories and level of symptom satisfaction. Correlations were assessed with
Spearman rank correlations. We evaluated ceiling and floor effects by comparing the proportion at the
highest and the lowest possible score for each tool. In addition, we compared proportions at the highest and
lowest levels by dimension. The number of unique health states assigned was compared across instruments.
We calculated the difference between those who were very dissatisfied and all others. Results: Mean values
ranged from 0.39 to 0.63 among 2097 participants ages 18–93 (mean age 53, 47% female) with significant
differences in pair-wise comparisons noted for all systems. Correlations ranged from 0.30 to 0.78. Although
all systems showed statistically significant differences in health state values when baseline comparisons were
made between those who were very dissatisfied with their symptoms and those who were not, the magnitude
of this difference ranged widely across systems. Mean differences (95% CI) between those very dissatisfied
and all others were 0.30 (0.269, 0.329) for EQ-5D, 0.22 (0.190, 0.241) for HUI(3), 0.18 (0.161, 0.201) for
HUI(2), 0.11 (0.095, 0.117) for SF-6D, 0.04 (0.039, 0.049) for eQWB, and 0.07 (0.056, 0.077) for VAS (with
transformation applied to group means). Conclusion: Differences in preference-weighted health state
classification systems are evident at baseline in a population with confirmed IDH, SpS, and DS. Caution
should be used when comparing health state values derived from various systems.
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Introduction

Surgery accounts for a large proportion of the
health care costs associated with spinal disorders
[1]. Persons with spinal disorders have worse self-
reported SF-36 physical health outcomes than
those with cancer, congestive heart failure, and
other chronic illnesses [2]. This combined with
wide variation and increasing rates of spinal

surgery [3–5] make economic evaluation of inter-
ventions for spinal disorders an important area of
research. Societal health values for musculoskele-
tal problems have not been well studied. Unfor-
tunately, studies of the important world of spine
problems have been limited by lack of clear
delineation of associated signs and symptoms
into specific diagnostic groups. Cost-effectiveness
studies for surgical interventions have relied on
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utilities derived from small populations within the
spine literature or general population studies [6, 7].
These utilities may not apply to persons with
specific diagnoses across a more generalizable
population. The Spine Patient Outcomes Research
Trial (SPORT) is the first multi-center trial to
study a clearly defined population of the three
most common reasons for which spine surgery is
performed; intervertebral disc herniation (IDH),
spinal stenosis (SpS), and degenerative spondylo-
listhesis (DS). The primary aim of SPORT is to
compare surgical and non-surgical treatment for
persons with common spinal disorders for whom
surgery is an option.

SPORT’s secondary objective is to conduct a
cost-effectiveness analysis of surgical vs. non-sur-
gical treatments for these three diagnoses using
QALYs as the effectiveness measure [8]. Quality-
adjusted life years (QALYs), which account for
both length and quality of life, are the recom-
mended health outcome for use in economic
evaluation when the objective is to inform public
policy makers on allocation of limited resources.
There is general consensus that for public policy
applications the health state values used to esti-
mate QALYs should be derived from a societal
perspective [9]. As a result, several generic prefer-
ence-weighted health state classification systems,
which combine a health status measure with a
societal value or utility for each health state [10,
11], have become widely used in economic studies.
The most commonly used systems include
the Health Utilities Index (HUI) [11–13], the
EuroQoL EQ-5D [14–16], and the Quality of
Well-Being Scale [17]. In addition, preference
classification systems have been derived from the
SF-36 health status measure [18–20].

Differences between systems exist in health state
descriptions and the methods used to infer societal
values. Recent studies comparing systems have
described important differences, but have not
suggested one superior tool for use in cost-effec-
tiveness analyses [20–28]. No study has compared
these systems for persons with confirmed diagnosis
of IDH, SpS, or DS. Given that several equally
supportable options exist, and that each instru-
ment has unique properties, it is important to
consider the public policy implications of using
health state values derived from different systems.
Therefore, the objective of this study is to compare

the health state values derived from EQ-5D [15,
16]; HUI [11–13]; and two of the SF-36-derived
preference classification systems–the SF-6D [29,
30] and estimated Quality of Well-Being score
(eQWB) [19]–in a population of persons with these
lumbar spine disorders, and to describe system
performance at baseline.

Methods

Participants

Cross-sectional baseline data from an ongoing
prospective study of interventions for back or leg
symptoms associated with lumbar spine disorders
(SPORT) are presented. The design of this study
has been previously reported in detail [8]. In brief,
SPORT is a multi-centre study including three
randomized controlled trials and three observa-
tional cohorts. To be eligible for SPORT, partici-
pants must be 18 years or older and have a
diagnosis of IDH, SpS, or DS. Participants are
excluded if there is evidence of non-surgical
treatment for fewer than 6 weeks for IDH and
12 weeks for SpS and DS; cauda equina syndrome;
contraindications to spine surgery; possible preg-
nancy; active malignancy; current fracture; infec-
tion; or prior lumbar spine surgery [8].

SPORT’s intent is to characterize the impact of
surgery on health-related quality of life using a
generic health status instrument, the SF-36, [31,
32] and a disease-specific instrument, the Oswestry
Disability Index (ODI) [33–35]. The SF-36 was
developed in the Medical Outcomes Study for the
measurement of health status. It measures eight
dimensions on up to six levels. SPORT uses ver-
sion 1 of the SF-36, with the reference time frame
for health status of ‘the past four weeks’. The ODI,
an outcome measure of pain and physical function
related to spinal disorders which includes ten items
on six levels, yields an index score from least to
most disability of 0–100. Participants first com-
plete the ODI, followed by SF-36; EQ-5D
(including a visual analogue scale (VAS) health
rating); a symptom satisfaction rating (very dis-
satisfied, somewhat dissatisfied, neutral, somewhat
satisfied, very satisfied); and HUI. Outcomes are
measured at baseline, 6 weeks, and 3, 6, 12, and
24 months after initiation of treatment. Two
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QALY estimates are derived from the SF-36: an
estimated Quality of Well-Being score and the
SF-6D.

Baseline measures of health state value

The instruments used to characterize health state
values are described below.

EQ-5D
The EuroQoL EQ-5D includes five attributes rated
on three levels to define 245 health states (when
‘dead’ and ‘unconscious’ are added), and uses an
additive model of attribute independence [15, 16].
Preferences were measured using time-tradeoff
values for a subset of health states from a sample
of the UK population [14]. The reference time
frame for health status in the questionnaire was
‘today’.

Health Utilities Index
The McMaster Health Utilities Index has been
well described [11, 12, 36–38]. Permission is re-
quired for use of this instrument. SPORT is li-
censed to use HUI (Mark 2) and HUI (Mark 3).
The reference time frame for the questionnaire was
‘the past four weeks’ and we did not include the
fertility dimension in our survey. HUI(2) repre-
sents seven attributes on four or five levels and
defines 24,000 health states. HUI(3) has five or six
levels for each of its eight attributes and encom-
passes 972,000 unique health states. The HUI(2)
and HUI(3) use multiplicative multi-attribute
utility functions based on visual analogue and
standard gamble scores obtained from community
samples in Canada [11, 37, 38].

SF-36-derived measures
The SF-6D, version 2, provides a method for
deriving a preference score from the SF-36
instrument [29, 30]. It represents six attributes on
up to six levels. An additive model was used and
community weights were derived using standard
gamble utilities from a UK population for a subset
of health states. The Quality of Well-Being scale
(QWB) is a preference-based health measure that
includes three additive functional dimensions and
a symptom dimension [17]. We estimated the QWB
score using five subscales of the SF-36 based on
regression analysis reported by the Beaver Dam

Health Outcomes Study [19] and denote it as
eQWB.

Visual analogue scale
Subjects are asked to rate their current health on a
thermometer-type scale from 0, representing worst
possible health, to 100, representing best possible
health. The distance from 0 to the subject’s mark is
measured and used as the value estimate [9]. We
used a transformation of VAS as described by
Torrance et al. [39], which was applied to group
means: u ¼ 1)(1)v)2.3

Statistical analyses

Demographic characteristics of study participants
were described using means, standard deviations
and percents. Summary statistics were estimated
for each preference-weighted health state classifi-
cation system. Comparisons between the distribu-
tions for each system pair were made using
Wilcoxon signed rank tests. Construct validity for
each system was assessed with a test for trend
across self-perceived health categories (i.e., excel-
lent, very good, good, fair, poor), quintiles of
ODI, and levels of dissatisfaction. We hypothe-
sized that values would decrease monotonically
between health categories and ODI quintiles, and
that the instruments would discriminate between
respondents who were very dissatisfied with
symptoms and those who were not. In addition, we
tested each instrument’s ability to discriminate
between health categories and levels of symptom
satisfaction (very dissatisfied vs. all others), and
present 95% confidence intervals for differences
between groups. Spearman correlation coefficients
were used to describe the strength of association
between instruments. We evaluated ceiling and
floor effects for each measure by comparing the
proportion of participants who attained the high-
est and lowest possible scores for each tool. We
also compared the proportion of participants at
the highest and lowest levels for the key dimen-
sions of pain and physical function. To charac-
terize the range of health states utilized by our
study population, the number of unique health
states assigned using each of the instruments were
compared. Although analyses were conducted
separately for each disease group, we present
analyses for all disease groups pooled due to the
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consistency of findings across disease groups. All
analyses were undertaken using STATA, version 7
(STATA Corporation, College Station, Texas).

Results

The 2097 participants ranged in age from 18 to
93 years old, with an average age of 53 years.
Overall, they were a highly educated group that
comprised of both men and women, with the
majority having a diagnosis of intervertebral disc
herniation as the underlying cause for their back
or leg symptoms (Table 1).

Mean preference scores ranged from 0.39 for
EQ-5D to 0.63 for VAS (Table 2). Significant
differences between baseline mean health state
values were noted for all pair-wise system com-
parisons. The distribution of preference scores
obtained with each instrument is provided in Fig-
ure 1. In contrast to all other instruments, the EQ-
5D appeared bimodal. EQ-5D and HUI(3) and
HUI(2) covered a larger range than the two SF-36-
derived tools.

Each instrument demonstrated significant lin-
ear downward trends in health state values with
poorer self-rated health (Figure 2a) and higher
disability as measured by ODI score in quintiles
(Figure 2b). Mean health state values increased
as symptom satisfaction increased (Figure 2c).
EQ-5D, HUI(3), HUI(2) and SF-6D could not
discriminate between those reporting excellent
and very good health while eQWB and VAS
could. All instruments except eQWB could dis-
criminate between fair and poor health. All
instruments showed significant differences in
means between those who were very dissatisfied
with their current symptoms relative to all others.
Mean differences between those very dissatisfied
and all others were: 0.30 (0.269, 0.329) for EQ-
5D; 0.22 (0.190, 0.241) for HUI(3); 0.18 (0.161,
0.201) for HUI(2); 0.11 (0.095, 0.117) for SF-6D;
0.04 (0.039, 0.049) for eQWB; and 0.07 (0.056,
0.077) for VAS (with transformation applied to
group means).

Spearman correlations between instruments
ranged from 0.30 to 0.78 (Table 3). The highest
correlations were among EQ-5D, HUI(3), HUI(2)
and SF-6D. Moderate correlations were found
between these four tools and eQWB. Modest

correlations were noted between VAS and all other
instruments.

The total number of unique health states as-
signed using EQ-5D, HUI(3), HUI(2) and SF-6D
were 72, 674, 451, and 1012, respectively. Fewer
than 1% of participants scored at the floor or the
ceiling values for all tools. Table 4 describes the
proportion of participants by level and attribute
for the tools that can be decomposed. For EQ-5D
45.5% of participants responded at the most se-
vere level on at least one dimension. In the pain
dimension, EQ-5D had 1.9% at the least severe
level while the other instruments had less than one
percent. EQ-5D had 38.0% at the most severe level

Table 1. Summary of participant characteristics at baseline

All

participants

n = 2097 (%)

Age

<50 years 43.5

50–64 years 27.4

65 years and over 29.1

Female Sex 47.5

Body Mass Index ‡29 41.0

Disease Group

Intervertebral Disc Herniation 51.0

Spinal Stenosis 26.2

Degenerative Spondylolisthesis 22.8

Enrolled in RCT 34.1

Ethnicity: Hispanic 2.0

Race

Black/African American 8.3

White 84.7

Other (including unknown) 7.0

Education: College graduate 42.7

Married or living with a significant other 68.8

Insurance coveragea 97.8

Employer or union 44.6

Former employer 11.3

Spouse’s insurance 23.8

Medicare 28.4

Medicaid 2.6

Other/private purchase 16.1

Satisfaction with current symptoms

Very dissatisfied 75.2

Not very dissatisfied 24.8

ODI (Mean ± SD) 45.8±20.4

aAmong those who had insurance, 74.2% had one source of

insurance coverage, 24.8% had two sources and 1.0% had three.

1324



compared to 24.2% for HUI(3), 15.9% for HUI(2)
and 22.4% for SF-6D. In the area of physical
function, EQ-5D had 14.6% at the least severe
level, HUI(3) and HUI(2) had 25.1%, and SF-6D
had 1.1%. For the most severe level, EQ-5D had
2%, HUI(3) had 1.2%, HUI(2) had 0%, and
SF-6D had 11%.

Discussion

Our analysis of baseline health state values among
more than 2000 individuals with lumbar spine
disorders indicated a high degree of correlation
between preference-weighted health state classifi-
cation systems. Nonetheless, many differences in
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Figure 1. Frequency distributions for instruments at baseline among 2097 SPORT participants. VAS distribution represents

untransformed baseline values.

Table 2. Summary statistics for each instrument at baseline

EQ-5D

n = 2097

HUI(3)

n = 2097

HUI(2)

n = 2097

SF-6D

n = 2097

eQWB

n = 2097

VASa

n = 2097

Mean ± SD 0.39 ± 0.33 0.45 ± 0.27 0.59 ± 0.22 0.57 ± 0.12 0.58 ± 0.05 0.63 ± 0.22

Median 0.52 0.48 0.60 0.56 0.57 0.70

Interquartile

Range (25%, 75%)

(0.08, 0.69) (0.23, 0.66) (0.43, 0.77) (0.49, 0.63) (0.54, 0.61) (0.50, 0.80)

Range )0.594, 1 )0.31, 1 0.07, 1 0.296, 0.948 0.480, 0.814 0.01, 1

a Untransformed VAS.
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mean health state values between systems were
noted. Although all systems showed statistically
significant differences in health state values when
baseline comparisons were made between those
who were very dissatisfied with their symptoms
and those who were not, the magnitude of this
difference ranged widely across systems (e.g., from
0.30 for EQ-5D to 0.04 for eQWB). While longi-
tudinal performance is critical in the determination
of health state values, it is worthwhile to consider
the role of these baseline differences in final esti-
mates of cost per QALY gained. Were these dif-
ferences to carry over into a formal incremental
cost-effectiveness analysis, the potential for quali-
tatively different results is readily apparent.

Other studies have compared health state values
derived from these systems; however, ours included
all of these instruments in a large head-to-head
comparison of persons with back and leg symptoms
with specific, confirmed diagnoses. Hollingworth
et al. [20] studied SF-36-derived health valuations
of participants with low back pain at baseline and
concluded that instrument choice may have a sig-
nificant effect on health state estimates and effect
size calculations. Suarez-Almazor et al. [28], in
their longitudinal study of low back pain, reported
a difference in means of 0.11 for EQ-5D and
HUI(2), but the sample size was too small for the
difference to reach statistical significance. Gabriel

et al. [24] reported a statistically significant differ-
ence between eQWB and HUI(2) values in their
cross-sectional study of 382 participants with oste-
oporotic fracture. Belanger et al. [21] reported a
statistically significant difference between mean
EQ-5D and HUI(3) values in a subgroup of
respondents to their general health survey that re-
ported chronic back pain. Conner-Spady et al.
found a range of 0.13 in mean health state values at
baseline in their longitudinal studies of EQ-5D,
HUI, and SF-6D in persons with musculoskeletal
disease [23, 40]. In contrast, Brazier et al. found
little difference in mean health state values between
EQ-5D and SF-6D [22]. Figure 1 illustrates the
differences in the distribution of values at baseline.
The range of values covered by EQ-5D and HUI(3)
is large in contrast with SF-6D and eQWB, which
may indicate a potential limitation for the SF-36-
derived instruments.

Our study highlights some of the challenges in
measuring the validity of health measurement
tools without a gold standard. To address this
problem, we tracked instrument performance with
self-perceived overall level of health, ODI quin-
tiles, and level of satisfaction with symptoms. The
instruments functioned as expected in their trends
with each of these measures. There were some
differences between instruments in their ability to
discriminate between levels of health. For exam-
ple, eQWB could not distinguish between fair and
poor health. Hollingworth et al. reported similar
findings for eQWB and SF-6D [20]. Overall, there
was little evidence for a superior instrument,
though the limitations noted for the eQWB suggest
that it is somewhat inferior. These observations do
not apply to the actual QWB Index, which was not
used in this study.

Though correlation between instruments is often
used as a measure of convergent validity, there is
no consensus on the interpretation of various
levels of correlations for this application. Suarez-
Almazor reported low correlations between EQ-
5D, HUI, and SF-36 and suggested that they
measure somewhat different concepts of health.
Having been developed for different purposes, it is
not surprising that various tools would reach only
modest correlations. In their review of health
measurement instruments, McDowell and Newell
[41] describe why a correlation of 0.60 can be
viewed as extremely high, given that correlation is

Figure 2. Trends in mean health state values with global health,

physical disability, and symptom satisfaction at baseline.

(a) Trends in mean health state values with global health rating

by instrument. VAS trends shown are for transformed group

means. (b) Trends in mean health state values with ODI

quintiles (quintile 1 is lowest disability). VAS trends shown are

for transformed group means. (c) Trends in mean health state

values with level of symptom satisfaction by instrument. VAS

trends shown are for transformed group means.

b

Table 3. Spearman rank correlations between instruments at

baseline

HUI(3) HUI(2) SF-6D eQWB VAS

EQ-5D 0.67 0.68 0.69 0.52 0.41

HUI(3) 0.78 0.72 0.53 0.45

HUI(2) 0.67 0.51 0.41

SF-6D 0.53 0.46

eQWB 0.30

All p-values<0.001.
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limited to the square root of the product of the
instruments’ reliability. In this context, we found
very high correlations between EQ-5D, HUI(3),
HUI(2) and SF-6D. Conner-Spady et al. reported
similar correlation coefficients at baseline for EQ-
5D, HUI(3) and SF-6D [23, 40]. Intermediate level
correlations were found in our study between
eQWB and HUI(3), HUI(2), EQ-5D, and SF-6D.
The lowest correlations were noted between VAS
and all other instruments (Table 3). These findings
indicate that EQ-5D, HUI(3), HUI(2), and SF-6D
measure essentially the same construct.

Our validity tests support the idea that all of the
instruments measure quality of life to some degree,

but they do not provide sufficient information to
guide the selection of one instrument over another.
Where no clearly superior method exists, both
practical and design aspects of measurement tools
may indicate which tool would be better suited for
measurement of the quality of life of persons with
back and leg symptoms. For example, the reference
time frame used in the descriptive system varies
among tools. The EQ-5D asks the respondent to
rate health status today, while others refer to health
status in a larger time frame: over the past few
months or ‘usual.’ However, some instruments,
such as HUI, have multiple versions available.
It would be important to consider how these

Table 4. Percentage of responses by dimension and level for measures at baseline

Instrument Percent of responses for each level of severitya

EQ-5D Level 1 Level 2 Level 3

Mobility 14.6 83.4 2.0

Self care 61.4 37.9 0.7

Usual Activities 10.5 69.7 19.8

Pain/discomfort 1.9 60.1 38.0

Anxiety/depression 55.0 41.0 4.1

HUI(3) Level 1 Level 2 Level 3 Level 4 Level 5 Level 6

Vision 25.6 71.1 0.9 1.4 0.8 0.2

Hearing 90.9 1.6 2.0 3.3 1.0 1.2

Speech 95.8 2.2 2.0 0.1 0.0 NAb

Cognition 67.0 5.2 12.5 12.3 3.1 0.0

Emotion 37.6 30.0 22.9 8.8 0.8 NA

Pain 0.3 6.4 24.6 44.4 24.2 NA

Ambulation 25.1 54.5 8.6 8.3 2.3 1.2

Dexterity 90.8 7.6 0.6 0.8 0.2 0.1

HUI(2) Level 1 Level 2 Level 3 Level 4 Level 5

Sensation 24.7 64.6 9.3 1.4 NA

Mobility 25.1 54.5 16.8 3.5 0.0

Emotion 38.8 47.1 11.2 2.8 0.1

Cognition 67.0 30.6 2.5 0.0 NA

Self-care 62.3 36.0 0.4 1.3 NA

Pain 0.7 17.6 36.4 29.3 15.9

SF-6D Level 1 Level 2 Level 3 Level 4 Level 5 Level 6

Physical functioning 1.1 5.3 20.2 49.7 12.6 11.0

Role limitations 10.1 39.9 2.5 47.5 NA NA

Social functioning 17.6 20.0 29.9 23.3 9.2 NA

Pain 0.3 2.5 10.3 23.7 40.8 22.4

Mental health 17.6 30.6 34.0 14.7 3.2 NA

Vitality 1.7 17.0 32.4 27.8 21.2 NA

a Numbers of levels are 3 for EQ-5D dimensions, 5 or 6 for HUI(3) dimensions, 4 or 5 for HUI(2) and 4 to 6 for SF-6D dimensions; the

highest level for each dimension is the most severe.
b NA indicates not applicable.
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characteristics fit the nature of the study and the
timing of testing. In the case of back and leg
symptoms, it may be necessary to differentiate be-
tween usual and present status due to exacerbation.

Brazier et al. [29] have reported that one theo-
retical advantage of the SF-6D over EQ-5D is its
larger SF-36-based descriptive system, but sug-
gested that future research should assess whether
item selection for SF-6D caused limitations to its
descriptive ability and indicates that SF-6D may
not benefit from the descriptive richness of the
original SF-36. It has also been suggested that one
advantage of HUI is the large number of distinct
health states it describes [12]. We observed that SF-
6D, HUI(3), and HUI(2) identified much larger
numbers of unique health states thanEQ-5D,which
is not surprising since EQ-5D has fewer available
health states. It is noteworthy that the large range of
unique health states available from SF-6D is not
reflected in a wide range of health state values.

In theory, EQ-5D extracts information from
five distinct health dimensions, HUI(3) from
eight, and SF-6D from six. From correlation
analyses, Belanger et al. [21] concluded that EQ-
5D represents fewer than five independent
dimensions, while HUI(3) essentially addresses all
eight. Keeping in mind that this decomposed
analysis fits HUI(3)’s design better than that of
EQ-5D, it still raises the question of what EQ-5D
and HUI(3) are measuring relative to different
dimensions. For example, in the study by Belan-
ger et al. for the three dimensions HUI(3) and
EQ-5D have in common, people were less likely
to report perfect health on the EQ-5D than on
the HUI(3) and in the pain dimension, which is
an important component for the back pain pop-
ulation, 80.4 % reported perfect health on the
HUI compared to 58.9% on the EQ-5D [21]. Our
study identified differences in tools at the highest
and lowest levels of physical function and at the
most severe level for pain, but not at the level of
no pain as in Belanger et al.’s study.

For those with back and leg symptoms, average
baseline health is well below that of the general
population [2]; therefore, the ability to characterize
health status at the lowest levels is particularly
important. Hollingworth et al. [20] noted the
potential for floor effects in all of the SF-36-derived
measurement tools. Suarez-Almazor et al. [28]
reported a floor effect in SF-36 subscales for

participants who had deteriorated. Brazier et al.
[22] reported that for osteoarthritis participants
92% reported the lowest level of physical function
on the SF-6D while none did on the EQ-5D. Taylor
et al. [42] found floor effects in the role physical
and role emotional subscales of the SF-36 and
recommended using version 2 of the SF-36 to
eliminate this problem. We used version 1 of the
SF-36. We did not find evidence of a floor effect for
index values, but noted that each instrument had
large proportions of participants at the floor for
either pain or physical function (Table 4). Most
notable was that 38% of participants reported the
most severe level of pain on the EQ-5D. Concern
about ceiling effects for milder health states have
been described for EQ-5D [21, 27]. In contrast to
the use of these instruments for measuring general
population health, our study provides evidence
that the previously observed ceiling effect for EQ-
5D is not a limitation among persons with back
and leg symptoms who have specific diagnoses
(IDH, SpS, and/or DS). Hollingworth et al. [20]
described an artificial ceiling for eQWB as well,
noting a maximum possible score of 0.84. In our
study, all other instruments produced health valu-
ations above eQWB’s highest value. Though we
would note that the limited range of values avail-
able from the eQWB and SF-6D is a limitation of
the instruments, our study did not find evidence
of a ceiling effect per se. In the pain dimension none
of the tools demonstrated a significant proportion
at the ceiling. However, in the mobility dimension
25.1% of participants were at the ceiling for
HUI(3) and HUI(2). This compares to 14.6% for
EQ-5D and 1.1% for SF-6D. Feeny et al. [36] have
suggested that HUI(3) may not detect the impact of
musculoskeletal problems that do not involve the
lower limbs or hands and fingers. It is unclear
whether the differences are due to these issues.

In our study, EQ-5D described far lower quality
of life than all of the other instruments. Prior
reports have been conflicting. Brazier et al. [22]
reported similar mean health state values between
EQ-5D and SF-6D among a sub-group of back
pain patients. In their analysis, they noted the
implications of the ‘N3 term’ in the EQ-5D York
scoring function, which subtracts an additional
0.269 from the score for persons at the lowest level
in any dimension. The SF-6D has a similar scoring
function, but the coefficient associated with a
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response in one of the most severe levels is )0.032,
which is much smaller than the EQ-5D N3 term.
Our findings are consistent with Conner-Spady
et al. [23, 40], who found a lower baseline mean
health state value from EQ-5D, as well as the
greatest health state difference over 12 months.
This issue is particularly important for measure-
ment of a population such as ours, with health
problems that dramatically affect pain and func-
tion. Brazier et al. found that the pain dimension
heavily influences the index values for EQ-5D and
SF-6D [22]. This, combined with the large pro-
portion (45%) of participants using the N3 term,
implies that the N3 term could have accounted for
the bimodal EQ-5D distribution and contributed
heavily to the lower mean health state value for
EQ-5D as reported in our study. By lowering
baseline values, this scoring function could cause
an increase in the change scores ultimately used to
estimate incremental cost-effectiveness ratios in
economic evaluations [23, 40, 43]. Nevertheless,
the question remains whether the N3 term appro-
priately describes or inappropriately exaggerates
severe health states.

Our study has several limitations that warrant
comment. First, although a definitive answer to
the question, ‘which instrument measures change
best?’ requires longitudinal data, our findings
suggest that choice of instrument may matter. To
date only three relatively small longitudinal studies
of preference-based measurement tools have been
reported for persons with musculoskeletal prob-
lems [23, 28, 40]. One raises important issues
regarding differences in responsiveness of EQ-5D,
HUI, and SF-36 in persons with chronic low back
pain whose condition deteriorated [28]. Two other
studies reported that EQ-5D, HUI and SF-6D
appeared to measure the same construct, but that
health state values and change scores differed be-
tween instruments [23, 40]. None of these studies
addressed the very specifically defined population
of participants included in SPORT. Second, our
study did not explore the effects of valuation
method on health state values. Conner-Spady
et al. have reported that different scaling methods
can change potential QALYs gained [44]. Differ-
ences exist in the methods used to value health
states in each of the instruments. Third, the design
of our study did not allow us to estimate an
instrument order effect. The extent to which a

change in instrument order would influence
baseline health state values is unknown. Finally,
our study population provides information about
persons with confirmed diagnosis of spinal disor-
ders (IDH, SpS, DS) for whom surgery is an
appropriate treatment option. Our analysis in-
cludes both those who consented to random
treatment allocation within the RCT and those
who agreed to participate in an observational co-
hort. This makes our study more generalizable
than a typical RCT. However, whether our find-
ings can be generalized to persons with chronic,
non-specific back pain for whom surgery is not
indicated, or to persons with problems unrelated
to the low back, is unknown.

In summary, we found important differences in
health state values derived from different prefer-
ence-based health status measurement instruments
at baseline, which could have an impact on incre-
mental cost-effectiveness ratios and public policy.
Our study contributes to the evidence that there
may not be a superior instrument. For now,
researchers should choose a measurement tool that
best fits the condition under investigation and their
study design. Our analysis suggests that the eQWB
may be more limited for describing persons with
debilitating health states such as back and leg
symptoms associated with lumbar spine disorders
than are EQ-5D and HUI. Longitudinal data from
SPORT will provide more definitive information
about the performance of these instruments in
measuring change in populations with confirmed
lumbar spine disorders. In particular, the ability of
the instruments to measure change at the lowest
health levels will be very important in defining
effectiveness for use in economic evaluation for
this population. Nonetheless, at the present time, it
should be noted that health state values derived
from different tools are not interchangeable, and
therefore caution should be used when comparing
incremental cost-effectiveness ratios across studies.
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