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Abstract
Study Design—Cross-sectional cohort

Objective—The purpose of this study is to provide a model to allow estimation of utility from
the SF-6D using data from the ODI, BPNRS, and the LPNRS.

Summary of Background Data—Cost-utility analysis provides important information about
the relative value of interventions and requires a measure of utility not often available from
clinical trial data. The Oswestry Disability Index (ODI) and numeric rating scales for back
(BPNRS) and leg pain (LPNRS), are widely used disease-specific measures for health-related
quality of life in patients with lumbar degenerative disorders. The purpose of this study is to
provide a model to allow estimation of utility from the SF-6D using data from the ODI, BPNRS,
and the LPNRS.

Methods—SF-36, ODI, BPNRS and LPNRS were prospectively collected pre-operatively, at 12
and 24 months post-operatively in 2640 patients undergoing lumbar fusion for degenerative
disorders. Spearman correlation coefficients for paired observations from multiple time points
between ODI, BPNRS and LPNRS and SF-6D utility scores were determined. Regression
modeling was done to compute the SF-6D score from the ODI, BPNRS and LPNRS. Using a
separate, independent dataset of 2174 patients in which actual SF-6D and ODI scores were
available, the SF-6D was estimated for each subject and compared to their actual SF-6D.

Results—In the development sample, the mean age was 52.5 ± 15 years and 34% were male. In
the validation sample the mean age was 52.9 ± 14.2 years and 44% were male. Correlations
between the SF-6D and the ODI, BPNRS and LPNRS were statistically significant (p<0.0001)
with correlation coefficients of 0.82, 0.78, and 0.72 respectively. The regression equation using
ODI, BPNRS and LPNRS to predict SF-6D had an R2 of 0.69 and a root mean square error
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(RMSE) of 0.076. The model using ODI alone had an R2 of 0.67 and a RMSE of 0.078. The
correlation coefficient between the observed and estimated SF-6D score was 0.80. In the
validation analysis, there was no statistically significant difference (p=0.11) between actual mean
SF-6D (0.55 ± 0.12) and the estimated mean SF-6D score (0.55 ± 0.10) using the ODI regression
model.

Conclusion—This regression-based algorithm may be used to predict SF-6D scores in studies of
lumbar degenerative disease that have collected ODI but not utility scores.
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INTRODUCTION
Cost-utility analysis is increasingly used by decision makers to assess the relative value of
alternative treatment interventions in the context of limited resources [1,2] In order to
calculate Quality-Adjusted Life-Years (QALYs) for cost-utility analysis, outcomes of
treatment are measured using a single score, anchored at 0 for death and 1 for perfect health,
and weighted for the relative desirability of the health state. Standards for economic
evaluations recommend using societal values (utilities or preferences) [3]. There are two
main approaches to obtaining “societal health state values”: 1) direct measurement of value
for health states of a representative sample of the population using methods such as standard
gamble, time tradeoff, and visual analogue scale ratings, and 2) indirect measurement using
preference-based measurement systems such as the Quality of Well Being Scale [4], the
EuroQOL EQ-5D [5], SF-6D [6] or the Health Utilities Index HUI [7]. The SF-6D uses a
subset of items from the widely used SF-36 as the basis of its health state classification
system.

Standards for measurement of outcomes in clinical research for spine disorders include
recommendations for the SF-12 or the EQ-5D to measure general health and to allow cost-
effectiveness analysis [8] Serious tradeoffs involved in choosing outcome measures for
clinical trials, including the need to obtain adequate power to detect differences and to
maximize measurement precision, must be balanced against practicality and limits in
available resources. With these concerns in mind, unless cost-utility analysis is a specific
research aim, investigators often favor disease-specific measures that appear to focus on the
key aspects targeted by treatment over generic preference-based instruments. In reality,
many clinical trials in spine disorders utilize disease-specific measures including the
Oswestry Disability Index (ODI) and numeric rating scales for back and leg pain instead of
preference-based instruments.

In order to allow cost-utility analysis using available clinical trial data, several authors have
developed various methods to predict or “map” societal health state values using data from
non-preference-based instruments [9–29]. The purpose of this study is to determine whether
the widely used disease-specific measures (ODI, numeric rating scales for back and leg
pain) may accurately predict SF-6D utility scores.

METHODS
The Development Sample

As part of a multi-center database, the Low Back 2000, the Medical Outcome Study Short
Form-36 (SF-36) [30], the Oswestry Disability Index (ODI), Back Pain Numeric Rating
Scale (BPNRS, 0 to 10) and Leg Pain Numeric Rating Scale (LPNRS, 0 to 10) were
prospectively collected pre-operatively, at 12 and 24 months post-operatively in 2640
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patients undergoing lumbar fusion for degenerative disorders from January 2002 to June
2004.

The Validation Sample
Patients undergoing lumbar fusion for degenerative disorders from September 2003 to
December 2005 from a second separate multi-center database, the Low Back 2004, were
used as a validation sample. The same outcome measures, the SF-36, ODI, BPNRS and
LPNRS, were prospectively collected at similar time points, pre-operatively, at 12 and 24
months post-operatively.

Outcome Measures
ODI—The Oswestry Disability Index [31] is a self-administered questionnaire measuring
“back-specific function” on a 10 item scale with six response categories each. Each item
scores from 0 to 5, higher scores being worse, which is transformed into a 0–100 scale. The
ten items include pain intensity, personal care, lifting, walking, sitting, standing, sleeping,
work, social life and traveling. Patients with scores between 0 to 20 have Minimal
Disability, between 21 and 40 have Moderate Disability, between 41–60 have Severe
Disability, 61 to 80 are crippled and 81 to 100 are bed-bound or exaggerating their
symptoms.

SF-6D—The SF-6D is a preference-based health state classification system derived from
the SF-36 that defines 18,000 health states [32]. It was constructed using a selection of 11
items from the SF-36 across six of the eight SF-36 dimensions of health; physical
functioning, role limitation, social functioning, bodily pain, mental health and vitality. There
are 3 states for physical functioning, 4 for role limitations and 5 each for social functioning,
bodily pain, mental health and vitality, producing 18,000 different health states. A subset of
249 SF-6D states were valued by a representative sample of the UK general population
(n=611) using the standard gamble valuation technique. Regression models were used to
estimate health state values for the full range of SF-6D health states. The resultant algorithm
can be used to convert SF-36 data at the individual level to societal health state values or
preference scores.

BPNRS/LPNRS—The Numeric Rating Scale are two items, one each for back pain and leg
pain, on the survey that asks: “On a scale from 0 to 10, mark your level of back (leg) pain
discomfort, with 0 being none and 10 being unbearable.”[33]

Statistical Analysis—All correlation analyses were between the SF-6D and the
corresponding paired ODI score or BPNRS or LPNRS. Spearman and Pearson coefficients
for paired observations from multiple time points between SF-6D and ODI were determined.
Although these measures can be analyzed as continuous variables, some argue that these
measures are long ordinal. Spearman correlation coefficients between SF-6D and BPNRS
and LPNRS were calculated as the BPNRS and LPNRS are considered discrete ordinal
scales. Linear Regression modeling was conducted to predict SF-6D scores from the ODI,
BPNRS and LPNRS scores. The R2 and root mean square error (RMSE) estimate was used
to assess the ability of the model to predict SF-6D scores, and to compare the performance
of the various models.

To evaluate external validity of the final regression model, the algorithm generated using the
Low Back 2000, was applied to paired observations of SF-6D, ODI and BPNRS and LPNRS
from a separate, independent database of patients undergoing lumbar fusion surgery for
degenerative disorders (Low Back 2004). The SF-6D was estimated for each subject and
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compared to their actual SF-6D in this independent dataset. Health state values for each
individual paired observation were compared using paired t-tests.

RESULTS
There were 2640 patients in the development sample, and 2174 in the validation sample. In
the development sample, the mean age was 52.2 ± 15.0 years and 44.8% were male In the
validation sample the mean age was 52.9 ± 14.2 years and 44.2% were male. There was no
statistically significant difference in the age and gender distribution between the two
samples. Tables 1 and 2 provide a summary of the outcome measures for the two samples.
Correlations between the SF-6D and the ODI, BPNRS and LPNRS were statistically
significant (p<0.0001). The strongest correlation was for SF-6D and ODI (Pearson = 0.83,
Spearman = 0.82). This was followed by SF-6D and BPNRS (0.78). The relationship was
between SF-6D and LPNRS was the weakest (0.72) but it was still statistically significant.
Mean scores for SF-6D, BPNRS and LPNRS across the different Oswestry Disability
categories is shown in Table 3.

The regression equation using ODI, BPNRS and LPNRS to predict SF-6D had a correlation
coefficient of 0.83 and accounted for 69% of the variability with an RMSE of 0.076 (Table
4). The regression equation is

Using only the ODI in the regression equation:

decreased the correlation coefficient minimally to 0.82 and still accounted for 67% of the
variability of SF-6D with an RMSE of 0.078. This linear relationship can be seen in the
SF-6D/ODI plot (Figure 1).

The results of the confirmatory analysis showed that the estimated SF-6D using the
regression equation with ODI alone was very similar to the actual SF-6D. The correlation
coefficient between the observed and estimated SF-6D was 0.80. There was no statistically
significant difference (p=0.110) between the actual SF-6D (0.55 ± 0.12) and the estimated
SF-6D (0.55 ± 0.10) using the ODI regression model in the Low Back 2004 dataset (Figure
2).

DISCUSSION
Measurement of health utility states is important for clinical outcomes research to permit
cost-utility analyses, and to compare efficacy of healthcare interventions across different
areas. Utility states are required for the calculation of QALYs, and this permits a unit to be
assigned to the value of a healthcare intervention. In spine surgery, most clinical outcome
studies have emphasized disease-specific measures of health-related quality of life. A
technique to use standard disease-specific measures to estimate utility scores is valuable
because it would permit the use of existing data to determine cost-utility and QALY values.
This study of 2640 patients with lumbar degenerative disorders provides a regression model
to predict SF-6D utility scores using the most widely used disease-specific patient reported
outcome in low back pain, the ODI. Our results suggests that the relationship between the
SF-6D and the ODI is sufficiently robust to allow a valid estimation of SF-6D scores form
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the ODI using a regression equation when health state values were not measured using a
preference-based instrument. This finding is consistent with comparable clinical
responsiveness shown between ODI and SF-36 in the spine population [34, 35]. The pain
and function subscales of the SF-36, which account for 7 of the 11 questions used for
calculation of the SF-6D, have demonstrated equal sensitivity to change compared to ODI.
The performance of the model in predicting the actual mean utility scores in a large,
independent validation sample further supports the use of this method to estimate SF-6D
utility scores. Although our model performed well in predicting SF-6D utility scores as
measured by the RMSE, the ceiling effect for predicted health state values should be noted.
The implication of this characteristic of our model is a limited ability to detect change at the
high end of health status. However, the R2 of 0.67 for our model is superior to the entire
range of models similarly estimating health state values from disease-specific measures
reported by Mortimer and Segal [36]. Ideally, health state values would be measured in
clinical studies using a preference-based measurement system. However, there are many
circumstances in which such data are not collected at the time of the clinical study.
Providing a method to estimate societal health state values using data from the ODI may
facilitate the conduct of cost-utility analyses of interventions that were previously
unachievable. Using the ODI as a predictor of health state may also reduce respondent and
administrative burden, particularly in an institutional or clinical setting, where the use of the
simple, one-page, 10-item ODI may be ideal.

This significant contribution must be weighed against limitations of this approach for
estimating health state values. Some studies indicate that estimates from mapping may have
important limitations, including limited variability and measurement precision. [4, 7, 27] A
practical implication of these disadvantages for clinical researchers may be a diminished
ability to detect significant differences in health outcomes. Furthermore, studies have shown
that different approaches to converting health status to health state values may produce
meaningfully different estimates [4, 7, 27]. A recent review of approaches for converting
health status into health state values recommended that researchers consider the validity and
feasibility of the method in the disease area over a particular technique [36] The ODI is
widely used and validated and the score is determined using a specific questionnaire and
scoring algorithm [31, 37]. There are, however, modified, unvalidated versions of the
questionnaire. The SF-6D and ODI measure several similar domains that may be affected by
low back pain. The “Social Function” domain in the SF-6D and “Social Life” item in the
ODI both measure the effect of low back pain on the individual’s social life; the “Role
limitation” domain in the SF-6D and the “Personal Care” and “Employment/Homemaking”
items in the ODI address the impact of low back pain on the patient’s work and daily
activities.

In contrast both the BPNRS and LPNRS address only the intensity of the pain in the
patient’s back or leg and not how the disease affects the patient’s quality of life. This may be
the reason why these two measures do not add much to the regression model. The method by
which back and leg pain are measured vary widely from study to study in terms of value
ranges used, and may include both intensity and frequency of the pain and not just the
intensity of pain. The fact that BPNRS and LPNRS do not add much to the model allows for
increased applicability.

Using the equation to estimate SF-6D in an independent dataset showed that the estimated
SF-6D using the ODI regression model was very similar to the actual SF-6D. There was no
statistically significant difference between the actual SF-6D and the estimated SF-6D using
the ODI regression model. As there is a strong correlation between ODI and the SF-6D,
which is consistent across time periods and databases examined in this study, the ODI
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regression model can be used to estimate SF-6D utility scores in studies of lumbar
degenerative disease that have collected ODI but not utility scores.
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Figure 1.
Plot of ODI scores vs SF-6D scores

Carreon et al. Page 8

Spine (Phila Pa 1976). Author manuscript; available in PMC 2012 November 22.

$w
aterm

ark-text
$w

aterm
ark-text

$w
aterm

ark-text



Figure 2.
Estimated and Actual SF-6D for Low Back 2004, using model developed from Low Back
2000.
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Table 1

Summary statistics of all paired observations from the LB2000 dataset

SF-6D ODI BPNRS LPNRS

Mean 0.57 40.54 5.98 5.54

SD 0.13 20.91 2.99 3.35

Minimum 0.30 0 0 0

Maximum 1 96 10 10
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Table 2

Summary statistics all paired observations from the LB2004 dataset

SF-6D ODI BPNRS LPNRS

Mean 0.55 44.48 6.16 5.94

SD 0.12 19.75 2.83 3.04

Minimum 0.32 0 0 0

Maximum 1 90 10 10
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Table 3

Mean scores for SF-6D, BPNRS and LPNRS across the different Oswestry Disability categories

Oswestry Disability Category Mean SF-6D (SD) Mean BPNRS (SD) Mean LPNRS (SD)

Minimal Disability (0–20) 0.73 (0.11) 2.03 (1.81) 1.44 (1.96)

Moderate Disability (21–40) 0.60 (0.08) 4.73 (2.29) 4.00 (2.88)

Severe Disability (41–60) 0.52 (0.07) 6.79 (2.03) 5.97 (2.81)

Crippled (61–80) 0.43 (0.07) 8.08 (1.66) 7.37 (2.52)

Bed-bound (81–100) 0.37(0.07) 8.49 (2.15) 8.06 (2.68)
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Table 4

Comparison of Various Models Predicting the SF-6D

Stepwise Regression Results R R2 Adjusted R2 RMSE

Oswestry Alone 0.82 0.67 0.67 0.07825

Oswestry plus Back Pain 0.83 0.69 0.69 0.07825

Oswestry, Back Pain, Leg Pain 0.83 0.69 0.69 0.07559
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