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Abstract 

Background 

Quality-adjusted life year (QALY) measures are an important outcome for assessing the 

cost-effectiveness of healthcare interventions. Ideally, the choice of QALY measures will 

be informed by the measurement properties within the population of interest. Currently, 

the EQ-5D and SF-6D are the most commonly used QALY measures within cost-

effectiveness analyses for spine pain. A number of studies have assessed the 

measurement properties of QALY measures for individuals with spine pain, but primarily 

within surgical populations. The psychometric properties of QALY measures may vary 

substantially within non-surgical populations. The primary aim of this thesis is to assess 

the psychometric properties (reliability, validity, and responsiveness) of commonly used 

QALY measures (SF-6D, EQ-5D, EQ Visual Analog Scale) among older U.S. adults with 

chronic mechanical neck pain managed non-surgically. The secondary aim of the thesis is 

to assess differences in the psychometric properties of QALY measures derived from the 

same instrument (SF-6D), but using different valuation methods. 

Methods 

Data for the study was collected within a randomized clinical trial comparing different 

combinations of non-invasive interventions (home exercise and advice, supervised 

exercise therapy, spinal manipulation) for the management of chronic neck pain in older 

adults. Quality-adjusted life years (QALYs) were measured with the 1) SF-6D, 2) EQ-

5D, and 3) Euroqol visual analogue scale (EQ VAS) using U.S. population values for the 

primary aim. Test-retest reliability was determined using intraclass correlation 

coefficients (ICCs). The Bland-Altman method for limits of agreement and the smallest 

detectable change (SDC) were used to assess agreement. The longitudinal known-group 

validity and responsiveness of QALY measures was estimated using four external 

criteria: 1) global perceived change in health; 2) global improvement in neck symptoms; 

3) neck pain; and 4) neck disability. Known-group validity was assessed by calculating 

mean QALY changes for each category of global perceived change in health and neck 

symptoms in addition to quintiles of neck pain and disability improvement. The relative 

responsiveness of QALY changes was estimated using correlation and area under the 

receiver operating characteristic (ROC) curve analyses. 

Results 

The SF-6D demonstrated better test-retest reliability (ICC = 0.81; 95% CI 0.77 to 0.85) 

relative to the EQ-5D (ICC = 0.44; 95% CI 0.33 to 0.53) and EQ VAS (ICC = 0.68; 95% 

CI 0.61 to 0.75). In addition, the smallest detectable change was lowest for the SF-6D 

(0.16; 95% CI 0.14 to 0.17), followed by the EQ-5D (0.18; 95% CI 0.16 to 0.20), and EQ 

VAS (0.22; 95% CI 0.20 to 0.25). Differences in QALYs during the one-week baseline 

period were evenly spread over the range of mean QALYs for the SF-6D, but not the EQ-

5D or EQ VAS. The SF-6D and EQ VAS demonstrated better longitudinal known-group 

validity relative to the EQ-5D. Mean SF-6D and EQ VAS QALY changes were 

monotonically decreasing across levels of improvement for three of the four external 

criteria. All three QALY measures demonstrated similar responsiveness to change. 
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Correlations between QALY measures and three of the external criteria were similar and 

very low to low in strength (-0.233 to -0.391). Correlations with neck disability were low 

to moderate in strength with the SF-6D demonstrating the strongest association (-0.596; 

p-values for differences with EQ-5D and EQ VAS = 0.01). There were no significant 

differences among the QALY measures when measuring responsiveness with area under 

the ROC curve. SF-6D based QALY measures had similar reliability, agreement, 

validity, and responsiveness. 

Conclusions 

There were minor differences between U.S. QALY measures in terms of responsiveness; 

however, the SF-6D was more reliable and demonstrated less measurement error relative 

to the EQ-5D and EQ VAS, in addition to better known-group validity relative to the EQ-

5D. The different methods for obtaining QALY values from the same instrument (SF-6D) 

had little to no impact on the psychometric properties. 
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Background 

Cost-effectiveness analyses (CEAs) value healthcare interventions not only by their 

clinical effectiveness, but also by their costs. The standard outcome for CEAs is the 

incremental cost-effectiveness ratio (ICER), which describes the additional costs required 

to improve health outcomes by one unit (e.g. costs per additional year of life, cost per 

heart attack avoided) for interventions that are both more effective and more costly. A 

growing number of organizations around the world are using CEAs to inform where to 

most efficiently use healthcare resources. One of the best known examples comes from 

England, where the National Institute for Health and Care Excellence (NICE) uses 

evidence from CEAs to inform coverage decisions within England’s National Health 

Service.1 Although U.S. healthcare agencies such as Medicare avoid the systematic use of 

CEAs for policy, there are examples of coverage decisions that have been informed by 

CEAs. 2 Furthermore, the recent public healthcare debate has sparked increased interest 

in CEAs within the broader U.S. healthcare community.3  

 

The quality adjusted life year (QALY) is the most popular health outcome for assessing 

effectiveness within CEAs. Both the U.S. Panel on Cost Effectiveness in Health and 

Medicine4 and England’s National Institute for Health and Care Excellence5 recommend 

using QALYs as the primary outcome within CEAs. QALYs combine morbidity and 

mortality into a single measure by multiplying the amount of time spent in a particular 

health state by the health state’s value or impact on quality of life. An important property 

of QALYs is their ability to capture changes in morbidity and mortality across a number 

of diseases, which allows decision makers to assess the relative value of healthcare 

interventions across a variety of conditions. 

 

While there is little debate about using QALYs as the primary effectiveness outcome for 

CEAs, multiple approaches for deriving QALYs exist. A number of different health state 

classification instrument have been created to measure QALYs. The EQ-5D 6, Health 

Utilities Index 2 or 3(HUI)7, SF-6D (derived from the SF-36)8, 15D 9, Assessment of 

Quality of Life (AQoL) 10, and the Quality of Wellbeing (QWB) instrument 11 are all 
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examples of measures developed for QALY estimation. The most commonly used 

instruments are the EQ-5D, SF-6D, and the HUI.12 A 2006 systematic review assessing 

the use of QALY measures within CEAs found the EQ-5D was used in almost half of all 

studies.13 Although the SF-6D is a relatively newer measure, it has grown in popularity 

since it was first developed in 1998, likely because it is derived from a commonly used 

quality of life measure (i.e. SF-36).8 The EQ-5D, SF-6D and HUI vary considerably in 

length and the subsequent number of possible health states. There are 243 unique health 

states possible within the EQ-5D, compared to 18,000 within the SF-6D, and 972,000 

within the HUI3. In theory, QALYs derived from one instrument should measure the 

same construct as QALYs derived from other instruments. However, a number of studies 

comparing QALY measures among common patient populations have found important 

differences between instruments.14-16 

 

Another source of variability in QALY estimation is the method used to value possible 

health states within each instrument. 17 QALY valuation requires the elicitation of 

“preferences” for each health state on a 0 to 1 scale where 0 represents death and 1 

represents perfect health. A number of preference elicitation techniques exist including 

time trade-off (TTO), standard gamble (SG), ordinal ranking (ORD), discrete choice 

experiments (DCE) and visual analog rating scales (VAS). A 2010 meta-analysis of 

studies assessing QALY values when using different elicitation techniques found no 

difference between the TTO and VAS methods, but noted SG methods result in QALY 

values that are approximately 0.2 standard deviations higher than either TTO or VAS. 18 

 

After selecting an instrument and elicitation technique for QALY valuation, the next 

question is what population should be used to value the health states. Patients, physicians, 

and the general population are all possible choices. Although patients and physicians 

have the most direct knowledge of health conditions and their impact, the general 

consensus among health economists is that the general public should be used to value 

health states. 12,19 There are a number of arguments for this approach. First, the general 

public is the most representative of all possible conditions and health states and would 
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not be biased towards a particular health state. There is also evidence that patients adapt 

to their condition and value their health state higher than non-patients.20 

 

Researchers conducting cost-effectiveness analyses must choose the most appropriate 

QALY measure for their specific population. Ideally, this decision will be informed by 

the measurement properties of the QALY measures within the population of interest. 

Spinal pain, including neck and low back pain, is the most common form of chronic pain, 

the leading cause of disability, and accounts for 9% of total healthcare expenditures in the 

U.S.21-23 The management of spinal pain in the U.S. has been heavily criticized due to an 

overutilization of expensive interventions with questionable effectiveness. 24 

Accordingly, there is a growing need to assess the value of healthcare interventions for 

managing spinal pain. Given the importance of QALYs within CEAs, a better 

understanding of their psychometric properties among individuals with spinal pain is 

much needed. Currently, the EQ-5D and SF-6D are the most commonly used QALY 

measures within CEAs for spine pain.25 A number of studies have assessed the reliability, 

validity, and responsiveness of QALY measures within adults with spinal pain, but most 

of the existing studies have been conducted within surgical populations. 14-16,26-35 The 

psychometric properties of QALY measures may be substantially different within non-

surgical populations.  

 

Purpose of thesis 

The purpose of this thesis is two-fold. The primary aim is to estimate the psychometric 

properties of commonly used health state classification systems valued by U.S. 

populations when applied to older adults with chronic neck pain. The secondary aim is to 

estimate the psychometric properties of QALY measures derived from the same health 

state classification instrument (i.e. SF-6D) using different preference elicitation methods, 

populations, and modeling techniques. The following methods will be used to estimate 

the psychometric properties of QALY measures: 
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- Test-retest reliability and agreement using intraclass correlation coefficients (ICC) 

and Bland-Altman’s level of agreement, respectively 

- Construct validity using longitudinal known-group validity 

- Responsiveness using correlation and area under the receiver operating 

characteristic (ROC) curve analyses 

An overview of the methods is provided in figure 1. The results will be compared to 

previous studies assessing the psychometric properties of QALY measures within spinal 

pain populations. 

 

Methods 

Data for the study was collected within a randomized clinical trial conducted at a 

University-based outpatient research clinic in the Minneapolis, MN metropolitan region 

from 2004 to 2008. The clinical trial compared different combinations of non-invasive 

interventions (home exercise and advice, supervised exercise therapy, spinal 

manipulation) for the management of chronic neck pain in older adults. Details on the 

methodology and primary results from the clinical trial have previously been 

published.36,37 

Population 

Participants were recruited from the general public within the greater Minneapolis, MN 

metropolitan area using postcard mailings, newspaper advertisements, and community 

outreach. Participants were community dwelling men and women 65 years or older with a 

primary complaint of chronic (>3 months duration) mechanical neck pain. Exclusion 

criteria included a pain rating less than 3 (on a 0-10 scale), contraindications to study 

interventions, severe disabling health problems, substance abuse, litigation for neck pain, 

or ongoing non-pharmacological healthcare for neck pain.  
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Outcome assessments 

Self-reported clinical outcomes were collected twice at baseline (one week apart) and at 

4, 12, 26 and 52 weeks post-randomization using self-administered paper questionnaires. 

Participants completed the baseline, 4, and 12 week self-administered questionnaires at 

the University-based research clinic without the influence of study investigators or 

research staff. The 26 and 52 week questionnaires were completed by mail.  

Quality-adjusted life year measures 

Primary Aim 

SF-6D 

Health related quality of life was measured using the Medical Outcomes Study Short 

Form 36-item Health Survey (SF-36).38 Quality-adjusted life years (QALYs) were 

estimated using the SF-6D which is derived from 11 of the items recorded within the SF-

36.8,39 The SF-6D includes six dimensions (each with 4-6 levels) to describe health: 

physical functioning, role limitations, social functioning, pain, mental health, and vitality. 

Higher scores within each domain indicate higher morbidity. SF-6D health states range 

from no problem in any of the six dimensions (perfect health = 111111) to the worst case 

for each dimension (health state = 645655, also known as “the pits”). Preferences for SF-

6D health states were taken from a study which used discrete choice experiments within a 

U.S. population.40 The nationwide sample included 666 participants. The sample was 

under representative of the US population in terms of 18 to 44 year olds, males, 

Hispanics, and African-Americans. Participants were asked to choose between a pair of 

health states that only varied in terms of two health domains (e.g. greater physical 

function and less social function vs. less physical function and greater social function). 

By limiting the difference in health states to a trade-off between two domains, discrete 

choice experiments reduce the complexity of valuing health states. A stacked probit 

model using maximum likelihood estimation to account for repeated comparisons from 

each participant was used to estimate US preferences for SF-6D health states. Final health 

state values ranged from 0.0129 “for the pits” to 1 “perfect health”.  
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EQ-5D  

Quality adjusted life years were additionally valued using the Euroqol EQ-5D. The EQ-

5D measures health on five dimensions (mobility, self-care, usual activities, 

pain/discomfort, and anxiety/depression) over 3 levels (no problem, moderate problem, 

extreme problem) which results in 243 potential health states.6,41 EQ-5D-derived QALYs 

were calculated using preferences for health states elicited from a sample of the US 

population using time trade-off methods.42 Hispanics and non-Hispanic blacks were 

oversampled for the valuation survey which used US census demographic data to 

construct an otherwise representative sample frame. Participants were asked to choose 

between 10 years of living in one of the EQ-5D health states or living in perfect health 

for a variable amount of time (0-10 years) followed by immediate death. The amount of 

time in perfect health was varied until the participant was indifferent between this and 10 

years of life in the presented health state. The participant’s value for the health state was 

equal to the amount of time in perfect health they were willing to trade divided by 10 

years. The final model included interaction terms for health states with more than one 

moderate or extreme problem. Health states values ranged from 1 (i.e. perfect health) to -

0.109 (i.e. extreme problems in all 5 health domains).  

EQ visual analogue scale (EQ VAS)  

Participants also evaluated their current health state using a visual analogue scale 

included within the EQ-5D (EQ VAS).41 The EQ VAS scale ranges from 0 “worst 

imaginable health state” to 100 “best imaginable health state”. The EQ VAS measure was 

used to determine the study participant’s direct estimate of QALYs. Other QALY 

measures use preferences for health states from the general population to value the 

participant’s QALYs. 

Secondary Aim 

In addition, to the three QALY measures valued by U.S. populations, we also compared 

the psychometric properties of SF-6D-derived QALYs using different preference 

elicitation methods, populations, and modeling techniques. Preferences for 18,000 
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possible SF-6D health states have been collected from U.S. and U.K. populations using 

the following methods:  

SF-6D U.K. standard gamble (SG) 

The original description of the SF-6D and subsequent preferences for health states were 

obtained from a U.K. population using standard gamble methods.39 The final model used 

data from 611 representative adults from the U.K. population in terms of age, education, 

and social class. Each participant valued 6 of the 249 the SF-6D health states chosen for 

valuation. The authors designed the study so each of the 249 possible health states was 

valued by a similar number of participants. During the standard gamble procedure, the 

participant was asked to choose between living in one of the SF-6D health states or 

taking a gamble between living in perfect health (the best possible SF-6D health state) 

and “the pits” (the worst possible SF-6D health state). The probability of the gamble 

between perfect health and the worst SF-6D health state was varied until the participant 

was indifferent between taking the gamble and living in the presented health state. The 

final model for health state preferences included an interaction for individuals valuing 

more than one of the six dimensions at the worst possible level. Health state values 

ranged from 0.301 for “the pits” to 1 for perfect health. 

SF-6D U.K. SG bayesian model (BYS) 

An alternative value set from this population has been published using more flexible 

nonparametric Bayesian modelling methods.43 The parametric model used for the initial 

SF-6D valuation assumed an additive model with one interaction term for individuals 

with the worst possible response in one of the health dimensions. The non-parametric 

Bayesian model does not impose any assumptions on possible interactions between 

health domains. The authors used an additive model (i.e. no interactions between health 

states) as a prior distribution, but Bayesian methods allowed the data to modify and 

replace prior distributions, if indicated. The nonparametric model exhibited less non-

monotonicity (worse health states receiving higher utility scores) than the parametric 



 

 8 

model (20% vs 10% of randomly selected health states). Health state values ranged from 

0.203 for “the pits” to 1 for perfect health. 

SF-6D U.K. ordinal ranking (ORD) 

In addition to the standard gamble method used to determine UK preferences for SF-6D 

health states, a value set using ordinal ranking of health states has been published.44 The 

611 participants from the original UK SF-6D study also completed a series of ranking 

exercises prior to completing the standard gamble valuation. Each participant ranked 8 

health states, including the best possible state, worst possible state “the pits”, and death. 

Conditional logistic regression was used to model preferences for health states using the 

rank data. Similar to the Bayesian model, there were fewer issues of non-monotonicity 

within each health domain when using the rank model compared to the standard gamble 

model. Health state values ranged from 0.179 for “the pits” to 1 for perfect health. 

SF-6D U.S. discrete choice experiments (DCE) 

Preferences for SF-6D health states have also been elicited from a U.S. population using 

discrete choice experiments.40 A description of this value set was provided under the 

methods for SF-6D valuation. 

 

QALY measurement 

QALY measures are designed to incorporate both morbidity and mortality by accounting 

for the amount of time spent in different health states. A QALY represents one full year 

in perfect health. QALY values of 0.5 could be attained by living for ½ a year in full 

health (0.5 years x 1(value of health state)) or by living for a full year in a health state 

valued at 0.5 (1 year x 0.5 (value of health state)) (see Figure 2). When assessing 

construct validity and responsiveness, we used an area under the curve approach to 

measure change in QALYs over the one year trial duration. The area under the curve 

approach uses the trapezoid method for calculating change in QALYs from baseline and 

is recommended by a number of health economic texts (∑ ((�����
�
�	
 + ������
)/
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2)(���
 − ��) where ����� is the cross-sectional QALY estimate at each time point and 

��is time period for each of the measurements valued in years).12,45 For the reliability and 

agreement analyses, we used the cross-sectional estimates for each baseline QALY 

assessment. 

Analysis 

Statistical analyses were performed using Stata version 13.0 unless noted otherwise. 

Test-retest reliability 

The test-retest reliability of the QALY measures was determined using the two baseline 

administrations of the QALY measures which were performed one week apart. An 

intraclass correlation coefficient (ICC) using a two-way random effects model for 

absolute agreement was used to determine the test-retest reliability (STATA procedure 

ICC).The two-way random effect model ICC is the recommended statistic for measuring 

test-retest reliability as it accounts for systematic error.46 The ICC for agreement is a ratio 

between 0 and 1 which divides the between person variability (σ2
bp) by the total 

variability due to: 1) between-person variability (σ2
bp), 2) within-person variability during 

the test-retest (σ2
wp), and 3) the residual variability (σ2

r) = [(σ2
bp)/ (σ

2
bp + σ2

wp + σ2
r)].

47 

An ICC near 1 indicates the amount of measurement error due to test-retest and residual 

variability is low compared to the variability between persons. An ICC of 0.70 has been 

recommended as a minimum threshold for acceptable reliability.46 Differences between 

ICC’s ≥ 0.10 were considered noteworthy and tested for statistical significance using 

methods described by Ramasundarahettige.48 

Agreement 

In addition, Bland-Altman methods for limits of agreement using the STATA procedure 

batplot were performed to determine the absolute mean difference and variability 

between the two baseline administrations of the QALY measures.49 Agreement analyses 

report the magnitude of differences between repeated assessments on their original scale, 

which is often more meaningful to clinicians. The 95% limits of agreement were defined 
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as the mean difference ± smallest detectable change (i.e. 1.96*the standard deviation of 

the difference between baseline QALY administrations).47,49 Changes within the limits of 

agreement or less than the smallest detectable change may be due to measurement error. 

Differences between measures were noted when there was no overlap of 95% confidence 

intervals. 

Sensitivity analysis: reliability and agreement 

Patients completing the two baseline administrations of QALY measures should be 

“stable” with regards to the construct of QALYs, for a valid assessment of reliability. The 

time between baseline QALY survey administrations was limited (one week) and quality-

adjusted life years are a relatively stable construct which decreases the likelihood of 

significant health changes within the test-retest period. To assess the potential impact of 

“unstable patients” on test-retest reliability, a sensitivity analysis dropping participants 

with ≥50% change in neck pain or disability was performed and compared to the main 

analyses for reliability and limits of agreement.  

Known-group validity 

Known-group validity is a form of construct validity which assesses how the measured 

instrument differs between groups of individuals with different health outcomes.50 We 

assessed the longitudinal known-group validity of QALY measures against four external 

criteria.  

External criteria 

1) Global perceived change in health was determined using a question from the SF-36 

which asks participants to rate their current health in general compared to one year ago 

on a 5-point scale [i.e. much better, somewhat better, about the same, somewhat worse, 

much worse]. 38 

2) Global improvement in neck symptoms was determined by asking participant’s 

“Overall, how much has your neck pain changed since starting treatment in this study?” 

using a 9-point scale [i.e. no symptoms (100% improvement), much better (75% 
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improvement), somewhat better (50% improvement), a little better (25% improvement), 

no change (0% improvement), a little worse (25% worse), somewhat worse (50% worse), 

much worse (75% worse), twice as bad (100% worse)].51 The response categories for a 

worsening in neck pain (i.e. a little worse, somewhat worse, much worse, and twice as 

bad) were combined as a limited number of participants (n=12) reported a worsening in 

neck pain. 

3) The participant’s typical level of neck pain during the past week was measured using 

an 11-box numerical rating scale (NRS) (0=no pain; 10 = worst possible pain). The NRS 

has been shown to be a reliable and valid outcome measure for older adults with 

persistent pain. 52 

4) Neck disability was measured using the Neck Disability Index (NDI), an instrument 

previously shown to be reliable and valid for adults with neck pain.53,54 The NDI 

measures disability using 10 domains (pain intensity, personal care, lifting, reading, 

headaches, concentration, work, driving, sleeping, and recreation) over 6 levels. A total 

NDI score was obtained by summing the responses from individual domains and dividing 

by the maximum possible score, resulting in a 0-100 scale, where 0 equals no disability.55 

Mean QALY changes for each possible response on global perceived change in health 

and global perceived change in neck symptoms were calculated along with QALY 

changes for each quintile of improvement in neck pain and neck disability. We 

hypothesized that mean QALY changes would monotonically decrease with each 

decreasing level of improvement indicated by the external criteria.  

 

Responsiveness 

The relative responsiveness of one year time-weighted QALY changes was determined 

using multiple methods. First, the percentage of participants at or near the ceiling and 

floor of the respective QALY scales (i.e. within 5% or 10%) was determined as this can 

potentially impact responsiveness. The correlation between changes in QALYs and each 

of the four external criteria was determined using pearson’s correlation coefficient. The 
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absolute strength of association was characterized as very low (0.0 to 0.3), low (0.3 to 

0.5), moderate (0.5 to 0.7), high (0.7 to 0.9), and very high (0.9 to 1).56  Relative 

differences in the strength of correlation between QALY measures and external criteria 

greater than 0.10 were considered noteworthy and tested for statistical significance.57-59  

We hypothesized that QALY changes would be negatively correlated with global 

perceived change in health, global perceived change in neck symptoms, and reductions in 

both neck pain and disability.  

 

In addition, area under the receiver operating characteristic (ROC) curves were calculated 

to determine the ability of QALY changes to identify improved and non-improved 

participants. Participants were categorized as improved or not improved at the final 

outcome assessment (week 52) based on 1) global perceived change in health (much 

better or somewhat better), 2) global perceived change in neck symptoms (no symptoms, 

much better, or somewhat better), 3) ≥30% improvement in neck pain, and 4) ≥30% 

improvement in neck disability. A 30% improvement in neck pain and disability has been 

suggested as a threshold where patients report moderate improvement.60 Area under the 

ROC curve indicates the probability that an improved patient will report greater QALY 

gains than a non-improved patient. An area under the ROC curve of 0.50 would indicate 

that QALY changes were not able to identify improved and non-improved patients (based 

on the external criteria) better than random chance. An area of 0.70 has been proposed as 

satisfactory.46 Differences in area under the ROC curves were determined using a 

nonparametric approach specified within the roccomp procedure in Stata.61  

 

Sensitivity analysis: responsiveness 

In addition to measuring change in QALYs using an area under the curve approach, we 

also assessed the impact of using 1) the cross-sectional QALY estimate at week 52 (i.e. 

QALYW52) and 2) change in QALYs from baseline to week 52 (i.e. QALYW52 – 

QALYW0) on responsiveness as a sensitivity analysis. Global change scales have been 
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found to be more reflective of current health status than change in health, as patients have 

difficulty recalling prior health states when assessing change.62 

 

Results 

Baseline characteristics 

Baseline characteristics for the 241 older adults with chronic mechanical neck pain who 

were enrolled in the randomized clinical trial are provided in table 1. Participant age 

ranged from 65 to 88 with a mean of 72.3. A limited proportion of participants 

experienced associated arm pain (17%), were currently employed (18.7%), or used 

tobacco (5.4%). Among the U.S. QALY measures, baseline values were lower for the SF-

6D (0.766) and EQ VAS (0.766) compared to EQ-5D (0.795). SF-6D-based QALYs were 

highest for the US DCE measure (0.766), followed by the UK ORD (0.725), UK SG 

(0.714) and UK BYS (0.665) measures.  

Attrition and completion rates of QALY measures 

The number of completed QALY measures at each assessment period is outlined in table 

2. Data collection rates for the trial’s primary outcome, neck pain, are also presented for 

reference. The ability to derive QALYs using the SF-6D, EQ-5D, and EQ VAS was 

similar at baseline and over the duration of the trial. SF-6D QALY scores could not be 

derived for a small number of participants (n=3) due to missing responses within the 

SF36 survey. Data collection rates for the SF-6D, EQ-5D, and EQ VAS-derived QALYs 

were similar to the clinical trial’s primary outcome (i.e. pain) when questionnaires were 

completed within the research clinic, but were slightly lower when returned by mail.  

Data collection rates at week 52 were above 93% for all measures.  

 

Reliability and agreement 

Results for test-retest reliability and agreement are provided in table 3. The Intraclass 

correlation coefficient (ICC) for the SF-6D was larger (0.81; 95% CI 0.77 to 0.85) than 

both the EQ-5D (0.44; 95% CI 0.33 to 0.53) and EQ VAS (0.68; 95% CI 0.61 to 0.75) 
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indicating better test-retest reliability. Significant differences between ICC’s favoring the 

SF-6D over both the EQ-5D (difference = 0.38; 95% CI 0.29 to 0.47) and EQ VAS 

(difference = 0.13; 95% CI 0.07 to 0.20) were noted. Both the EQ-5D and EQ VAS were 

below the recommended ICC threshold of 0.70. There was little difference in reliability 

between the SF-6D based measures (0.76 to 0.81) with all methods resulting in ICCs 

above the recommended threshold. The baseline distributions of QALYs are displayed in 

Figures 3-4. Over one-quarter of the participants reported the same health state at 

baseline (moderate pain or discomfort, but no other problems) when using the EQ-5D, 

limiting the spread of the distribution relative to the other QALY measures.  

 

The smallest detectable change among U.S. based QALY measures was the lowest for 

the SF-6D (0.16; 95% CI 0.14 to 0.17), followed by the EQ-5D (0.18; 95% CI 0.16 to 

0.20), and EQ VAS (0.22; 95% CI 0.20 to 0.25). The SF-6D SDC confidence intervals 

did not overlap with the EQ VAS confidence intervals. Among the SF-6D measures, the 

UK SG (0.12; 95% CI 0.11 to 0.14) and UK BYS (0.12; 95% CI 0.10 to 0.13) measures 

demonstrated the lowest SDC which were 0.04 QALYs lower than the U.S. based SF-6D 

measure (DCE) with confidence intervals that did not overlap. Bland-Altman plots 

showing the differences in test-retest administrations of QALYs on the vertical axis and 

the mean QALYs on the horizontal axis are displayed in Figures 5-6. Test-retest 

differences for EQ-5D and EQ VAS-derived QALYs were larger among individuals 

reporting lower mean QALYs. Differences in test-retest administrations of QALYs were 

evenly spread over the range of mean QALYs for SF-6D based measures. 47 participants 

reported changes in neck pain or disability greater than 50% between baseline 

assessments. Sensitivity analyses removing these 47 participants to ensure the sample 

population was “stable” resulted in minor changes in the ICC and limits of agreement 

results (Table 4). The one notable change was the difference in ICC’s between the SF-6D 

(0.81; 95% CI 0.75 to 0.85) and EQ VAS (0.72; 95% CI 0.65 to 0.78) fell below the 

threshold of 0.10. 



 

 15 

Known-group validity 

Mean QALY gains according to changes in external criteria are provided in tables 5-8 

and figures 7-10 as an assessment of construct validity. QALY gains were monotonically 

decreasing across levels of global perceived change in health for the SF-6D, but not for 

the other U.S. based measures. The SF-6D resulted in greater mean QALY improvement 

relative to EQ-5D or EQ VAS measures among individuals reporting the most 

improvement in health (i.e. much better). The EQ VAS was the only QALY measure 

showing QALY decreases for participants reporting somewhat worse health status. 

QALY changes among SF-6D measures were similar across the different levels of global 

change in health. The only U.S. based QALY measure with monotonically decreasing 

QALY changes among individuals reporting changes in global neck symptoms was the 

EQ VAS. Mean QALY changes among individuals reporting a little improvement to no 

change in neck symptoms was not easily distinguishable for the U.S. based SF-6D. 

Additionally, the EQ-5D was not able to distinguish between individuals reporting their 

neck symptoms were “somewhat better” (mean QALY change = -0.001) to “worse” 

(mean QALY change = 0.005). In terms of improvement in neck pain and neck disability, 

the U.S. based SF-6D and EQ VAS measures were monotonically decreasing across 

quintiles of improvement. The EQ-5D was not able to distinguish between the second and 

third, or the fourth and fifth quintiles for either measure. Among SF-6D measures, the 

standard gamble and ordinal methods were not monotonically decreasing for neck pain 

improvement, but all SF-6D derived measures performed similarly across levels of neck 

disability improvement. 

Responsiveness 

Floor/Ceiling effects at baseline 

The proportion of participants with baseline QALY values near the maximum and 

minimum possible score are presented in table 9. Floor effects were not present at 

baseline as none of the participants reported QALYs within 10% of the lowest possible 

value for each scale. Ceiling effects were minimal for most QALY measures (<2%), 
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except for the US SF-6D DCE and EQ VAS measures where 17% and 14% of 

participants reported QALYs within 10% of the highest possible score, respectively. 

Correlation 

The correlation between QALY measures and the four external criteria are provided in 

table 10. Correlations between the U.S. based QALY measures and three of the external 

criteria (global perceived change in health, global perceived change in neck symptoms, 

neck pain) were very low to low (-0.233 to -0.391). Among these three external criteria, 

the only difference ≥ 0.10 was between the SF-6D (-0.36) and EQ VAS (-0.26) for global 

perceived change in neck symptoms which was not statistically significant (p-value = 

0.14). When using neck disability as an external criteria, correlations were low to 

moderate (-0.442 to -0.596). The SF-6D (-0.596) was more strongly correlated with neck 

disability than either the EQ-5D (-0.458; p-value for difference = 0.01) or EQ VAS (-

0.442; p-value for difference = 0.01) QALY measures. Strengths of correlation among 

the SF-6D based measures were similar to the U.S. based measures. The ordinal ranking 

method (-0.426) demonstrated stronger correlation than the Bayesian model (-0.315; p-

value for difference < 0.01) when using global perceived change in neck symptoms as an 

external criteria. In addition, the discrete choice experiment method (-0.596) was more 

strongly correlated with neck disability compared to the Bayesian model (-0.491; p-value 

for difference < 0.01).  

 

The results of the sensitivity analyses for correlation are provided in table 11. Sensitivity 

analyses using change in QALYs from baseline to week 52 (i.e. QALYW52 – QALYW0) 

resulted in stronger correlations with global perceived change in health (low correlation; -

0.332 to -0.463). Sensitivity analyses using week 52 QALY estimates resulted in stronger 

correlations with neck disability (low to high correlation; -0.473 to -0.717). Differences 

in correlation between the SF-6D and EQ VAS with global perceived change in neck 

symptoms were still present when using change from baseline to week 52, but were 

below the 0.10 threshold when using week 52 as the outcome. Differences in correlation 

among the U.S. based measures with neck disability were similar to the primary analysis, 
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except for the correlations among the SF-6D (-0.569) and EQ-5D (-0.483) when using 

change from baseline to week 52, which fell below the 0.10 threshold for notable 

differences. Differences in strength of correlation among the SF-6D measures were 

similar when using change from baseline to week 52, but no notable differences were 

present when using week 52 as the outcome. 

ROC curves 

The predictive ability of QALY measures to distinguish between improved and non-

improved participants using area under the ROC curve are provided in table 12 and 

Figures 11-12. There were no significant differences among the U.S. based QALY 

measures when measuring responsiveness with area under the ROC curve. Areas under 

the ROC curve were highest when detecting minimal improvement (≥ 30%) in neck 

disability (range 0.67 to 0.73) or neck improvement (range 0.67 to 0.72), and were the 

lowest for detecting minimal improvement (≥ 30%) in neck pain (range 0.60 to 0.64). In 

terms of meeting a satisfactory discrimination area of 0.70, the EQ-5D reached this 

threshold for three of the four external criteria, the SF-6D was above this threshold for 

two criteria, and the EQ VAS was below the threshold for all measured external criteria.  

 

Among the SF-6D based measures, there was a significant difference in areas under the 

ROC curve between measures when using global perceived change in neck symptoms as 

the external criteria. The two rank based preference elicitation methods (DCE and ORD) 

resulted in areas above the discriminatory threshold of 0.70 for this threshold. All of the 

SF-6D measures were at or near the discriminatory threshold when neck disability was 

used as the external criteria. Sensitivity analyses using cross-sectional QALY estimates 

from week 52 and change from baseline to week 52 were similar to the primary analysis 

using area under the curve to measure QALY changes (Table 13).  

 

Discussion 

Researchers conducting cost-effectiveness analyses have an important decision to make 

when choosing the most appropriate QALY measure. Ideally, this decision will be 
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informed by the psychometric properties of the QALY instruments within the population 

of interest. The test-retest reliability, validity, and responsiveness of commonly used 

QALY measures was estimated within older adults with chronic neck pain to inform 

future economic evaluations within this population. An overview of the findings are 

presented in tables 14-15. The SF-6D demonstrated better reliability and agreement 

compared to the EQ-5D and EQ VAS, and better construct validity relative to the EQ-5D. 

There were few differences between U.S. based QALY measures when assessing 

responsiveness. The SF-6D derived QALY measures demonstrated similar reliability, 

agreement, construct validity, and responsiveness. 

 

A Pubmed search was conducted to identify published studies assessing the psychometric 

properties of QALY measures within spinal pain populations for comparison. The search 

strategy placed no limitations on language or date of publication and used the following 

key terms: 1) Spinal pain = low back pain OR back pain OR neck pain OR lumbago OR 

cervicalgia 2) QALYs = quality adjusted life year OR QALY OR EQ-5D OR SF-6D OR 

HUI 3) Psychometric properties = psychometric OR reliability OR validity OR 

responsiveness OR clinimetric. In addition, the bibliographies of relevant studies were 

searched to identify additional studies of interest. The search strategy identified twelve 

studies assessing the psychometric properties of QALY measures among individuals with 

spinal pain. The important findings from studies using similar methods are highlighted 

throughout the discussion. 

 

In terms of practicality or item completion, the different measures performed similarly. 

All participants completing the EQ VAS measure (the shortest measure) also completed 

the EQ-5D, and only 2 to 3 fewer participants completed the SF-6D (the longest measure) 

at each time point. Completion rates were similar to other studies reporting the 

practicality of QALY measures within spinal pain populations.14,15,29,34 Prior studies have 

found that completion rates for the SF-6D were slightly lower than the EQ-5D, which is 

not surprising given the brevity of the EQ-5D relative to the SF36 from which the SF-6D 

is derived.  
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An important finding from this study is the difference in test-retest reliability between 

U.S. based QALY measures. The intraclass correlation coefficient for the SF-6D (0.81) 

was larger than the EQ VAS (0.68) and much larger than the EQ-5D (0.44). For older 

adults with chronic neck pain, the SF-6D is the most reliable measure. The reliability of 

the EQ-5D was likely limited by a small range of baseline QALY values. Over three-

quarter of the population reported a mean baseline EQ-5D value between 0.77 and 0.83. 

The ICC relates the amount of variability from repeated measurements (i.e. test-retest) to 

the total amount of variability which includes variability between individuals. Measures 

with a small range of values will have a difficult time distinguishing between individuals 

which will invariably lead to more measurement error.  

 

The reliability of QALY measures within spinal pain populations has not received much 

attention to date. Three prior studies assessing the test-retest reliability of QALY 

measures within spinal pain populations were identified for comparison. Ideally, test-

retest reliability should be conducted over a long enough period where the participant 

cannot recall their prior rating but short enough that their health state does not change. 

Additionally, the time period between administrations should not include treatment 

interventions as this will likely have an impact on their health state. McDonough et al.35 

and Suarez et al.32 assessed reliability among individuals reporting no change in spinal 

symptoms over a period of 3-6 months (Suarez) to one year (McDonough) during which 

they received spinal treatment. McDonough et al. reported lower reliability for the EQ-

5D (0.62) compared to the SF-6D (0.76) among a surgical population. Suarez et al. found 

variable results for EQ-5D and EQ VAS reliability depending on the time frame used (3 

or 6 months) for assessment among individuals reporting no change in back symptoms. 

ICC’s ranged from 0.76 (3 months) to 0.48 (6 months) for the EQ-5D, and from 0.39 (3 

months) to 0.54 (6 months) for the EQ VAS. Finally, a study by Solberg et al.31 assessed 

the reliability of the EQ-5D among sub-samples of surgical patients and found higher 

reliability (ICC’s from 0.82-0.87) than other studies.  

 



 

 20 

The higher reliability of the EQ-5D within the two studies using individuals with spinal 

pain undergoing surgery may reflect the more heterogeneous mix of health states among 

this population. McDonough et al.35 reported a bi-modal distribution of QALYs within 

their population of adults suffering from more complicated causes of spinal pain (i.e. 

intervertebral disc herniation, spinal stenosis, or degenerative spondylolisthesis) who 

enrolled within a clinical trial or cohort including surgery as a treatment option. The 25th 

percentile for QALYs was 0.08 with a significant proportion of adults reporting QALYs 

at or below 0 (the equivalent of death). In contrast, the 25th percentile for EQ-5D QALYs 

in this study was 0.79, which highlights the limited spread of QALY values and may 

explain the difference in reliability. These findings highlight the fact that the reliability of 

measurement scales is a property of the population in which it is measured and not the 

instrument itself.  

 

The smallest detectable change (SDC) is often used to describe the amount of 

measurement error when conducting repeated measurements of a self-report survey 

instrument. The SDC corresponds to half the range of the 95% limits of agreement and 

changes smaller than the SDC may be due to measurement error.46 Overall, the SDC 

among QALY measures was high, with no measures able to ensure changes below 0.116 

were not due to measurement error. The SF-6D had the lowest SDC among U.S. based 

QALY measures, but was the highest among all the SF-6D-derived measures at 0.156. 

While a few studies have examined the reliability of QALY measures in spinal pain 

populations using ICCs, the search strategy was only able to locate one prior study which 

assessed the agreement of repeated QALY assessments.27 Johnsen et al.27 found a similar 

SDC for the SF-6D (0.157), but the SDC for the EQ-5D was much higher than our 

estimate (0.429). Johnsen et al. assessed agreement among individuals reporting no 

change in symptoms over a three month period, which may explain the difference in SDC 

for the EQ-5D.  

 

The amount of measurement error relative to the expected changes in QALYs for spine 

pain is an issue when assessing the relative cost-effectiveness of healthcare interventions 
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for older adults with spinal pain. Mean QALY improvements after the application of 

common treatments (e.g. physical therapy, manual therapy, usual medical care) for spinal 

pain within outpatient settings have ranged from 0.02 to 0.11 and are below the SDC for 

U.S. QALY measures.63-72 QALY improvements within surgical and hospital settings 

have been higher (~0.08 to 0.25) and are near or above the SDC for U.S. based 

QALYs.69,73,74 Small changes in QALYs may be extremely important if they are 

associated with low additional costs; however, our current QALY measures are unable to 

detect these changes without a considerable amount of measurement error.  

Consequently, studies primarily designed to determine the cost-effectiveness of 

interventions not expected to result in QALY changes greater than 0.15 will require 

larger sample sizes to compensate for the measurement error.  

 

The SF-6D and EQ VAS demonstrated better longitudinal known-group validity relative 

to the EQ-5D. Mean SF-6D and EQ VAS QALY changes were monotonically decreasing 

across levels of improvement for three of the four external criteria. The EQ-5D was the 

poorest U.S. based measure when distinguishing between individuals reporting different 

levels of improvement. The search strategy identified five studies assessing the 

longitudinal known-group validity of QALY measures. Previous studies have found the 

EQ-5D and SF-6D performed similarly when discriminating between levels of overall 

health change, spinal disability, treatment tolerability, and satisfaction.15,28,31,33,35 

McDonough et al. noted that both the EQ-5D and SF-6D had difficulty distinguishing 

between minor improvement and no change in overall health among adults with a lumbar 

disc herniation participating in a clinical trial comparing surgical to conservative care.28 

Whitehurst et al. assessed the longitudinal known-group validity of the SF-6D and EQ-

5D among 346 adults enrolled in a clinical trial comparing advice and exercise alone with 

the addition of either spinal manipulation or diathermy.15 They noted both measures 

performed well when discriminating between levels of overall health change. Whitehurst 

used UK preferences for both the SF-6D and EQ-5D which may explain the better 

performance of the EQ-5D when discriminating between changes in health states. 
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Compared to the U.S., U.K.-based EQ-5D values are lower with greater variability and 

result in larger changes following treatment for spinal pain.28,35 

 

Another important finding of this study is the similar responsiveness among U.S. based 

QALY measures. ROC curve analyses showed each of the measures was near the 

recommended discriminatory threshold of 0.70 for most of the external criteria (range 

0.65 to 0.73).  There were no significant differences between U.S. based QALYs when 

assessing responsiveness with ROC curves. The overall association between QALY 

changes and the pre-specified external criteria was not strong. The impact of neck pain is 

theoretically captured within the pain, physical functioning, role limitations, social 

functioning, and vitality dimensions of the SF-6D, and the pain/discomfort, self-care, and 

usual activities dimensions of the EQ-5D. No one QALY measure stood out as having a 

consistently stronger association with external criteria relative to the other QALY 

measures. One would expect QALY measures would correlate more strongly with 

general health improvement than measures for neck symptoms; however, this was not the 

case. The only external criteria at least moderately correlated with QALY measures was 

neck disability. The SF-6D, EQ-5D, and neck disability (NDI) are multi-dimensional 

measures which share a number of common health domains. This overlap may explain 

the larger association with neck disability relative to other external criteria.  

There are a couple of possible explanations for the low correlation between QALY 

measures and global perceived changes in health, global perceived changes in neck 

symptoms, and pain. The most likely explanation is that the magnitude of QALY changes 

relative to the amount of measurement error limited the responsiveness of these 

measures. Poor validity of our external criteria could also explain the low correlation. 

Assessing the responsiveness of survey instruments requires a comparison with a “gold 

standard” measure, which best captures the true status of the measured construct. Global 

change scales, although commonly used as an external criterion when assessing 

responsiveness, are not without their limitations.75 These scales have been criticized for 

being strongly influenced by the current health state, rather than measuring change in 

health.62 To assess the potential influence of current health state, a sensitivity analyses 
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was conducted to assess correlation with both change in health from baseline to week 52, 

and week 52 alone which generally resulted in higher correlations, but the overall 

associations were still low and few notable increases (≥ 0.10) were present. Global 

improvement scales are also individualized, in that they allow respondents to judge their 

change using the domains most important to them. Poor correlation with current QALY 

measures could indicate there are important health domains not currently captured within 

the health status instruments used to derive QALYs. However, the EQ VAS QALY 

measure also allows participants to value their current health state using the domains 

most important to them. The lack of correlation between the EQ VAS QALY measure 

and global improvement scales suggests that exclusion of important health domains 

within current QALY measures does not likely explain the low correlation. 

 

A number of other studies have used similar methods to assess the responsiveness of the 

QALY measures within individuals with spinal pain. Suarez et al. found similar strengths 

of correlation to our findings between QALY measures (EQ-5D, EQ VAS) and both pain 

and disability among 46 patients treated at a Canadian outpatient clinic by a 

rheumatologist or chronic pain specialist.32 They noted moderate correlation between the 

EQ-5D and global perceived change in health; however, the reported correlations varied 

dramatically with repeated assessment (e.g. 0.10 at three months and 0.53 at six months). 

Soer et al. noted moderate correlation between the EQ-5D and both pain and disability 

among 151 patients seen at a secondary or tertiary pain clinic in the Netherlands.30 

Johnsen et al. reported moderate and high correlation from the EQ-5D and SF-6D, 

respectively, with both disability and global change from treatment among 113 chronic 

low back pain patients participating in a randomized clinical trial comparing surgery to 

multidisciplinary rehab.27 Previous studies reporting stronger correlations between 

QALY measures and external criteria were performed within specialty clinics or 

alongside surgical trials where the expected change in QALYs is less likely to be masked 

by measurement error. For example, participants included in the RCT by Johnsen et al. 

reported much lower baseline QALY values relative to our population (i.e. SF-6D = 0.56; 

EQ-5D = 0.29). The poorer health of the population at baseline allowed for greater 



 

 24 

potential QALY gains following treatment. QALY gains were 0.28 and 0.38 for 

individuals randomized to rehabilitation and surgery, respectively.76   

 

Four existing studies assessed the responsiveness of QALY measures using area under 

the ROC curve methods with global improvement as the external criteria. Soer et al. 

found the discriminatory ability of the EQ-5D and EQ VAS was satisfactory (0.70 to 

0.71), but these measures did not perform as well when identifying improvements in pain 

and disability (0.59 to 0.65).30 Chotai et al. reported area under the ROC curves of 0.62 

and 0.65 for the EQ-5D and SF-6D following surgery for neck and arm pain.26 Solberg et 

al. noted the EQ-5D resulted in a discriminatory area of 0.77 following surgery for 

lumbar degenerative disc disease.31 Finally, Johnsen et al. found areas under the ROC 

curves of 0.83 for the EQ-5D and 0.90 for the SF-6D among patients participating in a 

RCT comparing surgery to multidisciplinary rehabilitation for chronic LBP.27  

 

This study has a number of strengths that are worth mentioning. The psychometric 

properties of QALY measures were assessed within an older non-surgical population 

with chronic neck pain. Older adults make up a substantial proportion of the U.S. 

population with pain.77 While prior studies have assessed the psychometric properties of 

QALY measures within older adults undergoing surgical interventions, this is a small 

percentage of the population with more substantial decrements in health. QALYs are 

used to assess the cost-effectiveness of interventions across the full spectrum of health 

states and it’s important to assess their psychometric properties accordingly. Another 

strength of this study was the methodology for assessing test-retest reliability. The timing 

of repeat administrations of QALYs was short (1-2 weeks), and no interventions were 

applied within this time frame, making it unlikely for meaningful changes in health status 

to occur. A number of previous studies have used a sub-population reporting no 

improvement three months to one year after receiving treatment to assess test-retest 

reliability.27,32,35 This study also assessed the psychometric properties of a number of U.S. 

based QALY measures (i.e. SF-6D, EQ-5D, EQ VAS) and SF-6D-derived QALY 

measures (SG, DCE, ORD, BYS) to better understand differences due to the instruments 
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themselves in addition to method used to elicit preferences for health states within the 

instruments.  

 

This study also has a number of limitations. As mentioned previously, assessing 

responsiveness using anchor based methods requires the use of a “gold standard” measure 

for comparison. The validity of the external criteria are a potential limitation. Distribution 

based methods are also commonly used to assessed responsiveness and do not require a 

“gold standard” for comparison. However, these methods have their own limitations. 

Researchers frequently use distribution based methods to estimate which measure results 

in the largest effect size (i.e. mean change divided by the standard deviation). However, 

the responsiveness of an instrument depends on how accurately it measures change.57 If 

the true expected change after the application of a healthcare intervention is small, 

measures demonstrating large effect sizes will not be responsive. Distribution based 

methods require a priori hypotheses regarding the expected changes following the 

application of healthcare interventions which can be used to judge responsiveness. Well-

informed hypotheses of expected changes following treatment are difficult to construct 

which is why the anchor based approach was used. Another limitation of this study is the 

difference in scaling between the EQ-VAS and other QALY measures. Death was 

represented by 0 on the EQ-5D and SF-6D measures, but 0 represented the worst health 

state possible on the EQ-VAS measure. Rescaling the EQ-VAS so 0 represents death 

would result in a slight decrease in QALY values, but is unlikely to influence the 

reliability, validity, or responsiveness of the measure. A sensitivity analysis rescaling the 

EQ-VAS using the average rating for death from European countries 78 had little to no 

impact on the reliability, agreement, construct validity, or responsiveness of the measure. 

Finally, the reliability and responsiveness of QALY measures is a function of the 

population in which they are measured. Accordingly, findings from this study are only 

generalizable to older adults with chronic neck pain seeking non-surgical interventions.  
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Conclusions 

There were minor differences between U.S. QALY measures in terms of responsiveness; 

however, the SF-6D was more reliable and demonstrated less measurement error relative 

to the EQ-5D and EQ VAS, in addition to better known-group validity relative to the EQ-

5D.  Consequently, the SF-6D is likely the preferred QALY measure when assessing the 

impact of non-surgical interventions for older adults with chronic neck pain, where the 

expected change in QALYs will be small and may be masked by measurement error. 

QALYs derived from the same instrument (SF-6D), but using different methods had 

similar psychometric properties. 
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Table 1. Baseline demographic and clinical characteristics 

Characteristic Mean or % 

n 241 

Women  46.9% 

Age 72.3 (5.4) 

 - Range 65 - 88 

Pain radiates to upper extremity (%) 17.0 % 

Employed 18.7% 

Tobacco use 5.4% 

Exercise weekly 75.9% 

Neck pain (0-10) 5.1 (1.4) 

Neck disability (0-100) 23.3 (9.5) 

QALYs   

  U.S. Measures  

  - EQ VAS  0.766 (0.130) 

  - EQ-5D  0.795 (0.074) 

  - SF-6D  0.766 (0.124) 

  SF-6D Measures  

  - SF-6D (US) DCE 0.766 (0.124) 

- SF-6D (UK) SG 0.714 (0.091) 

- SF-6D (UK) BYS 0.665 (0.079) 

- SF-6D (UK) ORD 0.725 (0.096) 

DCE =  discrete choice experiment; SG = standard gamble; BYS = 

Bayesian model; ORD = ordinal ranking 
 

 

 

 

 

Table 2. Completed surveys by time point 

QALY 

Measure Pain EQ VAS EQ-5D SF-6D 

Baseline 241 241 240 238 

Week 4 239 239 239 237 

Week 12 236 236 236 235 

Week 26 236 230 230 227 

Week 52 229 226 226 224 
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Table 3. Test-retest reliability and agreement 

 
(n) 

ICC 

(95% CI) 

Mean 

difference (SD) 

SDC 

(95% CI) 
95% LOA 

U.S. QALY Measures 

SF-6D 238 
0.81 

(0.77 to 0.85) 
-0.005 (0.08) 

0.16 

(0.14 to 0.17) 
-0.16 to 0.15 

EQ-5D 240 
0.44 

(0.33 to 0.53) 
0.006 (0.09) 

0.18 

(0.16 to 0.20) 
-0.18 to 0.19 

EQ VAS 241 
0.68 

(0.61 to 0.75) 
0.008 (0.11) 

0.22 

(0.20 to 0.25) 
-0.21 to 0.23 

SF-6D-Derived QALY Measures 

DCE (US) 238 
0.81 

(0.77 to 0.85) 
-0.005 (0.08) 

0.16 

(0.14 to 0.17) 
-0.16 to 0.15 

SG (UK) 238 
0.79 

(0.74 to 0.83) 
-0.007 (0.06) 

0.12 

(0.11 to 0.14) 
-0.13 to 0.12 

SG BYS 

(UK) 
238 

0.76 

(0.70 to 0.81) 
-0.0006 (0.06) 

0.12 

(0.10 to 0.13) 
-0.12 to 0.12 

ORD (UK) 238 
0.79 

(0.74 to 0.83) 
-0.007 (0.07) 

0.13 

(0.11 to 0.14) 
-0.14 to 0.12 

ICC = intraclass correlation coefficient; SDC = smallest detectable change; LOA = limits of 

agreement; DCE = discrete choice experiment; SG = standard gamble; BYS = Bayesian model; 

ORD = ordinal ranking 
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Table 4. Sensitivity analysis for test-retest reliability and agreement: participants 

with ≥ 50% change in neck pain or disability excluded 

 
(n) 

ICC 

(95% CI) 

Mean 

Difference (SD) 

SDC 

(95% CI) 
95% LOA 

U.S. QALY Measures 

SF-6D 191 
0.81 

(0.75 to 0.85) 
-0.008 (0.08) 

0.15 

(0.13 to 0.17) 
-0.16 to 0.15 

EQ-5D 193 
0.43 

(0.31 to 0.54) 
0.003 (0.09) 

0.17 

(0.15 to 0.20) 
-0.17 to 0.18 

EQ VAS 194 
0.72 

(0.65 to 0.78) 
0.007 (0.11) 

0.21 

(0.18 to 0.23) 
-0.20 to 0.21 

SF-6D-Derived QALY Measures 

DCE (US) 191 
0.81 

(0.75 to 0.85) 
-0.008 (0.08) 

0.15 

(0.13 to 0.17) 
-0.16 to 0.15 

SG (UK) 191 
0.79 

(0.73 to 0.84) 
-0.01 (0.06) 

0.12 

(0.10 to 0.13) 
-0.13 to 0.11 

SG BYS 

(UK) 
191 

0.75 

(0.68 to 0.81) 
-0.002 (0.06) 

0.11 

(0.10 to 0.12) 
-0.11 to 0.11 

ORD (UK) 191 
0.78 

(0.72 to 0.83) 
-0.01 (0.06) 

0.13 

(0.11 to 0.14) 
-0.14 to 0.12 

ICC = intraclass correlation coefficient; SDC = smallest detectable change; LOA = limits of 

agreement; DCE = discrete choice experiment; SG = standard gamble; BYS = Bayesian model; 

ORD = ordinal ranking 
 

 

Table 5. Mean QALY changes relative to global perceived change in health 

 Much 

better 

(n=22) 

Somewhat 

better 

(n=49) 

About the 

same 

(n=118) 

Somewhat 

worse 

(n=26) 

Much 

worse 

(n=0) 

U.S. QALY Measures  

SF-6D 0.084 (0.10) 0.054 (0.08) 0.020 (0.07) 0.011 (0.07) -- 

EQ-5D 0.061 (0.09) 0.048 (0.07) 0.005 (0.06) 0.009 (0.08) -- 

EQ VAS 0.045 (0.10) 0.049 (0.08) 0.012 (0.09) -0.021 (0.10) -- 

SF-6D QALY measures  

DCE (US) 0.084 (0.10) 0.054 (0.08) 0.020 (0.07) 0.011 (0.07) -- 

SG (UK) 0.076 (0.09) 0.042 (0.07) 0.016 (0.06) 0.005 (0.05) -- 

SG BYS 

(UK) 
0.079 (0.09) 0.044 (0.06) 0.018 (0.07) 0.011 (0.05) -- 

ORD (UK) 0.078 (0.09) 0.048 (0.06) 0.018 (0.05) -0.000 (0.06) -- 
DCE = discrete choice experiment; SG = standard gamble; BYS = Bayesian model; ORD = 

ordinal ranking 
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Table 6. Mean QALY changes relative to global perceived change in neck 

symptoms 

 
No 

symptoms 

(n=22) 

Much 

better 

(n=74) 

Some-

what 

better 

(n=35) 

A little 

better 

(n=31) 

No change 

(n=41) 

Worse 

(n=12) 

U.S. QALY Measures 

SF-6D 
0.075 

(0.11) 

0.053 

(0.08) 

0.048 

(0.07) 

0.003 

(0.07) 

0.007 

(0.06) 

-0.036 

(0.06) 

EQ-5D 
0.065 

(0.09) 

0.045 

(0.07) 

-0.001 

(0.07) 

-0.006 

(0.05) 

-0.005 

(0.05) 

0.005 

(0.09) 

EQ VAS 
0.050 

(0.09) 

0.034 

(0.08) 

0.032 

(0.09) 

0.004 

(0.08) 

-0.000 

(0.10) 

-0.045 

(0.09) 

SF-6D QALY measures 

DCE (US) 
0.075 

(0.11) 

0.053 

(0.08) 

0.048 

(0.07) 

0.003 

(0.07) 

0.007 

(0.06) 

-0.036 

(0.06) 

SG (UK) 
0.073 

(0.09) 

0.041 

(0.07) 

0.033 

(0.05) 

0.004 

(0.05) 

0.008 

(0.05) 

-0.034 

(0.05) 

SG BYS 

(UK) 

0.071 

(0.10) 

0.042 

(0.07) 

0.038 

(0.06) 

0.000 

(0.05) 

0.01  

(0.05) 

-0.021 

(0.09) 

ORD (UK) 
0.078 

(0.10) 

0.045 

(0.06) 

0.034 

(0.05) 

0.013 

(0.05) 

0.000 

(0.04) 

-0.040 

(0.06) 

DCE = discrete choice experiment; SG = standard gamble; BYS = Bayesian model; ORD = 

ordinal ranking 

 

Table 7. Mean QALY changes relative to quintiles of neck pain improvement 

 
Quintile #1 

mean = 4.3 

Quintile #2 

mean = 2.8 

Quintile #3 

mean = 1.8 

Quintile #4 

mean = 1.0 

Quintile #5 

mean = -0.2 

U.S. QALY Measures  

SF-6D 0.065 (0.09) 0.049 (0.07) 0.042 (0.08) 0.006 (0.07) -0.001 (0.06) 

EQ-5D 0.072 (0.09) 0.016 (0.07) 0.017 (0.06) -0.004 (0.06) -0.002 (0.05) 

EQ 

VAS 
0.063 (0.10) 0.026 (0.08) 0.022 (0.08) 0.001 (0.07) -0.014 (0.09) 

SF-6D QALY measures  

DCE 

(US) 
0.065 (0.09) 0.049 (0.07) 0.042 (0.08) 0.006 (0.07) -0.001 (0.06) 

SG 

(UK) 
0.057 (0.08) 0.036 (0.06) 0.039 (0.06) 0.003 (0.05) -0.003 (0.05) 

SG BYS 

(UK) 
0.065 (0.08) 0.036 (0.05) 0.030 (0.07) 0.010 (0.05) 0.003 (0.06) 

ORD 

(UK) 
0.063 (0.08) 0.034 (0.05) 0.039 (0.06) 0.006 (0.05) -0.004 (0.05) 

DCE = discrete choice experiment; SG = standard gamble; BYS = Bayesian model;  

ORD = ordinal ranking 
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Table 8. Mean QALY changes relative to quintiles of neck disability improvement 

 Quintile #1 

mean = 16.8 

Quintile #2 

mean = 10.2 

Quintile #3 

mean = 6.0 

Quintile #4 

mean = 2.4 

Quintile #5 

mean = -3.4 

U.S. QALY Measures  

SF-6D 0.095 (0.09) 0.049 (0.06) 0.035 (0.07) -0.003 (0.05) -0.014 (0.07) 

EQ-5D 0.064 (0.08) 0.027 (0.07) 0.028 (0.06) -0.013 (0.06) -0.005 (0.06) 

EQ VAS 0.067 (0.08) 0.043 (0.08) 0.026 (0.08) -0.005 (0.07) -0.034 (0.09) 

SF-6D QALY measures  

DCE (US) 0.095 (0.09) 0.049 (0.06) 0.035 (0.07) -0.003 (0.05) -0.014 (0.07) 

SG (UK) 0.072 (0.08) 0.041 (0.05) 0.027 (0.05) 0.002 (0.05) -0.009 (0.05) 

SG BYS 

(UK) 
0.074 (0.07) 0.044 (0.07) 0.023 (0.06) 0.009 (0.06) -0.006 (0.07) 

ORD (UK) 0.078 (0.08) 0.042 (0.05) 0.035 (0.05) -0.004 (0.05) -0.011 (0.05) 
DCE = discrete choice experiment; SG = standard gamble; BYS = Bayesian model;  

ORD = ordinal ranking 

 

Table 9. Proportion of individuals with potential floor or ceiling effects at 

baseline 

QALY 

Measure 
EQ VAS 

EQ-5D 

US 

(TTO) 

SF-6D 

US 

(DCE) 

SF-6D 

UK 

(SG) 

SF-6D 

UK 

(BYS) 

SF-6D 

UK 

(ORD) 

(n) 241 240 238 238 238 238 

≥95% 5.4% 0.4% 8.3% 0.4% 0.4% 0.4% 

≥90% 13.7% 1.2% 17.0% 0.4% 0.4% 1.3% 

≤5% - - - - - - 

≤10% - - - - - - 
DCE = discrete choice experiment; SG = standard gamble; BYS = Bayesian model;  

ORD = ordinal ranking 

 

Table 10. Correlation of QALY measures with external criteria 

 Global 

Improvement 

Neck 

Improvement 
Pain NDI 

U.S. QALY Measures 

SF-6D -0.277 -0.360 -0.340 -0.596 

EQ-5D -0.269 -0.312 -0.391 -0.458 

EQ VAS -0.233 -0.260 -0.316 -0.442 

SF-6D-derived QALY Measures 

DCE (US) -0.277 -0.360 -0.340 -0.596 

SG (UK) -0.303 -0.376 -0.364 -0.513 

SG BYS (UK) -0.280 -0.315 -0.323 -0.491 

ORD (UK) -0.338 -0.426 -0.403 -0.587 

NDI = neck disability index; DCE = discrete choice experiment;  

SG = standard gamble; BYS = Bayesian model; ORD = ordinal ranking 
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Table 11. Sensitivity analysis for correlation analyses: Δ week 52 and week 52 

outcomes 

 Global 

Improvement 

Neck 

Improvement 
Pain NDI 

 Δ W52 W52 Δ W52 W52 Δ W52 W52 Δ W52 W52 

U.S. Measures  

SF-6D -0.402 -0.337 -0.413 -0.338 -0.387 -0.421 -0.569 -0.717 

EQ-5D -0.372 -0.408 -0.338 -0.379 -0.397 -0.416 -0.483 -0.596 

EQ VAS -0.332 -0.386 -0.274 -0.290 -0.253 -0.314 -0.342 -0.473 

SF-6D-derived Measures  

DCE 

(US) 
-0.402 -0.337 -0.413 -0.338 -0.387 -0.421 -0.569 -0.717 

SG (UK) -0.424 -0.352 -0.431 -0.335 -0.389 -0.399 -0.515 -0.666 

SG BYS 

(UK) 
-0.391 -0.362 -0.344 -0.308 -0.363 -0.386 -0.459 -0.630 

ORD 

(UK) 
-0.463 -0.381 -0.476 -0.368 -0.398 -0.418 -0.521 -0.698 

Δ W52 = W52 minus Baseline; NDI = neck disability index; DCE = discrete choice 

experiment; SG = standard gamble; BYS = Bayesian model; ORD = ordinal ranking 

 

Table 12. Area under the ROC curve analyses 

 Global 

Improvement 

(≥ somewhat 

better) 

Neck 

Improvement 

(≥ somewhat 

better) 

Pain 

(≥ 30% reduction) 

NDI 

(≥ 30% reduction) 

U.S. QALY Measures 

SF-6D 0.65 (0.57 to 

0.73) 

0.71 (0.64 to 

0.78) 

0.60 (0.52 to 

0.67) 

0.73 (0.66 to 0.80) 

EQ-5D 0.70 (0.62 to 

0.77) 

0.72 (0.65 to 

0.79) 

0.64 (0.57 to 

0.72) 

0.71 (0.64 to 0.78) 

EQ VAS 0.67 (0.59 to 

0.75) 

0.67 (0.60 to 

0.75) 

0.61 (0.53 to 

0.69) 

0.67 (0.59 to 0.74) 

p-value 0.58 0.61 0.49 0.34 

SF-6D-derived QALY Measures 

DCE (US) 0.65 (0.57 to 

0.73) 

0.71 (0.64 to 

0.78) 

0.60 (0.52 to 

0.68) 
0.73 (0.66 to 0.80) 

SG (UK) 0.65 (0.57 to 

0.73) 

0.69 (0.62 to 

0.76) 

0.62 (0.54 to 

0.69) 
0.71 (0.64 to 0.78) 

SG BYS 

(UK) 

0.64 (0.56 to 

0.72) 

0.66 (0.59 to 

0.73) 

0.58 (0.51 to 

0.66) 
0.69 (0.62 to 0.76) 

ORD 

(UK) 

0.68 (0.60 to 

0.75) 

0.72 (0.66 to 

0.79) 

0.61 (0.54 to 

0.69) 
0.74 (0.67 to 0.80) 

p-value 0.40 0.04 0.60 0.19 

NDI = neck disability index; DCE = discrete choice experiment; SG = standard gamble; BYS 

= Bayesian model; ORD = ordinal ranking 
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Table 13. Sensitivity analysis for ROC curve analyses: Δ week 52 and week 52 

outcomes 

 Global 

Improvement 

(≥ somewhat 

better) 

Neck 

Improvement 

(≥ somewhat 

better) 

Pain 

(≥ 30% 

reduction) 

NDI 

(≥ 30% 

reduction) 

 Δ W52 W52 Δ W52 W52 Δ W52 W52 Δ W52 W52 

U.S. Measures – Area under ROC curve (95% confidence interval) 

SF-6D 
0.69 

(0.62 to 

0.77) 

0.63 

(0.55 to 

0.71) 

0.71 

(0.64 to 

0.78) 

0.64 

(0.56 to 

0.71) 

0.65 

(0.57 to 

0.72) 

0.62 

(0.55 to 

0.70) 

0.75 

(0.69 to 

0.82) 

0.71 

(0.65 to 

0.78) 

EQ-5D 
0.68 

(0.61 to 

0.76) 

0.65 

(0.57 to 

0.73) 

0.65 

(0.58 to 

0.72) 

0.62 

(0.55 to 

0.69) 

0.66 

(0.58 to 

0.73) 

0.63 

(0.56 to 

0.70) 

0.69 

(0.62 to 

0.76) 

0.68 

(0.61 to 

0.74) 

EQ 

VAS 

0.72 

(0.65 to 

0.79) 

0.71 

(0.64 to 

0.78) 

0.65 

(0.58 to 

0.73) 

0.63 

(0.56 to 

0.71) 

0.63 

(0.56 to 

0.70) 

0.63 

(0.55 to 

0.70) 

0.67 

(0.60 to 

0.74) 

0.65 

(0.58 to 

0.73) 

p-value 0.72 0.07 0.21 0.84 0.86 0.93 0.06 0.13 

SF-6D-derived Measures – Area under ROC curve (95% confidence interval) 

DCE 

(US) 

0.69 

(0.62 to 

0.77) 

0.63 

(0.55 to 

0.71) 

0.71 

(0.64 to 

0.78) 

0.64 

(0.56 to 

0.71) 

0.65 

(0.57 to 

0.72) 

0.62 

(0.55 to 

0.70) 

0.75 

(0.69 to 

0.82) 

0.71 

(0.65 to 

0.78) 

SG 

(UK) 

0.70 

(0.63 to 

0.78) 

0.62 

(0.54 to 

0.70) 

0.70 

(0.63 to 

0.77) 

0.63 

(0.55 to 

0.71) 

0.65 

(0.58 to 

0.72) 

0.61 

(0.54 to 

0.69) 

0.73 

(0.67 to 

0.80) 

0.69 

(0.62 to 

0.76) 

SG 

BYS 

(UK) 

0.70 

(0.63 to 

0.77) 

0.63 

(0.55 to 

0.71) 

0.66 

(0.58 to 

0.73) 

0.61 

(0.53 to 

0.68) 

0.63 

(0.56 to 

0.71) 

0.61 

(0.54 to 

0.69) 

0.73 

(0.66 to 

0.79) 

0.70 

(0.63 to 

0.77) 

ORD 

(UK) 

0.72 

(0.65 to 

0.80) 

0.64 

(0.56 to 

0.71) 

0.73 

(0.66 to 

0.80) 

0.65 

(0.57 to 

0.72) 

0.67 

(0.60 to 

0.74) 

0.62 

(0.55 to 

0.70) 

0.74 

(0.67 to 

0.80) 

0.70 

(0.63 to 

0.77) 

p-value 0.17 0.21 0.03 0.03 0.34 0.39 0.63 0.05 

Δ W52 = W52 minus Baseline; NDI = neck disability index; DCE = discrete choice 

experiment; SG = standard gamble; BYS = Bayesian model; ORD = ordinal ranking 
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Table 14. Overview of findings for the primary aim 

U.S. QALY Measures SF-6D EQ-5D EQ VAS 

Reliability    

Intraclass Correlation Coefficient + - - 

Smallest Detectable Change 0.16 0.18 0.22 

Construct Validity    

Global Change in Health + - - 

Global Change in Neck Symptoms - - + 

Neck Pain + - + 

Neck Disability + - + 

Responsiveness    

Correlation    

Global Change in Health Very Low Very Low Very Low 

Global Change in Neck Symptoms Low Low Very Low 

Neck Pain Low Low Low 

Neck Disability Mod Low Low 

ROC Curve    

Global Change in Health - + - 

Global Change in Neck Symptoms + + - 

Neck Pain - - - 

Neck Disability + + - 

Criteria: ICC: “+” ≥0.70, “-” <0.70;  

Limits of agreement: “green” = uniform variability, “red” = non-uniform variability;  

Construct validity: “+” = Monotonically decreasing, “-” = non-monotonically decreasing; 

Correlation “Very Low” = very low (0.0 to 0.29), “Low” = low (0.30 to 0.49), “Mod” = 

moderate (0.50 to 0.69);  

ROC Curve: “+” ≥0.70, “-” <0.70 
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Table 15. Overview of findings for the secondary aim 

SF-6D Derived  

QALY Measures 

Discrete 

Choice 

Experiment 

(US) 

Standard 

Gamble  

(UK) 

Standard 

Gamble -  

Bayesian 

(UK) 

Ordinal 

Ranking 

(UK) 

Reliability     

Intraclass Correlation Coefficient + + + + 

Smallest Detectable Change 0.16 0.12 0.12 0.13 

Construct Validity     

Global Change in Health + + + + 

Global Change in Neck Symptoms - - - + 

Neck Pain + - + - 

Neck Disability + + + + 

Responsiveness     

Correlation     

Global Change in Health Very Low Low Very Low Low 

Global Change in Neck Symptoms Low Low Low Low 

Neck Pain Low Low Low Low 

Neck Disability Mod Mod Low Mod 

ROC Curve     

Global Change in Health - - - - 

Global Change in Neck Symptoms + - - + 

Neck Pain - - - - 

Neck Disability + + - + 

Criteria: ICC: “+” ≥0.70, “-” <0.70;  

Limits of agreement: “green” = uniform variability, “red” = non-uniform variability;  

Construct validity: “+” =  Monotonically decreasing, “-” = non-monotonically decreasing; 

Correlation “Very Low” = very low (0.0 to 0.29), “Low” = low (0.30 to 0.49), “Mod” = 

moderate (0.50 to 0.69);  

ROC Curve: “+” ≥0.70, “-” <0.70 
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Figure 1. Overview of Methods 

Quality Adjusted Life Year (QALY) Measures 

   Primary Aim: QALY measures valued by the U.S. population 

       SF-6D; EQ-5D; EQ VAS 

   Secondary Aim: QALY measures derived from the SF-6D 
       Discrete choice experiment; Standard gamble; Standard gamble (Bayesian model);                  

Ordinal ranking 

Psychometric Properties 
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Figure 2. Examples of QALY profiles 
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Figure 3. Baseline distributions of US QALY measures
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Figure 4. Baseline distributions of SF-6D based QALY measures

 
DCE = discrete choice experiment; SG = standard gamble; BYS = Bayesian model;  

ORD = ordinal ranking 

 

 

0
5

1
0

1
5

D
e

n
s
it
y

0 .2 .4 .6 .8 1
Mean

DCE (US)

0
5

1
0

1
5

D
e

n
s
it
y

0 .2 .4 .6 .8 1
Mean

SG (UK)

0
5

1
0

1
5

D
e

n
s
it
y

0 .2 .4 .6 .8 1
Mean

ORD (UK)

0
5

1
0

1
5

D
e

n
s
it
y

0 .2 .4 .6 .8 1
Mean

SG BYS (UK)



 

 40 

Figure 5. Bland-Altman Limits of Agreement Plots – U.S. measures
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Figure 6. Bland-Altman Limits of Agreement Plots – SF-6D based measures

 

 
DCE = discrete choice experiment; SG = standard gamble; BYS = Bayesian model;  

ORD = ordinal ranking 
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Figure 7. Mean QALY change based on global perceived change in health 

 

 
DCE = discrete choice experiment; SG = standard gamble; BYS = Bayesian model;  

ORD = ordinal ranking 
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Figure 8. Mean QALY change based on global perceived change in neck symptoms 

 
DCE = discrete choice experiment; SG = standard gamble; BYS = Bayesian model;  

ORD = ordinal ranking 
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Figure 9. Mean QALY change for quintiles of neck pain improvement 

 
DCE = discrete choice experiment; SG = standard gamble; BYS = Bayesian model;  

ORD = ordinal ranking 
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Figure 10. Mean QALY change for quintiles of neck disability improvement 

 
DCE = discrete choice experiment; SG = standard gamble; BYS = Bayesian model;  

ORD = ordinal ranking 
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Figure 11. Area under the ROC curve for U.S. QALY measures 
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Figure 12. Area under the ROC curve for SF-6D-based QALY measures 

   

   
DCE = discrete choice experiment; SG = standard gamble; BYS = Bayesian model;  

ORD = ordinal ranking 
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