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Abstract

Background: Most valuation experiments include only a few health states related to a specific
condition. We tested the sequence effect in time trade-off elicitations, i.e. the value given to a
particular health state would be higher when the previous health state elicited was a milder health
state as compared to a worse health state. Methods: 54 nurses enrolled prospectively were
randomly assigned to one of two sequence valuation strategies: a 'mild-to-moderate’ sequence
from chronic low back pain to asthma, or a ‘severe-to-moderate’ sequence from permanent
impairments after stroke to the previous asthma. Results: Time trade-off values of the initial
disease stages were 0.87(std 0.18) for chronic low back pain and 0.45(std 0.12) for moderate
permanent impairments after stroke. The value of severe asthma was significantly higher in the
’mild-to-moderate’ than in the ‘severe-to-moderate’ evaluation sequence (0.84 vs. 0.72, p<0.04).
Conclusion: The sequence effect revealed in our experiment is in line with other findings

showing framing effects and violations of procedure invariance in health state valuation.

Keywords: procedure invariance; sequence effect; order effect; time trade-off; QALY ; DALY
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Introduction

Quality-Adjusted Life Years (QALYS) take into account both the number of years lived in a

particular condition and the relative severity of a year lived in that condition. QALY have been

recommended to measure effectiveness of health interventions in cost-effectiveness analysis.1

The number of published cost-utility analyses relying on QALY increased exponentially with
time.2 However there is no gold standard method to elicit the relative severity of year lived in a
particular condition. Various valuation methods have been developed following rational theories
of riskless or risky choice (time trade-off and standard gamble, respectively).3 Whatever the

valuation method, respondents are expected to maximize some subjective measure associated

with each health state and thus to reveal their preferences for health states.

A basic assumption of rational theories of choice is the principle of invariance. It states that the
relation of preference between health states should not depend on the description of the options
(framing invariance) nor on the method of elicitation (procedure invariance). Without stability
across equivalent descriptions and equivalent elicitation procedures, respondents' preferences
cannot be represented as maximizing some subjective measure. A few experiments have

addressed this issue in health economics. Within a given valuation method, framing invariance
was not supported by various types of health state description, 47 nor when reference anchor

varied from perfect health to death.%:7-9 Procedure invariance was not found in time trade-off

and standard gamble methods when respondents completed a written questionnaire or were
interviewed with props10 or by means of a computer,11 nor when usual ping-pong search

procedure was challenged by a top-down titration.12
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Most valuation experiments include only a few health states related to a specific condition.13 We
hypothesized that the value of a particular health state is not independent from the health state
valued previously, e.g., the value given to a particular health state would be higher when the
previous health state was a milder health state as compared to a worse health state. In this paper,

we looked for this sequence effect in time trade-off elicitations with a randomized trial design.
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Material and Methods

Study design

We defined two sequence valuation strategies. In the ‘mild-to-moderate’ sequence valuation
strategy, participants valued successively a mild disease stage, i.e. chronic low back pain, a
moderate disease stage related to asthma, and the mild disease stage again. In the ‘severe-to-
moderate’ sequence valuation strategy, participants valued successively a severe disease stage,
i.e. moderate permanent impairments after stroke, the previous moderate reference disease stage
related to asthma, and the severe disease stage again. Participants were randomly assigned to
either sequence valuation strategies. Our main hypothesis was that the value of the reference
moderate disease stage would be higher in the ‘mild-to-moderate’ than the ‘severe-to-moderate’

valuation strategy, i.e. a sequence effect.

Population

We selected an homogenous group regarding both knowledge of health conditions elicited and
willingness to participate in valuation experiments. Thus we enrolled prospectively French nurses

following a MPH course during the spring 2001 (Ecole Montsouris, Paris).

Disease stages' descriptions

The disease stages’ descriptions were taken among 28 disease stages covering 13 diseases and

validated in the European Disability Weights project by external health care professionals and

public health experts.14 All disease stages were described on a sheet with the name of the disease

at the top, the position of the selected disease stage among the other stages, a brief clinical
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description and a health state profile, i.e. EQ-5D extended with a cognitive dimension.19-17 we

selected the three disease stages based on their individual unambiguous ranking in the European

Disability Weights project:14 chronic low back pain, severe asthma, moderate permanent
impairments after stroke received overall time trade-off values of 0.87, 0.80, and 0.58,

respectively (n=232). Their presentation is shown in Figure 1.

Valuation method

After a course on health economics, nurses were asked to participate in a short elicitation
exercise. They were interviewed by a single interviewer (MS) following a standardized elicitation
protocol. After presentation of the first health state (either chronic low back pain in the ‘mild-to-
moderate’ sequence valuation strategy, or moderate permanent impairments after stroke in the
‘severe-t0-moderate’ sequence valuation strategy), a time trade-off was used with the following
features: a fixed 40 years life-expectancy; a fixed gain formulation (e.g. ‘do you prefer to live 30
years in full health over living 40 years in the described health state?’); and a ping-pong
elicitation procedure starting by the extreme anchors (i.e., full health and death) to check for

understanding.

Statistical analysis

Disease stage values were computed on a scale from zero (death) to unity (full health) by
dividing by 40 the number of years for which respondent was indifferent. With the risk of a type
| error at 5 percent (one-sided test) and the risk of a type Il error at 20 percent, the required
sample size was 50 nurses to show a sequence effect of 0.1 on the mean value of the reference

moderate disease stage (with standard deviation of 0.1). We used the Student t test to compare
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the value of the reference moderate disease stage between the ‘mild-to-moderate’ and the

‘severe-to-moderate’ groups. Other binary data were compared by a chi-square test or Fisher's

exact test. Significance was attributed at the 5% level, and data were analysed with SAS 8.0

(SAS Institute, Cary NC).
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Results

Fifty-four nurses were approached to participate in the elicitation experiment. After the
presentation of the first health state to be valued, all nurses showed a correct understanding of the
time trade-off method as indirectly shown by their answers to the trade-off with reference
anchors. However, one third of the nurses were unwilling to trade-off years in the ping-pong
elicitation questions (41% in the ‘severe-to-moderate’ strategy group and 26% in the ‘mild-to-
moderate’ strategy group, p=0.25). For the 36 nurses who were willing to trade-off years, mean
age (40.3 (std 5.4)) and gender (80% females) did not differ significantly between the two
valuation strategy groups.

Table 1 shows that the valuation pattern of the three health states followed the predicted pattern
from the European Disability Weights project with increasing severity from chronic low back
pain, severe asthma, to moderate permanent impairments after stroke. Our main hypothesis about
sequence effect in time trade-off elicitations was supported by our experiment, i.e. the mean
value of severe asthma was significantly higher in the ‘mild-to-moderate’ valuation group (0.84
(std 0.2)) than in the ‘severe-to-moderate’ valuation group (0.73 (std 0.18)) (t35 =-1.80, p<0.04).
The valuation group effect remained significant when adjusting on age and gender in ANOVA.
Finally, there was almost no change in the value given to the initial health state when it was
elicited again at the end of the elicitation exercise (0.88 in chronic low back pain and 0.46 in

moderate permanent impairments after stroke).
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Discussion

QALY s are increasingly used in cost-effectiveness analysis and are recommended by the Panel

on Cost-Effectiveness Analysis in Health and Medicine since 1996.1 However, the question
remains whereas the 'Q' is simply revealed by elicitation exercises or actually constructed during

the process of elicitation. The former approach relies on strong assumptions, i.e. individual

preferences are well formed, complete, and stable.18:19 As shown by our study, the value of a
second health state in a evaluation sequence was affected by the sequence effect with a
significantly higher value in the 'mild-to-moderate’ than in the 'severe-to-moderate' health state

valuation strategy. The sequence effect revealed in our experiment is in line with other findings

showing framing and procedure invariance in health state valuation.4-8,10-12

To the best of our knowledge, our experiment is the first to show the sequence effect in health
economics. Had we used a valuation strategy comprising only two health states, results would
have signified an order effect. That is, the values given to states A and B depend on the

evaluation sequence, A-B or B-A. The only study dealing with order effects in health state

valuation actually controlled for order effects rather than studied them.20 |n that study, 55
patients with early-stage breast cancer had to value their actual health state and a radiotherapy
scenario at different times of their disease (before, during and after radiotherapy). There was no
significant order effect but it may be explained by the clear overlap of the two health state values
(e.g. 0.94 and 0.89 before radiotherapy, respectively). Outside health economics, order effects in

preference judgments were evidenced by willingness-to-pay for options previously shown to

produce joint-versus-separate preference reversals.21
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An intuitive explanation of the sequence effect is that respondents do not have any clue of health
state values a priori, and that they construct their values during the process of elicitation. In order
to prepare her first health state elicitation, the respondent has to generate a representation for the
health state considered. When valuing the next health state, she uses the same representation,
“considering” it is still relevant. Several indirect arguments could sustain this explanation: the
health state elicited first in the sequence valuation strategy (i.e. chronic low back pain in the
‘mild-to-moderate’ sequence or moderate permanent impairments after stroke in the ‘severe-to-
moderate’ sequence), differs not only by health-related quality of life dimensions but also the
vital prognosis; respondents took a longer time to value the first health state than the second one;
and there was almost no change in the value given to the initial health state when it was elicited

again at the end of the elicitation exercise.

The sequence effect may be seen as an extension of the well-known anchoring effect, where
response is biased toward any value, even if it is arbitrary, that the respondent is induced to
consider as a candidate answer. In our experiment, respondents anchor themselves on their first

estimation of health state value without any anchor provided by the interviewer. Several theories
have been proposed to explain anchoring bias, such as anchoring and adjustment,22 and the

selective accessibility model.23 Future research could look for feasible debiasing strategies in the

sequence of health state valuation even if previous experiments showed the robustness of

anchoring effects in other economic areas.24,25 |t would also be of interest to compare the
sequential process of valuation described in our experiment with an end-of-sequence process of

valuation where all health states would be presented and ranked initially, as psychometric
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experiments showed that relative ratings on a Visual Analogue Scale depend on the set of stimuli

proposed to the respondent.26

We found far from easy to offer a theoretical framework that accounts for the sequence effect.

According to Prospect theory,8:27 respondents evaluate outcomes as changes from a reference
point, and they value generally losses as more serious than equivalent gains. In our experiment, if
respondents had taken the first health state as a reference point, then they should have given more
weight to the loss of the ‘mild-to-moderate’ sequence than to the gain of the ‘severe-to-moderate’
sequence of valuations. However our results showed a reversed pattern with the value of the
moderate health state pulled “up” toward the mild health state in the former sequence and “down”
toward the severe health state in the latter sequence. A plausible explanation is that our moderate
health state was too close to the mild health state as the absolute value difference in the ‘mild-to-
moderate’ sequence (0.04) was much smaller than in the ‘severe-to-moderate’ sequence (0.28).
The sequence effect found in our experiment should be retested with other moderate health states
distributed over the range of values between the mild and the severe health states to check if the
sequence effect was related to the particular health states used in our study or if it is a general
phenomenon. In addition, predictions from Prospect theory could have been checked if we had
elicited all three health states in both sequence valuation strategies with, e.g., the expected value
of the severe health state in the 'mild-to-moderate' evaluation sequence lower than in the 'severe-

to-moderate' sequence.

Our study has some limitations. We found an unexpectedly high refusal rate in willingness to

trade longevity for health quality in our French convenient sample who had nonetheless both a
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high level of education and the knowledge of the conditions elicited. We decided to exclude from
analysis those nurses who refused to trade-off years of life as it is usually done in valuation
experiments. However, the sequence effect would have become not significant if we had imputed
a value of 1 for those missing data, i.e. the mean value of severe asthma would be 0.88 and 0.84
in the ‘mild-to-moderate’ and the ‘severe-to-moderate’ valuation groups, respectively (ts3=-0.87,
p=0.19). Of particular interest is the higher refusal rate in those presented with the severe health
state first (41% vs. 26%). It may be related to the unwillingness to trade-off survival and quality

of life in those who suffer from severe and life-threatening diseases. This phenomenon was found
in patients affected by severe conditions,28 and in individuals eliciting hypothetical scenarios as

in our experiment.29 Follow-up discussions were consistent with this phenomenon. In particular
many nurses said that they would not trade any year of life as they have young children. This
high refusal rate to trade-off years of life should be replicated in a second study with a different
sample, e.g., with unmarried nurses with no children or older women whose children have grown.

Alternatively, Chapman et al. suggested the use of an impersonal elicitation questionnaire to

avoid this phenomenon.28 More broadly, the very few cost-effectiveness analyses that relied on
real French valuation experiments may reflect difficulties to translate the Anglo-Saxon QALY

concept into the French health-care system (in fact only two over 125 studies collected in the

French cost-effectiveness analyses database).30

We found that the sequence effect could significantly affect the results of a health state valuation
experiment. Indeed the value of severe asthma decreased by 0.11 points on a 0-1 scale from the

‘mild-to-moderate’ sequence to the ‘severe-to-moderate’ sequence valuation strategy. This new

procedure effect could be added to other procedure effects,10-12 framing effects,4-8 logical
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inconsistencies,31,32 or internal inconsistency,33 found in health state valuation methods that
all show that health states values are poorly constructed values. The recognition of these failures
of invariance should contribute to a new conception of judgment and choice in which preferences

are often constructed, not merely revealed, in the process of elicitation, and their measure could

follow a ‘building code’.34 Otherwise, the sequence effect may contribute to the difficulties in

comparing constructed values from various studies addressing different conditions or even within

a single condition at different stages.3°,36

Sequence effect TTO 4 -13- 12/27/2002



216

217

218

219

220

221

222

223

224

225

226

227

228

229

230

231

232

233

234

235

236

237

Acknowledgments

We would like to thank Pr Arthur Elstein for useful suggestions.

References

1. Gold MR, Siegel JE, Russell LB, Weinstein MC. Cost-effectiveness in Health and

Medicine. New York: Oxford University Press; 1996.

2. Neumann PJ, Stone PW, Chapman RH, Sandberg EA, Bell CM. The quality of reporting

in published cost-utility analyses, 1976-1997. Ann Intern Med 2000;132(12):964-72.
3. Nord E. Methods for quality adjustment of life years. Soc Sci Med 1992;34(5):559-609.

4. McNeil BJ, Pauker SG, Sox HC, Jr., Tversky A. On the elicitation of preferences for

alternative therapies. N Engl J Med 1982;306(21):1259-62.

5. Llewellyn-Thomas H, Sutherland HJ, Tibshirani R, Ciampi A, Till JE, Boyd NF.
Describing health states. Methodologic issues in obtaining values for health states. Med Care

1984;22(6):543-52.

6. Gerard K, Dobson M, Hall J. Framing and labelling effects in health descriptions: quality

adjusted life years for treatment of breast cancer. J Clin Epidemiol 1993;46(1):77-84.

Sequence effect TTO 4 -14 - 12/27/2002



238

239

240

241

242

243

244

245

246

247

248

249

250

251

252

253

254

255

256

257

258

259

7. Bernstein LM, Chapman GB, Elstein AS. Framing effects in choices between

multioutcome life-expectancy lotteries. Med Decis Making 1999;19(3):324-38.

8. Tversky A, Kahneman D. The framing of decisions and the psychology of choice. Science

1981;211(4481):453-8.

9. Blumenschein K, Johannesson M. An experimental test of question framing in health state

utility assessment. Health Policy 1998;45(3):187-93.

10. Dolan P, Gudex C, Kind P, Williams A. Valuing health states: a comparison of methods.

J Health Econ 1996;15(2):209-31.

11. Lenert LA, Sherbourne CD, Reyna V. Utility elicitation using single-item questions

compared with a computerized interview. Med Decis Making 2001;21(2):97-104.

12. Lenert LA, Cher DJ, Goldstein MK, Bergen MR, Garber A. The effect of search

procedures on utility elicitations. Med Decis Making 1998;18(1):76-83.

13.  Neumann PJ, Zinner DE, Wright JC. Are methods for estimating QALYS in cost-

effectiveness analyses improving? Med Decis Making 1997;17(4):402-8.

Sequence effect TTO 4 -15- 12/27/2002



260

261

262

263

264

265

266

267

268

269

270

271

272

273

274

275

276

277

278

279

280

281

282

14, Essink-Bot ML, Pereira J, Packer C, Schwarzinger M, Burstrom K, and the European
Disability Weights group. Cross-national comparability of burden of disease estimates: the

European Disability Weights project. Bull World Health Organ 2002;80:644-52.

15. EuroQol--A new facility for the measurement of health-related quality of life. The

EuroQol Group. Health Policy 1990;16(3):199-208.

16. Brooks R. EuroQol: the current state of play. Health Policy 1996;37(1):53-72.

17. Krabbe PF, Stouthard ME, Essink-Bot ML, Bonsel GJ. The effect of adding a cognitive

dimension to the EuroQol multiattribute health-status classification system. J Clin Epidemiol

1999;52(4):293-301.

18.  Shiell A, Hawe P, Seymour J. Values and preferences are not necessarily the same.

Health Econ 1997;6(5):515-8.

19. Treadwell JR, Lenert LA. Health values and prospect theory. Med Decis Making

1999;19(3):344-52,

20.  Jansen SJ, Stiggelbout AM, Wakker PP, Nooij MA, Noordijk EM, Kievit J. Unstable

preferences: a shift in valuation or an effect of the elicitation procedure? Med Decis Making

2000;20(1):62-71.

Sequence effect TTO 4 -16 - 12/27/2002



283

284

285

286

287

288

289

290

291

292

293

294

295

296

297

298

299

300

301

302

303

304

305

21. Moore DA. Order effects in preference judgments: evidence for context dependence in the

generation of preferences. Organ Behav Hum Decis Process 1999;78(2):146-165.

22.  Tversky A, Kahneman D. Judgments under uncertainty: heuristics and biases. Science

1974;185:1124-31.

23.  Strack F, Mussweiler T. Explaining the enigmatic anchoring effect: mechanisms of

selective accessibility. J Personality Social Psychology 1997;73:437-46.

24. Brewer NT, Chapman GB. The fragile basic anchoring effect. J Behav Dec Making

2002;15:65-77.

25.  Chapman GB, Johnson EJ. The limits of anchoring. J Behav Dec Making 1994;7:223-42.

26. Poulton EC. Models for biases in judging sensory magnitude. Psychol Bull

1979;86(4):777-803.

27. Kahneman D, Tversky A. Choices, Values, and Frames. New-York: Cambridge

University Press; 2000.

28.  Chapman GB, Elstein AS, Kuzel TM, et al. Prostate cancer patients' utilities for health

states: how it looks depends on where you stand. Med Decis Making 1998;18(3):278-86.

Sequence effect TTO 4 -17 - 12/27/2002



306

307

308

309

310

311

312

313

314

315

316

317

318

319

320

321

322

323

324

325

326

327

328

329

29. Mazur DJ, Merz JF. Older patients' willingness to trade off urologic adverse outcomes for
a better chance at five-year survival in the clinical setting of prostate cancer. J Am Geriatr Soc

1995;43(9):979-84.

30.  College des Economistes de la Santé. Base CODECS, COnnaissance et Décision en
EConomie de la Santé. 2002. Accessible at http://www.inserm.fr/codecs/codecs.nsf, last

accessed the 12/15/2002.

31.  Souchek J, Stacks JR, Brody B, et al. A trial for comparing methods for eliciting
treatment preferences from men with advanced prostate cancer: results from the initial visit. Med

Care 2000;38(10):1040-50.

32. Devlin NJ, Hanse P, Kind P, Williams A. Logical inconsistencies in survey respondents'
health state valuations - a methodological challenge for estimating social tariffs. Health Econ

2002;:in press.

33. Stalmeier PF. Discrepancies between chained and classic utilities induced by anchoring

with occasional adjustments. Med Decis Making 2002;22(1):53-64.

34. Payne JW, Betman JR, Schkade DA. Measuring constructed preferences: towards a

building code. J Risk Uncertain 1999;19(1-3):243-70.

35.  Tengs TO, Wallace A. One thousand health-related quality-of-life estimates. Med Care

2000;38(6):583-637.

Sequence effect TTO 4 -18 - 12/27/2002



330
331 36. Bell CM, Chapman RH, Stone PW, Sandberg EA, Neumann PJ. An off-the-shelf help list:
332 acomprehensive catalog of preference scores from published cost-utility analyses. Med Decis

333 Making 2001;21(4):288-94.

Sequence effect TTO 4 -19- 12/27/2002



Table 1: Valuation of three disease stages in the 'mild-to-moderate’ and the 'severe-to-

moderate' valuation groups, mean(std)

Disease stage Mild-to-moderate Severe-to-moderate
Chronic low back pain 0.88 (0.18) NA

Severe asthma 0.84 (0.20) 0.73 (0.18)
Moderate permanent impairments after stroke NA 0.45(0.12)

NA: Non applicable.
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Stroke STR

Acute incident plus rehabilitation phase
Mild permanent impairments after stroke
Moderate permanent impairments after stroke 44—

Severe permanent impairments after stroke

Patient with permanent impairments in movement, speech and memory after

incomplete recovery from a stroke more than one year ago.

e  Some problems in walking about

e  Some problems with washing or dressing self

e  Some problems with performing usual activities (e.g. work, study, housework, family or leisure activities)
. Moderate pain or discomfort (in this case, discomfort)

e  Moderately anxious or depressed

e  Some problems in cognitive functioning (e.g. memory, learning ability, concentration, comprehension)
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Asthma AST

Mild asthma

Moderate asthma

Severe asthMa  «—

Patient who has at least two attacks of severe shortness of breath a year, that each confine
them to their home for one week or may lead to hospitalisation, despite adequate therapy.
Between attacks the patient has limited exercise capacity, needs to take daily preventive

medication and has to avoid provocative situations (e.g., smoke, dust and strong perfumes).

Health status outside attacks:
e  Some problems in walking about
No problems with washing or dressing self
° Some problems with performing usual activities (e.g. work, study, housework, family or leisure activities)
. Moderate pain or discomfort (in this case, discomfort)
e  Moderately anxious or depressed

No problems in cognitive functioning (e.g. memory, learning ability, concentration, comprehension)
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Low Back Pain LBP

Acute low back pain

Chronic low back pain «———

Patient with radiating pain low in the back, limited in sitting and to a smaller extent in walking;
patient is generally restricted in all physical activities; standard pain relieving treatment is

provided.

e  Some problems in walking about
e  Some problems with washing or dressing self
e  Some problems with performing usual activities (e.g. work, study, housework, family or leisure activities)
. Moderate pain or discomfort (in this case, pain)
Not anxious or depressed

No problems in cognitive functioning (e.g. memory, learning ability, concentration, comprehension)
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