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A B S T R A C T

Background: Priority setting in healthcare can be guided by both efficiency and equity principles. The latter principle is often
explicated in terms of disease severity and, for example, defined as absolute or proportional shortfall. These severity
operationalizations do not explicitly consider patients’ age, even though age may be inextricably related to severity and an
equity-relevant characteristic.

Objective: This study examines the relative strength of societal preferences for severity and age for informing allocation
decisions in healthcare.

Methods: We elicited preferences for severity and age in a representative sample of the public in the Netherlands (N = 1025)
by applying choice tasks and person-trade-off tasks in a design in which severity levels and ages varied both separately and
simultaneously between patient groups. We calculated person trade-off ratios and, in addition, applied ordinary least squares
regression models to aid interpretation of the ratios when both severity and age varied.

Results: Respondents attached a higher weight (median of ratios: 2.46-3.50) to reimbursing treatment for relatively more
severely ill and younger patients when preferences for both were elicited separately. When preferences were elicited
simultaneously, respondents attached a higher weight (median of ratios: 1.98 and 2.42) to reimbursing treatment for
relatively younger patients, irrespective of patients’ severity levels. Ratios varied depending on severity level and age and
were generally higher when the difference in severity and age was larger between groups.

Conclusions: Our results suggest that severity operationalizations and equity weights based on severity alone may not align
with societal preferences. Adjusting decision-making frameworks to reflect age-related societal preferences should be
considered.
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Introduction

The increasing demand for healthcare and the resulting
pressure on scarce resources render healthcare priority setting
inevitable. Allocation decisions can be guided by both efficiency
and equity principles, and hence be informed by the cost-
effectiveness of health technologies and equity considerations
associated with, for example, patient and disease characteristics.1-6

Although it has been advocated to explicitly and transparently
incorporate these principles into the decision-making framework,7-9

there is little agreement on how equity considerations should be
defined and how the trade-off between efficiency and equity, or
between equity considerations, should be operationalized.3,5 This
may partly explain why, so far, only a few countries integrated
equity considerations and weights into formal decision-making
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frameworks.3 Examples of countries that have done so are Norway
and the Netherlands.3,10-21 Text box 1 includes a brief overview of
the equity considerations and decision-making frameworks applied
in these 2 countries.

Although the decision-making frameworks applied in Norway
and the Netherlands both account for societal preferences relating to
the disease severity of patients, neither explicitly accounts for age-
related societal preferences. This may be (partially) explained by
the fact that, politically, age usually is not regarded as a relevant or
even acceptable decision criterion.22-24 It should, however, be noted
that—in decision-making practice—severity is not independent from
age, and not explicitly accounting for age in allocation decisions can
still result in a prioritization that favors certain age groups over
others.25 For example, in Norway, younger patients are, ceteris par-
ibus, more likely to lose a larger absolute amount of their remaining
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Table 1. Sample characteristics (N = 1014).*

% Mean (SD)

Age (y) 45.3 (14.7)

Sex (female) 51.7

Education level†

Low 8.3
Medium 42.3

BOX 1. Equity considerations and decision-making frameworks in Norway and the Netherlands.

In Norway, equity considerations are explicated in terms of disease severity and defined as absolute shortfall (AS). AS is
operationalized as the disease-related loss of remaining quality-adjusted life-years (QALYs) without the new technology, compared
to the QALY expectation in absence of the disease.10-12 The Magnussen Committee suggested to divide AS into 6 severity classes
and evaluate the incremental cost-effectiveness ratios (ICERs) of health technologies that target diseases with an AS of 0 to 0.39, 4 to
7.9, 8 to 11.9, 12 to 15.9, 16 to 19.9, and .20 QALYs against thresholds of NOK 275 000/QALY, NOK 385 000/QALY, NOK 495 000/
QALY, NOK 605 000/QALY, NOK 715 000/QALY, and NOK 825 000/QALY, respectively (range approximately V27 500–V82 500).13,14

Although the Norwegian government did not formally adopt the suggested AS classes and thresholds, they are informally used to
inform allocation decisions in healthcare.11

In the Netherlands, equity considerations are also explicated in terms of severity, and severity is defined in terms of proportional
shortfall (PS). PS is operationalized as the fraction of disease-related QALY loss without the new technology, relative to the
remaining QALY expectation in absence of the disease and measured on a scale from 0 “no QALY loss” to 1 “complete loss of
remaining QALYs”.15,16-18 PS is divided into 4 severity classes. Health technologies that target diseases with a PS level of,0.10 are, in
principle, not reimbursed.15,16 The ICERs of health technologies that target diseases with PS levels of 0.10 to 0.40, 0.41 to 0.70, and
0.71 to 1.00 are evaluated against reference values ofV20 000/QALY,V50 000/QALY, andV80 000/QALY, respectively.15,16,18-20 Since
2018, the Dutch National Health Care Institute (ZIN) supplements information on PS with information on patients’ AS and
prospective health (PH) to be transparent about the possible consequences of applying PS for different age groups.15 PH is a
severity operationalization that considers patients’ expected health and death and prioritizes those with the worst prognosis
without the new technology.21 PH is calculated as the remaining QALY expectation from the onset of disease in case of no
treatment.21
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quality-adjusted life-years (QALYs), and hence may indirectly be
prioritized over older patients. Moreover, for older patients it be-
comes increasingly difficult, if not impossible, to fall into the highest
severity class. For example, 65-year-old patients may, on average,
have no more than 15 QALYs left to lose. In the Netherlands, pro-
portional shortfall (PS) was implemented with the intention to avoid
ageism in allocation decisions by enabling patients of all ages to lose
the same relative amount of their remaining QALYs.15,18 However,
older patients are, ceteris paribus, more likely to lose a larger fraction
of their remaining QALYs, and hence may indirectly be prioritized
over younger patients.12

Although equity weights based on absolute shortfall (AS) and PS
may be inextricably related to patients’ age, neither explicitly dis-
tinguishes between age groups nor aims to weight age in allocation
decisions. Hence, prioritizing between age groups with AS or PS
levels that are equal or fall into the same severity class is not
possible within current decision-making frameworks. Empirical
evidence, however, suggests that the public considers information
on severity and age important and generally prefers prioritizing
younger over older patients.6,17,26-33,35,36 At the same time, evidence
regarding the direct trade-off between preferences for severity and
age and the relative weight these should receive in allocation de-
cisions is limited.17,26 The aim of this study is therefore to contribute
to the existing literature on this topic by examining the relative
strength of societal preferences for severity and age. To meet this
aim, we applied the person-trade-off (PTO) approach in a design in
which severity levels and ages varied both separately and simul-
taneously between patient groups. We compared preferences for
severity and age in relation to AS, PS, and prospective health (PH),
as these severity operationalizations are currently applied in Nor-
way and the Netherlands. The results may be of interest to all
countries seeking to understand equity considerations associated
with severity and age and to operationalize these considerations in
the context of the healthcare priority setting.
High 49.4

Health status (in points on VAS) 75.4 (17.7)

Completion time of PTO tasks (min) 7.7 (5.1)

PTO indicates person-trade-off; VAS, visual analogue scale (range 0-100).
*Respondents who completed the PTO tasks in less than 115 seconds (n = 11) are
excluded from this table.
†Low = lower vocational and primary school; medium = middle vocational and
secondary school; high = higher vocational and academic education.
Methods

Sample and Data Collection

A questionnaire was designed and subsequently distributed
online in October 2018. Respondents (N = 1025) were quota
sampled to represent the public in the Netherlands in terms of
age (18-70 years), sex, and education level (Table 1). Before
collecting the data, we pilot tested the comprehensiveness of
the questionnaire and clarity of the applied concepts and
choice and PTO tasks in 2 consecutive samples (n = 120 and
1023).

Before respondents completed the questionnaire, we
explained that healthcare resources are scarce and policy makers
inevitably have to choose between competing health technolo-
gies and patient groups for reimbursement. We asked re-
spondents to advise policy makers faced with the choice of
reimbursing a health technology for 1 of 2 patient groups
(labeled “A” and “B”) on how best to allocate the available
budget. We explained that there were no differences between
the patient groups other than those explicated and that the
treatment type and costs were the same for both groups. We
limited the duration of the disease and treatment-related health
gain to 1 year to standardize the health gains from treatment in
the different age groups. This avoided the influence of other
considerations, including preferences for lifetime health and
health maximization. Based on this temporary loss in health-
related quality of life (QOL) and no loss in length of life, we
calculated patients’ AS, PS, and PH (not shown to respondents)



Figure 1. Graphical representation of the iterative person trade-off process.

Suppose patient group A consists of 100 patients and group B of X patients. For which patient group (A or B), do you think, should treatment be reimbursed ?

Step 1
B(X)=200

Step 2
Step 3

B B(X)=150
B B(X)=125

Step 4
B B(X)=100-125
A B(X)=125-150
B B(X)=150-175
A B(X)=175-200

B B(X)=200-225
A B(X)=225-250
B B(X)=250-300
A B(X)=300-1 000 000

A B(X)=175

B B(X)=225

A B(X)=300
A B(X)=250

Note that in step 4, respondents indicated the number of patients within the indicated range. For respondents with a consistent preference for one of the patient
groups, this range was restricted to a maximum of 1 000 000 patients.

Table 2. Overview of attributes and levels.

Attribute Levels

Severity* (in points on VAS) 20; 50; 80

Age (y) 10; 40; 70

QOL after treatment† (in points on VAS) 40; 70; 100

Treatment-related QOL gain (in points on VAS) 20

Life expectancy (y) 80

QOL indicates health-related quality of life; VAS, visual analogue scale (range
0-100).
*Severity is operationalized in terms of disease-related QOL loss and measured
in points from 100 on the VAS.
†QOL after treatment is calculated as 100 – disease-related QOL loss 1
treatment-related QOL gain.
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and compared preferences for severity and age in relation to
these severity operationalizations.

Questionnaire

The questionnaire consisted of 3 parts. In part 1, we intro-
duced 3 central concepts in text and graphs to respondents: (1)
QOL, operationalized in points on a visual analogue scale (VAS)
that ranged from 0 “the worst health you can imagine” to
100 “the best health you can imagine”34; (2) severity, oper-
ationalized in terms of disease-related QOL loss; and (3)
treatment-related QOL gain. To familiarize respondents with
these concepts and the applied tasks, we asked them to rate their
current health on the VAS and complete 1 example choice task
and 1 example PTO task. We further asked them to assess the
clarity of the concepts and example tasks on a 7-point Likert
scale ranging from 1 “very unclear” to 7 “very clear”.

In part 2, respondents stated their preferences for severity and
age by completing a total of 6 randomly assigned choice tasks and
6 associated PTO tasks in 3 similarly structured modules. In the
choice tasks, respondents stated their preference for reimbursing
treatment for either patient group A or B, or their indifference
between the groups, based on the contingency that both groups
consisted of 100 patients. In the associated PTO tasks, we set the
respondents’ group of preference (or, in case of indifference, a
randomly selected group) as a reference group consisting of 100
patients. We asked respondents to indicate in 4 iterative steps of
how many patients (between 100 and 1 000 000) the other group
should consist to be indifferent between the 2 groups. Figure 1
presents a graphical representation of the PTO process, including
the iterative steps taken to elicit respondents’ preferences and the
intervals between the steps. A detailed description of the applied
PTO approach and examples of the choice and PTO tasks are
included in the Appendix in the Supplemental Materials found at
https://doi.org/10.1016/j.jval.2019.07.012.

We started each module with introducing the patient groups
and explaining that the groups would have lived in full health (a
score of 100 on the VAS) until the age of 80 if they had not fallen ill
at the age of X (with X = 10, 40, or 70). We then explained that the
disease affected patients’ QOL but not their life expectancy.
Because of the disease, their QOL decreased from 100 to Y (with
Y = 20, 50, or 80) on the VAS for the duration of 1 year, after which
it restored to the initial level. If patients would receive treatment,
their QOL would increase with 20 points during that year. In
module 1, respondents completed 2 choice tasks and 2 associated
PTO tasks based on a “small” and “large” difference in severity
between the patient groups (ie, 30 points, from 100 down to 20 vs
50 or 50 vs 80, and 60 points, from 100 down to 20 vs 80,
respectively), while patients’ ages were kept constant. In module
2, respondents completed 2 choice tasks and 2 associated PTO
tasks based on a “small” and “large” difference in age between the
groups (ie, 30 years, age 10 vs 40 or 40 vs 70, and 60 years, age 10
vs 70, respectively), while patients’ severity levels were kept
constant. In module 3, respondents completed 2 choice tasks and
2 associated PTO tasks based on a “small” and “large” difference in
both severity and age between the groups (ie, 30 points/years and
60 points/years, respectively).

Table 2 presents the applied attributes and levels, and Table 3
in the Results section includes the applied choice sets and asso-
ciated AS, PS, and PH levels. We reduced the possible risk of order
effects by presenting modules 1 and 2, the choice sets, and patient
groups in random order to respondents.

In part 3 of the questionnaire, we asked respondents about
their socio-demographic characteristics.

Statistical Analyses and Hypotheses

We examined preferences for severity and age by calculating
the percentage of total with a preference for reimbursing treat-
ment for patient group A, group B, or neither of the groups and

https://doi.org/10.1016/j.jval.2019.07.012


Table 3. Preferences for reimbursing treatment for patient group A, group B, or neither of the groups (in % of total; N = 1014).*

CS Severity† Age Absolute
shortfall‡

Proportional
shortfall§

Prospective
healthk

n Preference (in %)

A B A B A B A B A B A B Neither

Module 1 1 80 10 10 10 0.8{ 0.5 0.01{ 0.01 69.2{ 69.5 165 50.9 24.2 24.9

2 50 20 10 10 0.5{ 0.2 0.01{ 0.00 69.5{ 69.8 171 58.5 19.9 21.6

3 80 50 40 40 0.8{ 0.5 0.02{ 0.01 39.2{ 39.5 173 47.4 32.4 20.2

4 50 20 40 40 0.5{ 0.2 0.01{ 0.01 39.5{ 39.8 170 57.6 20.6 21.8

5 80 50 70 70 0.8{ 0.5 0.08{ 0.05 9.2{ 9.5 165 48.5 27.9 23.6

6 50 20 70 70 0.5{ 0.2 0.05{ 0.02 9.5{ 9.8 170 58.8 21.8 19.4

7 80 20 10 10 0.8{ 0.2 0.01{ 0.00 69.2{ 69.8 336 58.9 21.7 19.4

8 80 20 40 40 0.8{ 0.2 0.02{ 0.01 39.2{ 39.8 338 57.4 25.7 16.9

9 80 20 70 70 0.8{ 0.2 0.08{ 0.02 9.2{ 9.8 340 54.1 23.8 22.1

Module 2 1 80 80 10 40 0.8 0.8 0.01 0.02 69.2 39.2 161 52.8 14.9 32.3

2 80 80 40 70 0.8 0.8 0.02 0.08 39.2 9.2 171 60.8 8.2 31.0

3 50 50 10 40 0.5 0.5 0.01 0.01 69.5 39.5 170 52.4 13.5 34.1

4 50 50 40 70 0.5 0.5 0.01 0.05 39.5 9.5 169 55.6 13.6 30.8

5 20 20 10 40 0.2 0.2 0.00 0.01 69.8 39.8 171 44.4 20.5 35.1

6 20 20 40 70 0.2 0.2 0.01 0.02 39.8 9.8 172 55.2 20.4 24.4

7 80 80 10 70 0.8 0.8 0.01 0.08 69.2 9.2 338 61.8 13.9 24.3

8 50 50 10 70 0.5 0.5 0.01 0.05 69.5 9.5 341 55.7 16.1 28.2

9 20 20 10 70 0.2 0.2 0.00 0.02 69.8 9.8 335 63.3 11.3 25.4

Module 3 1 80 50 10 40 0.8{ 0.5 0.01 0.01 69.2 39.5 129 57.4 19.4 23.2

2 80 50 40 10 0.8 0.5 0.02 0.01 39.2 69.5 130 30.8 38.4 30.8

3 80 50 40 70 0.8{ 0.5 0.02 0.05 39.2 9.5 129 60.5 20.1 19.4

4 80 50 70 40 0.8 0.5 0.08 0.01 9.2 39.5 129 25.6 48.1 26.3

5 50 20 10 40 0.5{ 0.2 0.01{ 0.01 69.5 39.8 127 74.0 12.6 13.4

6 50 20 40 10 0.5{ 0.2 0.01{ 0.00 39.5{ 69.8 123 45.5 30.9 23.6

7 50 20 40 70 0.5{ 0.2 0.01 0.02 39.5 9.8 125 68.8 11.2 20.0

8 50 20 70 40 0.5 0.2 0.05 0.01 9.5 39.8 122 38.5 41.8 19.7

9 80 20 10 70 0.8{ 0.2 0.01 0.02 69.2 9.8 514 70.4 13.0 16.6

10 80 20 70 10 0.8 0.2 0.08 0.00 9.2 69.8 500 36.0 44.6 19.4

A indicates patient group A; B, patient group B; CS, choice set; QOL, health-related quality of life.
*Respondents who completed the person-trade-off tasks in less than 115 seconds (n = 11) are excluded from this table.
†Severity is operationalized in terms of disease-related QOL loss and measured in points from 100 on the 0-100 visual analogue scale.
‡Absolute shortfall is calculated as ([disease-related QOL loss/100] 3 1 year).
§Proportional shortfall is calculated as ([disease-related QOL loss/100] 3 1 year)/(80 - age at onset of disease).
kProspective health is calculated as 80 - age at onset of disease-absolute shortfall.
{Choice set in which preferences are aligned with absolute shortfall, proportional shortfall, or prospective health.
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the mean- and median-based PTO ratios. A PTO ratio of 1 in-
dicates that respondents, on average, attach an equal weight to
reimbursing treatment for groups A and B, and a ratio of .1 (,1)
that they attach a higher (lower) weight to reimbursing treat-
ment for group A. We present the unpooled (ie, per choice set)
and pooled (ie, per “small” and “large” difference) mean- and
median-based PTO ratios, including our calculation methods, in
Table 4. We focus the discussion of the results on the ratio of
medians (ROMs) and median of ratios (MORs) to account for
outliers.

To aid interpretation of the PTO ratios in module 3, we applied
ordinary least squares (OLS) regression models in which we
assumed utility equivalence between reimbursing treatment for the
patient groups. We regressed the difference in patient numbers
(multiplied by patients’ treatment-related QOL gain) on the differ-
ences in severity level (DSeverity) and age (DAge) between the
groups and calculated the marginal rate of substitution (MRS; 95%
confidence interval [CI]) between DSeverity and DAge by boot-
strapping (5000 repetitions) the ratio of the coefficients. We pre-
sent the OLS results both including and excluding respondents with
outlying preferences (21.96 . z-score . 1.96) in Table 5. We focus
the discussion of the results on the latter to account for outlying
preferences. Note that, for calculating the preferences (in percent-
ages) and PTO ratios, we restructured the patient-group order to A
vs B for all respondents. For the regression models, we used the
order inwhich the groups were presented to respondents (A vs B or



Table 4. PTO results (N = 1014).*

CS Severity† Age n Mean raw
responses

Ratio of
means

Median raw
responses

Ratio of
medians (ROMs)

A B A B M
‾

A M
‾

B M
‾

B / M
‾

A
~MA

~MB
~MB / ~MA

Module 1 1 80 50 10 10 165 217.48 9764.52 44.90 100.00 160.00 1.60

2 50 20 10 10 171 322.12 10 190.43 31.64 100.00 251.00 2.51

3 80 50 40 40 173 836.27 3107.00 3.72 100.00 130.00 1.30

4 50 20 40 40 170 227.22 8965.28 39.46 100.00 275.00 2.75

5 80 50 70 70 165 928.43 10 622.85 11.44 100.00 160.00 1.60

6 50 20 70 70 170 1059.85 2918.43 2.75 100.00 289.50 2.90

N 1014

Ratio of
means

599.24 7558.40 12.61

Median of
ratios (MORs)

2.51

7 80 20 10 10 336 545.00 13 803.70 25.33 100.00 301.00 3.01

8 80 20 40 40 338 276.71 2815.54 10.18 100.00 275.00 2.75

9 80 20 70 70 340 687.43 12 814.76 18.64 100.00 275.00 2.75

N 1014

Ratio of
means

503.33 9809.38 19.49

Median of
ratios (MORs)

2.75

Module 2 1 80 80 10 40 161 200.21 3580.17 17.88 100.00 224.00 2.24

2 80 80 40 70 171 133.35 9672.78 72.54 100.00 275.00 2.75

3 50 50 10 40 170 253.68 2883.51 11.37 100.00 210.00 2.10

4 50 50 40 70 169 184.37 15 797.84 85.69 100.00 301.00 3.01

5 20 20 10 40 171 224.25 11 189.68 49.90 100.00 210.00 2.10

6 20 20 40 70 172 871.80 2146.66 2.46 100.00 267.50 2.68

N 1014

Ratio of
means

313.23 7567.21 24.16

Median of
ratios (MORs)

2.46

7 80 80 10 70 338 128.17 12 564.78 98.03 100.00 400.00 4.00

8 50 50 10 70 341 474.91 13 564.93 28.56 100.00 350.00 3.50

9 20 20 10 70 335 126.67 4900.60 38.69 100.00 350.00 3.50

N 1014

Ratio of
means

244.28 10 369.07 42.45

Median of
ratios (MORs)

3.50

Module 3 1 80 50 10 40 129 224.66 18 543.20 82.54 100.00 275.00 2.75

2 80 50 40 10 130 1234.77 1205.29 0.98 112.50 100.00 0.89

3 80 50 40 70 129 140.09 18 591.40 132.71 100.00 301.00 3.01

4 80 50 70 40 129 3519.44 1009.33 0.29 140.00 100.00 0.71

5 50 20 10 40 127 121.50 4773.40 39.29 100.00 400.00 4.00

6 50 20 40 10 123 2000.12 18 575.50 9.29 100.00 120.00 1.20

7 50 20 40 70 125 920.50 7317.10 7.95 100.00 350.00 3.50

8 50 20 70 40 120 1254.18 2552.46 2.04 112.50 100.00 0.89

N 1014

Ratio of
means

1174.65 9067.36 7.72

continued on next page
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Table 4. Continued

CS Severity† Age n Mean raw
responses

Ratio of
means

Median raw
responses

Ratio of
medians (ROMs)

A B A B M
‾

A M
‾

B M
‾

B / M
‾

A
~MA

~MB
~MB / ~MA

Median of
ratios (MORs)

1.98

9 80 20 10 70 514 176.76 12976.93 73.42 100.00 400.00 4.00

10 80 20 70 10 500 5325.84 5818.83 1.09 120.00 100.00 0.83

N 1014

Ratio of
means

2715.76 9447.29 3.48

Median
of ratios (MORs)

2.42

A indicates patient group A; B, patient group B; CS, choice set; PTO, person trade-off; QOL, health-related quality of life.
*Respondents who completed the PTO tasks in less than 115 seconds (n = 11) are excluded from this table.
†Severity is operationalized in terms of disease-related QOL loss and measured in points from 100 on the 0-100 visual analogue scale.

6 VALUE IN HEALTH - 2019
B vs A). Although this was necessary for conducting the different
analyses, the difference in data structure and applied methods
hampers a direct comparison between the PTO ratios and the ratios
obtained from the OLS regressions.

We determined a minimum completion time of 115 seconds
for the PTO tasks based on the distribution of the time re-
spondents needed for completing the tasks in the pilot study and
a timed test of the tasks by 3 independent researchers. We
excluded respondents who completed the tasks more quickly
from the analyses as we expected these “speeders” to have
completed the tasks too quickly to properly read, understand,
and complete them. We performed sensitivity analyses to test
the robustness of our results by alternately repeating the ana-
lyses excluding respondents who reported a low score (ie, 1-3
level) for the clarity of the example PTO task and who preferred
reimbursing treatment for neither of the patient groups. We
identified only 11 “speeders”, and hence did not perform sensi-
tivity analyses on this subgroup.

Before conducting the analyses, we formulated the following
hypotheses:

Hypothesis 1: Respondents prefer—and attach a higher weight
to—reimbursing treatment for the relatively more severely ill
patient group, when patients’ ages are equal (module 1).
Hypothesis 2: Respondents prefer—and attach a higher weight
to—reimbursing treatment for the relatively younger
patient group,whenpatients’ severity levels are equal (module2).

As evidence regarding the direct trade-off between severity
and age is limited,17,26 we formulated no hypothesis, yet explored
preferences when patients’ severity level and age varied simul-
taneously (module 3).

We conducted the analyses using Stata 15.1 (Stata Corp LP,
College Station, TX).
Results

Respondents assessed the clarity of the concepts in text at
mean (SD) 5.9 (1.0) and in graphs at 5.7 (1.2), and of the example
choice task at 5.5 (1.3) and example PTO task at 5.0 (1.7) on the
7-point Likert scale. Of the respondents, 177 (17.3%) reported a low
score for the clarity of the example PTO task.
Table 3 presents the percentages of respondents with a pref-
erence for reimbursing treatment for group A, group B, or neither
of the groups. Table 4 presents the PTO ratios.

In module 1, most respondents (range 47.4%-58.9% across
choice sets; Table 3) preferred and, on average, attached a higher
weight to reimbursing treatment for the relatively more severely
ill patient group at all ages. These results provide evidence in
support of hypothesis 1. The strength of respondents’ preferences
varied across severity levels, ages, and the size of the difference in
severity between the groups. When the difference in severity was
“small” (choice sets 1 to 6; Table 4), the MOR was 2.51, indicating
that respondents, on average, valued reimbursing treatment for 1
more severely ill patient equally to that for 2.51 less severely ill
patients. The ROMs were relatively higher when the 2 patient
groups were lower on the severity scale. The ROMs increased with
age when patient groups were lower on the severity scale (choice
sets 2, 4, and 6; Table 4). When the difference in severity was
“large” (choice sets 7 to 9; Table 4), the MOR was 2.75 and the
ROM was somewhat higher in the youngest age group.

In module 2, most respondents (range 44.4%-63.3% across
choice sets; Table 3) preferred and, on average, attached a
higher weight to reimbursing treatment for the relatively
younger patient group at each severity level. These results
provide evidence in support of hypothesis 2. The strength of
preferences again varied across ages, severity levels, and the
size of the difference in age between the groups. When the
difference in age was “small” (choice sets 1 to 6; Table 4), the
MOR was 2.46, indicating that respondents, on average, valued
reimbursing treatment for 1 younger patient equally to that for
2.46 older patients. The ROMs were relatively higher when it
concerned comparisons between the higher age groups (choice
sets 2, 4, and 6; Table 4). The ROMs did not show a clear relation
to severity levels. When the difference was “large” (choice sets 7
to 9; Table 4), the MOR was 3.50 and the ROM was slightly
higher for the highest severity level.

Inmodule 3,most respondents (range38.5%-74.0% across choice
sets; Table 3) preferred reimbursing treatment for the relatively
younger patient group, and respondents, on average, attached a
higher weight to reimbursing treatment for younger patients,
irrespective of patients’ severity levels (choice sets 1, 3, 5, and7have
ROMs.1,whereas choice sets 2, 4, and 8have ROMs,1). Inmodule
3, the MORs were somewhat lower than in modules 1 and 2. When
the difference in severity and age was “small” (choice sets 1 to 8;



Table 5. OLS regression results.*

DV: Dnr
Patients*
QOLgain

Model 1† Model 2‡

Including outliers Excluding outliers Including outliers Excluding outliers

b (SE) 95% CI b (SE) 95% CI b (SE) 95% CI b (SE) 95% CI

DSeverity 5245.40§ (1982.73,
8508.07)

1193.73{ (556.33,
1831.14)

2215.53§ (663.32,
3767.73)

985.00{ (450.69,
1519.31)

DAge 22772.48# (26035.15,
490.19)

2968.02§ (21605.42,
2330.61)

22051.20§ (23603.41,
2498.99)

21490.30{ (22024.61,
2956.00)

R2 0.01 0.02 0.01 0.04

N 1014 1005 1014 1006

DAge indicates difference in age (in years) between patient group A and B; DnrPatients*QOLgain, difference in the number of patients between patient group B and A,
each multiplied by the treatment-related gain in QOL; DSeverity, difference in severity (in points of QOL loss) between patient group A and B; CI, confidence interval; DV,
dependent variable; OLS, ordinary least squares; QOL, health-related quality of life; QOLgain, treatment-related gain in QOL (20 points on the 0-100 visual analogue
scale); SE, standard error.
*Respondents who completed the person-trade-off tasks in less than 115 seconds (n = 11) are excluded from this analysis. The results are presented including and
excluding respondents with outlying (21.96 . z-score . 1.96) preferences.
†Model 1 presents the results for a difference of 30 points in QOL loss and 30 years in age between the patient groups.
‡Model 2 presents the results for a difference of 60 points in QOL loss and 60 years in age between the patient groups.
§P , .01.
{P , .001.
#P , .10.
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Table 4), theMORwas 1.98, andwhen thiswas “large” (choice sets 9
to 10; Table 4), the MOR was 2.42.

Table 5 presents the OLS results. The DSeverity coefficient in-
dicates that, ceteris paribus, respondents attached a higher weight
to reimbursing treatment for relatively more severely ill patients.
The implied ratios are 2.48 and 1.97 per point increase in DSe-
verity, given a “small” and “large” difference in severity between
the groups in models 1 and 2, respectively. The DAge coefficient
indicates that, ceteris paribus, respondents attached a higher
weight to reimbursing treatment for relatively younger patients.
The implied ratios are 1.49 and 1.73 per year increase in DAge,
given a “small” and “large” difference in age between the groups
in models 1 and 2, respectively. The MRS (95% CI) between DSe-
verity and DAge were 21.23 (24.02, 1.56) and 20.66 (21.01,
20.31) for models 1 and 2. This indicates that DAge was consid-
ered relatively more important when the differences between the
patient groups were large. The sensitivity analyses showed
consistent results.

Our results suggest that AS, PS, and PH are all consistent with
societal preferences when severity levels differ between patient
groups and their ages are equal. However, none of these severity
operationalizations are fully consistent with societal preferences
when severity levels are equal and ages differ between patient
groups. When both severity levels and ages vary, our results
suggest that AS may be most consistent with societal preferences
(in 6/10 choice sets), followed by PS (in 2/10 choice sets), and PH
(in 1/10 choice sets).

Discussion

In this study, we examined the relative strength of societal
preferences for severity and age in the context of healthcare pri-
ority setting. Our main findings are that respondents, on average,
preferred—and attached a higher weight to—reimbursing treat-
ment for relatively more severely ill and younger patients, when
preferences for severity and age were elicited separately. When
preferences were elicited simultaneously, respondents, on
average, preferred—and attached a higher weight to—reimbursing
treatment for relatively younger patients, irrespective of patients’
severity levels. We found that the relationship between prefer-
ences for severity and age is nonlinear and dependent on severity
levels, ages, and the size of the difference in severity and/or age
between the patient groups. Moreover, we found that preferences
were generally stronger when the difference between the groups
was larger. It should be noted that these findings need to be
considered in relation to the applied design and that preferences
for severity and age may differ when elicited on full (or equally
wide) severity and age scales or when elicited in relation to pro-
longed health improvements or improved life expectancy. It
should also be noted that a considerable minority of respondents
stated a preference for reimbursing treatment for neither of the
patient groups or for the relatively less severely ill or older patient
group. This preference heterogeneity is consistent with the results
of previous studies.5

Our results suggest that AS, PS, and PH are all consistent with
societal preferences when severity levels differ between patient
groups and their ages are equal, yet none are fully consistent
with societal preferences when severity levels are equal and ages
differ between patient groups. When both severity levels and
ages vary, our results suggest that AS may be most consistent
with societal preferences, followed by PS and PH. These latter
results are consistent with those of Stolk et al,26 who compared
support for AS, PS, and PH by applying a ranking exercise in a
small convenience sample (n = 65). Our results are also consis-
tent with those of other studies that empirically investigated
equity weights and emphasise the relevance of both patients’
severity and age in allocation decisions (see, eg, refs 24,26–33,35,36).
For example, our results are consistent with those of Dolan and
Tsuchiya,28 who found that preferences for age were stronger
than those for severity when preferences for both were elicited
simultaneously.28 They already suggested that these preferences,
therefore, should not be considered in isolation of each other.
Our results are inconsistent with some studies that found the
social value of QALYs to be relatively independent of patients’
age.37-39 Although these differences may result from differences
in applied preference-elicitation methods, they may also result
from preference heterogeneity over time and between countries.

The main strengths of this study lie in the extensively pilot-
tested questionnaire and innovative application of the PTO
approach in a design in which we varied severity levels and ages
separately and simultaneously between patient groups. Other
methods (eg, a discrete choice experiment) couldhavebeenapplied
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here; however, we chose to apply the PTO approach as this enabled
us to keep the tasks relatively simple for respondents and to better
understand the elicited preferences at the level of an individual
respondent. Other strengths lie in the reduction of the possible risk
of ordereffects bypresenting2modules, the choice sets, andpatient
groups in random order and in the avoidance of other consider-
ations by limiting the duration of the disease andQOL gain to 1 year.
We are aware that this comes with the limitation that our results
cannot be generalized to severity- and age-related preferences in
relation to QALY gains. Some further limitations need to be dis-
cussed. A first limitation is common to all preference-elicitation
studies and concerns the sensitivity of the results to the way in
which the questions were framed.5,28,40 For example, severity and
age were the only attributes that varied, and this may have influ-
enced the relative strength of preferences for these attributes.
Preferences for severity and age may differ when elicited in com-
bination with other attributes.41 To some extent, this was already
observedwhen age and severity were varied simultaneously rather
than separately. A second limitation concerns the respondent in-
struction to assume that there were no other differences between
the groups than those explicated. Nonetheless, preferences may
have been influenced by omitted variables.41,42 For example, re-
spondentsmay have considered aspects such as spillover effects on
family or informal carers andproductivity losses.30,33 Theymayalso
have considered the acceptability of a less than perfect health state
at an older age, the degree of health inequality between the groups,
and the risk or uncertainty associated with severity levels and
treatment gains.43-46 A third limitation concerns a possible upward
bias of the PTO ratios caused by censoring the number of patients
between 100 and 1 000 000 in the PTO tasks.47 However, the in-
fluence of censoring may be counterbalanced by including re-
spondentswithnopreference for eitherof thegroups in the analysis
as the robustness checks indicated that the obtained ratios were in
fact pulled downward by this. A final limitation concerns the low R2

values of the regression models. These low values indicate that the
models do not explain much of the data variability. Nevertheless,
the implied ratios associated with an increase of 30 points and 30
years in the difference in severity and age between the patient
groups resemble the mean-based PTO ratios in Table 4 and the OLS
results aided the interpretation of the PTO ratios in module 3 as
intended.

Our results are consistent with those of previous studies,
suggesting that the outcomes of allocation decisions informed by
AS may be better aligned with societal preferences than those
informed by PS or PH.20,26,27-31 However, our results also suggest
that none of these severity operationalizations may be sufficiently
adequate for guiding decisions that concern patients of different
ages. At least, not when aiming to align the outcomes of these
decisions with societal preferences. If so, current AS, PS, and PH
applications may all need to be age weighted when ages differ
between patient groups, irrespective of differences in their
severity level. This may be even more necessary for those severity
operationalizations that do not indirectly favor younger over older
patients, like AS does. Whether or not age weighting is considered
normatively acceptable and societal preferences are to be reflected
in allocation decisions are pressing questions in this context, but
fall outside the scope of the current article.

Further research is warranted to examine the relative strength
of preferences for severity and age when severity is operational-
ized on a QALY scale, thus incorporating both length and QOL
attributes. Research may further be aimed at examining the rele-
vant thresholds for QALYs gained in different age-adjusted
severity classes. For this, a matrix-based design could potentially
be used to account for the nonlinear relationship between pref-
erences for severity and age.16 Finally, different preference-
elicitation methods and the inclusion of other attributes in the
trade-off may lead to different findings. Hence, further research is
necessary to examine the most appropriate design for estimating
severity- and age-based equity weights for informing allocation
decisions in healthcare.

Conclusions

The results of this study indicate that the public prefers priori-
tizing relatively more severely ill patients when patients’ ages are
equal and younger patients when their severity levels are equal.
When both patients’ severity levels and ages vary, the public seems
to prefer prioritizing relatively younger patients, irrespective of
patients’ severity levels. These results suggest that, when aiming to
better reflect societal preferences in decision making, current
severity operationalizations and decision-making frameworksmay
need to be adjusted for age-related societal preferences.
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