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Objectives: The standard quality-adjusted life year (QALY) model (SQM) assumes time–utility independence within constant
health states and additive independence when health varies over time. The validity of SQM has been challenged through
reported violations of these assumptions. An alternative approach that relaxes these assumptions is to assign a single
valuation to an entire health profile: an integral assessment of disease severity over time. Here, we compare SQM with
the annual profile model (APM) and test SQM for additive independence.

Methods: Eighty-two respondents valued 6 episodic conditions, including 4 of short duration, with SQM and APM, using the
time trade-off method. Inter-rater reliability was assessed using intraclass correlation coefficients. Face validity was tested by
asking respondents how well they were able to imagine the health states under SQM and APM. We calculated SQM QALY
values for a 1-year time period, allowing for a direct comparison with APM values. For the short-term conditions we
expected higher QALY values for SQM, violating additive independence.

Results: APM showed higher interrater reliability (intraclass correlation coefficient of 0.53 vs 0.18, respectively) and better
face validity than SQM, with 6% (APM) vs 21% (SQM) of all respondents reporting difficulties. Additive independence of SQM
was violated in 5 of the 6 conditions (including the 4 short duration health states), with higher QALY values under SQM (mean
difference 0.04).

Conclusion: The impact of short-term conditions is systematically underestimated under SQM when compared to a health
profile model. APM is a less restrictive model and demonstrates better validity.

Keywords: methodology, quality-adjusted life-years, short-term diseases, utility measurement.
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Introduction

The quality-adjusted life year (QALY) has become the standard
outcome measure in the economic evaluation of healthcare pro-
grams and interventions. The standard QALY model (SQM) oper-
ates under at least 2 strong assumptions. First, when morbidity
(disease severity) is constant over a time interval, time–utility
independence is assumed, that is, disease duration and the util-
ity of disease severity are assumed to be independent of each
other. SQM is multiplicative for constant health over time (T) and
the utility value (U) of the health state (Q) equals: U(Q, T) =
T3U(Q), hence U(T) = T. This assumption is usually referred to as
mutual utility independence when QALYs are estimated with the
standard gamble method, and as constant proportional trade-off
when the time trade-off method is used.1-3 Second, when health
varies over time, additive independence is assumed, which means
that the utility of a health state in period T1 is independent of the
utility of another health state in period T2.3-6 Additive
us version of this article has been published as part of the thesis: M.F. Janss
of Medicine, University of Amsterdam, Amsterdam, The Netherlands.
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independence, a special form of time-utility independence, im-
plies that QALYs are calculated by adding the utility values of the
different health states over time: U(QA1QB) = U(QA) 1 U(QB). For a
health profile or sequence of health states over time period T,
U(Q1; Q2; .; QT), the number of QALYs according to these
assumptions is denoted by:

UðQ ; TÞ¼
XT

t¼1

UðQtÞ

Figure 1 shows how QALYs are calculated under SQM, for two 5-
day periods of severely poor health (eg, extreme pain, severe
depression or anxiety), in an otherwise healthy year. Assume the
severe health state is assigned a utility value of 0.1. The total
number of QALYs under SQM can be represented by the area
under the curve. Within each health state, the utility values are
multiplied by the time duration (ie, assuming time–utility
independence). Subsequently, the values for the separate health
en, “Sense and Sensitivity of Summary Measures of Health” (2008), PhD Thesis,
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Figure 1. Standard quality-adjusted life year model calculations
for 2 short, severe episodes, each lasting 5 days.

U(Q)

U(Q,T) = (355/365)x1.0 + (10/365)x0.1 = 0.98 QALYs

1

0

0.1

1 yearT

Table 1. The 6 conditions with EQ-5D-5L1C description and
duration.

Condition Annual profile
(days)

EQ-5D-
5L1C

Acute tonsillitis, 1 week 7 123411

Concussion, 2 weeks 14 224313

Migraine, monthly recurrent 1231 124413

Severe depression, 6 months 183 135353

Severe gastrointestinal disorder,
10 days

10 145412

Wrist fracture, 4 months 122 144211
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states are added (ie, assuming additive independence), amounting
to 0.98 QALYs, which is nearly perfect health. It is questionable
whether a patient (or a proxy or clinical expert) will view this year
as nearly perfect health. Examples are epilepsy and recurrent
psychotic episodes, which are regarded as serious conditions that
one would assume to be reflected in its corresponding utility
values. As the 2 assumptions preclude any interaction between
disease severity and disease duration, SQM might lead to an
overestimation of QALYs in such temporary severe conditions; this
in turn questions the validity of SQM for these conditions.
Although there is some evidence that time-utility independence
and additive independence hold at the aggregate level,1-2,7

numerous studies conclude that the assumptions are violated at
both the individual and aggregate level.2,8-19

A health (time) profile approach has been suggested as an
alternative to SQM. This approach obtains direct, integral valua-
tions as a way of relaxing these restrictive assumptions.14,20-23

Although the theoretical superiority of profile models to SQM is
widely acknowledged,5,19-21,23-25 SQM is still the dominant prac-
tice to estimate QALYs, probably because SQM values are easier to
measure and arguably easier to implement into cost-effectiveness
models. After the introduction of the healthy years equivalent
(HYE) method, perhaps the first time profile method published,26

it is remarkable that there has been so little empirical work to
assess the value of profile models in comparison to SQM. To
empirically demonstrate that a profile approach is a valid and
tenable alternative to SQM, 3 criteria need to be met: (1) the
alternative to the QALY model should be at least as robust as SQM
in terms of feasibility and reliability; (2) the new model should
produce systematic differences in outcome values with SQM,
related to expected violations of the SQM assumptions; (3) the
direction of these differences in QALY values can be predicted, that
is, QALY values obtained by the new model are systematically
lower or higher than values obtained by SQM. Earlier we
demonstrated good to excellent feasibility and reliability (criterion
1) of the annual profile model (APM) for a set of 46 disease stages,
of which 36 were episodic.27 In this study, we compare SQM with
APM for 6 episodic diseases, including 4 of short duration. Com-
parisons are made in terms of inter-rater reliability, face validity,
and additive independence of SQM (criterion 2). We hypothesize
that for the 4 short conditions, additive independence does not
hold and SQM values will be higher than the APM values (criterion
3). Based on available evidence, SQM values are also expected to
be higher than APM values for the 2 conditions of longer duration,
but maybe not significantly so.14,16-17,28
Methods

Annual Profile Vignettes

From the available health profile formats, we selected the
annual profile model as reference, taking a 1-year perspective as
time horizon.14,18,26,29,30 We used 6 conditions for the SQM-APM
comparison (see Table 1) of which 4 conditions of short duration
(7-14 days range) and 2 conditions of a longer duration: 4 months
(wrist fracture) and 6 months (severe depression). To capture
substantial and realistic variations in terms of disease severity and
disease duration, the 6 conditions varied in both duration and
severity to represent typical disease courses over time, such as
middle-term (wrist fracture and severe depression), short-term
(acute tonsillitis, concussion, and severe gastrointestinal disor-
der), and chronic recurrent/episodic (migraine) conditions. All
disease and condition information, including information on
duration, was based on empirical evidence.27 The full health state
descriptions are shown in Appendix 1 in Supplemental Materials
found at https://doi.org/10.1016/j.jval.2020.11.021.

For APM, the conditions were represented in the form of
standardized preformatted A4 sized vignettes, which consist of 4
quadrants of information (see Fig. 2): (1) a condition label with a
naturalistic description; (2) a functional description using the EQ-
5D-5L1C, an extended version of the EQ-5D descriptive system;
(3) the course of the condition over a period of 1 year (annual
profile); and (4) a visual representation of the condition. For SQM
the vignettes were similar, except for quadrant III, which by
definition was empty, and for quadrant I, from which information
on duration was removed (see Fig. 2).

Regarding quadrant II, the extended EQ-5D1C consisted of an
extra dimension of cognitive functioning31 and an increase of the
number of levels from 3 to 5.32 Grayscales are used in the EQ-5D-
5L1C to depict the severity of each dimension, with increasing
grayscale (darker) when the severity of the level description of a
dimension increases. Regarding quadrant III, the annual profile is
represented as a calendar, with grayscales depicting the condition
severity corresponding to the EQ-5D-5L1C profile (see Table 1).
The EQ-5D-5L1C description was based primarily on detailed
patient data from 1 large representative GP registration and vali-
dated by a large database (N = 400,912) of GP visits recorded as
part of the second Dutch National Survey of General Practice,33

and additional information from literature and disease specific
handbooks.

Participants and Study Design

Eighty-two participants took part in 1 of 2 panel sessions and a
follow-up postal survey 2 weeks later. All participants were
recruited from the general population and were familiar with

https://doi.org/10.1016/j.jval.2020.11.021


Figure 2. Typical vignettes for SQM and APM.

APM indicates annual profile model; QALY, quality-adjusted life year; SQM, standard QALY model.
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valuing health states with the time trade-off method since they
participated in a previous study using the same valuation proto-
col.27 In the face-to-face panel sessions, guided by a strict protocol,
respondents valued the 6 vignettes with SQM, and in the survey
the same 6 vignettes were valued with APM, in the same order.
Because respondents were familiar with APM from the previous
study, it was decided to have respondents perform the SQM val-
uations in the panel sessions so additional clarification could be
given if necessary. Instructors stimulated deliberation among re-
spondents so that each respondent could arrive at a well-
considered individual valuation. The protocol is described in
more detail in Janssen et al (2008). Participants received a fee of
V60 for full participation (March 2005).

Valuation Procedure

The 6 vignettes were valued with a 1-year version of the time
trade-off (TTO) method. In the TTO, respondents were asked to
trade off a number of healthy days, weeks, or months as of now,
with the maximum of 1 year, to avoid spending time in the health
state being valued. A refined response form was developed that
allowed respondents to form their valuation in 2 steps, the first
approximate and the second more precise (see Fig. 3). Re-
spondents were instructed to consider the 1 year described by the
vignette only and to disregard what could happen after that year.
In SQM, respondents were instructed to imagine that the
condition described by the vignette lasted for the entire time
horizon of the TTO version used (1 year in our case).14,17,34

Analysis

The TTO valuation scores were converted by a linear trans-
formation into a 0-to-1 score. Interrater reliability for both SQM
and APM was assessed by the intraclass correlation coefficient
(ICC, 2-way random effects model, absolute agreement test),
which explicitly takes systematic variability between respondents
(raters) into account. We followed available guidelines for inter-
preting interrater agreement statistics by Cicchetti et al (1981):
,0.40 poor; 0.40–0.59 fair; 0.60–0.79 good; $0.80 excellent.35

QALY values for SQM were estimated by calculating the area un-
der the curve for each of the 6 health states: QALYSQM = 1 – ((1 –

TTOSQM) 3 duration of the health state). TTO values under APM by
definition are integral QALY values in itself: QALYAPM = TTOAPM.
Because of the short duration of the conditions, no discounting for
QALYs under SQM was applied because this would result in
negligible differences.

Face validity was tested for both SQM and APM by asking re-
spondents how well they were able to imagine and value the
health states represented by both models (no trouble, some dif-
ficulties, hard to imagine).

Additive independence was tested by a paired t test on the
individual QALYSQM and QALYAPM values. If these values differ



Figure 3. Time trade-off response form.
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significantly, APM produces systematically different QALY values,
and the assumption of additive independence of SQM is rejected.
Subgroup analysis of additive independence was carried out
excluding any respondents who reported difficulties with the
tasks.
Results

The mean age of the participants was 53.6 years, with 42.7%
being males. Of the 82 respondents who attended the panel ses-
sions, 81 returned the survey.

The interrater reliability intraclass correlation coefficients was
0.18 for SQM and 0.53 for APM, which indicates low reliability for
SQM and acceptable reliability for APM. Face validity was judged
differently: 49% of the respondents had no trouble imagining the
health states under SQM, whereas 63% had no trouble under APM;
21% of the respondents found the health states under SQM hard to
imagine, and 6% under APM.

Table 2 shows the mean TTO values with 95% confidence in-
tervals (CI) for SQM and APM. SQM values range from 0.47 (severe
depression) to 0.84 (wrist fracture) and APM from 0.63 (severe
depression) to 0.98 (acute tonsillitis). Table 3 shows the resulting
QALYSQM and QALYAPM values, with APM showing lower QALY
values for all 6 conditions. An APM/SQM ratio of disability values,
calculated as ([1.0 – QALYAPM]/[1.0 – QALYSQM]), indicates that 52%
of respondents reported 1.5 times more disutility under APM, 44%
report 2 times more disutility, and 14% report 10 times more
disutility.

The test for additive independence showed significant differ-
ences for the 4 short-term conditions in the expected direction
(higher QALY values for SQM), as well as for severe depression,
suggesting interaction (dependence) between time and utility (see
Table 3). For wrist fracture, the assumption of additive indepen-
dence of SQM could not be rejected. Appendix 2 in Supplemental
Materials found at https://doi.org/10.1016/j.jval.2020.11.021 shows
scatter plots for SQM versus APM QALY values for all conditions.
The subgroup analysis excluding the respondents who indicated it
was hard to imagine the health states under SQM or APM resulted
in similar findings, with similar levels of significance and in all but
1 health state with slightly larger mean differences.
Discussion

A head-to-head comparison of the standard QALY model with
an annual profile model showed APM to be more reliable and to
demonstrate better face validity. Additive independence of SQM
was rejected for 5 out of 6 selected conditions. As hypothesized,
SQM produced significantly higher QALY values for conditions of
short duration. The 3 empirical criteria required to establish that
APM is a valid and tenable alternative to SQM were met in these
cases.

Inter-rater reliability for APM was sufficient and comparable
with results reported elsewhere.36 SQM demonstrated very low
inter-rater reliability. One other study using SQM for temporary
health states also reported low reliability.37 Face validity was high
for APM and worse for SQM. The latter might be due to difficulty
in imagining constantly continuing health problems for a year for
conditions such as tonsillitis or migraine. We acknowledge that
different SQM results on face validity might have been obtained if
only generic disease information had been included in the vi-
gnettes. However, since the current generic systems are limited in
covering essential aspects of many conditions, our intention was
to assess health states as realistically as possible, and for this
purpose a condition label and specific information on the condi-
tion adds relevant information in our view.

As hypothesized, SQM produced significantly higher QALY
values than APM in 4 prespecified conditions, which is in accor-
dance with the available evidence.14,16-17,19,28,38 The fact that these
conditions should be considered, according to SQM values, as
almost perfect health (QALY values of 0.987–0.996) seems to
disagree with clinical practice: neither are these conditions
considered clinically as “nearly perfect health”, nor are they left
untreated (revealed preference argument).

Our choice of a 1-year time horizon in particular was based on
practice rather than theory, as it covers most nonchronic condi-
tions and is convenient for being the common standard unit of

https://doi.org/10.1016/j.jval.2020.11.021


Table 2. Mean SQM and APM TTO values (N = 82).

Condition TTOSQM

Mean 95% CI

Acute tonsillitis 0.780 0.725–0.835

Concussion 0.710 0.650–0.770

Migraine 0.610 0.537–0.682

Severe depression 0.467 0.394–0.540

Severe gastrointestinal disorder 0.669 0.605–0.732

Wrist fracture 0.841 0.796–0.886

TTOAPM

Mean 95% CI

Acute tonsillitis, 1 week 0.979 0.965–0.992

Concussion, 2 weeks 0.972 0.962–0.982

Migraine, monthly recurrent,
12 days

0.956 0.943–0.970

Severe depression, 6 months 0.629 0.566–0.693

Severe gastrointestinal disorder,
10 days

0.958 0.943–0.973

Wrist fracture, 4 months 0.944 0.926–0.962

APM indicates annual profile model; CI, confidence interval; QALY, quality-
adjusted life year; SQM, standard QALY model; TTO, time trade-off.
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time in QALYs and in most epidemiologic sources and clinical and
health registries. Moreover, the seminal Global Burden of Disease
initiative uses the disability-adjusted life-year (DALY), which, like
the QALY, is based on a 1-year metric.39 An annual perspective
seems a natural way of looking forward or backward when eval-
uating personal life affairs such as health. One year is a reasonable
evaluation timespan, as can be illustrated by numerous examples
in medicine and beyond where the 1-year perspective is univer-
sally used in prognostic or past performance statements. The case
of this article can similarly made for longer or shorter profiles,
although it remains to be empirically established whether similar
results would be found, especially for longer time profiles where
adaption and life expectancy might impact valuation.

The first formal time profile model published to our knowl-
edge, the HYE method,26 was severely criticized, mainly because
of its 2-stage valuation technique; first a standard gamble, then a
time trade-off on the outcome of the standard gamble.40-43 Criti-
cism did not focus on the groundbreaking concept of the valuation
Table 3. Additive independence: SQM versus APM QALYs* (N = 82).

Condition QALYSQM QAL

Acute tonsillitis, 1 week 0.996 0.

Concussion, 2 weeks 0.989 0.

Migraine, monthly recurrent, 12 days 0.987 0.

Severe depression, 6 months 0.734 0.

Severe gastrointestinal disorder, 10 days 0.991 0.

Wrist fracture, 4 months 0.947 0.

APM indicates annual profile model; CI, confidence interval; QALY, quality-adjusted li
*According to APM, QALYAPM = TTOAPM.
of a health profile over time (until death). Cognitive overload can
be expected when (complex) health profiles over time are valued.
The HYE method, which takes lifetime profiles as its base, is likely
to suffer from this problem.21 In contrast to HYEs, APM is confined
to 1 year, and we adopted a carefully operationalized protocol
(empirical vignette construction, protocolized panel sessions,
refined TTO form), which showed that the cognitive burden of our
method is limited, as we demonstrated high face validity,
acceptable reliability, and good-to-excellent feasibility and reli-
ability in an earlier study.27

There are other methodological approaches specifically
developed for the valuation of temporary and short-term condi-
tions, although these methods do not relax the assumption of
additive independence, including the TTO with specified duration,
the waiting trade-off, and the sleep trade-off.44 The most
commonly used alternative is the experimental chained TTO
procedure.45 Chained TTO uses an anchor state other than death
(which requires a rescaling of the obtained values) and a time
horizon equal to the duration of the episode of the condition being
valued.46 This solves the problem of the unrealistic nature of the
time horizon for short-term conditions when using a 1-year (or
longer) version of TTO. The alternative anchor state aims to in-
crease the sensitivity of the scale for temporary conditions, but it
could introduce bias or error through the rescaling procedure.
More importantly, the chained TTO procedure still does not
address the dependence between time and utility.8,37

Some methodological issues and limitations need to be
addressed. First, APM was tested for only a set of 6 conditions. A
generalization of APM for a larger set of conditions, showing more
variation in both condition duration and severity, is required.
Second, because the APM vignettes were valued in the panel
sessions but the SQM vignettes were valued in the postal survey,
there could have been an effect of mode of administration.
However, all respondents were already familiar with APM, and
because face validity was high for APM, we are confident any bias
arising from using the postal survey would be minimal. There also
could have been ordering effects, both for the ordering of the 6
vignettes and for the ordering of the SQM and APM methods.
Finally, a practical disadvantage of a time profile model is that it
may require a relatively large number of different time-dependent
health profiles to be valued to cover the course of a single disease
or condition with many different disease courses over time. This
criticism was raised by Tsuchiya and Dolan (2005) with regard to
lifetime profiles.20 However, for APM the number of profiles is
likely to be limited, since the time horizon is confined to a single
year. Moreover, when performing a pharmacoeconomic evalua-
tion, the number of time profiles will be limited since there usu-
ally is only 1 disease to be valued with a limited number of
YAPM mean 95% CI mean P

difference difference

979 0.017 0.004–0.030 .011

972 0.017 0.007–0.026 ,.001

956 0.031 0.018–0.044 ,.001

629 0.104 0.046–0.162 ,.001

958 0.033 0.018–0.048 ,.001

944 0.003 20.020 to 0.026 .799

fe year; SQM, standard QALY model; TTO, time trade-off.
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(average) disease courses over time. Note that essentially SQM
faces a similar problem. To capture a single disease course over
time under SQM, many measurement points in time would be
needed to realistically assess the variation of utility over time. If
SQMwould aim for the same “realistic” assessment that APM uses,
SQM, too, needs many (more) profiles and valuations.

Because APM does not require the strict and easily violated SQM
assumptions of time-utility independence and additive indepen-
dence, construct validity of APM is likely to be better.2,8-18 When
shorter time cycles than 1 year are used in economic models, ad-
ditive independence has to be assumed for APM. When using APM
values to calculate QALYs or DALYs for periods longer than 1 year,
time-utility independence is assumed. We argue that APM is a
stronger model than SQM for theoretical reasons, because although
SQM always requires (at least) 2 assumptions (time-utility inde-
pendence and additive independence), APM requires no assump-
tion for the duration of the profile and only 1 assumption for
periods shorter than or exceeding the time horizon of the profile.
Most available evidence (as described above), including the current
study, show that both these assumptions do not hold for SQM.
Whether these assumptions hold for APM under aforementioned
conditions (either shorter or longer time periods than 1 year) re-
mains to be investigated. When health shows variation beyond 1
year, the only way to relax both time-utility independence and
additive independence is to tailor the profile to the duration of the
disease or condition, so that all variations in health status are
captured (eg, for chronic diseases with deteriorating health status a
life expectancy model could be used). Most nonchronic diseases
have their entire disease course over time within 1 year, which
makes APM a superior model for practical reasons for many ap-
plications (eg, economic evaluations of treatments) of most non-
chronic diseases. Finally, APM captures time preference and
sequence effects, and it is also capable of capturing risk awareness
in a realistic manner, by including risk of, for example, disease
occurrence or mortality in the vignette description.

We conclude that APM is a more valid model than SQM, and
SQM underestimates loss of health instead of APM overestimating
the loss of health. To our knowledge, this is the first study that
shows that the impact of short-term diseases is underestimated
with SQM when compared to an elaborate alternative: the annual
profile model. Although most differences in QALY values are not
that large quantitatively, taking, for example, known minimally
important differences into account,47,48 the resulting differences
can be large for public health applications, particularly for high-
prevalence diseases. In burden of disease studies and economic
evaluations involving temporary and episodic conditions, we
therefore recommend the use of health profile methods such as
APM because they bridge the current gap between SQM and
revealed preferences.
Supplemental Material

Supplementary data associated with this article can be found in the
online version at https://doi.org/10.1016/j.jval.2020.11.021.
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