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When QALYs Don't Work 

Quality adjusted life years (QALYs) are a common metric used to measure health 

impacts of diseases and their treatments.  Utility weights are values between zero and one 

that indicate the relative importance or seriousness of health outcomes.    They integrate 

mortality, morbidity, and preferences into a single index number representing the equivalent 

years of perfect health.  For example, a health state with a utility weight of 0.5 indicates that 

two years in that health state is equivalent to one year of perfect health.   

While this idea has the advantage of simplicity, using QALYs as a measure of 

effectiveness in cost-utility analysis can be problematic because such simplicity requires 

unrealistic assumptions about patient preferences.  Because of the assumptions required and 

methods available for constructing utility weights, QALYs often don't work in many situations 

that are relevant for health-care decision making. For example: 

• When utility weights are applied to acute conditions such as a few hours of 
pain, calculated QALY gains often are tiny, although avoiding the acute 
condition may be clearly important to the patients affected. 

• When utility weights are applied to new treatments that involve such 
improvements as dosage, mild side-effects, or convenience, QALY gains also 
often are tiny, although studies indicate patients may strongly prefer the new 
treatment relative to existing alternatives. 

QALYs do not work well in circumstances where QALY assumptions misrepresent 

patients' actual preferences and perceptions.  QALY assumptions are much stronger than 

those generally imposed in utility studies other than health applications.  This paper discusses 

the implications of these assumptions when the underlying utility function actually has a more 

realistic form, proposes an alternative approach based on principles and methods used 

generally in other areas of applied economics, and illustrates this approach using empirical 

estimates for acute respiratory and cardio-vascular symptoms.   

QALY Assumptions 

While QALYs provide a simple, useful method for incorporating quality-of-life 

differences in economic analyses of medical interventions, reducing complex relationships 

among dynamic health states to a single index requires several well-known assumptions 
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(Pliskin, et al., 1980; Drummond, et al., 1997; Bootman, Townsend, and McGhan, 1996).1  

Together, these assumptions allow us to calculate increases in quality-adjusted life-years 

gained as shown in Figure 1.  The intervention changes the lifetime health profile so that the 

patient gains area A quality improvement over the pre-intervention life expectancy of Death 1 

years plus area B for the longevity extension to year Death 2.  Given a set of fixed utility 

weights corresponding to all possible health conditions, calculating the areas A and B is a 

matter of multiplying constants times durations of expected clinical outcomes. 

Figure 1.  Increase in QALYs following an intervention 
 

 

 

 

 

 

 

Unfortunately, the linearity that makes Figure 1 possible is a very strict requirement 

which is inconsistent with economic theory and most observed behavior (Johannesson, 1996).  

The mismatch between QALY assumptions and how patients actually experience ill health 

may lead to incorrect conclusions.  Figure 2 illustrates one possible consequence of QALY 

assumptions.  Although the areas under the two life profiles are the same, most people would 

not regard a short, but happy life as having exactly the same utility as a long, but dull life.  This 

illustration suggests that experienced utility may be rather more complicated than that 

described by a set of constant weights.  Thus experienced utility is likely to include 

preferences for health-care process or context factors as well as be nonlinear in time.  Such 

                                                   
1 These assumptions include mutual utility independence, constant and proportional tradeoffs, and risk neutrality.  
These assumptions result in linear utility functions with constant slopes that provide the utility weights for 
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factors often are important determinants of patient satisfaction related to alternative health-

care interventions.  Some examples include privacy of health-history information, dosage 

frequency for attention-deficit medications, diagnostic information such as genetic testing that 

may not affect therapeutic decisions, and differential convenience of devices such as insulin 

syringes and pens.    

Figure 2.  Two lives with equal QALYs 
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Finally, preferences for various health outcomes and health care process factors are 

likely to vary across patients with different health histories, ages, genders, education, income, 

and caregiving settings.  If such factors are correlated with a set of clinical outcomes, then 

conventional QALY calculations may further distort experienced utility. 

Bias in QALY Estimates  

Figure 3 illustrates how nonlinearity and inclusion of nonclinical utility factors may bias 

QALY calculations.  Starting from a condition of normal health, suppose a patient experiences 

a spell of ill health of duration ?Time.  The corresponding reduction in QALYs is shown by UQ, 

which has constant slope (Utility Weight – 1)/ ?Time.  However, following assumptions 

normally employed in economics, "disutility" curve U1 describes utility as nonlinear.2  ?QALYs 

understate the actual utility loss by (UQALY – Unonlin).  If utility also depends on nonclinical 

factors, as shown by curve U2, then actual utility falls further to Uother.  Finally, if the duration of 

                                                                                                                                                                    
calculating QALYs. 

2 Economists generally assume preferences are subject to the law of diminishing marginal utility.  That means that 
additional units of consumption yield less additional utility than previous units.  In other words, the first cup of 
coffee of the day provides more satisfaction than the tenth cup of coffee the same day. 



General Time Equivalents 

4 

the illness is long enough, UQ crosses U1 and U2.  When UQ is below nonlinear utility, QALYs 

overstate the utility loss of the health condition. 

Note, however, that linear QALYs measure utility losses correctly at durations T1 and 

T2.  This result suggests that bias in QALY measures is in part simply the familiar problem of 

extrapolating outside the range of the data used in estimation.   

 

Figure 3.  Bias in QALY Estimates 

 

A Better QALY 

We can use the basic idea of utility equivalents to construct a much better time-

equivalent measure.  We call this measure "super QALYs" (S-QALYs).  Figure 4 illustrates 

how to construct this general time-equivalent measure.  Ua is the utility of some relative mild 

condition such as a mild case of the common cold and Ub is the utility of a more severe 

condition such as acute bronchitis.  A patient with given personal characteristics experiences 

a loss of utility from Unormal to Uo if the duration of the mild condition is 3 days.  Now suppose 
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Having the serious condition for 3 days reduces utility to U*.  To decrease utility to the same 

level as that experienced with the serious condition, the time spent in the mild condition would 

have to be 10 days.  Thus 3 days in the serious condition has the same utility, or S-QALYs, as 

10 days in the mild reference condition.  That indicates that bronchitis has an average "weight" 

of 0.3 per day, relative to mild respiratory symptoms.  However, this weight is not constant, but 

depends on both the reference health condition and the reference duration.   

 

Figure 4.  Super QALYs 
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Empirical Methods for Measuring Time Equivalents 

Measuring Conventional Utility Weights 

QALYs are intended to measure people's preferences for health over different time 

periods.  Thus it is necessary to survey these preferences systematically.  Three different 

methods have been used to construct the utility weights used to calculate QALYs for both 

general population and patient samples: rating scale, standard gamble, and time tradeoff.  

Most rating or "thermometer" scales ask subjects to rate a specified health state on a scale 

ranging from death to full health.  The results then are normalized to range between 0 and 1 to 

obtain the resulting utility weight.  Although the rating scale is easy to administer, it involves no 

tradeoffs among health states or between health states and time.  Thus it has no utility-

theoretic basis (Louviere, 1988).  In addition, empirical experiments have shown only a loose, 

and highly non-linear, relationship between rating scale utility estimates and utility weights 

derived using time trade-off techniques (O’Leary et al. 1995; Torrance et al., 2001).  

Standard gamble (SG), which is derived from von Neumann and Morgenstern's (1944) 

theory of utility under uncertainty, is a method for eliciting theoretically consistent utility 

weights.  Respondents are asked to choose between a pair of health states A and B.  A 

represents a chronic condition of reduced health.  B is a gamble between full health 

(probability p) or immediate death (probability 1-p).  The probability is varied until the 

respondent is indifferent between health state A and health state B.  This indifference 

probability represents the utility weight for health-state A, subject to the assumptions 

discussed previously.  However, many subjects are not able to reliably manipulate probability 

relations and the SG task itself does not correspond to realistic or familiar evaluation 

problems. In addition, many subjects refuse to accept tradeoffs between mortality risks and 

acute, self-limiting conditions.  

The third commonly used method of measuring theoretically consistent utility weights is 

time tradeoff (TTO).  Subjects are asked to evaluate living the remainder of their life in an 

impaired health state versus living a shorter number of years in full health.  The number of 

years in full health is varied until the respondent is indifferent between the two choices.  The 

utility weight is the ratio between healthy years and impaired years at the point of indifference.  
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TTO appears to be an easier task than SG for subjects, but poses similarly unrealistic choices 

and requires evaluating longevity tradeoffs even when reduced life expectancy is not a 

relevant health outcome. 

Measuring Actual Utility  

Methods for collecting the tradeoff information necessary to specify the illness disutility 

curves in Figure 4 are readily available in the form of well-established conjoint or choice-format 

stated-preference survey techniques. Analysts use conjoint analysis (CA) to quantify 

preferences for a variety of market and nonmarket goods and services.  These include 

medical interventions, pharmaceutical treatments, and environmental health risks (Bryan et al. 

1988; Johnson et al. 2000; Johnson et al. 1998; Johnson and Desvousges 1997; Ryan and 

Hughes 1997; Viscusi, Magat, and Huber 1991; Wittink and Cattin 1989).   

CA recognizes that commodities have value because of their characteristics or 

attributes.  People have preferences for each attribute and are willing to accept tradeoffs 

among them.  CA encourages subjects to explore their preferences for various attribute 

combinations through a series of judgments.  CA uses the observed pattern of answers to the 

series of tradeoff tasks to assess the implicit weights subjects assign to various outcome 

attributes.  CA methods are sufficiently flexible to measure the nonlinearities and incorporate 

both clinical and nonclinical factors that influence perceived health utility. 

Using a choice-format conjoint survey, Johnson et al., (2000) estimated elicited 

nonlinear health utility functions for several acute respiratory and cardio-vascular symptoms 

with durations between 1 and 10 days.  Figure 5 is an example of the choice-format tradeoff 

task used in this study.  Including both cost and duration makes it possible to derive both 

nonlinear time-equivalent and money-equivalent measures of health preferences.   
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Figure 5.  Example of Choice-Format Tradeoff Task 

Category Initial Condition Alternative A Alternative B 

Duration of episode 5 days 1 day  

Symptom 
Shortness of breath and 
swelling in ankles and feet 

Shortness of breath and 
swelling in ankles and feet 

Daily Activities 

• Are in hospital 
 
 
 
 
 
 

 

• Need help caring for 
yourself 

• CANNOT leave your 
house, go to work, go to 
school, do housework, 
or participate in social 
or recreational activities 

• Have SOME physical 
limitations 

• Need help caring for 
yourself 

Your level of 
health as it is 
today. 

 

You do not 
experience this 
episode. 

Additional costs to 
your household 

$0 $300  $500 

  

1 2 3 
Prefer  

Initial Condition 
Prefer  

Alternative A 
Prefer  

Alternative B 
 

 

Please circle a number from 1 to 3 that best reflects your choice if faced with these options. 

 

 

Figure 6 plots disutility curves for three conditions, with maximum duration equal to 10 

days.  The logarithmic specification for duration, chosen based on specification tests, gives 

strongly diminishing increments in utility over durations for these acute symptoms, in contrast 

to QALY assumptions.  
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Figure 6. Empirical Utility Functions for Three Symptom/Activity Limitation Conditions 

 

 

 

 

 

 

 

Table 1 compares some illustrative estimates for a reference duration of 5 days, using 

nasal congestion with no activity restriction as the reference condition.  Conventional linear 

QALYs (actually quality-adjusted life days) shown are derived from the Quality of Well Being 

(QWB) score (Kaplan and Anderson, 1996, et al.) multiplied by 5 days.3  S-QALYs use nasal 

congestion with no activity limitations as the reference condition, while conventional QALYs 

use perfect health.  Nevertheless, the S-QALY reference condition is very close to a QWB 

weight of 1.   

Conventional QALYs range between 2.35 days for 5 hospitalized days to 3.85 for 5 

days of the mildest outcome.  In contrast S-QALYs range between 0.17 days for the most 

severe outcome to 4.5 for the mildest outcome.  As predicted by theory, conventional QALYs 

appear to understate milder conditions and overstate more serious conditions.  They also are 

less sensitive to variations in outcomes.  The worst condition in the table is about 61% 

(2.35/3.85) of the best condition measured in QALYs, but is only about 4% (0.17/4.5) of the 

                                                   
3 The annualized QWB values are equal to the 5-day values multiplied by 5/365. 

Nasal Congestion/ 
No Limitations 

Utility 

0 2 4 6 8 10 
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best condition measured in S-QALYs.  Willingness to pay (WTP) to avoid the best condition is 

about 6% of WTP to avoid the worst condition.     

 

Table 1.  QALYs, S-QALYs and WTP for 5 Days of the Indicated Health Outcome 

Outcomes 

Symptom Activity Restriction 

QALYs* 
(Days) 

S-QALYs§ 
(Days) 

WTP§ 
 for 

improve-
ment to 

best 
outcome 
 (CAN$) 

WTP 
 per QALY 

(CAN$) 

WTP 
per  

S-QALY 
(CAN$) 

Stuffy/runny nose and 
sore throat 

You have some physical 
limitations (trouble bending, 
stooping, or doing vigorous 
activities) 

3.85 4.5 30 26 60 

Stuffy/runny nose and 
sore throat 

You cannot leave your house, go 
to work, go to school, do 
housework, participate in social 
or recreational activities, and you 
have some physical limitations 

2.93 2.4 189 91 73 

Coughing or wheezing 
with fever, chills or 
aching all over 

You cannot leave your house, go 
to work, go to school, do 
housework, participate in social 
or recreational activities, and you 
have some physical limitations 

2.49 1.0 368 147 92 

Coughing or wheezing 
with fever, chills or 
aching all over 

You are in hospital and need help 
caring for yourself (feeding, 
bathing, dressing, toilet) 

2.35 0.17 542 205 112 

* QWB score x 5 days 
§  Calculated from estimates in Johnson et al. (2000). 

Advantages and Disadvantages of S-QALYs 

The strong assumptions underlying conventional QALYs may give decision makers the 

impression that health improvements can be measured with a metric that looks like a ruler.  In 

fact, QALYs function more like shoe sizes than rulers.  Two different shoes that are labeled 

with the same size often do not fit the same foot because feet are complex shapes.  Utility 

functions typically are nonlinear and include multiple factors that describe individual 

preferences over alternative outcomes and processes.  Nevertheless, conventional QALY 

assumptions are attractive because they make empirical estimation easy.  Unfortunately, both 

the theoretical and empirical examples indicate that distortions from QALY assumptions can 

be significant.   
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S-QALYs have significant advantages over conventional time-equivalent measures. 

• Tradeoffs among illness severity and duration depend realistically on patients' 
personal characteristics and their actual experienced utility losses over time. 

• S-QALYs can incorporate factors influencing patient satisfaction other than 
clinical outcomes. 

• S-QALYs can accurately measure utility losses for both acute and chronic 
conditions. 

• S-QALYs do not require subjects to trade off mortality risks when mortality is not 
a realistic disease endpoint. 

Nevertheless, these improvements in validity of time-equivalent measures come at the cost of 

greater complexity.   

• Relative to applying a previously estimated QALY utility weight, estimating  
S-QALYs is far more expensive, complicated, and time consuming. 

• It is no longer possible to use a single utility-weight constant to aggregate time 
equivalents over time and across patients. 

• The reference condition is no longer perfect health, but some mild ill-health 
condition.  While such a condition may be a more realistic comparison, the 
measure loses some of the intuitive appeal of conventional QALYs. 

The additional effort to obtain more accurate measures of patients' actual preferences 

may be justified when QALYs simply don't work.  As we have seen, QALYs don't work when 

their strong, simplifying assumptions neglect important features of the treatment and context 

that are nevertheless important to patients.  QALYs also work poorly when utility weights are 

applied to durations quite different that those used to estimate the weights.  Of course, 

extrapolating outside the range of the data is regarded as inappropriate for other kinds of 

quantitative analysis, but is commonly practiced in health utility analysis. 

Fortunately, the methods used to estimate full, nonlinear health utility functions are 

similar to familiar conjoint methods used in health economics, market research, transportation 

economics, and environmental economics.  The resulting estimates allow us to adjust time 

equivalent measures for all features and context factors that are important to patients, as well 

as the personal characteristics of the patients themselves.  As Gafni and Birch (1995) once 

commented: 
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"When asking the public to assist in determining health priorities, we 

should use techniques that allow people to reveal their true prefer-

ences.  If not, why bother asking them at all? " 
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