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Abstract

The disability-adjusted life year (DALY) has emerged in the international health policy
lexicon as a new measure of the ‘burden of disease’. We argue that the conceptual and
technical basis for DALY is flawed, and its assumptions and value judgements are open to
sertous question. In particular, the implications of age-weighting and discounting are found
to be unacceptable. Moreover, the proponents of DALYs do not distinguish between the
exercises of measuring the burden of disease and of allocating resources. But the appropri-
ate information sets for the two exercises are quite different, Allocating resources by
aggregate DALY-minimization is shown to be inequitable. © 1997 Elsevier Science B.V.
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1. Introduction

The disability-adjusted life year (DALY) has emerged in the international
“health policy lexicon as a new measure of the “burden of disease’. The conceptual
framework for DALYs is described and justified in a recent paper, *‘Quantifying
the burden of disease: the technical basis for disability-adjusted life years'
(Murray, 1994). Developed as an input into the World Bank's World Development
* Report 1993: Investing in Health, DALY are being used as a tool for policy-mak-
ing in 2 wide range of countries (Bobadilla and Cowley, 1995). According to
some, the DALY concept has *‘the potential to revolutionize the way in which we
measure the impact of disease, how we choose interventions, and how we track the
success or fatlure of our intervention” (Foege, 1994, p. 1705). _

DALYs combine ‘‘time lived with a disability and the time lost due to
premature mortality’* (Murray, 1994, p. 441). Years lost from premature mortality
are estimated with respect to a standard expectation of life at each age. Years lived
with disability are translated into an equivalent time loss by using a set of weights
which reflect reduction in functional capacity, with higher weights corresponding
to a greater reduction. In both cases, time spent in the state is adjusted using a set
of **value choices’* (Murray, 1994, p. 430) which weight time lived at different
ages and at different time periods differently (through age-weighting and discount-
ing, respectively). By definition, DALY are a ‘bad’ which should be minimized. *

DALYs are claimed by Murray to be superior to measures that ignore time
lived with disabilities and consider mortality alone in assessing disease burden,
such as potential years of life lost (PYLL). Further, DALYSs are considered to be
an ‘advance’ over other composite indicators, such as quality-adjusted life years -
(QALYs), because the value choices incorporated in the DALY are made explicit:
*“The black box of the decision-maker’s relative values is then opened for public
scrutiny and influence’ (p. 430). The present paper constitutes a response to
Murray’s invitation to debate the specific values which have been adopted in the
construction of the DALY.

The proponents of DALYs use the metric for at least IWO separate exercises:
(1) the ‘positive’ exercise of measuring the ‘burden of disease; and (2) the

‘normative’ exercise of resource allocation. The burden of disease is simply
measured as the sum of DALY atiributable to premature mortality or morbidity.
For resource allocation, Murray suggests that DALYs be used *‘in conjunction
with the literature on cost-effectiveness of health interventions’’ so as to facilitate
‘‘using estimates of the burden of disease in determining health resource alloca-

? The terminology of disability-adjusted life years can be misleading: more of a ‘life-year’ (even
*adjusted’) should be a "good’, which should be maximized and not minimized. The World Bank and
Murray himself are victim to this terminological confusion (for example, see World Bank, 1993, p. 213
and Murray, 1994, p. 440). .
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tions”” {p. 442). In using DALYs for this purpose, the object is to minimize
aggregate DALY subject to a given budget. "

Murray (1994, p. 429) states: *‘{Tlhe intended use of an indicator of the burden
of disease is critical to its design. At least four objectives are important.

- to aid in setting -health service (both curative and preventive) priorities;

- to aid in setting health research priorities;

- to aid in identifying disadvantaged groups and targeting of health interventions;

-+ to provide a comparable measure of output for intervention, prograrnme and
sector evaluation and planning. :

Not everyone appreciates the ethical dimension of health status indicators....

Nevertheless, the first two objectives listed for measuring the burden of disease

could influence the allocation of resources among individuals, clearly establishing

an ethical dimension to the construction of an indicator of the burden of disease’’

(emphasis added). |

The attractions of applying a universal formula, not only to measure the burden
of ill-health but also to decide how much money should be spent in controlling
which disease, and how much money shouid be spent in doing research on
different diseases, are clear enough. However, we argue in this paper that the
conceptual and technical basis for disability-adjusted life years is flawed, and that
the assumptions and value judgements underlying it are open to serious question.
Our concerns relate to the use of DALYSs for both quantifying the global burden of
disease and allocating resources on the basis of DALY prevented. We shall argue
that the appropriate information sets for the two exercises are quite different.

The ‘burden’ of disease as defined by Murray is a measure of ill-health which
reflects functional limitation and premature mortality, and is adjusted for age, sex
and time of illness. This notion would seem to be closer to the aggregate quantity

-of ill-health than to the *burden’ as commonly understood. Although this may
appear to be a semantic quibble, it has substantive implications. If the goal were
measurement of the actual ‘burden’ of illness, more information would be needed
about the circumstances of individuals who experience ili-health (e.g. the support
provided through public services, private incomes, family and friends) and not just -
their age and sex. Moreover, if the object of public sector resource allocation were
to minimize this ‘burden’ of illness, such considerations would clearly be relevant.
Even if the object were simply 1o measure the quaniity of illness (an exercise that
has some independent value) we argue in this paper that age-weighting and
discounting are inappropriate procedures.

This highlights a more general problcm with the DALY information set. By
‘information set’ we mean the set of variables that is- used to quantify an
individual’s contribution to the burden of disease, > or that may be used for
resource allocation—depending on the exercise at hand. In the DALY framework

? Henceforth we use the term ‘burden of disease’ in Murray's narrow sense of quantity of ill-health,
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the information set used for both these separate exercises is the same, and consists
of age, sex, disability status, and time period. A principle is enunciated of
““treating like health outcomes as like' along these dimensions (p. 431). However, -
it is not at all obvious that one would wish to treat those who are unlike along
some of these dimensions differently. We will argue that, in measuring an
individual’s contribution to the burden of disease, age and time period are
irrelevant distinctions to make.

For the exercise of resource allocation, in contrast to that of measuring the
quantity of ili-health, a further issue concemns the treatment of those who are
different along dimensions not included in the DALY information set. Here the
DALY framework fails to make relevant distinctions between those who are _
unlike along dimensions that are surely important for resource allocation, such as
income and socio-economic status, - - _

Finally, the use of variables that are included in the information set can differ
depending on whether the purpose is measuring the burden of disease or allocating
resources. In the DALY framework, a person with a pre-existing disability, such
as a physical handicap, contributes less to the disease burden (for an illness
independent of her disability) than an able-bodied person. On a cost-effectiveness
basis she will receive lower priority, yet her claim on public resources should be
greater precisely on account of her pre-existing disability. In general, we show that
if the existing DALY information set is used in conjunction with the criterion of
aggregate DALY-minimization, the implications for resource allocation will be
inequitable. '

Qur paper is structured as follows. Section 2 considers the implications of using
DALYs as a measure of disease burden, and assesses each of Murray’s ** value
choices"" in the order in which he presents them. Section 3 turns to the problems
of resource allocation in the health sector based on the DALY framework. Section
4 is in conclusion.

2. Measuring the burden of d.isease: implications of the DALY framework
2.1. What is the burden?

The DALY approach measures the burden of iliness through reduction in
“human function’’ (Murray, 1994, p. 438). The *“multiple dimensions of human
function’” are mapped onto a unidimensional scale between 0 (perfect health) and
1 {(death) along which six discrete disability classes are distinguished. Human
function is represented by ability to perform certain activities of daily living, such
as learning, working, feeding and clothing oneself. The space in which ill-health is
assessed is limitation in these activities rather than, for example, that of pain or
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suffering which would be the relevant categories in a utility-based framework. #
Another space for assessment might be reduction in well-being, 2 notion that is
broader than utility and is captured by general ‘capability to function’ —including
physical functioning. * Of course, there will be utility or well-being consequences
associated with reduction in human function, but these are not the basis for the
DALY metric.

An often-cited advantage of DALYs, and similar composite indicators such as
QALYs, is that they aliow fatal and non-fatal health outcomes to be combined into
a single indicator. A necessary condition for a finite scale which has perfect health
{or quality of life) at one end and death at the other is that the values of all health
states, including death, be bounded. In the DALY scale death differs from
disability merely by reducing human function to nought. While having an indicator
" that corbines states of imperfect health with death is clearly convenient, there is
an obvious information loss in reducing death to éir_nply another health state. Some
will argue that the two events are incommensurable, and that a lexical priority
attaches to life over death. At any rate, this suggests that information about
mortality and morbidity should be presented separately—even if trade-offs were
conceded between the two events. '

DALYs3 attempt to measure the burden of disease in a somewhat narrow sense.
As discussed in Section 1, they represent the quantity of ill-health experienced by
individuals through functional limitation and premature death. The burden that is
measured does not reflect individuals’ differential ability to cope with their
functional limitation. Moreover, burdens which fall on family, friends, and society
at large (e.g. the economic cost of illness) are not included. Only in the use of
unequal age-weights does there appear to be an attempt to capture the indirect
health burden of iliness. We return to the rationale for and ethical implications of
unequal age-weighting in Section 2.3. '

DALYs use standardized maximum life expectancies (80 years for men and
82.5 years for women) which are considerably higher than the levels of life
expectancy currently achieved in developing countries. Using these standardized
life expectancies either in- measuring the global burden of disease or in cost-ef-
fectiveness analysis implicitly assumes that heaith interventions alone are capable
of achieving an increase in life expectancy to these higher levels. It is clear that
many non-health circumstances will also need to change for life expectancy to rise
to the level used in the DALY calculations. These interventions would have to

* A framework based on limitation in physical (or mental) activities would also tend to emphasize
the importance of conditions such as locomotor disability and chronic degenerative disease relative to
" those which do not result in (or exiend beyond) reduction in human function (e.g. depression or
psycho-social stress).
5 The terminology of *'functioning’” was initially proposed by Sen (1985), and is broader than that
associated with health alone. :
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address the socio-economic determinants of health. They would include raising
incomes, increasing female education, improving water supply and sanitation
conditions, improving workplace safety, and reducing accidents and violence.
Hence the burden that is measured by DALYs is the burden of disease and
underdevelopment, and not that of disease alone.

2.2. Standard expectation of life and gender gap

.

To calculate the DALYs from morbidity and premature mortality, a standard
expectation of life at birth of 82.5 years is chosen for women and of 80 years for
men. This gap is considerably smaller than the observed gender gap in life
expectancy in low mortality populations, for example, Japan which has a gender
gap of some 6 years. However, the gender gap of 2.5 years is argued to correspond
purely to the “‘biological difference in survival potential between males and
females™ (Murray, 1994, p. 434), factoring out the effects on life expectancy of
males’ greater cxposure to social and other risk factors. It is, nonetheless an
arbitrary choice. 8 :

The assumed gender gap in life expectancy may have important implications
for the estimation of the disease burden of women relative to that of men. World
Bank (1993, p. 28) estimates that ‘‘[Flemales have about.a 10 percent lower
disease burden per 1,000 popuiation than males for the world as a whole™’. The
smaller the gender gap, ceteris paribus, the smaller will be the female contribution
to the burden of disease relative to the male contribution. If the true biological gap
happens to be greater than 2.5 years, then the calculations in Murray et al. (1994}
and World Bank (1993) will understate the burden of disease of females relative to
that of males.

While DALYs take account of higher female life expectancy in calculating
years lost to premature mortality, the valuation of these years can be sharply
reduced by age-weighting and discounting. As an illustration Table 1 shows the
estimate of time lost, and of its value, from the death of a female and a male
infant, respectively. The female advantage in years lost of 3% is reduced by
age-weighting to 1.5%, and is further reduced by discounting to 0.3% for the
calculation of DALYs. '

® The literature on the ‘biological-genetic’ difference between the sexes acknowledges there to be
signiﬁ'cant disagreement regarding the relative contributions of biological factors and environmental or
" social ones (Waldron, 1983, Holden, 1987, Collins, 1992). Murray’s attempt (Murmray. 1994 p. 434) to
isolate the contribution of biological Factors in longevity is based on the observation of narrowing
gender gaps among higher income quintiles in urban Canada, and a gender difference in the highest
income quintile of 4—5 years. This gup is then projected “forward™, without explanancn o the
assumed gap of 2.5 years. :
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~Table 1
The value of time lost from an infant death
Years Age-weighled DALYS, i.e. age-weighted and discounted
_ lost years lost® {at 3% per annum)} years lost?
Female . 825 8542 32.45
Male 80 &4.14 32.34
Gap 2.5 1.28 0.il
Gap relative 3 1.5 0.3

1o male (%)

*The age-weighting function used in Murray (1994) is f(x) = 0.16243 xe 004«

2.3. Age-weighting and the value of time lived at different ages

Age-weighting assigns a different value to time lived at different ages. Thus in
the construction of a DALY, a year lived at age 2 counts for only 20% of a year
lived at age 25 where the age-weighting function is at a maximum, while that lived
at age 70 counts for 46% of the maximum. In a human capital framework,
ape-weighting might be justified in terms of the differential productivity of an
individual at different stages of his life cycle. This approach allows one to impute
a money value to life and to disability according to the respective (discounted)
income streams foregone. Although it provides a consistent justification for
age-weighting (and for discounting), valuing people’s lives in terms of a money
metric, through their instrumental worth in production, is hard to defend ethically.
Mun'ay (1994) himself explicitly rejects the human capital approach, arguing that

it “‘inadequately reflects human welfare’> (p. 435). 7 What, then, is the basis for
ass:gmng different relative values to years of life lost at different ages?

Murray (1994) views ‘‘unequal age weights as an attempt to capture different
social roles at different ages’’, arguing that *‘[Hligher weights for a year of time at
a particular age does not mean that the time lived at that age is per se more
important to the individual, but that because of social roles the social value of that
time may be greater" (p. 435). He claims that “‘social roles vary with age”
because the ‘‘young, and often the elderly, depend on the rest of society for
physical, emotional and financial support’”” (p. 434). How “‘different roles and
changing levels of dependency with age” (p. 434) are supposed to affect the
burden of illness to the individual is far from clear to us. We take it that unequal

n

7 He also seems 1o suggest an “‘apparent inconsistency in the application of the human capital
‘concept T"—‘even though it would only be logically coasistent’” to **..weight time by other human
attributes that correlate with productivity such as income, education, geographical location or eves, in -
some economies, ethnicity’” (p. 435). There is no inconsistency here, apparent or real, and if the human
capital approach is adopted time should indeed be weighted according to productivity.
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age weights do not constitute a differential intrinsic valuation of years lived at
different ages. Rather, there appears to be an instrumental justification for valuing
the time of people in middle age-groups more highly than that of the young or
elderly. Presumably ill-health among the middle age-groups also has an indirect
effect on the heaith of the young and elderly because the latter depend on the
~ former for care. *

However, if age-weighting is supposed to reflect an instrumental valuation of
peopie’s time, even if solely in terms of its health impact, then a host of other
instrumentalities with heaith impacts will need- to be incorporated. From the
viewpoint of preventing ill-health the *social value’ of time will clearly differ for
different occupation groups in the population. For example, doctors’ and nurses’
time could be argued to be more valuable than that of other professions. More
indirectly, the time of people who have a greater capacity to contribute, through
taxation, to the size of the health budget should be valued more highly. However,
a person’s occupation or tax bracket are not part of the information set used to
calculate DALY, and nor are other (for example, social and economic) factors
which directly and indirectly influence individuals’ health.

Murray (1994) apparently believes that ‘[Ulnequal age weights [also] has broad
intuitive appeal’’, and goes on to state that ‘‘informal polling of tuberculosis
programme managers by the author in an annual training course has revealed that
everyone polled believes that the time lived in the middle age groups shouid be
‘weighted as more important than the extremes’ (p. 435). But what precise
question were his group of programme managers asked? Did it concern an
intrinsic valuation of time lived at different ages or an instrumental valuation?
How do we know that it is not reflecting their view of income levels and
productivity through the life cycle? Were they made aware of the implications of
age-weighting for resource allocation? It is not obvious to us that the author has
properly solicited from his programme managers their value judgements concem-

- ing age-weighting per se.

It is also not at all clear that the programme managers were provided with
(adequate) information about other adjustments made in the DALY formula to life
years lived. It is possible, for instance, that they had in mind different functional
- capacities at different ages, in other words, a higher level of functioning in the
middle age-groups compared with either end. But reduction in ‘human function’

* Note that for the purpose of measuring the burden of disease, higher weights placed on the middle
age-groups according to this instrumental justification will lead to double-counting. Any consequential
health effects should already have been recorded when the burden of disease is measured. On the other
hand, for the purpose of resource allocation, avoiding ill-health for a mother will also avoid the
consequential ill-health of her child. In this case, allocating resources to the mother will generate health
benefits in excess of those that accrue to her alone. Hence for the purpose of resource allocation,
age-weighting rnight be justified by Murray in a way that it cannot be for measuring the burden of
disease.
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will be captured separately and independently through Murray’s disability weights
(see our Section 2.4). Even if function-and age were correlated (and followed the
shape of the age-weighting function), applying age weights on top of disability
weights would amount to penalizing reduced functional capacity twice over.

Murray (1994, p. 436) posits an age-weighting function of the form Cxe F*
where x is age, 8= 0.04, and the normalization constant C = 0.16243. Without
discounting (q.v. Section 2.5), the sum of age-weighted time lived beyond age a,
V(a). is given as

a+L(a)

V(a) = f Cxe #*dx

where L(a) is interpreted differently in the case of morbidity and premature
roortality. In the former, L{a) is the duration of an illness occurring at age a; in
the latter, L{a) is the expectation of life at age a (i.e. the expected years lost from
premature mortality). ° By differentiation with respect to a, it can be shown that

V'(a) = Ce™#{[a + L(a)]e " P42[1 + L(a)] — a}.

In the case of an illness of constant duration, Z{a} will be constant and -Z(a) = 0. '
In this case, V'(a) > 0 whenever a < L/{(e#% — 1). In other words, the value of
time lost from an illness of constant duration will be increasing in the early years
of a person’s life (from age 0) to some maximum. This leads to the inevitable
conclusion within the cost-effectiveness framework that, given a choice between
treating two persons with the same illness and the same cost of treatment, more
DALYs will be prevented if the older person of age L/(e?* ~ 1) is treated rather
than an infant. With the given value of 8 = 0.04 and an iliness lasting 1 vear, i.e.
L=1, maximum DALYs are prevented at age 24.5. These implications of

® Note that the expression V(a) cotresponds to the age-weighted value of the expected time lost at
age a, which assumes that everyone at age a will live exactly L{a) more years. However, the expected
toss is the expected value of age-weighted time lost—which will differ from the above.

“In discussing the loss from premature mortality rather than from illness of constant dusation, the
World Development Report 1993: Investing in Health (World Bank, 1993, p. 213} asserts that *[I]n the
absence of discounting, [therefore,] the greatest loss of DALY [sic] from premature death occurs from
infant deaths'”. This is not correct because the mean age at death, g+ I{g), where IL(a) is the
€xpectation of life at age a, is not constant. According to the Model Life Table West Level 26 that is
used, mean age at death a+ L(a) increases with a. while life expectancy L(a) decreases with a (see
Murray, 1994, Table 1, p. 433). [n other words, we have —1 < L(a} < 0. Applying the formula for
V'(a) in the text to value the time lost from death at age a =0 we have

V'(0) = CL(0)e " ALO1 + £(0)]
> 0 because t + £( &) > 0 for the entire age range.

This shows that the greatest number of DALY's from premature death arises not from infant deaths {at
age o=0) but from death at a higher age. Indeed, undiscounted but age-weighted DALYs wiil
continue 10 increase until age a” given as the solution of

fa* + L(a*))e BY 1+ E(a")]=a".
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age-weighting are thoroughly unacceptable, and we can see no reason for valuing
time lived at different ages differently. A principle of universalism of life claims-
(Anand and Sen, 1994) would argue strongly for a common intrinsic valuation of
human life, regardless of the age at (or time period in) which it is lived.

2.4. Disability weights

In the DALY framework, the effects of illness are captured through six -
disability classes which assign increasing weights associated with the extent of
loss of physical functioning. Murray (1994, p. 439) states that **weights for the six
classes have been chosen by a group of independent experts”. ' As in the case of
age weights, the meaning attached to the different weighting of health states
depends in an important way on the precise question that was asked of these
experts. Their responses would also depend on understanding the use 10 which
such estimates would be put. - '

" In Murray’s formulation, DALYs suffered by individual 7 are a function of
both his life expectancy L; (at age a) and his disability weight D,. Between the
values of D, =0 which represents perfect health and D, =1 which represents
death, six’ discrete disability categories are defined (Murray, 1994, p. 438). The
weights D, may be referred to as ‘uncompensated’ disability weights.

A more appropriate measure of burden must take account of the way in which
individual and social resources can compensate for the level of disability expen-
" enced. The individual’s actual loss of functioning will depend on both his
uncompensated disability state and the factors which affect his capacity to cope
with that disability (given his circumstances). ‘Compensated’ disability wetghts
- would depend inter alia on the individual’s income (for example, whether he can
employ somebody to prepare his meals and provide other assistance with his
activities of daily living), and on the provision of local services to facilitate his
daily activities. The latter might include designated parking, transport services for
the disabled, etc. Compensated disability weights would come closer to reflecting
the true burden of disability as experienced by the individual. The DALY
approach does not distinguish between the quantity of ill-health and the ‘burden’
associated with it. ' ' '

A final question about the construction of disability weights relates to the
manipulations necessary to restrict the maximum disability weight for an individ-
ual to 1. In particular, although DALYs are aggregated across individuals,
problems caused by co-morbidity (an individual experiencing multiple illnesses)

! No information is reported which would allow an assessment of the statistical or scientific basis for
selecting the weights and, thus, of their validity. This same criticism applies to the choice of the
age-weighting function, the estimate of disability duration associated with each disease, and other
" parameters. '
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are not adequately dealt with in the framework, and can lead to an overestimation
of the total disease burden. o :

As they stand Murray’s disability categories do not distinguish functionings
associated with iliness and those associated with age (but no illness). For example,
the most severe disability class (Class 6) involves disability states in which an
individual *‘needs assistance with activities of daily living such as eating, personal
- hygiene or toilet use’’ (Murray, 1994, Table 2, p. 438). Infants are not capable of
feeding themselves: does this imply they are disabled? Do they by virtue of the
functional limitations of their stage of development contribute to the burden of
disease? '* If disability weights are to be usable and consistent, they should be
defined so as to avoid confounding age with disability. -

2.5. Time preference and the discounting of future iife

In the DALY formula, future years of life lived are valued less than present
years. With the recommended 3% discount rate, ' this implies that one life saved
today will be worth more than five lives saved in 55 years. Discounting future
lives in this way would justify many forms of environmental degradation today
which benefit the present generation at the expense of future generations. For
example, the benefit today of economic activities which emit greenhouse gases at
present rates could well outweigh the harm done to future generations from global
warming if future lives are valued at only one-fifth of present lives.

We can see no justification for an estimation of the time lost to illness or death
which depends on when the illness or the calculation occurs. Suppose a person
experiences an iliness today and another person, identical in all respects, experi-
ences an illness of exactly the same description next year. Discounting amounts to
concluding that the quantity of the (same) illness is lower in the latter case. This
does not accord with intuition or even with common use of language.
~ As in the case of age-weighting, a logically consistent defence of discounting
could be provided if the human capital approach to valuing life were adopted. Life
would then be reducibie to a monetary value, and discounting it justified because
of the opportunity cost of money. But Murray (1994) eschews this framework yet
invokes economic cost-benefit arguments to defend **social time preference’ (p.
440). : :

12 Bacause of the disease- and not individual-specific estimation of the disease burden, an individual
can tum out to have a cumulative disability weight greater than 1. While states worse than death might
be possible in some evaluation spaces (pain, suffering, etc.), in the DALY space of physical
functioning this is impossible. '

13 See Section 2.3 above on the confounding of age and disability.

 In choosing a discount rate of 3%, Murray (1994, p. 440) argues that: **This is consistent with the
long-term yield on investments. There is also a precedent in the World Bank Discase Control Prionties
Study that used a 3 percent rate””. Below we argue that the yield on investments has little to do with
discounting health outcomes.
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Because life cannot be reduced to money, the usual arguments for discounting
money do not apply to discounting DALYs. Yet Murray (1994) fails to distinguish
between discounting DALY (or utility) and discounting money (or consumption).
Hence the usual cost-benefit reasons preseénted by him for discounting future
consumption (money) {e.g. by appeal to the marginal utility of consumption falling
with expected future growth of consumption) are irrelevant to discounting utility
or DALYs. Moreover, it is difficult to see how pure time preference in the
discounting of future utility or future DALY can be justified. '

The only defensibie argument for treating future periods differently rests on the
possibility that the world might end. A construction which could accommodate
uncertainty is the minimization of expected (in the statistical sense) undiscounted
DALYs. ' Under this objective function lives in each period are weighted by the
probability that the world will exist in that period. 7 Note that a 3% discount rate
implies a 50% chance that the world will end in 23.4 years. Even a 1% discount
rate implies there is a 50% chance that the world will end in €9.7 years. How
many people would be willing to take an odds-on chance that the world will end
within their, or their children’s, lifetime? We reckon that the discount rate implied
by the probability of the world ending within the planning horizon for DALY

> See Anand and Sen {1994, Appendix A.2) for a critique of pure time preference, ie. the
discounting of future utility or well-being itself. Even if individuals themselves should happen to have
a positive rate of pure time preference, there is no reason for a government to use pure time discounting
in social decision-making. Social decision-making need not necessarily be **welfarist™ (Sen, 1979);
indeed the DALY approach itself is not obviously consistent with individuals” health behaviour—indi-
viduals do not minimize DALYs. In the case of pure time discounting, for example, Harrod (1948, pp.
37-40) argued that *‘On the assumption...that a government is capable of planning what is best for its
subjects, it will pay no attention to pure time preference, a polite expression for rapacity and the
conquest of reason by passion””.

In rejecting pure time discounting, Pigou (1932. pp. 29-30) noted that *“there is wide agreement
that the State should protect the interests of the future in some degree against the effects of our
irrational discounting and of our preference for ourselves over our descendents. The whole movement
for ‘conservation’ in the United States is based on this conviction. It is the clear duty of Government,
which is the rustee for unbom generations as well as for its prasent citizens, to watch over, and, if need
be, by legislative enactmeat, to defend, the exhaustible natural resources of the country from rash and
reckless spoliation." a

A simildr argument against pure time discounting applies in the context of health-sector planning:
since future generations are not here to represent their preferences, the government should act as trustee
in grolectiag their interests—in particular, the value of the life years they will live.

* Of course, strong assumptions would be needed to justify this extension of the DALY-minimiza-
tion criterion. to conditions of uncertainty. Moreover, if the probability of the world ending can be
represented by a Poisson process, the minimization of expected undiscounted DALYs will be
functionally equivalent to as-if-discounting of future lives. But note that this is not the same as valuing
future lives less than present lives.

"7 Incidentalty, if planet Earth were to be struck by a comet, such as Shoemaker-Levy 9, the burden
of iliness would immediately vanish: there would be no people with any iliness.
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calculations is infinitesimally small. For any practical purpose, the assumption of a
zero discount rate is likely to command more assent than even a very small one.

It appears to us that Murray’s positive arguments in support of discounting are
based largely on attempts to avoid some awkward implications of the use of
undiscounted DALYs for cost-effectiveness analysis. The first of these states that
“if health benefits are not discounted, then we may conclude that 100% of
resources should be invesied in any disease eradication plans with {inite costs as
this will eliminate infinite streams of [undiscounted] DALYs which will outweigh
all other health investments that do not result in eradication’’ (p. 440). Quite apart
from whether it is necessary to invest 100% of resources to eradicate diseases, we
fail to see how this statement provides an argument for discounting DALYs. In the -
burden of disease framework it would seem a desirable outcome to eradicate a
disease, for precisely the author’s goal of minimizing aggregate ill-health.

Murray also invokes the so-called ‘‘time paradox’, arguing that if health
benefits are not discounted then *‘one will always choose to put off investing in a
health project until the future” because ‘“...the budget could be invested and yield
a positive return’’ (p. 440). Whether or not any “time paradox”’ arises, ® if
Murray’s concern is that, without discounting, present health outcomes will be
sacrificed in favour of future health outcomes {leading to an undesirable inequality
between generations) then this concern for equity should be incorporated directly
in a temporally neutral way. One way of making the criterion sensitive to
inequality is to express it as a strictly convex, additive function of undiscounted
DALYs

B=33(4;)"

where 4., is the DALYs suffered by individual i at time ¢, and a > 1. The size of
the parameter a will capture the extent of aversion to inter-generationat (and
inter-individual) inequality. ' With « large enough, it will no longer be cost-ef-
fective to defer all expenditure to the future: it will be worth preventing some
 DALYs now if fewer DALY arise in the future.

18 1 fact, the *‘time paradox” is by no means inevitable. Murray assumes that ic will arise as long as
the cetumn o investment of the health budget clsewhere is greater than the increase in the cost per
DALY averted of an intervention. For if the health budget is invested elsewhere with 2 reum which
exceeds the increase in the cost of the intervention, then it will pay to postpone health spending. Note
that this argument rests critically on the further assumption that the stream of DALY in the future will
be the same with or without the current health spending. However, failure to invest in heaith today can
significantly increase DALYs in the future—for example, through failure to immunize against
communicable diseases or to provide nutritional supplemeatation. The cost of eliminating these
additional DALYs may turn out to be larger than the retum to deferring health spending (where the
‘return’ includes any reduction through improved technology in the cost of preventing DALYS). Hence,
one will not **always choose to put off investing in a health project until the future™’. '

19 When o = | there is no concern for inequality and the criterion reduces to aggregate DALY-mini-
mization. : :
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Finally, discounting at 3% in the Murray-World Development Report 1993
framework implies that we should save the life of a 20-year-old person rather than
an infant: more age-weighted and discounted DALYs are prevented in the former
case. But does this accord with general intuition? it is the non-monotonic feature
of Figs. 4 and 5 in Murray (1994, p. 436 and p. 441, respectively) and Box Fig.
1.3 in World Bank (1993, p. 26) which jars with our basic intuitions. Discounting,
which in itself is totally indefensible in the context of lives and life years, can be
shown to compound the problems inherent in age-weighting. Together they
comprise the most unappealing features of the DALY formula.

2.6. Sensitivity -

Much is made in Murray et al. (1994) of the extensive sensitivity analysis
undertaken on the global burden calculations to the various assumptions concern-
ing unequal age weights, discount rate, and disability-class weights. Two points
are relevant here. First, even though changing these parameters may resuit in small
changes to the overall estimates, this does not constitute evidence that’ the
approach is correct. Insensitivity to parameter changes can hardly validate a
formula! This paper has raised various concerns about the ethical underpinnings of
the DALY approach. These concerns are little affected by any lack of sensitivity
of the overall calcufations to particular assumptions.

~ Secondly, although the overall burden of disease calculation may not be very
sensitive to changing crucial parameter values, this in no way indicates that the
‘calculation for individual diseases is not highly sensitive to the underlying
assumptions. Evidence from a recent study of the burden of trachomatous visual
impatrment (Evans and Ranson, 1995) suggests that at the level of specific
diseases the calculations are indeed highly sensitive to several of the assumptions
in the DALY framework, inctuding the discount rate. It is possible that individual
diseases are sensitive in compensating directions, resulting in relative lack of
overall sensitivity.

2.7. Whose values?

There appear to be at least four distinct agents whose values are incorporated in
the DALY -minimization exercise. First, there is a social planner who specifies the
‘exercise (minimizing the burden of ill-health) and who determines the DALY
* function used to measure it. Secondly, there are a number of other agents whose
values are incorporated into the DALY through the parameters of this function: for
age-weighting, TB (tuberculosis) programme managers (perhaps qua individuals);
for disability weights, ‘*a group of independent experts’’; for the discount rate, the
authors of the World Bank Disease, Control Priorities Study (Jamison et al., 1993).
It is entirely arbitrary to appeal to different agents’ values for the different
parameters without prior justification or reasoning. Furthermore, it has to be asked
why the social planner’s objective is to minimize DALYs if individuals them-
selves have different objectives. And if compelling reasons can be provided for the
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social planner to override individual preferences and minimize DALYs, why
should the social planner rely on individual values for choosing DALY parame-
ters? "

Even if it could be argued that individual values should be incorporated in the
choice of parameters, a precondition for doing so is that everyone should agree on
the form of the DALY function-—i.e. share a common definition of ill-health.
Otherwise, the responses to questions asked in determining parameter values (for
example, disability weights or age-weights) will depend on the individual's own
conception of ill-health and on his understanding of the purpose for which the
estimate is intended. When these differ among individuals the responses provided
cannot be compared, let alone averaged.

3. Resource ajlocation based on the DALY framework
3.1. General limitations of cost-effectiveness analysis

There are problems with restricting the framework of health sector analysis and
resource allocation to health interventions alone. Many health sector interventions
have non-health sector retumms, and many non-health sector interventions have
health sector returns. Practical examples are easy to construct. For instance, the
provision of clean water could, apart from reducing morbidity due to diarrhoeal
diseases, also lead to significant economic benefits by reducing the time spent by
women in fetching water from distant sources. Evaluating this intervention solely
from the health perspective will ignore potentially large non-health sector gains. A
non-health sector intervention such as female education, which has been shown to
be important in reducing infant mortality and increasing contraceptive use, will
reduce DALYs. If mothers’ education, or improving water supply and sanitation
conditions, generate a bigger ‘bang-for-a-buck’ than health interventions, then the
health budget should be redirected to the ministry of education; or of public
utilities. A committed DALY -minimizer should in principie be willing to give over
his entire health budget to other ministries! Otherwise, his restricted cost-effective-
ness exercise can lead to a seriousty suboptimal allocation of resources in the

- improvement of health outcomes. :

? It is interesting to note the implications of a simple formulaic approach to allocating health-sector
resources, such as DAL Y-minimization. The most cost-effective way to allocate the health budget may
be to invest it in a rigorous family planning programme so as to reduce the number of people who can
contribute to DALYs. There would be no DALY if there were no people—a misanthropic implication
of the DALY approach! The reverse applies to the meric of QALYs, where a year lived in a state of
perfect health receives a weight of unity while death has a weight of zero. In contrast to DALY, the
criterion of maximizing aggregate QALYs may carry with it the implication of increasing population
size. The elimination of family planning services could in this case both save costs and increase total
QALYs.
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Another weakness of cost-effectiveness analysis is that the framework of
minimizing DALYs subject to a health budget constraint can be used neither to
defend a given budget nor to argue for a different (e.g., larger) one. The
cost-effectiveness expert has no basis for commenting on whether the given
budget is appropriate. He must remain equally content with a budget which is a
half or a tenth the size of his existing budget, since it cannot be compared with
‘effectiveness’ elsewhere. '

3.2. Implicatrions of aggregate DALY-minimization

Using the DALY framework for resource allocation may lead to consequences
that are at odds with principles of equity. This arises from both the information set
that is used in calculating DALYSs and the criterion itself, i.e. aggregate DALY-
minimization. Broadening the information set to take account of equity will
require a substantial re-examination of the DALY -minimization criterion. a

The DALYs prevented by an intervention which extends the life of a disabled
person will be less than those prevented for an able-bodied person. For example, a
treatment which enables a person in a wheelchair to live another year (without
altering the person’s existing disability) prevents fewer DALYSs than the same
treatment given to a perfectly healthy person. This is because, given his existing
disability (weighted, say, at a value of 3), he is permanently suffering half a
DALY each year. Extending his life by a year thus only averts half. a DALY
(assuming an age weight of unity and no discounting), whereas extending the life
of a perfectly able-bodied person averts a whole DALY. 2 From an ethical point
of view it could be forcefully argued that priority should be given to the
disadvantaged person rather than to the perfectly healthy person—exactly the
opposite of what is implied in using the DALY formula for resource allocation
(Anand, 1993).  Similarly, as discussed in Section 2, the age-weighting and
discounting schemes of the DALY approach will have implications for resource
aliocation. They imply preferential treatment of young adults compared with
infants or the elderly, and of present generations over future ones.

4. Ceonclusion

Whether the purpose to whith DALYs are put is measurement of disease
burden or resource allocation in the health sector, our contention in this paper has

2L If the priorities resulting from resource aliocation based on the DALY framework happen to
identify those diseases which, for example, disproportionately affect the poor, this will be by acciderit
and not by design. There is no built-in concem for equity in the DALY -minimization exercise. :

2 See Sen (1973); also Lockwood {1988). : _

3 For example, such an argument can be made by applying Rawls’ Difference Principle in the space
of capabilities. :
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been that the conceptual and technical basis for the metric is flawed. Many of the
principles underlying it are at best unclear, and at worst unjustified. Whilst
recognizing the value of attempting to quantify, by cause, the *‘global burden of
disease’’, the DALY framework needs to be modified fundamentally even for this
limited purpose. More importantly, the purposes of measuring the quantity of
ill-health and of allocating resources must be sharply distinguished—because the
inforrnation sets appropriate to the two exercises, and the use that is made of some
common variables, will be quite different. _

Murray (1994, p. 431) propounds the principle of ‘‘treating like health out-
comes as like’”. In measuring the disease burden, this principle implies that two

_people of the same sex, disability status, age, and time period (the variables in his
information set) are treated similarly. The appeal of any principle of treating like
health outcomes as like must rest on how exactly it characterizes ‘likeness’. The
dimensions used to define likeness wilt depend on the purpose at hand. In
quantifying ill-health, it could indeed be plausibly argued that people of the same
sex and disability status, independent of other characteristics, should be treated
similarly. However, in resource ailocation (or even in measuring the ‘true’ burden
of disease), it is not equitable to treat similarly people of the same sex and
disability status who differ in critical characteristics such as wealth or access to
publicly-provided services. By being blind to varables other than those included
in the DALY information set, the principle lacks cutting power and cannot
possibly provide a **plausible treatment of equity’” (p. 431).

At best the principle of treating like health outcomes as like will be innocuous:
obviously we would wish to treat those of the same sex, disability status, age, and
time period lived, ceteris paribus, similarly. Likewise, ceteris paribus, we would
also wish to treat similarly those who have the same colour of eyes or hair!
However, the principle does not invoke a ceteris paribus clause in characterizing
‘likeness’ along dimensions outside the restricted DALY information set. Hence at
worst, by failing to distinguish relevant differences between individuals (for
example, in their socio-economic circumstances) the principle ceases to be accept-
able.

The principle itself is silent about the treatment of people who are unlike along
the dimensions that it uses to define likeness. But the DALY framework, through
age-weighting and discounting, values life years lived by people of different ages
and generations differently. In measuring the burden of disease or in allocating
resources, we see no reason why a life year lived by a young or old person should
be valued less than that lived by a person in the middle age-groups, or why a life

year lived by someone in the next generation should count for less than that by
a person in this generation.

~ Finally, resource allocation that is based on the criterion of aggregate DALY-
minimization can lead to perverse outcomes. Using the DALY information set the
criterion implies that, all other things equal, for a given iliness episode fewer
resources should be aliocated to a disabled person compared with an able-bodied
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one, or to a young or elderly person compared with one in the middle age-groups.
This is a consequence of using the partlcuiar disability status and age- welghtmg
schemes incorporated in the DALY formula.

In our view, equity must play a central role in public- scctor resource allocation.
This requires giving priority to the claims of the dxsadvantaged—for example, the
poor and the disabled. As we have shown in this paper, the DALY approach either
ignores equity or runs directly coumer to it.
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