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Abstract

The cost-utility techniques of economic evaluation, including the disability-adjusted life years (DALYs), are widely used at pres-

ent for economic evaluation of health programs throughout the world. Although the measures have several advantages, they have

some limitations too. They capture only the effect on health, although a disease can have effects on household income and engender

medical and non-medical expenditures as well. It expresses the value of disease effect in terms of years and hence is not suitable

for conducting economic evaluation because the other variable involved in evaluation is program cost that is always estimated

in money. It also does not consider the opinions of the sick individuals about the effects of disease, which is highly necessary for

computing the subjective variable like utility. More importantly, the amount of GDP loss obtained by using DALY measure is greatly

underestimated if the disease or condition causes less mortality but high morbidity (such as HIV/AIDS). In that case the program

that is undertaken to eliminate a difficult disease or reduce its burden can rarely be justified, because the cost may often exceed the

estimated value of DALYs to be averted by the program. As such, many essential programs will be rejected if the DALY criterion of

evaluation is used. This paper devises an alternative method of computing the three types of effects --- effect on health, on income

and expenditure --- based on the utilitarian approach and expressing the value in terms of utility and money. It also proposes a for-

mula for conducting economic evaluation of a health program. The formula was applied to the selected patients of costly diseases

of a hospital in Bangladesh and it was found that even a very expensive program is fully justified for combating those diseases. The

method was also used to assess the viability of undertaking an HIV/AIDS elimination program. The total value of the disease effects

(VODE) as well as DALYs was calculated for selected patients under the program. A comparison reveals that the program is justified
if it is judged based on VODE and not if judged based on the DALY measure.
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Introduction

A disease can create two broad types of effects on the disease-
afflicted individual and his/her household: effect on the health sta-
tus of the individual, which includes morbidity and mortality, and
on the household economy, which includes income loss and expen-
ditures for health care. Estimation of the effect of disease on health
of the people is needed to assess the health status of the popula-
tion at a point in time as well as to judge the relative burden of dis-
eases, so as to enable the policy makers to prioritize the diseases
for identifying the interventions, given the resource constraints, to
eradicate the diseases. On the other hand, the value of the econom-
ic effects--- income loss and expenditures—shows the economic
benefits of health care and health program. The estimated amount
of economic effects explicates the possible effect of health care on
individual productivity of the sick persons and on GDP and poverty
reduction. The two types of effects constitute the total effect of a
disease and the value of total effects of diseases can more accu-
rately and comprehensively embody the damages caused by them.
More importantly, the value of the total effect is crucially needed,

along with the cost of interventions for eradication of diseases, for
properly conducting an economic evaluation, especially the cost-
benefit analysis, of the interventions. Hence, it is indispensable to

derive an appropriate measure of the total effects of any disease.

Some measures of the disease effects already exist. Among
them, the disability- adjusted life years (DALYs) and the quality-
adjusted life years (QALYs) are the most widely used measures.
Each measure has many advantages. The QALY measure is simple,
and can be used for comparing the interventions yielding different
outcomes. Besides, it is based on the weights of quality of health
ascribed by the sick individual himself and as such it is closer to the
value of utility and the method can be considered as a technique of
cost-utility analysis. The DALY measure is more suitable to be used
for assessing the status of global and regional health, as against the
QALY which is applicable for assessing the effect of a health care
especially that provided at a hospital. However, the two measures
have some shortcomings as well. Each of the two measures can es-
timate only one type of effect of a disease--- that on health, and not
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the other type of effect—that on the economy. Hence, they capture
only one part of the disease burden, although they are widely treat-
ed as the measures of entire disease burden. Second, each measure
obtains the value of disease effect on health in terms of years, ei-
ther lost or gained. On the contrary, the amount of income loss and
expenditures incurred are found in the units of money; so is the
cost of an intervention or program. The sum-total of the two types
of effects cannot be obtained, given the different units of value. As
aresult, those measures cannot obtain the total amount of effect of
disease or the full effect of health care on the sick persons. Hence,
full and appropriate economic evaluation of health care programs
cannot be conducted using those measures.

The main objective of the paper is to derive a measure that can
capture all types of effects of a disease and that can show directly
the money value of the effects as well as the loss of utility caused
by the disease. Section 2 discusses the analytical framework of all
effects of a disease: effect on health, income loss, and expenditure
incurred. The section is derived based on the utilitarian approach
of the classical economics. Section 3 operationalizes the frame-
work and simplifies the measure so as to make it more applicable.
Section 4 shows how the measure can be used for economic evalu-
ation. Section 5 presents the results of case studies and economic
evaluation of an ongoing health program Section 6 summarizes
and concludes.

An analytical framework

As mentioned at the outset, a disease creates several types of ef-
fects on the sick individual as well as to his/her household and the
society at large. The effects are: effect on health, productivity loss,
and medical and non-medical expenditures for healthcare. The last
two types of effects are economic and are easily observable and
measurable in terms of money. The first type of effects refers to
the physical and mental pain, suffering, and disability; it is fully
non-economic in nature and it is difficult to obtain an estimate of
its money value. On the other hand, it is also difficult to separate
the private component from the social component of each type of
disease effects. The private effect includes the effects on the indi-
vidual and his/her household. Besides this, disease inflicted on an
individual also affects the community/society of the sick person.

Given the heterogeneous nature of the disease effects, it is only
the utility (or disutility) which can combine all effects into one
magnitude and properly reflect the total effect of a disease. It is
quite reasonable and realistic to assume that utility of an individ-
ual/household and society depends on health and economic pro-
ductivity of their members. A disease inflicted on an individual re-
duces utility by way of reducing health status (h) and productivity/
income (y). The utility function of a household can be written as:

ou

o1
Mu= u(h.y);a—]; > 0~5 >0
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y includes both labor income and asset income. Medical and
non-medical expenditures (E) can be considered as negative in-
come and thus merged with y. A disease reduces productivity or
labor income and increases expenditure which may be financed out
of both labor income and asset income. Thus, disease affects health
status and all components of income.

The two components of utility, one depending on h and other on
y (and E) are separable, so that Eq. (I) can be written as:

u=u, (h) +u,(y)

where u, (h) is the effect on health and u, (y) is the effect on
income/expenditure (or economic effects). The effects can be sepa-
rately discussed before they are combined to assess the total effect.

Measurement of effect of a disease on health: utilitarian
approach

The utilitarian school of the classical economists admonished,
in contradistinction with Ricardo’s Labor Theory of value, that the
value of a commodity is equal to its total utility. The theory of this
school implies that equilibrium amount of commodity is deter-
mined in the market at the point where total utility is equal to total
expenditure on the commodity. According to Marshall, the founder
of the neoclassical school, the value of a commodity as well as equi-
librium demand is determined at the point where marginal util-
ity is equal to marginal spending (price), and equilibrium output
is determined at the point of equality of demand and supply. The
difference between the two views can be shown in the following
figure. The equilibrium is at a according to the utilitarian view and

at b according to the neoclassical theory.

Figure 1: Consumer’s equilibrium in utilitarian
and neoclassical views.

The equilibrium amount is much lower (q,) in the neoclassical
theory than in the utilitarian view (q,).

The neoclassical argument is consistent with the behavior of a
consumer in the real market situations inasmuch as it enables him

to maximize consumer’s surplus. Marshall propounded the law of
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diminishing marginal utility and derived the downward-sloping
demand curve from the total utility curve, and the marginal utility
curve formed the basis of the downward sloping demand function

obtained by him.

It is well known that the situation in the health sector is differ-
ent from the private sectors. For most goods and services in the
health sector, market does not exist and also should not exist, given
the high externality and public good character of these goods, if
social welfare is to be maximized through optimum use of resourc-
es. When a household receives healthcare for its sick member, its
primary objective is to get as much healthcare as is medically re-
quired and not to maximize consumer’s surplus. It is very likely
that the household is willing, either on its own or with the support
of the society/government, to pay the full amount of money that is
needed to use the required amount of healthcare. As such, for the
required amount of healthcare, its total utility is equal to the total
expenditure incurred and total expenditure can be considered as

the measure of total utility. The equilibrium point is a.

In order to elaborate the process of equilibrium determination
for healthcare in the non-market situation, we assume that utility
of a household is the function of the life years of its members. The
life years (t) of a household member yield utility of health and gen-
erate income to the household which also yields utility. Total util-
ity of the household thus directly depends on income and health
status of its members and indirectly on life years of them. In other
words, a life year t gives income and health status, and income and
health status yield utility to the household. Let us consider the util-
ity of the household from the life years of one of its members. The
member has the expected life span of T years, so thatt=1, 2, .., T.
Total utility (u) of the household from any of its members is the
function of income and health status of the member and both in-
come and health status are the functions of life years, so that u=u
(v,h) and y =y (t) and h=h(t). Hence, u = u (t). Total utility from life

years increases at the decreasing rate.

In the absence of disease, the utility function takes the follow-

ing form
(2) u= At*

where A is a constant and a<1 is the parameter determining the

rate of increase of U. Figure 2 depicts the utility function.

The total utility increases, at least up to T year. The value of T is
determined at the highest life expectancy of population in a society
(say, 80 years). One can argue that, given the retirement year as t¢,
the utility curve will be oabcu, since total net income will remain
constant at t%. But we have to take into account the other deter-
minant of utility: health status (h) of the member. Utility of h in-
creases at the constant rate as t increases, at least up to T, and this

makes the u curve upward- sloping.
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Figure 2: Equilibrium for healthcare.

Now assume that a disease attacks a child in the first year of
his life, seriously threatening his life. If appropriate healthcare is
not used, all of T years of his life will be lost and the u curve will
cease to exist. If the household receives the required amount of
healthcare it will have to incur cT amount of expenditure, as shown
along the expenditure curve. The household is saving T years of life
and getting cT amount of utility along the u curve by spending cT
amount of expenditure. Hence, cT amount of money can be consid-
ered as the total utility of a full life. Once the utility of all life years
is obtained, the utility function can be estimated in the following
manner: first, obtain from household survey or assume a realistic
value ofa; then find the value of A solving Eq. (1) and get the utility
function. Using the estimated u function, it is possible to obtain the
value of utility for any t.

If member of the household is an employed adult, aged more
than 18 years, and a deadly disease occurs to him in t*year, use of
adequate healthcare will save T -t years for him. To show equilib-
rium, we now need to shift the origin from 0 to t* year. The utility
function will be t%kn and expenditure line is t*n. If the amount of
healthcare expenditures for the person is same as that for the child
as mentioned above, the equilibrium is determined at point c. If,
however, the amount of health care expenditure for the adult per-
son is lower, such as shown by the line t* n, then the utility function
is t* k n and equilibrium is at n. It may be noted, however, that the
utility curve can be steeper for the adult than for the child because
disease will cause loss of actual income for him while it will cause
loss of potential income for the child. The household may value ac-
tual income more.

In any case, equilibrium is determined at the point where total
utility is equal to total expenditures for healthcare.

However, in many cases it is likely that for a sick person health-
care and associated expenditures are exogenously determined and
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remain constant for all life years (at constant prices), so that the
amount is same for child, adult and elderly. Then, in Figure 2 the
amount of expenditure is cT for both child and old man, although
the amount of utility obtained by the child is much higher than for
the old man. In those cases some negative amount of what Marshall
called rent will ensue to the old man.

For each member, every household has a utility function like the
U curve in Figure 2.The u curve exists in the absence of disease
to the member. If disease occurs to the member, the household
will lose utility in three ways: loss of utility of health status, loss
of income, and increase in expenditure. It can be assumed that the
amount of utility from t is same for all life years and for all individu-
als, irrespective of age, caste/creed, or status. There should be no
discrimination of the value of health among the people; it is same
for the child and the old, rich and poor, white and black, powerful
and powerless. If b denotes utility of one life year with good health,

then utility function for health is:
(3) u, =bt; b>0

The utility curve will be a straight line passing through the ori-

gin! as shown in Figure 3.

Figure 3: Total utility of health years of an individual.

The total life time of the individual is assumed T years.

For a household with a sick person, the main motive is to obtain
the entire amount of appropriate healthcare needed to save the life
and life years of the sick person, rather than to maximize consum-
er’s surplus. If the person is attacked by a deadly and costly disease
atavery early age, say at age 1, and use of healthcare fully recovers
him and saves 80+ years of his life, the amount of healthcare and
associated expenditures can be considered equal to the value of
utility to be derived from health during life time (T years). If E de-
notes the expenditures incurred to immediately recover from the
disease, then, given the linear utility line, is the amount of
utility of a healthy year.
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Using A, it is possible to calculate the monetary value of the
health effect of a disease. In Figure 1, if the person becomes ill in
year t* and dies instantaneously, the household will lose T-t* years
of life and u = A (T-t*) amount of utility. If the person suffers from t*
to t® years and then fully recovers the loss of life years (LYs) will be

(4.1) LYs=s (tb—ta)

Where s is the parameter showing the severity level of the dis-
ease. s can be measured on a 10- point scale such that s = 0 when
the individual has good health, s = 1 when he is clinically dead and
any intermediate value between 0 to 1 indicates low, moderate and
high levels of severity. The loss of utility (LOU) or health effect of
the disease will be

(4.2) LOU =2ss (t°-t?)

It is also possible that the individual will suffer from t* to t® year
and then die in the tb year so that he will have both morbidity and
mortality. In that case total life years lost will be

(4.3) LYs =s (tb - t*) + (T- t)

The first parenthesized term on the right hand side measures
morbidity component and the second term the mortality compo-

nent of loss of years. The total loss of utility, the effect on health, is:

(4.4) LOU = A's (t° - t2) + A (T- t¥)

Economic effect: loss of productivity

The second component of utility depends on income. The utility
of income function is likely to take the following specific form

u, = Ay*

Where y = income, and A> 1 and a< 1 are parameters. The mar-

ginal utility of money falls as income increases.

Income of an individual/household has in turn two compo-
nents: asset income and labor income. An individual of any age can
have asset income earned through inheritance at the early age and
through both inheritance and past savings in the later ages. Labor
income accrues to the individual only during the middle years of
his life, mostly between 18 years and 65 years. The income pos-

sibility curve is shown in the following diagram.

Between t'® and 0 years, the individual has only asset income
and the amount is usually low. y rises fast after t'® and continues
to increase till t° years due to the addition of labor income to asset
income. Beyond t° year, labor income becomes zero or negligible
and total income falls.

'One can argue that the utility curve u, should start from the point of -1 along the x-axis because the household starts getting utility from the child’s

health from the time when it is conceived in mother’s womb. We are ignoring this aspect related to the intercept of the curve assuming that child’s health

can be considered a part of mother’s health till it is born (period 0).
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Figure 4: Income possibility curve of an individual.

Where t = life years.

The occurrence of a disease affects labor income. The labor
income is the outcome of the individual’s economic productivity
and, hence, loss of labor income can be called loss of productivity.
A disease will cause loss of productivity. There will be productivity
loss during the disease period since the sick person will not be able
to devote his full labor (or any labor) to production. The amount
of this loss will depend on the duration and severity of disease. In
Figure 3 if the person becomes sick at age t* and suffers up to age
t> with the severity level s, then the amount of productivity loss
(LOP) is

(5) (LOP), =ws (t*- )
Where w = annual wage income of the individual.

Second, if the person dies at the age of t°, then his household
will lose all labor income for the period between t® and t*. This pro-
ductivity loss due to mortality will be

(6) (LOP), = w (t -t")

Eq.(7) combines the productivity loss resulting from both mor-
bidity and mortality

(7)LOP==ws (- t)+w (1 -t

It should also be noted that income loss here refers to loss of
both actual and potential income. Therefore, disease of a child also
will cause income loss. In the case of a child’s disease, only the first
component of income loss, the direct productivity loss, will not ap-
ply; the other components will remain almost same. The income
loss equation for the sick child (before 18 years of age) will be

N
(8) (LOP),= W (t-t'%)
N
if the child recovers from the disease before t'%. Here W is the

potential wage rate for the child—the rate that he is expected to
N
earn during his work years. It is assumed here that W is equal
N\

to the current market wage rate and W < w since the disease can
cause some disability even if he recovers. If the child dies before

t'8 years, then
A

(9) (LOP),= W (T-t%)
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Given u, = Ay?, as noted in the beginning of the sub-section, the
loss of utility caused by the disease will be

(10.1) (LOU), = A [wss. (t-t2)]°

for the person who recovers from the disease, and

(10.2) (LOU), = A [ws (t- ) +w (1 )] «

for the person who dies after suffering for some years.

Economic effect: medical and non-medical expenditures

After occurrence of disease to a member, the household has to
incur expenditures to receive healthcare. It has also to spend mon-
ey for traveling to facility, food and lodging of the sick person and
the attendants during stay at or near facility etc. It is plausible to
assume that the amount of expenditures is high in the beginning
of the disease period and it gradually falls over time. It is also very
likely that some expenditure have to be incurred for some more
time after the individual recovers from the episode. In addition,
some expenditure may be financed through borrowing, and ex-
penditures in the form of repayment of loan are incurred for some
more years even after recovery of the sick person.

Figure 4 depicts the behavior of medical and non-medical ex-
penditures (E). It may be noted that the amount of expenditures in-
cludes both the amount incurred by the household and the amount
incurred by the society.

The expenditure can also be considered as negative income.
Before disease, E = 0 and the expenditure line coincides with the
x-axis. After a disease occurs at t?, amount of expenditure is t*E. EE?

line shows the trend of expenditure (as shown in Figure 2).

Total effect of a disease (VODE)

The total effect of a disease, combining health effect, income
loss and expenditures, can be neatly shown in Figure 5.

M y+H

\

o

W

)

Income and Health €|

\m

Health Year

Figure 5: Total effect of disease.

The figure shows all components of disease effects. Y curve
shows the income path in the absence of any disease. Y + H curve

shows the time path of income and money value of health (H) in
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the absence of disease. After occurrence of disease, a large amount
of value will be lost from the Y + H curve. Moreover, there will be a
time path of expenditure, as shown by ij curve below the x-axis. We
assume that disease occurs at ta year along the horizontal axis and
ends at tb. There will be two alternative effects on money value
of health (H), as measured by the vertical distance between Y +
H curve and the Y curve. If there is only morbidity, h will take the
values along the cd curve and the area between ab and cd curves
is the loss of h. Due to morbidity income curve will shift from ef to
gh. The amount of expenditures is shown by the vertical distance
between the horizontal axis and ij curve up to tb and this amount
will be same for morbidity alone and both morbidity and mortality
of the sick person. The same expenditure is also represented by the
i1j1 in the positive quadrant. In order to obtain the total effect of
morbidity, the area between cd and ef curves (the amount of health
that the person possesses during the disease period) is deducted
from the area between ab and i1j1 curves. The net effect of morbid-
ity becomes the area between ab and Kkl curves.

If the person dies, then the mortality effect will be the entire
area between bm and tb T curves. The combined effect of morbid-
ity and mortality will be: aklb + b tb Tm areas. The figure clearly
shows that the magnitude of total effect of a disease is very large,
especially if the person meets death due to disease.

Loss of utility due to disease

All the three effects of a disease can now be combined and the
total loss of utility caused by the disease can be computed. Since
expenditure is negative income and both income and expenditures
are measured on the same scale of money, the co-efficient A and
a of the utility function u= Ay* are same for both. Hence, expen-
ditures can be added to income loss in one function to obtain the
total economic loss. Denote L, as the loss of utility due to effect of
disease on health for the sick person having only morbidity, L,, as
the loss of utility due to the same for the person having both mor-
bidity and mortality, L,, as the utility loss due to economic effect
(loss of income and incurring of expenditures) for morbidity, and
L,, as the utility loss due to economic effect for both morbidity and

mortality. Then, we can write:

L, =As(t"-t),

L,=As. (t°-t) + A (T-t"),
L, =Afws. (t-t)+E*
and

L, =A[ws. (t'-t9) +w(T-t") +E]*

22

Which follow from Equations (4.1), (4.3),(10.1), and (10.2),re-
spectively; the only change made in the above set of equations is
that E has been added in the equations of L,, and L.

Hence, total utility loss for morbidity is:

(11a) L™= L'ln + L’; =As. (- ) + A [ws (£ -t) + E]*
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And that for the sick person having both morbidity and mortality
is:

(11b) L¢ = L’f + L‘; —As (- ) + A (T —t) + A [ws (€ —t7) + w
(T -t) + EJ

Equations (11a) and (11b) measures the total effects of a dis-
ease in terms of utility loss. Both equations have subjective and
objective versions. In the subjective version, the amount of disease
effects can be derived in terms of utility loss. In Eq. (11a), the first
term on the right hand side is the effect on health and is objectively
measurable since the value of u is empirically determined. From
the second component we obtain

If we know the utility of the economic effects of disease and the
value of subjective coefficients A and a, we can obtain the total val-
ue of disease effects (right hand side). Or, if we compute the values
of the terms on the right hand side, which contain the variables and
parameters that are fully objective and more easily observable and
measurable, we can obtain the value of disease effects which cause
the utility loss. The same is also true for Eq. (11b), which can be
written as

4\
(12b) (%j =ws(t® =1y +w(T -1+ E

The variable and parameters in the right hand side are objective

in nature and are easily measurable.

It may be noted that the utility function of health and income/
expenditure, though contain high degree of subjective values, can
be estimated empirically, but it requires a good amount of time and
efforts to do so.

More importantly, that is not necessary to compute the value of
utility to assess the disease effects. We can bypass the complicated
task of measuring utility and obtain the money value of the disease
effects (VODE) by computing the right hand side of the two alterna-
tive equations:

(13) VODE, = As (t" - t7) + ws (t" - t*) +E

Which follows from Egs. (11a) and (12a). The equation mea-
sures the money value of total effect of disease for the morbidity
case. On the other hand,

(14) VODE, =\ s (£ -t%) + A (T- t¥) + ws (t° ~t") + w (T- t?) + E

Which follows from Eqgs.(11b) and (12b). This equation mea-
sures the money value of total effect of a disease when the sick per-
son has both morbidity and mortality.

The following figure clearly exhibits the loss of utility /wellbeing
caused to a household by a disease of its member. Along the x-axis
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life years (t) of the individual and along the y-axis amount of well-
being are shown. The household member is expected to live for T
years. If he never suffers from any disease, the time path of his util-
ity is represented by U_ curve, which corresponds to the y+H curve
in Figure 5. Then, assume that he falls sick at the age of t* and suf-
fers till t%, he will lose labor income and his utility will decline due
to income effect, and the utility curve will become U, curve. The
vertical difference between U_and U, curves shows the utility loss
caused by income effect of the disease. Medical and non-medical
expenditures caused by the disease will further reduce utility, to
the curve U, so that the difference between U, and U, measures
the utility loss caused by the expenditure effect of the disease. Fi-
nally, after deducting the utility loss caused by the effect on health,
we get U, curve. The entire shaded area constitutes the loss of util-
ity due to the disease.

Figure 6: Total loss of well-being caused by a disease.

It may be noted here that the utility loss due to the disease ef-
fects has been shown in this figure in a slightly different way from
that in Figure 5 for the sake of simplicity and better exposition. We
have shown first the effect which endures for a longer period and
then that for a shorter period. Hence, utility loss caused by income
loss is shown first, then the same by expenditure effect is shown,
and finally that by effect on health.

The same curve can be used also to show the loss of utility for
the individual if he dies in t® after suffering for t* -t® period. The
individual then has both morbidity and mortality. The total utility
loss will be the sum- total of the areas ah u,b and b t* T u. The loss
of utility is huge for the death cases.

Operational method of estimating money value of disease

effects

Itis evident from the preceding section that estimation of utility
loss caused by a disease is not very easy, nor is it necessary to ob-
tain the money value of the disease effects because the subjective
value of utility has its objective equivalents. Estimation of money
values of the components of disease effect will yield the money
value of disease effects. At the same time it will give the money
value of utility loss if the values of the coefficients of money (A and
o) are given. It is now possible to derive an operational method of
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estimating the disease effects by way of operationalizing the objec-
tive components of the effects.

As shown in the earlier section, a disease causes utility loss
through three effects: income effect, expenditure effect, and effect
on health. Again, for each type of effect the magnitude of effect of
mortality will be different from that of morbidity.

We define t = health year and t = 1, 2, 3,.......... I B AN o
Jeeeeans ,T, where t = 1 is the year of birth, t* is the year of onset of dis-
ease, t’ is the year when the sick person either fully recovers from
or dies due to the disease, t¢ is the year of retirement from employ-
ment, and T is the year of normal death. The other notations to be
used here can be restated as follows.

Y = Annual income being or to be earned by the sick person in the
absence of disease

M = Annual income accruing to the sick person after disease,
E = Medical and non-medical expenditures for healthcare,

A = Permissible market value of utility of one healthy year,

t* = Year of onset of disease,

t? = Year of recovery or death,

t? - t2 = Duration of disease in years,

t° = Retirement year,

T = Maximum expected life years,
¢ = Year when normal working life begins (18%),

Y¢ = Per capita GDP in ¢,
g = Annual growth rate of GDP,
r = Rate of discount.

We now move to discuss the operationalization method of esti-
mating the of disease effects that have been explained in the earlier
section.

Income loss due to disease

Denote y = annual income that the individual would have earned
in the absence of disease, M = annual income that he will earn (if
any) during the disease periods. For a sick individual who fully re-
covers from the disease in t = t, the present value of productivity
loss (or loss of labor income) estimated at t = t*is

Where r = the rate of discount. Here the disease period is t* to t
and the onset year ta is assumed to be 1 and the recovery year t° is
assumed to be n. Thus the origin of the time path of health is shifted
from the year of birth to the year of onset of disease.

If the sick person suffers from the disease for the t*to t* years
and then dies, the person has both morbidity and mortality. The
present value of productivity loss for him will be:
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In case the sick person is a child (below 18 years), the house-
hold will lose his potential labor income if he dies in childhood.
The potential income loss caused to the household by the child’s
mortality should be considered income loss. The potential income
loss will also occur if the child becomes partly or fully disabled.
Thus, both formulae 15 (a) and 15 (b) will apply to the child dis-
ease case, but the year when income loss will start will be differ-
ent. In the above formulae the starting year is the year of onset of
the disease. But for the child income loss will begin from the year
when he is likely to get a job. The possible amount of his annual
income will depend on the nature and level of his job. One way
of assessing his annual income in future is sum total of average
income in an income quintile weighted by probability of entering
into that quintile. Thus, the expected annual income of the child is

Where y" = expected annual income, P, = probability of get-
ting a job in the i-th income quintile, and ;; i = average income in
the i-th quintile. If the probability is equal in all quintiles, then y*
will be equal to the per capita GDP (;; ). If the real per capita GDP
grows at the rate of g, then the present value of the flow of annual

income for the child (y°) is:

1 2 y;(l +g)

(16) v, = — -
(+r)y ™ = (1+r)

Where ¢ =1 is the year of getting job (18 years), and { =42 is
the year of retirement, and t* is, as in other cases, the age of child
when he becomes sick.

On the right hand side of the equation, the second component
shows the total income, estimated at the price level of # =1 year
(or the year when the child will be 18 years), to be earned by the
child and the first component is the discount factor used to trans-
form the amount of income of year f = 1 (or 18 years) into the

amount of year t*.

If the child dies or becomes greatly disabled due to the disease,
he will lose the entire flow of potential income, as shown by Eq.
(16). The amount is estimated in the year of onset of disease for
the 42 working years starting from 18 to 60 years of the child’s life.
Since ?' is the per capita GDP in year t*, the starting year will be

the current year t* in estimating the present value.

One can argue that an able bodied adult person earns income
and, on the other hand, creates cost for the household and the soci-
ety-- the cost incurred for his living, and in estimating income loss
the amount of cost (C) of living should be deducted from income
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(y)- In that case the net income loss will be much lower. However,
for the present moment we assume that living cost is to be incurred
for all persons, whether able-bodied or disabled and child or adult,
so that it is common for any human being and, hence, can be disre-
garded in the estimation of income loss.

If the disease occurs to an old man, aged 60+ years, there will be
no loss of productivity for him.

Expenditures for healthcare

The household of the sick person as well as the society at large
have to incur medical and some non-medical expenditure to re-
ceive healthcare for him. If the disease continues for several years,
then irrespective of whether he recovers or dies, the present value
of the expenditures (E) will be:

> Et El Ez Eb
= + +...
(7 ;(1“)’ A+ A+’ d+r)’

Where t = 1 when the person becomes sick and t =b when he

recovers or expires.

Loss of utility of health

Three factors determine health effect of a disease: estimated
utility (A) of a healthy year of a person, severity level of the disease,
and duration of disease.

The amount of well-being loss will be different for the case of
mortality from that of morbidity. The amount of loss for morbidity
will be

(18a) H, = As (t*- t7)
And the same for mortality (plus morbidity) will be
(18b) H, =As (t"-t7) + A (T-t")

Where t* is the age of the person at the time of onset of disease,
t* is the age when he recovers or dies, and T is the age of normal
death.

The parameter A denotes the current market value of utility of
health of a sick person. The objective value of the subjective util-
ity can be obtained from observation of the realities in the health-
care market. In Economics the market demand function, which is
actually the willingness to pay schedule of the consumers in a pe-
riod, is very often approximated by the price-quantity relationship
observed in the market in an earlier period. The main reason for
this is that it is usually very difficult to obtain even in a market, let
alone in the absence of the market, the accurate demand function
based on the data on consumers’ willingness to pay. To get a value
of A, it is better to depend on the market data rather than on the
willingness to pay schedule. The total of the highest expenditures
incurred in the current year (t=t*) by the households and/or the
society in a setting (region or country) to receive health care for
the old persons (aged over 60 years) suffering from the deadly dis-
eases can be used as the value of total utility that the households
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wanted to obtain from the recovery of the persons. The underly-
ing conditions of the method are: the patients are old, they suf-
fer from any deadly disease, and among them only the persons for
whom highest medical expenditures have been incurred should be
considered. The condition that the sick persons selected for this
purpose should be aged over 60 years is to ensure that the house-
holds do not have any consideration for the income loss caused
by the disease in making decisions about health care expenditure.
The objective of setting the condition that the patients suffer from
a deadly disease is to clearly obtain the number of life years that
the healthcare to be used is expected to save. The healthcare in this
case will avert mortality and the value of A will represent the util-
ity of life years saved; the process of computation will not include
calculation of the morbidity years, which involves some amount of
ambiguity and subjective judgment of the patients.

It is possible that a large number of persons contract the same
or similar diseases and the households of the patients may spend
different amounts of money to receive healthcare for them. Among
them only the patients for whom the best possible healthcare
has been received should be considered. It is assumed here that
high expenditure is required for the best quality of healthcare in a
competitive market, and that is needed and desired by all of these
households, whether they are able to pay or not. Many households
are not able to pay for the best quality of healthcare and, worse
still, even the amount of total income of many households may be
less than the amount needed for the best possible care. As already
noted, in a competitive market the demand function for a commod-
ity represents the willingness to pay of the buyers backed by their
ability to pay. The equilibrium price is determined at the point of
intersection of the demand and supply functions. The equilibrium
price is the market price even if there is at least one person to pay
that price and other buyers fail to pay that either due to lack of
the necessary amount of desire or sufficient ability to pay. That is
to say, the situation when only a rich household purchases a high
quality healthcare at a very high price and others cannot buy it due
to lack of ability to pay does not debar the price paid from being

the market price?.
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A can be called the permissible value of utility of health and it
differs from the actual utility of health. The underlying idea for
using A is simple. The desire for good health and long life years of
an individual to him as well to his relatives and society is usually
illimitable, and hence the amount of utility of health cannot be
made bounded using any finite number such as per capita GDP. At
the same time, it is also true that utility of health cannot be limitless
in view of the ability of man to pay for attaining or maintaining
good health, even when very high, has a limit. The permissible
value of utility of health is a compromise: it is not as high as the
sky, as is the value of actual utility, and it is not as low as to be
captured by the GDP.

Subtracting the age of a person at onset of the disease from
the expected life years T, we can obtain the number of life years
a household wanted to save. Dividing the total utility by the sum
total of life years saved for all persons considered, we can obtain
the value of A for a healthy year. The value of s and duration of
disease can be obtained based on observation and opinion of the
sick individual or his household.

The effects can now be combined to obtain the total effect of
disease (TED) in terms of money.

If the disease occurs to an adult and it causes only morbidity,
then the value of TED for the sick person is

LY -M & E ,
19)Vi= L Ly r_ 4+ st —1°
(9)Vs= 2 2y )

Which follows from Egs. 15 (a), (17), and (18a).* If the disease
causes both morbidity and mortality to the adult then the value of
TED is

The method is also applicable when the disease causes
morbidity, as it is when there is mortality. However, in the former
case, accuracy of the estimate of A will be somewhat lower.

2The argument can be illustrated by using the following diagram which represents a competitive market situation. The intercept of the supply curve (SS)

is very large due to the high cost of producing a quality healthcare. The equilibrium is at point e. The equilibrium price (Po) is high and equilibrium quan-
y larg g p gaq y q p q p g q q

tity is low--- only one patient household purchases one unit of healthcare. All other households (corresponding to qoq), who demand healthcare, could

not or did not purchase healthcare. Even then, Po is the market price.
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Which follows from Egs. 15 (b), (17), and (18b). For a child, if
disease causes only morbidity before his work age, the value of

TED is
b

E
21) Vs = L4 st -t
(21) Vs ;(Hr)’ (" -1

Which follows from Egs (17) and (18a). If the child dies after
suffering from the disease, the value of TED will be for him:

2 v(+g) s

E —+ st =1+ AT -1")

22)Va= +
22 20+

(A+r) i3 (1+r);

Which follows from Egs. (16), (17), and (18).The first term on
the right hand side has two components. The second component
measures the present value of income in t= t year (possible year
of joining a job), and the first component converts the second

component into the present value in t=t°

If the disease occurs to an old man (aged above 60 years) and it
causes only morbidity, the value of TED is

b

@23)Vs= ) £,

+ A5 -1
2oy

But if the disease causes both morbidity and mortality to the
old man then the value of TED is

b

E
(24) Ve = Z(l ‘

+ A5 -1+ AT —-1")
o (L+r)

In equation (19), the three terms on the right hand side show
the three effects - income, expenditure and health - consecutively.
In Eq. (20), the first two terms show the total effect on income, the
third term the effect on expenditure, and the last two terms the
effect on health. Eq. (21) shows only the effects on expenditure and
health; there is no effect on income if disease causes only morbidity
to a child. In Eq. (22), the first term is the effect on income, the
second term effect on expenditure, and the last two terms effect on
health. Eq. (23) shows only the effects on expenditure and health;
there is no income effect for the old persons. In Eq. (24), the first
term is the effect on expenditure and the last two terms constitute
health effect health.

Eg. (20) is the general form of the equation of disease effects.
All disease effects, both for morbidity and mortality cases, and
for all broad age groups - adult, child and old- can be expressed
through this general equation. This equation fully applies to an
adult individual who dies after suffering from a disease for some
years. If the adult individual recovers from the disease, then the
second and last terms are zero, and the equation takes the form of
Eqg. (19). If the sick person is old and disease causes his death, then
the first two terms in Eq. (20) are zero and it becomes same as Eq.
(24). If the old man recovers from the disease, then the last term
as well as the first two terms is zero and the equation is reduced to

Eq. (23). If the sick person is a child who recovers from the disease

P2 A+7r) z(1+r)f 2
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before the age of entry into job (18 years), then also the first two
terms and the last term in Eq. (20) are zero and it takes the form
of Eq. (21). However, if the child dies due to the disease, then the
first two terms in Eq. (20) are to be replaced by the first term in Eq.
(22), so that Eq. (20) becomes same as Eq. (22).

Once the value V of total disease effects (TED) is obtained using
Eq. (25), the value of the loss of wellbeing (LOW) to the household
and the society can be estimated.

The value of the loss of utility of health is the same as the last
two terms in Eq. (25). In order to estimate the loss of utility due to
income loss and expenditure, we have to use the following equation

a

: Yr_Mf+C Vi

b
1=

Ef
Y (1+7)

t=1 =1

Where the first two terms in the parenthesis show the income
loss and the third term the expenditure. A is the utility coefficient
(amount of utility per unit of money), and a is the exponent
showing the rate of decline in utility as amount of money increases.
Given this, the loss of wellbeing due to the disease is

LOW=L*+ s (t°-t) + (T-t")

or

Money Value of total effects of disease and economic
evaluation of healthcare interventions

In the health sector, especially in its public component, econom-
ic evaluation of an intervention (or of a drug or technique of service
provision) is almost obligatory for assessing the level of its eco-
nomic efficiency. Several techniques have been devised to conduct
economic evaluation of healthcare interventions. In any technique
the main apparatus used is the ratio of the value of total disease ef-
fects averted to the cost of intervention which averts the effects. In
the cost-benefit analysis, the intervention is judged worthwhile if
the estimated ratio is greater than unity; and the higher is the ratio,
the higher is the level of efficiency of the intervention. In the cost-
effectiveness analysis, the same ratio is computed for more than
one intervention and the intervention yielding the higher ratio is
considered best among the interventions.

The value of total disease effects (TED) estimated using the
above method can be used for economic evaluation. Broadly, there
are two types of situations which require economic evaluation:
first, when, as already noted, interventions are undertaken to in-
crease use of healthcare, and second, when under the existing sys-
tem (in the absence of any new intervention) the question arises as
to justification of a high amount of expenditure needed for a person
to combat a deadly disease. The value of TED can be used in both
situations.
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For analyzing efficiency of interventions

The following formula can be used to obtain the evaluation ratio

Where
V = Value of disease effects per unit of cost of intervention,

VEH= Value of effect of disease on health of the sick person (to be
obtained by using Eq.18 b),

LOY = Loss of income caused by disease (to be obtained by using
Eq. 15a or Eq. 15b),

E= Expenditure for healthcare (actual or required in the competi-
tive market situation) (to be obtained by using Eq. 17),

C= Cost of the intervention, and

€ = Efficacy coefficient

The numerator contains the three effects of a disease. The
efficacy coefficient is the parameter showing the extent to
which the intervention can avert the disease effects. The value
of the parameter will vary from o to 1. If the intervention can
fully recover the person instantaneously, then the value of the
parameter is 1; if not, then the value is less. It is very likely that the
value of the parameter will be less than one in most cases because
some amount of health years will be lost in the process of use of
healthcare--- it takes some time for a patient to complete the doses

of drugs and other treatment procedures.

It may be noted that C in the denominator includes the
expenditure for healthcare under the intervention. Evidently,
health care expenditure has two separate entities with respect
to a disease: disease causes it and, on the other hand, it averts
disease. As a result of this duality of its role, it appears both in the

numerator and the denominator (as a component of C).

For assessing justification of healthcare expenditure

Sometimes a person is afflicted with a deadly disease and
huge expenditure is required for his treatment under the existing
system of healthcare provision (there is no new intervention). In
such a situation the question can arise whether the large amount
of expenditure to be incurred for the patient is economically
justified. * The formula to be used to deal with such cases is

€[ Vi +Loy +E]
RNVi=——————— >1
E

The only difference between Eq. (26) and Eq.(27) is that in
the latter C in the denominator has been replaced by E. The two-
way relationship between healthcare expenditure and disease,
as noted above, is shown more explicitly here: E has appeared
twice—once in the numerator as one effect of the disease and in
the denominator as eliminator of the disease.
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The formula shows that even if the amount of healthcare
expenditure is quite high and the patient does not earn any income,
the quality healthcare should be used so long as VEH > 0 and the
value of € is close to unity (that is, healthcare is very effective),
since even in those cases the condition set in the formula will still
be satisfied.

Application of the method

The method was applied on selected patients through case
studies in Bangladesh®. The total effects of diseases on selected
individuals were estimated using the VODE and DALY methods.
Three pairs of patients of cancer were purposively selected from a
reputed private hospital in Dhaka: adult (employed), old, and child.
Two patients in each pair were chosen in a way that they have
almost the same age, disease, duration of disease and household
income; the main difference between the two is that one has died
and the other survived. The purpose was to assess the effect of
mortality on the total effect. In order to clearly obtain the difference
in the value of disease effects, the patients who had to spend alarge
amount of money for healthcare were selected--- the households of
the selected patients were relatively rich. The reason for choosing
the rich patients was to directly assess the market behavior of the
households which have high ability to pay.

The values were calculated in the Bangladeshi currency (Taka).
The study patients reported that during the long period of disease
the level of severity of the disease---- physical and mental pain and
suffering—greatly varied, from very low to very high levels. Given
this, we have assumed the moderate level, s= %, as the average
value. In computing the value of DALYs averted for the death cases,
we have assumed, as in Murray and Lopez [1], the life expectancy
as 80 years and the disability weight for cancer was assumed
0.50, following Solomon., et al. (2015). We have used the simplest
version of the DALY method [2]. The summary of the case studies
is presented below. For the purpose of comparison, the value of

DALYs averted was also computed for each case.

Case 1

One adult person of Pairl became sick at 25 years and recovers
from the disease at 30 years of his age. The severity level of disease
was s = %. He was employed. When he joined the job at age 18,
he earned Tk. 360000 per annum. The annual growth rate of his
income was g = 15% and the rate of discount is r = 5%, so that real
income grew at the net escalation rate e = 10%. In the beginning of
25 years of his age, before the onset of disease, his income became

y1= 701538 Taka. During the disease years, from 25 to 30 years
of his age, he could work only for 50 percent of work time since s
= 1. Hence M1 = % y1, and %ii;g = 2141480 taka (assuming
that y was growing at g = 15%). The household and the govern-

ment (through the public sector health facilities) spent Tk. 50, 000

in each of the five years, so thati a E, ; = 227297 Taka.
P +r

3A large survey has been undertaken to estimate the value of disease effects using the VODE and DALY methods. The survey is yet to be completed. The

results of the survey will be presented in a forthcoming paper.

Citation: Sushil Ranjan Howlader. “A Utility-Theoretic Method of Computing Value of Disease Effects for Economic Evaluation of Health Program". Acta

Scientific Nutritional Health 3.10 (2019): 54-67.



A Utility-Theoretic Method of Computing Value of Disease Effects for Economic Evaluation of Health Program

He had fallen sick in 2008 (when he was 25 years old). In that
year in the whole country three highest amounts of expenditures
for healthcare incurred for three patients, aged 66 years, 70 years
and 75 years were Tr. 1500000, 90000, and 1200000 respectively.
The value of A is then

Each denominator of each term (on r h s) shows the number of
years saved for the patient. Hence, the total loss of wellbeing due
to the disease, following Eq. (19), was *:

V1=2141480 + 227297 + (120690 x %4 x 5) = 2670502 Taka.
On the other hand, the value of DALYs averted was

Value of DALYs averted = (number of days suffered) (disability
weight) (Per capita GDP in 2014)* = (2.5) 83 000 Taka = 207,500
Taka.

Case 2

The other adult person of Pair 1 suffered from 25 to 30 years
of his age and then dies. Other things were more or less same
as in case 1. As shown in Eq. (20), the loss of his income due to
morbidity was 2141480, and the same due to mortality was

> 2185851075 Taka
=" (1+r)l

Where y grows at g = 15% per annum and t_ is the retirement

year, amount of healthcare expenditures was 227297, the loss of
utility due to morbidity was 301725, and the same due to mortal-
ity was 120690 x (80-30) = 6034500. The total wellbeing loss was
V2 =194556077 Taka.

The money value of DALYs averted was (number of days suf-
fered). (disability coefficient). GDP per capita in 2014 = (5. 1/2 +
50).83000 = 4,357,500 Taka.

Case 3

One sick person of Pair 1 was an old man who became sick at 70
and recovered at 75, then, other things remaining as above, the to-
tal wellbeing loss, following Eq. (23), was V3 = 227297 + (120690
x 15 x5) = 2670502 Taka. The value of DALYs averted was (2.5)
83000 =207, 500 Taka.

Case 4

The other old man of the same pair became almost at 70 and
died at 75. Then, following Eq. (24), loss of wellbeing was

V4 =227297 + (120690 x %2 x5) + [120690 x (80-75)] = 1132472
Taka.

In this case, the value of DALYs averted was (2.5 + 5). 83000 =
622,500 Taka.
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Case 5

If the above child dies due to the disease at 15, then, following
Eq. (22), the loss of wellbeing was:

V6=215500000 + 227297 + (120690 x % x5) + 120690 x (80-15)
=215500000 + 227297 + 301725 + 7844850
= 223873872 Taka
The value of DALYs averted was (2.5 + 65). 83000 = 5, 602, 500
Taka.

It is evident from the tables that loss of productivity, actual or
potential, is the largest component of the value of disease effects
(VODE) to the relevant individuals, followed by mortality caused by
the disease. It also clearly appears that the value of the total effect

of disease (VODE) is several times higher than the value of DALYs*.

Discussions and Conclusion

Estimation of the money value of disease effects is extremely
necessary for conducting economic evaluation of a health program
by way of comparing the benefit with the cost of the program. The
popular techniques of economic evaluation such as DALYs and QA-
LYs capture in the measure only the effect of a disease on health
and not the economic effects, and they do not estimate the money
value of even the health effect. The measure described in the paper
(VODE measure) has a number of advantages. The main advantage
is that it captures in one estimate all effects of a disease and, more
importantly, it obtains the money value of all effects of that. The
VODE measure is truly based on the utilitarian approach and can
be appropriately considered as a technique of cost-utility analysis.
The technique requires a small amount of data and it requires data
only on objective variables. Its dependence on the data on subjec-
tive variables such as perception of experts or of consumers is min-
imum. The measure is based on only a few assumptions and none
of the assumptions is too unrealistic. The measure is applicable for
all types of diseases and for age groups of patients. The VODE cap-
tures all the three types of effects: income loss, expenditures, and
effect on health and all using the objective market prices. Use of the
VODE method can obtain the estimate of the loss of utility caused
by the disease, as well.

The method can easily be used for economic evaluation of a
health program and its results are very likely to justify even a
large investment aimed at eradicating or combating the diseases
which contract low number of people and cause low mortality
but high morbidity (such as HIV/AIDs). The DALY method under-
estimates the benefits of a healthcare program and likely to show
the programs, which are found effective and efficient to combat
the disease/condition, as economically nonviable and unaccept-
able, posing serious problems for policy makers and donor agen-
cies to support those. An example is cited here. An HIV prevention

*A variation of the DALY method proposes that program cost should be compared with the amount equal to 3 times per capita GDP (Samuel,, et al. 2009).

However, it is difficult to find a theoretical basis of the suggestion and, hence, not used here.
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intervention was introduced in 1998 in Bangladesh. Even after
implementation of the intervention, the prevalence had increased
among the male injectable drug users (IDUs) in Dhaka city. In this
situation the need for continued implementation of the effective
interventions to combat the threat of the epidemic was felt by the
policy makers. A study was undertaken to estimate the impact of
possible interventions on reduction of harm among the people of
Dhaka who inject drugs, and then conduct the cost - benefit analy-
sis to assess the worthiness of investment in the interventions. Five
alternative scenarios of targets were considered for seven drug-
using client groups [3,4]. Using the DALY method the benefit - cost
ratios of the scenarios were computed. The ratios were marginally
greater than unity for only three scenarios and less than that for
the other two [5]. But experiences in the neighboring countries
including Thailand and India clearly suggested that all scenarios
were very effective and financially viable options for rapidly reduc-
ing the prevalence of the condition. The results of economic evalu-
ation discouraged the funding agencies to support the interven-
tion. A closer analysis revealed that there were three reasons for
the benefit cost -ratios obtained through use of the DALY method
being not quite acceptable: DALY method measures only one effect
of disease; it attaches very high emphasis on mortality - mortality
caused by the HIV/AIDS is low; and expenditure for health care has
been placed in the denominator as a component of program cost,
although it is one of the economic effects of the disease and should
also be put as an item in the numerator. Use of the VODE method
changes implications, mainly because it captures all effects of dis-
ease/condition. Data on productivity loss and expenditures were
not available. Only the health effect of the intervention under dif-
ferent scenarios was computed. It was found that the benefit of
health effect alone is much higher than cost, and the benefit- cost
ratios are greater than those obtained by the DALY method. The
ratios will be several times higher if we can include the value of
economic effects in the benefit of averting the condition.

The VODE measure has certain demerits too. The method of
computing the value of utility coefficient A is less than perfect and
the value severity of disease requires more intensive observation
and information on the perception of the patients over the entire
duration of disease. The perception of the patients is greatly sub-
jective and may not always truly reflect the reality. For the child,
it is necessary to assess the potential annual income and the as-
sessment is to be based on several assumptions which may not be
found entirely true in reality. Furthermore, the life year of a person
yields not only income, as is assumed here and in other measures,
but also generates cost---- cost of his living borne by the household
and the society. Instead of gross income (y), the net income ---in-
come minus cost--- can be considered. In that case the amount of
income loss will be somewhat lower (by about 25 to 30 percent)
[6-43].
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