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Abstract

Incidence rates have long been used to assess the burden of different diseasesin a population, whereas loss
dueto occurrenceof diseasesisstudied using thedeath rates. Death rates however, are based on and therefore
describe, only number of liveslost. There have been two approachesto arrive at the actual lossor gain from a
particular causeviz. Person yearsof lifelost (PYLL) approach and causeelimination lifetable (CELT) approach.
Thisreview cover sthese approaches and the competing risk theory and models focusing on the methodological
developments. A summary of the conceptual and methodological developments on these concepts has also been
presented. Thereareeight possible approachesin dealing with thelossin the presence or gain in the absence of
a particular cause of death depending upon the preferences related to PYLL/CELT approach, modeling/
descriptive approach, considering or without considering competing causes. A close look at the two basic
approachesrevealsthat PYLL and cause elimination arejust different terminologies used to address the same
guantity, lossin thepresenceor gain in theabsence. Asfar asdescriptivevs. modeing approachesareconcerned,
all thedescriptiveprocedurescan beput in theform of modelsand all the modelscan bepresented in adescriptive
way. Regarding results using different models, no practical difference exists in the results based on different
modelsfor competing risks. However, exclusion of the competing risks may result in a considerable biasin the
developing countries where general mortality is relatively higher. This review study suggests freedom in the
selection of amodeling or adescriptiveapproach without any consider ableloss of accuracy but at thesametime
emphasizes the consideration of the competing risks. An empirical study may be recommended to confirm the
conclusions of thisstudy.
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| ntroduction

Thereisaprominent worl dwide geographic and ethnic
varPrevention of cancer is the ultimate goal of any one
directly or indirectly associated with the disease. For the
planning of prevention measures and also for assessing
the priorities however, knowledge of the burden and its
magnitude in relation to other diseases is necessary.
Incidence rates have long been used to assess the burden
of different diseasesin apopulation, whereastheloss due
to the occurance of the diseasesis studied using the death
rates. Death rates however, are based on and therefore
describe, only number of liveslost. They do not deal with
theyearsor economically productive yearsof lifelost due
to the existence of different diseases. This particular
problem with the death rates has given rise to the concept
of loss or gain from a particular cause to facilitate the
study of overall impact of a disease on the population.

There have been two approaches to arrive at the loss or
gain from a particular cause viz. Person years of life lost
(PYLL) approach and cause elimination lifetable (CELT)
approach.

This review covers the concepts of person years of
life lost approach (PYLL), cause elimination life table
(CELT) approach and the competing risk theory and
model s focusing on the methodol ogical developments. A
summary of the conceptual and methodological
developments on these concepts has al so been presented.

Basic approaches

Figure 1 shows a diagrammatic presentation of the
basic approaches in studying loss in the presence or the
gainintheabsence of aparticular disease. Althoughthere
aretwo sub-approachesviz. PYLL and CELT of studying
lossin the presence or the gain in the absence both appear

1Department of Community Medicine, JSSMedical College, Mysore, 2Department of Public Health and Mortality Sudies, International
Institute for Population Sciences, Mumbai, National Cancer Registry Programme (ICMR), Bangalore, India. * For correspondence:
murali_dhar_1966@yahoo.com, mmddhhaarr @yahoo.co.in

Asian Pacific Journal of Cancer Prevention, Vol 9, 2008 797



Murali Dhar et al

Loss or gain from
a particular cause

I
Person years Cause
of lifelost elimination

Y Y

Not considering Considering
competing competing
causes causes
[ ]
Y Y
Modeling Descriptive
approach approach

Figure 1. Flow Chart Showing the Approaches
Adopted in Studying Loss or Gain from a Particular
Cause

to be conceptually similar. However the two deal with
different measures of same problem. PY LL approach deals
with the person years of lifelost or gained whereas cause
elimination approach deals with the loss or gain in the
expectation of life. The studieson both of these approaches
can be further divided in two groups, those taking
competing risks into consideration and those not taking
competing risksinto consideration. It appearsthat thetwo
approaches have been adopted by two different group of
researchers, although, there are some overlaps. By and
large medical researchers have adapted the concept of
productive years of life lost (PYLL) approach (main
emphasis on simplicity in calculation and understanding
on the cost of sacrifice in accuracy). Whereas the
demographers and actuaries have adapted cause
elimination life table (CELT) approach (main emphasis
on accuracy in the estimation of quantity on the cost of
complexity in calculation and understanding).

The origin of the concept of PYLL appearsto bein
1940s when Dempsey (1947) stated “death rates fail to
tell the entire story” to emphasize the public health
importance of tuberculosisin USA even though the death
rate from the disease was on decline. The origin of CELT
approach on the other hand hasa long history compared
to the origin of PYLL. It was in 1761 when Daniel
Bernoulli calculated theincreasein the expectation of life
from elimination of smallpox as a cause of death in the
city of Wraclaw (Hakulinen, 1977). Sincethe devel opment
of these concepts, there has been extensive methodol ogical
as well as empirical work on these two approaches.
Althoughthe CELT approach was devel oped in eighteenth
century, there is no evidence of any work in nineteenth
century. According to Karn (1931), as the statistics on
morbidity, mortality and population had not attained their
present accuracy and extent no presuppositions existed
for wide application of the models. Now since there is

798 Asian Pacific Journal of Cancer Prevention, Vol 9, 2008

improvement in statistics on morbidity and mortality even
in the developing world, there appears a need for the
methodol ogical research on the concept of loss or gain to
prioritize the diseases according to their public health
importance. While doing the same, it is of utmost
importance to have a thorough knowledge of the
developments already taken place.

Before understanding about the application of PYLL
or CELT, it would be necessary to have an understanding
about concept of loss or gain and the various available
procedures for defining the same.

Concept of Loss or Gain from a Particular
Cause

Let us start with the question: What would happen if
we were able to eradicate or eliminate a particular cause
of death? Alternatively, equivalent question is “What is
happening because we have not been able to eradicate or
eliminate a particular cause of death?’. In other words,
the question is“What is the loss to the society due to the
existence of a particular cause of death?’. Alternatively
equivalent questionis*What would have been gain to the
society if aparticular cause of death was non-existent?’.
Subjectively, all these questions are different forms of
same problem. They address towards same quantity of
loss or gain associated with a particular cause of death.
The next few paragraphs deal with the attempts made to
define and estimate the concept of loss or gain from a
particular disease.

One of the simple ways of defining the above could
be that those died from particular cause would not die
and the number of the deaths due to the particular cause
would quantify the loss or the gain in this case. This
quantity may present the most used answer to the above
problem. However, this could be the answer whilejudging
the burden of a disease in terms of death rates. The
underlying assumption for the above simple answer isthat
the persons died due to a particular cause would not have
died at al if the cause under consideration were not
prevalent. But such an assumption might not betenable.
A person born hasto die one or other day. In other words,
immediate effect of discovering away to cure a disease
would be a reduction in the number of deaths by the
number of people now dying from that cause. Within a
short time, however, deaths from other causes may
increase because of universal law of “destruction of any
thing created” and the net long-term effect would be
relatively small (Keyfitz, 1977).

An improvement to the question of defining of loss
and gain could be that those died from a particular cause
would not die at that age but will die at a certain
predetermined age; say 65 years. Now loss or gain can be
calculated by subtracting age at death from 65 years (the
predetermined age at death) and then summing the
differences for all the deaths under consideration. Some
of the earlier studies of estimation of PY LL have adopted
the above concept of using an arbitrary reference age
(Dempsey, 1947; Dickinson and Welker, 1948; Haenszel,
1950). The underlying assumption hereisthat those dying
from particular cause would die exactly at the age of 65



years in case that cause was non-existent. Another
assumption isthat the deaths after the age of 65 dueto the
considered cause do not cause any lossto the society. None
of these assumptions is tenable. The second one is
especialy not tenablein the set up of developing countries
where old people, although not being able to contribute
much physically, are considered as guardian of thefamily
and the moral inspiration to the next generation

A further improved approach for the definition of "loss
or gain" could be that those died from a particular cause
would not die at that age and will live thelife equal to the
expectation of life at that age. Now subtracting the age at
death from the expectation of life at that age and then
summing the differences for all the deaths under
consideration can calculate loss or gain. This type of
estimation procedure has been given by the studiesjudging
the burden of disease through the concept of PYLL using
expectation of life as reference age and some times by
cause elimination life table approach (Murray and Axtell,
1974; Horm and Sondik, 1989). The underlying
assumption hereisthat those dying from particular cause
at certain age would live exactly equal to the expectation
of life at that age in case that cause was non-existent.
Conceptually the assumption seemsto bevery much valid
and tenable. But it may bedifficult to find the expectation
of life of a person in the assumed absence of a particular
cause. Strictly speaking, it may not be possible. Therefore
the expectation of lifeinthe normal situationisused. Some
times alife table with mortality from all the causes other
than the one under consideration have been constructed
and expectations of life from these life tables have been
used (Bonneux et a, 1998). The above procedureis based
on the assumption that while arriving at expectation of
life, that those died from particular cause would not die at
al. Again this is not tenable assumption. Due to these
limitations as afurther refinement the role of the concept
of competing risks was introduced.

A further refinement was that those died from a
particular causewould not die at that age but will diefrom
one of competing causes of death depending on the
strength of various competing causes of death at thetime
of real death. This type of answer has been provided by
the studies judging the burden of disease through the
concept of PYLL or CELT approach considering
competing risks from existing causes of death. Now, the
task is to arrive at the intensity of the risks of different
causes of death in the assumed absence of a particular
cause. There have been broadly two approaches, modeling
approach (Kannisto, 1947; Dorn, 1950; Kimball, 1958;
Chiang, 1961) and empirical approach (Dhar, 1991,
Mackenbach et al; 1997) for the above estimations. In
modeling approach, we make certain assumptions about
behavior of existing causes of death and arrive at the
formula for probability of death from each cause in the
assumed absence of a particular cause. In empirical
approach, Ram and Dhar (1992) arrived at it descriptively
by prorating the deaths due to the considered cause in a
particular age group to the remaining competing causes
of death in the age groups subsequent to that particular
age group. Mackenbach et a (1997) used death certificate
information to estimate the prevalence of competing
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causes of death at the moment of dying from specific
underlying causes of death.

The above approaches attemptsto measure the loss or
gainin termsof years of lifeirrespective of the quality of
life. Portions of life lived in childhood, adulthood or in
old ageare not distinguished and thereforewoul d get same
weight. The way Dempsey (1947) argued that death rate
falstotel theentire story; onemay arguethat even PYLL
or expectation of life lost/gained fails to tell the entire
story, because the years of lifein itself are not important
for the society. In fact, the portion of life, that is active
and productive, is useful and therefore important for the
society. Thinking on thisangle of the problem, researchers
have arrived at various ways of deriving portion of life
that is productive. Some have tried the concept of quality
adjusted life years and some have looked at disability
adjusted life years (Murray and Lopez, 1994; Meltzer et
al, 1998). Some have even used work participation rate
and derived working years of life lost (Dhar, 1991).

Approach of Person YearsLifeLost (PYLL)

The term “potentia years of life lost' has been used
most often to refer to the above term of Person YearsLife
Lost. Dhar (1991) however, introduced the term person
years of life lost. Reason is that former one gives
impression that the years of life lost would have been
useful or productive, if not lost. Thisis not true because
the term potential is not same as active or productive and
the assumption that theyearsof potential lifelost, if saved,
would have been activeishardly tenable (Arcaet a, 1988).

As mentioned earlier, PYLL was developed in the
1940s and '50s, when the conventional mortality rate in
its various formswas being criticized on the grounds that
it was"influenced by therelative stability of the mortality
rates at the older agesand does not permit sufficient weight
to be given to the differences in the mortality at younger
ages (Blane et al, 1990). Dickinson and Welker (1948)
came out with two new measures, namely, ‘lifeyearslost’
and ‘working years lost’ to decide the leading causes of
death. Haenszel (1950) reviewed the publication of
Dickinson and Welker and came out with standardized
rate for mortality defined in units of lost years of life.
These studies defined the PYLL as ‘the total number of
years lost through the failure of individuals to live some
allotted life span and working years|ost asthe proportion
of PYLL falling between the productive ages between 20
and 65’ . Allotted life span has been defined in these studies
as 65 or 75 years of life. Haenszel emphasized the
standardization of lost years of life to facilitate the
comparisons between different areasand timeperiods. He
suggested this standardization in the same manner as
standardized death rates. Thereason for giving advantage
to standardized PY LL wasthat standardized death rateis
influenced by the relative stability of the mortality rates
at the older ages and does not permit sufficient weight to
be given to the differences in the mortality at younger
ages.

Next advancement in the calculation of PYLL isthe
consideration of the theory of competing risks. In this
approach, the expectation of lifeisderived in the assumed
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absence of the cause of death under consideration,
considering the intensity of other competing causes.

After the development in second quarter of the
twentieth century, the concept of PYLL was used
extensively in the fourth quarter . The main reasons for
itsimportance and popularity are:

1. Foremost reason is that PYLL is very smple to
calculate, understand and interpret. Itscal culation requires
asminimum information asjust number of deaths by age.

2. Thisindicator fits well into the category of Social
Indicators and can help health planners define priorities
for the prevention of premature deaths (Romender and
McWhinnie, 1977).

3. Use of PYLL points out that premature deaths are
considerable problem that might be avoided by more
directed health interventions (Glass, 1986).

4. It has advantages over mortality as a measure of
public health significance of a disease (Mettlin, 1988).

5. PYLL datahighlight therelativeimportance of those
causes of death that currently subtract several potential
years of life from individuals in comparison to the more
common causes of death at older ages (Arcaet a, 1988).

Terms similar to or related with the concept of PYLL
Potential years of life lost (Dempsey, 1947)
Life yearslost (Dickinson and Welker, 1948)
Working years lost (Dickinson and Welker, 1948)
Person years of lifelost (Ram and Dhar, 1992)
Working years of life lost (Dhar, 1991)

Applications of the Concept of PYLL

A common application of PYLL isin ascertaining the
burden/impact of a disease (Murray and Axtell, 1974;
Richter, 1979; Castilla et al, 1993; Selik and Chu, 1997,
Obiri et al, 1998) giving higher weight to the premature
mortality and thereby ranking leading causes of death
(Dempsey, 1947; Dickinson and Welker, 1948; Romender
and Mcwhinnie, 1977; Mettlin, 1988; Dhar, 1991) and
leading sites of cancer (Armstrong, 1988; Dhar, 1991;
Murthy et a., 2002). Another common useof PYLL isin
studying the trend in the burden of different causes
(Mettlin, 1989; Tsa et a, 1991; CDC, 1992; Conti et al,
1997). There are studies calculating PYLL to compare
the leading causes of death in different countries (Arcaet
al, 1988; Garcia and Cayolla, 1989). Blane et a (1990)
calculated PYLL to examine British social class
differences in mortality. Kuroishi et al (1990) used the
concept of PYLL to study the effectiveness of ascreening
programme. Yuen et al (1997) calculated standardized
PYLL ratio to study the geographical variation in the
impact of female breast cancer. Krishnamurthy and Dhar
(1991) calculated PYLL due to deaths in childhood in
Mumbai to study the contribution of cancer and other
diseases to premature mortality.

The Cause Elimination Lfe Table (CELT):

This approach deals broadly with the estimation of
effect of elimination of a cause of death. The prevention
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of adiseaseisthe primary goal of one associated with the
health management. The estimation of the effect of
elimination however, is a challenging problem from
biological point of view. Because, the elimination of a
particular disease not only saves years of life thereby
enhancing the expectation of life, also saves money that
is being spent on the diagnostic, treatment and other
aspects of that disease. Studiesdealing with the estimation
of effect of elimination have been limited in the scopeto
the estimation of loss/gain in the expectation of life. This
is probably because of the complexity and difficulties
involved in the estimation of the other effects of
elimination.

Further, it should be clarified that the concept of
elimination of a particular cause of death is purely
hypothetical. In practice, elimination means complete
eradication of the causes of that disease. Generally, causes
of adisease (specially of non-communicabl e diseases) are
not specific to only that disease but also associated with
many other diseases. For example, tobacco consumption,
a significant cause of many cancers, is also associated
with myocardial infarction. Thus in order to eliminate
cancers attributable to tobacco, if we stop tobacco
consumption, not only tobacco related cancer will be
eliminated but also some of incidence and deaths due to
myocardial infarction will get avoided. Thusit is realy
complex and difficult to estimate the complete effect of
the elimination of a particular disease or cause of death.

As discussed earlier, cause elimination is another
approach in addition to PY LL approach for studying the
loss or gain from a particular health problem. PYLL
quantifies the loss/gain in terms of years of life whereas
cause elimination approach quantifies the same thing in
termsof increase/decreasein expectation of life. Therefore
like ordinary expectation of life, the increase or decrease
in expectation of lifeisahypothetical index, itsnot areal
measure. Although both of the approaches have been used
extensively in the last century, the origin of the cause
elimination approach appearsfar earlier than that of PYLL.
There is evidence of this concept being studied as early
as 1761 when Daniel Bernoulli calculated theincreasein
the expectation of life from elimination of smallpox as a
cause of death (Hakulinen, 1977). In the next century
however, thereishardly any evidence of any work onthis
concept. This was due to the fact that the statistics on
morbidity, mortality and population had not attained, even
inthe developed countries, the present accuracy and extent
(Karn, 1931). As the accuracy and extent of data on
incidence and mortality improved in the 20th century, there
have been many studies looking at the impact of partial
or complete elimination of a cause of death on the
expectation of life. Most of the studieshowever, have been
confined to the developed world.

Basic methodology in this approach involves the
construction of two life tables; one, when all the causes
of death are in force and two, when a particular cause of
death isassumed to be eliminated completely or partially.
Differencesin the expectation of lifein two circumstances
are taken to quantify the loss or gain from a particular
cause. The main task has been to estimate the expectation
of lifein the assumed absence of the considered cause of



death. The easiest and common way of estimating this
expectation of life is to subtract the deaths of the
considered cause from total deaths and apply these to
construct a life table. Refinement to this method is the
consideration of competing causes of death in arriving at
expectation of life in the assumed absence of the
considered cause of death. Thus, elimination of one or
more causes of death completely or partially wasthemain
requirement resulting in the devel opment of the theory of
competing risks. Also thisfact along with the availability
of accurate and complete statistics on morbidity and
mortality in the devel oped world induced the devel opment
of many competing risk models. Thetheory of competing
risks and models both have been discussed in detail inthe
following section.

Applications: This concept has been parallel to the
concept of PYLL in application. Although origin of this
concept is dated centuries earlier than that of PYLL, use
of this approach isnot as vast asthat of PYLL. The most
likely reason may bein the conceptual and computational
simplicity attached to PYLL. The common applications
have been in assessing gain in life expectancy after
assumed elimination of a disease (Keyfitz, 1977; Tsa et
al, 1978; Lai and Hardy, 1999), comparing the relative
importance of different causes of death and ranking the
different causes of death in terms of their effect on the
society (Gupta and Rao, 1973; Mackenbach et al, 1999).

Competing risk theory and models

The theory of competing risks can be seenin parallel
to the studies dealing with concept of loss or gain from a
particular disease. Both the approaches of studying loss
or gain, namely, PY L L and cause €limination, needed and
therefore used the concept of theory of competing risks.
Thereforethe origin of theory of competingrisksisasold
as the cause elimination approach. The concept of
competing causes was considered even in the first study
dealing with cause elimination approach in 1761, when
Daniel Bernoulli calculated that if it were possible to
eliminate smallpox as acause of death, the expectation of
life at birth of an individual in the city of Wraclaw
(Germany) would increase from 26 years 7 months to 29
years 7 months.

Thetheory of competing risks originatesfrom the fact
that death is an unavoidable event for any one born. That
is why elimination of a particular cause raises the
probability of death from other causes. Keyfitz (1977)
rightly stated, the immediate effect of discovering away
to cure a disease would be a reduction in the number of
deaths by the number of people now dying from that cause.
Within a short time, however, deaths from other causes
would increase, and the net long-term effect would be
relatively small.

There are various causes of death that an individual
has to fight to continue living. How long an individual
lives, depends on many factors like, his health,
environment, various diseases prevalent, etc. Thistheory
has been most commonly considered whiletrying to study
the impact of elimination of a particular cause on the
population. Hakulinen (1977) putsthetheory of competing
risks thisway; aliving individual has several concurrent
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imaginary lives. Each of these lives is terminated by a
certain (predetermined) cause of death. The length of the
shortest of these lives becomes the real length of the
individua'slifeand corresponding cause of desth becomes
the real cause of death of theindividual. Thus, the theory
of competing risksdealswith the question "what mortality
pattern, a person died from a specific cause, could have
experienced, had the cause under consideration been
eliminated from the population before that person's
death?' Actually, all the theories on competing risks are
based on various imaginations because no one can know
the outcome of animaginary event, i.e., an event that did
not take place.

Probabilities in the theory of competing risks

Crude probability (Qir): Probability of death of an
individua in theith age group from cause R when all the
causes of death arein force.

Net probability[1] (qir): Probability of death of an
individua in the ith age group from cause R if only the
cause R is active in the population .

Net probability[2] (qgi.r): The probability of death of an
individual in the ith age group when the cause R has
been eliminated.

Partial crude probability (Qir.k): Probability of death of
anindividual intheith age group from cause R when cause
K has been eliminated.

Calculation of the crude and net probabilities

The calculation of the crude probability of death from a
specific causeis quite simple because it requires data on
mortality from the cause under consideration when all the
causes are in force. Whereas the calculation of other two
probabilities requires data on mortality on hypothetical
elimination of one or more causes of death. Crude
probability (Qir) of death from a specific cause R for ith
age group can be calculated as following.

Qir=Dir/PFi

Where Dir is the no. of deaths due to cause R among the
people in ith age group and Pi is the average population
in ith age group.

Net probability (qir) of death in ith age group when all
the causes of death except cause R are active, can not be
calcul ated asthey represent the probability of hypothetical
events. However, we can estimate net probabilities using
crude probabilities based on some assumptions about the
behaviour of competing causes of death. There are many
models in the literatue developed on their own
assumptions about the competing causes of death. The
distinction in the models relates mainly to assumption on
which they have been based. Few popular models are as
following.

Popular models in competing risks

As stated above, there are three types of probabilities
in theory of competing risks; crude, partially crude and
net probabilities. The models in the competing risks are
all about speculating the biological behaviour of
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competing causes and estimating the net probabilities.
Models are nothing but mathematical presentation of
various assumptions about some unknown phenomenon
and its application on the problem of interest. In thetheory
of competing risks, assumptions are about the nature/
intensity of competing causes of death in hypothetical
absence of a particular cause of death. There are many
models in the literature dealing with the theory of
competing risks. Let us have alook at some of popular
models dealing with competing risks. For details of the
same, one may refer to respective references.

A common feature of the models is the division of
observation periodinto small timeintervals, presented here
by i. Another common feature is that all deal with the
probabilities defined above; crude, net and partially crude
probability. The main problem with development of
models is calculation of net and partially crude
probabilitiesbased on figuresfor aparticular timeinterval.

General model (Independent risks)

Let there be Rk (k=1, 2, ....., ¢) causes of death
affecting apopulation and | et us assume that these causes
of death are exhaustive. Let us attach a random variable
Xk to each cause of death Rk such that Xk representsfor
each individual thetimeat which Rk would kill him. Now
in case of each individua the shortest of Xk (k = 1, 2,
...... , €) and corresponding cause Rk would be observable.
Each one of the variables Xk does not necessarily haveto
be proper, i.e., each of the causes Rk does not necessarily
have to be capable of killing all the possible individuals.
General model for independent risks is based on the
assumption that the variables X1, X2, ..... , XC are
independent and the net and crude probability functions
have derivatives (Hakulinen, 1977).

Kannisto's model

In order to calculate the consequences of elimination
of a cause of death, Kannisto (1947) presented a model
for the calculation of net probabilities based on crude
probabilities. He derived the model under the assumption
of proportionality of the net and crude probabilities: qik/
gi.k = Qik/Qi.k

Additional assumptionwasthat thevariables (Xk), the
time at which the cause K would kill the person, are
independent, when qgi = gik + qi.k - gik * gi.k
Formula:gik=(1/2) * [qgi - {qi ** 2-4* (i - Qik) * Qik
*qi} ** (1/2)]/ (ai - Qik)

Dorn's model

According to Dorn (1950), the commonest way of
estimating net probabilitieswas by treating the deaths due
to other causes as withdrawals alive. Based on this, Dorn
gave the following formulafor the calculation of net and
partially crude probabilities.
Formula: gik = Qik / [1 —(qi - Qik)/2]

and Qih.k = Qih/ (1-Qik/ 2)

Kimball's model

Kimball’s (1958) model was based on the assumption
that the probability of death from Rh when Rk has been
eliminated equal s the probability of death from Rh given
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that the person does not die from Rk.
Formula: Qih.k = Qih/(1-Qik)
aih = Qih[1-(qi-Qih)]

Chiang’s model

Basic assumption in Chiang's (1961) original model
wastheidentity of the forces of mortality whichisin fact
more general assumption than the assumption of the
independence of thevariables X1, X2, ...... , Xc. However
in 1970, Chiang made the assumption of independence
also for the simplicity of formulae. His second basic
assumption was that the quotients pk(t)/p(t), k = 1, 2,
....... , C, were constant in each interval (where p(t) isthe
force of mortality at time t and pk(t) is the force of
mortality from cause k at timet).
Formulae: qik =1—(1—qi) ** (Qik/qi) Qih.k =[Qih/ (qi
- Qik)][1-(1-qi)** (1-Qik/qi)]

Ratio models

If we assume that Xk and X.k are independent, we
have qi =qik+qi.k+qik* qgi.k

We also have gi = Qik + Qi.k
Therefore the main problem is of dividing the probability
gik * gi.k between the two causes Rk and R.k. Let us
assume that the share of Rk ish* gik * gi.k, (0<h<1),
then we have

Qik =gk —h* qgik * gi.k
and

Qi.k =qi.k—(1-h) * gik * gi.k
Schwartz and L azar (1964) derived thefollowing solutions
of the above equations under assumption that h does not
explicitly depend on the net probabilities [cf Hakulinen,
1977].
gik =[1-h*qi + Qik —{ (1 —h*qgi + Qik) ** 2—4*(1- h)
* Qik} ** (1/2)]/[2* (1-h)]

Various models corresponding to different values of
(2-h)/h are known as ratio models.

Actually, PYLL can be defined as the years of life
that would have been lived by the persons died from a
particular cause in addition to the life already lived by
them had the cause of death under consideration not in
existence. Thus PYLL quantifiestheyearsof lifelost due
to the deaths from a particular cause in a year. While
comparing PYLL for different population or for the same
population over aperiod of time, variousratesin terms of
population have been defined. Mathematically, the PYLL
can be defined as the weighted sum of number of deaths
at each age/age-group. Subtracting the age at death from
a reference age derives weights. Reference age is
considered to be the age that would have been attained by
the person died had the cause of death not in existence.
Thereare studies having used afixed reference agefor al
the deaths. On the other hand, there are al so studies having
used varying reference age for the deathsin different age
groups. There are many approaches in deciding the
reference age. Some have used 65 or 75 years and some
others have used expectation of life at birth as the fixed
reference ages. On the other hand in varying reference
age approach, most of times, expectation of life



corresponding to the age at death, so called local life
expectancy (Barendregt et al, 1995), has been taken as
reference age. To arrive at the expectation of life, some
timesall deaths have been used and sometimesall desaths
minus particular cause deaths have been utilized in their
place.

In addition to the above classical models, there are a
few more approaches in arriving at net probabilities.
Hakulinen (1977) suggested a product limit estimator.
However, thisis applicable only when the exact order of
events is known, a condition usually satisfied only with
relatively small populations. In applications concerning
human data, however, observations are grouped and
therefore PL estimators are not applicable. Dhar (1991)
proposed a descriptive procedure by prorating the deaths
from the considered cause to the higher age groups
according to the intensity of other causes of death. The
basi c assumption wasthat risk of death from other causes
would be samefor those who died or did not die from the
considered cause.

Summary

The methodological devel opmentsdiscussed abovein
this article deal with the measurement of theloss or gain
from a particular disease. It may be stressed that the
concept of elimination of a particular cause of death is
purely hypothetical. In practice, diseases like cancer can
be eliminated completely. Another aspect worth mention
is the difference between the effect of the elimination
estimated and the actual effects experienced. Effectswill
be multi-dimensional; increase in the person years lived,
decreasein person yearslived with disease (disableyears),
saving of the finance spent on the management and also
effects on etiologically associated diseases.

The studies discussed above dealt with estimation of
only one component of lossor gain from aparticul ar cause;
i.e., in terms of the years of life lived by the population.
Other aspects have by and large eluded researchers
attention, due to the complexity involved. In fact, there
have been some attempts to adjust for disability in the
form of disability adjusted life years (DALY) (Murray
and Lopez, 1994). However, there have been many
criticisms of the methods (Barendregt et al, 1995; Anand
and Hanson, 1997; WHO, 1996) especially immediately
after its development. Moreover, DALY has two
components; years of life lost (YLL) and years of life
with disability (YLD) and in the estimation of YLL, non-
consideration of competing causes may be a concern in
case of developing countries where general mortality is
relatively high (Hakulinen and Teppo, 1976). Also the
estimation of YLD requires estimates of incidence,
duration and disability weights and the process of
obtaining theseisextremely resourceintensive (Somerford
and K atzenellenbogen, 2004). A detailed review of DALY
is beyond the scope of this article.

While dealing with the concept of lossin the presence
or gain in the absence of a particular cause of death two
approaches appear; PYLL approach and CELT approach.
Within each of thesetwo approaches, there are both types
of studies; considering and not considering the competing

Sudy of Social Loss or Gain froma Particular Cause - Cancer

risks. Studies based on competing risks have considered
competing causes of death while arriving at age at death
or expectation of life in the absence of a particular cause
of death. Other studies haveignored the competing causes
and used a reference age in case of PYLL approach and
used total deaths minus deaths from considered cause in
caseof CELT approach. Within each of four sub categories,
there are studies having adopted descriptive approach and
there are studies having adopted the modeling approach.
Models in general possess the advantage of accuracy in
results. Descriptive approaches on the other hand possess
the advantage of simplicity in computations and in
understanding and interpretation of results. Thus, there
are eight possible approaches in dealing with the loss in
the presence or gain in the absence of a particular cause
of death. These are listed below.

1. PYLL descriptive approach without considering
competing risks
2. PYLL descriptive approach considering competing risks
3. PYLL modeling approach without considering
competing risks
4. PYLL modeling approach considering competing risks
5. CELT descriptive approach without considering
competing risks
6. CELT descriptive approach considering competing risks
7. CELT modeling approach without considering
competing risks
8. CELT modeling approach considering competing risks

A close view of each of the above reveasthat PYLL
and cause elimination arejust different terminologies. As
far as descriptive vs modeling approaches are concerned,
all the descriptive procedures can be put in the form of
models in a descriptive way. As far as different models
are concerned, a general model for independent risks is
not simplein calculations (Hakulinen, 1977). Regarding
results using different models, no practical difference
exists in the results based on different models for
competing risks. However, exclusion of the competing
risks may result in a considerable bias if the population
under study has a high mortality (Hakulinen and Teppo,
1976). Another aspect that should be considered is the
level of data available on morbidity and mortality.
Although the concepts of cause elimination and competing
riskswere considered first inthe 1700s, therewere hardly
any work on these concepts for the next one and half
centuries. As per Karn (1931), statistics on morbidity,
mortality and population had not attained their present
accuracy and extent; no presuppositions existed for wide
application of models. Similar may bethe possible reason
for the lack of the studies on these concepts in the
developing countries. In conclusion, the above facts
indicate freedom in the selection of a modeling or a
descriptive approach without any considerable loss of
accuracy but at the sametime emphasi ze consideration of
competing risks especially in the set up of developing
countries where general mortality is relatively high
Although the subjective conclusions of this study, appear
conceptually quite sound, however, an empirical
confirmation of the same may be recommended.
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