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INTRODUCTION

Classically, mortality indicators have been utitiZze evaluate the general state of health of a
population. These indicators highlight life expecy which, because it is not influenced by
a population's age structure, has been used toarentpe health state between populations
and also to monitor the impact of different interiiens in the health aréa

The increase in life expectancy is not only a ctizréstic of developed countries, having
also shown significant increased in developing toes, especially in the second half of the
20" century?. In Brazil, a gain is observed between 1950 ariD2¢here the life expectancy
rise from 51 years to 69.4 years during the sameftame. Demographic projections foresee
the continuation of this process, estimating adXpectancy in Brazil around 77.4 years in
20303

The decline in mortality at young ages and thedgase in longevity, combined with the
decline of fecundity and the accentuated incre&segenerative chronic diseases, caused a
rapid process of demographic and epidemiologicsttim, imposing a new public health
agenda in the face of the complexity of the newbitity patterrt.

Recent studies concluded that long life does no¢ssarily mean a healthy I§&7. On the
contrary, with increased life expectancy, the prtpo of years of life with degenerative
chronic diseases, disabilities and socioecononsiadiiantages also increaséd
Advancement in the technologies for saving lived aroviding more efficient medical care
resulted in the paradoxical increase in the prexaef chronic diseases, as Gruenberg
named?, "the failure of success".

It is thus arguable that mortality measurementeabre insufficient to adequately evaluate
state of health, quality of life in a populatiom,tbe comparative impact of medical
interventions. The first method to combine morlyidind mortality information was proposed
by Sanderd®and later developed by Sullivah

The Sullivan method has been used to estimatehyddl expectancy in various
countries'**>18 especially the developed ones, as well as foritmamg health changes and
differences in the European countries. In Brazias employed to calculate healthy life
expectancy using the SABBS4ude, Bem-estar e Envelhecimehtealth, Well-Being, and
Aging) research database, which is restrictedeaetterly in the city of Sdo Paulb

The objective of this study is to introduce Suliitsatechnique and estimate healthy life
expectancy in Brazil using different ways of measystate of health, based on information
from thePesquisa Mundial de Sa(@®orld Health SurveyWHS), carried out in 2003 on a
national scale.
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MATERIAL AND METHODS

The Sullivan method

The information necessary for applying the Sullivagthod are: (1) population and deaths or
specific mortality rates that permit the constroictof a life table; (2) prevalence of health
states according to age.

In the present study, the morbidity informationdigeapplying the Sullivan method comes

from the WHS that was carried out in Brazil in 2008is research is part of a larger project
from the World Health Organization (WHO), in whintany other member countries where
included.

The WHS sample was comprised of 5,000 Braziliares tve age of 18, selected,
probabilistically, in 250 census sectors, in 18&mpalities located in the 25 states of the
federation. The sampled population correspondeldetset of private residences in Brazil
except for the ones located in rural areas of montihegion, in the states of Acre and
Roraima, and in special census sectors (militasgbaodgings, encampments, boats,
penitentiaries, asylums, orphanages, conventsyspitals)'é,

Specific mortality rates by age and sex were predidy the Department of Population and
Social Indicators; IBGE, Brazilian Institute of Ggaphy and Statistics.

The healthy life expectancy, proposed by Sullivarwalculated using an adaptation of the
traditional life table. The expectancy of healtlig thus reflects the state of health of a
determined population adjusted by the level of aldytand, as in a life table, it is not
affected by the age structure of a populationhihgresent study, healthy life expectancies
were estimated according to sex, since healthsstaiigy considerably between genders,
especially at more advanced age®-?*

The healthy life expectancegy ) is calculated in the following manner:
1 -
e,= T ; (1-,nx.),L, (1), where:

Ix is the number of survivors at the exact age Xx;represents the prevalence of a determined
state of health among individuals with ages initherval (X, X + n)xLx is the total number
of years lived by a cohort in the age group (X, X):#w represents the largest age category.

According to what can be observed, the model engpiap independent measures of health.
The first refers to morbidity, (3 1x), which is the specific rate by age of being Heglt
andnLx which is the mortality component. The method tbaissists of removing from the
total time lived by a cohort the proportion livedtlvout good health.

Indicators of healthy life
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Since the Sullivan method depends on how one mes$igalthiness, the present study
employs four distinct estimates of healthy life egfancy covering several dimensions of
morbidity: self-rated health, presence of long-telisease or disability, and functional
limitations.

The first method refers to the individual self-chteealth. There are five possible answers
(very good, good, moderate, bad, very bad), whaletbeen dichotomized such that the
answers "very bad" and "bad" constitute the catetymoor self-rated health”, and the other
answers compose "good self-rated health". In thée cthe specific rate by age of being
healthy was established by the proportion of irdligils with a good perception of health
state in each quinquennial age group.

The second measure is based on the presenceraj-telon disease or disability that limits
the one's daily activities. For this estimate, stege of having a long-term disease or
disability that limits daily activities was usedittentify an unhealthy life and the specific
rate by age was established by the proportiondi¥iduals with a long-term disease or
disability in each age group.

The third estimate takes into consideration thdinaom of the severity of functional
limitations. For such, this study considered therapch proposed by the WHO in

the International Classification of Functionality, Dibdity and Health(ICF) 2, in which the
limitations of activities and functionality are nmly viewed as a consequence of illnesses
but principally as important components in an imdlinal's health. The present study first
made use of a factorial analysis of principal congras, which was applied to the five levels
of difficulty (none, mild, moderate, severe, exterm performing daily activities and
limitation and deficiencies of the body's functiamsl structure). The specific rate by age of
being healthy is given by the complement of théharetic average of the scale's values by
age group.

The final method used for measuring state of healthproposed extension of the Sullivan
method, which allows more than one healthy lifesdafy event to be used simultaneously. In
addition, a weight is attributed to each eventlgsthing the degree of its severity. To
illustrate the method, three events were considé€figaloes not have long-term disease or
disability; (2) has a long-term disease or dis@pthat does not limit daily activities; and (3)
has a long-term disease or disability that limagydactivities. The weights which
characterize the degree of severity in each s@oatiere calculated by age group.

Applying the method

In this study, the life table used to illustrate tullivan method's calculation has been
summarized in quinquennial age groups, beginnirngeanty years of age.
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Table 2

Healthy life expectancy, for both sexes, based on self-evaluation of poor health. World Health Survey, Brazil, 2003,

Age Traditional life table Poor health Paople-years Life expectancy
1 2 3 4 3 & 7 g 9 10 11 12 13
Mortality Probability Survivors Years Yoars Life Prevalanca With With Healthy In poor Yoars
rates of death lived lived,  expectancy (%) good good since health lived in
between  starting self-rated  self-rated age x state poar
ages x, at age x health health health
®4n between  starting state
the ages  at age x
[x; x+n)
x M, s l ol T, e, o (w100 TH e, o€, %
20 0.00188 0.0094 100,000 497,656 5,433,619 54.34 3.58 479,829 4739131 47.39 694 12.8
25 0.00214 0.0108 99,062 492,646 4,935,963 49.83 3.90 473,417 4,259,302 43.00 683 13.7
30 0.00256 0.0127 97,996 486,867 4,443,316 45.34 3.80 468,354 3,785,885 38.63 671 14.8
35 0.00318 0.0158 96,750 479,933 3,956,450 40.89 679 447,324 3,317,531 34.29 6.60 16.1
A0 Q00432 0.0214 95,223 471,029 3,476,517 36.51 7.80 434,275 2,870,207 30.14 6.37 17.4
45 0.00602 0.02%6 93,189 459,040 3,005,489 32.25 10.98 408 644 2,435,932 26.14 611 19.0
50 0.00829 0.0406 90,427 442,961 2,546,448 28.16 13.72 382,183 2027287 22.42 574 20.4
35 0.01193 0.0579 B&,757 421,219 2,103,487 24.25 15.85 354,476 1,645,104 18.96 5.28 21.8
&0 0.01700 0.0814 81,730 391,988 1,682,268 20.58 17.12 324,877 1,290.628 15.7% 4,79 23.3
&5 0.02450 0.1154 75,065 353,666 1,290,280 17.19 21.05 279,210 965,751 12.87 4,32 25.2
70 0.03660 0677 66,401 304,174 9,366,135 14.11 20.26 242,544 686,541 10.34 377 26.7
75 0.05437 0.2393 55,268 243,275 632,440 11.44 24.14 184,554 443,997 8.03 3.41 29.8
a0 0.10803 1.0000 42,042 389,165 389,145 .26 3333 259,443 259,443 617 3.09 333

Table 2shows the application of the Sullivan method,rigkinto consideration the
proportion of individuals in each quinquennial ageup with a self-rated health that is not
poor (very good, good, moderate) as the specifeclyg age of being healthy. The first
column represents the age group 's lower limiylich the amplitude always equals five,
except for the last group in which the intervalight open. The five following columns show
the functions of a summarized mortality table, sseey for the calculation of life
expectancy.

In the second column are the specific rates of atitrt(sMy). The probability of an
individual with exact age dieing before completing+ 5 (qx) years is calculated based on
the specific rate of mortality.

Given these probabilities of death, the numbewofisors reaching the initial age of the
following age group can be calculatédd). Thus:lxs =1x X (1 -50x) (3).

The next column in the life table shows the nundidived years between the ageandx +
5. Every individual that survived the agexof 5 will fully live the period of five years. The
ones who die before reaching the age+ob (I - 1xs) will live half the amplitude of the
interval (2.5 years), assuming the deaths are umijodistributed along the interval.
Thus:sLx =5 x ks + 2,5 X (X - Lws). For the open interval,

{
xL'c =&
) 1‘1{1'
The survivors reaching twenty years of age willjeditogether, live 497,656 years in the
subsequent five years (column 5).

In column 6 is presented the total number of yeatse lived by the survivors in the age

groupx, until the group extinguishes itself. This is ddnyeaccumulating the lived years in
each interval:
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Survivors reaching the age of twenty will altogetlne a total of 5,433,619 years. The life
expectancy is calculated by dividing the numbergeafrs one expects to live starting from a
certain age by the number of survivors to the retéage.

According to the mortality rates used for the y2@03, at the age of twenty, one is expected
to live an additional 54.34 years (column 7).

The proportion of individuals, of both sexes, tbelf-reated their health as poor ("bad" or
"very bad") is presented in the eighth column. mhmth column shows the healthy years
lived in each age group by subtracting the totalipo of years lived in an unhealthy state
(column 8) from the total years lived (column 5).

Similar to the traditional mortality table, the eqgtancy of healthy lifeglx ) is calculated by
dividing the number of people-years lived in a Heabtate from a certain ageéy the
survivors of the referred age. In column 1Table 2 at the age of twenty, one expects to
live another 47.4 healthy years. Consequentlyyéads are lived in a poor state of health
(column 12), corresponding to 12.8% of the life @tancy at that age (column 13).

The method of calculation presentediable 2was also used for the second and third
estimates of healthy life expectancy. For the sé@stimate, the prevalence rate of
individuals with a poor self-rated health is suloséid for each age group by the proportion of
individuals who reported having a long-term diseasdisability which limits their daily
activities. For the third estimate, the specifieray age of being unhealthy is given by the
average score of functional limitations estimatethe factor analysis.

The fourth methodology involved three situations @fisease or disability; with disease or
disability but without limitation; with disease disability and with resulting limitation) and
weights to mark the severity of each situation adiog to the individual's age.

To calculate healthy life expectancy with more thao health events, the population is
classified ins+1categories, including all individuals, from thosghano health problem to
those with the most severe cases. AccordirfyPs, ....., R represents the proportions of
the population in each category, amg w, ..... , wrepresents the weight describing the
severity of each state of health, measured onla &oan 0 (best health state) to 1 (worst
health state). In this case, the specific ratedeya not being healthy/ I« is given by the
average of the scores weighted by the proportiand¥iduals in each category of each age

group:

Results

Another table displays the total life expectancyg #re total healthy life expectancy for the
ages of twenty and sixty years, according to sée. fumber of unhealthy years lived is also
shown, as well as its relative proportion of thialttife expectancy.

In reference only to the mortality component, féeeaaat the age of twenty expect, on

average, to live approximately seven years mone mhales (57.8 years versus 51.0 years)
and at the age of sixty the difference by sexnsawerage, three years in favor of females.
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Concerning the expectancy of a healthy life, gitleat females live more years in poor health
or with limitations, the difference in healthy liéxpectancy between males and females is
smaller both at the age of twenty and sixty.

Comparing all four methodologies indicates thatdbmate with greatest loss in healthy
years is the one based only on the occurrencdonigaterm disease or disability that causes
limitations, not considering the resulting degréeardship in performing daily activities and
the severity of functional limitations (method 2cording to the estimate, at the age of
sixty, it is expected that males lose, on averdg€)% of the years yet to be lived with
limitations that result from long-term diseasesisTdverage is 44.0% for females.

The measurement of unhealthiness through poorateft health is the one that presents the
smallest relative loss in terms of healthy yearkfef independent of gender. The tendency
for the proportion of individuals in an unhealthgte to increase with age is found in all four
estimates.

Final comments

Since its creation, the WHO defined health as apteta state of physical, mental, and social
well-being. This definition transcends the absewsfo#geath, disease, and disability, and
incorporates concepts relative to well-being anguality of life. In such context, the concept
of healthy life expectancy or life expectancy fofelisability emerges; a generic term which
characterizes a population's indicators that eséirtiee average timeframe (in years) a person
may expect to live in a healthy state.

Ever since the 1980s, a growing number of studigsi@y the Sullivan methott**due to its
mathematical simplicity, the availability of reqet data, and the ease of interpreting its
results. This method has also been employed tuateatiisparity in health by means of
estimates of healthy life years according to samoemic indicators such as income and
schooling?®?’.

There exists a certain consensus as to the pdtehhaalthy life expectancy as a measure to
monitor and evaluate the action of health prograntpolitics®. Differences exist in relation
to the selection of measurement for indicating @thg life.

The inclusion of various measures in the preserlystaises an important methodological
question of how to measure healthin&ssvhether it be with simple or combined indicators,
or by incorporating or not the severity of eachaiion.

In this study, the first two measures employedraiticonsider the seriousness of each
situation but only the occurrence of a negativenev&uthors such as Crimmidéfavor the
use of various dichotomous health measures, shageprovide more specific information
than those based on measures involving a continaww®verity, and are thus more efficient
for implementing and monitoring health politics.

Some scholars of healthy life expectancy, like Rel& Jaggef!, Mathers et af® and

Murray & Frenk34, have emphasized the need to incorporate the elefseverity to each
event. In fact, the estimate based only on thegm@sof a long-term illness that limits daily
activities was what caused the greatest relatis® ilo healthy years for both sexes at all ages.
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The third methodology employed in this study tareate the healthy life expectancy
attempted to establish a continuous degree of ggbersed on scores of functional
limitations constructed with an analysis that restuthe different dimensions of the
interviewee's state of health to a single companent

The findings in this study highlight the consistgircthe WHS' results. It is observed, for all
measures employed, that the proportion of heaifeyéars lost significantly increases with
age and that, even though females have a longestiiectancy than males, they live,
relatively, less years in good health.

What is most important to note is that, despitenftbe index's sensitivity, all measures
follow the same pattern, varying only in degrees bbserved that the differences between
the various estimates of healthy life expectancy graatest between younger females but
was only relevant when the estimate was basedeoprésence of a disease or disability that
limits daily functions.

Contrary to the multistate life table method, whashploys longitudinal data, the Sullivan
method has been criticized for not taking into ¢dasation reversible health stafés”.

This article attempts to introduce the Sullivan moet for calculating healthy life expectancy
to national Brazilian literature, in order to edisliba debate around the various indicators of
state of health, based not only on mortality infation, but also considering the effects of
morbidity. Whereas death is a single event, the tdealthy life is hard to quantify.
Hopefully, the different proposals for measuringlveeing, combined with to the simplicity
and strength of the Sullivan method, may help dieuthis emergent debate in Brazil.
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