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Abstract

We conduct an integrd study of the effects of hedth on the economic and demographic
dynamics of Brazil. Usng probability of survivd by age and gender groups as hedth
indicator, we find a complex mosac for the interaction of hedth with each of the principa
aspects of the trandtion — namey income, net fertility, education, and femae economic
participation. The strongest effects of hedth on income occur through increased education,
followed by increased productivity and finally by increesed femde participation. We dso
find tha hedth dows the decrease of net fertility, except for high income groups,
engendering a developmentd vicious circle.
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I ntroduction

How much and by what channds does hedth affect deveopment dynamics? This is an
important policy issue presently under discusson a the Pan American and World Hedth
Organizations (1999a), which may result in a reevauation of the priorities guiding resource
dlocation for hedth. For example, investing in the hedth of the poor may provide a policy
tool to dleviae perastent poverty. Amongs the firs studies on the rdation between hedth
and development is the Nobd prize winning series of works by Foge (1991, 1994[4],
1994[b]), who dates that about a third of the economic growth in England over the last 200
years is due to improvements in nutrition and heath. More recent macroeconomic studies
on economic growth have aso shown the importance of hedth. Barro (1996) finds that life
expectancy has a dgnificant podtive coefficient in growth regressons. Knowles and Owen
(1995, 1997) include hedth capitd in Mankiw, Romer and Wail's (1992) augmented Solow
economic growth modd, obtaining more sgnificant results than for education. Jamison and
Wang (1998) aso find that surviva rates contribute to growth more than education, but less
than decreases in fertility. Galup and Sachs (1998) find that regions more prone to maaria
grow less. Conducting a Levine-Rendt test of the impact of hedth on economic growth in
Latin America, Mora and Barona (1999) find that years lost to premature death is on
occason one of the few robust predictors of economic growth. In studies combining the
methodology of estimating economic growth and Granger causdity, Mayer (1999a, 1999Db)
finds evidence of srong causd links from adult hedth to economic growth over 25 to 30
year horizons for Mexico and Latin America

The links which have been detected between hedth and economic growth a the
macroeconomic level need to be investigated in more detall a the microeconomic levd, to
determine what the channds of interaction between hedth and income ae The firg
obvious and important question that has been asked is to what extent hedth has an impact
on productivity. Recent microeconomic research studies the role of hedth as human capitd
investment, gpplying integrated modes of returns which include education, nutrition,
hedth, and migration to identify the independent impact of each on wages. As pat of the
identification drategy, the models condder the inputs and policies that most effectively
lead to the accumulaion of each factor (Schultz, 1992, 1997; Thomas and Strauss, 1997;
Strauss and Thomas, 1998, amongst many others). Some of these gudies find that
invesments in hedth ae podtivdy but maybe somewhat weekly reflected in wages
(Knaul, 1999; Murrugarra and Vadivia, 1999; Parker, 1999; Ribero and Nufiez, 1999, a set
of recent interrelated studies carried out by the IDB).

However, n addition to its direct impact on productivity, hedth has other effects on
both economic development and the demographic trangtion. Good infant hedth and
nutrition directly increase the benefits of education (World Bank, 1993; World Hedth
Organization, 1999b). In addition, Barro (1996), for example, theorizes that, by increasing
longevity, hedth reduces the depreciation rate of human capitd, making invesments in
education more attractive. More generdly, the burden of disease curtails the generation of
income itsdf, rather than productivity (ibid.), for example through removing obstacles to
femde paticipation. Ehrlich and Lui (1991) examine the impact of longevity on economic
growth through intergenerational economic exchange. Theoreticd consderations support



the idea that expectation of a longer and hedthier life may affect the intertempora discount
rae and therefore saving (Mayer, 1999c). Finally, each of the mechaniams affected by
hedth may have an impact on income didribution dynamics which may itsef affect
income growth (Birdsall and Londofio, 1997).

These possble interactions point out that hedth may affect income through a variety
of pathways in addition to direct productivity increases. From the point of view of policy,
what needs to be known is what effects present changes in hedth have on future levels of
various economic (including educationd) and demogrephic indicators. The integrd study
of the effects of hedth on development, however, encounters difficulties from the point of
view of the data Hedth indicators have been sysematicdly included in economic surveys
only exceptiondly or recently. In this aticle, we take an empiricad point of view and
examine directly the impact of hedth on future levels of the man vaiables of the economic
and demogrgphic trangtion in Brazil. We use hedth data manly obtained from deeth
certificates including mortaity by causes and by age and gender groups, for the states of
Brazl in five-year periods between 1980 and 1995. This data has been worked into life
expectancy by ages We found it much better to use the probability of surviva into the next
age group, a concept that in itsdf is an excelent hedth indicator, with which obtained
excelent results. Unfortunatdly this data is not available in combination with economic and
demographic information. However, a good source for the later exids in the PNAD
household surveys. We congtruct a database holding economic and  demographic
information for each Brazilian State by deciles, and examine the impact on the raes of
change of these indicators that the date level hedth indicators have, taken as contextud
variables. The increased number of observations implied by gructuring the information by
deciles dlows us to conduct macroeconomic-like edimations in which these techniques
work well. Complementarily, the availability of hedth indicators by causes and by age and
gender groups dlows us to sysemdicdly compare the results and thus raise thar leve of
confidence.

Our reaults give further evidence of the complex array of interactions which exists
between hedth and the dynamics of each of the man indicators of the socioeconomic
trangtion in Brazil, namey income education, net fetility (defined herein as the
percentage of the population under one year of age), femae participation, employment and
wages. Thee dffects ae ggnificantly different for different income levds Our estimates
allow us in paticular, to set the results on the impact of hedth on productivity in context,
with important implications. We find that the strongest effects of hedth on income occur
through increased educetion, followed by productivity and findly by femde participation.
This implies strongly that policy decisons rdaed to the role of hedth in generating income
mugt carefully assess the full array of contributions of hedth to income, especidly since
related studies (Mayer 19993, 1999b) show that income increments take time -30 years or
even longer- to come fully into effect. We aso find that hedth dows the decrease of net
fertility, except for the high-income groups, confirming in our data set a wel-known
vicious circle in the process of development.

The rest of the paper is organized as follows. In section 2 we describe our data. In
section 3 we set out our econometric method. In section 4 we describe and andyze the
results and in section 5 we give our conclusions.



The Database

We consolidated the information from the eight PNAD surveys (1977 to 1995),
summarizing them a 10 income leves (thet is, by deciles) for esch Brazilian state! Along
with other types of data, these surveys include information on the sze and compostion of
households, on schooling and school atendance, on the economic participation and
employment of men and women, on household income, and on the percentage of urban
population. The advantages of this portion of the database include the fact that dl of the
informetion is tied to income didribution, and that the number of condensed observations
(24 states” 10 deciles” 4 time periods) isreatively large for a macroeconomic- style study.

The hedth data obtained from death certificates incdude mortaity and years logt to
premature death classified by cause and by age and gender groups, and life expectancy for
five-year periods between 1980 and 1995. All this dataisincluded for each State in Brazil .2

In order to harmonize the two sources of information, it was necessary to extrapolate the
years 1980 (based on 1979 and 1981) and 1985 (based on 1983 and 1986) from the PNAD.

From a desriptive sandpoint, the indicators revel a mgor economic and
demographic trangtion. Low-income households have more children, a less economicaly
active population (especidly in the case of women), grester unemployment, and less
education. They are dso less urban. These differences decline consderably over time,
athough inequdity in income distribution does not.

Used in conjunction, the databases dlow us to examine how the contextua varigbles of
hedth by age and gender groups corredate with the growth or decline in income, net
fertility, education, and the economic participation of each decile of the population.

Econometric Estimation

In order to examine the role of hedth in Brazil’s economic and demographic trangtion, we
edimate a series of growth regressons, smilar to those used by Barro (1996), for severa
important indicators. This means that we examine how hedth and certain other economic
indicators intervene in the explanation of changes, that is, in the dynamics, of the principd
indicators of Brazil’s economic development and demographic trangtion. In other words,
the variables to explain (left-hand side) are the growth rates of:

Per capitaincome.

Percentage of the population under one year of age (which we refer to as net
fertility).

Schooling and the percentage of children aged 7, 10, and 15 who attend school.
Economic participation, unemployment, and wages for men and women.

These variables describe the mgor aspects of the economic and demographic
trangtion. As explanatory variables, we use (right-hand side, logarithms):

! Thiswork was carried out by Dr. Suzanne Duryeau at the | DB.
2 This work was carried out by Dr. Maria Helena Prado de Mello Jorge, Department of Epidemio-
logy, University of Sao Paulo, Brazil.



1) Economic and demographic variables (logarithms):

Theinitid leve of the varidble whose growth rate is being studied.

Per capita household income and its square (to obtain a flexible functiona form).
Schooling of the household head and its square (Smilarly).

Average schooling in the household.

Mae and female economicaly active population.

Percentage of urban population.

Population growth rate.

Percentage of the population under 1 or 6 years of age.

These vaiables include the man indicators that describe (in averages) the economic
gtuation of the households for each decile in eech date. They are: income, schooling of the
household head, average schooling of the household as a whole, economic participation, the
percentage of urban population, and the percentage of newborns and young children in the
household. The population growth rate is included to take into account the didtributive
effects impliat in usng per capita indicators from the left-hand sde. However, it was not
very ggnificant, snce population growth is taken into account by the percentage of the
population under 1 year of age. The initid level of the variable to explan makes it possble
to take into account convergence-type effects, in which the growth rate of a variable
depends on its initid leve. The squares of income and schooling of the household head are
induded as explanatory variables to give the estimator, which smultaneoudy adjusts to the
behavior of households with different levels of income, functiond flexibility.

2) Health variablesfor agesOQ, 1, 5, 10...., 70, or 75 and for men and women (logarithms):

Life expectancy.

Probability of surviva to next age group, pi+2.

Maternd mortdity, mortdity from communicable diseases and from
noncommunicable diseases.

Of these, we used mainly the probability of survivd. The other variables were used
maogly for comparative purposes. The probability of survivd, a concept that in itsdf is an
excdlent hedth indicator, was defined in a manner conggtent with the mathematica
concept of life expectancy. That is, in time t, the probability pf*? of surviving a years
satisfies the following equation:

(1) E\/t - ptt+aEVt+a+%(l_ ptt+a)a’

where EV; is life expectancy a age t (if the subject does not survive, a life expectancy of
haf the period is assumed). Excdlent results were obtained with this indicator.

Findly, we date the syssem of equations that describes the estimation carried out for
each dependent varigble Since information on hedth is not avaladle by deciles we
estimated panel- type growth equations such as the following:
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In this equation, states, deciles, and years are represented by the indices 1 £ s £ 24,
1£d £ 10, and t = 1980, 1985, and 1990, respectively. Each of the variables to explain
takes the place of y. The independent economic and demographic variables are X'. The
hedth varidble is S. The right-hand side adso includes dummy variables by decile cq4, and by
date cgs, Cop, in oOrder to control for the respective fixed effects. One time period is logt to
obtain a growth rate on the left-hand side. In effect, ygyirs5) IS estimated in terms of variables
a time t, much reducing the problems of amultanaty. The estimaes incdude 24 Brazlian
states.

The interpretation of results must take into account the fact that the hedth indicators
are state level indicators. These differ from the remaning data, which refer to both states
and to income levels. Thus, the regressons answer the following question:

What is the corrdation between the state hedth indicators S (for a certain age and
gender group) and the growth rate of the economic indicator y of each income decile, once
the variables X' and theiinitid level of y have been taken into account?

The hedth indicators thus play the role of contextua variables, necesstating correction
for a possble covariance dructure in the errors (see for example Rice and Jones, 1997).
Thus we edimae the regressons by generdized least squares, correcting for
heteroskedasticity and correlation in the errors between deciles and states®

We edimate these regressons by ses in which the hedth indicator covers the
population’s classfication by age and gender. For each regression, a coefficient g is
obtained for each income decile d, which estimates the corrdation for each decile between
the dtate hedth indicator and the growth rate of the variable to be explained. We examine
these coefficients in three dimensond graphs in order to observe, for each gender, the
pattern they follow with respect to age group and income decile (Graphs 1 to 4). In these
graphs non-ggnificant coefficients are set at zero o asto aso observe significance.

In order to complete our analyds, in a different estimate we dso included the following as a
variableto beexplained: improvements in the probability of survival for men and women. Inthis
case, we use the equation

&) Med =aSyey +4; 4 X\ +C+0gsCas *+0gyCon *+Ext

where ey =1. Here, the reationship between the change in the hedth variable and the
economic and demographic explanatory variables by deciles is edimated uniformly for the
different income levels, but with the functiond flexibility provided by the sguares of
income and education.

Analysis and Results

A vay addadde numbe o the hedth indcdor oodfidets wee ggificat in mary o the
reyesons In ogtan cass the gahs of thee aodfidets of cordation bewean hedth indictors

3 The size of our sample allows the use of this more general method, rather than more efficient but
restricted methods devel oped specifically for contextual variables.



ad the gowth raes o the man vaiddes o the economic and damoggohic trangtion dow a high
degee o regdaity ad codgaxy. Thee dlow us to dav a smies o condusos In aher casss
the ggos dowv dvae bdaias the rase moe quedions then they aswve. Although we dsous
the ovadl resits hee we will oly dow the numaicd reits o some o the gous o
reyesons Thee corepod to casss in which the depandat vaiddes ae the gowth rdes o
income, farde economic patidpeion, the paoatege o the popdaion uder 1 yexr o agg ad
ghoding In gead, the farde hedth indcdos yidd hige ad noe dgificat  aodffidets
then thar mde countapats Accodingy, hee we will dov aly the gaas o the aodfidets
aaanad by ferde hedth indcdos far ths 8 of vaiddes Tadde 1 codns a ummay o the
oodficats daanaed for the economic ad damoggohic eqdaday vaiddes in the regesion s
mentioned above while Grgs 1 thraugh 4 dow the aodffidents far the hedth vaiddes All of the
aodffidentsaecompareble snoethey represat dadidiies®

Relationship between Health and Growth of Per Capita Income

We begin, for purposes of comparison, by using two indicators of hedth, life expectancy and
the probability of surviva, to study the growth of income per capita. With the second indicator,
P (see Graph 1), we obtain much more precise results, since it correctly separates the effects
by age group, while life expectancy a age t is a weighted composite of hedth for age groups t
and theresfter. Thus for the remainder of this study probability of surviva was used rather than
life expectancy.

Grgph 1 dows thet the praoedlity of suvivd far famdes eged 5 to 45 is podtivdy cordaed
with inoome gowth, exagat for the ssdos of the popdaion with vay high o vay low inoome
levds In thee cases the corddion is negative In the case of high income thae gopears to be a
wedth efed on hedth in which women dop waking and beocome invdved in some aher adivity.
The man auch adivity may be mathehood, when women doose to reman & home This hypathess
is drengthenad by the reslits dotaned when we teke as the vaiade to be eqdaned the gowth rae of
the economic patidpion of women, epeddly young wamen (Grgph 4). In uppe income levds
hedth cordaes negaivdy with fuure farde patiapion This efedt is d corcooraed when
unardoymat is usd indeed o patigpsion We will ded with the reslts far the lover income
Oktlesin the sedtion on patticpeion and evpoymett®

We congder it important to estimate the order of magnitude of the postive corrdations
between hedth and the growth of income and economic participation. For this, we used as a
reference the average increases that occurred in the probability of surviva p™? for women
between 1985 and 1995. These estimates were hindered by the fact that in this period there was a
decline in the hedth indicators for some age groups. Therefore, we estimated only the ranges in
which the coefficients were observed. The maximum range for the direct effect on income of the
average 1980 to 1995 hedth increase is 0.19% per year. The average of the maximum range of
the effect on femae participation of p*® for women aged 15 to 35 is 0.39% per year. Since

* The elasticity of a dependent variable y with respect to an independent variable x is flog(y)/flog(x).
This represents the percentage change iny when x changes by 1%.

® To ensure that the negative health coefficients found for deciles 1 and 10 in the equation for income
growth are not due to the limited (quadratic) non-linearity allowed for household income in equation (2), we
re-estimated the equation adding a separate income variable for deciles 1 and 10, thus allowing unlimited non-
linearity for income effects at these levels. The resulting health coefficients were very similar, preserving all
signs. If anything, the negative coefficients were slightly reduced in magnitude and the positive were slightly
larger and smoother.



femae participation is about 50% of mde participation, and mae participation is practicaly
100%, thisincrease in participation trandates into an income growth of about 0.13% annudly.

Regarding these magnitude estimates, it should be mentioned that long-term studies on the
effect of hedth on income for Mexico and Latin America (Mayer, 1999a, 1999b) find that
permanent hedth increments lead to permanent income increments which come into full effect
over a prolonged time period of 30 years or even longer. In any case, the effects of hedth on
income that can be measured over afive-year period in dl likelihood represent only a part of the
full effects that may be expected to occur over time. The above-mentioned Latin American study
aso uses probahility of surviva as a hedth indicator, obtaning a very smilar coefficient pattern
(a spike pesking at young age groups) to the one found here for the middle 80% of the population
(Graph 1). In that study, however, once the actua long-term incrementsin surviva probability are
taken into account, it is found that adult and old-age hedth improvements, which are greater,
have had the largest effects on income.

As for the oher eqaday vaiddes far income gomh, the redits ae comsdat with
economic theary ad gopeer in the fird cdun of Tade 1 Thae is inoome convagae which is
smemd geda far lov inoomes then for high inoomes The sdhoding of the houssdd  heed
coibues  postivdy to gowth, while shoding invdving young peode cordaes neggtivdy  in thet
it represats an invesmat (in regressons nat reported hee). The gopropriate indicator woud be an
inemediae ae The paoatage o the uben popdaion ocoibues postivdy to gomh The
paomiage o the popudion les then are year of age contibutes negetivey, &s is conadat with the
impedt on per capita inoome aidng fram a highe popuaion On the aher hand, a larger peroantage
o dilden ude ae dx oobues podtvdy, posbly indcding thet housshdds with  young
children sask higher incomes

Relationship between Health and net Fertility

In order to study the interaction between hedth and changes in ret fertility, we take as the
dependent variable the growth rate in the percentage of children under one year in the household,
aPNAD indicator found by income levels.

The resaults show that hedth has a consderable impact on the demographic trangtion.
Improvements in hedth are associated with higher rates of net fertility in deciles 1 to 8, and
lower rates in deciles 9 and 10 (Graph 2). The difference among the coefficients is
ggnificant a the 0.0001 confidence leve, according to aWald test.

Average increases in the probability of femde survival during the period 1985-1995
corrdlate with an increase of gpproximatey 1% per year in the percentage of children under
age one, for low income levels, and with a reduction on the same order in the upper income
levels. As before, these effects may well be greater over longer periods of time.

Concerning the other explanatory variables (Table 1, second column), the results
indicate that for the lower deciles an increase in income corrdaes with an increase in net
fertility, while in decile 10 the rdationship is the reverse. This change in Sgn has been
widely observed and has been modeed in economic theory (see, for example, Becker et d.,
1990, Dahan and Tdddon, 1998). Schooling of the household head contributes postively to
net fertility in al deciles increasngly with wedth. However, average schooling contributes
negatively, i.e. in the new generations education reduces net fertility. In addition, there is a
dedlining trend in net fertility over time.



Relationship between Health and Education

In order to study the interaction between hedth and changes in education we estimated
regressions for the growth rates of schooling and of school attendance at ages 7, 10, and 15.

In the case of schooling (Graph 3), as well as attendance, the results show effects of
mixed dgns. The following are some of our hypotheses concerning these results. Hedth,
both for children (who study) and adults (who support them so they can attend school), has
a pogtive impact on education indicators. However, with regard to negative effects, on
observing the corresponding regions in the graphs on economic participation, it gppears that
hedthier children may join the work force. This effect may aso be corrdated with higher
net fertility and femade unemployment. Thus it may be that a grester burden of young
children in the home (corrdaed by higher hedth) reduces the levd of schooling of older
children. Other explanations could be that there are conflicts in the dlocation of public
resources between hedth and education or tha there is some association with phenomena
of adolescence, including drug addiction, in which hedthier adolescents more frequently
drop out of school. Using the variable of violent deaths in men between te ages of 10 and
20 as a proxy for some juvenile problems, we obtain a decrease in the magnitude of the
coefficients in the negative area, but not ther disappearance. This study cannot digtinguish
between these and other hypotheses. What the magnitude and confidence levels of the
coefficients do show is that the relationship between health and education is complex.®

Agan, udng the increese in hedth from 1980-1995 as a reference, we edtimate the
magnitude of hedth's contribution to schooling, when this is pogtive. The maximum range
is 0.29%. An edimate of the returns of years of schooling for the household head yidds a
coefficient of 0.90.” This implies, if the retumns remain condant, that the contribution of
hedth to economic growth through education has a maximum range of about 0.35%
annualy. As before, these effects may be grester over the longer term.

Concerning the other variables, in the case of schooling (Table 1, third column), income
levels lead to convergence, while schooling of the household head leads to divergence. Both
processes are more intense at lower income levels. The percentage of children aged 1 to 6 leadsto
growth in schooling as expected. As for school atendance at 7, 10, and 15 years of age, the
results yield a mosaic that is difficult to interpret. Some of the complexity may be due to
dratification of the educationd phenomena, for example urban-rura or through the schooling of
household heads. Thae is a postve cordaion bewen ferde economic patigpaion ad
inreesss in shod  adtendance The pacatape of uben popudion hes a podtive dfed on shod
dtendence  Futhemare there is a convagae dfed on the initid levd of eech eduction vaidde
arelyzedl

Relationship between Health and Economic Participation, Unemployment, and Wages

The corrdatiion between increases in hedth and femae economic participation was
mentioned in the section on income In the cae of mdes, there ae increasss in

® The negative effect found for the health of certain age and gender groups on schooling could be
related to the negative partial correlation found between schooling and income growth in Latin America by
several other authors, for example Barro (1996), who also offers no explanation for this unexpected sign.

"We control for participation and male and female employment, the population under age 1 and 6
and temporal fixed effects. We use generalized |east squares and correct for heteroskedasticity and correlation
in the errors between deciles and states.



paticipation and decreases in unemployment® These are especidly shap in the lowest
decile and for the hedth indicators of young men and women. For corresponding regions of
the graphs, we find that a higher participation decreases wages in a market effect with a
vay high implidt dadicity of approximady -6. These factors hep to explan the
reduction in income found for the poorest decile when hedth indicators rise (Greph 1).
Increases in hedth increase participation and employment in this decile (which is the one
most vulnerable to unemployment, as can be observed in the database) and the increased
supply leads to areduction in rea wages and income.

With regard to the other explanatory variables (Table 1, fourth column), the results are
consgtent. Income corrdaes postively with an increase in mae participation and negatively with
female participation, as is condgtent with increased net fertility. Schooling of the household heed
corrdates with an increase in femae patidpetion and the weges of bath gandas This decreases a
little with income. The percentage of the urban population reduces participation and increases
unemployment and wages. The percentage of the population less than one year increases femae
unemployment. The percentage of the population under sSix increases male participation ad the
wages of both genders. Furthermore, there is convergence on the initid levels of each variable
andyzed.

Relationship between Health, Epidemiology, and Income Distribution

When we exanire the corddion o income gowth with the hedth vaiddes materd mordity,
motdity from communicdle dsessss ad motdity from nonoommunicdble dsseses we find a
upisngy dmilar petten The cordaion bewen ineeses in - hedth  (reduced mortdity) and
dengess in inoome is podtive for a broed ssgmat o the inemadiae dadles fdloving an invated
U dge & in Ggh 1 Howes, it is nagive for the vay high o vay lov dadles We hae
down te in the hgh dales love farde patidpdion reduoss inoomg whle in the lowver
Ogles it is higher patidpgion add empoymat that reduces weges ad inoome Our previous
eqadios hae asumad thet dde hedth indcaos cordate with the hedth of evay dadle in
ey dde ad hae ben besd manly on the resiing Sgn (ad thus not on the dregh o the
corddion). In fat, ths asumption is corfirmed by the eddae o dgnficat, dffeatided, ad
conddat redlts for each dedle Howeve, because the indicators ae by date raher then by dedle
the inedty o the corddion of the dae indcator with the hedth of eech dedle mey be dffeat
The invated U dgpe o the cordaion bewean hedth indicators ad economic gomh is evidence
o arch dffeess ad is codgat with ahe wok indicaing thet damoggphic ssgmentaion o
the hedth sydams ranforcss the ediding inauities (Londofo and Feak, 1997, Gozdez Blok ¢
d, 1997, Fek, 1994). Ths impies the fdloMng from its madnum on, whidh lies bawem
Oxdles 4 ad 6, dae incessss in hedth foder inoome covegene For the lover dedles in
cotred, inoome dvagae is fodadd, ie les govth o even magndizaion The love dedles
recave feva badits from the hedth g/dems ad mudt compae with dedles recaving  beter
badits Addtiond evidaxe te hedthrdaed phenomena leed inoome to dvagence is et when
hedth indcos ae induded in the regedons the codfidats indcaing convergence become
moresgnificat

8 The distinction between employment and participation is somewhat blurred in the results, probably
because when taking surveys the questions and answers can be ambiguous on this point or understood
differently by different population sectors.
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Summarizing, we find evidence that increases in the dtate hedth indicators represent
increases in hedth tha are unevenly didributed among the population. Bdow decile 4, this
inequdity leads to divergence in income growth, while above decile 6 it leads to
convergence. In contrast, we find little difference in the pattern of income change due to
different epidemiologies such as mortdity from causes linked with  maternity,
communicable diseases, and noncommuniceble diseases®

Relationship between Income and Improvements in the Probability of Survival, pi™

The reaults of these regressons show a pattern in which hedth is increesingly senstive to
income with increesng age, especidly for the older age groups, for men and, dightly, for
the lower income deciles.

Conclusions

Our results highlight the complex mosaic of interaction that exists between hedth processes
and the economic and demographic trangtion of Brazil. The use of the probability of
aurvival by age and gender groups as a contextud hedth indicator yieds excelent results
Our st of edimates shows a high degree of consstency. The levels of hedth are found to
affect future levels of each of the principad aspects of the trandtion — namdy income, net
fertility, education, and femde economic paticipation. The later is in itsdf important for
economic development (Gaor and Weyl, 1993), as ae the effects of the demographic
trangtion on economic growth (eg. Bloom and Williamson, 1998). The dgns of the
coefficients of other variables such as income, education, proportion of urban population
and proportion of the population younger than one or Sx years of age are the expected Sgns
in dmogt every case, strengthening the confidence of our results.

According to our edimates, hedth increases income growth through three main
channds increases in educationad levels, direct productivity effects, and increases in
femae participation. As may be expected these phenomena are intimately related with the
household's productivity. In making comparison to other studies in other contexts, it must
be taken into account that the period examined (1980-1995) is characterized by low or
negative economic growth, which could mean that the economic potentil of hedth might
not have been fully redized in this period. There are even some decreases in hedth satus
occurring for some age and gender groups. This makes it difficult to measure the magnitude
of the economic impact of hedth. The upper leves observed for the effects of
improvements in hedlth for the period are 0.35, 0.19 and 0.13 percentage points annualy
for the income growth rates due to increases in educationd levels, direct productivity
effects, and increases in femde participation respectively, adding up to 0.67% annudly.
These magnitudes approximately coincide with those obtaned by the IDB dudies
mentioned in the introduction, which are aso based on recent data corresponding to a low
growth period, and which are dso mosly framed in the short term. In long-term studies on
Mexico and Latin America (Mayer, 1999a, 1999b), permanent hedlth increments are found to
lead to permanent income increments which come into full effect over a prolonged time period of

® This finding in the relationship between causes of mortality and rates of income growth does not
imply that the effect by income group of such causes of mortality is of similar level.
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30 years or even longer. In these studies, only about 0.66% of the effects of hedth on income
has occurred after 5 years. Accordingly, the full long-term income effects of hedth improvements
in Brazil could lead to income increments of gpproximately 1% annualy. This is the gpproximate
megnitude for the contribution of hedth to income found in the sudy on Lain America
mentioned above. The study on Mexico finds even larger productive effects, possibly because
it covers a period with higher economic growth.

Hedth dso affects the didribution of income. In principle incresses in hedth can
reduce inequdity, dnce ther effects are greater when the deficiency is grester. For
example, higher hedth leads to increases in mde and femde paticipatiion especidly in the
low and middle-income sectors. However, the evidence shows that the didribution of hedlth
improvements is inequitable, and in fact leads to divergence in incomes among the lowest
40% of the population. In addition, the lowest 10%, who ae most vulnerable to
unemployment, see their income reduced due to increases in ther economic participation
that reduce their wages. No redly strong differences were detected in the patterns of the
effects on income growth levels of mortdity from causes rdaed to maternity,
communicable diseases, or non-communicable diseases.

Hedth diminishes the decline of net fetility a al income levels except for the highes,
where it reduces net fetility — a phenomenon consstent with the economic theory of
endogenous fertility pioneered by Becker. The 2% magnitude of these differences in net
fertility between upper and lower deciles nay be even larger over the long term. However,
education reduces net fertility in the new generations, and net fertility shows a tendency to
decline over time.

In a possble connection with maternity, the economic participation of women in decile
10 decreases with increased hedth, reducing income through what cannot necessarily be
viewed as a hegative effect Snceit isaresult of the household's choice.

The Brazilian database that we have sudied has enough indicators of the necessary
quaity to bring out some of the complex interactions of hedth with the economic and
demographic trangtion, which include consderable effects on income. These effects are
inimady reated to the role of hedth in household productivity. For this study we have
avaled oursdves of hedth varigbles as contextud indicators. Deeper sudies ddving into
some of the issues and magnitudes arisng here may depend on using household surveys
jointly collecting economic and hedth data However, for some time to come, only
exceptiondly will these surveys span a long enough time period to account for the effects
of hedth on income.
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Tablel

Average Coefficientsin Main Groups of Regressions
Health Variable: Probability of Survival
(GLS, CSW, White)

(711 observationsin the periods 1980, 1985, 1990)

Growth of % Growth of
. Income of Pop.under 1|  Growth of Female
Dependent Variable Growth Year of Age Schooling Economic
(Net Fertility) Participation
Number of regressions 32 32 32 17
Health indicators Both genders | Both genders | Both genders Female
Average of decile fixed 1.532 -0.575 0.289 0.33
Effects (16.06) (-9.82) (2.72) (3.36)
Income -0.4544 0.096 -0.0455 -0.1377
(-14.48) (3.04) (-0.06) (-4.75)
Income squared 0.0263 -0.0188 0.00122 0.00924
(8.3) (-4.41) (4.75)
Schooling 0.0065 0.0115 0.0852 0.0266
of the household head (0.5) (1.23) (5.76) (3.36)
Schooling of the -0.0012 0.0199 -0.0095 -0.0061
household head, squared (6.35) (-1.5) (-1.27)
Average schooling - -0.0237 -0.1767 -
(-1.15) (-31.74)
Economically active -0.0002 0.0075 0.0114 -0.1129
Female population (0.21) (4.57) (-28.96)
Economically 0.0101 -0.0674 -0.0794 0.0016
active male population (0.38) (-1.62) (-3.67)

Percentage urban 0.0023 -0.0022 0.004 -0.0214
population (0.61) (-0.01) (-6.83)
Population growth -7.15E-09 4.17E-08 -9.12E-08 -8.27E-08

(0.6) (-6.48) (-5.25)
Percentage of population -0.0018 -0.1894 0.0055 0.0034
under 1 year of age (-3.96) (-26.23) (2.82) (0.88)
Percentage of population 0.0003 0.082 -0.0213 -0.0072
under 6 years of age (7.97) (-6.57) (-0.78)
Dummy 85 -0.0277 -0.0406 0.0306 0.0255
(-9.87) (-8.87) (16.46) (16.61)
Dummy 90 -0.052 -0.0509 0.0203 0.0248
(-71.78) (-12.66) (15.23) (21.28)
R* (minimum) 0.960 0.605 0.885 0.706
(maxi mum) 0.988 0.731 0.929 0.803
Adjusted R? (min) 0.958 0.586 0.88 0.692
(maximum) 0.988 0.718 0.926 0.794
Durbin-Watson  (min) 1.935 2.189 1.965 2.156
(maximum) 2.386 2.285 2.055 2.251
F statistic  (minimum) 528.01 32 163.06 52.54
(maximum) 1823.91 57 277.97 89.33

Minimum t statistic in parentheses, if the signs coincide in all regressions.
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Income Growth Rate
(GLS, CSW, White)
Graph 1
Significant Coefficients (2.5%) of the Probability of Survival for Women
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Growth Rate of Schooling
(GLS, CSW, White)
Graph 3
Significant Coefficients (2.5%) of the Probability of Survival for Women
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