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Research Article

Urbanization, development, and under-five mortality differentials by
place of residence in Sdo Paulo, Brazil, 1970-1991

Narayan Sastry *

Abstract

In this paper, | examine differentials in under-five mortality by place of residence for
the state of Sdo Paulo, Brazil. | examine differentials between urban and rural aress,
and by location within urban areas, over a 21-year period between 1970 and 1991. |
also investigate economic inequalities in under-five mortality for urban areas. For S&o
Paulo, much of the entire infant and child mortality transition unfolded during the
period 1970-1991. | investigate whether these improvements in mortality were
accompanied by narrowing differentials by place of residence and declining economic
inequalities in mortality. | draw on microdata from Brazilian censuses conducted in
1970, 1980, and 1991.

RAND Corporation, 1700 Main Street, P.O. Box 2138, Santa Monica, CA 90407-2138. Email:
sastry@rand.org
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1. Introduction

There have been dramatic improvements in health and mortality for most of the less
developed world during the past several decades, especially for infants and children
(Note 1). Cross-sectional studies have highlighted important differentias in infant and
child mortality according to social, economic, and demographic factors, with rural-
urban differentials among the most commonly examined. Previous studies that have
focused on rural-urban mortality differentials for infants or children include Adetunji
(1994), Brockerhoff (1990, 1994, and 1995), Defo (1996), and Sastry (1997). Until
recently, most studies of intra-urban mortality differentials considered differences
across groups defined according to social or economic characteristics (e.g., Timaeus
and Lush, 1995). However, there are a growing number of analyses of spatial variation
in infant and child mortaity that have been conducted—especially for Brazil (Note 2).
Despite this attention, there is an important research gap in documenting and explaining
trends in rural-urban or intra-urban differentials in infant and child mortality in less
developed countries. Although there are studies that have described these trends (e.g.,
Carvalho and Wood, 1978; Sawyer, Fernandez-Cadtilla, and Monte-Mor, 1987; Wood
and Carvalho, 1988), there are few that have sought to explain them. Thus, little is
known about both how and why rural-urban or intra-urban differentials have changed
over a period in which the devel opment processes unfolded and levels of urbanization
rose, women’s educationa attainment improved, infrastructure spread, and income and
wealth increased. For example, in areview of Brazilian studies on urbanization and
hedlth, Akerman et al. (1994) concluded that there were major gaps in understanding
the relationship between urbanization and hedth in Brazil, which is similar to the
situation in other developing countries (Harpham and Tanner, 1995).

In this paper, | examine differentials in under-five mortality by place of residence
for the state of Sdo Paulo, Brazil. | examine differentials between urban and rural areas,
and by location within urban areas, over a 21-year period between 1970 and 1991. |
also investigate economic inequalities in under-five mortality for urban areas. For S&o
Paulo, much of the entire infant and child mortality transition unfolded during the
period 1970-1991. | investigate whether these improvements in mortality were
accompanied by narrowing differentials by place of residence and declining economic
inequalities in mortality. Alternatively, did the most advantaged areas and people
benefit to a greater extent? The focus on urbanization is important because it has been
one of the dominant underlying demographic processes during this period, not only in
S0 Paulo, but also in the rest of Brazil, Latin America, and the developing world. |
draw on microdata from Brazilian censuses conducted in 1970, 1980, and 1991. The
availability of detailed individual- and household-level measures and extremely large
sample sizes are the major strengths of these data; few other cities or regions in less
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developed countries have data of the quality, depth, and detail that are available for Sdo
Paulo.

| begin, in the next section, by providing some background on trends and
differentials in infant and child mortality in Sdo Paulo, Brazil, over the past 30 to 40
years. In Section 3, | describe the data and methods. The results are presented in
Section 4, and | end the paper with some conclusions.

2. Background

S8o Paulo isthe largest state in Braxzil, and the metropolitan region of S8o Paulo is the
most indudrialized city in Latin America. The state's 1991 population of 31.5 million
was more than 20 percent of the country’s total (Fundag8io SEADE, 1993). Thisregion
forms Brazil’ s urban-indugtrial heartland and dominates the country economically. For
example, metropolitan S8o0 Paulo contains one-tenth of Brazil's population but
generates one-third of itsincome (Abranches, 1995).

The city and date lead Brazil and Latin America in many demographic and
socioeconomic trends.  Since 1970, the state has continued to experience declining
fertility, rapid urbanization, and increases in levels of income. For example, over this
period, the total fertility rate dropped from 5.0 to under 2.5 (Martine, 1996). By the
mid-1990s, 93 percent of the gate’s population lived in urban areas, up from an aready
high 80 percent in 1970. Figure 1 shows the growing concentration of the population in
urban areas between 1970 and 1991, which was centered on the metropolitan S8o Paulo
region in the southeast part of the state where almost half of the state’ s population lives.

Like many other major cities in the developing world, during the past several
decades metro S8o Paulo experienced rapid population growth with little attention paid
to environmental degradation (Goldani, 1983). Population growth, particularly in the
periphery of metropolitan S8o Paulo, exceeded the growth rate in the availability of
drinking water, sewage disposal systems, and preventive and curative health services
(Merrick and Graham, 1979). By the mid-1980s, rapid population growth in the state
posed serious air, water, and solid and hazardous waste problems that are known to
have had significant deleterious effects on health (Thomas, 1987).

Mortality declinein Sio Paulo

Infant and child survival in S8o Paulo state has improved dramaticaly since the early
1970s, with the infant mortality rate, based on vital registration data, declining from 84
per 1,000 in 1970 to less than 20 per 1,000 today (see Figure 2). Figure 3 shows the
spatial pattern of the decline in infant mortality since 1970. The largest declines were
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in metro S0 Paulo and its periphery, as well as in relatively sparsely populated rural
areas in the western parts of the state. The large decline in metro S8o Paulo reflects
high infant mortality rates in thisareain 1970 and, to a lesser extent, in 1980; by 1991,
rates had declined grestly throughout most of the state, although high infant mortality
rates persisted in rural areasin the south and east.

Therapid improvement in infant and child mortality in S8o Paulo beginning in the
early 1970s followed a decade-long period during which the health transtion was
stalled in Brazil. In fact, as Figure 2 shows, between 1964 and 1973, infant mortality
rates in S&o Paulo city actualy increased by 30 percent, from 69 per 1,000 to 94 per
1,000 (Monteiro and Benicio, 1989). The rise in infant mortaity in Sdo Paulo during
these years has been studied extensively. The 1964-1973 period corresponds to the
main years of the Brazilian economic miracle, during which the economy expanded at a
rate of more than 10 percent a year. The “miracle years’ began with a military
takeover, after which the government moved sharply toward promoting rapid
industridization (Evans, 1978). The period was characterized by a major declinein resl
wages: The lega minimum wage declined roughly 60 percent in real terms between
1964 and 1973. Severa analysts (e.g., Wood, 1982; Yunes, 1981; Sawyer, 1981) have
suggested that the economic policies of the military government were the main cause of
the upturn in infant mortality during this period in S0 Paulo. However, there were
other concurrent changes that may have had important effects on population health.
Monteiro and Benicio (1989) noted that during the 1964—-1973 period the coverage of
the water supply system deteriorated and the coverage of the sewage system declined.
Leser (1974) found that health services stagnated from 1970 to 1974, especialy in
urban areas experiencing high rates of population growth. The negative effects of
declining expenditures on hedth services were perhaps exacerbated by a growing
emphasis on the quantity of services ddivered rather than qudity, efficacy, or equity
(Macedo, 1984). Some studies of this period found that infant mortality rates were
higher in urban areas than in rural areas, the opposite of the pattern found el sewhere in
Latin America (Puffer and Serrano, 1973; Behm et d., 1976).

There was a rapid decline in the infant mortality rate beginning in the mid 1970s:
Between 1973 and 1983, the infant mortality rate in Sdo Paulo city fell by 56 percent,
from 94.0 per 1,000 to 41.6 per 1,000 (Monteiro et a., 1989). The redtrictive wage
policies imposed by the military government were relaxed at this time and the legal
minimum salary was stabilized between 1973 and 1982 (Monteiro and Benicio, 1989).
Most anaysts have argued, however, that declining infant mortality rates during the
1970s were largely due to infrastructure improvements (Costa and Duarte, 1989; Zfiga
and Monteiro, 1995). During the early 1970s, Brazil embarked on an intensve effort to
improve water supply and sanitation, two important urban environmenta conditions
with aknown link to mortality (Merrick, 1985). The national water and sanitation plan,
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known as PLANASA, raised the proportion of households in S&o Paulo with running
water from 71.3 percent in 1973 to 98.6 percent in 1984 (Sawyer, Fernandez-Castilla,
and Monte-Mor, 1987). Consstent with the explanation that improvements in
infrastructure brought about the reduction in infant and child mortality, Monteiro et a.
(1989) note that the most marked decline occurred in deaths due to diarrheal diseases,
which fell from 23.2 per 1,000 to 4.3 per 1,000 between 1973 and 1983. Other
important changes that probably improved infant and child health were increases in
breastfeeding durations, the use of oral rehydration therapy, immunization rates, and the
number of headth centers (Monteiro et a., 1989; Victora et al., 1996). It appears that
immunization rates may have increased to as much as 90 percent from only 50 percent a
decade earlier. The number of health clinics doubled between 1974 and 1984, while the
number of doctors per clinic tripled (Monteiro and Benicio, 1989).

The late 1970s marked the beginning of a new era of economic recession, with a
major debt crisis in 1981-1982. Unemployment and inflation increased dramatically,
and there were falling levels of expenditures on education and health. However, there
isno evidence for Brazil that the 1981-1982 crisis had any effect on the pace of decline
for infant and child mortality (Rios Neto and Moreira, 1994) or much effect on
morbidity, schooling, immunization levels, and other measures of infant and child well-
being (Monteiro et al., 1989; Paim and Costa, 1993). This dtuation is similar to the
experience of many other developing countries that suffered through macroeconomic
adjustment policies in the early 1980s (Behrman and Deolalikar, 1991; Palloni, Hill,
and Aguirre, 1996; National Research Council, 1993). Finally, recent studies suggest
that the public health programs introduced in the late 1980s and early 1990s may have
made a large contribution to improvements in infant and child heglth in Brazil during
the past decade (Smdes and Oliveira, 1997).

In summary, there has been a major improvement in infant and child survival in
S80 Paulo over the past three decades. Factors that are potentially important in
explaining this improvement include economic growth, the development of basic
infrastructure, modified demographic and reproductive behaviors, and changes in
socioeconomic characteristics. Substantially less is known about how differentials and
inequalities in under-five mortality unfolded over this period.

3. Data and methods

The data for this sudy come from the survey component for S&o Paulo of the Brazilian
population censuses of 1970, 1980, and 1991. The survey component of the census was
adminigtered to a 25-percent sample of households in 1970 and 1980; the 1991 census
included a 10-percent sample for municipalities with a population of 15,000 or above
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and a 20-percent sample for the remainder. In all years, detailed information was
obtained on housing conditions as well as demographic, social, and economic
characteristics of each resident. By design, the specific measures were highly
comparable over time. An important strength of these data is their exceptionally large
sample sizes. Although | restricted the analysis to a subset of women in their
childbearing years, the results are based on a totad sample of more than 1.2 million
women across the three datasets.

Each census included questions for adult women on the number of children they
had borne and the number of these children surviving. Tabulations of the responses can
be used to indirectly estimate levels of infant and child mortality, based on techniques
developed by Brass et d. (1968) and refined by others (Sullivan, 1972; Trussell, 1975).
| used these estimates together with individual responses to the questions to construct a
child mortaity index for each mother, following the methods of Trussell and Preston
(1982). Thisindex was then used to indirectly estimate levels of under-five mortality
before and after controlling for a variety of individua-level demographic and
soci oeconomic characteristics through linear regression analysis.

The index accounts for the duration of children’s exposure to the risk of death
based on the mother's age, and assumes that the risk of death by child age is
proportional to a standard mortality schedule, and, therefore, is proportional to the risk
faced by other children (Trussell and Preston, 1982). The standard schedule is given by
amode lifetable. The proportionality factor for each mother is the observed number of
deaths divided by the expected number of deaths based on the standard mortality
schedule. | estimated the proportionality factor separately for subgroups of women
organized by five-year age categories and level of education (Note 3).

| included only women age 20-34 years in the anaysis because mother’s age was
used to control for the duration of exposure to the risk of death; consequently, deaths
among older women correspond to births occurring in the more distant past. Because
the covariates reflect conditions at the time of the interview, the inclusion of older
women—and, hence, children born in the more distant past—may have led to biased
results. In addition, older women are more likely to make reporting errors such as
understating the number of children born. | excluded women age 15-19 years because
children of teenage mothers face higher mortality due, in part, to their mother’s age
(Note 4). The most important assumption behind these estimates is that fertility and
childhood mortality levels have been constant in the recent past. Restricting the
andysis to women age 20—34 years minimizes potential problems.

The expected number of dead children for the jth woman in age group d and

education group i, E;; , was given by

E; =B; xPD?(d),
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where B;; isthe number of children born to thiswoman and PD;*(d) isthe expected
proportion of children who died among women in age group d and education group i
under the standard mortality schedule. | estimated PD°(d) by inverting the

conventional procedure for estimating childhood mortality based on summary
information from mothers on the number of children ever born and children dead.
| calculated a value of the child mortality index (CMI) for each woman in the

sample. Thisindex istheratio of observed child deaths (O ) to expected child deaths
(E;;) for thejth woman in theith education group:

CMI, =0, /E;.

This index forms the outcome variable for the anaysis of levels and inequality in
child mortaity. In presenting the results on the levels of child mortality, | converted the
index to an estimated under-five mortality probability, q(5), by multiplying the q(5)
value for the chosen standard life table by the weighted average of the child mortality
index, with the number of live births to each woman serving as the weight (Note 5). |
chose Coale-Demeny West regiona modedl lifetable level 18.5 as the mortality standard
for this sudy, based on a preliminary anaysis of child mortality levels in S&o Paulo
(results not shown) that used indirect estimation techniques described in Manual X
(United Nations, 1983). Preston and Haines (1991) recommended using the q(5) life
table parameter because it islikely to be the least sensitive to time trends or an error in
the choice of model life table. The weighting procedure provided a useful way to
combine child mortality information across women of a wide age range (20-34 years)
who had a corresponding large variation in the number of children born (and, hence,
exposed to therisk of death). Values for the weighted average of q(5) are quite close to
the corresponding unweighted estimates based only on the mortality of children to
women age 30-34, which represents the standard approach to estimating the q(5)
parameter based on indirect estimation techniques (United Nations, 1983). The under-
five mortality index can also be used in a regression anaysis, which alowed me to
estimate under-five mortality rates after controlling for demographic, social, and
economic characterigics. The regressions were run using weighted ordinary least
squares with the under-five mortality index as the dependent variable and the number of
live birthsto the mother asthe weight.

| calculated mortality concentration curves and concentration indices (see Shryock,
Siegel, and Associates, 1980) in order to describe and summarize economic inequalities
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in under-five mortality. The concentration curve plots the cumulative proportion of
mothers ranked in ascending order by economic status (on the x-axis) againgt the
cumulative proportion of mothers ranked by their value of the under-five mortality
index (on the y-axis). The farther the concentration curve lies above the diagonal, the
more that inequalities in mortality favor children from households of higher economic
gstatus. The concentration index can be used to compare concentration curves. It is
especially useful in situations in which the curves cross and unambiguous comparative
assessments of inequality in mortality cannot be made. The concentration index is
defined as twice the area between the concentration curve and the diagonal and is
negative when the concentration curve lies above the diagond. | calculated standard
errors for the concentration indices using the method of Kakwani, Wagstaff, and van
Doordaer (1997). | used a measure of household wealth based on a principal
components analysis of housing characteristics and ownership of consumer durables
(see Filmer and Pritchett, 2001) to capture the family’ s economic status.

4. Results

| present my results in three subsections. | begin by describing levels and differentias
in under-five mortality according to place of residence, focusing on changes in these
differentials over time. Next, | present adjusted and counterfactual measures that
contral for the effects of a variety of demographic, social, and economic characteristics.
Finally, | describe economic inequalities in under-five mortality.

Levelsand differentialsin under -five mortality

The estimated under-five mortality rates for Sdo Paulo state were 117.0 for 1970, 96.0
for 1980, and 45.7 for 1991 (see Table 1). Under-five mortadity fell by 18 percent
between 1970 and 1980 and by 52 percent between 1980 and 1991. Over the entire 21-
year period, under-five mortality fell by 61 percent.

Table 1 shows that under-five mortality rates were lower in urban areas than in
rural areas in all years, although the rural-urban difference was not datistically
significant in 1980 in contrast to the other two years. In 1970, the rural and urban
under-five mortality rates were 124.7 and 114.4, respectively; in 1980, they were 97.5
and 95.8; and in 1991, they were 49.8 and 45.2. Looking at mortality rates for different
urban areas revealed some interesting findings. In 1970, the under-five mortaity rate
for the periphery of the S8o Paulo metro areawas nearly as high asit wasin rural areas
(the difference was not statigtically significant); in contrast, ratesin the S&o Paulo metro
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core and in other urban areas were substantially lower. By 1980, the S8o Paulo metro
periphery had significantly higher under-five mortality than other urban areas and rural
areas. In 1991, the periphery of metro S&o Paulo continued to have the highest under-
five mortality rates, although the rates were not significantly higher than in rura areas.
Among urban areas, towns and cities outside of metro S&o Paulo consistently had the
lowest under-five mortality.

The smaller gap between rural and urban areas in 1980 was likdly due to rapid
rates of urban population growth between 1970 and 1980 and, in particular, to high
rates of migration to urban areas from rural areas of the state and from elsewhere in the
country. For the metro S&o Paulo region, for example, annual population growth rates
were 4.5 percent between 1970 and 1980 but only 1.9 percent between 1980 and 1991
(Fundacdo SEADE, 1993). The periphery of metro S8o Paulo grew especially rapidly
during the 1970s. Table 2 shows that the proportion of mothers age 20-34 who were
migrants reached a peak in 1980. In that year, half of all mothers in metro S&o Paulo
had moved to the area from elsewhere in the state or country. This rapid growth
strained the ability of local areas to provide adequate levels of infrastructure and public
services, resulting in environmental threats to child health, such as poor sanitation,
water supply, and access to hedth care. Table 2 shows that, in particular,
improvements in devel oped sanitation lagged for the periphery of S&o Paulo between
1970 and 1980. For the S0 Paulo core and other urban areas, the proportion of
househol ds covered by devel oped sanitation increased by about 50 percent. In contrast,
the increase was haf as large for the periphery of S8o Paulo. In addition, migration
streams to urban areas of S&o Paulo were composed to a large extent of disadvantaged
families, who may have had a harder time coping in urban areas than in rural areas. For
instance, Table 2 shows that the relative gap in mean years of education between the
periphery of S&o Paulo, on one hand, and the core and other urban areas of the state on
the other hand, was the widest for 1980. Urban growth during the following decade
was much slower, allowing citiesto catch up in the provision of public goods.

Adjusted and standar dized differentialsin under-five mortality by place of
residence

The results presented so far have been of raw differentials in under-five mortality rates.
Of considerable interest is the extent to which underlying differences in demographic,
social, and economic characteristics shape these results.  For ingance, low levels of
under-five mortality in urban areas may reflect, in part, the survival advantages
conferred by higher social and economic status. By controlling for characteristics of the
mother and household, | examined rural-urban and intra-urban differentials net of other
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factors. | also examined a series of counterfactua estimates of under-five mortality,
which alowed me to decompose differentials into two parts: one associated with
differences in group composition (i.e., covariate values) and the other associated with
differencesin relationships (i.e., covariate effects). The covariatesthat wereincludedin
the analysis are the household possessi ons-based wealth index, household water supply,
household sanitation, mother’ s education, mother’s current age, and mother’s migration
status.

| started by reexamining rura-urban differentials in under-five mortality. These
results are presented in Table 3. Under-five mortality was higher in rural areasthan in
urban areas for the entire study period. Theratio of rural to urban under-five mortality
was 1.09in 1970, 1.02in 1980, and 1.10 in 1991. | compared these actual estimates for
rural and urban areas for each year with adjusted estimates that hold all other covariates
congtant at their state-wide means. The adjusted estimates remove the effects of all
other covariates, allowing me to examine the extent to which the disadvantaged
characteristics of rural families might account for the high levels of under-five mortality
in rurd areas. | found that the adjusted estimate for urban areas was actualy higher
than the corresponding estimate for rural areas for each year. In particular, the adjusted
rural-to-urban under-five mortality ratio was 0.83 in 1970 (101.0 versus 122.4), 0.75in
1980 (74.7 versus 99.4), and 0.89 in 1991 (41.3 versus 46.2). This finding indicates
that the disadvantaged characteristics of rural families account for more than the
observed gap in under-five mortality between rural and urban areas. It suggeststhat, all
other things being equal, rural areas actually provide a more favorable setting for child
survival. This may be because rural areas have a less polluted environment, better
networks of family and social support, fewer hazards, and less exposure to infectious
diseases.

The rural counterfactual provides an estimate of rural under-five mortality if the
covariates effects found in urban areas were imposed on rural areas. Under this
scenario, rura under-five mortaity would have been significantly higher than its
observed value in dl years, and substantially so in 1970 and 1980. Rather than having
an actual under-five mortality of 124.7 in 1970, 97.5 in 1980, and 49.8 in 1991, the
prevailing level of mortality in rura areas would have been 152.6 in 1970 (22 percent
higher), 125.2 in 1980 (28 percent higher), and 56.0 in 1991 (12 percent higher). This
indicates that in all years the same set of characteristics was associated with lower
mortality in rural areas than in urban areas. In other words, there were larger
deleterious effects for risk factors—and smaller beneficial effects for protective
factors—in urban areas compared with rural areas.

Overall, a quaitatively similar set of results emerged from examining the urban
counterfactual under-five mortality rates and comparing them to actual rural and urban
rates. In summary, rural areas had higher under-five mortality for one main reason,
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which is that the population there was substantially more disadvantaged. However, a
similarly disadvantaged urban population would have had even higher under-five
mortality because the effects of poor housing conditions, low levels of wealth, and less
education were more harmful in urban areasthan in rural areas.

Table 4 presents results for intra-urban differentials in under-five mortality,
comparing metropolitan S0 Paulo with other urban areas of the state. In all years, the
S8o Paulo metro area had higher under-five mortality than other urban areas. Therate
was 4 percent higher in 1970 (116.8 vs. 111.8), 21 percent higher in 1980 (104.0 vs.
85.6), and 12 percent higher in 1991 (47.9 vs. 42.8). During the period from 1970 to
1980, migration to urban areas of the state peaked, but the destination for most of the
migrants was the metropolitan region of S8o Paulo, particularly the region’s periphery
(Fundacdo SEADE, 1993). As explained above, this period of rapid urban growth was
likely to have resulted in higher mortality in migrant destinations.

Mothers in metro S8o Paulo were more disadvantaged on average than those in
other urban areas of the gate; thus, holding covariate values fixed at mean levels across
al urban areas narrowed the under-five mortality gap between these two areas. In
1970, the adjusted gap was small and not significantly significant. In particular, the
adjusted under-five mortality rate for metro Sdo Paulo of 114.9 was less than one point
higher than the adjusted rate of 114.0 for other urban areas in the state. However, in
1980 and 1991, the gap was narrowed only modestly and remained datistically
significant and large: In 1980, adjusted under-five mortality was 16 percent higher in
metro S8o Paulo (102.2) than in other urban areas of the state (87.8), and in 1991, it was
Six percent higher (46.6 vs. 44.0).

Decomposing the differentia in under-five mortality between metro Séo Paulo and
other urban areas reveals that in both 1970 and 1991 differences in characteristics
accounted for the majority of the under-five mortality gap between metro Sdo Paulo and
other urban areas. However, differences in relationships between these two areas
accounted for approximately three-quarters of the large differential found for 1980
(Note 6).

Table 5 shows differentias in under-five mortality within the metropolitan region
of S&o Paulo, comparing the core (composed of the municipality of Sdo Paulo) with the
periphery (composed of the remainder of the metro region). Under-five mortality was
higher in the periphery of metro S&o Paulo than in the core in al years. The ratio of
under-five mortality in the periphery of metro S8o Paulo compared with the core rose
from 1.07 in 1970 (122.9 vs. 114.6), to 1.09 in 1980 (109.6 vs. 100.8), to 1.11 in 1991
(50.9 vs. 45.8). Contralling for covariates revealed that the high under-five mortality
rates in the periphery of metro So Paulo reflected in part the relative disadvantage of
the population in thisarea. The adjusted ratio of under-five mortality in the periphery
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of metro S&o Paulo compared with the core was smaller than the actua ratio, dropping
from 1.07 to 1.04 in 1970, from 1.09 to 0.97 in 1980, and from 1.11 to 1.00 in 1991.

A decomposition of the gap in under-five mortality between the core and periphery
of metro S0 Paulo reveals that differences in characterigics between the two areas
were likely to have been far more important explanatory factors than differences in
covariate effects. Taking the modd for the core area as the basdine, | found that for
1970, 51 percent of the 8.3-point gap in under-five mortality between the core (114.6)
and the periphery (122.9) was accounted for by differences in characteristics (Note 7).
For 1980, differences in characteristics accounted for 100 percent of the gap, whereas
for 1991 they accounted for 61 percent (Note 8). If | take the model for the periphery
as the baseline, differences in characteristics account for 30 percent of the gap between
the core and the periphery of metro S&o Paulo in 1970 and 100 percent of the gap in
both 1980 and 1991. Thus, under-five mortaity for the metropolitan region of S&o
Paulo was higher in peripheral areas than in the core because the characterigtics of
residents of the periphery generaly reflected greater levels of disadvantage according to
household wesalth, mother’ s education, and household sanitation and water supply.

Inequality in under -five mortality

| turn finally to presenting information on economic inequality in under-five mortality
by area and year. For the state of S&o Paulo, inequality in under-five mortality by
household economic status declined over the study period (see Table 6). The drop
occurred between 1970 and 1980, when the concentration index rose from -0.216 to
-0.163. There was a small but dtatisticaly significant decrease in the concentration
index (indicating higher levels of inequality) between 1980 and 1991, when the
concentration index reached -0.175. The results presented in Table 6 suggest that the
rise in inequality between 1980 and 1991 for the state was due to a sharp increase in
rural inequality in under-five mortality (because there were declines in inequality for
urban areas).

Rural areas had the lowest levels of inequality in under-five mortality according to
household economic status in the state in both 1970 and 1980. Although in 1991 the
concentration index for rural under-five mortality exceeded the value for urban areas,
the difference was not statistically significant. Figure 4 illugtrates the convergence in
levels of inequality for under-five mortality between rural and urban areas. The top
panel shows that in 1970 there was substantially greater economic inequality in
mortality in urban areas across the entire range of household wealth. The bottom panel
shows that by the end of the study period in 1991, however, it was difficult to
distinguish differences in inequality between urban and rura areas in any part of the
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(relative) wealth distribution. Nevertheless, it is clear that between 1980 and 1991,
rural inequality increased dramatically to levels well above those found in 1970.
Finally, no clear patterns emerged when comparing economic inegqualities in mortality
across urban areas. However, there were consistent decreases over time in economic
inequality in under-five mortality for each urban location.

To assess the robustness of these results and gain additional insights into the trends
uncovered, | present information on differentials in under-five mortality by household
wealth in urban areas of S0 Paulo state in Table 7. Two sets of differentials are
shown: the ratio of under-five mortality in the first wealth quintile to that in the fifth
quintile and the difference in under-five mortality between the top and bottom wealth
quintiles. All three indicators (the concentration index and the two differentials) reveal
a consistent decrease in levels of inequality in under-five mortality according to
household wealth between 1970 and 1991. The ratio of under-five mortality for the
first to fifth quintile of household wealth fell from 3.08 in 1970, to 2.72 in 1980, to 2.22
in 1991. Over this period, the difference in under-five mortality between the first and
fifth wealth quintiles shrank relative to the overall level of mortality. In 1970, the
difference between the top and bottom wealth quintiles was 116.4, while the overall
under-five mortality rate for urban areas was 114.4—indicating that the difference was
dightly greater than the overall mortality rate. By 1980, the difference of 91.4 was
lower than the overall under-five mortality rate of 95.8, while by 1991 the difference of
36.5 was only 80 percent of the overall mortality rate of 45.2. These results are
consistent with the drop in the concentration index from 10.238 in 1970, to '0.176 in
1980, t0!0.163 in 1991.

An examination of under-five mortaity rates by wealth quintile revedls that the
decline in wealth inequality in under-five mortality was the result of a much larger
relative drop in under-five mortality for lower quintiles than for higher quintiles.
Specifically, there was a 61-percent decline in under-five mortality for the first quintile
between 1970 and 1991, which is one-third larger than the 46 percent decline for the
fifth quintile over this period. Overal, and for each group, the magnitude of the
mortality declines was much smaller for 1970-1980 than for 1980-1991. For the first
wealth quintile, under-five mortality rates fell by 16 percent between 1970 and 1980 but
fell by 54 percent between 1980 and 1991. For the fifth quintile, under-five mortality
fell by only 5 percent during the earlier period but fell by 44 percent during the later
period.
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5. Conclusions

In this paper, | presented trendsin rural-urban and intra-urban differentials in under-five
mortality in S8o Paulo state, Brazil, over a 21 year period from 1970 to 1991. There
were mgjor declines in under-five mortality for S8o Paulo state over this period. These
declines were associated with substantial improvements in living conditions, changing
urbanization patterns, increases in educationa attainment, and other demographic and
socioeconomic changes. | found that rural-urban differentials and intra-urban
differentials by place were roughly the same at the end of the sudy period as a the
beginning. In contrast, inequality in under-five mortality according to household
wealth for urban S0 Paulo underwent a clear decline over this period, and differences
in levels of inequality between rura and urban areas disappeared.

The relatively narrow rural-urban mortality differential has been among the
unresolved puzzles in Brazilian mortality patterns (Merrick and Graham, 1979). Our
results provide some insights into the reasons for this pattern for under-five mortality.
The period from 1970 to 1980 was characterized by rapid urban population growth, due
in particular to migration. This growth contributed to poor living conditions in the
major destination areas, which included metro Sd0 Paulo and, in particular, the
periphery of metro S8o Paulo. Nevertheless, rura families were on average far more
disadvantaged and this alone accounted for the higher under-five mortality ratesin rural
areas than in urban areas. However, children from disadvantaged families were much
worse off in urban areas because the deleterious effects of being disadvantaged were
much larger in urban areas than they were in rural areas. Intra-urban differences in
under-five mortality by place were largely accounted for by the spatia distribution of
disadvantaged families. These families were concentrated in the periphery of metro
Sdo Paulo, which resulted in this area having the highest under-five mortality rate.
Disadvantaged families experienced similar levels of under-five mortality whether they
lived in the periphery of Sdo Paulo, the core of the metro area, or in another city or
town.

The findings of this study suggest that families on the socioeconomic margin and
geographic periphery suffer the worst rates of child mortality. From a policy
perspective, these results suggest that mortality differentias between areas could be
reduced by improving living conditions, education levels, and economic well-being
among the disadvantaged. These lessons may well extend to other areas in Brazil and
elsewhere in the developing world that are currently experiencing rapid rates of
urbanization. The finding that similarly disadvantaged families fare far worse in urban
areas than in rural areas suggests that life in an urban area provides distinct challenges
for families trying to promote the hedth of their children. These may be the
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conseguence of factors such asair pollution that are not easily overcome by the types of
policiesidentified above.

From a research perspective, this study has shown the value of using census data
and indirect estimate techniques based on individua-level data for examining trends
and differentials in child mortality in the developing world. Compared with survey
data, which are much more commonly used in studies on this topic, census data have
the important grength of considerably larger sample sizes that allow much more
statistical precision in tracking changes over time. On the other hand, survey data are
often designed to be highly comparable across countries and provide information on
child hedth status in addition to measures of child mortality. Nevertheless, in a number
of settings, such as the United States (see Preston and Haines, 1991) and Brazil, census
data are uniquein their ability to uncover historical trendsin mortality inequalities.
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Notes

1

370

For information on overall trends see Stolnitz (1965); Gwatkin (1980); Hill and
Pebley (1989); and Ahmad, Lopez, and Inoue (2000).

Among the recent studies for Brazil that have examined spatial variation in infant
or child mortality within urban areas or regions are Akerman, Campanario, and
Maia (1996); Akerman et a. (1994); Andrade and Szwarcwald (2001); Campos,
Carvalho, and Barcellos (2000); Cavenaghi and Kerber (1996); Costa et al. (2001);
da Slva, Paim, and Costa (1999); Terra de Souza et al. (1999 and 2001); Goldani
et al. (2001); Leal and Szwarcwald (1997); Morais Neto et a. (2001); Paes-Sousa
(2002); Paim and Costa (1993); Shimakura et a. (2001); and Szwarcwald et al.
(1999 and 2000). All of these studies were ecological or cross-sectional and most
were both. The lack of controls for individua level characteriticsis an important
shortcoming when trying to uncover the factors that underlie spatial differentials
and variation in mortality.

Duration since first marriage is often used instead of mother’'s age, but this
information is not available from the Brazilian censuses. However, women of
higher socioeconomic status marry or enter into a union later than women of lower
socioeconomic status and hence, among mothers of any particular age, children
from higher socioeconomic groups would have been exposed to mortality for a
shorter period than children from lower socioeconomic groups. Consequently,
differences in mortality and fertility would be confounded in comparisons across
socioeconomic groups and, in particular, the apparent survival advantage of higher
socioeconomic status would be overstated. | adjusted for these important
socioeconomic differences by accounting for fertility differences by mother’'s
education level when calculating the child mortality index. | stratified mothers
according to whether or not they completed el ementary school, since this occurred
well before the start of childbearing.

Although mother’s age is measured and can be included in the analysis, it is
confounded with children’s exposure.

Henceforth, | refer to q(5) x 1,000 as the under-five mortality rate or simply
“under-five mortality.”

In 1970, the under-five mortality differential between metro SSo Paulo and other
urban areaswas 116.8 - 111.8 = 5.0. Based on the metro S&o Paulo counterfactual
value of 117.1 (which estimates the under-five mortality rate for So Paulo when
imposing reationships found for other urban areas), the entire gap was accounted
for by differences in characterigtics between the two areas (117.1 - 111.8 = 5.3)
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because the effect of differences in coefficients (116.8 - 117.1 = -0.3) actually
worked in the opposite direction. Based on the counterfactual value of 114.1 for
other urban areas, differencesin characteristics (116.8 - 114.1 = 2.7) accounted for
55 percent of the gap, whereas differences in rdationships (114.1 - 111.8 = 2.3)
accounted for the remaining 45 percent.

In 1980, the under-five mortality differentia between metro Sdo Paulo and
other urban areas was 104.0 - 85.6 = 184. Based on the metro Sdo Paulo
counterfactual value of 90.3, only 26 percent of the gap (90.3 - 85.6 = 4.7) was
accounted for by differencesin characteristics between thetwo areas. Based on the
other urban areas counterfactual of 100.5, 19 percent of the gap (104.0 - 100.5 =
3.5) was accounted for by differences in characteristics.

Finally, in 1991, there was a differential of 47.9 - 42.8 = 5.1 between metro
S8o Paulo and other urban areas. Between 40 percent (based on the other urban
areas counterfactual of 45.8) and 60 percent (based on the S&o Paulo counterfactual
of 45.9) of the gap was accounted for by differences in characteristics between the
two areas.

7. Taking the modd for the core area as the basdline, the proportion accounted for by
differences in characteristics is equa to the predicted values for the periphery
minus the predicted value for the core. The predicted under-five mortality for the
periphery in 1970, based on average periphery characteristics, was 118.8. The
predicted under-five mortality for the core is the actual mortality rate of 114.6
because the modedl was estimated on these data. Thus, differencesin characterigics
account for (118.8 - 114.6) = 4.2, which is 51 percent of the total gap of 122.9 -
114.6 = 8.3 paints.

8. In 1980, the actual core and periphery under-five mortality rates were 100.8 and
109.6, respectively. The predicted periphery rate based on the model for the core
was 112.9. Differences in characterigtics thus accounted for (112.9 - 100.8) /
(109.6 - 100.8) = 12.1/8.8, which represents more than 100 percent of the gap. In
1991, the actual and predicted rates for the periphery were 50.9 and 48.9,
respectively. Given the actua core rate of 45.8, differences in characteristics
accounted for (48.9 - 45.8) / (50.9 - 45.8) = 3.1/ 5.1 = 0.61 or 61 percent of the

gap.
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Tables& Figures

Table 1. Under-five mortality by area for So Paulo state by year

Sample size
Area Under-five mortality (mothers)

1970

Total 117.0 (0.36) 297,729

Urban 114.4 (0.41) 233,252

Sé&o Paulo metropolitan area 116.8 (0.57) 124,609

Sé&o Paulo metro core 114.6 (0.61) 92,781

Sao Paulo metro periphery 122.9 (1.04) 31,828

Other urban areas 111.9 (0.56) 108,643

Rural 124.7 (0.78) 64,477
1980

Total 96.0 (0.31) 527,927

Urban 95.8 (0.33) 465,877

Séao Paulo metropolitan area 104.0 (0.45) 262,483

Séo Paulo metro core 100.8 (0.57) 172,621

Sao Paulo metro periphery 109.6 (0.78) 89,862

Other urban areas 85.6 (0.47) 203,394

Rural 97.5 (0.89) 62,050
1991

Total 457 (0.21) 406,976

Urban 45.2 (0.22) 371,020

Sé&o Paulo metropolitan area 47.9 (0.31) 175,262

Sé&o Paulo metro core 45.8 (0.43) 103,137

Sao Paulo metro periphery 50.9 (0.52) 72,125

Other urban areas 42.8 (0.29) 195,758

Rural 49.8 (0.72) 35,956

Source:  Author's calculations based on microdata data for Sdo Paulo state from Brazilian censuses of 1970, 1980, and 1991.
Notes:  Standard errors in parentheses.
The under-five mortality rate is equal to q(5) x 1,000, where q(5) is an estimate of the life table probability of a child dying
before age 5. The estimate of q(5) is calculated from the ratio of observed to expected child deaths among women age
20-34 with one or more births and a model life table, using indirect estimation techniques. See text for details.

378 http://www.demographi c-research.org



Demographic Research — Special Collection 2: Article 14

-- Determinants of Diverging Trendsin Mortality --

Table 2: Household and mother characteristics by area for SGo Paulo Sate
by year
Area
Séo Paulo Séo Paulo Séo Paulo
Variable Rural Urban metro Other urban core periphery
1970
Water supply
Piped/well internal 17% 62% 63% 62% 65% 58%
Other 83% 38% 37% 38% 35% 42%
Sanitation
Developed 7% 52% 50% 53% 51% 48%
Other 93% 48% 50% 47% 49% 52%
Mother's education (years) 1.62 3.47 3.54 3.39 3.65 3.22
Non-migrant 78% 68% 59% 78% 57% 64%
1980
Water supply
Piped/well internal 46% 84% 84% 82% 87% 78%
Other 54% 16% 16% 18% 13% 22%
Sanitation
Developed 25% 74% 71% 78% 76% 60%
Other 75% 26% 29% 22% 14% 40%
Mother's education (years) 3.01 5.35 5.39 5.30 5.70 4.80
Non-migrant 74% 61% 50% 7% 49% 50%
1991
Water supply
Piped/well internal 83% 96% 96% 95% 98% 95%
Other 17% 4% 4% 5% 2% 5%
Sanitation
Developed 32% 84% 82% 86% 89% 74%
Other 68% 16% 18% 14% 11% 26%
Mother's education (years) 4.53 6.66 6.82 6.51 7.21 6.27
Non-migrant 76% 67% 55% 77% 56% 52%
Source: Author’s calculations based on microdata data for S&o Paulo state from Brazilian censuses of 1970, 1980, and 1991.
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Table 3: Adjusted and counterfactual levels of under-five mortality for rural and
urban areas of S4o Paulo state by year

Under-five mortality

Covariate Coefficient

Measure values effects Rural Urban Rural / Urban
1970

Actual estimates Own Own 124.7 (0.78) 114.4 (0.41) 1.09

Adjusted for all covariates State means State-wide 101.0 (0.84) 122.4 (0.44) 0.83

Rural counterfactual Own Urban 152.6 (0.91) - - —

Urban counterfactual Own Rural - - 108.7 (2.14) —
1980

Actual estimates Own Own 97.5 (0.89) 95.8 (0.33) 1.02

Adjusted for all covariates State means State-wide 74.7 (1.06) 99.4 (0.35) 0.75

Rural counterfactual Own Urban 125.2 (0.90) - - —

Urban counterfactual Own Rural - - 92.7 (2.84) —
1991

Actual estimates Own Own 49.8 (0.72) 45.2 (0.22) 1.10

Adjusted for all covariates State means State-wide 41.3 (0.95) 46.2 (0.23) 0.89

Rural counterfactual Own Urban 56.0 (0.96) - = —

Urban counterfactual Own Rural - - 43.6 (2.05) —

Source: Author’s calculations based on microdata data for Sdo Paulo state from Brazilian censuses of 1970, 1980, and 1991.

Notes:  Standard errors in parentheses.
See notes to Table 1 for information about the measure of under-five mortality.
Adjusted estimates control for covariates and set each covariate to its mean across all areas. Counterfactual estimates are
predictions based on own-characteristics but coefficient estimates from a model estimated for the other area.
Covariates used for the adjustments and counterfactuals include a household possessions—based wealth index, household
water supply, household sanitation, woman's education, woman’s current age, and woman'’s interstate migration status.
Covariates were incorporated through the use of a linear regression model.
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Table 4: Adjused and counterfactual levels of under-five mortality for
metropolitan S8o Paulo and for other urban areas of SGo Paulo state
by year

Under-five mortality

Metro Sao
Covariate Coefficient Metropolitan Other urban Paulo / Other
Measure values effects Séo Paulo areas urban areas
1970
Actual estimates Own Own 116.8 (0.57) 111.8 (0.56) 1.04
Adjusted for all covariates Urban means All-urban 1149 (0.61) 114.0 (0.63) 1.01
M do Paul —
etro Séo Paulo own Other urban 1171 (0.93) — —
counterfactual
Other urban counterfactual Own Metro S&o Paulo — — 1141 (1.02) —
1980
Actual estimates Own Own 104.0 (0.45) 85.6 (0.47) 121
Adjusted for all covariates Urban means All-urban 102.2 (0.46) 87.8 (0.51) 1.16
Metro S&o Paul —
0 >d0 Paulo own Other urban 90.3  (0.61) — —
counterfactual
Other urban counterfactual Oown Metro S&o Paulo — — 100.5 (0.59) —
1991
Actual estimates Own Own 47.9 (0.31) 42.8 (0.29) 112
Adjusted for all covariates Urban means All-urban 46.6 (0.32) 44.0 (0.30) 1.06
Metro S&o Paul —
o raulo own Other urban 459  (0.35) — —
counterfactual
Other urban counterfactual Oown Metro S&o Paulo — — 458 (0.39) —

Source: Author’s calculations based on microdata data for Sdo Paulo state from Brazilian censuses of 1970, 1980, and 1991.
Notes:  Standard errors in parentheses.
See notes to Table 1 for information about the measure of under-five mortality.
Adjusted estimates control for covariates and set each covariate to its mean across all urban areas. Counterfactual
estimates are predictions based on own-characteristics but coefficient estimates from a model estimated for the other area.
See notes to Table 3 for information on the covariates in the models.
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Table5: Adjusted and counterfactual levels of under-five mortality for the core
and periphery of metropolitan SGo Paulo by year

Under-five mortality

Séo Paulo Séo Paulo
Covariate Coefficient metro Sé&o Paulo periphery /
Measure values effects periphery metro core core
1970
Actual estimates Own Own 122.9 (1.04) 114.6 (0.61) 1.07
Adj for all M P X
djusted for a etro S All-metro SP 120.6 (1.23) 115.5 (0.69) 1.04
covariates means
Periphery counterfactual Own Core 118.8 (1.02) - - —
Core counterfactual Oown Periphery — — 120.4 (2.05) —
1980
Actual estimates Own Own 109.6 (0.78) 100.8 (0.57) 1.09
Adj for all M P .
djusted for a etro S All-metro SP 101.9 (0.77) 105.1 (0.58) 0.7
covariates means
Periphery counterfactual Own Core 112.9 (0.65) - - —
Core counterfactual Own Periphery - = 97.6 (0.92) —
1991
Actual estimates Own Own 50.9 (0.52) 45.8 (0.43) 111
Adj for all M P X
djusted for a etro S All-metro SP 48.0 (0.52) 47.9 (0.44) 1.00
covariates means
Periphery counterfactual Own Core 48.9 (0.60) - - —
Core counterfactual Own Periphery - = 45.0 (0.61) —

Source: Author’s calculations based on microdata data for Sdo Paulo state from Brazilian censuses of 1970, 1980, and 1991.
Notes:  Standard errors in parentheses.
See notes to Table 1 for information about the measure of under-five mortality.
Adjusted estimates control for covariates and set each covariate to its mean across the metropolitan Sao Paulo region.
Counterfactual estimates are predictions based on own—characteristics but coefficient estimates from a model estimated
for the other area.
See notes to Table 3 for information on the covariates in the models.
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Table6: Inequality in under-five mortality by area for S3o Paulo by year
Concentration index
Area 1970 1980 1991
Total ~0.216 (0.0023) ~0.163 (0.0023) ~0.175 (0.0036)
Urban -0.238 (0.0027) -0.176 (0.0025) -0.163 (0.0038)
Sé&o Paulo metropolitan area -0.238 (0.0037) -0.172 (0.0033) —0.155 (0.0055)
Sé&o Paulo metro core -0.239 (0.0044) -0.167 (0.0042) —-0.161 (0.0076)
Sé&o Paulo metro periphery -0.231 (0.0069) -0.175 (0.0051) -0.137 (0.0080)
Other urban areas -0.241 (0.0039) -0.179 (0.0040) -0.169 (0.0054)
Rural -0.120 (0.0047) -0.098 (0.0064) -0.174 (0.0110)
Source: Author’s calculations based on microdata data for Sdo Paulo state from Brazilian censuses of 1970, 1980, and 1991.
Notes:  Standard errors in parentheses.
The concentration index is a measure of economic inequality in under-five mortality constructed using a household
possessions-based wealth index. The index of household wealth is the score of a principal components analysis, with
components that include the ownership of consumer durables such as a car, radio, refrigerator, and television, and the
number of rooms and bedrooms in the dwelling. See text for further details.
Table7: Levels and inequality of under-five mortality by wealth for urban areas of
SAo Paulo state by year
1970 1980 1991
Percent Percent Percent
Under-five in Under-five in Under-five in
Measure mortality category mortality category mortality category
Quintile of wealth
1 172.4 (1.04) 20.3% 1445 (0.84)  20.0% 66.5 (0.58) 20.0%
2 131.3 (0.96) 19.8% 106.8 (0.73)  22.3% 47.8 (0.51) 20.2%
3 102.7 (0.87) 20.1% 83.0 (0.71) 19.4% 42.3 0.47) 20.0%
4 75.2 (0.79) 20.5% 68.8 (0.66)  20.2% 35.3 (0.44) 19.9%
5 56.0 (0.70) 19.3% 53.1 (0.65) 18.1% 30.0 0.42) 19.8%
Total 114.4  (0.41) 100.0% 95.8 (0.33)  100,0% 45.2 (0.22)  100.0%
Ratio: min to max 3.08 1.05 2.72 1.10 2.22 1.01
Max - min 116.4 914 36.5
Concentration —0.238  (0.0028) —0.176 (0.0025) —0.163  (0.0038)
Index
Source: Author’s calculations based on microdata data for Sdo Paulo state from Brazilian censuses of 1970, 1980, and 1991.

Notes:
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Standard errors in parentheses.
See notes to Table 1 for information on the measure of under-five mortality and to Table 6 for information on the

concentration index.
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Figure 1. Soatially smoothed municipality estimates of population density,

S50 Paulo, Brazl, 1970-1996
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Figure 2: Infant mortality rate for Sio Paulo state, 1894-1998
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Figure 3:
SAo Paulo, Brazl, 1970-1991
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Figure 4. Concentration curves for under-five mortality by wealth for rural and
urban S8o Paulo state, 1970 (top panel) and 1991 (bottom panel)
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