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Abstract.  In this paper I examine the effects of social and economic development on 

inequalities in under-five mortality for the state of São Paulo, Brazil, over a twenty-one year 

period during which much of the infant and child mortality transition unfolded.  I investigate 

whether the improvements in infant and child survival were accompanied by declining 

inequalities.  I focus on inequality in under-five mortality by household wealth and by mother’s

education and use microdata from Brazilian censuses conducted in 1970, 1980, and 1991.  I find 

that inequality according to household wealth underwent a clear decline over the study period.

Inequality according to mother’s education first declined and then increased, with a net rise over 

the study period.  When I control for background demographic and socioeconomic

characteristics, inequalities in under-five mortality according to household wealth remained

roughly constant.  On the other hand, inequality according to mother’s education increased 

substantially.



1. Introduction

In the past few years, there has been growing policy and research interest in health 

inequalities and the health of the poor in less developed countries (Gwatkin, 2000).  Reducing 

socioeconomic inequalities in health and improving the health of the poor have become central 

goals of the World Bank, the World Health Organization, other international organizations, and 

major donors of development assistance (Wagstaff, 2000).  Yet progress towards these goals 

may have been stymied by an important research gap in documenting and understanding trends

in socioeconomic differentials in infant and child mortality in less developed countries.  There 

are few studies that have described trends in socioeconomic differentials in infant and child 

mortality in less developed countries and even fewer that have sought to explain them.  Very 

little is known about how socioeconomic differentials have changed over time, as the 

development processes unfolded and levels of urbanization rose, women’s educational 

attainment improved, infrastructure spread, and income and wealth increased.1  Braveman and 

Tarimo (2002: 1622) noted that “relatively little information is routinely available on health 

1 Cleland, Bicego, and Fegan (1992) found that disparities in child survival by socioeconomic status and

maternal education did not narrow between the 1970s and 1980s across a dozen developing countries. Wagstaff

(2001) assembled and reanalyzed results from a number of studies to show that inequality in under-five mortality

increased in Bolivia between 1994 and 1998, in Vietnam between 1993 and 1998 (Wagstaff and Nguyen, 2001), and

in Uganda between 1988 and 1995 (Stecklov, Bommier, and Boerma, 1999).  A study by Victora et al (2000),

discussed below in more detail, found no changes in inequality in child health and infant mortality in two areas of 

Brazil between the late 1980s and early 1990s. A larger number of studies have shed some light on changes in 

differentials over time by examining differences in covariate effects over time.  For example, DaVanzo and Habicht

(1986) found that the effects of mother’s education on child survival increased over time in Malaysia while Merrick 

(1985) found that in urban Brazil between 1970 and 1976 the effects on child survival of mother’s education

decreased but those of father’s education increased.
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status or health care disparities between better- and worse-off groups within most countries, and 

particularly on how within-country social disparities may change over time” (emphasis in 

original).  In contrast, there has been a considerable amount of research that has documented

trends in poverty and income inequality over time and has analyzed the factors underlying these

trends—both in Brazil and in other parts of the developing world (e.g., Lam and Levinson, 1991; 

Psacharopoulos et al., 1995).

Research on health inequalities in less developed countries has, until recently, focused on 

categorical indicators of status, such as region, rural-urban place of residence, mother’s

education, sex, and race or ethnicity.  In Brazil, attention has focused primarily on rural-urban 

and regional differentials in mortality, particularly between the poor and underdeveloped

Northeast region and the rest of the country, and secondarily on differences by income and 

education.2  The tremendous geographic diversity within Brazil in the level and pace of social 

and economic development has been the principal reason for this focus; differentials by 

socioeconomic status have tended to mirror the regional differentials and hence have received 

less attention.  Another reason is that many past studies used basic indirect estimation

techniques.  Because stratification of the sample was necessary for estimating mortality

differentials, these studies were restricted to examining the effects of one or two covariates at 

most.  Less attention has been paid to examining the effects of broader social and economic

2 See, for example, Barros and Sawyer (1991), Carvalho (1974), Carvalho and Wood (1978), Castilla 

(1996), Daly (1985), Monteiro (1996), Monteiro et al. (1992), Sawyer, Castilla, and Mor (1987), Schmertmann and

Sawyer (1996), Simões and Monteiro (1995), Simões and Oliveira (1997), Szwarcwald and Castilho (1995), and

Wood and Carvalho (1988).
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trends on declines in infant and child mortality and on changes in mortality inequality.3

A growing number of studies have examined economic inequalities in health and survival 

in less developed countries.  Virtually all of these have focused on infants and children, for 

whom the best data are available.  These studies have drawn on data sets that have included 

measures of household economic status, such as the World Bank’s Living Standards 

Measurement Study (Wagstaff, 2000; Wagstaff and Watanabe, 2000), or data sets that have 

measures of household asset ownership and housing characteristics, such as the Demographic

and Health Surveys, together with techniques proposed by Filmer and Pritchett (1999 and 2001) 

for converting these measures into a wealth index (Bonilla-Chacin and Hammer, 1999; Gwatkin 

et al., 2000).  These new studies of health inequalities have presented concentration curves and 

the concentration index—more sophisticated measures of inequality with some important

advantages over the rate ratios across groups that are typically used—to characterize differences 

in inequality levels across countries.  Few of these studies have examined trends in inequality.

They have, however, uncovered substantial cross-country differences in inequality in child health 

and survival.  Of considerable interest is that of the nine countries examined by Wagstaff (2000) 

and the 44 countries examined by Gwatkin et al. (2000), inequalities in under-five mortality were 

3 One exception is a recent study by Victora et al. (2000) that examined trends in child health inequality in

Brazil.  They found that in Ceará state in Northeast Brazil, inequalities between rich and poor for child health and

infant mortality remained largely unchanged between 1987 and 1994. For the city of Pelotas, in southern Brazil, the

situation over the period 1982-92 was largely the same.  However, when the analysis of inequality in infant

mortality for Pelotas was stratified by low birthweight status (there were no other controls), Victora et al. found that

inequality declined among normal birthweight births but widened substantially among low birthweight births.  (They

argue that the narrowing of infant mortality inequality for normal birthweight births occurred because affluent

families reached the minimum achievable level of infant mortality.)
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highest for Brazil.  Wagstaff (2000) found that the concentration curve for Brazil lay furthest

from the 45-degree line and did not intersect with any other country’s concentration curve, 

indicating that economic inequality for under-five mortality in Brazil was unambiguously the 

worst.

In this paper, I examine the effects of social and economic development on 

socioeconomic inequalities in under-five mortality for the state of São Paulo, Brazil, over a 

twenty-one year period during which much of the infant and child mortality transition unfolded.

I investigate whether the improvements in infant and child survival were accompanied by 

declining inequalities.  Instead, did the most advantaged segments of society benefit more from

these improvements?  I focus on inequality in under-five mortality by household wealth and by 

mother’s education.  I draw on microdata from Brazilian censuses conducted in 1970, 1980, and 

1991.  Major strengths of these data include the availability of detailed individual and household 

level covariates and extremely large sample sizes.

I begin, in the next section, by providing some background on trends and differentials in 

infant and child mortality in São Paulo, Brazil, over the past 30-40 years.  In Sections 3, I 

describe the data and methods.  The results are presented in Section 4 and I end the paper with 

some conclusions. 

2. Background 

São Paulo is Brazil’s largest state, with one-fifth of the country’s total population.  The 

state, which is located in the southeast of Brazil, had a population of 31.5 million in 1991

(Fundação SEADE, 1993).  The city of São Paulo and its surrounding metropolitan area is the 

most industrialized region in Latin America.  This region, located in the southeast part of the 

state, forms Brazil’s urban-industrial heartland and dominates the country economically.  For 
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instance, the greater São Paulo region generates one-third of the Brazil’s income, although it 

contains only one-tenth of the country’s population (Abranches, 1995).  During the past 30 years, 

the city and state have led Brazil and Latin America in many important demographic and 

socioeconomic trends.  For example, the state has the highest level of urbanization in the 

country, with 93 percent of the state’s population living in urban areas in the mid-1990s.

There was a major decline in infant and child mortality in São Paulo state beginning in 

the early 1970s (see Figure 1).  The infant mortality rate declined from 84 per 1,000 in 1970 to 

under 20 per 1,000 today.  The decline in infant mortality rates that begin in the early 1970s

followed a period during which rates actually increased substantially.  Between 1964 and 1971 

the infant mortality rate in São Paulo state rose by 26 percent, from 71 per 1,000 to 89 per 1,000. 

A number of studies have investigated why infant mortality rates increased in São Paulo 

during this period.  One set of studies (e.g., Sawyer, 1981; Wood, 1982; Yunes, 1981) has argued 

that the economic policies of the military government that took power in 1964 were the main

cause of the upturn in infant mortality.  Although there was rapid economic growth of over 10 

percent per annum beginning in 1964, there was a sharp concurrent drop in real wages with the 

legal minimum wage falling by approximately 60 percent between 1964 and 1973.  Other factors 

that were likely to have contributed to the rise in infant mortality rates included a lack of

sufficient investment in water supply and sanitation (Monteiro and Benicio, 1989) and in health 

services (Leser, 1974) to keep pace with rapid rates of population growth.

Beginning in 1973, infant mortality rates began to decline in the state.  Most researchers

have attributed the fall to infrastructure improvements (Costa and Duarte, 1989).  Brazil 

embarked in the 1970s on an intensive effort to improve water supply and sanitation (Merrick, 

1985), which raised the proportion of households in São Paulo with running water from 71.3 
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percent in 1973 to 98.6 percent in 1984 (Sawyer, Castilla, and Mor, 1987).  Other important

changes that contributed to lower mortality rates were longer breastfeeding durations, increases 

in the use of oral rehydration therapy, higher immunization rates, and increases in the number of 

health centers (Monteiro et al., 1989; Victora et al., 1996; Zúñiga and Monteiro, 1995). 

3. Data and methods 

This study is based on data from the survey component of the Brazilian population 

censuses that were conducted in 1970, 1980, and 1991.  One-quarter of households were selected 

for the survey component in 1970 and 1980, while in 1991 10 percent of households were

selected in municipalities with a population of 15,000 or above and 20 percent were selected in 

the rest.  Information was collected on housing conditions as well as demographic, social, and 

economic characteristics of each resident.  Most of the core questionnaire had few, if any, 

changes between censuses, which allows identical measures to be created for each year.  The 

high sampling fractions resulted in exceptionally large sample sizes.  Although the analysis is 

based only on parous women aged 20-34 (for reasons discussed below), the sample sizes are 

297,729 for 1970, 527,927 for 1980, and 406,976 for 1991—a total of 1,232,632 women.

The core questionnaire collected information from adult women on the number of 

children born and the number of these children alive at the time of the interview.  I used this 

information to construct an index of under-five mortality for each mother based on the 

techniques proposed by Trussell and Preston (1982).  The index was used to indirectly estimate

of under-five mortality rates.  Because the indirect estimates were based on individual-level

index values, I was able to construct comparable indirect mortality estimates that controlled for 

individual- and household-level demographic and socioeconomic characteristics using linear 

regression analysis. 
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The index assumes that a child’s risk of death is proportion to a standard mortality 

schedule and hence to the risk faced by other children (Trussell and Preston, 1982).  A model life 

table is chosen as the standard mortality schedule.  A proportionality factor is calculated for each 

mother based on her observed number of deaths divided by her expected number of deaths from

the standard mortality schedule.  A control for the duration of children’s exposure to the risk of 

death (i.e., their age) is based on the mother’s age.4  I estimated the proportionality factor 

separately for subgroups of women based on five-year age categories and level of education.5

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

, was given by ijE

)(dPDBE s
iijij ,

where  is the number of children born to this woman and  is the expected proportion 

of children who died among women in age group d and education group i under the standard 

mortality schedule.  Note that the age groups 

ijB )(dPD s
i

7...,,2,1d  correspond, respectively, to 15-19 

years, 20-24 years, …, 45-49 years.  Under the assumption of proportionality, the probability of a 

4 The duration since the mother’s first marriage is a commonly used alternative to mother’s age as a control

for children’s exposure. However, information on age at first marriage is not available from the Brazilian censuses.

5 Women of higher socioeconomic status generally bear children at a later age.  Hence, among mothers of

the same age, those of higher socioeconomic status will have younger children.  These children are less likely to

have died both because they are younger and because of their higher socioeconomic status.  If I ignore the fact that

children of higher socioeconomic status are younger (holding mother’s age constant), the estimated mortality rates

for these children will be understated.  Consequently, it is important that I control for fertility differences by

mother’s socioeconomic status when calculating the child mortality index. I did so by stratified mothers according

to whether or not they completed elementary school, an outcome that was determined occurred well before the start 

of childbearing.
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child dying by exact age a, , is given by: )(aqij

)()( aqaq s
ijij ,

where  is the standard mortality schedule.  Since the observed number of dead children is )(aq s

ijij E , the ratio of observed to expected number of dead children—which, as explained below, is 

the index of child mortality—is simply ij , the proportionality factor.  I estimated  by 

inverting the conventional procedure for estimating childhood mortality from summary 

information from mothers on the number of children ever born and children dead. 

)(dPD s
i

I restricted my analysis to data on child mortality from women aged 20-34 years.  I did so 

because mother’s age was used to control for the duration of her children’s exposure to the risk 

of death.  As a result, deaths to children of older women correspond to births occurring in the 

more distant past.  Since 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 

misleading results given the rapid changes in living conditions over the study period.  Also, 

underreporting of the number of children born is more likely among older women.  I excluded 

women aged 15-19 years because children of teenage mothers face higher mortality due, in part, 

to their mother’s age.6  The most important assumptions underlying the indirect estimation of 

child mortality are that fertility and childhood mortality levels have been constant in the recent

past.  Restricting the analysis to women aged 20-34 minimizes the likelihood that these 

assumptions are violated.

This approach provided a value of the child mortality index (CMI) for each woman.  For 

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

exposure.
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the jth woman in the ith education group this index is the ratio of observed child deaths  to 

expected child deaths ( :

)( ijO

)ijE

ijijij EOCMI / .

I used this index to estimate the overall level of under-five mortality and inequality in under-five 

mortality.

I 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 

index—with the number of live births to each woman serving as the weight.7  I chose Coale-

Demeny West regional model life table level 18.5 as the mortality standard for this study based 

on a preliminary analysis (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 is likely 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 the risk 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 aged 30-34, which represents the standard approach 

to estimating the q(5) parameter based on indirect estimation techniques (United Nations, 1983).

I used the index in a regression analysis that allowed me to estimate under-five mortality

rates after controlling for demographic, social, and economic characteristics.  The regressions 

were run using weighted ordinary least squares with the index as the dependent variable and the 

number of live births to the mother as the weight.

7 Henceforth, I refer to q(5) 1,000 as the under-five mortality rate or simply “under-five mortality”.
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Finally, I used the index to calculate mortality concentration curves and concentration

indices that describe and summarize inequalities in under-five mortality according to household 

economic status or mother’s years of education.  The concentration curve plots the cumulative 

proportion of mothers ranked in ascending order by household economic status or years of 

education (on the x-axis) against the cumulative proportion of mothers ranked by their value of 

the child mortality index (on the y-axis).  If there were perfect equality in child deaths according

to household economic status and mother’s years of education, then the concentration curve 

would lie along the diagonal.  The further the concentration curve lies above the diagonal, the 

more that inequalities in child mortality favor mothers from household of higher economic status 

or with more education.8

The concentration index can be used to compare concentration curves.  It is especially

useful in situations where two curves cross and hence 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 diagonal.  The index is calculated as follows (see Kakwani, Wagstaff, and van 

Doorslaer, 1997): 

n

i
ii Rx

xn
C

1
12 ,

where is the child mortality index for the ith mother,ix niRi 2/)12(  is the relative rank for

the ith mother, and x  is the mean of the child mortality index.  The variance for the 

concentration index (which takes into account serial correlation in the data) is calculated as 

8 Note that the concentration curves and indexes did not weight each mother’s child mortality index value

by her number of children ever born. This was because these measures should not reflect differential fertility, which

would have been the case if I used weighted values.
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I used an index 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.  I also calculated the concentration index based on mothers’ years 

of education that reflected her highest level of educational attainment (rather than her number of

years of schooling, which is affected by grade repetition). 

4. Results 

I present my results in two subsections.  I begin by describing trends in levels of under-

five mortality and trends in inequality in under-five mortality according to household wealth and 

mother’s education.  Next, I present adjusted inequality measures that control for the effects of a 

variety of demographic, social, and economic characteristics. 

Levels and Inequality in Under-Five Mortality 

Under-five mortality rates for São Paulo state were 117.0 for 1970, 96.0 for 1980, and 

45.7 for 1991 (see Table 1).  Under-five mortality dropped by 61 percent over the entire 21-year 

period.  It fell by18 percent between 1970 and 1980 and by 52 percent between 1980 and 1991. 

The estimated levels of under-five mortality are consistent with infant mortality rates 

based on vital statistics that were calculated by Fundação SEADE, the São Paulo state statistical 
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agency.  The under-five mortality estimates based on data for women aged 20-34 refer, on 

average, to a period approximately four years before the date of each census.9  The infant 

mortality rates for 1966 (75.9 per 1,000), 1976 (77.2 per 1,000), and 1987 (33.9 per 1,000) were 

all between 76 and 80 percent of the corresponding under-five mortality rate.  My estimates and 

those based on vital statistics (see Figure 1) both suggest that it was not until the mid-1970s that 

sharp and sustained declines in infant and child occurred in São Paulo. 

Inequality in under-five mortality by household economic status declined over the study 

period (see Table 1).  The drop occurred between 1970 and 1980, when the concentration index 

rose from -0.216 to -0.163.  There was a small but statistically significant decrease in the 

concentration index (indicating higher levels of inequality) between 1980 and 1991, when the 

concentration index reached -0.175.  Figure 2 shows concentration curve deviations (from the 

diagonal, which implies perfect equality) for 1970, 1980, and 1991.  The deviations plot is useful 

for examining inequality over the entire range of the economic status measure.  I highlight two 

important findings.  First, the 1980 curve dominates the curve for 1970—i.e., the 1980 curve is 

below the 1970 curve throughout the entire wealth distribution.  This indicates that there was 

unambiguously less inequality in under-five mortality in 1980 than in 1970.10  Second, the 1991 

curve is most clearly above the 1980 curve in the bottom one-third of the household wealth 

distribution.  This indicates that there was a relative increase in under-five mortality for women

in the least wealthy one-third of households between 1980 and 1991.  In fact, for the bottom one-

fifth there was a relative increase in under-five mortality compared to 1970.  In contrast, there

9 See United Nations (1983) for details on calculating the reference period for indirect estimates of child

mortality.

10 In contrast, if two concentration curves cross, then weights assigned to different parts of the wealth

distribution will determine which of the two groups is said to have greater inequality.
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was little relative change between 1980 and 1991 in under-five mortality for women in other 

parts of the household wealth distribution.  The results presented in Table 1 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 (since there were declines in inequality for urban areas).  Between 1980 

and 1991, rural inequality increased dramatically, to levels well above those found in 1970.

Because of these diverging trends in inequality for rural and urban areas, the subsequent analysis

focuses exclusively on social and economic inequalities for urban areas. 

I present information on differentials and inequality in under-five mortality by household 

wealth in urban areas of São Paulo state in Table 2.  Three different measures of inequality are 

shown: the ratio of under-five mortality in the first wealth quintile to that in the fifth quintile, the 

difference in under-five mortality between the top and bottom wealth quintiles, and the 

concentration index.  All three measures 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 slightly 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.  Finally, the concentration index dropped from –0.208 in 1970, to –0.176 

in 1980, to –0.163 in 1991.

An examination of under-five mortality rates by wealth quintile reveals that the decline in 
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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.  Overall, and for each 

group, the magnitude of the mortality declines was much smaller for 1970-80 than for 1980-91.

For the first wealth quintile, under-five mortality rates fell by 16 percent between 1970 and 1980 

but by 54 percent between 1980 and 1991.  For the fifth quintile, under-five mortality fell by 

only 5 percent during the earlier period but by 44 percent during the later period. 

I present information on levels and inequality of under-five mortality by mother’s level of 

education in Table 3.  I examined three measures of inequality of under-five mortality: the ratio 

of under-five mortality in the bottom group (mother with elementary or less education and 

illiterate) compared to the top group (mother with higher education); the difference in under-five 

mortality between the bottom and top education groups; and the concentration index (based on 

the mother’s years of education).  Although parallel to the measures used for examining

inequality by household wealth, they are different in one important aspect, which is that the rate 

ratios and absolute differences are based on fixed—rather than relative—categories.

All three measures indicate that inequality in under-five mortality according to mother’s

education fell between 1970 and 1980, but then increased in 1991 to a level above that in 1970.

For example, the ratio of under-five mortality for illiterate mothers compared to mothers with 

higher education was 5.95 in 1970, 4.22 in 1980, and 6.60 in 1991.  There was a large 

improvement in average education levels over this period, as reflected in the distribution of 

mothers across education categories.  In 1970, for instance, 15.3 percent of mothers were 

illiterate while only 0.8 percent had a higher education; by 1991, fewer than 5 percent of mothers
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were illiterate while 7.6 percent had a higher education.  This absolute improvement in education 

could potentially affect the assessment of changes in inequality in under-five mortality,

especially when comparing these results to those based on wealth inequality.   In particular, rises 

in the ratio of mortality among the least educated group to the most educated group may be less 

important because the number of women in the former group declined while the numbers in the 

latter group increased.  However, the results for the concentration index, which is based on 

mothers’ single years of education, suggests that this is not the case because exactly the same

findings emerge when examining this measure.

One interesting result that emerges when examining under-five mortality levels by 

mother’s level of education is that the mortality levels increased between 1970 and 1980 for 

women with middle, secondary, or higher education.  Only for women with elementary or less 

education was there a decrease in under-five mortality over this period.  It is unclear what

accounts for this result, although it may be caused in part by the large increases in educational 

attainment between 1970 and 1980 that shifted women from disadvantaged backgrounds up the 

education distribution.  Between 1980 and 1991, however, all groups experienced substantial 

declines in under-five mortality.  For the bottom group (illiterate women), there was a 37 percent

decline in under-five mortality; for the top group (women with higher education), there was a 60 

percent decline. 

Adjusted Levels of Inequality in Under-Five Mortality

The results presented so far have been of raw differentials and inequalities 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 instance, low levels 

of under-five mortality among the most educated women may reflect, in part, the survival 
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advantages conferred by higher household wealth. By controlling for other variables, I examined

the effects of mother’s level of education alone, net of other factors.  The covariates that were 

included in the analysis are the household possessions-based wealth index, household water 

supply, household sanitation, woman’s education, woman’s current age, and woman’s inter-state 

migration status. 

I begin by examining adjusted wealth inequalities in under-five mortality across all urban

areas (see Table 4), using the same three measures of inequality as before.  The results suggest 

that there was little change in wealth inequality in under-five mortality during the study period 

once I controlled for demographic and socioeconomic factors.  There is a slight discrepancy in 

the trend based on the rate ratio or the absolute difference between top and bottom wealth

quintiles and that based on the concentration index.  In particular, the results based on the wealth 

quintiles suggest there was a modest decline in wealth inequality in under-five mortality.  The 

ratio of under-five mortality for the first quintile to the fifth decreased from 1.87 in 1970, to 1.54 

in 1980, to 1.46 in 1991.  The absolute difference between the first and fifth quintiles narrowed 

over this period, from 66.1 in 1970 (58 percent of overall level), to 40.1 in 1980 (42 percent of 

the overall level), and to 16.9 in 1991 (37 percent of overall level).  On the other hand, the results 

based on the concentration index suggest that there was no significant change over this period.

However the concentration index did fall, from -0.068 in 1970, to –0.070 in 1980, to –0.078 in 

1991, indicating a minor, statistically insignificant increase in wealth inequality over this period. 

Based on all three inequality indicators, for each year there was substantially less wealth 

inequality in adjusted under-five mortality than in unadjusted mortality.  This suggests that the 

specific covariates included in the models explained a considerable proportion of the observed 

differences in under-five mortality by household wealth.  In addition, the fact that the decline in 
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mortality inequality over time was reduced after adjusting for covariates indicates that these

factors helped explain the downward trend in inequality in under-five mortality.  These results

suggest that inequality in wealth is positively correlated with inequalities in education and living

conditions.  From a policy perspective this suggests that there are multiple pathways through

which to reduce economic inequalities in health beyond simply reducing household wealth 

disparities.

By adjusting for covariates, a clearer picture emerged of trends in under-five mortality

differentials by mother’s level of education.  The results, presented in Table 5, showed that 

adjusted inequality in under-five mortality according to mother’s level of education increased 

consistently over the entire study period.  The ratio of mortality among the least educated group 

to the most educated group rose from 1.73 in 1970, to 1.93 in 1980, to 4.07 in 1991.  The 

absolute gap in under-five mortality between the least educated and most educated groups

increased slightly (by 7 percent) even though the overall level of under-five mortality declined

substantially (by 60 percent). Lastly, the concentration index, which was based on mother’s

years of education, declined steadily over time, from –0.068 in 1970, to –0.086 in 1980, to –

0.194 in 1991, indicating an increase in inequality in under-five mortality.  An interesting finding 

is that the concentration index indicated a larger relative increase in inequality over the study 

period compared to the ratio of the lowest to highest level of mother’s education. 

The covariates in the models accounted for a substantial proportion of inequality in 

under-five mortality according to mother’s education in 1970.  However, for the later years they 

accounted for considerably less.  In particular, adjusting for covariates increased the 

concentration index by 67 percent in 1970, while in 1991 it increased the concentration index by 

only 29 percent.  This suggests that demographic factors, living conditions, and household 
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wealth accounted for a significantly smaller proportion of inequality in under-five mortality by 

mother’s education over time.  Mother’s education appears to have emerged as perhaps the key 

factor underlying inequalities in under-five mortality.  There were enormous improvements in 

mother’s education over the study period.  The average number of years of education for women

with children increased from 3.1 in 1970, to 5.1 in 1980, to 6.4 in 1991.  Although this was 

associated with a large decline in number of women with the lowest levels of education, it was 

not associated with a decline in the variance of women’s years of education.  Rather, it appears 

that there was an upward shift—and a slight spread—in the education distribution.  At the same

time, the adjusted decline in under-five mortality was small for women at the bottom of the 

education distribution and large for women at the top.  Adjusted under-five mortality declined

only 40 percent for illiterate women.  However, for women with higher education, the adjusted 

decline was 75 percent.  This was nearly twice as large as the decline for illiterate women, and 

was 50 percent higher than the unadjusted decline for these same women.  Thus, not only were 

effects of higher levels of women’s education more beneficial for their children’s survival, but 

there was also a substantial redistribution of women up the education distribution. 

5. Conclusions 

In this paper I presented trends in inequality for under-five mortality in São Paulo state, 

Brazil, over a twenty-one year period from 1970 to 1991.  There were major declines in under-

five mortality for São Paulo state between 1970 and 1991.  These were associated with 

substantial improvements in living conditions, increases in educational attainment, and other 

demographic and socioeconomic changes.  Inequality according to household wealth underwent

a clear decline over this period.  Inequality according to mother’s education first declined and 

then increased, with a net rise over the study period.  When I controlled for background 
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demographic and socioeconomic characteristics, inequalities in under-five mortality according to 

household wealth remained roughly constant. On the other hand, inequality according to 

mother’s education increased substantially.

These results suggest that improvements in household sanitation and water supply, higher 

levels of educational attainment for women, and changes in migration patterns together 

accounted for the decline in wealth inequality in under-five mortality between 1970 and 1991.

These changes also had the effect of keeping under-five mortality inequality by mother’s

education at a lower level than it otherwise would have been.  Thus, social and economic 

development led to lower levels of mortality inequality suggesting that the disadvantaged did 

indeed benefit from progress over this period.  Interestingly, there has been little indication that 

pure income or wealth inequalities have been declining in Brazil.  For example, a recent study 

found that income inequality remained roughly constant for urban areas of the country between 

the 1970s and 1990s (Ferreira and Barros, 2000). 

A topic of current research and policy interest is the relationship between economic

growth and health inequalities according to household economic status.  Contoyannis and Forster 

(1999) showed that no predictions can be made about the effects of income on health inequality.

Wagstaff (2001) suggested, however, that existing evidence—from both cross-sectional and 

trend analyses—is consistent with higher average incomes being associated with higher levels of

health inequality.  Victora et al. (2002) contended that technological change—which generally 

accompanies income growth—contributes to widening health inequalities by economic status 

because the more advantaged tend to benefit sooner from new medical knowledge and

treatments.  Finally, Szreter (1997), drawing on historical evidence from Britain, argued that 

rapid economic growth results in worse population health, such as increasing health inequalities.
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This occurs because economic growth is associated with widespread and pervasive disruption.

Unless this disruption is mediated by effective social and political responses, disease and death 

will result.11

However, my results, which provide precise estimates of trends in health inequality over

a far longer period than Wagstaff (2001) or Victora et al. (2002), do not support these 

conclusions—at least for São Paulo.  In particular, the average annual growth rate in GDP per 

capita for Brazil was 8.5 percent between 1970 and 1980 and 2.2 percent between 1980 and 1991 

(Easterly and Sewadeh, 2002).  Growth was steady over the first period but there were several 

years with negative growth over the second period.  However, wealth inequality in under-five 

mortality for São Paulo declined both between 1970 and 1980 and between 1980 and 1991. 

There are a growing number of cross-country studies of inequality in under-five mortality

that were reviewed above.  All of these studies have drawn on survey data, which have a number

of important strengths—for example, the samples and survey measures tend to be highly 

comparable across countries and they collect information on child health status in addition to 

measures of child mortality.  However, they have some important weaknesses compared to 

census data.  In particular, using census data and indirect estimation techniques provides an 

alternative source of information on under-five mortality that has the advantage of substantially 

larger sample sizes that allow considerably more statistical precision in tracking changes over 

time.  As I have shown, census data also allow researchers to uncover historical trends in 

mortality inequalities.

11 Szreter’s characterization might certainly help explain São Paulo’s period of rising infant and child

mortality between the mid-1960s and mid-1970s.
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Table 1.  Levels and inequality of under-five mortality by area for São Paulo state by year 

Area
Under-five
mortality

Concentration
index

Sample size
(mothers)

1970
Total 117.0 (0.36) -0.216 (0.0023) 297,729
  Urban 114.4 (0.41) -0.238 (0.0027) 233,252
  Rural 124.7 (0.78) -0.120 (0.0047) 64,477

1980
Total 96.0 (0.31) -0.163 (0.0023) 527,927
  Urban 95.8 (0.33) -0.176 (0.0025) 465,877
  Rural 97.5 (0.89) -0.098 (0.0064) 62,050

1991
Total 45.7 (0.21) -0.175 (0.0036) 406,976
  Urban 45.2 (0.22) -0.163 (0.0038) 371,020
  Rural 49.8 (0.72) -0.174 (0.0110) 35,956

Source: Author’s calculations based on microdata data for São 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. 
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.
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Table 2. Levels and inequality of under-five mortality by wealth for urban areas of São Paulo 
state by year 

1970 1980 1991
Under-five
mortality

Percent in
category

Under-five
mortality

Percent in
category

Under-five
mortality

Percent in
category

Quintile of wealth
1 172.4 (1.04)  20.3% 144.5 (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) 99.90%

Ratio: min to max 3.08 1.05 2.72 1.10 2.22 1.01
Max - min 116.4 91.4 36.5
Conc. Index -0.208 (0.0028) -0.176 (0.0025) -0.163 (0.0038)

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

Notes: Standard errors in parentheses.
See notes to Table 1 for information on the measures of under-five mortality and wealth and the
concentration index.
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Table 3. Levels and inequality of under-five mortality by mother’s level of education for urban 
São Paulo state by year 

1970 1980 1991
Under-five
mortality

Percent in
category

Under-five
mortality

Percent in
category

Under-five
mortality

Percent in
category

Education
  Elementary or less 

Illiterate 176.6 (1.18) 15.3% 155.6 (1.20) 9.1% 98.3 (1.35) 4.8%
Literate 104.0 (0.48) 69.7% 98.5 (0.45) 55.9% 55.6 (0.39) 36.7%

Middle 68.4 (1.22) 9.0% 72.9 (0.70) 19.9% 36.5 (0.35) 33.1%
Secondary 43.7 (1.35) 5.2% 49.3 (0.89) 10.0% 22.0 (0.39) 17.8%
Higher 29.7 (2.88) 0.8% 36.9 (1.10) 5.1% 14.9 (0.49) 7.6%

Total 114.4 (0.41) 100.0% 95.8 (0.33) 100.0% 45.2 (0.22) 100.0%

Ratio: min to max 5.95 19.13 4.22 1.78 6.60 0.63
Max – min 146.9 118.7 83.4
Conc. Index -0.208 (0.0028) -0.157 (0.0025) -0.274 (0.0037)

Source: Author’s calculations based on microdata data for São 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.
Concentration index is based on mother’s years of education.
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Table 4. Levels and inequality of adjusted under-five mortality by wealth quintiles for urban 
areas of São Paulo state by year 

1970 1980 1991
Under-five
mortality

Percent in
category

Under-five
mortality

Percent in
category

Under-five
mortality

Percent in
category

Quintile of wealth
1 142.5 (0.87) 20.3% 115.0 (0.74) 20.0% 53.4 (0.42) 20.0%
2 125.3 (0.48) 19.8% 100.3 (0.35) 22.3% 48.1 (0.24) 20.2%
3 112.4 (0.40) 20.1% 93.1 (0.33) 19.4% 44.8 (0.22) 20.0%
4  96.8 (0.52)  20.5% 86.1 (0.41)  20.2% 41.6 (0.26)  19.9%
5  76.4 (0.81)  19.3% 74.9 (0.63)  18.1% 36.5 (0.38)  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 1.87 1.05 1.54 1.10 1.46 1.01

Max – min 66.1 40.1 16.9
Conc. index -0.068 (0.0024) -0.070 (0.0025) -0.078 (0.0037)

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

Notes: Standard errors in parentheses.
See notes to Table 1 for information on the measures of under-five mortality and wealth.
Adjusted estimates control for covariates and set each covariate to its mean across all urban areas.
See notes to Table 5 for information on the covariates in the models.
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Table 5. Levels and inequality of adjusted under-five mortality by mother’s level of education 
for urban areas of São Paulo state by year 

1970 1980 1991
Under-five
mortality

Percent in
category

Under-five
mortality

Percent in
category

Under-five
mortality

Percent in
category

Education
  Elementary or less 

Illiterate 147.8 (1.31) 15.3% 133.1 (1.42) 9.1% 88.0 (1.20) 4.8%
Literate 106.7 (0.49) 69.7% 97.1 (0.43) 55.9% 52.8 (0.34) 36.7%

  Middle 100.6 (1.22) 9.0% 79.0 (0.69) 19.9% 38.7 (0.37) 33.1%
Secondary 93.8 (1.54) 5.2% 70.7 (0.94) 10.0% 27.3 (0.48) 17.8%
Higher 85.6 (3.64) 0.8% 69.1 (1.31) 5.1% 21.6 (0.72) 7.6%

Total  114.4 (0.41) 100.0% 95.8 (0.33)  100.0% 45.2 (0.22) 100.0%

Ratio: min to max  1.73 19.13 1.93 1.78 4.07 0.63
Max – min 62.2 64.0 66.4
Conc. Index -0.068 (0.0028) -0.086 (0.0024) -0.194 (0.0036)
Source: Author’s calculations based on microdata data for São 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.
See notes to Table 5 for information on the covariates in the models.
Concentration index is based on mother’s years of education.
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Figure 1. Infant mortality rate for São Paulo state, 1894-1998
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Figure 2. Concentration curve deviations for under-five mortality by wealth for São Paulo state 
in 1970, 1980, and 1991 
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