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Abstract We examined changes in diarrhea prevalence and treatment in Brazil

between 1986 and 1996. Over this 10-year period there was a small decline in

diarrhea prevalence but treatment with oral rehydration therapy (ORT) increased

greatly. Deaths due to dehydration were thus averted, although the costly burden of

morbidity remained high. The decline in diarrhea prevalence was largely due to

changes in the effects of several key covariates, such as breastfeeding, with only a

modest role played by socioeconomic change, infrastructure improvements, and

other behavioral factors. ORT treatment of diarrhea was essentially unrelated to

child and family characteristics, suggesting that the large increase was due to the

success of public health efforts to promote its use widely. Our results suggest that

the most effective policies for reducing diarrhea prevalence are likely to be further

increases in education and the promotion of breastfeeding. Persistent disparities in

diarrhea prevalence mean that policies to prevent the disease should be targeted at

disadvantaged socioeconomic groups.

Keywords Child health � Diarrhea � Brazil � ORT treatment

Introduction

Despite dramatic declines in deaths due to diarrheal disease among infants and

children in developing countries, diarrhea remains a significant cause of morbidity

as well as mortality (Kosek et al. 2003; Keusch et al. 2006). Frequent or prolonged

diarrhea can lead to poor nutritional status, and repeated episodes of diarrhea can

also leave children susceptible to other infections (Mirza et al. 1997). Furthermore,
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malnutrition can increase the severity, duration, and frequency of bouts of diarrhea

(Hirschhorn and Greenough 1991). High diarrhea prevalence is unfortunate because

the disease is largely preventable, and prevention techniques, reviewed below, are

often relatively simple.

Diarrhea leads to death through dehydration. Oral rehydration therapy (ORT) is a

potentially effective treatment for dehydration due to diarrhea that has been

promoted widely throughout the developing world since the late 1970s. Victora

et al. (1996) suggest that a large increase in the use of ORT played a central role in

reducing deaths due to diarrhea in Brazil and, moreover, that the reduction in

diarrhea deaths accounted for a large part of the substantial increase in child

survival from the mid-1980s to the mid-1990s.

In this paper, we investigate changes in the prevalence and treatment of diarrhea in

Brazil between 1986 and 1996 and the role of demographic, socioeconomic, and

behavioral factors in accounting for these changes. We use these results to assess

whether the increase in ORT treatment and the decline in diarrhea deaths were

associated with a reduction in diarrhea prevalence. We begin, in the next section, by

providing some background on diarrheal disease and its treatment. We then review

previous research on the relationship between diarrheal disease and infant mortality

in Brazil. Next, we describe changes in diarrheal prevalence and treatment in Brazil

and selected other developing countries between the mid-1980s and mid-1990s. This

is followed by an outline of our conceptual framework and statistical modeling

approach. The study draws on data from two Brazilian surveys, conducted in 1986

and 1996 as part of the Demographic and Health Surveys Program. In the subsequent

two sections we describe these data and the covariates used in our analysis. Finally,

we present our results and end the paper with a discussion of our findings.

Our results indicate that there was a very modest decline in diarrhea prevalence

in Brazil between 1986 and 1996. However, treatment with ORT increased greatly.

These two findings support the contention that ORT programs may indeed have

reduced child mortality due to diarrhea. However, the focus on diarrhea

management may have occurred at the cost of primary preventive care. Although

deaths due to diarrhea were reduced, the high rates of diarrhea morbidity continued

to place a large number of children at risk of adverse nutritional outcomes. Finally,

there were disparities in diarrhea prevalence across socioeconomic groups that

persisted over time; nonetheless, the large increase in ORT treatment was not driven

by family factors but instead represented a secular change that was likely the result

of programs and policies to promote ORT use. The persistence of high rates of

diarrhea means that reducing the prevalence of the disease remains a major public

health priority.

Causes and Control of Diarrhea

Diarrhea is caused by a variety of bacterial, viral, and parasitic enteropathogens.

Transmission occurs through the fecal-oral route as a result of direct person-to-

person contact and exposure to contaminated food, water, and objects. Avoidance of

contaminated water and attention to hygienic practices, such as sanitary waste
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disposal, correct food-handling techniques, and washing one’s hands, can help

prevent illness. In addition, infants may derive some protection from breastfeeding,

because breastmilk contains specific rotavirus-neutralizing antibodies (Yolken et al.

1978; Huttly et al. 1997).

The most effective interventions for diarrheal disease control are programs to

prevent the transmission of infectious agents in the home (Black 1984). Public health

efforts to reduce the prevalence of diarrhea in Brazil and elsewhere have focused on

expanding water-supply and sanitation systems. The resulting improvements in

access to clean water and a more plentiful supply of water—as well as reductions in

the levels of environmental contamination—reduce the exposure to pathogens and

lead to lower rates of diarrhea (Barreto et al. 2007). Infrastructure improvements may

also lead to the diffusion of new behaviors that are introduced or supported by

changes in the local community environment. For example, the improvements may

help spread awareness of appropriate hygienic practices in the home, such as the

correct preparation of weaning foods, the boiling of drinking water, or greater

personal cleanliness. Simple actions, such as hand washing, are very effective in

preventing diarrhea (Curtis and Cairncross 2003; Luby et al. 2004). Other approaches

to reducing diarrheal disease include the promotion of breastfeeding, better weaning

practices, improved supplemental feeding, and immunization against measles, as

well as direct promotion of better hygienic practices (Black et al. 1984; Feachem

1986; Keusch et al. 2006; Victora et al. 2000). These approaches may also help to

mitigate socioeconomic disparities in diarrhea prevalence.

The development of water and sanitation systems and spread of hygienic

practices provides a long-term solution for diarrheal disease. In the short term, the

symptoms of diarrhea can be treated with ORT, by continuing adequate feeding

during and after the diarrhea episode, and by the use of antibiotics in cases of

dysentery caused by Shigella. ORT was developed in the late 1960s (Hirschhorn

1968; Pierce et al. 1968). It was adopted in 1979 as the cornerstone of the World

Health Organization’s program to control the consequences of diarrheal disease and,

in particular, to reduce child mortality due to diarrhea (Victora et al. 2000). ORT

involves the oral administration of an electrolyte solution composed of sodium, a

carbohydrate, and water, which is designed to rehydrate a child or prevent

dehydration by replacing fluids and vital ions lost through the bowel (Hirschhorn

and Greenough 1991). Prior to the introduction of ORT, intravenous rehydration

therapy was generally the only accepted treatment; although effective, intravenous

rehydration was difficult or impossible to administer in many parts of the world.

The use of ORT in Brazil has been widely promoted since the beginning of the

1980s through programs of the Catholic Church (Finkam 1989) and the World

Health Organization (Victora et al. 2000), as well as by the Brazilian Ministry of

Health. Information about ORT has been disseminated in several ways: health

workers from governmental and nongovernmental organization were trained in the

preparation and use of oral rehydration solutions, a campaign to promote the use of

homemade salt-and-sugar solutions for diarrhea treatment was launched, and

instructions in preparing the solutions at home and advertisements for commercially

prepared oral rehydration salts (ORS) were broadcast on television and radio

(Barros et al. 1991).
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Diarrhea and Infant Mortality in Brazil

A major decline in infant mortality occurred in Brazil between 1970 and 1980, with

the infant mortality rate falling from 100 per 1,000 births in 1970 to 62 per 1,000

births in 1980 (Simões 1992). This decline preceded the introduction of ORT and

was, according to Merrick (1985), brought about by the significant infrastructure

improvements that occurred over this decade. By 1991, the infant mortality rate had

declined to 45 per 1,000 births and it fell to 35 per 1,000 births in 2000 (Simões

1992; Fundação IBGE 2001). Although the causes of infant mortality declines in the

1980s and 1990s are less clear, there was certainly a reduction in infectious and

parasitic diseases. In particular, there was a large apparent decline in diarrhea-

related deaths, especially in the poor and underdeveloped Northeast region. It was

estimated that in 1980 diarrhea accounted for 41% of all infant deaths in the

Northeast; by 1989, this had fallen to 25%, and by 1995–1997 it had dropped to

15% (Victora et al. 1996; Victora and Barros 2001). Victora et al. (1996) argued that

ORT was responsible for about one-third of the decline during the 1980s in infant

mortality attributable to diarrhea in Northeast Brazil. For Brazil as a whole, diarrhea

was a leading cause of infant mortality in the mid-1980s, accounting for 17% of all

infant deaths, but this was no longer the case by the mid-1990s, when diarrhea

accounted for just 8% of infant deaths (Victora et al. 2000). These apparent trends

suggest that, from a policy and public health perspective, resources should be

shifted away from reducing diarrhea morbidity and mortality and toward reducing

other, more important, causes of child illness and death.

It is important to note, however, that mortality data for Brazil—especially cause

of death information—have some shortcomings. Vital statistics coverage of deaths

is incomplete and information on cause of death is of low quality, especially in

poorer areas where diarrhea prevalence is high. For example, in Northeast Brazil,

67% of infant deaths were unregistered in 1996 and, of those that were registered,

26% were attributed to ill-defined causes (Simões 1999; Victora and Barros 2001);

thus, only 24% of deaths (0.33 9 0.74 = 0.24) had reliable information on cause of

death. These gaps in the data make it difficult to draw firm conclusions about

mortality patterns. Over time, there were major improvements in vital statistics

coverage and in the quality of cause-of-death data that make earlier estimates more

uncertain and influence the apparent trends in unknown ways.

In summary, deaths due to diarrhea appear to have declined substantially over the

past 30 years. However, it is unclear how much of this decline is due to the

substantial increases in ORT treatment and how much, if any, is due to reductions in

diarrhea prevalence.

Diarrhea Prevalence and Treatment in International Context

Over the 10-year period between 1986 and 1996, we estimate that diarrhea

prevalence among children in Brazil under 5 years of age declined modestly, with

the 2-week diarrhea prevalence falling from 17.8% in 1986 to 14.8% in 1996

(see Table 1). Although this change was modest, it was statistically significant.
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Treatment rates for Brazilian children with diarrhea increased over the same period.

In 1996, 87% of child diarrhea cases were treated, up from 76% in 1986, a

statistically significant change. There was a large increase in the likelihood of

children with diarrhea being treated using ORT: in 1986 only 15% of children with

diarrhea were treated with ORT, but this increased to 54% in 1996.

In order to understand the results for Brazil in their international context, we also

present in Table 1 estimates of diarrhea prevalence and treatment for the mid-1980s

and mid-1990s for other developing countries in which Demographic and Health

Surveys were conducted for both periods. All of these surveys were based on similar

samples of children and used closely comparable measures of diarrhea prevalence

and treatment.

Brazil had the second lowest diarrhea prevalence rates among these countries in

the mid-1980s and the lowest rate in the mid-1990s. There was a moderate decline

in diarrhea prevalence rates for all countries except Guatemala. The decline in

diarrhea prevalence of 17% for Brazil was less than the median decline of 27% for

these nine countries.

Generally, there were small increases in any-treatment rates over this period,

with the any-treatment rates for Brazil close to the median in both periods and with

Brazil at the median for the percentage increase in any-treatment rates. However,

there were major changes in ORT treatment between the mid-1980s and mid-1990s,

with large divergence in the trend across these countries. ORT treatment increased

in some countries and actually declined in others. The largest increases in ORT

treatment were found in Senegal, Brazil, Guatemala, and Uganda. Over this period,

Brazil went from having the second-lowest rate of ORT treatment to having the

highest rate. There is no relationship between an increase in ORT use and a decline

in diarrhea prevalence. However, there is a negative correlation between diarrhea

prevalence and any-treatment rates. Finally, there was substantially less cross-

country variation in ORT treatment rates in the mid-1990s than in the mid-1980s,

although ORT treatment rates actually declined in Dominican Republic, Peru, and

Ghana.

Overall these results suggest that diarrhea treatment—particularly treatment

using ORT, which was the focus of public health efforts in the 1980s and 1990s—

had very little effect on diarrhea prevalence rates, although use of ORT may have

prevented child deaths. It is likely that other social and environmental changes that

occurred over this period played a greater role in affecting diarrhea prevalence.

Conceptual Framework and Modeling Approach

Conceptual Framework

The conceptual framework that guides our analysis of children’s diarrhea

prevalence identifies four groups of biological and behavioral factors as the inputs

that directly determine child health: maternal factors, environmental contamination,

nutrient deficiency, and personal illness control (Mosley and Chen 1984). The

specific health inputs within these four groups, such as the presence of an indoor
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toilet or breastfeeding duration, are determined by the constraints and choices that

parents face, as well as their background demographic and socioeconomic

characteristics; attributes of the child may also influence these choices. Combining

the two separate concepts—that children’s health outcomes are produced by a set of

inputs, and that the specific input levels reflect parental choices, parents’

background, and child characteristics—we can derive simplified, reduced-form

relationships that will be the focus of our analysis. We investigate how diarrhea

prevalence is influenced by child characteristics such as age and sex; parents’

characteristics such as socioeconomic status and family composition; and contextual

factors such as region and rural–urban place of residence.

The child health inputs should not ordinarily appear in the reduced-form equation

for child health. Rather, they usually either belong in the health production function

or may be analyzed as outcomes separately if they are of interest. However, one

reason for including these factors in the reduced-form equation for child health is to

examine how the effects of background factors are changed by their inclusion. This

approach provides insights into the ways in which the background factors operate to

affect child health. In this hybrid production function/reduced-form model, the

effects of background factors, such as mother’s education, must be interpreted

carefully. This is because in such models the effects of the background variables are

changed to represent their net effects after accounting for many—but not all—of the

pathways through which they work.1

Child health outcomes are determined not only by measured inputs classified

within the four groups of inputs identified above, but also by unmeasured factors

that reflect parents’ abilities to promote the health of their children or unobservable

aspects of the home or community environment.2 Therefore, the effects of

unobserved heterogeneity at the family and community levels are of substantive

interest in this analysis. In particular, the variance of the distribution of unobserved

heterogeneity provides us with an indication of the strength of unmeasured effects.

Modeling Approach

We use multilevel logistic regression to model a child’s risk of having diarrhea. The

probability of a child having diarrhea is defined as pijk ¼ Pr yijk ¼ 1
� �

; where

yijk = 1 indicates that that the ith child of the jth family living in the kth community

had diarrhea in the past 2 weeks, and a logit transformation of pijk is modeled as a

linear function of the covariates in the model:

log pijk= 1� pijk

� �� �
¼ X0ijkb1 þ X0jkb2 þ X0kb3 þ ujk þ vk: ð1Þ

Here, ujk represents a family-level random effect and vk a community-level random

effect that are each normally distributed with a zero mean and variance r2
u and r2

v ;

1 One concern in applying this model is the endogenous nature of the intermediate factors, which may be

reflected in the correlation between these covariates and the error components. However, the cross-

sectional structure of the data and the absence of any plausible instrumental variables mean that there is

no convincing approach to correct for endogeneity.
2 Unmeasured child-specific factors may be present, but are unidentifiable with the single observation we

have for each child.
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respectively. We assume that the observations are independent once we condition

on ujk and vk, which capture any unobserved effects common to children from the

same family and the same community. We can summarize the strength of

unobserved family and community effects with the intra-class correlation coeffi-

cients for families (qf) and communities (qc).

We first estimate the reduced form model shown in Eq. 1 that includes only the

background child (Xijk), family (Xjk), and community (Xk) covariates. We next add

intermediate child (Wijk) and family (Wjk) covariates to the model:

log pijk= 1� pijk

� �� �
¼ W 0ijkc1 þW 0jkc2 þ X0ijkb1 þ X0jkb2 þ X0kb3 þ ujk þ vk: ð2Þ

By comparing the estimates obtained from Eqs. 1 and 2, we can examine how

background factors affect diarrhea prevalence directly and indirectly. In particular,

results based on Eq. 1 shows the total effect of each background factor on diarrhea

prevalence (net of other background factors in the model). Comparing these results

with those from Eq. 2 shows how the background factors operate through the

intermediate variables that are added to the model.

Our analysis of diarrhea treatment focuses on the estimation of models based on

Eq. 1 alone because this outcome represents one of the input factors in our

conceptual framework. These models of the demand for diarrhea treatment are

estimated only for children who were reported to have had diarrhea in the past 2-

weeks. Because there were few cases of multiple children in a family with diarrhea

in the past 2 weeks, the models control only for correlation among observations at

the community level.

Data

We use data from two nationally-representative surveys from Brazil conducted in

1986 and 1996 as part of the Demographic and Health Survey (DHS) Program. Each

survey collected information on child health, as well as other topics related to

fertility and reproductive health, from women of childbearing age. The two surveys

were based on multistage, clustered sampling plans. The quality of the DHS data

from Brazil is generally quite high.

The 1986 Brazil Demographic and Health Survey (DHS-1) completed interviews

with 5,692 women aged 15–44 years from 337 primary sampling units across all of

Brazil except for sparsely populated rural areas in the Brazilian Amazon.

Information on diarrhea was obtained for 3,183 children under 5 years of age.

The 1996 Brazil Demographic and Health Survey interviewed 12,612 women aged

15–49 years from 842 primary sampling units, again with the exception of rural

areas in the Brazilian Amazon. Information on diarrhea in 1996 covered 4,617

children under age 5 years.

We use information from questions in the two DHS surveys that asked mothers

about their children’s diarrhea in the 2-weeks preceding the interview. Mothers were

asked what treatments, if any, were provided for children with diarrhea. For more

details about the questions in these two surveys on diarrhea prevalence and its

treatment and a discussion about data quality issues, see Sastry and Burgard (2005).
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Model Covariates

The child, family, and community variables we include in our models are based on

the conceptual framework outlined above. We present summary statistics for these

variables in Table 2. Child-level background variables include age and sex. There is

a strong relationship between a child’s age and his or her probability of having

diarrhea, much of which is due to changes in feeding and mobility. We discuss

breastfeeding below; here we note that as children learn to crawl, they are much

more likely to be exposed to pathogens in their environment and, through hand-to-

mouth contact, to contract diarrhea. A child’s sex may be related to diarrhea

prevalence through sex-selective reporting or due to genuine differences in diarrhea

relating to patterns of care or treatment that differ by children’s sex.

Family-level background variables include the mother’s and father’s education,

parents’ marital status, and household wealth; community-level variables include

rural–urban place of residence and region. Mother’s education is a key factor

relating to child health and has been the topic of much research over the past

20 years.3 Accumulating evidence suggests that the most important role of maternal

education in improving child health is to provide women with the ability to acquire,

understand, and act on information about how to raise healthy children (Levine et al.

1994; Rosenzweig and Schultz 1982; Thomas et al. 1991; Glewwe 1999). In 1986,

mothers averaged 4.7 years of schooling in Brazil, a figure that increased to

5.5 years a decade later—a statistically significant change.

The parents’ marital status indicator distinguishes among women who were

married, cohabiting, formerly married, or never married. Unmarried mothers may

have fewer household resources than married women. The proportion of mothers

married at the time of the survey decreased between 1986 and 1996, from 75 to

59%, and there was an accompanying large rise in the percentage of mothers who

were cohabiting, from 16% in 1986 to 25% a decade later. All of these changes in

marital status between 1986 and 1996 were statistically significant. Father’s

education is likely to have effects similar to those of mother’s education, as well as

reflecting the effects of socioeconomic status. Table 2 shows that children in 1996

were slightly less likely to have a father with at least a primary education, due to the

increases in the fraction of women who did not have a partner or did not know their

partner’s schooling level (these latter two groups were combined based on a

preliminary analysis that indicated they were very similar).

We created an index of household wealth based on a principal components

analysis of household assets (Filmer and Pritchett 2001) that considered the

ownership of a car, television, radio, vacuum cleaner, and a maid in 1986 and the

same items plus a refrigerator, washing machine, and videocassette recorder as well

as the number of rooms in the house, house construction material, and electrical

connection in 1996. We used the household wealth index to distinguish children in

households in the top wealth quartile from those in the bottom three quartiles.

Region and rural–urban place of residence are important factors in the Brazilian

context. Rural areas have poorer water and sanitation infrastructure and score

3 For reviews, see Cleland and van Ginneken (1988) and Strauss and Thomas (1995).
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lower on many level-of-living indicators. However, a polluted environment and

unhygienic behaviors are likely to have a greater effect on diarrheal disease in high-

density urban areas because of greater exposure to contaminants and easier

Table 2 Means (and standard

deviations) or percent by

category for independent

variables by survey year for

children under age 5 years in

Brazil

Source: Authors’ calculations

Variable Survey year

1986 DHS-1 1996 DHS-3

Child age (months) 30.1 (17.3) 29.3 (17.2)

Child sex

Female 48.6% 49.2%

Male 51.4 50.8

Mother’s education (years) 4.70 (3.96) 5.53 (3.73)

Marital status

Married 75.0% 59.3%

Cohabiting 16.3 25.4

Never married 2.8 6.2

Previously married 5.9 9.1

Father’s education

None 17.3% 18.8%

Primary or more 82.4 76.4

Don’t know/missing 0.3 4.8

Household wealth index

Bottom 75% 75.8% 74.1%

Top 25% 24.2 25.9

Place of residence

Urban 68.6% 74.7%

Rural 31.4 25.3

Region

Northeast 38.9% 43.5%

Rest of Brazil 61.1 56.5

Birth order

First born 28.7% 34.6%

Order 2–4 48.0 51.5

Order 5? 23.3 13.9

Child still breastfeeding

No 83.4% 78.6%

Yes 16.6 21.4

Household water supply

Piped 51.8% 64.3%

Well/undeveloped 48.2 35.7

Household sanitation

Developed 46.2% 60.7%

Undeveloped 53.8 39.3

Number of observations 3,183 4,617
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transmission of infectious agents (Cairncross and Valdmanis 2006; Moraes et al.

2003). The proportion of the sample living in urban areas increased between 1986

and 1996, from 69 to 75%.

Child- and family-level intermediate factors included in the models were the

child’s breastfeeding status, the child’s birth-order, and household sanitation and

water supply. We also examined the effects of breastfeeding duration, measles

immunization, mother’s age, and preceding and succeeding birth intervals.

However, none of these latter variables had statistically significant effects and

their inclusion did not alter the effects of other covariates; hence, they were

excluded from the models we present.

Breastmilk provides protection against pathogens that cause diarrhea, and

exclusive breastfeeding lowers the chances that children will be exposed to

contaminated water or food. We expect the likelihood of diarrhea to increase greatly

when a child first receives supplementary liquids or solids, which was likely to

occur at early ages in Brazil because breastfeeding durations were brief. In 1986, the

average duration of breastfeeding was 6.8 months and 17% of children were still

breastfeeding at the time of the interview. These figures changed significantly by

1996, with breastfeeding durations increasing to 8.2 months and the percentage of

children currently being breastfed rising to 21%.

Birth order may be related to diarrhea prevalence through its effects on the family

environment. First-born children have mothers who are generally less experienced

in looking after children, whereas high-order births (the fifth or later child born in a

family) are associated with a larger number of siblings and increased opportunities

for transmission of pathogens causing diarrhea. Larger families may also have more

competition among siblings for limited resources. Due to declining fertility, there

were significantly more first-born children and fewer children of fifth or higher birth

order in 1996 than in 1986.

Improved household sanitation and water supply are expected to be the key

factors associated with the decline of diarrheal disease in the long term. Sanitation

and water supply have a direct effect in reducing exposure to pathogens. Previous

studies have found that certain aspects of sanitation and water supply, such as the

quantity of water available and whether the water was supplied inside or away from

the home, are more important than other aspects, such as water quality (Esrey and

Habicht 1986; Esrey et al. 1991; Fewtrell et al. 2005). Indirect effects may occur as

the increased diffusion of sanitation and water supply in a community changes

standard household hygienic practices. There was an increase in the availability of

household piped water and sanitation over the decade under study. The proportion

of families in our samples with piped water in their homes increased from 52% in

1986 to 64% in 1996, and the proportion with developed sanitation (a connection to

the sewage network or a septic tank) increased from 46 to 61%.

Results

In this section, we present the results from estimating multilevel logistic regression

models for 2-week diarrhea prevalence. We also present results from models of
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diarrhea treatment. Our regression results are presented in Tables 3 and 4. We show

the estimated parameters and standard errors and indicate the level of statistical

significance. The coefficients in the tables are odds ratios, which represent the change

in the probability of the outcome associated with a one-unit increase for a continuous

covariate or with a shift from the baseline category for a categorical covariate. As an

example, the first coefficient in Table 3 shows that the 2-week probability of diarrhea

increased by 1.36, or 36%, with each month of age during a child’s first 5 months of

life. The asterisks indicate that this effect was statistically significant at the 0.01

level. When an interaction with year is included, the covariate effect for the later

period (1996) is the product of the direct effect and the interaction. For instance, the

effect of having a father with primary or more education in Model I in Table 3 is to

reduce diarrhea prevalence by .907, or 9%, in 1986 but by 0.907 9 0.618 = 0.560,

or 44%, in 1996. The effect of father’s education is not statistically significant in

1986 but is significant at the 0.01 level in 1996.4

Models of Diarrhea Prevalence

The results from estimating models of 2-week diarrhea prevalence for children

under age five are presented in Table 3. We estimated models that pooled the data

from 1986 and 1996 to maximize the efficiency of the parameter estimates, although

we included all statistically significant interactions with survey year to allow

covariate effects to change over time.

Both the family and the community random effects are statistically significant in

Model I (which includes background factors) and Model II (which adds intermediate

factors to Model I). There is little difference in the random effects results between the

two models, so we focus our discussion of the random effects on the findings from

Model I. The variance of the family random effect (2.33) is more than six times larger

than the variance for the community random effect (0.35), indicating that unobserved

family effects were far more important than unobserved community effects. The

intra-family correlation is 0.45 while the intra-community correlation was only 0.06.

The large family-level effect indicates that there was a strong correlation in the

chances of siblings having diarrhea that may be the result of important unmeasured

maternal characteristics and household environmental factors (Sastry 1997), which is

apparent despite the fact that there were, on average, only 1.33 children per family

and 71% of families contributed a single child to the sample. In contrast, there was an

average of 7.4 children and 5.6 women per sample community. Our results indicate

that correcting for correlation among siblings and among children living in the same

community is important for obtaining accurate parameter estimates and standard

errors and making appropriate statistical inferences.

Model I in Table 3 fits the data well. There are statistically significant effects on

diarrhea prevalence of child age, mother’s education, father’s education, parents’

marital status, rural–urban place of residence, and region of residence. Several of

these effects changed over time as revealed by their statistically significant

4 For covariate effects based on the product of main and interaction effects, we report the statistical

significance of this total effect in the text, not in the tables.
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Table 3 Multilevel logistic regression models of 2-week diarrhea prevalence for children under age

5 years in Brazil, 1986–1996

Variable Model I Model II

Child age (spline)

0–5 months 1.364*** (0.061) 1.334*** (0.063)

6–59 months 0.955*** (0.003) 0.953*** (0.003)

Child sex

Femalea – –

Male 1.024 (0.086) 1.021 (0.086)

Mother’s education (years) 0.919*** (0.015) 0.926*** (0.016)

Marital status

Marrieda – –

Cohabiting 1.347*** (0.154) 1.329** (0.153)

Never married 0.796 (0.191) 0.745 (0.186)

Previously married 1.342* (0.231) 1.303 (0.225)

Father’s education

Nonea – –

Primary or more (additive effect) 0.907 (0.170) 0.994 (0.189)

Primary or more (91996) 0.618** (0.145) 0.530*** (0.127)

Don’t know/missing 0.604* (0.180) 0.593* (0.178)

Household wealth index

Bottom 75%a – –

Top 25% 0.824 (0.109) 0.884 (0.120)

Place of residence

Urbana – –

Rural (additive effect) 1.277 (0.230) 0.958 (0.185)

Rural (91996) 0.506*** (0.120) 0.746 (0.194)

Year

1986a – –

1996 1.025 (0.259) 1.784** (0.503)

Region

Rest of Brazila – –

Northeast (additive effect) 1.284 (0.223) 1.081 (0.194)

Northeast (91996) 1.481* (0.326) 1.773** (0.403)

Birth order

First-born – 1.125 (0.112)

Order 2–4a – –

Order 5? – 1.096 (0.138)

Child still breastfeeding

Noa – –

Yes (additive effect) – 1.046 (0.181)

Yes (91996) – 0.601** (0.124)

Household water supply

Pipeda – –
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interactions with year. We found the expected age pattern of diarrhea prevalence,

which was modeled as a two-part linear spline with a knot at 6 months on the basis

of a detailed preliminary analysis (results not shown). We observe a large initial

increase in diarrhea during the first 6 months of life, followed by a slow decline.

There was a strong, negative linear effect of mother’s years of education on a child’s

probability of having diarrhea. With every additional year of education for a

woman, the probability of her child having diarrhea declined by 8%. Children of

couples who were either cohabiting or previously married had diarrhea rates more

than 34% higher than children of married couples. Having a father with primary or

more schooling was associated with diarrhea rates in 1996 that were 44% lower than

having a father with no schooling (as shown above); in 1986, however, father’s

education had only a small and statistically insignificant effect on diarrhea rates.

Two other effects only emerged in 1996: rural–urban place of residence and region.

We found that households in rural areas had marginally higher diarrhea rates in

1986; by 1996, however, rural areas enjoyed rates that were substantially and

significantly lower than those in urban areas. In particular, by multiplying the

additive effect for rural residence (1.277) by the interaction effect between rural

residence and year (0.506), we see that rural residence in 1996 was associated with

an effect of 0.646 that corresponds to 35% lower rates of diarrhea and was

statistically significant at the 0.01 level. After controlling for other covariates in the

model, diarrhea prevalence for the Northeast region in 1986 was not significantly

different from the prevalence in the rest of Brazil (although the observed unadjusted

difference was statistically significant). While the observed diarrhea prevalence

declined between 1986 and 1996 in both the Northeast region and the rest of Brazil,

by 1996 children in the Northeast region had a diarrhea prevalence that was almost

twice as high as that in the rest of Brazil (1.284 9 1.481 = 1.902) and this

difference was statistically significant at the 0.01 level.

There was an important period effect on diarrhea prevalence, although the

presence of year interactions makes it impossible to read the period effect directly

Table 3 continued

Variable Model I Model II

Well//undeveloped (additive effect) – 1.485** (0.296)

Well/undeveloped (91996) – 0.618* (0.154)

Household sanitation

Developeda – –

Undeveloped (additive effect) – 1.527** (0.307)

Undeveloped (91996) – 0.622** (0.151)

Variance of random effects

Family 2.330*** (0.441) 2.362*** (0.446)

Community 0.346*** (0.107) 0.333*** (0.107)

Notes: * p\0.10; ** p\0.05; *** p\0.01; standard errors in parentheses

Source: Authors’ calculations based on 7,800 children from 1986 DHS-1 and 1996 DHS-2
a Omitted category
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from Table 3. Rather, the period effect needs to be calculated while taking into

account the year main effect and all year interaction effects. Based on our

calculations (not shown) using the results in Model I, the probability that a child had

diarrhea in the past 2 weeks declined 29% between 1986 and 1996, an effect

statistically significant at the 0.01 level.

Model II in Table 3 adds the intermediate factors identified above, together with

all statistically significant interactions with year. The intermediate factors were

jointly significant at the 0.01 level, and there are a number of interesting results

from this analysis. However, these intermediate factors together did not perform

especially well in revealing the pathways through which the background factors

operate. This is possibly because of poor measurement of these variables—or of

diarrhea prevalence itself—or because important intermediate factors were omitted.

In particular, there was no change in the statistical significance for the effects of the

background factors between Model I and Model II, with two exceptions: rural place

of residence (in 1996) and the total effect of year after accounting for all

interactions, both of which were only significant in Model II at the .10 level. In

Model II, after taking into account all year interaction effects, the probability of a

child having diarrhea in the later period (1996) was 18% lower than in the baseline

period (1986) compared to 29% lower in Model I. Apparently, changes in the

distributions of the intermediate variables that we added to Model II (breastfeeding,

water supply, and sanitation), and, in particular, changes in the parameter estimates

that relate these factors to diarrhea risk, together accounted for about one-third of

the decline in diarrhea rates between 1986 and 1996.

Turning to the effects of the intermediate variables in Model II, we found that

breastfeeding had a large beneficial effect on preventing diarrhea—but only in 1996.

There were insignificant effects of breastfeeding in 1986. In contrast, better water

supply and sanitation were associated with lower rates of diarrhea, but only in 1986;

these effects were not statistically significant in 1996. This shift may be explained

by the increase between 1986 and 1996 in the reach of the sanitation system and the

piped water supply. The proportion of households in Brazil with a developed

sanitation system or with piped water each exceeded 60% by the end of this period.

At these high levels of penetration, the public health benefits from better hygienic

behaviors were likely to accrue to almost everyone, regardless of whether they had a

piped water connection or developed sanitation in their homes (Sastry 1996). By

contrast, certain individual behaviors, such as breastfeeding, better capture

heterogeneity in children’s exposure to pathogens in their local environments.

Breastfeeding became more important in the later period—after broad-based

improvements in infrastructure had influenced most Brazilians. Furthermore, there

was an increase in breastfeeding rates over the study period, and the evidence is that

this increase was greater among advantaged women (Sastry and Burgard 2005).

Analysis of Diarrhea Treatment

Next, we investigated treatment for diarrhea among children who were reported to

have had an episode of diarrhea in the 2 weeks preceding the survey. The sample

sizes for this analysis were much smaller than in the previous analysis of diarrhea
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prevalence because less than one-fifth of children in the sample had diarrhea in the

past 2 weeks. We examined two outcomes: first, the probability of a child receiving

any treatment for diarrhea and, second, the probability of a child receiving ORT

treatment. The two models included all the background covariates identified

previously and the results are presented in Table 4.

A single consistent finding emerged from this analysis—namely, that the

probability of a child receiving any treatment or ORT treatment for diarrhea was

substantially higher in 1996 than in 1986. This represented a secular increase in

treatment, with no consistent effects of any other covariate. There was an 85%

increase between 1986 and 1996 in the probability of a child with diarrhea receiving

any form of treatment. For ORT treatment, there was an enormous tenfold increase

Table 4 Multilevel logistic

regression models of diarrhea

treatment for children under

5 years of age in Brazil, 1986–

1996: any treatment and ORT

treatment

Notes: * p \ 0.10; ** p \ 0.05;

*** p \ 0.01; standard errors in

parentheses

Source: Authors’ calculations

based on 1,252 children from

1986 DHS-1 and 1996 DHS-2

who had diarrhea in the previous

2-weeks
a Omitted category

Variable Any treatment ORT treatment

Child age (spline)

0–5 months 0.974 (0.087) 1.178* (0.106)

6–59 months 0.995 (0.006) 0.983*** (0.005)

Child sex

Femalea – –

Male 0.790 (0.130) 0.923 (0.145)

Mother’s education (years) 1.064** (0.033) 1.022 (0.029)

Marital status

Marrieda – –

Cohabiting 1.334 (0.624) 1.334 (0.522)

Never married 1.147 (0.239) 1.293 (0.254)

Previously married 0.916 (0.283) 1.254 (0.370)

Father’s education

Nonea – –

Primary or more 1.009 (0.227) 1.218 (0.276)

Don’t know/missing 1.513 (0.877) 1.364 (0.643)

Household wealth index

Bottom 75%a – –

Top 25% 0.938 (0.260) 0.817 (0.202)

Place of residence

Urbana – –

Rural 0.744 (0.159) 0.816 (0.202)

Year

1986a – –

1996 1.852*** (0.359) 10.006*** (2.349)

Region

Rest of Brazila – –

Northeast 0.960 (0.190) 0.732 (0.146)

Variance of random effects

Community 0.727*** (0.176) 1.407*** (0.196)
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in the likelihood of treatment between 1986 and 1996. There were only two other

statistically significant results: mother’s education was associated with a higher

likelihood of any treatment and child’s age was associated with ORT treatment.

These findings suggest that there was a strong independent increase in diarrhea

treatment—and, especially, ORT treatment—over this period that operated entirely

separately from changes in child and family characteristics.

Conclusions

The prevalence of diarrhea among young Brazilian children declined modestly over

a 10-year period from the mid-1980s to the mid-1990s, similar to findings from

other settings over this period (see Keusch et al. 2006). In Brazil in 1986, 17.8% of

children had diarrhea in the past 2 weeks, while by 1996 this had declined to 14.8%

of children. The modest nature of the decline in diarrhea prevalence is at least partly

due to the absence of strong public health efforts to prevent children from getting

the disease. From a policy perspective, efforts should be made to reduce diarrhea

prevalence in Brazil because as many as one-in-seven children under 5 years of age

suffered from the disease over a 2-week period. This high level of disease likely

imposes a substantial burden on children’s physical and cognitive development

(Guerrant et al. 2003).

Family characteristics associated with lower diarrhea prevalence became more

common over the study period. For example, the average number of years of

schooling increased and the proportion of children who were breastfed also

increased; other major changes included increases in the proportion of households

with more hygienic types of water supply and sanitation. However, results from our

regression analysis suggest that it was largely changes in the relationships between

these family characteristics and diarrhea risk that accounted for the observed decline

in prevalence between 1986 and 1996, rather than the improvements in these family

characteristics themselves. Nevertheless, our results suggest that diarrhea preva-

lence rates in Brazil could be reduced through improvements in mother’s education,

father’s education, and breastfeeding rates.

The potential for reducing diarrheal disease prevalence and its harmful

consequences via state-led, broad-scale investments appears mixed. Improvements

in household water supply and sanitation are unlikely to contribute to further

lowering of diarrhea rates in Brazil. This is because current levels of infrastructure

may have already generated their maximum public health benefit, which appears to

have accrued to all households—not just those that received piped water or a flush

toilet. In particular, improvements in infrastructure have apparently led to

widespread adoption of hygienic behavior and a cleaner environment. By contrast,

the rise in the use of ORT for children with diarrhea from 15% in 1986 to 54% in

1996 represents a major achievement for the Brazilian public health system.

Especially noteworthy is the fact that ORT use is not associated with family

socioeconomic characteristics, suggesting that public education and outreach efforts

by health care providers were successful in broadly disseminating information about

ORT.
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Diarrhea is clearly an extremely important public health issue in Brazil and

elsewhere in the developing world. There are, however, some serious difficulties in

studying the disease. Although information on diarrhea has been collected in dozens

of DHS surveys, it has not been widely used. We suspect this is principally because

of perceived problems with data quality. However, given the important policy goal

of reducing diarrhea prevalence, it is essential that researchers try to exploit data on

diarrhea prevalence from DHS and other surveys as best they can. Alternative

approaches to gathering data on diarrhea, featured in most epidemiological studies,

are to collect objective measures and obtain detailed reports from mothers at

frequent intervals. These prospective methods virtually guarantee that much more

complete and accurate information is obtained, but these methods are feasible only

for relatively small community studies. To understand regional, national, or global

trends in diarrheal disease, information on diarrhea must also be collected in large-

scale demographic and health surveys. Our study has shown that the information in

DHS surveys can be used effectively and does shed some light on the nature of the

changes and disparities in diarrhea prevalence and treatment. However, it remains

important to improve the collection of information on diarrhea in large surveys. In

particular, validation studies would be useful for assessing the accuracy and

completeness of reported information.
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Strauss, J., & Thomas, D. (1995). Human resources: Empirical modeling of household and family

decisions. In J. R. Behrman & T. N. Srinivasan (Eds.), Handbook of development economics (Vol.

IIIA). New York: Elsevier.

Thomas, D., Strauss, J., & Henriques, M. H. (1991). How does mother’s education affect child height?

Journal of Human Resources, 26, 183–211.

Victora, C. G., & Barros, F. C. (2001). Infant mortality due to perinatal causes in Brazil: Trends, regional

patterns, and possible interventions. São Paulo Medical Journal, 119, 33–42.

Victora, C. G., Bryce, J., Fontaine, O., & Monasch, R. (2000). Reducing deaths from diarrhoea through

oral rehydration therapy. Bulletin of the World Health Organization, 78, 1246–1255.

Victora, C. G., Olinto, M. T. A., Barros, F. C., & Nobre, L. C. (1996). The recent fall in diarrhoea

mortality in Northeast Brazil: Did ORT play a role? Health Policy and Planning, 11, 132–141.

Yolken, R. H., Wyatt, R. G., Mata, L., Urrutia, J. J., Garcia, B., Chanock, R. M., et al. (1978). Secretory

antibody directed against rotavirus in human milk: Measurement by means of enzyme-linked

immunosorbent assay. Journal of Pediatrics, 93, 916–921.

100 N. Sastry, S. Burgard

123

Author's personal copy


	Changes in Diarrheal Disease and Treatment Among Brazilian Children from 1986 to 1996
	Abstract
	Introduction
	Causes and Control of Diarrhea
	Diarrhea and Infant Mortality in Brazil
	Diarrhea Prevalence and Treatment in International Context
	Conceptual Framework and Modeling Approach
	Conceptual Framework
	Modeling Approach

	Data
	Model Covariates
	Results
	Models of Diarrhea Prevalence
	Analysis of Diarrhea Treatment

	Conclusions
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


