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Abstract

Introduction

The prevalence of undernutrition, which is closely associated waithoeconomic and
sanitation conditions, is often higher among indigenous than non-indigenodeechiih
many countries. In Brazil, in spite of overall reductions in theglemce of undernutrition in
recent decades, the nutritional situation of indigenous children menaarrying. The Firgt
National Survey of Indigenous People’s Health and Nutrition in Braagected in 2008t
2009, was the first study to evaluate a nationwide representsdiviple of indigenoys
peoples. This paper presents findings from this study on the nutristatak of indigenous
children < 5 years of age in Brazil.

Methods

A multi-stage sampling was employed to obtain a representsdivgple of the indigenous
population residing in villages in four Brazilian regions (North, NasteCentral-West, and
Southeast/South). Initially, a stratified probabilistic samplirag warried out for indigenolis
villages located in these regions. Households in sampled villagessekected by census|or
systematic sampling depending on the village population. The suvadyated the health
and nutritional status of children <5 years, in addition to interviewing mothers taksas

Results

Height and weight measurements were taken of 6,050 and 6,075 childspactieely,
Prevalence rates of stunting, underweight, and wasting were 25.7%, &@P0].3%
respectively. Even after controlling for confounding, the prevaleries td underweight and
stunting were higher among children in the North region, in low socioeconstatus
households, in households with poorer sanitary conditions, with anemic motitarsowv
birthweight, and who were hospitalized during the prior 6 months. A pirateetfect of
breastfeeding for underweight was observed for children under 12 months.

Conclusions

The elevated rate of stunting observed in indigenous children ap@mtesinthat of nor-
indigenous Brazilians four decades ago, before major health iefgreatly reduced its
occurrence nationwide. Prevalence rates of undernutrition were @sdocigith
socioeconomic variables including income, household goods, schooling, and axcess t
sanitation services, among other variables. Providing importantirmas#dta for future
comparison, these findings further suggest the relevance ofl,s@manomic, and
environmental factors at different scales (local, regional, ationad) for the nutritional
status of indigenous peoples.

Keywords

Brazil, Indigenous peoples, Health surveys, Nutrition surveys, Health sidtostors,
Epidemiologic measurements, Child health, Nutritional status



Introduction

Nutritional status during childhood is a multidimensional condition stromfliyenced by a
large set of sociodemographic, economic, environmental, and biologicalrsfa with
prevalence rates of undernutrition being higher among children livingr umdavorable
conditions [1,2]. Among indigenous peoples, prevalence rates of undernuarttbmany
other indicators point to poorer health status, at times reaclanygiag levels, as compared
to non-indigenous peoples in the same regions. Helping to explain tlatedigparities are
comparative analyses indicating that indigenous peoples are ahwngost politically and
socioeconomically marginalized segments of society in the m@mytries in which they are
present [3-5].

In specific indigenous ethnic groups in the Andean and Amazonian regioS®ubh
America, up to two thirds of school-aged children are undernourished [BALBrazil,
despite major advances in public health indicators having occurredeint ecades for the
general population, including a marked reduction in the overall prewalghall forms of
undernutrition in children [13], the nutritional situation of indigenous childiemains
worrying. As reported in recent nutritional assessments of reiftelocal indigenous
communities in the country, chronic undernutrition is among the princiédthhgroblems,
often affecting the growth of up to half of all children [14-19].

Within Brazil, indigenous children in the North region (which largetyncides with the
Amazon region) present the highest prevalence rates of low height-fos-agmpared to the
country’s other regions [20,21]. Highlighting the comprehensive influehsecioeconomic
and environmental conditions on child nutrition, indigenous children in the North also present
higher prevalence rates of other nutritional deficit indicators, such asarend are exposed
to poorer sanitation and socioeconomic conditions (e.g., access nodcieking water and
precarious living conditions) [20], which are strictly associatéti whronic undernutrition.
The growing body of literature on nutritional profiles of indigenous s in the
Amazon region show the frequencies of chronic undernutrition in chifdegears of age to
vary markedly from 10-20% to 50-60% in association with diverse soaiwaljleconomic,
and environmental variables [14,22-24]. Recent diachronic studies in the oAmaz
demonstrate that improved socioeconomic conditions and access to @aratadi health
services resulted in substantial reductions over time in theaj@nce rates of chronic
undernutrition among indigenous children. For example, among the Armaaz8orui, the
prevalence of undernutrition in children < 5 years of age decréasead!6.3% to 26.7% in a
period of less than two decades [15].

Undernutrition in childhood increases mortality rates and disease bufdenThis
observation is consistent with the findings of recent comparativigsasaof health levels
pointing to higher mortality and morbidity rates among indigenous peopiepaced to the
rest of the population in Latin America [3,4,25]. The same patternalss observed in
Brazil where, for example, infant mortality rates are muclmdmngn indigenous populations
than in the general population [26-28].

Undernutrition in the first years of life may also have lomgateconsequences on the
development of chronic diseases and human capacities. Victora29]abbgerved that low
birthweight and chronic undernutrition in childhood were associated witkased blood
pressure, blood glucose, total cholesterol, and mental illness ih@ad/tOn the other hand,



it has also been suggested that rapid weight gain in the fiiss ¢é life may reverse the
long-term consequences of intrauterine growth restriction. For egarapiong Brazilian
infants born small for gestational age (a proxy of intrautegrewth restriction), rapid
weight gain in the first two years of life is related tohsg achieved schooling in early
adulthood [30] and higher birthweight in the next generation [31]. Thergfooenotion of
weight gain in the first years of life may have positive legn and intergenerational
consequences [32,33].

Although child undernutrition rates and their associated factors lbeee studied for the
general non-indigenous population and specific localized indigenous populati&mnazil,
no previous study has addressed the subject for indigenous peoplesational scale. The
First National Survey of Indigenous People’s Health and Nutrition raeiB (henceforth,
“National Survey”), conducted in 2008-2009, was the first study to evaduatgionwide
representative sample of indigenous peoples living in villages throutifeabuntry. With a
final study population of 6,128 children from 113 villages, it included thestm
comprehensive investigation yet conducted on the nutritional situatiodigénous children
in Brazil and one of the most extensive and detailed ever carriad batin America. The
present article assesses the nutritional status of indigenous childrenrs bfyage in Brazil.

Methods

The National Survey sought to assess the health and nutritione sftahdigenous children
< 5 years of age and women between 14 and 49 years of agezih[Bdh A multi-stage
sampling was employed to obtain a representative sample of therysuafficial
geopolitical regions North, Northeast, Central-West, and South/SoutfieasSouth and
Southeast regions were joined for the purposes of the National Sufhege regional strata
are differentiated by diverse environmental, economic, social, andcaloliactors [34],
including distinct histories of demographic and economic expansion. Whibkeaastal
Northeast and South/Southeast regions were the first to be colonyzdeuropeans,
encroachment of indigenous lands to the west and north, including the Amagon, re
generally occurred more recently under comparatively faverablicies for recognizing
indigenous lands.

Initially, a stratified probabilistic sampling was carried @artindigenous villages located in
these four regions. The basis for this sample was a list ofeindig villages provided in
2008 by the Brazilian National Health Foundation (Fundacdo Nacional adeleS—

FUNASA). From the original list containing 3,995 villages, 1,227 (30.%% e excluded for
the purposes of selection because they were identified by FUNASAvacated

(“desaldeadas”), deactivated, or having less than 31 inhabitants. fipée ssize for each
region was estimated based on the size of its target populatwayaence of 50% for all
disease outcomes, a relative precision of 5%, and a confidencefi®&sl, according to the
methodology proposed by Lemeshow [35]. Based on the calculated sangpl®rseach

region, Sequential Poisson Sampling criteria were used to sellagtes [36]. The final

sample included 123 villages distributed by region as follows: 65{Ndr4 (Central-West),
23 (Northeast), and 21 (South/Southeast).

Subsequently, two strategies were used to sample indigenous househtidssampled
villages (census and sample). A census was carried out in villagespopulations of
children < 5 years and women from 14 to 49 years okalfe0. In villages with populations



of women and children greater than 150, households were selecteddmatics sampling.
Further details on the study methodology have been published previously [20].

Workshops were held to train multidisciplinary field teams ireaesh and anthropometric
measurement procedures [20]. To guarantee the precision and itgliaidil field
measurements, designated anthropometrists participated in drax@ncises to standardize
their use of equipment and calculate within and between observabilyr of height and
weight measurements. The standard deviation of replicate measusebetween observers
and within observers was less than 5 mm [37].

In selected households, several questionnaires (domicile, mother) wieitd applied in
participating households. Questions in Portuguese addressed sociodensogoaglitions,
sanitation, domestic economy, access to health services, matbaratteristics, infant
feeding, and morbidity [20]. The mothers or caretakers of all childrg years of age were
interviewed. Children whose mothers self-identified as indigenous atdtecthiwho were
identified as indigenous by a caretaker or non-indigenous mother natudad in the study.
Local indigenous translators (often indigenous health agents or predacation teachers)
were used for interviews with non-Portuguese speakers.

Children were weighed with a portable digital scale (seca n@t#&IHamburg, Germany) to
the nearest 100 g, wearing minimal clothing and barefoot. Thie kaala function allowing
children < 24 months to be weighed while being held by an adult. Standing heaght w
measured with an AlturaExata portable anthropometer (Bel@étag, Brazil) and recorded
to the nearest 0.1 cm. This anthropometer was also used to measunbdeast length for
children< 24 months of age. Previously trained and standardized field ressacelnged out
anthropometric measurements. Basic birth data, including sex, b&tradad birth weight,
were obtained from local FUNASA healthcare records, particshgersonal documents
(identification cards, birth certificates, and child health cards), or infobypéaterviewees.

Weight-for-age, height-for-age, and weight/height z-scores estienated using the 2006
WHO growth standards, widely considered effective standardized gdallth indicators of
child nutritional status worldwide [38,39]. Stunting (low height-forjagederweight (low
weight-for-age), and wasting (low weight according to heigl@jewdefined by using the -2
z-score cut-off-point. Anthropometric indicators were interpretesihng WHO growth
reference curves, derived from multicentric samples of childi@sed under ideal
environmental conditions, based on the operational assumption that thegypespriate for
evaluating children worldwide, independent of ethnicity, socioeconomic comdir diet
growth references [40].

Following WHO guidelines [41], mothers whose hemoglobin concentratiens lower than
7.0 g/dL were considered to present severe anemia and those wigimtcatians from 7 to
11.99 g/dL were considered to present moderate anemia..

A household goods index was calculated using the first component of g@ricamponent
analysis for 19 durable goods (eigenvalue of 3.56, accounting for 19% otdhedriability
in the dataset) [20]. Standing out in this first component were sedeviset, refrigerator
and/or freezer, VCR and/or DVD player, stove, telephone, anditgatkdih. The household
index was the sum of the products of the quantity of each item nedtipy the contribution
of each in the principal component analysis. Households were theifieths terciles based
on the combined distribution, considering the four regions.



In the initial data analysis, prevalence rates were caézultr stunting, underweight, and
wasting according to independent variables (region, demographic and socivéC
variables, characteristics of the household environment, and matenahl child
characteristics). Chi-square tests for linear trend anddgseeity were used to evaluate
differences in proportions.

In the multivariate analysis, Poisson regression with robust adguastof the variance for
dichotomous outcomes was used [42]. Estimates were corrected foortipex sampling
design of the study. The variables were entered according kerarchical model.
Accordingly, distal variables (region, child’s age, and sex) \lezefirst to enter the model,
followed by socioeconomic variables (household goods index, presenceuls#r reggome
from salaries or social programs, and maternal schooling) inett@nd level. The third
hierarchical level comprised variables that assessed househenactehistics (source of
drinking water, location used to defecate, and presence of trashticoilin the village). The
fourth and fifth most proximal levels encompassed maternal vasighe and anemia) and
child variables (birthweight, reported hospitalization during the @rbmonths, and infant
feeding), respectively. Estimates were adjusted for varidbtzged in the same or higher
hierarchical levels. Estimates of the effect of backwalecien were used at each level and
variables with p-values > 0.20 at their hierarchical level were excluded lfimddel [43].

The study protocol was approved by the National Ethics Comm(@temiésdo Nacional de
Etica em Pesquisa — CONEP) and the National Indian Foundation (Fandagi@énal do
indio — FUNAI). Before initiating interviews in a given village, meeting was held with
community leaders to obtain permission to conduct the study. To taet @dssible, these
meetings were held in public and formulated according to local pretdoplcommunity
decision-making. In addition to describing the objectives and procedurtdse cftudy, a
collective informed consent form approved by CONEP was presantéetail. If consent
was granted, one or more community leaders were asked to sign the consent form.

Results

Of 123 villages selected for study, data were obtained for 113 (91.99)inMestigation of
10 villages was due to refusal, lack of access, cost, and lossaof@fa5,674 indigenous
households planned for investigation, 5,305 (93.5%) were interviewed. Thepakireason
for non-inclusion of households was absence at the time of research.(®R0%lanned
individual interviews regarding children, 6,128 (93.1%) were realized. Addily, height
and weight measurements were taken for 6,050 and 6,075 children, re$peuwthieh
correspond to 98.2% and 98.6% of the total sample investigated. Becaysepbeion of
sampled children not evaluated was low, it is unlikely that theN&tSurvey is susceptible
to sample selection bias.

With respect to nutritional status, prevalence rates of underweight, gtuantich wasting were
5.9% (n = 6055), 25.7% (n = 6011), and 1.3% (n = 6017), respectively. Mean z-scores for
weight-for-age, height-for-age, and weight-for-height were -0.48, -1.32, @38,
respectively.

Table 1 shows that the prevalence rates of underweight and gtuvgne highest among
indigenous children in the North region and were slightly lower amartg mationally.



Whereas child age was positively related to the prevalenceitirg), the association was
negative for wasting.

Table 1Prevalence rates of underweight, stunting, and wasting in indigenousitdren <
60 months by region, sex, and age, First National Survey of Indigenous People’s Health
and Nutrition, Brazil, 2008-2009

NT Underweight Stunting Wasting
Prevalence PR Prevalence PR Prevalence PR
(%) (C1 95%) (%) (Cl 95%) (%) (Cl 95%)
Region p <0.001* p <0.001 * p=0.22*
North 2558 114 2.87 40.8 1.83 1.7 1.50
(1.61-5.11) (1.21-2.77) (0.61-3.68)
Central-West 1283 5.0 1.26 27.6 1.24 0.9 0.80
(0.69-2.31) 13 (0.77-1.97) 1. (0.29-2.20)
Northeast 1339 4.1 1.02 0.62 1.17
(0.58-1.81) .9 (0.38-1.01) 4 (0.43-3.23)
Southeast/South 875 4.0 1.00 22.3 1.00 1.2 1.00
(reference) (reference) (reference)
Sex p=0.04* p=0.03* p=0.17*
Male 3104 6.5 1.00 27.0 1.00 15 1.00
(reference) (reference) (reference)
Female 2951 5.3 0.81 24.3 0.90 11 0.70
(0.66-0.99) (0.82-0.99) (0.44-1.12)
Child’'s age (months) p =0.06 ** p < 0.001 ** p < 0.001 **
0-5 644 4.0 1.00 9.2 1.00 2.7 1.00
(reference) (reference) (reference)
6-11 675 7.3 1.83 14.9 1.63 2.6 0.96
(1.03-3.26) (1.15-2.31) (0.45-2.05)
12 -23 1201 7.5 1.88 31.5 3.43 2.0 0.73
(1.11-3.16) (2.58-4.57) (0.35-1.52)
24 - 35 1175 6.1 1.52 32.7 3.57 0.4 0.16
(0.88-2.63) (2.62-4.85) (0.05-0.46)
36 — 47 1243 5.1 1.27 28.3 3.09 0.7 0.24
(0.70-2.30) (2.24-4.27) (0.08-0.72)
48 — 59 1117 5.1 1.28 25.2 2.75 0.6 0.22
(0.77-2.15) (1.94-3.91) (0.08-0.61)

PR, Prevalence ratio.

Cl, Confidence interval.

" Maximum N for each category, which may vary betweariables due to missing data.
* 42 test of heterogeneity.

=+ 2 test for linear trend.

With respect to socioeconomic status, maternal schooling and the hougebdkl index
were inversely related to the prevalence of underweight amctirgy (Table 2). The
prevalence ratio of stunting was 4.22 (Cl 95%: 2.96-6.01) times higheng children
whose mothers never frequented at least one full year of schoolréhiliving in
households with no regular source of income showed slightly higher @neeatates of
underweight and stunting. On the other hand, wasting was not associdteanwiof the
three measures of socioeconomic status (Table 2).



Table 2Prevalence of underweight, stunting, and wasting in indigenous chilen < 60
months, by socioeconomic variables, First National Survey of Indigenous Pedgle
Health and Nutrition, Brazil, 2008-2009

NT Underweight Stunting Wasting
Prevalence PR Prevalence PR Prevalence PR
(%) (Cl 95%) (%) (ClI 95%) (%) (Cl 95%)
Household goods index p <0.001 ** p <0.001 ** p=0.25*
1st tertile 2361 8.8 2.50 35.6 2.30 1.7 1.46
(1.68-3.73) (1.78-2.96) (0.78-2.72)
2nd tertile 2123 5.2 1.46 25.3 1.64 1.0 0.87
(1.12-1.89) (1.36-1.97) (0.43-1.76)
3rd tertile 1571 35 1.00 15.5 1.00 1.2 1.00
(reference) (reference) (reference)
Regular income p=0.02* p =0.003 * p=0.67*
No 3535 6.5 1.33 27.9 1.23 1.3 1.10
(1.04-1.69) (1.07-1.42) (0.70-1.74)
Yes 2504 4.9 1.00 22.7 1.00 1.2 1.00
(reference) (reference) (reference)
Maternal schooling p <0.001 ** p <0.001 ** p =0.30 **
0 years 1058 10.5 3.68 39.9 4.22 1.9 1.19
(1.92-7.06) (2.96-6.01) (0.48-2.91)
1-4 years 2634 6.7 2.33 29.9 3.16 1.3 0.79
(1.43-3.82) (2.33-4.27) (0.40-1.57)
5-9 years 1521 3.3 1.16 18.1 1.92 0.8 0.50
(0.69-1.95) (1.49-2.46) (0.17-1.44)
> 10 years 783 2.9 1.00 9.5 1.00 1.6 1.00
(reference) (reference) (reference)

PR Prevalence ratio.

Cl, Confidence interval.

" Maximum N for each category, which may vary betveariables due to missing data.
* +? test of heterogeneity.

=+ 2 test for linear trend.

Underweight and stunting were also associated with accessitatisa services. Children
living in houses without piped drinking water, indoor sanitation facjétg., bathroom), or
access to trash collection service showed a higher prevalengedefweight and stunting
(Table 3).



Table 3Prevalence rates of underweight, stunting, and wasting in indigenousitdren <
60 months according to characteristics of the household and sanitation, Firsational
Survey of Indigenous People’s Health and Nutrition, Brazil, 2008-2009

NT Underweight Stunting Wasting
Prevalence PR Prevalence PR Prevalence PR
(%) (C1 95%) (%) (C1 95%) (%) (C1 95%)
Piped drinking water p <0.001* p =0.003 * p=0.08 *
Inside home 902 2.4 1.00 17.6 1.00 0.8 1.00
(reference) (reference) (reference)
Outside home 2961 5.0 2.08 24.9 141 1.3 1.58
(1.29-3.36) (0.93-2.14) (0.62-4.03)
Other 2180 10.3 4.28 33.3 1.89 1.7 2.07
(2.57-7.12) (1.20-2.96) (0.84-5.09)
Location used for defecation p=0.001* p <0.001* p=0.01*
Indoor household facility 3243 4.2 1.00 20.5 1.00 1.00 1.00
(reference) (reference) (reference)
Outdoor household facility 680 6.5 1.53 34.6 1.68 0.7 0.71
(1.04-2.26) (1.31-2.16) (0.32-1.60)
Other 2108 8.6 2.04 324 1.58 1.9 1.92
(1.33-3.11) (1.23-2.02) (1.19-3.09)
Trash collection service in the p <0.001* p <0.001 * p=0.97*
village
Yes 718 2.4 1.00 11.1 1.00 1.3 1.00
(reference) (reference) (reference)
No 5313 6.6 2.74 28.4 2.55 1.3 0.96
(1.85-4.06) (1.59-4.10) (0.51-1.82)

PR, Prevalence ratio.

Cl, Confidence interval.

T Maximum N for each category, which may vary betveariables due to missing data.
* +2 test of heterogeneity.

=+ 42 test for linear trend.

Table 4 shows that maternal anemia was positively associdtedmwderweight and stunting,
whereas no clear pattern was observed for wasting. Birthweightnegatively associated
with prevalence of underweight, wasting, and stunting. Low birthweighestisbyvere 10.0
(Cl 95%: 5.67-17.5) times more likely to present underweight. Severgidngrin the prior
12 months, as indicated by hospitalization, was also associatedundrweight and
stunting.



Table 4 Prevalence rates of underweight, stunting, and wasting in indigenousitdren <
60 months, according to maternal and child characteristics, First Natioal Survey of
Indigenous People’s Health and Nutrition, Brazil, 2008-2009

NT Underweight Stunting Wasting
Prevalence PR Prevalence PR Prevalence PR
(%) (C1 95%) (%) (C1 95%) (%) (C1 95%)
Maternal age (years) p =0.66 ** p =0.08 ** p = 0.06 **
<20 814 5.2 1.00 26.6 1.00 25 1.00
(reference) (reference) (reference)
20-29 3097 5.7 1.08 24.5 0.92 1.1 0.43
(0.72-1.64) (0.79-1.08) (0.23-0.83)
30-39 1673 6.6 1.27 25.8 0.97 1.1 0.46
(0.81-1.99) (0.79-1.20) (0.19-1.08)
>40 455 6.0 1.15 313 1.18 1.1 0.47
(0.71-1.87) (0.96-1.45) (0.16-1.36)
Maternal anemia p =0.006 * p <0.001 * p=0.15*%*
No 3638 5.1 1.00 23.1 1.00 1.2 1.00
(reference) (reference) (reference)
Moderate 2081 6.7 1.32 28.2 1.22 1.6 1.34
(1.01-1.72) (1.07-1.38) (0.96-1.86)
Severe 223 12.2 2.38 44.2 1.91 0.7 0.61
(1.08-5.24) (1.46-2.50) (0.14-2.66)
Birthweight (grams) p <0.001 ** p <0.001 ** p <0.001 **
<2500 298 175 10.0 47.2 3.59 3.3 5.80
(5.67-17.5) (2.78-4.63) (1.96-17.15)
2500-2999 935 8.9 5.06 32.3 2.45 2.1 3.77
(2.83-9.06) (1.93-3.10) (1.37-10.34)
3000-3499 1607 4.2 2.37 19.9 151 1.1 1.91
(1.38-4.06) (1.18-1.94) (0.68-5.39)
> 3500 1115 1.8 1.00 13.2 1.00 0.6 1.00
(reference) (reference) (reference)
Hospitalization in the prior 12 months p =0.001* p <0.001* p=0.59*
No 4895 5.1 1.00 23.7 1.00 1.2 1.00
(reference) (reference) (reference)
Yes 1119 9.0 1.78 33.8 1.43 15 1.27
(1.27-2.48) (1.22-1.67) (0.53-3.08)

PR,Prevalence ratio.

Cl, Confidence interval.

T Maximum N for each category, which may vary betveariables due to missing data.
* 42 test of heterogeneity.

=+ 42 test for linear trend.

In the multivariate model, children in the North region presentedglaehiprevalence of
underweight, even after adjusting for child’s sex and age (Figuta the second level, after
controlling for the presence of regular household sources of inconnay,regx, and child’'s

age, maternal schooling remained inversely related to prevaténoederweight. Children
whose mothers did not frequent at least one year of school were 3.28%CI1.76-6.13)

times more likely be underweight than those whose mothers hadritedus least 10 years
of schooling. With respect to household environment characteristies cafttrolling for the

variables in the higher hierarchical level and source of drinkiateny the effect of the
presence of trash collection service in the community decreas@d2i74 to 1.49 and the
confidence interval barely included the unity (1), although the variabll reached the
significance level for retention in the model. Similarly, tififlect of the source of drinking
water used by members of the household was reduced in the mukhanaysis, although
children without access to piped drinking water inside or outside the Haldsstill had a

higher prevalence of underweight. Even after controlling for confourtayngpcioeconomic



measures, demographic characteristics, household environmental conditionsalnaaemia

and reported hospitalization in the prior 12 months, children whose birthweight was < 2,500 g
were 8.35 (Cl 95%: 4.56-15.27) times more likely to be underweight than h8s&00
(Figure 1).

Figure 1 Hierarchical model for underweight among children < 5 years of age, First
National Survey of Indigenous People’s Health and Nutrition, Brazil, 2008—2009.

As shown in Figure 2, after adjusting for the variables in the¢ hrerarchical level and
maternal schooling, the prevalence of stunting among children lividguiseholds in the
first tertile of the household good index decreased from 2.30 to 1.48 (Cl198%1.79), but

the confidence interval did not include the unity. For maternal sctgpttie decrease in the
magnitude of the prevalence ratio was smaller and the &ffechlso statistically significant.
In the multivariate model, none of the variables related to the househaildnment were

associated with stunting. However, maternal anemia was assbwiah a higher prevalence
of stunting and those children whose mothers presented severe aremmia.68 (Cl 95%:

1.27-2.10) times more likely to be stunted than those whose mothers did seritgevere

anemia. Also, maternal age, birthweight, and no hospitalization ractnd prior 12 months

were inversely related to the prevalence of stunting.

Figure 2 Hierarchical model for stunting among children < 5 years of age, First
National Survey ff Indigenous People’s Health and Nutrition, Brazil, 2008—2009.

The effect of breastfeeding on underweight and stunting was exéMaatdifferent child age
categories. Figure 3 shows that among children aged < 12 mdhéhgrevalence of
underweight was lower for those who had never been breastfed. Hovweeverijldren < 6
months the precision of estimates was low and the confidence interval includedtyhé& he

protective effect of breastfeeding for underweight was not obsemedg children older
than 1 year. Figure 4 shows that the protective effect of eedsig for stunting was
observed only in the first 6 months of life, but the association was not statistigaificant.

Figure 3 Prevalence ratio of underweight among children < 5 years of age who were
breastfed as compared to those who were never breastfed, according to agegaties,
First National Survey of Indigenous People’s Health and Nutrition, Brazil 2008—2009.

Figure 4 Prevalence ratio of stunting among children < 5 years of age who were
breastfed as compared to those who were never breastfed, according to agegaties,
First National Survey of Indigenous People’s Health and Nutrition, Brazil 2008—2009.

Discussion

Relatively little information is available on the nutritionglusition of indigenous children in
Latin American countries. A recent compilation by the Pan Ameditaalth Organization of
findings regarding the nutritional situation of indigenous children, hasethe reference
curves proposed by the World Health Organization [39], identified |efelsxdernutrition
varying from 35 to 60% among Quechua and Aymara children in BoliviaPend, about
55% in indigenous children in Ecuador, and approximately 75% in indigenous chihdre
Guatemala [44]. Thus, in many Latin American countries, ratesndérnutrition among
indigenous children tend to be much higher than those of non-indigenous children.



During the last two decades in Brazil there have been marked patity improvements for
indigenous peoples with implications for public health. For examplenbieg in the 1990's,
the decennial national census included “indigenous” to the list of pessifibonses for the
guestion on race or skin color [45]. During the same period, a distiattht&e subsystem
was implemented for indigenous peoples [46]. These policies aimechpabving the
availability of health information, which demonstrated empiricaligt tlarge inequalities
exist between indigenous peoples and other segments of Braziliaty speigicularly in
relation to morbidity and mortality, which are part of a perniciogde marked by persistent
poverty, exclusion, and disease.

Prior to the National Survey, the great majority of availablermation on the nutritional
status of indigenous children in Brazil came from case studie®d out over the past two
decades in specific communities and local populations, most locateAmazonia
[14,22,23,47-50]. These case studies found levels of stunting well above thosedrépor
non-indigenous children (see Leite et al. [51] for a review).

The results of the National Survey also reveal a very unfavoralitéional scenario for
indigenous children in the country. As compared to non-indigenous Brazilitarechi
nationally, the present rate of stunting in indigenous children in IB(@&.7%) is
substantially higher than the current rate but comparatively dlosinat reported four
decades ago [13,52]. The results of national household surveys since theH®@¥@sunting
(following the WHO growth curves [39]) in non-indigenous children < 5 yedrage
decreased sharply from 37.1% in 1974/1975 to 7.1% in 2006 [13].

Considered by major geopolitical region, the rates of stuntingdigenous children in Brazil
ranged from two to five times higher than those observed for non-indigehddeen. As
reported by the Brazilian Ministry of Health [52], the radéstunting among non-indigenous
children in this age group were 5.5% in the Central-West, 5.6% i8dbtheast, 5.8% in the
Northeast, 8.5% in the South, and 14.7% in the North, the latter regiomiprggle highest
index of poverty and the worse indicators of general health in the country.

A combination of factors is likely to be acting to increase tlegence of undernutrition
among indigenous children in Brazil. Stunting and underweight are yledated to chronic
exposure to unfavorable socioeconomic and environmental conditions, poor energy and
nutrient intake, and recurrent infectious and parasitic dis&&s84]]. Previous studies have
explained unfavorable rates of undernutrition among indigenous peoplezzihiB terms of
the impacts of increased participation in the market economy, recicoess to natural
resources and land, sedentarization, and increased environmental comantinatto poor
sanitary conditions, among other factors [14,20,55-58]. Consistent withitheg@etations,
in the multivariate analysis, we observed that such social de@misi as household
environmental characteristics, hospitalization, and socioeconomic condiére associated
with a higher prevalence of stunting and underweight.

Alternative explanations for the elevated prevalence rates ofhkght-for-age observed
among indigenous children may be found in the human biology literature. &opkx some
lines of investigation draw on genetic-evolutionary hypothesespibatlations in tropical
forested environments tend to present smaller adult body size agdaptive response to
alleged environmental pressures (e.g., food restriction and higietatares and humidity)
[59,60]. According to such perspectives, the standard growth refeceinees used in our
analyses would not be applicable to some ethnic populations (suchgenoul peoples in



the Amazon region of Brazil) due to a distinct genetic growthnpiade However, in the field
of public health nutrition, the relative weight of genetics is constlés be greater on final
height achieved at the end of the growth period than on growthdates infancy. Until at
least the seventh year of life, human growth potential isngallg uniform worldwide,
independent of region or ethnic group. During this phase of life, environinfactiars (e.g.,
living conditions, sanitation, socioeconomic and education levels, diet, foaditgec
coinfection, and access to health services) are considered ta phmye dominant role in
determining the distinct growth achievements observed among childrenfferemt
populations [61-66]. It is now widely accepted that undernutrition is lafaneted condition
that cannot be fully understood on the basis of its immediate malodeterminants —
socioeconomic and ethnic disparities are at the root of the probletmcufzaly in countries
that show sharp inequalities with regards to income, education,caedsato health care
[2,67-71].

Our data show an increase in the prevalence of stunting in th& fyesars of life. Indeed,
among children less than 6 months of age the prevalence was 9.2%asvfarthose aged
24-35 months the prevalence was 32.7%. A small decrease in the peewvaistunting was
observed among children older than 36 months. These data suggestsréhat tlwecohort

effect in the studied population. Such increments in the prevalenceantingt reported in

case studies of South American indigenous peoples were found tomgystelated to poor
environmental conditions and weaning practices [14-17].

We observed substantially higher prevalence rates of stunting andvergterin the North
region of the country as compared with all other regions. After @tng for maternal age,
maternal schooling, the household goods index, presence of trash collectime & the
village, maternal anemia, and birth weight, the prevalence e&tstunting among children
living in the North decreased from 1.83 to 1.58 (Cl 95%: 1.07-2.34), whewgas f
underweight the prevalence ratio decreased from 2.87 to 1.91 (Cl 95%: 1.047h&4¢
results demonstrate the close relationship between the higbgofaindernutrition observed
in the North region and socioeconomic conditions, which have undergone majgestiar
indigenous populations in recent decades due to the rapid pace of econgtopment and
environmental transformation in the region.

As we reported previously [20], the findings of the National Surveyligighmajor gaps in
the availability of public services to indigenous villages in Byazich as education, basic
sanitation, safe drinking water, and solid waste management. &teesenditions that favor
the occurrence of high levels of undernutrition in children, as was olbiserwibe present
study. With regard to the management of human waste, the moséltypirastructure
observed was that of a simple pit latrine, with sewage réeghg collected or receiving any
kind of treatment. Even in more developed regions of the country, sschhe
South/Southeast, nearly 40% of households in the sample reported defecakiagopen.
Only 5.9% of the households reported possessing any kind of sewagen.sydte
management of household waste was also found to be precarious, itmastscommonly
being discarded, burned, or buried in the peridomicile or elsewhere in the village.

Unfortunately, considering these inadequate sanitary conditions, unssrprising that
children also present elevated levels of morbidity due to infectiodiparasitic diseases. As
previously reported, the National Survey found the proportion of reported hiaspibas of
children during the prior 12 months to be elevated, with 19.3% of childieg bespitalized
during this period [20]. Diarrhea and respiratory infection wereuiat causes of



hospitalization. With respect to referred morbidity during the psieek, about one in four
children (23.6%) presented diarrhea. Additionally, 51.2% of indigenous ehiltxtionally
were found to be anemic. The health scenario outlined here for modigehildren facilitates
the interaction between undernutrition and infection, widely destidnel characterized in
the literature as cyclical and mutually reinforcing, not only because undgomutontributes
to increasing the severity and duration of infection, but also becatiseent infections tend
to worsen the nutritional status of children [72-75].

Among infants younger than six months, those who were breastfedlegs likely to be
underweight or stunted, but the confidence intervals included the unitgauSe
breastfeeding was almost universal among infants younger than Banaith only 5.2% of
infants in this age group not being breastfed at the time of theviet, the precision of the
estimate on the effect of breastfeeding in this age group ovas On the other hand,
breastfeeding did not protect children older than 12 months againsihg or underweight.
Among older children, the benefits of breastfeeding may be oveneldeby weaning foods
with lower energy and nutrient content or contamination with microosgemin situations of
poverty or inadequate sanitation [76].

Final considerations

The results presented here regarding the nutritional status gemnmdis children from the
First National Survey of Indigenous People’s Health and NutritioBrazil reveal striking

health inequities involving a diverse set of socioeconomic and envirdahfactors. High

prevalence rates of undernutrition were shown to be associatedoailenomic variables
including income, household goods, schooling, and access to sanitation sé@iveesvere

also shown to be associated with breastfeeding, which is a highlyat dimension of child
dietary practices among many indigenous societies. Whereas titomalé&urvey was the
first study to address child nutrition among the indigenous peoplBsaizil on a national

scale, providing important baseline data for future comparison, timelsegl further suggest
the relevance of social, economic, and environmental factors atediffecales (local,
regional, and national) for the nutritional status of indigenous peoples.

Although the Brazilian Unified Health System (Sistema Unicc®8déde — SUS) prioritizes
the promotion of social and economic equity as part of public healtarcbsand promotion
formulations, the findings reported here indicate that the full potdreiafits of this policy
orientation are not yet observable in the health and nutrition podfilee indigenous child
population at a national scale. The worrying nutritional health profilindigenous children
in Brazil underscores the need for greater attention to this pmpulaégment by the
Brazilian government.

Food and nutrition policies and interventions designed for indigenous peoesihmust
be tailored for consonance with the cultural lifestyles and foertgptions of target
communities, going beyond the generalized distribution of energy-rathifems, typical of
both governmental and non-governmental food relief initiatives. Measaireed at
improving childhood nutrition may potentially have immediate results,icpéatly with
regards to stimulating child weight gain and improving child survivaly intervention
aimed at indigenous peoples in Brazil, however, must take into caamsaeethis country’s
enormous sociocultural diversity, with as many as 300 indigenous etbnijgsgand over 200
indigenous languages living in diverse environmental settings. Witmasoy distinctive
societies within the Brazilian borders, it is all the more irtgodrto implement public health



policies and measures aimed at reducing child undernutrition tlapaorate sociocultural,
economic, environmental, and biomedical dimensions of the problem (ses Gattl&antos
[77] for a recent review of the development of nutrition policieseal at indigenous peoples
in Brazil).

Public policies must also address the need for more researchctamsfahat remain
understudied in indigenous populations despite being considered important ugderlyi
determinants of child nutritional status in accordance with theedritations Children’s
Fund’'s framework for the causes of undernutrition [78,79]. For instaeseanch into
cultural factors influencing childcare practices, including bfeading, weaning, and
pregnancy, has the potential to help disentangle many of the cotiggdesubsumed by
standardly used variables that do not have uniform meaning in crosskuatintexts, such

as income, wealth, and maternal education.
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Level 1

LA

Region Sex Child’s age (months)
North 2.81(1.58-4.99) Male 1.00 (reference) 0-5 1.00 (reference)
Central-West 1.25(0.68-2.28) Female 0.80 (0.66-0.97) 6-11 1.79 (1.01-3.15)
Northeast 1.01 (0.62-1.83) 12-23 1.82 (1.09-3.06)
Southeast/South 1.00 (reference) 24-35 1.50 (0.87-2.60)
36-47 1.29 (0.71-2.35)
48-59 1.29 (0.78-2.15)
Regular income Maternal schooling (years)
No 1.21 (0.98-1.51) 0 3.28 (1.76-6.13)
Yes 1.00 (reference) 1-4 1.99 (1.25-3.18)
5-9 1.01 (0.64-1.60)
> 10 1.00 (reference)
Piped drinking water Trash collection service in the village
Inside home 1.00 (reference) Yes 1.00 (reference)
QOutside home 1.52(0.91-2.54) No 1.49 (0.99-2.25)
Other 2.33 (1.36-4.00)
Maternal anemia
No 1.00 (reference)
Moderate 1.18 (0.93-1.51)
Severe 1.93 (0.90-4.17)
Birthweight (grams) Child hospitalized during prior 12 months
<2500 8.35(4.56-15.27) No 1.00 (reference)
2500-2999 4.74 (2.60-8.63) Yes 1.55(1.13-2.12)
3000-3499 2.37 (1.38-4.07)
igure 1 > 3500 1.00 (reference)

Distal

Proximal



Level 1

I

Level 5 | | Level 4 | |Leve|3| | Level 2 | |

| __Higure 2

Region Sex Child’s age (months)
North 1.82 (1.20-2.76) Male 1.00 (reference) 0-5 1.00 (reference)
Central-West 1.23(0.78-1.96) Female 0.90 (0.81-0.99) 6-11 1.61(1.15-2.26)
Northeast 0.61 (0.38-0.99) 12-23 3.42 (2.58-4.53)
Southeast/South 1.00 (reference) 24-35 3.58 (2.65-4.83)
36-47 3.18 (2.30-4.39)
48-59 2.77 (1.95-3.93)
Household good index Maternal schooling (years)
1st tertile 1.48 (1.21-1.79) 0 3.03 (2.22-4.14)
2nd tertile 1.32(1.13-1.54) 1-4 2.44 (1.87-3.20)
3rd tertile 1.00 (reference) 5-9 1.65 (1.30-2.09)
> 10 1.00 (reference)
Trash collection service in the village
Yes 1.00 (reference)
No 1.35(0.91-2.02)
Maternal anemia Maternal age (years)
No 1.00 (reference) <20 1.00 (reference)
Moderate 1.11(0.99-1.25) 20-29 0.84 (0.73-0.96)
Severe 1.63 (1.27-2.10) 30-39 0.72 (0.60-0.86)
> 40 0.75 (0.62-0.92)
Birthweight (grams) Child hospitalized during prior 12 months
< 2500 2.87 (2.24-3.66) No 1.00 (reference)
2500-2999 2.11(1.73-2.58)  Yes 1.20(1.03-1.41)
3000-3499 1.34 (1.06-1.70)
> 3500 1.00 (reference)

Distal

Proximal
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