
Articles
The Lancet Regional
Health - Americas
2023;21: 100496

Published Online xxx

https://doi.org/10.
1016/j.lana.2023.
100496
How, what, and why: housing, water & sanitation and wealth
patterns in a cross-sectional study of the Guarani Birth Cohort,
the first Indigenous birth cohort in Brazil
Aline Diniz Rodrigues Caldas,a,∗ Aline Araújo Nobre,b Elizabeth Brickley,c Neal Alexander,d Guilherme LoureiroWerneck,d YasminNascimento Farias,e

Carla Tatiana Garcia Barreto Ferrão,f Felipe Guimarães Tavares,g Lídia de Nazaré Pantoja,h Márcia Cristina da Luz Duarte,i and
Andrey Moreira Cardosoa

aNational School of Public Health, Oswaldo Cruz Foundation, Rio de Janeiro, RJ, Brazil
bScientific Computing Program, Oswaldo Cruz Foundation, Rio de Janeiro, RJ, Brazil
cDepartment of Infectious Disease Epidemiology, Faculty of Epidemiology and Population Health, London School of Hygiene and
Tropical Medicine, London, UK
dInstitute of Studies in Public Health, Federal University of Rio de Janeiro, Rio de Janeiro, RJ, Brazil
eInstitute of Medical Education, Estácio de Sá University, Rio de Janeiro, RJ, Brazil
fPiquet Carneiro Polyclinic, State University of Rio de Janeiro, Rio de Janeiro, RJ, Brazil
gDepartment of Epidemiology and Biostatistics, Institute of Collective Health, Fluminense Federal University, Niterói, RJ, Brazil
hHealth Surveillance Coordination, Municipal Health Foundation, Niterói, RJ, Brazil
iInstitute of Biology, Federal University of Rio de Janeiro, Rio de Janeiro, RJ, Brazil

Summary
Background Despite the importance of social determinants of health, studies on the effects of socioeconomic, sani-
tary, and housing conditions on Indigenous child health are scarce worldwide. This study aims to identify patterns in
housing, water & sanitation, and wealth (HSW) in the first Indigenous birth cohort in Brazil–The Guarani Birth
Cohort.

Methods Cross-sectional study using baseline data from The Guarani Birth Cohort. We used Multiple Correspon-
dence Analysis and Cluster Analysis. The clusters identified were ordered in increasing degrees of access to public
policies and wealth, defining the patterns of HSW. Finally, we explored the association between the patterns and one
of the health outcomes, hospitalization, in the birth cohort.

Findings Three patterns were identified for housing and water & sanitation, and four for wealth status, resulting in 36
combinations of patterns (3 × 3 × 4). More than 62% of children in the cohort were found with the lowest wealth
patterns. The distribution of children across patterns in one dimension was not fully determined by the other two
dimensions. Statistically significant associations were found between precarious households and extreme poverty,
and hospitalization.

Interpretation We observed substantial heterogeneity in the distribution of children across the 36 combinations.
These findings highlight that, should the dimensions of HSW be associated with health outcomes, as seen for
hospitalization, they should be considered separately in multivariable models, in order to improve the estimation of
their independent effects.
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Research in context

Evidence before this study
We reviewed the evidence using PubMed and Web of Science
for publications on Social Determinants of Indigenous
Peoples’ Health from November 2019 to December 2021. We
use the keywords Social Determinants Health; Multivariate
Analysis; Housing; Sanitation; Health Status Disparities;
Indigenous Peoples; and Health Indicators, and searched for
articles in English, Spain, and Portuguese. Indigenous Peoples
are among the most marginalized population groups in both
high-income and low- and middle-income countries. Despite
the importance of social determinants of child health,
traditional indicators such as income or education, might not
be able to capture diversity within indigenous groups, as
some public policies are adopted at the village level regardless
of the socioeconomic diversity of the population.
Furthermore, studies on the effects of socioeconomic,
sanitary, and housing conditions on Indigenous child health
are scarce in Brazil and elsewhere.

Added value of this study
The objective of this study was to identify patterns in
housing, sanitation, and wealth using data collected from The
Guarani Birth Cohort (Brazil), and two multivariate analysis
techniques–Multiple Correspondence Analysis (MCA) and
Cluster Analysis (CA). Between June 1, 2014, and May 31,
2016, 357/435 (82.0%) Guarani children who were eligible for
the cohort were recruited from the 63 participating villages in
the South and Southeast of Brazil. Baseline data were
collected, which included questions on sociodemographic
characteristics, maternal health status and behaviors,
pregnancy and delivery conditions, access to prenatal care,

birth conditions, and child characteristics. It is a challenge to
collect a wide range of variables necessary not only to capture
the variability of the ways of life of Indigenous populations
but also to identify those that are sufficiently sensitive to
distinguish strata that represent patterns of health risk. We
expect to use the identified patterns as a proxy for living
standards and socioeconomic vulnerability position to the
occurrence of unwanted health outcomes in the first year of
life of Indigenous children.

Implications of all the available evidence
The use of MCA and CA allowed the exploration and
reduction of the dimensions of a great number of variables
(129) present in the baseline of the Guarani Birth Cohort,
identifying distinct patterns in different dimensions of the
living conditions of Indigenous children. The Guarani children
were concentrated in the combined strata with lower access
to public policies and poverty. However, the distribution of
children across patterns reveals substantial heterogeneity in
the Guarani living conditions. Statistically significant
associations were found between precarious households and
extreme poverty, and one of the health outcomes,
hospitalization. So far, our findings show that housing, water
& sanitation, and wealth must be considered separately in
multivariable models, hence adjusting for the independent
effects of each dimension on children’s health outcomes. The
study represents an advanced methodology for future
analyzes of Social Determinants of Health (SDH) of
Indigenous populations. Although there is great ethnic
diversity in Brazil, the methodology can be applied with
specific data for different Indigenous ethnic groups.
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Introduction
Among populations worldwide, disparities in health
outcomes largely result from the way societies are
organized and developed.1,2 These dynamics and the so-
called social determinants of health (SDH) are shaped
through the complex interplay of money, power, and
resources. The National Commission on Social De-
terminants of Health (CNDSS) of Brazil defines SDH as
the social, economic, cultural, racial-ethnic, psychologi-
cal, and behavioral factors that influence the occurrence
of health problems and their risk factors in the popu-
lation.3 In human rights-based approaches that promote
equity, health asymmetries, such as those associated
with SDH (e.g., disparities across racial-ethnic groups),
are considered unjust and avoidable.1

Effective planning for public policies to reduce
health inequities presupposes a satisfactory assess-
ment of socioeconomic status and other social de-
terminants that impact health profiles and utilization
of health services, particularly in the most vulnerable
social groups.4,5 Traditionally, socioeconomic status is
measured in health surveys by collecting data on
income and consumption expenditure, a task that is
difficult both because of the financial and operational
costs of the survey and because of the challenges of
obtaining accurate and comprehensive data.4–6 For
example, seasonal variations or indirect sources of in-
come (e.g., donations, sharing, and bartering) that
contribute to subsistence, particularly for poorer, rural,
or culturally differentiated populations, may not be
adequately captured by the usual indicators.4,7,8 There-
fore, it is often considered more accurate to measure
consumption or expenditure rather than income.4,9 As
an alternative approach to measure socioeconomic
conditions in low- and middle-income countries,7,9

several authors have proposed the construction of
indices, usually employing multivariate statistical
techniques such as Principal Component Analysis
(PCA). Such indexes, which are typically derived from
data on living standards (e.g., possession of durable
goods, access to infrastructure, and housing charac-
teristics) are less susceptible to short-term variations in
income and, therefore, have greater stability and
explanatory power for describing household wealth.7,9
www.thelancet.com Vol 21 May, 2023
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Indigenous peoples are among the most marginal-
ized population in both low- and middle- or high-
income countries.10 Despite significant ethnic diversity,
wide geographic distribution, and diverse life contexts,
Indigenous Peoples share common socioeconomic dis-
advantages, barriers to accessing social protection pol-
icies, and relatively poor health compared to their
surrounding societies.11 Increasingly, lifestyle changes,
which are closer to those experienced by non-
Indigenous western capitalist societies, are contrib-
uting to accelerated demographic, nutritional, and
epidemiological transitions among Indigenous groups.
Therefore, in addition to the persistently high burden of
infectious diseases, particularly in childhood, Indige-
nous populations also face rising frequencies of non-
communicable chronic diseases, diseases caused by
environmental deterioration and contamination, and
mental health problems, including those related to
abuse of alcohol and other drugs.10,11

Since the early days of colonization in Brazil,
Indigenous Peoples have been deeply affected by the
installation of new economic regimes, the occupation of
traditional territories, and changes in traditional sub-
sistence systems, with direct consequences on their
health patterns. Indigenous morbidity and mortality
rates are substantially higher than national rates, while
life expectancy at birth is lower.12,13 Infant mortality is
markedly higher in the post-neonatal period,14–16 and
pneumonia and diarrhea are important causes of hos-
pitalization among Indigenous children.17–19 Among
Indigenous children under five years of age in Brazil, an
estimated 25% experience chronic malnutrition, while
approximately 50% have anemia.20

Despite the importance of social determinants of
child health, studies on the effects of socioeconomic,
sanitary, and housing conditions on Indigenous chil-
dren’s health are scarce in Brazil and elsewhere.

Furthermore, for Indigenous people in Brazil,
housing and water & sanitation patterns may not be
directly determined by socioeconomic conditions and
driven by health needs, as public policies for housing
and water & sanitation are generally implemented
collectively at the village level, regardless of individual
families’ purchasing power.

To begin to address this gap in knowledge, this study
aims to identify patterns in housing, water & sanitation,
and wealth using data collected from the first Indige-
nous birth cohort in Brazil, The Guarani Birth Cohort,
and two multivariate analysis techniques–Multiple Cor-
respondence Analysis (MCA) and Cluster Analysis (CA).

Methods
Population and source of baseline data for the
Guarani birth cohort
The last demographic census conducted in Brazil, in
2010, counted 896,900 Indigenous individuals, repre-
senting only 0.4% of the national population, but with
www.thelancet.com Vol 21 May, 2023
more than 300 ethnic groups and 270 native lan-
guages.21 The Guarani ethnic group numbers approxi-
mately 85,000 individuals, corresponding to 9.5% of the
total Indigenous population in the country. The Guarani
occupy territories in eight states, mostly in the Central-
West, Southeast, and South regions, as well as areas in
border countries, such as Argentina, Paraguay, and
Bolivia.22 The Guarani are divided into three ethnic
subgroups, the Kaiowa, the Nhandéva, and the Mbya,
based on religious, linguistic, and cultural differences.

The Mbya subgroup has the smallest population,
with approximately 25,000 people, of whom one-third
live on the southern coast of Brazil23 in the geograph-
ical region where this study was conducted (Fig. 1). This
region is part of the traditional territory of the Guarani
population, and although our study did not select based
on ethnicity, almost all participants are Mbya and
Nhandéva. The Guarani population in this region
maintain the use of their mother language and ritual
practices and share high population mobility between
communities. As the Guarani communities are located
near the largest urban centers in Brazil (i.e., Sao Paulo
and Rio de Janeiro), the proximity has resulted in
restricted access and use of traditional territories,
intense contact with the surrounding society, and a high
degree of interaction with and dependence on regional
markets.

In 1999, the Brazilian government implemented the
Indigenous Healthcare Sub-System (SASI-SUS) as part
of the Public Health System (SUS). Since then, Indig-
enous Health Multidisciplinary Teams (EMSI) have
provided primary care in the villages, on a regular basis.
SASI-SUS is organized in 34 Indigenous Health Special
Sanitary Districts (DSEI). The area of investigation is the
DSEI Litoral Sul and part of the DSEI Interior Sul
(Fig. 1).

Between June 1, 2014, and May 31, 2016, 357/435
(82.0%) Guarani children who were eligible for the
cohort were recruited from 63 (75.9%) of the 83 existing
Guarani villages on the coastline extending from the
state of Rio de Janeiro to the state of Santa Catarina and
the entire state of Rio Grande do Sul (Fig. 1). Eligible
villages for the birth cohort were defined as those with a
structure that would allow for implementing a surveil-
lance system for the study itself, aimed at providing
weekly home follow-up of the children recruited during
their first year of life. This would enable to capture of
several health outcomes of interest, including vital
events, incident episodes of acute diseases, like acute
respiratory infections and diarrhea, and perinatal out-
comes, like low birth weight, prematurity, intrauterine
growth restriction, and infant mortality. All eligible vil-
lages participated in the study.

Regarding the social determinants of health, ac-
cording to Cardoso et al.24 Guarani families tend to be
large and usually live in houses with dirt floors, wood,
wattle-and-daub, or adobe walls, and palm thatch roofs.
3
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Fig. 1: Geographic location of Indigenous villages according to eligibility to participate in Guarani Birth Cohort.
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Guarani villages often lack water & sanitation and suffer
from unpredictable resource availability due to envi-
ronmental degradation and peripheral participation in
the regional economy. The non-eligible villages are
similar to the eligible ones, although they tend to be
more remotely located, smaller in population size, and
have irregular visits from healthcare teams.

Baseline data were collected through a perinatal
interview, conducted up to 15 days after birth. The
perinatal interview was applied to the mother during
postpartum by previously trained nurses from the
Multidisciplinary Indigenous Health Team (EMSI). The
perinatal questionnaire included questions on socio-
demographic characteristics, maternal health status, and
behaviors, pregnancy and delivery conditions, access to
prenatal care, birth conditions, and child characteristics.
The total time for completing the questionnaire was
about an hour, including a 30-min interview, and
30 min to complete data from direct observation or
collecting secondary data. Versions of the perinatal
questionnaire and details on eligibility criteria, recruit-
ment, follow-up, losses in the cohort, and demographic
and socioeconomic characteristics of Guarani children
were previously published.23

For the present analysis, 129 original variables
(Housing: 21; water & sanitation: 7; wealth: 101) from
the perinatal questionnaire were used to generate 33
derived variables (Housing: 8; water & sanitation: 5;
wealth: 20) (Fig. 2), which were then applied in the MCA
and CA. Derived variables that are not self-explanatory
are detailed below.

The household’s monthly per capita regular income
was derived from the sum of all regular incomes (i.e.,
wages, retirement and pensions, and direct payments
from the Bolsa Familia conditional cash transfer pro-
gram) in the last month from all household residents
aged 10 years or older, divided by the total number of
residents in the household. The amounts received by
each resident were measured by income class intervals,
and the midpoint of the interval was considered the
value for the purposes of summing household income.
This variable was then categorized based on June 1,
2014, cut-off points used in the Bolsa Familia condi-
tional cash transfer program: extreme poverty
(≤BRL77.00); poverty (>BRL 77.00 and ≤BRL 154.00);
and above the poverty line (>BRL 154.00)25,26 and further
converted to USD based on January 1, 2015, exchange
rate.

Statistical analysis
MCA was conducted separately for each of the three
dimensions of interest (housing, water & sanitation, and
wealth), considering a matrix in which the rows corre-
spond to the children and the columns to the variables
that make up each dimension. The relationship between
the categories of variables was analyzed by means of the
correspondence map based on the distance between
them; the closer they are to each other the higher the
probability of association. Total inertia is the measure
used to indicate the variability of the data in the space
determined by the axes. The first two axes were
considered because they are the most representative in
terms of the association between the categories of
variables.27,28

Next, we carried out a CA by means of the Parti-
tioning Around Medoids (PAM) clustering method
www.thelancet.com Vol 21 May, 2023
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Fig. 2: Dimensions of study and derived variables used in MCA and CA in Guarani Birth Cohort. Notes: Derived variables are those created by
the combination of the original variables collected during the interview through the Perinatal Instrument of the Guarani Birth Cohort. The
derived variables are those in bold.

Articles
considering different numbers of partitions (k = 2, 3 and
4)29 based on the matrix derived from the MCA, with the
aim of obtaining the greatest homogeneity within each
group and heterogeneity between the groups. The
number of clusters (k) in each dimension was defined
by partitioning the ellipses in the CA and the silhouette
www.thelancet.com Vol 21 May, 2023
graph from MCA, considering the highest average
silhouette. Silhouette value is a measure of how similar
a category of a variable is to its own cluster (cohesion)
compared to other clusters (separation). The silhouette
value varies between −1 and 1.30 The higher the
silhouette value, the higher the degree of belongingness
5
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of the category of the variable within the group. Negative
silhouette values indicate that the category was not well
classified (Supplementary Figures S1–S3).

The clusters identified in each dimension were or-
dered in increasing degrees of access to public policies
and wealth, identifying patterns of housing, water &
sanitation, and wealth. These patterns were named ac-
cording to their characteristics. Finally, we calculated the
absolute and relative frequency of children in each
pattern. A bar graph was built to show the proportion of
children in each of the possible combinations of wealth,
water & sanitation, and housing patterns. The analyses
were processed in the R statistical software using the
FactoMineR package.31 For exploratory purposes and
with the aim of verifying the consistency of the patterns
identified in the analyses, we evaluated the association
between the patterns of each dimension generated with
one of the outcomes measured in the birth cohort. For
this analysis, we selected the outcome of hospitalization,
defined as at least one admission for any cause during
the first year of life, with a length of hospital stay equal
to or greater than 24 h. Unadjusted relative risks were
estimated with respective 95% confidence intervals
(95% CI) using a log-binomial regression model.

Ethical approval and consent to participate
The cohort study was approved by the National Research
Ethics Commission (Comissão Nacional de Ética em
Pesquisa—CONEP n. 719/2010) and the Research
Committee of the National School of Public Health of
Oswaldo Cruz Foundation (CEP/ENSP n. 160/10). The
subproject of the Guarani Cohort was approved by the
Institutional Review Board of the National School of
Public Health of Oswaldo Cruz Foundation (CEP/
ENSP), protocol number 1.821.137. The Guarani Cohort
was authorized by the Indigenous leaders who signed
the free and informed consent form, in addition to in-
dividual verbal consent from the mothers or guardians
and authorization by the Brazilian National Health
Foundation to enter Indigenous territories for purposes
of scientific research.

Role of the funding source
The funding sources had no role in the study design,
data collection, data analysis, interpretation, writing, or
decision to submit.
Results
Of the 357 recruited children, 356 (99.7%) had complete
data on housing and water & sanitation and were
included in the analyses, while 353 (98.9%) were
retained in the wealth dimension analysis. The variables
used in the MCA and the respective categories and la-
bels according to the dimensions studied, as well as the
frequency of children in each category, are presented in
Table 1.
In the housing dimension, we highlight the high
proportion of children living in homes with the
following characteristics: with a single room (37.4%),
with a dirt floor (39.6%), using biomass as fuel for
cooking inside the house (44.4%), with five or more
residents (59.3%), and with electricity (84.3%). In the
water & sanitation dimension, we highlight the high
proportion of children living in homes without access to
an inside toilet (25.6%), with access to a collective toilet
outside the home (29.8%), without an inside tap
(61.8%), using stored drinking water (43.8%), and
where garbage is burned, buried, or discarded in the
village (32.0%). In the wealth dimension, the fre-
quencies of possession of durable goods varied from
4.0% for freezers to 74.5% and 76.2% for cell phones
and televisions, respectively. The children’s families also
reported: a low frequency of self-production of food for
subsistence, with only 17.3% reporting cultivation or
animal husbandry and 10.8% reporting fishing, hunt-
ing, or gathering; a moderate frequency of external do-
nations (35.1%) and receipt of basic food baskets
(38.8%); and a high frequency of food purchases
(88.4%), despite the significant proportion of families
with incomes below the poverty line (71.7%).

In the MCA, the first two axes explained 34.5%,
43.0%, and 43.8% of the data variability (total inertia),
respectively, in the housing, water & sanitation, and
wealth dimensions. The subsequent cluster analysis
identified three patterns for housing and water & sani-
tation, and four patterns for wealth (Fig. 3, a: Housing,
b: Water & Sanitation, and c: Wealth), based on the best
statistical allocation of the silhouette values. The higher
the silhouette value, the higher the degree of belong-
ingness of the category within the group.

Based on the characteristics of the identified pat-
terns, Housing and Water & Sanitation received the
consecutive labels H1, H2 and H3 and S1, S2 and S3
corresponding, respectively, to the comparative lowest,
intermediate, and highest degrees of access to public
policies (Table 2, Housing and Table 3, Water & Sani-
tation). Wealth status received labels W1, W2, W3, and
W4 corresponding, respectively, to the comparative
lowest, intermediate-lowest, intermediate-highest, and
highest degrees of wealth (Table 4, Wealth Status). The
patterns were described as follows:

Housing
37.1% of children in the cohort were found to belong to
pattern H1 (B): “Construction with local resources and
biomass use”, which included a predominance of
houses built with materials from local resources (e.g.,
straw, logs, and wattle and daub house), comprised a
single room, with a high number of residents (i.e., 10 or
more); had no electricity, and had intra-household
pollutant sources (like open fire for cooking). 28.1%
were found to belong to pattern H2 (A): “Precarious
alternative construction”, which included a
www.thelancet.com Vol 21 May, 2023
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Dimensions, derived variables, categories, and labelsa

Housing n (%)

Biomass use for cooking

No (fog_1) 101 (28.4)

Yes, indoors (fog_2) 158 (44.4)

Yes, outside the house (fog_3) 97 (27.2)

Gas stove used for cooking

No (fga_0) 147 (41.3)

Yes, inside the house, single room (fga_1) 43 (12.1)

Yes, inside the house, separate room (fga_2) 142 (39.9)

Yes, out of the house, outdoor kitchen, closed (fga_3) 11 (3.1)

Yes, out of the house, outdoor kitchen, without walls (fga_4) 13 (3.7)

Fire most used for cooking

Open fire (fgm_1) 112 (31.5)

Wood burning stove (fgm_2) 42 (11.8)

Gas stove (fgm_3) 180 (50.6)

Other (fgm_4) 22 (6.2)

Dwelling flooring

Earthen (cha_1) 141 (39.6)

Earthen combined with other materials (cha_2) 39 (11.0)

Wood (cha_3) 56 (15.7)

Wood floor combined with other materials (cha_4) 4 (1.1)

Cement (cha_5) 63 (17.7)

Cement combined with other material (cha_6) 30 (8.4)

Ceramic (cha_7) 19 (5.3)

Ceramic combined with other materials (cha_8) 4 (1.1)

Dwelling walls

Palm thatch (par_1) 16 (4.5)

Palm thatch combined with other materials (par_2) 51 (14.3)

Tree log (par_3) 34 (9.6)

Tree log combined with other materials (par_4) 32 (9.0)

Wooden board (par_5) 67 (18.8)

Wooden board combined with other materials (par_6) 37 (10.4)

Wattle and daub or adobe (par_7) 14 (3.9)

Wattle and daub combined with other materials (par_8) 20 (5.6)

Masonry walls/masonry walls combined with other materials (par_9) 69 (19.4)

Canvas/plastic/sheet/blanket/cloth (par_10) 12 (3.4)

Other materials (par_11) 4 (1.1)

Dwelling rooms

Single room (nco_1) 133 (37.4)

More than one (nco_2) 223 (62.6)

Electricity

No (eng_0) 38 (10.7)

Electrical network of distribution company (eng_1) 300 (84.3)

Solar plate or others (eng_2) 18 (5.1)

Nº residents dwelling

1–4 (mfx_1) 145 (40.7)

5–7 (mfx_2) 185 (52.0)

10 or + (mfx_3) 26 (7.3)

Dimensions, derived variables, categories, and labelsa

Water & sanitation n (%)

Defecation location

Indoors household facility (evc_1) 70 (19.7)

Outdoor household facility, used only by household residents (evc_2) 89 (25.0)

(Table 1 continues on next page)
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Dimensions, derived variables, categories, and labelsa

Water & sanitation n (%)

(Continued from previous page)

Outdoor household facility, collective (not exclusive of the household residents) (evc_3) 106 (29.8)

Rudimentary pit latrine, outdoors in the open or other (evc_4) 91 (25.6)

Household’s main source of water for domestic use

Household faucet from general or local public network sources (agd_1) 114 (32.0)

Household faucet from the river, waterfall, or other sources (agd_2) 22 (6.2)

Faucet outside the household, used just by residents, from the general or local public network (agd_3) 56 (15.8)

Faucet outside the household, used just by residents directly from the river, waterfall, and other sources (agd_4) 7 (2.0)

Faucet outside the household, used by residents and residents of other households (collective) from local general/public
network sources (agd_5)

112 (31.5)

Faucet outside the household, used by residents and residents of other households (collective) directly from the river, waterfall,
or other sources (agd_6)

28 (7.9)

No faucet, water directly from the river, waterfall, or other sources (agd_7) 17 (4.8)

Household’s main source of drinking water

Household faucet (agb_1) 141 (39.6)

Faucet outside the house, used just by the residents (agb_2) 57 (16)

Faucet outside used by residents and by residents of other households (agb_3) 139 (39.0)

Water directly from the spring or well in the village (agb_4) 6 (1.7)

Water directly from the waterfall, dam, lake, or river (agb_5) 6 (1.7)

Other sources (agb_6) 7 (2.0)

Store drinking water (inside bowl, canister, or pan)

Yes (aga_1) 156 (43.8)

No (aga_2) 200 (56.2)

Waste removal

Collected by cleaning service (lix_1) 37 (10.4)

Put in dumpster (lix_2) 205 (57.4)

Burned or buried in the village (lix_3) 95 (26.7)

Discarded in the village (lix_4) 19 (5.3)

Dimensions, derived variables, categories, and labelsa

Wealth n (%)

Radio

No (nra_0) 175 (49.4)

Yes, one (nra_1) 178 (50.6)

Refrigerator

No (nge_0) 202 (57.2)

Yes, one (nge_1) 151 (42.8)

Freezer

No (nfr_0) 339 (96.0)

Yes, one (nfr_1) 14 (4.0)

DVD player

No (ndvd_0) 215 (60.9)

Yes, one (ndvd_1) 138 (39.1)

Gas stove

No (nfo_0) 147 (416)

Yes, one (nfo_1) 206 (58.4)

Washing machine

No (nma_0) 294 (83.3)

Yes, one (nma_1) 59 (16.7)

Semi-automatic washing machine

No (nta_0) 236 (66.0)

Yes, one (nta_1) 120 (34.0)

Cell phone

No (nce_0) 90 (25.5)

(Table 1 continues on next page)
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Dimensions, derived variables, categories, and labelsa

Wealth n (%)

(Continued from previous page)

Yes, one (nce_1) 176 (49.9)

Yes, two or + (nce_2) 87 (24.6)

Personal computer/tablet

No (nco_0) 327 (92.6)

Yes, one (nco_1) 26 (7.4)

Television

No (ntv_0) 84 (23.8)

Yes, one (ntv_1) 227 (64.3)

Yes, two or+ (ntv_2) 42 (11.9)

Car

No (nca_0) 331 (93.8)

Yes, one (nca_1) 22 (6.2)

Satellite dish

No (nan_0) 262 (74.2)

Yes, one (nan_1) 91 (25.8)

Bicycle

No (nbi_0) 289 (81.9)

Yes, one (nbi_1) 64 (18.1)

Plantation or animal husbandry

Yes (pla_1) 61 (17.3)

No (plan_2) 292 (82.7)

Hunting and fishing/food gathering

Yes (pco_1) 38 (10.8)

No (pco_2) 315 (89.2)

Exchange or donation inside the village

Yes (tro_1) 52 (14.7)

No (tro_2) 301 (85.3)

Donations from outside the village

Yes (doa_1) 124 (35.1)

No (doa_2) 229 (64.9)

Purchase food

Yes (com_1) 312 (88.4)

No (com_2) 41 (11.6)

Food baskets

No (ncb_0) 216 (61.2)

Yes, one (ncb_1) 115 (32.6)

Yes, two (ncb_2) 22 (6.2)

Regular incomeb

≤US$ 29.03 (rend_1) 194 (55.0)

>US$ 29.03 and ≤58.05 (rend_2) 59 (16.7)

>US$ 58.05 (rend_3) 100 (28.3)

aLabels used in MCA and CA, are in parentheses. bThe Cash Transfer Program (Program Bolsa Família), through Decree Nº 8232 of 2014, updated the values for extreme
poverty when the monthly per capita family income is ≤US$29.03, while for poverty the monthly per capita family income is >US$29.03 and ≤US$58.05. Above the
poverty line are individuals with an income >US$ 58.05.

Table 1: Frequency of children according to categories of derived variables used for MCA and CA.

Articles
predominance of houses made of improvised material,
with a low number of residents (1–4), and no intra-
household pollutant sources. 34.8% were found to
belong to pattern H3 (C): “Urbanized masonry dwell-
ings”, which included a predominance of masonry
buildings with internal room divisions, intermediate
www.thelancet.com Vol 21 May, 2023
number of residents (5–9), various sources of electricity,
no intra-household pollutant sources.

Water & sanitation
5.1% of children in the cohort were found to belong to
pattern S1 (C): “No water & sanitation system, local
9
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Fig. 3: Clusters graphs showing patterns of housing, water & sanitation and wealth in the Guarani Birth Cohort.
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alternative solutions”, with the predominance of water
for drinking and for domestic use coming from natural
sources such as a river, waterfall, lake, or dam. 44.9%
were found to belong to pattern S2 (B): “Local water &
sanitation system with facilities for collective/shared
use”, with the predominance of water sources for
drinking and for domestic use outside the household,
external toilet of shared use by more than one house-
hold. 50.0% were found to belong to pattern S3 (A):
“General water & sanitation system or local system for
individual use”, with the predominance of drinking
water and water for domestic use coming from a spout
or tap inside the house, sanitary facilities inside the
house or outside the house but for the exclusive use of
the family, garbage collected by public cleaning services.

Wealth
30.0% of children in the cohort were found to belong to
pattern W1 (B): “Local food production, no assets and
income source”, the predominance of households with
no income or durable goods, subsistence based on local
food production, such as fishing/hunting, gathering and
planting. 32.6% were found to belong to pattern W2 (A):
“Low income, dependent on donation”, with a pre-
dominance of households with possession of some du-
rable goods, such as radio, TV and cell phone, per capita
income in the extreme poverty range, with some sub-
sistence, food purchasing and basic food basket receipt.
25.2% were found to belong to pattern W3 (C): “Income
above poverty line, medium value-added goods”, pre-
dominance of households with ownership of some
durable goods, such as gas stove, refrigerator, washing
machine, two TVs, DVD player and per capita income
range of poverty or above the poverty line. 12.2% were
found to belong to pattern W4 (D): “High value-added
goods”, households with ownership of goods, such as
car, computer, and freezer.

The distribution of children according to the com-
bination of the three dimensions analyzed and the 10
patterns (H1–H3, S1–S3, and W1–W4) yielded 36
(3 × 3 × 4) categories (Fig. 4). The Guarani children of
the cohort were concentrated in the combinations of
lower degree of access to public policies and higher
poverty across the dimensions studied. As one moves
from the lowest (W1) to the highest (W4) wealth status
pattern, there is also an increase in the proportion of
children with higher degrees of access to housing and
water & sanitation policies. However, we observed
substantial heterogeneity in the distribution of Guarani
children across the 36 combinations of the patterns
identified. We found more than 62% of children in the
cohort in the lowest wealth patterns (W1–W2).

During the cohort period, between June 2014 and
May 2016, of the 351 children recruited, 102 (29%) were
hospitalized at least once during the first year of life. In
an exploratory analysis, we found statistically significant
associations between such hospitalization and living in a
precarious household (H2: 1.83; 95% CI: 1.24–2.77) and
extreme poverty (W2:1.93; 95% CI: 1.06–4.15) (Table 5).
The associations found with the other patterns, although
statistically not significant, were in the expected
direction.
www.thelancet.com Vol 21 May, 2023
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Cluster Variable categories (label) Silhouette
category

Average
silhouette

Pattern name Children N (%)

H1 (B) Do not use gas stove for cooking (fga_0) 0.71 0.55 “Construction with local
resources and biomass use”

132 (37.1)

Fire most used for cooking: wood burning stove (fgm_2) 0.68

Tree log dwelling walls (par_3) 0.67

Earthen floor combined with other materials (cha_2) 0.66

Fire most used for cooking: open fire (fgm_1) 0.66

Tree log combined with other materials dwelling walls (par_4) 0.64

Other materials dwelling walls (par_11) 0.64

Biomass use for cooking, outside the home (fog_3) 0.61

No electricity (eng_0) 0.56

Palm thatch dwelling wall (par_1) 0.54

Single-room dwelling (nco_1) 0.52

Earthen floor (cha_1) 0.51

Wattle and daub combined with other materials dwelling
walls (par_8)

0.50

Number of residents dwelling, 10 or + (mfx_3) 0.42

Wattle and daub or adobe dwelling walls (par_7) 0.30

Biomass use for cooking, indoors (fog_2) 0.13

H2 (A) Wooden board dwelling wall combined with other materials
(par_6)

0.61 0.45 “Precarious alternative
construction”

100 (28.1)

Wooden board dwelling wall (par_5) 0.60

Gas stove, out of the house, outdoor kitchen, closed (fga_3) 0.60

Wood floor (cha_3) 0.58

Gas stove, inside the house, single room (fga_1) 0.52

Gas stove, outdoor kitchen, without walls (fga_4) 0.45

Canvas/plastic/sheet/blanket dwelling wall (par_10) 0.40

Fire most used for cooking, others (fgm_4) 0.39

Do not use biomass for cooking (fog_1) 0.31

Wood floor combined with other materials (cha_4) 0.28

Number of residents dwelling, 1–4 (mfx_1) 0.22

H3 (C) Cement floor (cha_5) 0.64 0.45 “Urbanized masonry
dwellings”

124 (34.8)

Ceramic floor (cha_7) 0.61

Masonry walls/masonry walls combined with other materials
(par_9)

0.60

Ceramic floor combined with other materials (cha_8) 0.60

Cement floor combined with other materials (cha_6) 0.59

More than one room dwelling (nco_2) 0.54

Gas stove inside the house, separate room (fga_2) 0.52

Palm thatch combined with other materials (par_2) 0.31

Electricity from solar plate or others (eng_2) 0.31

Number of residents dwelling, 5–9 (mfx_2) 0.29

Fire most used for cooking: gas stove (fgm_3) 0.20

Electrical network of distribution company (eng_1) 0.16

Table 2: Distribution of the relative contribution of the variables categories according to the clusters for housing.

Articles
Discussion
This study uses MCA and CA to identify distinct pat-
terns of housing, water & sanitation, and wealth among
Indigenous children participating in the Guarani Birth
Cohort. The clusters reflect varying degrees of access to
public policies and socioeconomic positions. Although
there were correlations between the three dimensions,
the distribution of Guarani children in one dimension is
www.thelancet.com Vol 21 May, 2023
not fully determined by the other dimensions, e.g.,
children in each of the four wealth clusters are also
represented across the three household clusters. Thus,
the results revealed substantial heterogeneity in the
distribution of Guarani children across the 36 combi-
nations of the patterns identified. As already mentioned,
in Indigenous Peoples communities in Brazil, housing
and water & sanitation patterns may not be directly
11
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Cluster Variable categories (label) Silhouette
category

Average
silhouette

Pattern name Children
N (%)

S1 (C) Water for domestic use: no faucet, water directly from river, waterfall, other sources (agd_7) 0.75 0.58 “No water & sanitation
system, local alternative
solutions”

18 (5.1)

Drinking water directly from waterfall, dam, or lake or river (agb_5) 0.74

Drinking water directly from spring or well in the village (agb_4) 0.65

Drinking water by other sources (agb_6) 0.19

S2 (B) Drinking water by faucet outside the house used by residents and by residents of other
households (agb_3)

0.53 0.33 “Local water & sanitation
system with facilities for
collective/shared use”

160 (44.9)

Outside household facility, collective (not exclusive of the household residents) (evc_3) 0.50

Water for domestic use by faucet outside household, used by residents and residents of other
households (collective), from local general/public network sources (agd_5)

0.49

Water for domestic use by faucet outside household, used by residents and residents of other
households (collective), directly from river, waterfall, other sources (agd_6)

0.44

Do store water inside the house (aga_1) 0.39

Rudimentary pit latrine, outdoors in the open or other (evc_4) 0.27

Waste discarded in the village (lix_4) 0.24

Water for domestic use by faucet outside household, used just by residents, directly from
river, waterfall, other sources (agd_4)

0.07

Waste put in dumpster (lix_2) 0.01

S3 (A) Drinking water by household faucet (agb_1) 0.64 0.49 “General water & sanitation
system or local system for
individual use”

178 (50.0)

Water for domestic use by household faucet, from general or local public network sources
(agd_1)

0.62

Indoors household facility (evc_1) 0.61

Outdoor facility household, used just by household residents (evc_2) 0.61

Waste removal collected by cleaning service (lix_1) 0.59

Do not store drinking water (inside bowl, canister, or pan) (aga_2) 0.52

Water for domestic use by household faucet, from river, waterfall, other sources (agd_2) 0.40

Water for domestic use, by faucet outside the house, used just by residents, from general or
local public network (agd_3)

0.37

Drinking water by faucet outside the house, used just by the residents (agb_2) 0.34

Waste burned or buried in the village (lix_3) 0.17

Table 3: Distribution of the relative contribution of the variables categories according to the clusters for water & sanitation.
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determined by socioeconomic conditions or wealth.
Specifically, public policies for housing and water &
sanitation are generally implemented collectively in a
village, regardless of a given Indigenous family’s pur-
chasing power.

Risk factors described in the literature as poten-
tially related to unfavorable health outcomes, such as
biomass or solid fuel use for cooking, lack of elec-
tricity inside the house, the presence of many resi-
dents in a single room, limited access to water &
sanitation, few assets and low income, and depen-
dence on external food donations18,19,23,24,32–35 were
identified in the present study in the households of at
least half of the children.

According to the World Health Organization
(WHO), indoor air pollution was responsible for an
estimated 3.2 million deaths per year in 2020, including
more than 237,000 deaths of children under 5 years of
age. The combined effects of air and indoor pollution
are associated with 6.7 million premature deaths
annually. Women and children, usually responsible for
domestic tasks such as cooking and collecting firewood,
are most affected by the burden of disease from the use
of polluting fuels inside homes.34

In addition to affecting young children, indoor
pollution from the burning of solid fuels for cooking
and heating is a major risk factor for a wide range of
cardiorespiratory and maternal-related diseases, as well
as the global burden of disease in disability-adjusted life
years (DALYs) in adults, with the highest prevalence in
low- and middle-income countries.35

Several studies around the world, mostly carried out
in Latina America, that investigated the determinants of
Indigenous children’s health indicated that living condi-
tions, location in remote regions, limited access to public
health policies, sanitation, and housing conditions, and
schooling are shown to be a relevant context for the high
frequencies of infectious diseases.17,19,20,36–45 Thus, evi-
dence indicates that housing conditions, access to water
& sanitation, and socioeconomic characteristics have
implications for health profile, especially in children.

The exploratory analysis of the association between
the patterns of housing, water & sanitation and wealth,
and hospitalization found that these dimensions are
www.thelancet.com Vol 21 May, 2023
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Cluster Variable categories (label) Silhouette
category

Average
silhouette

Pattern name Children
N (%)

W1 (B) No television (ntv_0) 0.39 0.19 “Local food production, no
assets and income source”

106 (30.0)

Do practice hunting and fishing/food gathering, (pco_1) 0.38

No gas stove (nfo_0) 0.29

Do plantation or animal husbandry (pla_1) 0.26

Do not purchase food (com_2) −0.01

No refrigerator (nge_0) −0.15

W2 (A) No bicycle (nbi_0) 0.70 0.50 “Low income, dependent on
donation”

115 (32.6)

No personal computer/tablet (nco_0) 0.69

No car (nca_0) 0.68

No freezer (nfr_0) 0.67

No washing machine (nma_0) 0.66

No radio (nra_0) 0.65

Cell phone, one (nce_1) 0.65

No satellite dish (nan_0) 0.62

No food basket (ncb_0) 0.56

Regular income, extreme poverty (ren_1) 0.56

Hunting and fishing/food gathering, do not practice (pco_0) 0.52

Plantation or animal husbandry, do not practice (pla_0) 0.49

Exchange or donation inside the village, do not practice (tro_2) 0.48

Do purchase food (com_1) 0.45

Donations from outside the village, do not receive (doa_2) 0.44

Food basket, receive one (ncb_1) 0.44

No semi-automatic washing machine (nta_0) 0.39

Do practice exchange or donation inside the village (tro_1) 0.37

No DVD player (ndv_0) 0.36

Television, one (ntv_1) 0.31

Do receive donations from outside the village (doa_1) 0.29

No cell phone (nce_0) 0.28

Radio, one (nra_1) 0.16

W3 (C) Satellite dish, one (nan_1) 0.57 0.35 “Income above poverty line
and medium value-added
goods”

89 (25.2)

Refrigerator, one (nge_1) 0.53

Cell phone, two (nce_2) 0.51

Television, two or + (ntv_2) 0.49

Bicycle, one (nbi_1) 0.48

DVD player, one (ndv_1) 0.45

Semi-automatic washing machine, one (nta_1) 0.32

Regular income, above the poverty line (ren_3) 0.27

Gas stove, one (nfo_1) 0.23

Washing machine, one (nma_1) 0.16

Regular income, poverty (ren_2) 0.10

Food basket, receive two (ncb_2) 0.08

W4 (D) Freezer, one (nfr_1) 0.38 0.29 “High value-added goods” 43 (12.2)

Personal computer/tablet, one (nco_1) 0.33

Car, one (nca_1) 0.15

Table 4: Distribution of the relative contribution of the variables categories according to the clusters for wealth.

Articles
relevant social determinants of the Guarani children’s
health. Although these analyses include only one
outcome, they reinforce the consistency of the patterns
and dimensions identified in our analyses as a meth-
odological advance in the investigation of the SDH in
www.thelancet.com Vol 21 May, 2023
Indigenous Peoples. Future research should prioritize
the investigation of other health outcomes using
multivariable-adjusted analyses that account for poten-
tially confounding medical and sociodemographic
factors.
13
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Fig. 4: Distribution of children across 36 combinations of patterns in the Guarani Birth Cohort.
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Strengths of the study include the data source, the
first Indigenous birth cohort in Brazil, and the iden-
tification of these patterns which will enable mean-
ingful investigations concerning the potential effects
of social determinants on health outcomes in Indige-
nous Guarani children. In addition, the analyses used
variables that synthesized the explanation of socio-
economic position, and access to water & sanitation,
and housing policies, which represents an advance in
comparison with traditional indicators, used alone in
Dimension/Patterns

Housing

H1 (Construction with local resources and biomass use)

H2 (Precarious alternative construction)

H3 (Urbanized masonry dwellings) (reference)

Water & sanitation

S1 (No water & sanitation system, local alternative solutions)

S2 (Local water & sanitation system with facilities for collective/shared use)

S3 (General water & sanitation system or local system for individual use) (ref

Wealth

W1 (Local food production, no assets and income source)

W2 (Low income, dependent on donation)

W3 (Income above poverty line and medium value-added goods)

W4 (High value-added goods) (reference)

The Guarani Birth Cohort, 2014–2017. aRR: Unadjusted Relative Risks. bCI: Confidence

Table 5: Associations between housing, water & sanitation and wealth, and
many studies. In our study, the MCA and CA allowed
the exploration and reduction of the dimensions of
129 variables (81 categorical and 48 numeric) present
in the baseline of the Guarani Birth Cohort, identi-
fying patterns on distinct aspects of the living condi-
tions of Indigenous children. Eight variables and 39
categories of housing and seven variables and 23 cat-
egories of water & sanitation dimensions were
reduced to three distinct patterns, while in the wealth
dimension, 20 variables and 44 categories were
Number of children
hospitalized

RRa 95% CIb

32 1.08 0.69–1.70

42 1.83 1.24–2.77

28 1.00

3 0.62 0.16–1.47

52 1.23 0.88–1.71

erence) 47 1.00

27 1.37 0.71–3.01

41 1.93 1.06–4.15

26 1.59 0.83–3.48

8 1.00

Interval.

hospitalization during the first year of life.

www.thelancet.com Vol 21 May, 2023
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Articles
reduced to four distinct patterns. The MCA provides,
therefore, synthetic patterns of living conditions and
access to public policies, which can be used in theo-
retical and empirical models for investigating the so-
cial determinants of health of Guarani children,
possibly with the greater explanatory power of adverse
health outcomes compared to indicators commonly
used for this purpose. The analysis strategy was able to
capture the heterogeneity of socioeconomic and living
conditions of Indigenous children due to the use of a
large number of variables on different dimensions.
Although the scope of the study does not extend to
estimating any associations between health outcomes
and the three identified dimensions, the exploratory
analyses with the outcome hospitalization show a
consistency of the indicators for investigation of SDH
in the Guarani Indigenous children.

Our study also has some limitations such as the
difficulty in capturing sources of income that are not
stable and may not reflect the seasonality of income.
Therefore, comparability between children is difficult,
given that the collection of information referred to the
month prior to the date of birth.

Conclusions
This work proposes a methodological advance in the
investigation of the SDH in Indigenous populations. At
the moment, our findings show that housing, water &
sanitation, and wealth should be considered separately
in multivariable models, hence fitting the independent
effects of each dimension on children’s health out-
comes. Future work will more deeply assess the possible
associations with other specific health outcomes and the
separate patterns of housing, water & sanitation, and
wealth. If confirmed, such associations should guide
health care planning for Guarani children from South
and Southeast Brazil and, more broadly, inform the
development of intersectoral policies for improving
living conditions in Indigenous villages. Overall, the
patterns identified in this study among the Guarani
children document severely compromised living condi-
tions, as well as inequalities in the frequency of social
and environmental risk factors between the Indigenous
children. This study underscores the need to establish
equitable and efficient policies to improve housing,
water & sanitation, and wealth conditions.
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