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Abstract  In developing countries, pneumonia 
is the leading cause of sickness and mortality in 
childhood, especially among vulnerable groups. 
The scope of this study was to analyze the factors 
associated with pneumonia in Yanomami chil-
dren hospitalized for Ambulatory Care Sensitive 
Conditions (ACSC). Hospital admissions were 
divided into two groups: i) pneumonia; and ii) 
other causes, according to the Brazilian ACSC 
list. Adjusted hospitalization rates were estimated 
and unconditional logistic regression was used to 
analyze factors associated with pneumonia. Over 
90% of the registered cases were considered ACSC. 
The adjusted rate of ACSC was 18.6/1000. The 
odds ratio of hospitalization for pneumonia was 
2.7 (CI: 1.3-5.4) times higher in children aged be-
tween 0.1 and 5.9 months; 1.9 (CI: 1.1-3.3) times 
higher in children who were hospitalized for 8-14 
days; and three (CI: 1.2-7.5) times higher in chil-
dren with a secondary diagnosis of malnutrition. 
The excess of avoidable hospitalizations is a clear 
indication of the low quality of care and limited 
accessibility to primary health care in indigenous 
territories, which is contrary to the assistance 
model proposed by the indigenous healthcare sub-
system in Brazil, which should in theory focus on 
welfare technologies based on primary health care. 
Key words  Pneumonia, Hospital admissions, 
Risk factors, Indigenous health services
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Introduction

During the past three decades, there has been 
an increase in the number of studies, in various 
parts of the world, related to hospital admis-
sions for ambulatory care sensitive conditions 
(ACSC)1. The vast number of studies, originating 
in the most diverse health systems and regions of 
the planet, were impelled by the method used to 
provide proxy information, not only as regards 
the quality and accessibility of primary health-
care, but also for its usefulness in indicating eth-
nic or racial inequalities and for producing valu-
able information about the economic impact this 
has on the health sector2-5.

Even though there has been a significant re-
duction in the number of cases of this disease in 
recent years, pneumonia is still the leading cause 
of sickness and death in childhood. This has a 
very negative impact in developing countries and 
in regions with high levels of social inequality, 
where there is a shortage of human and financial 
resources6,7. Estimates suggest that, due to severe 
clinical complications, between 7% and 13% of 
all known cases of pneumonia require advanced 
care in a hospital environment8. It is not unusual 
for more serious cases to result in death, especial-
ly in children under the age of twelve months9,10.

Although pneumonia is one of the main 
causes of sickness and death in childhood, spe-
cific studies on the issue are scarce in relation to 
the indigenous populations in Brazil. The few 
studies identified in the literature11-14 investigated 
samples of children who live outside the Ama-
zon region. Official statistics from the Brazilian 
Ministry of Health are even sparser and usually 
limited to administration reports used exclusive-
ly by management. In general, the analyses are 
based on hospital admissions secondary data, 
which confirms the importance of pneumo-
nia, especially in children under the age of sixty 
months11-14 

The relevance of pneumonia in a morbidity/
mortality profile on indigenous children, associ-
ated with a lack of studies on the subject and an 
analysis of potentially avoidable hospitalization 
to assess models of assistance indirectly based 
on primary health care, motivated this study. 
Our aim was to analyze factors associated with 
pneumonia in Yanomami children admitted to 
hospital for ambulatory care sensitive conditions 
(ACSC) in the states of Amazonas and Roraima, 
located in the Brazilian Amazon region. 

Methods

Population and area of study

Health care is provided to the Yanomami 
living in Brazil by the Special Yanomami Indig-
enous Sanitary District (DSEI), linked to the 
Ministry of Health’s Special Health Secretariat 
(SESAI/MS).

DSEI-Yanomami includes thirty-seven Base 
Hubs that operate like primary health units, pro-
viding assistance to nearly nineteen thousand 
Indians of the Yanomami group who inhabit 
approximately two hundred and seventy-two 
villages, located in the States of Amazonas and 
Roraima.

According to Albert15, the Yanomami consist 
of a cultural and linguistic group composed of 
four territorially adjacent sub-groups who speak 
mutually intelligible languages: the Yanomam, the 
Yanomami (or Yanomae), the Sanumá and the 
Ninam (or Yanam). Based on these cultural char-
acteristics, the population is geographically dis-
tributed in seven regions: Auaris; Parima; Suru-
cucu; Uraricoera; Mucajai and Paapiu, located in 
the state of Roraima; Upper Amazonas and Lower 
Amazonas, located in the state of Amazonas.

Study Outline

A hospital-based epidemiological observa-
tional study was conducted, using available re-
cords at the Hospital da Criança Santo Antônio 
(HCSA) (St. Anthony Children’s Hospital), locat-
ed in Boa Vista, capital of the state of Roraima 
(RR), between January 1, 2011 and December 31, 
2012. 

The HCSA is the only hospital in the State spe-
cializing in pediatrics and is responsible for 92% 
of all hospital admissions of Yanomami children 
aged between 0.1 and 59.9 months16. This hospi-
tal not only provides hospitalization for Yanoma-
mi children from RR, but also for the inhabitants 
of the entire Northeastern region of the state of 
Amazonas. The HCSA is a public hospital, spe-
cializing in high complexity healthcare, adminis-
tered directly by the municipality and exclusively 
affiliated to the Unified Health System (SUS). 

Data source

The hospital admittance authorization 
(AIH) forms, were the main source of data used 
in this study. In addition to this, the records of 
the HCSA indigenous coordination department 
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were also consulted, together with data from the 
Indigenous Health Center (CASAI) in Boa Vista. 

The population database was taken from 
the demographic model used by the Indigenous 
Health Care Information System (SIASI). 

Data collection tool and variables

All data collected was transcribed on to a 
standardized form, specially designed for the 
purpose of this research. 

The following variables were taken into con-
sideration: full name; color or race; ethnic group; 
sex; age group; place of origin; duration of hos-
pitalization; background details 90 days prior to 
hospital admittance; concomitant symptoms of 
malnutrition; main diagnosis; death outcome.

The Unified Health System (SUS) Hospi-
tal Information System (SIH-SUS) is the only 
DATASUS information system that registers de-
tails of a person’s color or race and ethic group. 
However, it is known that the registration and 
reliability of these records is precarious or even 
nonexistent, thereby jeopardizing a detailed anal-
yses about the ethnic relationships/affiliations of 
Brazilian indigenous groups. In the case of our 
study, this problem was resolved by the classifi-
cation or re-classification of individuals, based 
on an inspection of the areas used to fill out the 
names/surnames and place of residence17. This is 
the case because most of the Yanomami who live 
in Brazil use an ethnonym (for example, Maria 
Yanomami) or the region where they come from 
as their surname (for example, Maria Palim-
iutheri – the ‘theri’ suffix refers to the place she 
comes from which, in this case, is Palimiu).

Inclusion and exclusion criteria

Children admitted to pediatric units, aged 
between 0.1 and 59.9 months, of both sexes and 
who spent twenty-four hours or more in hospi-
tal, were included in this survey18. 

Children with genetic syndromes or congen-
ital malformations were excluded, since these 
conditions involve additional in-patient care 
risks, as well as longer hospital stays, when com-
pared to other children. 

In order to avoid repeated records, an analysis 
was conducted to identify possible duplications, 
according to the methodology proposed by Sou-
za and Santos19.

Operational classification

All cases were classified based on the main 
diagnosis variable, which is codified according to 
a list of categories of three and four characters 
taken from the International Statistical Classifi-
cation of Diseases and Related Health Problems 
(ICD-10).

The potentially avoidable pediatric admis-
sions were classified according to the Brazilian 
List of Ambulatory Care Sensitive Conditions 
(ACSC), which is also based on the ICD-10. On 
the basis of this classification, the records were 
grouped into two categories: i) bacterial pneu-
monias (or simply pneumonias); and ii) other 
avoidable hospital admissions. 

In cases involving more than one diagnosis, 
main causes of diseases such as pneumopathies, 
malnutrition and diarrhea were prioritized, rath-
er than those recorded as upper respiratory tract 
infection, anemia and dehydration, respective-
ly5,12,20.

In the case of children who had been re-ad-
mitted to hospital for the same principal cause, 
during a period of fifteen days after their previ-
ous hospitalization, the two hospital stays were 
added together, so that these were considered as 
one period of hospitalization, that is to say, these 
were treated as single hospital admittance. This 
procedure was aimed to ensure the independence 
of these records12,20.

Statistical analysis 

An estimate was made of the hospital admit-
tance rate (HAR) by ACSC, including in the nu-
merator the frequency of ACSC occurrences, and 
in the denominator the average population of 
children between 2011 – 2012, according to sex, 
age group and geographic location, multiplied by 
one thousand, as shown below. 

HAR =                                                                    

The risk of hospitalization was estimated by 
means of ratio rates accompanied by their re-
spective 95% confidence interval levels. 

These rates were standardized by the direct 
method, with exact 95%21 confidence inter-
vals level, using the World Health Organization 
(WHO) New World Standard population. The 
descriptive analysis included absolute and rela-
tive frequencies, as well as the generation of con-
tingency tables. 

frequency of hospital admissions

average population during the period
x 1,000
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Non-conditional logistic regression was used 
to identify factors associated with hospital admis-
sions for pneumonia. The Odds Ratio (OR) was 
used as a measurement of association, accompa-
nied by its respective 95% confidence interval.

The statistical modeling began with a selec-
tion of co-variables associated with hospital ad-
missions for cases of pneumonia, considering a 
significance level of 20% in a simple regression. 
In the multiple regressions, the co-variables were 
introduced according to an increasing sequence 
of ‘p’ values obtained in the simple regression. In 
addition, the corrected Akaike Information Crite-
rion (AIC) was used to assess the goodness of fit 
the model. Variables with a significance level of 
5% were retained in the final model. The statisti-
cal significance of the associations was evaluated 
by means of the Likelihood Ratio Analysis test22.

The presence of interactions between the 
co-variables was also evaluated. Cook’s Distanc-
es were used to evaluate influential observations. 
The final adjustment of the logistic model was 
evaluated using the envelope graph for the resid-
ual component of the standard deviation23, which 
represents an empirical reliability band, useful to 
detect deviations in the assumed distribution. 

The data were analyzed with the help of the 
version 3.1.1. R statistical program (http://ww-
w.r-project.org). 

Ethical aspects

This study was approved by the Research Eth-
ics Committee at the Federal University of Rorai-
ma, under Certificate of Presentation for Ethical 
Consideration (CAAE).

Results

A total of three hundred and eighty-eight hos-
pital admission registrations were found for 
Yanomami children. Of these, three hundred and 
fifty-nine (93%) were classified as Ambulatory 
Care Sensitive Condition (ACSC) admissions, of 
which two hundred and fifty (69.4%) related to 
pneumonia. The second group of hospital ad-
mission cases involved infectious gastroenteritis 
and related complications (19.4%), and the third 
involved cases of malnutrition (4.4%).

Children aged between 12.0 and 23.9 months 
were those who presented the highest percentage 
of ACSC (27.6%). Hospitalization for pneumo-
nia occurred mainly among younger children 
(0.1 to 5.9 months old) of the male sex (Table 1). 

Hospitalization for pneumonia was also found 
mainly among children who spent a period 
of between one and seven days in hospital and 
among those who came from the Parima, Auaris 
and Upper Amazon areas. 

Records of hospital admissions over the pre-
ceding ninety days, cases where death was the 
outcome and malnutrition, respectively, were 
found in 7.2%, 4.4% and 12% of the children 
with pneumonia (Table 1). 

The standard ACSC rate for children under 
sixty months was 18.6 hospital admissions per 
thousand inhabitants, which represents a risk 
of hospitalization 3.4 times higher in relation to 
non-indigenous children in the state of Roraima, 
and 3.8 times higher when compared to non-in-
digenous children living in the North of Brazil 
(Table 2).

No hospital admissions were observed among 
co-variables in the diagnostic stage of the final 
model. A point of influence was observed, with 
high residuals, which had a negative repercussion 
on the co-efficient estimates, which is why we de-
cided to exclude these from our analyses. After 
the final adjustment was made to the logistical 
model (Graph 1), it was seen that the chances of 
children between the ages of 0.1 and 5.9 months 
being admitted to hospital were 2.7 times higher 
than among children of between 24.0 and 59.9 
months of age. Children who had spent a period 
of between eight and fourteen days in hospital 
also presented a 1.9 greater chance of being hos-
pitalized for pneumonia than children admitted 
to hospital for a shorter period. Meanwhile, chil-
dren who had been given a secondary diagnosis 
of malnutrition presented a 3.0 greater chance of 
being admitted to hospital for pneumonia than 
children who were not given a secondary diagno-
sis of malnutrition (Table 3). 

Discussion

It was seen that almost all the cases of hospital 
admissions analyzed in this investigation were 
considered to be potentially avoidable. The 
rates of Ambulatory Care Sensitive Conditions 
(ACSC) admissions were significantly higher 
among Yanomami children, compared to regis-
tered cases involving non-indigenous children 
from the state of Roraima and from the North 
of Brazil. Furthermore, as has been reported by 
other authors, in different contexts12-14,20,24, pneu-
monia and diarrhea were the main causes for 
hospitalization. 
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The ACSCs admissions a group of health-re-
lated problems and diseases that are prevent-
able when a diagnosis and effective outpatient 
treatment is carried out in good time, thereby 
reducing the chance of undesirable outcomes, 
among which we hereby highlight hospital ad-
mittance25,26. However, high percentages of ACSC 
can be a reflection, not only of the low quality 
of primary health care and distortions in health 
care access2,27-29, but also the excessive costs im-
posed on the health systems5.

Despite the impact that pneumonia has on 
the profile of child morbidity and mortality, it 
was only from 2009 onwards that a global plan of 
action was initiated to help prevent and control 
the disease. In view of the importance that pneu-
monia has on health, this plan was seen as one of 
the critical points to meet one of the eight Millen-

Total

26.7 (96)
22.6 (81)
27.6 (99)
23.1 (83)

45.1 (162)
54.9 (197)

18.7 (67)
20.4 (73)

8.7 (31)
1.3 (44)

20.9 (75)
8.1 (29)

10.9 (39)

46.8 (168)
34.0 (122)

19.2 (69)

93.0 (334)
7.0 (25)

90.0 (323)
10.0 (36)

95.8 (344)
4.2 (15)

Variables

Age Group (months)
0.1 to 5.9
6.0 to 11.0
12.0 to 23.9
24 to 59.9

Gender
Female
Male

Region
Upper Amazonas
Auaris
Lower Amazonas
Paapiu
Parima
Surucucu
Uraricoera & Mucajaí

Hospital stay (days)
1 to 7
8 to 14
15 or more

Hospitalization (previous 90 days)
No
Yes

Malnutrition
No
Yes

Death
No
Yes

Bacterial pneumonia
% (n)

31.6 (79)
22.0 (55)
25.2 (63)
21.2 (53)

42.4 (106)
57.6 (144)

20.0 (50)
20.8 (52)

9.2 (23)
9.2 (23)

21.6 (54)
9.2 (23)

10.0 (25)

44.0 (110)
37.6 (94)
18.4 (46)

92.8 (232)
7.2 (18)

88.0 (220)
12.0 (30)

95.6 (239)
4.4 (11)

Table 1. Demographic & clinical factors of Yanomami children under the age of sixty months, hospitalized with 
bacterial pneumonia, at the Hospital da Criança Santo Antônio (St. Anthony Children’s Hospital), Boa Vista, 
Roraima, between January 2011 and December 2012.

Other causes
% (n)

15.6 (17)
23.8 (26)
33.0 (36)
27.5 (30)

51.4 (56)
48.6 (53)

15.7 (17)
19.4 (21)

7.4 (8)
19.4 (21)
19.2 (21)

5.5 (6)
12.9 (14)

53.2 (58)
25.7 (28)
21.1 (23)

93.6 (102)
6.4 (7)

94.5 (103)
5.5 (6)

96.3 (105)
3.7 (4)

Categories

Yanomami

Roraima

North of Brazil

Standard 
rates/100 

inhabitants
(95% CI)

18.6 
(16.6-20.7)

5.5
 (5.4-5.7)

4.9 
(4.8-4.9)

Ratio of standard 
rates/100 

inhabitants        
(IC 95%)

1

3.4 
(3.1-3.6)

3.8 
(3.4-4.2)

Table 2. Standard rates of hospital admissions for 
Ambulatory Care Sensitive Conditions (ACSC) 
among Yanomami children under the age of sixty 
months and non-indigenous children in the state 
of Roraima and in the Northern region of Brazil, 
between January 2011 and December 2012. 
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nium Development Goals (MDGs). This is spe-
cifically true with respect to the reduction, by the 
year 2015, of global infant mortality by two-thirds 
among children under the age of five in compar-
ison with the rates reported for the year 200030.

Although Brazil has met its goals in reducing 
infant mortality before the date established, with 
levels at under eighteen deaths per thousand live 
births, the pattern for this indicator is geograph-
ically heterogeneous in children under five. The 
indices for newborn babies and children from 
the Northern and Northeastern regions of the 

country, for example, are frankly unfavorable, 
when compared with other population groups in 
Brazil30.

The importance of adopting measures aimed 
at the prevention and control of pneumonia in 
childhood – which include the introduction of a 
10-valent pneumococcal conjugate vaccine, con-
ditional cash transfer, increasing the coverage of 
family health programs, among others – are now 
widely recognized31,32. As a whole, these measures 
produce overall improvements in the popula-
tion’s quality of life, by reducing rates of infant 
malnutrition, avoidable hospital admissions and, 
ultimately, by having a positive impact on mor-
tality statistics28,33-35.

In spite of the fact that the above measures 
have been adopted36, and even though hospital 
admissions for cases of pneumonia have been 
gradually reduced in children under the age of 
five in the overall population in Brazil, cases of 
pneumonia in Yanomami children have emerged 
as the main cause of avoidable hospital admis-
sions. They also present a high risk in compari-
son to the general population in Brazil37,38, from 
the Northern region of the country, from the 
state of Roraima and, above all, when compared 
with other countries that are considered to be de-
veloped5,10,37.

In general, studies about pediatric hospital-
izations, register an excessive number of hospi-
tal admissions for pneumonia in children of the 
male sex4,34. Although the sex variable had been 
selected during the simple logistical regression 
and was later eliminated during the model ad-

p*

0.005

0.041

0.011

Variables

Age Group (months)
24 to 59.9
0.1 to 5,9
6.0 to11.0
12.0 to 23.9

Hospital stay (days)
1 to 7
8 to 14
15 and more

Malnutrition
No
Yes

Gross OR (80% CI)

1.0
2.6 (1.7-4.1)
1.2 (0.8-1.8)
1.0 (0.7-1.5)

1.0
1.8 (1.3-2.5)
1.1 (0.7-1.6)

1.0
2.3 (1.3-4.2)

Table 3. Factors associated with hospital admissions for bacterial pneumonia in Yanomami children under the 
age of sixty months, Hospital da Criança Santo Antônio (St. Anthony Children’s Hospital), Boa Vista, Roraima, 
between January 2011 and December 2012.

Adjusted OR (95% CI)

1.0
2.7 (1.3-5.4)
1.1 (0.6-2.2)
0.9 (0.5-1.6)

1.0
1.9 (1.1-3.3)
1.0 (0.6-2.0)

1.0
3.0 (1.2-7.5)

* Maximum likelihood estimation test for adjusted OR Final sampling model = 359.

Graph 1. Adjusted logistic model, with envelope 
system graph for residual component of the standard 
deviation, in Yanomami children under the age of 
sixty months, Hospital da Criança Santo Antônio, (St. 
Anthony Children’s Hospital), Boa Vista, Roraima, 
from January 2011 to December 2012.

Percentile of N (0,1)
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justment, it is noteworthy that among Yanomami 
children the predominance of hospital admis-
sions for those of the male sex with pneumonia 
was also observed. 

Another point that could help in understand-
ing why there is such a high percentage of avoid-
able hospital admissions among Yanomami chil-
dren, especially in the Parima, Auaris and in the 
Upper Amazon regions, is the fact that dozens 
of sub-groups are living in a widely spread area 
within a bi-national territory (Brazil-Venezuela). 
They occupy one hundred and ninety-two thou-
sand square kilometers, of tropical rain forest 
and difficult terrain, divided by numerous rivers, 
creeks and streams38.

Some authors argue that the geographic loca-
tion of these territories, especially those located 
in remote indigenous areas and/or those that are 
difficult to reach, impose innumerable logistical 
and operational challenges which greatly hamper 
access and timely contact between indigenous 
people and health service professionals1,10,39,40, 
and which lead to many cases of potentially pre-
ventable hospitalizations. 

Another element which was initially shown 
to be associated with hospital admissions for 
pneumonia, but which was not included in the 
final model, was the number of recorded deaths. 
This unfavorable outcome of any hospital admis-
sion affected approximately 5% of Yanomami 
children receiving in-patient care for pneumo-
nia. Recent studies6,7 indicate that pneumonia 
continues to be the main cause of infant mortal-
ity, which reinforces the importance and impact 
that this has on vital statistics. This is true both in 
the case of indigenous and non-indigenous pop-
ulations, since several studies produced both in 
Brazil and abroad13,14,41 show that pneumonia is 
one of the main causes of death in this age group. 

This finding is particularly important, be-
cause it offers yet another clue to understanding 
why there is such a high mortality rate amongst 
these children. This is especially true of children 
under the age of twelve months, the coefficients 
of which are high enough to place them in one 
of the groups that have the highest infant mor-
tality rates in Brazil and in the world40,42,43. In this 
respect, it seems reasonable to assume that the 
high percentage of deaths from diseases that can 
be prevented through primary health care is just 
another sign of the fragility of the indigenous 
healthcare sub-system. 

Among the factors associated with hospital 
admissions for pneumonia, children aged be-
tween 0.1-5.9 months show the greatest chance 

of being hospitalized. Analogically speaking, in a 
study conducted in children hospitalized in the 
Philippines, those under the age of six months 
showed a greater risk of dying from pneumo-
nia44. The immaturity of the immunological 
system of these children, especially those who 
are not exclusively breast-fed or who present a 
delicate state of health, associated with limited 
access to vaccination programs, place this group 
in a situation of vulnerability in view of the in-
fections that can result in pneumonia10. Studies 
conducted among the Suruí Indians in Rondônia 
and the Guarani from the South and Southeast-
ern regions of Brazil, also show that children un-
der the age of twelve months are more likely to 
be hospitalized for low respiratory tract diseases, 
especially pneumonia12,13.

Evidence has accumulated over the last three 
decades that shows that episodes of acute mal-
nutrition can affect the immunological system in 
children, especially those under the age of five. 
Based on this perspective, a recent study by Pan-
toja et al.40 revealed high rates of acute malnu-
trition among Yanomami children, especially in 
those under the age of six months. Therefore, it 
is reasonable to assume that, as seen in this in-
vestigation, the increased chances of being hospi-
talized for pneumonia in children under the age 
of six months can, at least partly, be the result of 
the precarious nutritional status of the children 
studied. 

Malnutrition is usually present in most of the 
hospital admissions for pneumonia11,34,45. How-
ever, this is not always appreciated or adequately 
managed by the health teams, especially in chil-
dren under the age of two, which has a negative 
effect in periods of lengthy prognostic proce-
dures or hospital stays, which often result in the 
death of the child46,47.

As also observed in other indigenous groups 
in Brazil12,14, the average hospital stay of over sev-
en days, for Yanomami children with pneumonia, 
may be considered a long period. The need for 
a prolonged hospital stay can indicate that these 
children had a precarious state of health before 
the episode that led to their hospital admission, 
or that the disease showed serious clinical symp-
toms. It can also be because the teams did not 
have the means to provide adequate treatment to 
these children and to monitor their development 
prior to the case being resolved in the villages. 

As mentioned in previous studies, the diffi-
culty of access to villages in the Yanomami Indig-
enous Territory, together with the lack of univer-
sity level professionals in the health care teams, 
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especially doctors, and the lack of an adequate 
health care infrastructure in indigenous areas38,40, 
represent on-going challenges that are often dif-
ficult to overcome. 

Although the hospital admission authoriza-
tions (AIH) provide a restricted source of infor-
mation about the socioeconomic conditions of 
these families and the clinical and demographic 
characteristics of the children and their mothers, 
it was possible to retrieve a series of additional 
data. This helped to identify factors associated 
with hospital admissions for cases of pneumonia 
by using a strategy to seek additional data both in 
and outside the hospital for the purpose of this 
study,

In addition, we would stress the fact that no 
procedure was undertaken to reclassify the diag-
nostics, which could translate into estimates that 

over or under-value the illnesses or diseases that 
led to the hospitalization of the Yanomami chil-
dren. In the case of pneumonia, some authors 
advise that it is not unusual for diseases like asth-
ma, that leave a patient wheezing and short of 
breath, to be mistaken for pneumonia or other 
respiratory diseases14,48

In spite of its limitations, this study was able 
to provide evidence, not only about the relevance 
of avoidable cases of hospital admissions and to 
identify factors associated with hospitalization in 
cases of pneumonia, but also the challenges that 
face the health care model proposed by the indig-
enous health care sub-system in Brazil. In theory, 
the latter should be based on primary health care 
technologies, capable of preventing or minimiz-
ing health problems that can lead to hospitaliza-
tion or avoidable deaths. 

Collaborations

RV Caldart worked on the concept, field work, 
data analysis and the final draft of this work, PC 
Basta, JDY Orellana and L Marrero were involved 
in the concept, data analysis and final draft.

Acknowledgements

Our thanks to the Hospital da Criança Santo 
Antônio and to the Special Yanomami Indige-
nous Health District.



1605
C

iên
cia &

 Saú
de C

oletiva, 21(5):1597-1606, 2016

Albert B. Temps du sang, temps des cendres. Représenta-
tion de la maladie, système rituel et space politique chez 
lês Yanomami Du sud-est [tese]. Paris: Universidade de 
Paris X; 1985. 
Brasil. Ministério da Saúde. DATASUS. Secretaria de 
Atenção à Saúde. Cadastro Nacional de Estabeleci-
mentos de Saúde. [acessado 2015 fev 1]: Disponível 
em: http://cnes.datasus.gov.br/Mod_Ind_Atendimen-
to_Listar.asp?VTipo=06&VListar=1&VEstado=14&-
VMun= 
Orellana JDY, Gonçalves MJF, Basta PC. Característi-
cas sociodemográficas e indicadores operacionais de 
controle da tuberculose e indígenas e não indígenas de 
Rondônia, Amazônia Ocidental, Brasil. Rev Bras Epide-
miol 2012; 15(4):714-724.
Cesar JA, Horta BL, Gomes G, Shehadeh I, Chitolina 
J, Rangel L, Saraiva AO, Oliveira AK. Utilização de ser-
viços de saúde por menores de cinco anos no extremo 
Sul do Brasil. Cad Saude Publica 2002; 18(1):299-305. 
Souza LG, Santos RV. Componente Demográfico do 
Sistema de Informação da Atenção à Saúde Indíge-
na, DSEI Xavante, Mato Grosso, Brasil. Caderno CRH 
2009; 22(57):523-529.
Lunardi R, Santos RV, Coimbra Júnior CEA. Morbida-
de hospitalar de indígenas Xavante, Mato Grosso, Brasil 
(2000-2002). Rev Bras Epidemiol 2007; 10(4):441-452. 
Fay MP, Feuer EJ. Confidence intervals for directly 
standardized rates: a method based on the gamma dis-
tribution. Stat Med 1997; 16(7):791-801. 
Hosmer Junior DW, Lemeshow S. Applied logistic re-
gression. New York: John Wiley & Sons; 2000.
Souza FAM, Paula GA. Deviance Residuals for an An-
gular Response. Australian & New Zealand Journal of 
Statistics 2002; 44(3):345-356. 
Patzer JD, Menegolla IA. Hospitalização de crianças 
indígenas de etnia Guarani, Distrito Sanitário Especial 
Indígena Litoral Sul, Rio Grande do Sul. Tempus Actas 
de Saúde Coletiva 2013; 7(4):195-204. 
Caminal J, Mundet X, Ponsa J, Sanchez E, Casanova 
C. Las hospitalizaciones por ambulatory care sensitive 
conditions: selección del listado de códigos de diagnos-
tico validos para Espana. Gac Sanit 2001; 15(2):128-
141. 
Dias-da-Costa JS, Borba LG, Pinho MN, Chatkin M. 
Quality of primary care as measured by preventable 
hospitalizations in the South of Brazil. Cad Saude Pu-
blica 2008; 24(7):1699-1707. 
Porter J, Herring J, Lacroix J, Levinton C. Avoidable ad-
missions and repeat admissions: what do they tell us? 
Healthc Q 2007; 10(1):26-28.
Nedel FB, Facchini LA, Martin Mateo M, Vieira LAS, 
Thumé E. Family Health Program and ambulatory 
care-sensitive conditions in Southern Brazil. Rev Saude 
Publica 2008; 42(6):1041-1052. 
Ramalho WM, Sardinha LM, Rodrigues IP, Duarte EC. 
Inequalities in infant mortality among municipalities 
in Brazil according to the Family Development Index, 
2006-2008. Rev Panam Salud Publica 2013; 33(3):205-
212. 

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

References

Laditka JN, Laditka SB, Probst JC. Health care access in 
rural areas: evidence that hospitalization for ambula-
tory care-sensitive conditions in the United States may 
increase with the level of rurality. Health Place 2009; 
15(3):731-740. 
Casanova C, Starfield B. Hospitalizations of children 
and access to primary care: a cross-national compar-
ison. Int J Health Serv 1995; 25(2):283-294. 
Pappas G, Hadden WC, Kozak LJ, Fisher GF. Potential-
ly avoidable hospitalizations: inequalities in rates be-
tween US socioeconomic groups. Am J Public Health 
1997; 87(5):811-816. 
Caldeira AP, Fernandes VBL, Fonseca WP, Faria AA. In-
ternações pediátricas por condições sensíveis à atenção 
primária em Montes Claros, Minas Gerais, Brasil. Rev 
Bras Saúde Mater Infant 2011; 11(1):61-71. 
Lu S, Kuo DZ. Hospital Charges of Potentially Pre-
ventable Pediatric Hospitalizations. Acad Pediatr 2012; 
12(5):436-444. 
Liu L, Johnson H, Cousens S, Perin J, Scott S, Lawn JE, 
Rudan I, Campbell H, Cibulskis R, Mengying L, Ma-
thers C, Black RE. Global, regional and national causes 
of child mortality in 2000–2010: an updated systematic 
analysis. Lancet 2012; 379(9832):2151-2161. 
Walker CL, Rudan I, Liu L, Nair H, Theodoratou E, 
Bhutta ZA, O’Brien KL, Campbell H, Black RE. Global 
burden of childhood pneumonia and diarrhoea. Lancet 
2013; 381(9875):1405-1416. 
Rudan. I, Tomaskovic L, Boschi-Pinto C, Campbell H. 
Global estimate of the incidence of clinical pneumo-
nia among children under five years of age. Bull World 
Health Organ 2004; 82(12):895-903. 
Zar HJ, Ferkol TW. The global burden of respiratory 
disease-impact on child health. Pediatr Pulmonol 2014; 
49(5):430-434. 
Nair H, Simões EA, Rudan I, Gessner BD, 
Azziz-Baumgartner E, Zhang JS, Feikin DR, Mackenzie 
GA, Moïsi JC, Roca A, Baggett HC, Zaman SM, Sin-
gleton RJ, Lucero MG, Chandran A, Gentile A, Cohen 
C, Krishnan A, Bhutta ZA, Arguedas A, Clara AW, An-
drade AL, Ope M, Ruvinsky RO, Horta M, McCrack-
en JP, Madhi SA, Bruce N, Qazi SA, Morris SS, El Ar-
ifeen S, Weber MW, Scott JA, Brooks WA, Breiman RF, 
Campbell H. Global and regional burden of hospital 
admission for severe acute lower respiratory infections 
in young children in 2010: a systematic analysis. Lancet 
2013; 381(9875):1380-1390. 
Portela MFP, Sant’anna CC, Campos Júnior D. Pneu-
monia em crianças e adolescentes indígenas interna-
dos em Brasília-DF: estudo de casos. Pulmão RJ 2005; 
14(4):283-288. 
Orellana JDY, Basta PC, Santos RV, Coimbra Júnior 
CEA. Morbidade hospitalar em crianças indígenas Su-
ruí menores de dez anos, Rondônia, Brasil: 2000 a 2004. 
Rev Bras Saúde Mater Infant 2007; 7(3):281-287. 
Cardoso AM, Coimbra Júnior CEA, Tavares FG. Mor-
bidade hospitalar indígena Guarani no Sul e Sudeste do 
Brasil. Rev Bras Epidemiol 2010; 13(1):21-34. 
Souza PG, Cardoso AM, Sant’anna CC. Prevalência de 
sibilância e fatores associados em crianças indígenas 
Guarani hospitalizadas por doença respiratória aguda 
no Sul e Sudeste do Brasil. Cad Saude Publica 2014; 
30(7):1427-1437. 

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

14.



1606
C

al
da

rt
 R

V
 e

t a
l.

Instituto de Pesquisa Econômica Aplicada (Ipea), Se-
cretaria de Planejamento e Investimentos Estratégicos 
(SPI). Objetivos de Desenvolvimento do Milênio (ODM): 
Relatório Nacional de Acompanhamento/Coordenação. 
Brasília: Ipea/MP/SPI; 2014.
Watt JP, Wolfson LJ, O’Brien KL, Henkle E, De-
loria-Knoll M, McCall N, Lee E, Levine OS, Hajj-
eh R, Mulholland K, Cherian T. Burden of disease 
caused by Haemophilus influenzae type b in children 
younger than 5 years: global estimates. Lancet 2009; 
374(9693):903-911. 
Griffin MR, Zhu Y, Moore MR, Whitney CG, Grijalva 
CG. U.S. hospitalizations for pneumonia after a de-
cade of pneumococcal vaccination. N Engl J Med 2013; 
369(2):155-163. 
Macinko J, Guanais FC, Souza MFM. Evaluation of the 
impact of the Family Health Program on infant mor-
tality in Brazil, 1990–2002. J Epidemiol Community He-
alth 2006; 60(1):13-19. 
Ferreira S, Sant’anna CC, Marcha MFBP, Santos MARC, 
Cunha AJLA. Lethality by pneumonia and factors asso-
ciated to death. J Pediatr (Rio J) 2014; 90(1):92-97.
Rasella D, Aquino R, Santos CAT, Paes-Sousa R, Barreto 
ML. Effect of a conditional cash transfer programme 
on childhood mortality: a nationwide analysis of Bra-
zilian municipalities. Lancet 2013; 382(9886):57-64.
Perpetuo IHO, Wong LR. Atenção hospitalar por Con-
dições Sensíveis à Atenção Ambulatorial (CSAA) e as 
mudanças no seu padrão etário: uma análise explora-
tória dos dados de Minas Gerais. XII Seminário sobre 
Economia Mineira; 2006; Diamantina/MG. 
Principi N, Esposito S. Management of severe commu-
nity-acquired pneumonia of children in developing 
and developed countries. Thorax 2011; 66(9):815-822. 
Nilsson MST, Fearnside PM. Yanomami Mobility and 
its effects on the forest landscape. Human Ecology 2011; 
39(3):235-256. 
Stamp KM, Duckett SJ, Fisher DA. Hospital use for 
potentially preventable conditions in aboriginal and 
Torres Strait Islander and other Australian populations. 
Aust N Z J Public Health 1998; 22(6):673-678. 
Pantoja LN, Orellana JDY, Leite MS, Basta PC. Cober-
tura do Sistema de Vigilância Alimentar e Nutricional 
Indígena (SISVAN-I) e prevalência de desvios nutri-
cionais em crianças Yanomami menores de 60 meses, 
Amazônia, Brasil. Rev Bras Saúde Mater Infant 2014; 
14(1):53-63. 

Moore HC, Lehmann D, de Klerk N, Jacoby P, Rich-
mond PC. Reduction in disparity for pneumonia 
hospitalisations between Australian Indigenous and 
non-Indigenous children. J Epidemiol Community 
Health 2012; 66(6):489-494. 
Tomashek KM, Qin C, Hsia J, Iyasu S, Barfield WD, 
Flowers LM. Infant mortality trends and differences 
between American Indian/Alaska Native infants and 
white infants in the United States, 1989-1991 and 1998-
2000. Am J Public Health 2006; 96(12):2222-2227.
Szwarcwald CL, Net OLM, Frias PG, Souza Jr PRB. 
Infant mortality rate in Brazil, 2000-10: correction of 
vital statistics based on a proactive search of deaths and 
livebirths. Lancet 2013; 381(Special Issue):S140. 
Lupisan SP, Ruutu P, Erma Abucejo-Ladesma P, Quiam-
bao BP, Gozum L, Sombrero LT, Romano V, Herva E, 
Riley I, Simoes EA, ARIVAC Consortium. Predictors 
of death from severe pneumonia among children 2-59 
months old hospitalized in Bohol, Philippines: impli-
cations for referral criteria at a first-level health facility. 
Trop Med Int Health 2007; 12(8):962-971. 
Fonseca W, Kirkwood BR, Victora CG, Fuchs SR, Flores 
JA, Misago C. Risk factors for childhood pneumonia 
among the urban poor in Fortaleza, Brazil: a case-con-
trol study. Bull World Health Organ 1996; 74(2):199-
208. 
Pelletier DL, Frongillo EA Jr, Schroeder DG, Habicht 
JP. The effects of malnutrition on child mortality in 
developing countries. Bull World Health Organ 1995; 
73(4):443-448. 
Kyle UG, Genton L, Pichard C. Hospital length of stay 
and nutritional status. Curr Opin Clin Nutr Metab Care 
2005; 8(4):397-402. 
Gowraiah V, Awasthi S, Kapoor R, Sahana D, Venkatesh 
P, Gangadhar B, Awasthi A, Verma A, Pai N, Seear M. 
Can we distinguish pneumonia from wheezy diseases 
in tachypnoeic children under low-resource condi-
tions? A prospective observational study in four Indian 
hospitals. Arch Dis Child 2014; 99(10):899-906.

Article submitted 20/05/2015
Approved 08/09/2015
Final version submitted 10/09/2015

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.


