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Pneumonia mortality trends in all Brazilian
geographical regions between 1996 and
2012
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Priscila Maria Stolses Bergamo Francisco'

ABSTRACT

Objective: To analyze the temporal trends in pneumonia mortality rates (standardized
by age, using the 2010 population of Brazil as the standard) in all Brazilian geographical
regions between 1996 and 2012. Methods: This was an ecological time-series study
examining secondary data from the Mortality Database maintained by the Information
Technology Department of the Brazilian Unified Health Care System. Polynomial and
joinpoint regression models, and corresponding 95% Cls, were used for trend analysis.
Results: The pneumonia mortality rates in the South, Southeast, and Central-\West
showed a decreasing behavior until 2000, followed by increases, whereas, in the North
and Northeast, they showed increasing trends virtually throughout the period studied.
There was variation in annual percent change in pneumonia mortality rates in all regions
except the North. The Central-West had the greatest decrease in annual percent change
between 1996 and 2000, followed by an increase of the same magnitude until 2005.
The 80 years and over age group was the one most influencing the trend behavior of
pneumonia mortality rates in all regions. Conclusions: In general, pneumonia mortality

trends reversed, with an important increase occurring in the years after 2000.
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INTRODUCTION

Respiratory diseases affect children, adults, and the
elderly and are considered important causes of illness
and death worldwide. According to data from the World
Health Organization, respiratory diseases account for
approximately 14% of all deaths globally. Among these,
deaths from lower respiratory tract infections range from
31 per 100,000 population in high-income countries to as
many as 91 per 100,000 population in those considered
low-per-capita-income countries.®

In 2012, according to the World Health Statistics,
the three leading causes of potential years of life lost
worldwide were ischemic heart disease; lower respiratory
tract infections, including pneumonia; and stroke.®

Chief among lower respiratory tract infections are
acute respiratory infections (ARIs), which, although they
manifest themselves in benign forms, are more important
in some age groups, such as children and the elderly, who
are particularly vulnerable to complications of ARIs.® Flu
epidemics cause excess mortality from pneumonia and
from other causes in the elderly.“> Children under 1 year
of age are especially predisposed to the development of
ARIs because of inherent life cycle characteristics, such
as incomplete development of the pulmonary system and
a developing immune system, which make them more
susceptible to more severe infections; this is especially
true among infants under 2 months of age.®

ARIs are among the leading causes of childhood
mortality. The World Health Organization estimates that, in

2013, approximately 3.257 million children under 5 years
of age died from respiratory diseases worldwide, with
pneumonia being the leading cause of death in 14.9%."

Community-acquired pneumonia (CAP) has varying
risk factors, such as aging, smoking, COPD, heart
failure, colonization of the oropharynx, microaspiration/
macroaspiration, alcoholism/liver cirrhosis, nutritional
deficiency, immunosuppression, and environmental
factors.®

The magnitude of pneumonia in the population and
its social impact are shown by the high mortality and
morbidity indicators. In Brazil, according to data recorded
by the Sistema de Informagdo sobre Mortalidade do
Departamento de Tecnologia da Informacao do Sistema
Unico de Sadde (SIM/DATASUS, Mortality Database
maintained by the Information Technology Department
of the Brazilian Unified Health Care System), between
1996 and 2012, pneumonia accounted for an approximate
median of 37% of all deaths from respiratory diseases.
In 1997, the pneumonia mortality rate was 18.8 deaths
per 100,000 population, and, in 2013, this rate increased
to 34.0 deaths per 100,000 population. Distributionally,
18% of the deaths from pneumonia occurred in children
under 5 years of age and 57% occurred in individuals
over 60 years of age.®)

In adolescents, young adults, and adults, pneumonia
occurs benignly in most cases and has minor complications
compared with those occurring in both age extremities
(children and the elderly). However, when individuals in
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those age groups are immunocompromised or have a
chronic disease, pneumonia may become more severe
and account for high mortality rates.*® In addition,
the impact of pneumonia on population morbidity and
mortality varies according to socioeconomic status,
among other factors.(***2) Therefore, although the
incidence of respiratory infections may be similar
in several regions, mortality from these diseases is
particularly important in countries such as Brazil,
a country that has continental dimensions and
interregional differences marked by social inequalities,
especially in access to health care. Acknowledging the
importance of the impact that deaths from pneumonia
have on potential years of life lost, also in Brazil, the
objective of the present study was to analyze the trends
in pneumonia mortality in the entire population of all
Brazilian geographical regions between 1996 and 2012.

METHODS

This was an ecological time-series study examining
secondary data on deaths from pneumonia (codes
J12-J18 in the International Classification of Diseases,
10th revision, chapter X: respiratory diseases) that
occurred between 1996 and 2012 in all five Brazilian
geographical regions. All data were collected from
the SIM/DATASUS. Data on the resident population
were obtained through the same system, on the
basis of estimates provided by the Brazilian Institute
of Geography and Statistics, and were stratified by
age group and by Brazilian region (North, Northeast,
Southeast, South, and Central-West). The response
variable was the age-standardized mortality rate (direct
method) for each of the five Brazilian regions, using
the 2010 population of Brazil as the standard. The
calendar years, which were centered on the year 2004
to minimize serial correlation effects, were considered
an independent variable.

Mortality trends were analyzed with regression models.
For fitting these models, classical assumptions, such
as normality, independence, and homoscedasticity of
residuals, were checked. First-, second-, and third-
degree polynomial models were fitted, and the one
judged to be the most appropriate on the basis of its
coefficient of determination and/or the one judged to be
more parsimonious, with significant coefficients, were
selected. These models allow trends to be analyzed
globally, identifying the intensity of death occurrence.

In addition, joinpoint regression models were fitted
to the natural (neperian) logarithm of the response
variable (mortality rates), which allowed us to obtain
the annual percent change (APC) and average APC
(AAPC) rates and to identify the “inflection” points
or change points (points at which the slope of the
line changes significantly). This modeling was used
to better describe the trends in mortality rates by
identifying local changes and time points of significant
increase/decrease.

The results for the analyses were obtained using
the R software, version 3.1.2 (The R Foundation for
Statistical Computing, Vienna, Austria); the Statistical
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Package for the Social Sciences, version 13.0 (SPSS
Inc., Chicago, IL, USA); the Joinpoint Regression
Program, version 4.1.1.5 (Statistical Methodology
and Applications Branch and Data Modeling Branch,
Surveillance Research Program, National Cancer
Institute, Rockville, MD, USA); and Excel 2013.
Joinpoint regression modeling was performed using
software provided by the National Cancer Institute.
Configurations that satisfied the assumptions of the
models were used for all fits.

RESULTS

Of all deaths from respiratory diseases, pneumonia
accounted for 38% in 1996, with this rate increasing
to 48% in 2012. In the latter year, 58% of all deaths
from pneumonia in Brazil occurred in the Southeast (the
region with the highest percentage) and 5% occurred
in the North (the region with the lowest percentage).

Pneumonia mortality rates (standardized by age)
showed a decreasing behavior between 1996 and
2000 (in all regions except the North, in which they
showed an increasing behavior in that period),
followed by increases, as shown by the trends seen
in the various Brazilian regions. The Northeast had
the lowest mortality rates. In contrast, the Southeast
had the highest mortality rates throughout the period
studied (Figure 1 and Table 1).

Polynomial model fit results showed that, in the
North, trends were close to linear (Figure 2). This region
had the greatest increase in the linear component.
The South had the greatest increase in the quadratic
component (Table 1).

All regions except the North showed inflection points
indicating a shift from decrease to significant increase
between 2000 and 2001. The greatest increase in APC in
pneumonia mortality rates occurred in the Central-West
(APC = 7.7; 95% CI: 3.3-12.4) between 2000 and
2005, but this region was also the one that showed a
significant decrease (APC = —7.0; 95% CI: —11.0 to
—2.8) between 1996 and 2000. The Northeast had the
highest AAPC between 1996 and 2012 (AAPC = 4.3;
95% CI: 3.0-5.7; Table 2 and Figure 3).

DISCUSSION

In the present study, the pneumonia mortality trends
for the resident population of all Brazilian geographical
regions between 1996 and 2012 were evaluated.
The mortality rates showed an increasing trend from
2000 onward, and there were no signs of decrease
or stabilization in the years after 2000 in any of the
regions. In the North, the rates exhibited a linear
behavior, that is, they increased constantly throughout
the period. In the other regions, a quadratic behavior
better represented the time points of decrease and
increase, that is, the rates behaved irregularly over time.

One point that is noteworthy is the existence of
demographic and socioeconomic differences among
the regions studied, since the North and Northeast still
concentrate a less aged population and higher rates
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of childhood mortality, even though these regions
have succeeded in considerably reducing these rates
in recent years, demonstrating repercussions that can
arise from each region’s age profile itself.(**)

Considering these sociodemographic differences
among the different regions, it is important to point
out that conditions such as nutritional deficiency,
immunosuppression, and environmental factors impact
on the occurrence of CAP.(® The most common types of
CAP correspond to infections caused by Streptococcus
pneumoniae and Haemophilus influenzae,** and
immunizations by means of the 10-valent pneumococcal
vaccine and the pentavalent pneumococcal vaccine are
part of the Brazilian National Vaccination Schedule.
In addition to these vaccines, there is the 23-valent
pneumococcal vaccine, which is offered to at-risk
groups among individuals over 2 year of age.

In various countries, vaccination for prevention
of infection with S. pneumoniae (one of the leading
etiologic agents responsible for the pneumonia) in
individuals in these at-risk groups has been adopted
as a public health measure.®*> In Brazil, the 23-valent
pneumococcal polysaccharide vaccine is still rarely
used in at-risk patients, although it is available in the
public health care system and is formally indicated
for use in individuals over 60 years of age; inpatients
and/or individuals residing in institutions (nursing
homes, retirement homes, etc.); patients with
chronic cardiovascular, pulmonary, renal, metabolic
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Figure 1. Age-standardized pneumonia mortality rates,
by Brazilian geographical region, between 1996 and 2012.
pop.: population.

(such as diabetes mellitus), or liver diseases, or
with hemoglobinopathies; and immunocompromised
individuals (transplant recipients, patients with
neoplasia, and HIV-infected individuals).®'> The
positive effect of this capsular vaccine against 23
pneumococcal serotypes in reducing the number of
hospitalizations for and deaths from pneumonia has
been described in several studies. 617

In the present study, the decrease identified between
1996 and 2000, in some regions, is related to the
reduction in the mortality rates in all age groups.
The resumption of growth after 2000 may have been
influenced by the 10- to 49-year age group and,
especially, by the over 60-year age group (data not
shown).

It is possible that the deaths in children under 5
years of age influenced the decreasing behavior. One
study reported, for the same age group, pneumonia
mortality rates with a decreasing behavior between
1991 and 2007, with the magnitudes being different
in the various Brazilian regions.*® That same study
suggested that the inclusion of vaccination against H.
influenzae type B and S. pneumoniae in the Brazilian
National Vaccination Schedule contributed to reducing
pneumonia mortality rates.(*® In addition, a study of
children under 1 year of age found a 19% reduction
in CAP after the implementation of the 10-valent
pneumococcal conjugate vaccine in the Brazilian
National Vaccination Schedule, which occurred in 2010
via the Brazilian National Immunization Program.)

In the present study, we used secondary data from
the SIM/DATASUS; the advantages of this include a
comprehensive coverage of deaths, the low cost for
information collection, and the ease for longitudinal
follow-up. The limitations relate to the lack of
standardization in data collection, which affects the
quality of the recorded data, and to the possibility that
the coverage can vary in time and space, as well as
to the lack of information that may be important for
specific analyses®® and may be influencing the upward
trend behavior of the pneumonia mortality rates.

It should be noted that the main limitation refers to
the fact that the analyses did not include correction for
ill-defined causes of death. The magnitude of mortality
rates is affected by ill-defined causes of death, which
introduce a bias in comparisons across areas with
different proportions of these causes. The determination
and recording of the cause of death or the lack of such a
determination and recording (ill-defined causes) during
the period studied should be considered because of

Table 1. Polynomial model fit to pneumonia mortality rates (standardized by age) between 1996 and 2012.

Region B, B
North 18.81 0.85
Northeast 12.73 0.67°
Southeast 32.96° 0.18
South 20.94 0.05

Central-West 24.88 0.63

B R? p
...... 0.89 < 0.001
0.05' 0.96 < 0.001
0.08 0.39 0.031
0.11° 0.60 0.002
0.06' 0.73 < 0.001

B,: mean annual increase; B,: increase in the linear component; B,: increase in the quadratic component; and R2:
coefficient of determination of the model. *Level of significance set at 5%.
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Figure 2. Series of pneumonia mortality rates (standardized by age) and fitted (linear, quadratic, and cubic) polynomial
models for each Brazilian geographical region. pop.: population.

regional disparities in this respect. The group of ill-defined
causes exhibits a different epidemiological behavior in
each region, and data quality and reliability are better
in the South, Southeast, and Central-West. @ In 1996,
the proportion of ill-defined causes of death exceeded
30% in the Northeast and was about 25% in the North,
whereas, in the other regions, it was approximately
10% (data not shown).

The classification of deaths has improved over time
in all regions, especially in the North and Northeast. In
2005, the Brazilian National Ministry of Health started
a project to improve mortality data quality, focusing
on these two regions.®? Since 2006, the proportion of
ill-defined causes of death in the Northeast has been
below 10%, which is similar to that in the Southeast.
Currently, in the South and Central-West, the relative
importance of ill-defined causes of death is about 5%.(

Interventions targeted at improving mortality data
reporting and quality in Brazil have been presented
as promising alternatives for improving the SIM and
increasing the reliability of health information.®?
However, in 2012, the relative importance of ill-defined
causes of death in the North exceeded 10%. This may
explain the observed differences in rate magnitude and

in trend behavior in the period studied. In addition, in
the North, the pneumonia mortality trend exhibited a
linear behavior and a greater annual increase in the
study period, reflecting the changes in the demographic
and epidemiological profile of the population that
occurred in a polarized way in the country.

In recent years, there have been important decreases
in mortality from chronic noncommunicable diseases,
especially cardiovascular and respiratory diseases;
however, the declines have been smaller for neoplasia
and diabetes.% In contrast, the present study showed
an increase in pneumonia mortality, suggesting a
different behavior from that of mortality from other
respiratory diseases.

The present study, through the use of secondary
data and simple statistical analysis techniques,
allowed the identification of pneumonia mortality
trends in the different geographical regions of Brazil
over a 16-year period, showing that, for all regions,
pneumonia mortality increased from 2000 onward,
with no signs of decrease or stabilization. Our results
provide a framework for planning health promotion
interventions, as well as specific protection interventions,
especially for the most vulnerable populations, positively
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Table 2. Estimates of the annual percent change in pneumonia mortality rates (standardized by age) between 1996
and 2012 (joinpoint regression fit).

Region Period APC 95% ClI AAPC 95% ClI

North 1996-2012 4.7 3.8t05.6

Northeast 1996-2001 -0.1 -3.9t03.8 4.3 3.0t05.7
2001-2012 6.5 52t07.7

Southeast 1996-2000 -5.6 -11.7t0 0.9 -0.1 -1.8to 1.7
2000-2012 1.9 0.6 to 3.1

South 1996-2001 -8.8 -12.1to -5.3 -0.1 -4.0t0 3.8
2001-2005 6.6 -3.0t0 17.0
2005-2008 -3.2 -21.7t019.8
2008-2012 7.2 2.7 to 11.9

Central-West 1996-2000 -7.0° -11.0to -2.8 1.7 -1.6to 5.0
2000-2005 7.7 3.3t012.4
2005-2008 -3.1 -19.6 to 16.8
2008-2012 7.1 2.5t011.9

APC: annual percent change; and AAPC: average annual percent change. *Level of significance set at 5%.
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Figure 3. Joinpoint regression by Brazilian geographical region, 1996-2012. pop.: population; and APC: annual percent
change.

impacting the reduction in pneumonia mortality. Studies  of pneumonia mortality trends in the different regions
identifying subgroups with low vaccine coverage may  of the country can be regarded as a useful strategy
contribute to guiding these interventions. Knowledge  for epidemiological surveillance.
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Therefore, we emphasize the importance of

monitoring pneumonia mortality rates over periods
subsequent to that under study here, in order to
determine whether prevention interventions, such

Ferraz RO, Oliveira-Friestino JK, Francisco PMSB

as vaccination campaigns and improved access to
health care, have been effective and have had an
influence on the trends in pneumonia mortality rates
in all Brazilian geographical regions.
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