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ABSTRACT
Objective: To provide an update on trends in asthma mortality in Brazil for two age 
groups: 0-4 years and 5-34 years. Methods: Data on mortality from asthma, as defined 
in the International Classification of Diseases, were obtained for the 1980-2014 period 
from the Mortality Database maintained by the Information Technology Department 
of the Brazilian Unified Health Care System. To analyze time trends in standardized 
asthma mortality rates, we conducted an ecological time-series study, using regression 
models for the 0- to 4-year and 5- to 34-year age groups. Results: There was a linear 
trend toward a decrease in asthma mortality in both age groups, whereas there was 
a third-order polynomial fit in the general population. Conclusions: Although asthma 
mortality showed a consistent, linear decrease in individuals ≤ 34 years of age, the rate 
of decline was greater in the 0- to 4-year age group. The 5- to 34-year group also showed 
a linear decline in mortality, and the rate of that decline increased after the year 2004, 
when treatment with inhaled corticosteroids became more widely available. The linear 
decrease in asthma mortality found in both age groups contrasts with the nonlinear trend 
observed in the general population of Brazil. The introduction of inhaled corticosteroid 
use through public policies to control asthma coincided with a significant decrease in 
asthma mortality rates in both subsets of individuals over 5 years of age. The causes of 
this decline in asthma-related mortality in younger age groups continue to constitute a 
matter of debate.
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INTRODUCTION

Asthma is a chronic inflammatory disease characterized 
by lower airway hyperresponsiveness and variable airflow 
limitation that are reversible either spontaneously or 
with treatment. The typical clinical features of asthma 
include recurrent episodes of wheezing, breathlessness, 
chest tightness, and coughing, particularly at night or in 
the early morning.(1)

According to the Brazilian Thoracic Association Guidelines 
for Asthma Management,(2) there were 160,000 hospital 
admissions due to asthma exacerbations in 2011. The 
guidelines also state that asthma is the fourth leading 
cause of hospital admissions via the Brazilian Unified 
Health Care System as a whole, as well as being the 
third leading cause of hospital admissions among children 
and young adults.(2)

Although asthma-related deaths are relatively rare, they 
are considered to be of great importance because they are, 
in most cases, preventable through early diagnosis and 
appropriate treatment. According to the Global Initiative for 
Asthma,(1) appropriate asthma treatment can retard lung 
inflammation and the subsequent tissue damage, thereby 
decreasing the frequency and intensity of asthma attacks.(1)

Increases in asthma morbidity and mortality have 
frequently been reported in most industrialized countries 

and in Brazil, primarily during the 1980s and 1990s.(3-6) 
The Asthma Insights and Reality in Latin America survey 
showed that the asthma morbidity rate is high throughout 
Latin America.(7) The survey also showed that the vast 
majority of patients had not received an appropriate 
diagnosis, were not given appropriate therapy, were not 
adequately monitored, were failing to achieve the goals 
for asthma management set forth in international asthma 
guidelines, and were at risk for severe asthma attacks.(7)

Although the causes of the reported increase in the 
asthma burden are still largely unknown, the most relevant 
aspects are environmental, genetic, and behavioral factors, 
either alone or in combination.(8-10) Recent studies have 
demonstrated that other factors could influence asthma 
mortality, such factors including the widespread use of 
anti-inflammatory asthma drugs, influenza vaccination 
campaigns, and broader social inclusion in the health care 
system, together with other initiatives, all of which could 
rapidly change the trends in asthma mortality. In a recent 
meta-analysis of asthma-related deaths, Wijesinghe et 
al.(11) stressed the need to update the data and maintain 
surveillance on international asthma mortality trends, 
especially for the 5- to 34-year age group, because death 
certificate information (regarding the cause of death) is 
considered more accurate in that group.(11) Despite the 
increased difficulty in making an accurate diagnosis in 
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children under 5 years of age, asthma-related deaths 
among such children have been included in analyses 
because of the reported increase in the prevalence 
of asthma and the historical importance of this age 
group to the overall rates of asthma morbidity and 
mortality. (12,13) Therefore, the aim of this study was 
to provide an update on asthma mortality trends in 
Brazil for the 0- to 4-year and 5- to 34-year age groups 
between 1980 and 2014.

METHODS

Study design
This was an ecological time-series study that analyzed 

the trends in mortality from asthma. Crude and 
age-adjusted asthma mortality rates were calculated. 

Data collection
Death certificates were obtained from the Mortality 

Database maintained by the Information Technology 
Department of the Brazilian Unified Health Care System 
(http://www.datasus.gov.br), filtered for asthma listed 
as the underlying cause of death in the 1980-2014 
period. This database is composed of death certificates, 
organized on the basis of the codes established in the 
International Classification of Diseases, 9th and 10th 
revisions (ICD-9 and ICD-10, respectively). To obtain the 
total number of deaths attributed to asthma, we used 
the ICD-9 code 493 (asthma) for the 1980-1995 period, 
whereas we used the ICD-10 codes J45 (asthma) and 
J46 (status asthmaticus; i.e., acute severe asthma) for 
the 1996-2014 period. Initially, we calculated asthma 
mortality rates for the general population, after which 
we calculated those rates for two specific age groups: 
0-4 years and 5-34 years.

Asthma mortality rates
Asthma mortality rates for the 1980-2014 period 

were calculated from annual demographic data and 
population estimates obtained from the Brazilian 
Institute of Geography and Statistics. We calculated the 
crude asthma mortality rates (per 100,000 population) 
and the age-adjusted asthma mortality rates.

Statistical analysis
In the modeling process, the dependent variable (Y) 

was the polynomial coefficient for the asthma mortality 
rate and the independent variable (X) was the calendar 
year. The coefficient of determination (R2) was used as 
a measure of the accuracy of the models. The models 
were tested for linear fitness (Y = β0 + β1X) quadratic 
fitness (Y = β0 + β1X + β2X2), cubic fitness (Y = β0 
+ β1X + β2X2 + β3X3) and exponential fitness (Y = 
e β0 + β1X). The statistical analysis was performed with 
the IBM SPSS Statistics software package, version 
19.0 (IBM Corporation, Armonk, NY, USA). Values of 
p < 0.05 were considered statistically significant. In 
the models, β0 was the mean annual rate, β1 was the 
coefficient of linear effect (speed), and β2 was the 
coefficient of quadratic effect (acceleration).

RESULTS

Descriptive analysis
In the general population of Brazil, the absolute 

number of asthma-related deaths dropped from 2,286 
in 1980 to 2,096 in 2014. The crude asthma mortality 
rate dropped from 1.92 to 1.03 deaths per 100,000 
population, corresponding to a 46.2% reduction, 
between 1980 and 2014 (Tables 1 and 2).

Death certificate data showed that the number of 
asthma-related deaths among individuals ≤ 34 years 
of age decreased by 67% over the period studied, 
dropping from 803 (35.1% of all asthma-related 
deaths) in 1980 to 262 (12.5% of all asthma-related 
deaths) in 2014 (Table 1). Asthma-related deaths in 
the 0- to 4-year age group accounted for 26.1% of all 
such deaths in 1980, a figure that decreased to 3.8% 
in 2014. In that same age group, the age-adjusted 
asthma mortality rate decreased by 85.2% over the 
study period, from 3.63/100,000 population in 1980 
to 0.54/100,000 population in 2014 (Table 2). There 
was less variation in the absolute number of deaths 
and its representativeness in the 5- to 34-year age 
group than in the 0- to 4-year age group. In the 
former group, the number of asthma-related deaths 
decreased from 207 (9.1% of all such deaths) in 1980 
to 182 (8.7% of all such deaths) in 2014. It is of note 
that the age-adjusted asthma mortality rate for the 
5- to 34-year age group decreased by 81.3% over the 
study period—from 0.95/100,000 population in 1980 
to 0.18/100,000 population in 2014 (Tables 1 and 2).

Trend analysis
The curve estimation model best representing the 

age-adjusted trends in asthma mortality for the 0- to 
4-year and 5- to 34-year age groups showed a linear 
and constant trend toward a decrease during the 
period analyzed. The general mortality trend in Brazil 
(crude asthma mortality rate) showed a polynomial fit 
during the period analyzed, an initial decrease being 
followed by an increase that was then followed by 
another decrease (Figure 1).

In the 0- to 4-year age group, there was a constant 
downward trend, with a mean annual decrease (β1) of 
0.091 deaths/100,000 population and an adjusted R2 
of 0.953. In the 5- to 34-year age group, there was 
a mean annual decrease of 0.019 deaths/100,000 
population and an adjusted R2 of 0.866. Despite 
differences concerning the speed of the decline, 
similar trends were observed in the two age groups 
evaluated (Table 3).

After 2004, governmental asthma control policies 
increased the availability of inhaled corticosteroids 
in Brazil, thus reversing the annual trend in overall 
asthma mortality rates, which shifted from an increase 
of 0.018 deaths/100,000 population before 2004 to a 
decrease of 0.05 deaths/100,000 population after 2004. 
A similar shift was observed in the 5- to 34-year age 
group, in which there was a linear, downward polynomial 
fit, the annual asthma mortality rates decreasing by 
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0.018 deaths/100,000 population before 2004 and by 
0.046 deaths/100,000 population thereafter. After the 
introduction of treatment with inhaled corticosteroids (in 
2004), there was an uptick in the observed downward 
trend for asthma mortality rates in the 0- to 4-year 
age group, the mean annual decline (β1) being 0.092 
deaths/100,000 population before 2004 and 0.074 
deaths/100,000 population thereafter. It is of note 
that, when the post-2004 trends in all age groups 
were analyzed separately, age-adjusted and crude 
asthma mortality coefficients both showed un upward 
shift after 2012 or 2013 (Table 3).

DISCUSSION

This article demonstrates that, in Brazil, there was a 
linear decline in age-adjusted asthma mortality coefficients 
from 1980 to 2014 in the 0- to 4-year and 5- to 34-year 

age groups in Brazil, in contrast with the third-order 
polynomial fits (decreasing, increasing, and again 
decreasing) for the crude asthma mortality rates during 
the period studied. The reduction in asthma mortality 
coefficients was more prominent in the 0- to 4-year age 
group than in the 5- to 34-year age group, as was the 
decrease in the proportional representation in relation 
to the overall number of asthma-related deaths during 
the period analyzed. In the former group, we observed 
no significant change in mortality trends after 2004 
(when treatment with inhaled corticosteroids became 
more widely available), whereas there was a marked 
decrease in asthma mortality rates after 2004 in the 
5- to 34-year age group, as well as in older age groups. 

Some potential limitations to the accuracy of pop-
ulation-based studies on asthma mortality should be 
considered. First of all, when the possibility that asthma 

Table 1. Asthma-related deaths, by age group, in Brazil—1980-2014.
Year of death 0-4 years 5-34 years 0-34 years Total asthma-

related deaths in 
Brazil

(% total) (% total) (% total)

1980 596 (26.07) 207 (9.06) 803 (35.13) 2286
1981 529 (25.84) 194 (9.48) 723 (35.32) 2047
1982 591 (27.72) 200 (9.38) 791 (37.10) 2132
1983 556 (25.35) 202 (9.21) 758 (34.56) 2193
1984 502 (25.23) 215 (10.80) 717 (36.03) 1990
1985 466 (24.60) 193 (10.19) 659 (34.79) 1894
1986 406 (20.38) 186 (9.34) 592 (29.72) 1992
1987 380 (21.75) 196 (11.22) 576 (32.97) 1747
1988 402 (21.28) 174 (9.21) 576 (30.49) 1889
1989 364 (19.69) 226 (12.22) 590 (31.91) 1849
1990 391 (19.54) 193 (9.65) 584 (29.19) 2001
1991 305 (17.99) 153 (9.03) 458 (27.02) 1695
1992 354 (17.49) 207 (10.23) 561 (27.72) 2024
1993 309 (13.89) 211 (9.48) 520 (23.37) 2225
1994 331 (14.45) 246 (10.74) 577 (25.19) 2291
1995 330 (13.49) 251 (10.26) 581(23.74) 2447
1996 255 (10.17) 278 (11.08) 533 (21.25) 2508
1997 288 (10.78) 278 (10.41) 566 (21.19) 2671
1998 259 (9.51) 254 (9.33) 504 (18.51) 2723
1999 236 (8.66) 289 (10.61) 525 (19.27) 2725
2000 239 (9.20) 224 (8.62) 463 (17.82) 2598
2001 226 (8.87) 225 (8.83) 451 (17.70) 2548
2002 220 (9.14) 220 (9.14) 440 (18.27) 2408
2003 225 (9.05) 212 (8.53) 437 (17.59) 2485
2004 160 (6.25) 212 (8.29) 372 (14.54) 2558
2005 193 (7.41) 250 (9.60) 443 (17.02) 2603
2006 191 (6.14) 263 (8.45) 454 (14.59) 3111
2007 165 (5.77) 231 (8.07) 396 (13.84) 2862
2008 121 (4.49) 223 (8.27) 344 (12.76) 2696
2009 123 (4.83) 203 (7.98) 326 (12.81) 2544
2010 106 (4.03) 234 (8.89) 340 (12.92) 2632
2011 77  (3.15) 178 (7.28) 256 (10.47) 2445
2012 97 (4.12) 201 (8.53) 298 (12.66) 2354
2013 79 (3.31) 216 (9.05) 295 (12.35) 2387
2014 80 (3.82) 182 (8.68) 262 (12.5) 2096
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was a secondary diagnosis has been excluded, especially 
in cases in which nonspecific respiratory failure was 
listed as the underlying cause of death, cases in which 
death could have been attributed to asthma exacer-
bation can be lost. Goldacre et al.(14) suggested that, 
in population-based studies, half of all asthma-related 
deaths are missed when only the underlying cause 
of death is considered. Underreporting constitutes 
another possible information bias, especially if mortality 
statistics depend on a deficient hospital-based health 
care system. In addition, there are possible diagnostic 
limitations and imprecise data employed when the 
death certificate is filled out. Furthermore, the change 
from ICD-9 codes to ICD-10 codes (in 1996) could 
have resulted in misinterpretations.

In the 0- to 4-year and 5- to 34-year age groups, 
there was a constant decline in asthma mortality rates 
over the 30-year period analyzed, whereas the crude 
asthma mortality rates showed a nonlinear trend. 

The younger group showed an 85.2% decrease in the 
age-adjusted asthma mortality rate, with a steady 
drop in its representativeness—from 26.07% to 3.82% 
of the overall absolute number of asthma-related 
deaths—during the period studied. The annual decrease 
of 0.0917 deaths/100,000 population in that age 
group (comprising 11.2 million individuals in Brazil) 
resulted in a significant decrease of more than 12 
asthma-related deaths per year. 

Despite the importance of the 0- to 4-year age 
group, there are certain challenges intrinsic to the 
diagnosis of asthma in very young children. Those 
challenges include making the differential diagnosis 
with diseases that have a similar clinical presentation 
(breathlessness and wheezing), such as bronchiolitis 
obliterans, foreign body aspiration, chest tumors, and 
malformations, as well as the difficulties in performing 
diagnostic procedures, such as spirometry tests with 
bronchodilators, in very young children.(15)

Table 2. Age-adjusted and crude asthma mortality rates, by age group, in Brazil—1980-2014.
Year 0 to 4 years 5 to 34 years All age groups

(age-adjusted) (age-adjusted) (crude)
1980 3.6279 0.9536 1.9207
1981 3.2371 0.9042 1.6895
1982 3.6125 0.9027 1.7224
1983 3.3948 0.8709 1.7349
1984 3.0616 0.915 1.5423
1985 2.8389 0.797 1.4387
1986 2.4708 0.7487 1.484
1987 2.3101 0.7826 1.2772
1988 2.4413 0.6684 1.3562
1989 2.2083 0.8629 1.3047
1990 2.3697 0.7231 1.3887
1991 1.8461 0.5544 1.1544
1992 2.1958 0.7387 1.3612
1993 1.8182 0.7576 1.468
1994 1.9196 0.8352 1.4903
1995 1.8876 0.873 1.5723
1996 1.6321 0.6402 1.5967
1997 1.8122 0.6101 1.6731
1998 1.6075 0.5256 1.683
1999 1.4441 0.6326 1.6621
2000 1.4594 0.4692 1.53
2001 1.3583 0.4736 1.478
2002 1.3044 0.4357 1.3788
2003 1.3164 0.4159 1.4049
2004 0.9238 0.4075 1.4281
2005 1.0823 0.4842 1.4132
2006 1.0556 0.4614 1.6656
2007 0.9974 0.4673 1.5116
2008 0.7542 0.4661 1.4218
2009 0.784 0.4149 1.3285
2010 0.7683 0.2358 1.3797
2011 0.4939 0.1736 1.2709
2012 0.6313 0.1961 1.2135
2013 0.5216 0.2110 1.1852
2014 0.5355 0.1783 1.0335

Delta (1980 vs. 2014) −85.2% −81.3% −46.2%
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Although there was an 81.3% decrease in asthma 
mortality rates in the 5- to 34-year age group, there were 
no significant differences concerning the proportional 
contribution of that age group to the total number of 
asthma-related deaths in Brazil, which ranged from 
9.06% to 8.68% of the absolute number of asthma-re-
lated deaths from 1980 to 2014. The annual decrease 
of 0.026 deaths/100,000 population in that age group 
(comprising 100.1 million individuals in Brazil) resulted 
in a mean decrease of 26 asthma-related deaths per 
year. It is noteworthy that, in the 5- to 34-year age 
group, the annual asthma mortality rate decreased by 
0.018 deaths/100,000 population in 1980 and by 0.046 
deaths/100,000 population in 2004. That was a linear 
decline that more than doubled the number of lives 
spared. Although that decline was less pronounced than 
the decline observed in the 0- to 4-year age group, it 
was equally significant in terms of the absolute numbers. 
Data obtained for the 5- to 34-year age group are of 
particular interest because of the better chances of 
obtaining a correct asthma diagnosis and preventing 
triggering events in individuals within that population, 
as well as because that age group accounted for most 
of the increase in asthma mortality rates seen during 
the 1980s.(16)

Recent studies have demonstrated stable or decreasing 
asthma mortality rates in most developed countries.(17) 
Prietsch et al.(18) recently reported a decrease in asthma 
mortality among pediatric patients (≤ 19 years of age) 
in Brazil as a whole, as was subsequently reported 
for the city of Rio de Janeiro.(19) Another recent study 
reported that asthma mortality rates have decreased 
in Brazil since the 1990s.(20)

We find it interesting that the linear downward trend 
observed in the present study did not apply to the 
crude asthma mortality rates. Rather, the crude asthma 
mortality rates showed a trend with three distinct phases: 
an initial downward trend from 1980 to 1989; an upward 
trend from 1990 to 2000; and another downward trend 

from 2001 to 2014. This behavior contrasts with the 
findings of a meta-analysis of asthma mortality trends 
in 20 countries, which, despite some variability across 
studies, showed a mean increase of 38% in asthma 
mortality rates from the mid-1970s to the mid-1980s, 
followed by a mean decrease of 63% from the end of 
the 1980s to the year 2005.(11) Although more data are 
needed, the crude asthma mortality rates apparently 
showed a major shift in trend in those countries, from 
an annual increase of 0.022 deaths/100,000 population 
from 1980 to 2004 to an annual decrease of 0.05 
deaths/100,000 population thereafter. More recent 
asthma mortality studies have shown a decrease in 
mortality rates in various countries, including Serbia, 
Puerto Rico, Scotland, and the United States.(21-24) 
Therefore, we could expect a similar reduction in crude 
asthma mortality rates to occur in Brazil after 2004, 
the year that inhaled corticosteroids became available 
in public health care systems.

Although a correlation between the reduction in 
asthma mortality and the widespread use of inhaled 
corticosteroids to control airway inflammation has 
been proposed by some authors,(25-27) no specific 
studies have been conducted in order to investigate 
that correlation. In Brazil, the Unified Health Care 
System has been providing inhaled corticosteroids for 
patients with persistent asthma since 2004, when the 
Primary Health Care Guidelines for Asthma and Rhinitis 
were published, with the objective of broadening the 
scope of the health care provided to such patients.(28) 
That promoted the new downward trend in asthma 
mortality among individuals over 5 years of age. In 
addition to asthma control drugs, the inclusion of the 
pneumococcal vaccine in the Brazilian Immunization 
Program might also have played an important role 
in inducing the downward trend in asthma mortality, 
although it only recently came to be recommended 
for use in children under 2 years of age and there are 
therefore as yet no consistent data to be analyzed.
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Figure 1. Crude and age-adjusted asthma mortality rates and trends in individuals in the 0- to 4-year and 5- to 34-year 
age groups in Brazil, from 1980 to 2014.
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Other factors might contribute to the decrease in 
asthma mortality, such factors including health and 
well-being improvements achieved through policies of 
inclusion in public health programs, such as the Family 
Health Program, resulting in a successful reduction in the 
number of ambulatory care-sensitive hospitalizations for 
a group of diseases, including asthma, for which access 
to effective primary care can reduce the likelihood of 
hospitalization,(29) as well as asthma-specific programs, 
which promote the identification of patients with severe 
asthma and efficient asthma control, with the expected 
reduction in the rates of mortality either directly or 
indirectly associated with asthma.(30) Recent studies 
have demonstrated that, in regions of Brazil where 

there is considerable social inequality, asthma mortality 
is correlated with poor access to health systems and 
asthma programs.(31) Unfortunately, data on reliable 
social indicators, which could further understanding 
of the effects that such indicators have on asthma in 
Brazil, are scarce and conflicting.

Within the population studied here, asthma mortality 
trends should follow the prevalence of severe asthma. 
In a study comparing phases one and three of the 
International Study of Asthma and Allergies in Child-
hood,(32) the prevalence of severe asthma symptoms 
in the pediatric population was found to be stable after 
a 7-year follow-up period. Given that the prevalence 
of severe asthma remained unchanged, that finding 

Table 3. Trend analysis of crude and age-adjusted asthma mortality rates, by age group, in Brazil—1980-2014.
Asthma 

mortalitya
Mean beta 
coefficient

Mean 
annual 

increase

Speed Acceleration p-value Adjusted 
R2

Trend

(β0) (β1) (β2) (β3) (F)

All age groups 1.483 0.018028 −0.000262 −0.000151 < 0.001 0.639

Third-order 
polynomial fit
Decreasing from 
1980 to 1989; 
increasing from 
1990 to 2001; and 
decreasing from 
2002 to 2014

0- to 4-year 1.717034 −0.091762 < 0.001 0.953 Linear decline
5- to 34-year 0.593431 −0.021520 < 0.001 0.866 Linear decline

All age groups 
before 2004b 1.497 0.022395 −0.001001 0.000228 < 0.001 0.624

Third-order 
polynomial fit
Decreasing from 
1980 to 1987; 
increasing from 
1988 to 1998; and 
decreasing from 
1999 to 2004

0- to 4-year 
before 2004 1.935 −0.092283 < 0.001 0.951 Linear decline

5- to 34-year 
before 2004 0.654108 −0.018479 < 0.001 0.728 Linear decline

All age groups 
after 2004 1.328294 −0.050429 0.005388 0.021 0.526

Second-order 
polynomial fit
Decreasing from 
2005 to 2013 
and increasing 
thereafter

0- to 4-year 
after 2004 0.724580 −0.074360 0.009151 < 0.001 0.850

Second-order 
polynomial fit
Decreasing from 
2005 to 2012 
and increasing 
thereafter

5- to 34-year 
after 2004 0.310778 −0.043610 0.005037 0.003 0.711

Second-order 
polynomial fit
Decreasing from 
2005 to 2012 
and increasing 
thereafter

aValues expressed as deaths/100,000 population. bWhen treatment with inhaled corticosteroids became widely 
available.
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suggests that other factors are involved. In addition 
to the incorporation of inhaled corticosteroids into 
public policies to control asthma in Brazil, factors that 
might play roles include increased diagnostic accuracy, 
expanded vaccination programs, and improvements 
in the reporting of deaths. The contribution of each 
of those factors is difficult to assess and, despite 
obvious advances, asthma control in Brazil continues 
to be insufficient.

Further studies, evaluating the correlation between 
asthma mortality and health inclusion programs, as 
well as between asthma mortality and specific socio-
economic indicators, could help explain the causes of 
the differences observed in the trends. Case-control 
studies of asthma deaths and near-deaths can provide 
additional insights into the risk factors associated with 

severe asthma attacks. In conclusion, we have shown 
that there has been a consistent decrease in asthma 
mortality among individuals 0-34 years of age in Brazil, 
and that that decrease has been more pronounced in 
the subset of individuals 5-34 years of age since the 
introduction of public policies that made treatment 
with inhaled corticosteroids more widely available. 
However, further studies are needed in order to identify 
the causes of this decrease, within this age group, as 
well as within age groups in which asthma mortality 
rates are higher, given that the crude asthma mortality 
rates continue to oscillate.
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