
Journal of Asthma, 2012; 49(8): 779–784
Copyright © 2012 Informa Healthcare USA, Inc.
ISSN: 0277-0903 print/1532-4303 online
DOI: 10.3109/02770903.2012.693237

EPIDEMIOLOGY

Temporal Trends of Asthma Mortality Rates in Brazil from 1980 to 2010
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Objective. Mortality from asthma has varied among countries during the last several decades. This study aimed to identify temporal trends of
asthma mortality in Brazil from 1980 to 2010. Method. We analyzed 6840 deaths of patients aged 5–34 years that occurred in Brazil with the
underlying cause of asthma. We applied a log-linear model using Poisson regression to verify peaks and trends. We also calculated the point
estimation and 95% confidence interval (CI 95%) of the annual percent change (APC) of the mortality rates, and the average annual percent change
(AAPC) for 2001–2010. Results.A decline was observed from 1980 to 1992 [APC¼�3.4 (�5.0 to�1.8)], followed by a nonsignificant rise until
1996 [APC¼ 6.8 (�1.4 to 15.6)], and a new downward trend from 1997 to 2010 [APC¼�2.7 (�3.9 to�1.6)]. The APCs varied according to age
strata: 5–14 years from 1980 to 2010 [�0.3 (�1.1 to 0.5)]; 15–24 years from 1980 to 1991 [�2.1 (�5.0 to 0.9)], from 1992 to 1996 [6.8 (�6.7 to
22.2)], and from 1997 to 2010 [�3.9 (�5.7 to �2.0)]; 24–25 years from 1980 to 1992 [�2.5 (�4.6 to �0.3)], from 1993 to 1995 [12.0 (�21.1 to
59.1)], and from 1996–2010 [�1.7 (�3.0 to�0.4)]. AAPC from 2001 to 2010 was�1.7 (�3.0 to�0.4); the decline for this period was significant
for patients over 15 years old, women, and those living in the Southeast region. Conclusion. Asthma mortality rates in Brazil have been declining
since the late 1990s.
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INTRODUCTION

Asthma is a highly prevalent disease, afflicting 300 million
worldwide and causing 250 thousand deaths annually. The
case-fatality rate of asthma is low, and there is a consensus
that deaths from asthma are avoidable (1). In the late
1970s, a peak of asthma-related deaths in New Zealand
and the United Kingdom among people aged 5–34 years
triggered concern about the levels of asthmamortality rates
(2, 3). This peak was determined to be associated with the
prescription and use of short-acting beta 2-agonist inhalers
—specifically, fenoterol—as summarized in a seminal
meta-analysis of four case–control studies addressing
fatal asthma in New Zealand and Canada (4). Rises of
asthma mortality rates were also identified in Japan for
patients aged 5–34 years old in 1980, with another peak in
1993–94, followed by a slight decline associated with use
of beta 2-agonist inhalers (5). In the United States—where
fenoterol use was not authorized, only the use of other
short-acting beta 2-agonists—the asthma mortality rates
increased from 1977 to 1988, followed by flat rates until
1998, and since then have shown a downward trend (6). In
five Europeans countries, asthma death rates declined from
1994 to 2004, except for a short period of increase in Italy
(7). Nowadays, the debate about short-acting beta 2-
agonists has been resolved (8), and there is strong evidence
of the benefits of using inhaled corticosteroids plus late-
acting beta 2-agonists for helping patients avoid hospitali-
zations and reducing fatal cases of asthma (9).

For international comparison, it is important to stress
that all of the above-mentioned studies were of countries

with a well-established health statistics office and regular
medical care, including access to asthma medicines. It is a
different challenge to explain the tendencies of asthma
mortality in Brazil, a large country with some regions
(such as the Amazon river basin) where deaths were largely
underreported until the 2000s, which has experienced a
rapid improvement of medical care access and public health
policies since the late 1980s (10). The first evaluation of
temporal changes in asthma mortality in Brazil was per-
formed in the largest state—Sao Paulo—from 1970 to 1992
(with two different International Classification of Diseases,
ICD-8 and ICD-9) using a broad definition (bronchitis plus
asthma). This study does not identify any peak in asthma
deaths; the data only indicate a slight decline in the rates
(11). Another study investigated asthma mortality in the
southern state of Rio Grande do Sul, and reported an
increase of asthma death rates between 1970 and 1992,
only for people aged 5–19 years old (12). Later, the same
authors published a reappraisal of these data along with new
data, from 1981 to 2003 in Rio Grande do Sul, which
showed a decline of death rates since the late 1990s (13).

The quality of the mortality information system in Brazil
has been improving since the early 2000s, with better cover-
age and significant reduction of the proportion of underlying
causes of death coded as “ill-defined.” The aim of this study
is to verify the annual percent change of asthma death rates
and the point of inflection of the mortality curve from 1980
to 2010 in Brazil for people aged 5–34 years.

METHODS

Data Collection

All data included in the analysis are from the Brazilian
National Health System for Health Statistics
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(http://www.dataus.gov.br) that centralizes all informa-
tion about mortality, morbidity, health indices, demo-
graphic, and socioeconomic data in the country. We
used this information extracting data about asthma
death according to age-strata, gender, and region of
the country. Mortality data in Brazil come from the
municipalities to the federal level, and all deaths are
classified by a selected team of nosologists at the
Ministry of Health. In 1996, Brazil began to adopt
the 10th Revision of the International Classification
of Diseases (ICD-10), which considers an “asthma
case” as all underlying causes of death or main causes
of hospitalization classified as ICD-10: J-45-J-46
(1996–2010). As the ICD-10 incorporated the previous
definition of asthma according to ICD-9: 493 (1980–
95) as a case of asthma, it was possible to include the
ICD-9 definition of asthma permitting the analysis
since 1980. For many diseases there was a change in
the classification from ICD-9 to ICD-10. However, this
does not occur in the case of asthma permitting to
analyze the period of the ICD-9 and the ICD-10
together.

In contrast to countries with a long-term official health
statistic with a good quality, in Brazil, the mortality statis-
tics changed from a fair to a good mortality system in all
five regions—North, Northeast, Center-West, Southeast,
and South—only during the most recent decades due to an
action to improve the quality of death certification coordi-
nated by theMinistry of Health on state and municipalities.
Until the 2000s, only South and Southeast regions had a
mortality system with complete coverage of all fatal events
and low rate of ill-defined deaths. This quality improve-
ment for the whole country is reason to assume some
caution for international comparisons of the Brazilian mor-
tality data.

As there was a possibility of misclassification of the
death notification of asthma even when it was filled up by
an expert physician, we ran three types of temporal trend
analysis. The first type including only cases classified as
asthma. The second adding for all cases classified as asthma
and the cases classified as bronchitis (adding the codes ICD-
9: 466, 490–492, 494, 496 and ICD-10: J-20-21, J-40-44,
and J47); and a third type including all respiratory diseases.
The objective of this approach was to verify if a shift of
diagnosis occurred between asthma and bronchitis and, and
further between asthma–bronchitis and other respiratory
diseases could change the temporal trend. If these three
analyses show similar temporal trends (upward, flat, down-
ward), it will be plausible for a minimization of a misclassi-
fication of death certification during these three decades of
observation (14, 15).

Again, to prevent some kind of bias related to chronic
obstructive respiratory disease (COPD) we restricted the
analysis to people aged 5–35 years old, in which the
probability of a diagnosis of COPD is very unlikely in
any country worldwide permitting safe comparisons
among them.

The population estimate for each year was based on the
National Census Data (1991, 2000, and 2010). We use

three age-strata: 5–14 years old, 15–24 years old, and
25–34 years old.

This study was not submitted to an Institutional Review
Board because all data about mortality and hospitalization
are of public domain, without personal identification infor-
mation such as name, residence, or identification number
of the index event.

A simulation was performed using the “Joint
Regression Program 3.3.5” (a log-linear model using
Poisson regression) to verify the peaks and trends by
creating a Monte Carlo permutation test to identify points
where the trend line changed significantly in magnitude or
direction, disclosing the annual percent change (APC)
(16). Running the model required a minimum of three
observations after the first joint point, with four following
the second and third points. The statistical power to deter-
mine whether an APC is different from zero is a function of
the length of the interval; thus, a short segment rising at a
steep rate may not be statistically significant. As the sta-
tistical power to determine whether APC is different from
zero is a function of the length of the interval, a short
segment rising at a steep rate may not be statistically
significant. We also determined the average annual per-
cent change (AAPC) during the last 10 years of observa-
tion. From 2000 and 2010, the quality of the death
certification for the whole country was more homogenous
compared with previous decades. The AAPC is an alter-
native analytical method that is useful for evaluating
subsets, such as sex, age strata, and the region of the
country only testing the direction of the temporal trend.
A permutation test was applied singly for APC and AAPC
after all analyses with a significance level of 0.05 (17). A
statistically significant change implies a 95% CI that does
not cross the zero value.

RESULTS

During the period from 1980 to 2010, we identified 6840
deaths of patients aged 5–34 years throughout Brazil with
the underlying cause of asthma; 7384 additional deaths
were classified as being due to bronchitis. During these
three decades, deaths exclusively related to asthma ranged
from 3.3 to 6.1% of all respiratory diseases cases; 56% of
these cases occurred among women. Concerning race/eth-
nic background, the death rates (per 100,000) were 0.25 for
White, 0.19 for Mixed, 0.05 for Black, and 0.01 for Asian
subgroups. Three-quarters of the events occurred during
hospitalization.

Figure 1 summarizes the temporal changes of asthma
mortality. There were two points of inflection of the curve,
yielding three different APC patterns: a decline from 1980
to 1992, followed by a nonsignificant rise until 1996, and a
new significant downward trend from 1997 to 2010.
Analysis of the category “asthma and bronchitis” showed
a similar pattern.

Table 1 shows the annual percent change of mortality
rates according to age strata. The cases of patients aged
5–14 years exhibited a flattening pattern during all periods.
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The strata 15–24 years showed a nonsignificant decline
and flattening pattern of asthma deaths, and a significant
rise of asthma plus bronchitis deaths from 1980 to 1997/
98. For cases of patients aged 25–34 years, a decline
beginning in the 1980s was observed for cases described
as only involving asthma.

Table 2 presents the AAPC from the last 10 years of
observation (2001–2010), according to age-strata, gen-
der, and region of the country. The decline was sig-
nificant for age over 15 years, for women, and for
cases occurring in the Southeast region of the country.
AAPC of the combination of “asthma and bronchitis”
showed a decline similar to that of asthma alone. In

contrast, the tendency measured by AAPC for all
respiratory diseases was flat.

DISCUSSION

We determined that asthma mortality has been mainly
declining in Brazil during the last 10 years. This tendency
is in agreement with observations of a previous study of
Sao Paulo and the most recent study of Rio Grande do Sul,
as well as with the tendency of COPD deaths for people
over 35 years old (11–13, 18). The decline of asthma
mortality may be explained by the following factors,
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FIGURE 1.—Temporal trends of age-adjusted asthma death rates in Brazil from 1980 to 2010 for the age strata 5–34 years. Lines were created using a 2-year
moving average. ICD-9 and ICD-10 mean the Ninth and Tenth Revisions of the International Classification of Diseases, respectively.
Note: APCs (95% CI) for asthma: 1980–91: �3.4 (�5.0 to �1.8); 1992–96: 6.8 (�1.4 to 15.6); 1997–2010: �2.7 (�3.9 to �1.6).
APCs (95% CI) for asthma and bronchitis: 1980–92: �1.3 (�2.4 to �0.3); 1993–96:7.5 (�1.6 to 17.5); 1997–2010: �2.7 (�3.5 to �1.9).
Asthmameans all underlying causes of death coded as ICD-9: 493 (1980–95) and ICD-10: J-45-J-46 (1996–2010). Asthma and Bronchitis is a category that jointly
includes all underlying causes of death coded as ICD-9: 493 (1980–95) and ICD-10: J-45-J-46 (1996–2010) to ICD-9: 466, 490–492, 494, 496 (1980–95) and
ICD-10: J20-21, J40-44, J47 (1996–2010).

TABLE 1.—Annual percent changes (APCs) and 95% confidence intervals (95% CIs) according to temporal trends of asthma, asthma/bronchitis, and all
respiratory diseases from 1980 to 2010 in Brazil.

Asthma Asthma/bronchitis All respiratory

Age group (years) Years APC (95% CI) Years APC (95% CI) Years APC (95% CI)

5–14 1980–2010 �0.3 (�1.1 to 0.5) 1980–2010 �0.2 (�0.8 to 0.4) 1980–2007 �2.7a (�3.0 to �2.4)
2008–2010 5.3 (�5.0 to 16.7)

15–24 1980–1991 �2.1 (�5.0 to 0.9) 1980–1998 1.9a (0.6 to 3.2) 1980–1996 0.2 (�0.5 to 0.8)
1992–1996 6.8 (�6.7 to 22.2) 1999–2010 �3.6a (�5.7 to �1.3) 1997–2007 �4.2a (�5.5 to �2.8)
1997–2010 �3.9a (�5.7 to �2.0) 2008–2010 8.5 (�1.4 to 19.5)

25–34 1980–1992 �2.5a (�4.6 to �0.3) 1980–1992 �1.6a (�2.6 to �0.5) 1980–1996 1.0a (0.2 to 1.8)
1993–1995 12.0 (�21.1 to 59.1) 1993–1996 6.3 (�1.5 to 14.7) 1997–2007 �4.7a (�6.2 to �3.3)
1996–2010 �1.7a (�3.0 to �0.4) 1997–2006 �1.6a (�2.9 to �0.3) 2008–2010 5.0 (�5.1 to 16.1)

2007–2010 �7.7a (�912.1 to �3.2)

Note: aThe tendency was significant.
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alone or in combination: an artifact of health statistics, a
decline of asthma prevalence, and a reduction of case-
fatality rates.

The biggest challenge to confirming the downward
trend of asthma mortality lies in avoiding artifacts, which
result from the imprecision of death notifications, changes
in the international classification of diseases, and the
improving quality of death certification in Brazil in the
2000s. In the 1970s, the quality of death certification for
respiratory diseases in Sao Paulo was evaluated and deter-
mined to be acceptable and comparable to the observed
quality of the official health statistics of cities such as
Bristol (UK) and San Francisco (USA) (14, 15).
However, the trend of asthma mortality in Brazil has
been debated since the 1990s, when two states-São Paulo
and Rio Grande do Sul-were analyzed independently and
showed flat and increased rates, respectively (11, 12). In
São Paulo, the category “asthma and bronchitis” was ana-
lyzed, while only deaths coded as asthma were included in
the Rio Grande do Sul study. It is possible that the increase
reported in Rio Grande do Sul could be due to a shift from
“other respiratory diseases” to asthma codes, because the
rate of deaths due to respiratory diseases did not change
during the analyzed period (19). The accuracy of death
certification for asthma is a challenge-in Brazil as well as
in other countries—due to the potential for misclassifica-
tion of deaths due to asthma as deaths due to COPD, which
exists mainly in patients over 40 years old (20, 21). This
occurrence originates from a real diagnostic confusion
between COPD and asthma; the follow-up of NHANES
III showed the coexistence of COPD and asthma (when
well-defined by spirometric evaluation) to be a predictor of

worse prognosis when compared to either COPD or
asthma alone (22). To prevent this problem, we restricted
our sample population to up to 35 years old, and we
analyzed the category of “asthma and bronchitis.”
Comparison of annual percent changes for asthma solely
and “asthma and bronchitis” revealed relatively parallel
trends from 1980 to 2010 (Table 1).

The ICD-10 creates two new codes: J45 for deaths
attributable to asthma and J44 for those attributable to
COPD. Under the ICD-9 rules, the code 493.0 included
deaths from asthma and COPD. In the United States, the
comparability ratio between the ICD-10 and ICD-9 was
0.8938 (23), but in Brazil (in Sao Paulo of the Southeast
region), it was close to 1.0 (24). We considered that the
sharp fall of asthma death rates beginning in 1997 may
have been due to the implementation of the ICD-10.
However, when we calculated the AAPC from 2001 to
2010 under only the ICD-10, the decline of asthma death
rates was constant (Table 2).

The records in Brazil show an impressive reduction of
death notifications reported as due to “ill-defined cause of
death” (ICD-10: chapter XVIII), from 14% in 1996 to 4%
in 2009 for the age strata 5–34 years. We hypothesized that
this improvement could inflate some mortality rates due to
the higher percentage of precise death notifications. Such
an effect was not detectable for asthma solely, nor for
“asthma and bronchitis.”However, this is a possible expla-
nation for the flattening pattern of the AAPC of respiratory
deaths for all of Brazil from 2001 and 2010 (Table 2), and
for the lack of change of the annual percent change for
every age strata after 2008 (Table 1).

From data reported by the International Study of
Asthma and Allergies in Childhood (ISAAC), in the
early 1990s, it was possible to identify a worldwide
mixed pattern with upward, stable, and downward asthma
prevalence rates. The prevalence rates of asthma are high
in Brazil, like in the United States, but the results of
sequential surveys of ISAAC in Brazilian six towns did
not reveal rising tendencies (25, 26). We reviewed the
literature for empirical evidence that changes in the pre-
valence of asthma and/or outdoor and indoor pollution
might be primary explanatory factors for the decline in
asthmamortality. Despite the impressive decline of current
smokers in Brazil, indoor pollution does not play a relevant
role in the asthma mortality (27). Similarly, there is no
evidence of an impact of outdoor pollution in reducing
fatal asthma cases, although the association with particu-
late matter and asthma symptoms has been evident in
Brazil (28). Prevalence of asthma and risk factors for
asthma deaths apparently do not interfere with the mortal-
ity trends in Brazil. Instead, we think that the decline is
likely related to a reduction of the case-fatality rate, result-
ing from improvements of medical care over the last years.

Since 1990, Brazil has implemented substantial politi-
cal and social improvements, with a National Health
System and an overall better quality of medical care (10).
In 2002, a comparison between the control of asthma in
Sao Paulo, Brazil, and Uppsala, Sweden, revealed worse
control in Sao Paulo, with less use of long-acting beta

TABLE 2.—Average annual percent changes (AAPCs) and 95% confidence
intervals (95%CIs) according of temporal trends of asthma and all respiratory
diseases from 2001 to 2010 in Brazil.

Death rates
(per 100,000)

Number of
deaths AAPC

2001–02 2009–10 (min–max) (95% CI)

Brazil 0.229 0.217 203–263 �1.7a (�3.0 to �0.4)
Age strata (years)
5–14 0.152 0.177 37–64 �0.3 (�1.1 to 0.5)
15–24 0.178 0.156 50–81 �3.9a (�5.7 to �2.0)
24–34 0.393 0.319 99–151 �1.7a (�3.0 to �0.4)

Sex
men 0.213 0.193 97–121 �0.1 (�0.6 to 0.5)
women 0.245 0.241 106–142 �2.8a (�4.1 to �1.5)

Region
North 0.139 0.125 7–19 �3.8 (�7.7 to 0.2)
Northeast 0.201 0.228 50–86 0.7 (�0.1 to 1.4)
Southeast 0.263 0.229 89–127 �3.9a (�5.2 to �2.6)
South 0.275 0.257 31–48 0.1 (�0.7 to 0.8)
Center-West 0.172 0.133 5–15 �3.2 (�6.7 to 0.5)

Other conditions
Asthma and

bronchitisb
0.551 0.438 428–546 �2.3a (�3.1 to �1.5)

All respiratoryc 4.607 4.569 3577–5006 �0.4 (�3.0 to 2.2)

Notes: aThe tendency was significant. bAge-adjusted rates of deaths coded as the
underlying causes J20-21/J40-44/J47 (ICD-10). cAge-adjusted rates of all deaths clas-
sified into the chapter of the respiratory disorders.
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2-agonists solely or in combination with inhaled corticos-
teroids (29). Subsequently, several town- and state-based
programs for asthma control were launched, including
free-delivery of long-acting beta 2-agonists and inhaled
corticosteroids. One open trial was performed in
Londrina (in Southern Brazil) and showed a one-third
reduction of hospitalizations in 2004–05 compared to 2
years before the introduction of free asthma medicines
(30). Another intervention program for severe asthma con-
trol was carried out in 2003 in Salvador (in the Northeast
region of Brazil); it yielded a 74% reduction of the hospi-
talization rate in 2006 compared to that in 2003. The rate of
hospitalization in Salvador (2.3 per 10,000 inhabitants)
was significantly lower when compared to that of Recife
(17.1 per 10,000), a city in Northeast Brazil of the same
socioeconomic level as Salvador (31). In 2005, the
National Health System issued Act 2577, stating that
long-acting beta 2-agonists and inhaled corticosteroids
must be delivered, without any reimbursement, for patients
enrolled in asthma programs at primary care settings and
teaching hospitals. This led to impressively increased pro-
portions of asthma patients receiving inhaled corticoster-
oids, as observed in the city of Curitiba in Southern Brazil,
which experienced a rise from 28% of asthma patients
using corticosteroids in 2000 to 82% in 2008 (32).
Associations between wider distribution of long-acting
beta 2-agonists and inhaled corticosteroids and the decline
of fatal asthma cases have previously been described in
five European countries (7), as well as in Israel (33), Hong
Kong (34), and Argentina (35).

Our study has all of the limitations of a mortality study
with secondary data, including possible inaccuracies of
death certification by the physicians, and the change of
the international classification of diseases during the per-
iod of evaluation (20, 21). However, we cautiously
avoided some bias by analyzing not only the asthma deaths
but a broad spectrum of “asthma and bronchitis,” and
comparing these data with all deaths due to respiratory
diseases. We did not find any empirical data that explained
the significant reduction of fatal asthma observed among
women but not among men.

CONCLUSIONS

We have found that asthma mortality rates have been
declining in Brazil by approximately 2 percent each year
since 2001, mainly for people over 15 years of age,
women, and those living in the Southeast region. These
data will be useful for case–control studies concerning
fatal cases of asthma (4, 8). One of several plausible factors
to explain the observed decline is a reduction of case-
fatality rates due to increased availability of better medical
care and free medicine. Our hypothesis is that an intensive
therapeutic approach including inhaled corticosteroids has
been a decisive factor in reducing asthma lethality and,
therefore, we propose that successful public respiratory
health programs should be adopted for the subsets of
population with no reduction of fatal asthma.

ACKNOWLEDGMENTS

Both authors are responsible for the work described in this
article. Both were involved in the conception, design,
acquisition, analysis, statistical analysis, interpretation of
data, and drafting/revising the manuscript.

DECLARATION OF INTEREST

This study was supported by an established research award
from Conselho Nacional de Pesquisa, Brasília, DF. Dr.
Lotufo received grants from Astra-Zeneca, Ely-Lilly,
Takeda, and Glaxo-Smith-Kline for enrolling participants
in acute coronary syndrome randomized trials. Dr.
Bensenor reports no conflicts of interest.

REFERENCES

1. Global Strategy for Asthma Management and Prevention, Global
Initiative for Asthma (GINA) 2010. Available at: http://www.
ginasthma.org/.

2. Jackson R, Sears M, Beaglehole R, Rea HH. International trends in
asthma mortality 1970 to 1985. Chest 1988; 94:914–919.

3. Khot A, Burn R. Seasonal variation and time trends of deaths from
asthma in England and Wales 1960–82. BMJ 1984; 289:233–234.

4. Mullen ML, Mullen B, Carey M. The association between β-agonist use
and death from asthma: a meta-analytic integration of case-control stu-
dies. J Am Med Assoc 1993; 270:1842–1845.

5. Ito Y, Tamakoshi A, Wakai K, Takagi K, Yamaki K, Ohno Y. Trends in
asthma mortality in Japan. J Asthma 2002; 39:633–6399.

6. Sly RM. Continuing decreases in asthma mortality in the United States.
Ann Allergy Asthma Immunol 2004; 92:313–318.

7. Chatenoud L, Malvezzi M, Pitrelli A, La Vecchia C, Bamfi F. Asthma
mortality and long-acting beta2-agonists in five major European coun-
tries, 1994–2004. J Asthma 2009; 46:546–551.

8. Pearce N. The use of beta agonists and the risk of death and near death
from asthma. J Clin Epidemiol 2009; 62:582–587.

9. Suissa S, Ernst P. Inhaled corticosteroids: impact on asthma morbidity
and mortality. J Allergy Clin Immunol 2001; 107:937–944.

10. Victora CG, Barreto ML, do Carmo Leal M, Monteiro CA, Schmidt MI,
Paim J, Bastos FI, Almeida C, Bahia L, Travassos C, Reichenheim M,
Barros FC, Lancet Brazil Series Working Group. Health conditions and
health-policy innovations in Brazil: the way forward. Lancet 2011;
377:2042–2053.

11. Lotufo PA, Benseñor IJ, de Lolio CA. Mortality from asthma in the state
of S. Paulo, Brazil (1970–1992). Rev Saude Publica 1995; 29:434–439.

12. Chatkin JM, Barreto SM, Fonseca NA, Gutiérrez CA, Sears MR. Trends
in asthma mortality in young people in southern Brazil. Ann Allergy
Asthma Immunol 1999; 82:287–292.

13. Chatkin G, Chatkin JM, Fritscher CC, Cavalet-Blanco D, Bittencourt
HR, Sears MR. Asthma mortality in southern Brazil: is there a changing
trend? J Asthma 2007; 44:133–136.

14. Fonseca LA, Laurenti R. Quality of medical certification of cause of
death in São Paulo, Brazil. Rev Saude Publica 1974; 8:21–29.
Portuguese.

15. Laurenti R. Respiratory diseases as a cause of death in the Municipality
of São Paulo, SP (Brazil). Rev Saude Publica 1981; 15:353–363.

16. Jointpoint Regression Program, Version 3.3.1. Statistical Research and
Applications Branch, National Cancer Institute, 2008.

17. Kim HJ, Fay MP, Feuer EJ, Midthune DN. Permutation tests for join-
point regression with applications to cancer rates. Stat Med 2000;
19:335–351.

18. Benseñor IM, Fernandes TG, Lotufo PA. Chronic obstructive pulmonary
disease in Brazil: mortality and hospitalization trends and rates, 1996–
2008. Int J Tuberc Lung Dis 2011; 15:399–404.

ASTHMA MORTALITY IN BRAZIL 783

http://www.ginasthma.org/
http://www.ginasthma.org/


19. Lotufo PA, Bensenor IM. Asthma mortality in Brazil. Ann Allergy
Asthma Immunol 1999; 83:572–573.

20. Reid DW, Hendrick VJ, Aitken TC, Berrill WT, Stenton SC,
Hendrick DJ. Age-dependent inaccuracy of asthma death certifica-
tion in Northern England, 1991–1992. Eur Respir J 1998; 12:
1079–1083.

21. Hunt LW Jr, Silverstein MD, Reed CE, O’Connell EJ, O’Fallon WM,
Yunginger JW. Accuracy of the death certificate in a population-
based study of asthmatic patients. J Am Med Assoc 1993; 269:
1947–1952.

22. Diaz-Guzman E, Khosravi M, Mannino DM. Asthma, chronic obstruc-
tive pulmonary disease, and mortality in the U.S. Population. COPD
2011; 8:400–407.

23. Anderson RN, Minino AM, Hoyert DL, Rosenberg HM. Comparability
of cause of death between ICD-9 and ICD-10: preliminary estimates.
Natl Vital Stat Rep 2001; 49:1–32.

24. Santo AH. Equivalence between revisions of the International
Classification of Diseases: causes of death. Rev Saude Publica 2000;
34:21–28. [Article in Portuguese].

25. Cooper PJ, Rodrigues LC, Cruz AA, Barreto ML. Asthma in Latin
America: a public heath challenge and research opportunity. Allergy
2009; 64:5–17.

26. Asher MI, Montefort S, Björkstén B, Lai CK, Strachan DP, Weiland
SK, Williams H; ISAAC Phase Three Study Group. Worldwide
time trends in the prevalence of symptoms of asthma, allergic
rhinoconjunctivitis, and eczema in childhood: ISAAC phases one
and three repeat multicountry cross-sectional surveys. Lancet 2006;
368:733–743.

27. Monteiro C, Cavalcante T, Moura E, Claro R, Szwarcwald C.
Population-based evidence of a strong decline in the prevalence of

smokers in Brazil (1989–2003). Bull World Health Organ 2007;
85:527–534.

28. Bourotte C, Curi AP, Forti MC, Lotufo PA. Association between ionic
composition of fine and coarse aerosol soluble fraction and peak expira-
tory flow of asthmatic patients in Sao Paulo city (Brazil). Atmos Environ
2007; 41:2036–2048.

29. Skorup P, Rizzo LV, Machado-Boman L, Janson C. Asthma manage-
ment and asthma control in São Paulo, Brazil and Uppsala, Sweden: a
questionnaire-based comparison. Clin Respir J 2009; 3:22–28.

30. Cerci Neto A, Ferreira Filho OF, Bueno T, Talhari MA. Reduction in the
number of asthma-related hospital admissions after the implementation
of a multidisciplinary asthma control program in the city of Londrina,
Brazil. J Bras Pneumol 2008; 34:639–645.

31. Souza-Machado C, Souza-Machado A, Franco R, Ponte EV, Barreto
ML, Rodrigues LC, Bousquet J, Cruz AA. Rapid reduction in hospita-
lisations after an intervention to manage severe asthma. Eur Respir
J 2010; 35:515–521.

32. Santos HLBS, Rosário NA, Riedi CA, Moller LG, Duarte-Filho NP,
Morihissa R, Kovalhuk L. Changes in medical prescriptions after the
implementation of a children’s asthma programme. Rev Bras Alerg
Imunopatol 2008; 31:31–32.

33. Goldman M, Rachmiel M, Gendler L, Katz Y. Decrease in asthma
mortality rate in Israel from 1991–1995: is it related to increased use of
inhaled corticosteroids?. J Allergy Clin Immunol 2000; 105:71–74.

34. Kumana CR, Kou M, Lauder IJ, Ip MS, Lam WK. Increasing use of
inhaled steroids associated with declining asthma mortality. J Asthma
2001; 38:161–167.

35. Neffen H, Baena-Cagnani C, Passalacqua G, Canonica GW, Rocco D.
Asthma mortality, inhaled steroids, and changing asthma therapy in
Argentina (1990–1999). Respir Med 2006; 100:1431–1435.

784 P. A. LOTUFO & I. M. BENSENOR



Copyright of Journal of Asthma is the property of Taylor & Francis Ltd and its content may not be copied or

emailed to multiple sites or posted to a listserv without the copyright holder's express written permission.

However, users may print, download, or email articles for individual use.


