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Abstract
Background—Asthma is a highly-prevalent chronic disease. Prevalence and mortality are
particularly high in Puerto Ricans living in the US as compared with other populations.

Objective—To determine asthma mortality rates in Puerto Rico (1980 to 2007) and to assess the
socio-demographic variables that may be associated with these rates.

Methods—Data was obtained from the Vital Statistics Office at the Puerto Rico Department of
Health. Crude mortality rates and their 95% confidence intervals were used to evaluate differences
between age groups and across years. Mortality risk ratios by socio-demographic variables were
estimated using generalized lineal models with a Poisson link function to identify at-risk groups.

Results—. During the study period, there were 4,232 deaths recorded with asthma as the cause
of death. From 1980 to 1998 annual asthma mortality rates fluctuated between 3.32 and 6.56
deaths per 100,000 (Mean 4.77), followed by a decline after implementation of the ICD-10 for
reporting cause of death in 1999. Between 1999 and 2007 the mean asthma death rate declined to
3.01 (4.89 in 1999 to 2.02 in 2007). Overall, asthma mortality rates were between 1.77 and 4.0
times higher in Puerto Rico than in the US. Throughout the whole study period, mortality rates
were higher in older age groups. In addition, the adjusted regression model for asthma deaths
showed that persons divorced or widowed, and persons with only elementary education had
significantly higher risk of asthma mortality than their counterparts.

Conclusion—. Asthma death rates were higher in Puerto Rico than in the US general
population. Although asthma mortality in Puerto Rico declined, rates continued to be significantly
higher than those recorded in the US. There was a progressive decline in asthma mortality rates
after 1999 that may be explained by changes in reporting classification, increased use of
corticosteroids, and improved asthma awareness. After controlling for possible confounding
variables, age and elementary education were found to increase the risk of mortality due to asthma
among Puerto Ricans.
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Background
The analysis and dissemination of mortality data provide information about the risks of
death in a population with a specific health condition (1). Asthma has been recognized as an
important global health issue (2) and has become the most common chronic condition in
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many countries (3). During the 1970s and 1980s, increasing asthma death rates were
reported in New Zealand, England and Wales, United States (US), and Russia (4–8).
Although regional variability exists when describing mortality rates across countries efforts
by health authorities to study asthma mortality data and dissemination of findings
contributed to raising awareness internationally (9, 10). More recently, the use of inhaled
corticosteroids (11), and the development of treatment guidelines such as the Global
Initiative for Asthma guidelines in 1989, and the National Asthma Education and Prevention
Program in 1991 aided physicians and public health practitioners to decrease and stabilize
mortality rates in some regions (10, 12). Today, mortality due to asthma is less frequent (13)
but deaths continue to be recorded.

Puerto Rico, an archipelago with about 4,004,000 inhabitants (14), has the highest lifetime
asthma prevalence when compared to all US states and territories (15). Puerto Ricans living
in the US have the highest mortality and morbidity rates when compared to Caucasians,
African Americans, and other Hispanic groups such as Mexicans and Cubans (7, 16–19).
Nevertheless, there are no published articles to evaluate the patterns of asthma mortality of
the population living in Puerto Rico.

The objectives of this study were to examine the trends in mortality rates due to asthma from
1980 to 2007 in Puerto Rico and describe asthma deaths based on socio-demographic
variables.

Methods
The asthma mortality data for Puerto Rico was obtained from the Vital Statistics Office at
the Puerto Rico Department of Health (PRDOH). The data included information from the
year 1980 to the year 2007. The Vital Statistics Office obtains mortality data from the Puerto
Rico Demographic Registry, which collects information from death certificates on an
ongoing basis.

The case definition (asthma death) for this study was all deaths in Puerto Rico listing asthma
as the underlying cause. The death classification was conducted by means of the
International Code of Diseases (ICD). Two different ICD’s were used within the study
period: the 493.0–493.9 classifications for the ICD-9th revision from 1980 to 1998 and the
J45-J46 classifications for the ICD-10th revision from 1999 to 2007. Demographic
information includes the deceased gender, age, educational level, and marital status. The
Census-PR Office provided general population estimates for Puerto Rico.

The Crude Mortality Rate (CMR) was calculated to obtain the estimated risk of death due to
asthma in the general population. The CMR and its 95% Confidence Intervals (95% CI)
were used to evaluate differences between age groups and across years. Age was aggregated
in six groups 0–4, 5–14, 15–34, 35–64, 65 or older, according to those used by the CDC (20)
and Homa (17). In addition, the 5–34 age group was analyzed for its importance in asthma-
related epidemiological studies. In standard practice, asthma mortality rates have been
confined to the 5 to 34 years of age because the correct assignment of asthma is firmly
established in this group (11). The 95% CIs were calculated using the Poisson probability
theory (21) for rare events, which usually follows a Poisson distribution (22).

Mortality risk ratios (RR) by socio-demographic variables (age, gender, education and civil
status) were estimated using generalized linear models with a log-link function to identify
at-risk groups (23, 24). Covariates were included in the models to calculate adjusted RRs
useful to evaluate for the possibility of confounding. Results were included in a table
containing population information, estimated risks, and measures of association. The Delta
column represents the percent change between crude and adjusted RRs. A change of 10%
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was selected as cutoff point to indicate that, at least, one of the control variables produced a
change in the magnitude of the association, a confounding effect. The model was performed
with population estimates stratified by covariates obtained from the Census Public Use
Microdata Sample (PUMS). PUMS data was restricted to year 2000 and obtained in a
specific tabulated format. Asthma deaths were combined from 1999 to 2007 considering
Census data availability, possible effects of changes in the ICD and changes in population
age distribution. Moreover, Education and civil status were aggregated to match the Census
data format.

Puerto Rico’s age-adjusted asthma deaths rates were calculated to compare them to US rates
using the US 2000 standard population. Asthma mortality adjusted rates for the US were
obtained through the Center for Disease Control and Prevention (CDC), which collects data
from the National Vital Statistics System and from the US Census Bureau (26, 27). The
comparison of asthma mortality rates between Puerto Rico and the US was conducted
because Puerto Rico is a US territory, and most of the guidelines to treat asthma used in the
US are also applied in Puerto Rico.

The mortality data was managed with Microsoft Excel 2003 (28), and analyzed with the
EpiTools (29) and MASS (30) libraries for the R statistical package Version 2.9.0 (31).

Results
During the time frame from 1980 through 2007, there were a total of 4,232 deaths recorded
in the Vital Statistics data with asthma as the underlying cause of death in Puerto Rico. As
shown in Table 1, the asthma CMR for the overall population during the ICD-9
implementation presents a fluctuating pattern. A decrease was observed from 1980 (4.35
deaths per 100,000 inhabitants) to 1988 (3.84 deaths per 100,000 inhabitants). Afterward, an
increasing trend was observed in the asthma death rates ranging from 4.81 deaths per
100,000 inhabitants in 1989 to 6.56 deaths per 100,000 inhabitants in 1998. After ICD-10
implementation, the mortality rates show a decreasing trend from 4.89 deaths per 100,000
inhabitants in 1999 to 2.02 deaths per 100,000 inhabitants in 2007.

As shown in Figure 1, the age adjusted mortality rates for Puerto Rico were consistently
higher than in US. In 1987 and 1998 the risk of death due to asthma was 2.13 and 4 times
higher in PR than in the US. During the ICD-10 implementation, in 1999 and 2006 the risk
of death due to asthma was 3.22 and 1.77 times higher in Puerto Rico than in the US.

Age-specific mortality rates in Puerto Rico (Table 1) showed that the 65+ age group had
significantly higher death rates due to asthma than their counterparts, while the 35–64 age
group showed significantly higher rates when compared to the 0–4, 5–14 and 15–34 age
groups. In 2000, the 65+ age group presented four (4) times higher risk of dying from
asthma than the 35–64 age group and 15.38 higher risk than the 15–34 age group. Figure 2
shows that rates among those 65 or older fluctuated over time but remained consistently
higher while in other age group rates were more stable over time. The age-specific mortality
rates in the 0–4, 5–14 and 15–34 age groups were similar between Puerto Rico and US. In
contrast, rates in the 35–64 age group were higher in Puerto Rico than in the US prior to the
ICD-10 implementation. For those in the 65+ group, death rates were higher in Puerto Rico
than in the US throughout the study period. In 1998, the 65+ age group had four (4) times
higher risk of dying from asthma in Puerto Rico than in US. In 2006, the 65+ age group had
1.62 times higher risk of dying from asthma in Puerto Rico than in the US.

Regarding the 5–34 age group, Table 1 shows that asthma mortality rates increased from
0.28 per 100,000 in 1985 to 2.28 per 100,000 in 1989 followed by a decrease of 0.51 per
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100,000 in 1998. Then, after the implementation of the ICD-10, the 5–34 age group asthma
mortality rates ranged between 1.02 per 100,000 in 2000 and 0.23 per 100,000 in 2006.

Regression analysis was conducted to evaluate the relative risk by demographic variables
adjusted for possible confounders (Table 2). A statistically significant association was not
found in the adjusted model between gender and asthma mortality. The adjusted risk of
death due to asthma by age revealed that the 35–64 and the 65+ age groups were
significantly higher (5.21 and 17.02 per 100,000 inhabitants, respectively) than the 15–34
age group. Even though no major changes in magnitude or in direction of the associations
were observed, the adjusted model revealed a confounding effect.

With regards to civil status and asthma deaths, the adjusted regression model showed a
significantly higher risk of asthma mortality in the Single group. The direction and
magnitude of the association was highly affected by the inclusion of the confounder
variables. After adjustment, the married group was modified by −155% and the divorce/
widow group by −373%.

The adjusted association between asthma deaths and education showed that people in the
Elementary group had 115% higher risk than those in the No School group. Adjusted asthma
mortality rates in the Middle/High School group were not statistically different from the No
school group. The University group was significantly lower (54%) compared to the No
School group. A confounding effect was evident for the Middle/High School and University
groups.

Discussion
Asthma mortality is mainly attributed to long periods of unwieldy management patterns of
the condition. The poor management could be caused by a series of preventable factors such
as: lack of knowledge or misapplication of the asthma guidelines by health care providers,
lack of a written action plan, patient’s unawareness of the condition severity, and lack of
access to specialists or medications (12, 13).

In Puerto Rico, asthma mortality rates for the period 1980–2007 showed a non-monotonic
trend. The overall mortality rate had a significant decrease from 1984 to 1988 but increased
until 1998. Later, in 2000 a significant decrease in the asthma mortality rate was assessed.
After 2000, the rate consistently decreased until 2005. The lowest rate in the whole period
was during 2007.

After adjusting mortality rate by age, we found that Puerto Ricans consistently had higher
mortality rates than people in the US for the whole observed period (1980–2007). Studies
conducted in the US reported that Puerto Ricans have higher asthma mortality and morbidity
than other racial or ethnic groups in the United States (17, 35–37). In addition, the observed
asthma mortality rate in Puerto Ricans living in the archipelago was similar to the death rate
of Puerto Ricans living in the United States, from 1990 to 1995 (17). These observations
support the idea that genetic factors could have an effect on Puerto Ricans’ asthma mortality
rates. A study by Choudhry and colleagues (38) demonstrated that Puerto Ricans with
asthma have an ethnic-specific genetic predisposition to more severe asthma when compared
to Mexicans, the group with the lowest asthma prevalence in the US. Furthermore, Puerto
Ricans living in the archipelago have intricate interactions between the heterogeneous
ancestry mix (Native American, European, and African), socioecomic status and complex
environmental triggers (39). In addition, other factors such as disease perception, limitation
in access to health care services, and lack of adherence to treatment could influence the
asthma mortality rates of Puerto Ricans.
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The overall asthma mortality rate stratified by age showed that trends associated to the 0–4
and 15–34 age groups did not change significantly during the study period. A stable pattern
was recorded in the 35–64 age group but rates were higher in Puerto Rico than in the US.
The population over the age of 64 suffered the bulk of the mortality reported in both
countries. However, the magnitude of the burden was much greater in Puerto Rico.

The analysis of mortality rates in the 5 to 34 years old is important in asthma epidemiologic
studies due to the high accuracy in establishing diagnosis in this group. The inclusion of this
age group in our analysis gave us the opportunity to compare asthma mortality rates in
Puerto Rico with other countries. Based on our data, Puerto Rico not only has a higher
asthma mortality rate than those reported in the US, but also higher than those reported in
Austria, Finland, France, Germany, Italy and Spain among others (11).

Reasons for differences in an epidemiological trend may be multifactorial and difficult to
elucidate. Several factors to explore are changes in: disease recognition, and concept;
diagnosis and detection techniques; procedures to classify the cause of death; classification
codes of the cause of death; precision to classify the age at death; population estimates;
population age distribution; changes in the fatality rate; and incidence of the disease
attributed to genetics or to environmental factors (32).

The asthma mortality rate dropped 59% between 1998 and 1999 in Puerto Rico after the
ICD changed from the 9th to the 10th revision. Although the impact of the ICD change has
not been documented in Puerto Rico, a study conducted at the CDC demonstrated that the
ICD-10 implementation reduced US’s asthma mortality rate by 11% between 1998 and 1999
(33). The rationale for ICD periodic revisions has reflected advances in medical science and
in diagnostic terminology (33). We assume that differences between classifications might
affect our trends due to the following reasons: the ICD-10 is far more detailed than the
ICD-9 (about 8,000 categories compared with 4,000 categories); the cause-of-death titles
have been changed, and conditions have been regrouped; and some coding rules have been
changed (33). Another factor that could influence mortality rates is the inaccurate reporting
of asthma as the underlying cause of death due to the existing coding rules (34). Even
though the accuracy of the death certificates has not been studied in Puerto Rico, events
such as administrative and political changes may have influenced the Vital Statistics Office
at the PRDOH and consequently the mortality trends. Nonetheless, if the aforementioned
reasons hold true, we could expect to observe variation in all age groups and not only on
older age groups.

Asthma mortality around the world significantly decreased, particularly in those countries
adopting modern approaches to treat asthma (9). Wijesinghe (11) stated that the most likely
reason for the marked reduction in asthma mortality since the late 1980’s was the spread and
progressive increase in inhaled corticosteroids (ICS) use. In Puerto Rico, since 2000, strong
community efforts to educate public health professionals and patients about the appropriate
methods to diagnose, treat and control asthma have been conducted through diverse
government, private and non-profit organizations. Many of those institutions carried out
asthma initiatives based on the National Institute of Health and the Global Initiative for
Asthma guidelines, which promote adequate diagnosis methods, use of ICS, use of a written
asthma action plan and control of environmental triggers. It is possible that these efforts
contributed significantly to the observed decreases in asthma mortality rates.

The mortality information was controlled by gender, age group, education and civil status to
identify groups that may be at higher risk than others. We found that Puerto Rican females
did not have a different risk of death as a cause of asthma compare to males. Asthma
mortality has been observed to be higher in Puerto Rican females living in the US (17, 40).
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Other studies did not detect differences in asthma mortality by gender (18, 41) and still
others have found higher death risk in males (32, 42, 43).

Regarding asthma mortality by age group, we observed an increase in asthma mortality rate
in older age groups. Risk estimation confirms this observation even after adjusting for
possible confounders. Mortality rates for the 65 and older age group fluctuated over the
years of study while other age-group rates were more stable. Similarly, the New York
Department of Health reported that people 65 years and older had six times higher risk of
asthma mortality compared to any other age group (44). Also, it has been observed that the
risk of asthma mortality increased with age in all ethnicities and races in the US (17, 40).
Studies in other countries, such as, Singapore, Uruguay, Spain and France observed the
same pattern (42, 45–47). Various factors may contribute to the possible explanations of this
observation. First, older people naturally have higher probability of dying than the younger
population. It is not unusual that the group 65+ years may have co-morbid conditions such
as obesity, cardiovascular or other respiratory diseases that put them at higher risk of
mortality from asthma. It is known that at younger and older ages the diagnosis of asthma is
prone to be misclassified with respiratory conditions such as bronchiolitis in younger
patients or with Chronic Obstructive Pulmonary Disease (COPD) in older patients (48–50).
Thus, misdiagnosis can be another contributing factor to the disproportionate risk in this age
group. Also, the older population might not have appropriate access to medications in order
to properly manage the condition and to reduce the probability of having a fatal asthma
exacerbation or an airway remodeling (49).

In terms of educational level, higher asthma mortality risk was observed in individuals who
had completed only elementary school education at the moment of death, even after
controling for possible confounders. This is a puzzling finding that might be explained by
the lack of adjustment for other covariates, for instance, household income, occupational
exposure, smoking habits, and co-morbidities.

The analysis of civil status after adjustment showed a change in magnitude and direction of
the association, where single individuals had higher mortality rates than the comparison
groups. Education, income, civil status and other variables have been used as surrogates of
socioeconomic status (SES). We agree with Wright (51) that this is an issue that is not fully
understood, and it is likely that multiple factors play contributing roles.

In conclusion, our results suggest that asthma mortality has not been stable from 1980 to
2007. Furthermore, asthma mortality rates were consistently higher in Puerto Rico than in
the US. A reduction in the difference was noticeable after 2000; however, in 2007, Puerto
Rico still had double the asthma mortality rate of the US. Age group and education level
influenced most of the associations observed in this death record analysis. Our findings
demonstrated the importance of further investigations focused on documenting external
factors that affect asthma in Puerto Rico.
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Figure 1.
Age adjusted asthma mortality rate per 1,000,000 person/year, Puerto Rico & USA, 1980–
2007.
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Figure 2.
Asthma crude mortality rate per 100,000 person/year by age group, Puerto Rico & USA
form 1980 to 2007.
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