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ABSTRACT

Introduction Asthma affects some 300 million people worldwide
and causes over 250,000 deaths each year. It is considered a global
health problem due to associated high morbidity and mortality rates;
disability in inadequately treated patients; years of potential life lost
(YPLL); social costs; and impact on the lives of patients, their families
and society. Environmental factors, including climatic conditions, are
triggers. The 2004 Cuban National Survey on Asthma found a national
prevalence of 13% (CI 9.3-16.8).

Objective Describe the relationship between climatic factors and
asthma mortality in Cuba from 1989 to 2003.

Methods Data on deaths from asthma in Cuba were obtained from
medical death certificates. Crude and adjusted mortality rates were
calculated using the 1981 Cuban population as the standard popula-
tion; the two-parameter exponential smoothing method was used for
trend and prediction analyses, with 95% confidence intervals (Cl) for
estimating mortality rates by age, sex and YPLL. ArcView software
version 3.3 was used to obtain, adjust, and represent models of me-
teorological variables, and a bioclimatic atlas was included.

INTRODUCTION

Asthma is a multifactorial chronic inflammatory respiratory illness
characterized by bronchial hyper-reactivity to a variety of stimuli.
It affects approximately 300 million people worldwide and causes
over 250,000 deaths annually, according to the Global Initiative
for Asthma (GINA).[1] It is considered a global health problem
due to associated morbidity and mortality rates; disability in in-
adequately treated patients; years of potential life lost (YPLL);
related social costs; and impact on the lives of patients, their fami-
lies, and society.[1-4]

In Cuba, asthma is considered a common illness, according to
various nationwide studies.[5 10] In 1981, prevalence was 8.5%
in urban areas and 7.5% in rural areas; rates in coastal areas
were higher than the national average, whereas lower rates
were found in mountainous areas,[11] indicating close associa-
tion between climatic/environmental conditions and asthma. The
2nd National Survey of Risk Factors for Chronic Diseases (2001)
found an asthma rate of 15% (Cl 14.5-15.6) in the urban popula-
tion aged >15 years.[12] The 2004 National Survey on Asthma
revealed a national prevalence of 13% (Cl 9.3-16.8) with no dif-
ferences between rural and urban areas.[13]

Environmental factors, including climatic conditions, are consid-
ered significant triggers for asthma.[11,14] The international lit-
erature points to the prominent role of seasonal climate changes
in the onset of acute asthma attacks,[15,16] proving fatal in some
cases.[17] Several examples from Cuba illustrate this relation-
ship.[5-10] A 2003 study in Camagtiey Province reported a close

Results Asthma mortality rates increased in Cuba in the early 90s
and then decreased and stabilized in recent years; a rate of 2 per
100,000 population was predicted for 2008. For the period under
study, 61% of asthma-related deaths occurred in Cuba’s dry winter
months (November-April). The meteorological variables related to risk
of asthma mortality were: atmospheric pressure (997.7-1024.3 hPa),
temperature (21.3-24.30C), number of rainy days in the dry season
(15.5-45.2 days), and cloudiness (2.99-5.51%). The provinces with
the highest risk of asthma mortality were: Havana City, Havana, Ciego
de Avila, and Camagiiey.

Conclusions In Cuba, unfavorable weather conditions in some geo-
graphic areas can cause the death of asthmatic patients, although
these are not the only factors determining asthma mortality. The
asthma mortality rate is not alarmingly high and is expected to re-
main stable. Nevertheless, preventive measures must be maintained,
particularly for women, who suffer excess mortality from the disease.
Implementation of prevention strategies that take into consideration
the seasonal nature of asthma mortality is recommended.

Keywords: Epidemiology, asthma, mortality, climate, asthma in wom-
en, respiratory tract diseases, bronchial diseases

link between seasonal climate changes and increased severity
of the illness in 82.08% of asthma patients.[9] In a 2001 study
in Havana City, Molina et al. found a strong correlation between
weather conditions typical of the Cuban dry season (lower at-
mospheric pressure and lower temperatures) and an increase
in acute asthma attacks in both children and adults (0.504 and
0.558, respectively).[10]

Asthma mortality has been studied in Cuba since 1945.[18] Between
1945 and 1949, the rates were 1 per 100,000 population; in the 50s
and 60s, rates oscillated between 2.4 and 2.7 per 100,000 popula-
tion, reaching 4 per 100,000 in 1974. For most of the 80s, asthma
mortality was 3 per 100,000, but that decade ended with a rate of
4 per 100,000, increasing to 6 per 100,000 population by 1993.
[19] This pattern of asthma mortality affects highly productive age
groups, especially women, who suffer excess mortality from the dis-
ease. Mortality in the 15-24 age group declined during the 90s.[20]

Despite advances in understanding the causes and development
of asthma, as well as the availability of modern, effective drug treat-
ments, asthma mortality remains high in many countries.[1] Cuba
has been no exception. Recognizing the need for a complex multi-
disciplinary approach to the physiopathology, diagnosis and treat-
ment of asthma, and considering the morbidity and mortality as-
sociated with the disease, the Cuban National Program for Asthma
was launched in 1972. More recently, under the general guidelines
of Cuba’s health strategies, this Program has been updated to rec-
ognize the neighborhood family physician and nurse as the cor-
nerstone of health promotion, disease prevention, treatment, and
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Figure 1: Asthma Mortality Patterns, Trends and Predictions.
Cuba, 1989-2008
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rehabilitation for asthmatic patients. The main goal of the Program
is to improve quality of life for these patients and those at risk, and
to reduce asthma-related mortality.[21] Implementation of the na-
tional Program has contributed to achieving mortality rates similar
to those of developed countries today.[1]

At the end of 2006, chronic lower respiratory diseases were the
sixth cause of death in Cuba (27.5 per 100,000 population),[22]
with asthma accounting for 7.5% of this total. The asthma mortal-
ity rate was 2 per 100,000 population — a considerable drop from

Figure 2: Smoothed Standardized Asthma Mortality Ratio
by Municipality. Cuba, 1989-2003
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previous years. Despite this decline, the Cuban Ministry of Pub-
lic Health and healthcare professionals remain concerned about
asthma-related deaths and associated risk factors, prompting
this study of the relationship between climate factors and the epi-
demiological behavior of asthma mortality from 1989 to 2003.

METHODS

Design This was a mixed ecological study.

Variables
Dry season in Cuba: November-April, mean temperature 22°C.
(Compared to 29°C during the rainy season, May-October.)

Mortality risk: According to the Smoothed Standardized Mortality
Ratio (SSMR), the following categories were established:

« High: >0.83
¢ Mean: 0.58-0.83
* Low: <0.58

Meteorological variables: Relative humidity (%), cloudiness (tenths
of sky covered by clouds), atmospheric pressure (hPa), tempera-
ture (°C), wind speed (m/s), rainfall (mm) and bioclimatic index
(oxygen density in air).

Information sources Mortality data was obtained from the Minis-
try of Public Health’s National Statistics Division databases. Pop-
ulation data was provided by the National Statistics Office,[23]
and meteorological information was provided by the Cuban Me-
teorology Institute.[24]

Data processing Mortality and population databases were made
compatible with the software used in the study, and were managed
and processed throughout using SAS version 6.2.[25] Maplinfo Pro-
fessional Version 6.5[26] was used for spatial geographic represen-
tation, and the Pan American Health Organization’s SigEPI pack[27]
was employed for the smoothing and spatial representation of Stan-
dardized Mortality Ratios (SMRs). Mortality-related meteorological
variable models were obtained, adjusted, and represented using
ArcView Version 3.3 (Spatial Data Modeler extension and diffuse
logic),[28] including a bioclimatic[29] and geochemical atlas.[30] The
final document was created with OfficeXP. Only data from 1999 to
2003 was used for risk map stratification and creation.

Data analysis Estimates were made of adjusted global mortal-

ity rates (per 100,000 population) by sex and age group; and of
years of potential life lost (YPLL) and their average adjusted rates

Camagley

Province

*Of Havana City Province’s 15 municipalities, 14 showed smoothed SMR of 1.41 or higher; only 1 was in the 1.08-1.41 range.
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by period, year, and sex (life
expectancy set at 74 years).
A two-parameter exponential
smoothing method[31] was
used to obtain predictions for
the 2004 2008 period. SMRs
for the 1989-2003 period were
also calculated by municipal-
ity and subsequently smoothed
using the James-Stein Bayes-
ian estimator

| Havana City
Provinc

in SIgEPI,[27] Weather Variables Correlation
and later pro- .

cessed with the Atmospheric pressure -0.680
ArcView diffuse Yearly mean temperature -0.273
logic module[28] Rainy days during dry season -0.236
to identify risk  Cloudiness 0.306

zones (for the

1999-2003 period), taking into account meteorological variables
by municipality and choosing the meteorological variables that
significantly correlated with the smoothed SMR.

RESULTS

Asthma mortality behavior, trends and prediction

Between 1989 and 2003 (Fig. 1), 5,114 asthma-related deaths
were reported nationwide, representing 0.3% of all fatalities.
Asthma mortality reached its peak in the early 90s (6 deaths per
100,000 population) and began a gradual decline until 2003 (2
deaths per 100,000 population), remaining stable at this rate.
The same mortality rate (2 per 100,000 population) was pre-
dicted for 2008.

Asthma mortality by age group and sex

Age 0-4 years: 45 deaths and very low mortality rates (0.41 per
100,000 population) were reported for this age group in the pe-
riod studied (1989-2003), with a slight male predominance (28
deaths or 0.49 per 100,000 population).

Age 5-34 years: 805 deaths were registered during this period
(1.51 per 100,000 population), with female predominance (1.75
per 100,000 population).

Age > 35 years: This age group accounted for 86.1% of asthma-
related deaths (4,264 total; 16.27 per 100,000 population), with a
female predominance (18.46 per 100,000 population).

Years of potential life lost (YPLL): The average YPLL rate in the
period studied was 71.5 per 100,000 population. Women were
more affected than men (86.5 per 100,000 women compared to
56.7 per 100,000 men). It is noteworthy that in 1997, overall aver-
age YPLL began a decline, reaching 53.1 per 100,000 population
that year and 43.0 per 100,000 population by 2003.

Asthma mortality by months and seasons of the year
The largest number of deaths (61%) occurred during the Cuban
dry season, November-April (mean temperature 22°C).

Asthma mortality risk

By municipality: Asthma mortality risk ranked high in 73 of the
country’s 169 municipalities (43.2%), distributed across the prov-
inces of Pinar del Rio (3), Havana (18), Havana City (15), Matan-
zas (3), Cienfuegos (4), Ciego de Avila (8), Camagiiey (8), Las

Havans
{ Prowvince

Figure 3: Asthma Mortality Risk Areas, by Weather Variables. Cuba, 1999-2003

R Camagley
Province

Las
Tunas
Frovinos

Tunas (7), Holguin (1), Santiago de Cuba (1), Guantanamo (4)
and the Isle of Youth (1) (Fig. 2).

By meteorological variables: The meteorological variables
found to have the highest correlation to asthma mortality and to
determine greater risk were: atmospheric pressure (997.7-1024.3
hPa; r = -0.680), temperature (21.3-24.3°C; r = -0.273), number
of rainy days during the dry season (15.5-45.2 days; r = -0.236)
and cloudiness (2.99-5.51%; r = +0.306), which determined a
well-defined spatial pattern in western (Havana City and Havana
Province) and central-eastern (Camagtiey, Las Tunas and Hol-
guin) Cuba (Fig. 3).

DISCUSSION

Asthma mortality behavior, trends and prediction

Global trends in asthma mortality varied throughout the 20th cen-
tury. During the first half of the century, mortality rates remained
relatively stable. In the 80s, a gradual increase in mortality was
observed in several countries (England, Wales, France, ltaly,
United States and Argentina). By the end of the 80s and in the
90s, mortality rates stabilized and gradually declined in certain
countries (Australia, Canada, Germany, England, Wales, Finland,
Argentina and Uruguay).[1,13,32-34] The behavior of asthma
mortality in Cuba has not differed much from the rest of the world.
The decline observed since 1997 resulted from a revision and
correction of death certificates. Later declines can be attributed to
specific health interventions, such as the creation of urgent care
services in all Cuban municipalities, a national ambulance sys-
tem equipped to provide treatment and reanimation, and special
training for medical and paramedical personnel.[35] The asthma
mortality rate has continued to decline to about 2 per 100,000
population with low rates predicted for the future, according to
estimates based on 15-year mortality data. Efforts must be made,
however, to continue reducing pre-hospital mortality.[36]

Asthma mortality by age group and sex

Analysis of the mortality rate in the 5-34 age group is the most im-
portant consideration in an epidemiological study on asthma.[37]
This is the most specific group for evaluating mortality, as chanc-
es for identification and diagnostic coding errors are lower when
compared to younger age groups (misdiagnosis and/or mask-
ing of the diagnosis with other illnesses that cause wheezing in
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young children, such as bronchiolitis) or to older people, who may
have additional conditions, such as cardiovascular diseases that
cause respiratory symptoms resembling those of asthma. In their
research, Sears and Comino concluded that although the number
of deaths in this age group was low compared to the prevalence of
the disease, diagnostic certainty based on death certificates was
above 90%.[33,34] Some articles have stated that rates for the
population aged 5-34 generally range between 0.5 and 2.0 per
100,000 population[33,37-39] with a female predominance,[40]
and this data coincides with our results.

The greater use of inhaled corticoids has helped reduce mortality
and may explain the new trend in declining mortality rates.[39] In
Cuba, in the early 1990s, Varona and Bonet identified low educa-
tional level, underestimation of the dangers of asthma, asthma at-
tack in the preceding 15 days, and overuse of bronchodilator spray
(8 times a day or more) as the primary factors associated with mor-
tality (Varona P, Bonet M. Factores asociados a la mortalidad por
asma en Cuba, 1991-1992; unpublished data). More recent studies
in Cuba have found other factors associated with pediatric mortality,
such as lack of knowledge about the disease among patients and
their relatives, emotional factors (fear and anxiety), and low use of
inhaled steroids (such as beclomethasone), which contribute to pa-
tients’ vulnerability.[35,41,42] These factors have also been found in
studies conducted in other parts of the world.[43,44]

The mortality rate for the population aged >35 years — includ-
ing the elderly (= 60 years) — was found to be higher than in
the 5-34 age group. Several international publications[14,29]
have proposed that asthma among the elderly is usually asso-
ciated with other diseases of aging and is therefore frequently
underdiagnosed and inadequately treated, particularly in terms
of insufficient use of anti-inflammatory drugs, which may explain
the higher mortality among this group. Consequently, it should
be emphasized that establishing asthma as the cause of death
among this group is the least reliable data from an epidemio-
logical standpoint. Moreover, asthma may be confused with other
cardio-respiratory diseases, and this data may artificially raise
mortality rates.[6] Increased asthma mortality in this age group in
Cuba has not been studied in depth, but we have found that this
has occurred in other parts of the world in recent years.[14,43]

Years of potential life lost (YPLL)

The World Health Organization (WHO) estimates that asthma
causes 15 million years of potential life lost (YPLL) globally per
year and accounts for 1% of the total global burden of disease.[1]
This indicator varies by geographic region (USA 0.9; Latin Amer-
ica and the Caribbean 1.1; Sub-Saharan Africa 0.6).[44] In Cuba,
the negative impact of YPLL is consistently greater on women
than on men; yet, Cuba ranks among the countries with low dis-
ability-adjusted YPLL, which may be explained by our consistent
effort to diagnose, treat (81-95% access to drugs), and monitor
our population affected by asthma.[36]

Months and seasons of highest asthma mortality

Analysis of seasonal changes in asthma mortality is useful for de-
veloping prevention strategies. Some international studies have
shown that asthma deaths and hospitalizations follow a seasonal
trend, which varies by age group.[14] These studies have report-
ed that mortality among young (5-44 years) asthmatic patients
peaks during the summer months, whereas hospitalizations for

the same group are highest in the winter.[14] These deaths could
be interpreted as the result of reduced monitoring of patients,
changes in their routines, and reduced access to medical care. A
different pattern is observed in elderly persons, with higher rates
for mortality and hospitalization during the winter months.[14]

During the period analyzed in this study, the majority of asthma
deaths occurred during the Cuban dry season (November-April).
These findings coincide with the results of studies conducted in
countries with similar climatic conditions, such as Brazil,[16] South
Africa,[45] and Japan.[46] Several authors have suggested a possi-
ble link between climate and a higher incidence of respiratory infec-
tions that can trigger potentially serious asthma attacks.[14,47,48]
Approximately 60% of such attacks are thus found to have been
preceded by a viral infection, most commonly a rhinovirus.[48]

Some authors also refer to high concentrations of environ-
mental fungi (Alternaria, Cladosporium, Penicillium and
Aspergillus, among others) in winter as a trigger. These fungi
are potent allergens whose spores or other elements provoke
allergic reactions, such as asthma, and are also found at un-
usually high levels (98%) in the homes of asthmatic children
and adults.[49,50] The presence of these fungi, coupled with
inadequate medication and delays in seeking emergency
care,[41,42] aggravate the patient’s condition, making a fatal
outcome more likely.

We believe that another factor triggering asthmatic attacks during
the winter months is precisely the direct effect of cold, dry air on
the bronchial tree of an asthma patient during physical exertion,
i.e., bronchoconstriction. Some studies have found this factor
triggered attacks in up to 67.3% of asthmatic subjects.[51]

Asthma mortality risk

To our knowledge, asthma mortality in Cuba has not been ana-
lyzed using the smoothed standardized mortality ratio, which
may explain differences in the interpretation and spatial geo-
graphic representation of the data. Several risk factors studied
in the Cuban population (but not analyzed in this study) would
indicate certain spatial geographic behavior patterns of asthma
mortality, including psychological[42,52,54] and social fac-
tors, indoor air pollutants (tobacco smoke exposure with a 30%
prevalence),[46,52] and outdoor air pollutants (hazardous levels
of -10 um suspended particulate matter with an annual mean of
61.2 ug/m?®).[19,20,53]

Data from the Commission for Environmental Cooperation (CEC),
in association with the public health organizations and governments
of Canada, the United States and Mexico, show increasing levels
of childhood asthma throughout the region as a result of outdoor
air pollution, such as low-level ozone and suspended particulates,
which are an ongoing problem in the three countries.[55]

It should be remembered that climate changes are among the
factors that trigger asthma attacks.[15-17,55,56] Studies done in
Havana City found that, regardless of asthma type (intrinsic or
extrinsic), an increase in asthma attacks was closely related to
meteorological factors (weather-sensitive individuals).[5]

Judging from our results, aggravated asthma associated with
higher risk of mortality exists in areas of Cuba with low mean
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effective temperature, low atmospheric pressure, cloudier
skies, and more rainy days in the dry season (Havana Prov-
ince, Havana City, Camagiiey, Las Tunas and Holguin). Al-
though the Isle of Youth is also considered a high-risk location,
mortality there is likely conditioned by factors unrelated to cli-
mate, particularly frequency of steroid use, asthma therapy be-
tween attacks, education of asthma patients and their families,
and quality of medical care; the latter two identified as risk
factors for asthma outcomes in a 2007 study in Camagliey

province.[57]

Our study in Cuba has corroborated the findings of various au-
thors about the relationship between regional climate differences
and increased rates of asthma mortality.[8,17,55,58-60]

CONCLUSIONS

Asthma mortality rates in Cuba are not alarmingly high and are
expected to remain stable in coming years. Unfavorable meteo-
rological variables in some geographic areas of the island may
lead to fatal outcomes for some asthma patients but are not the
only factors determining mortality from this disease. Preventive
measures must be continued, particularly with asthmatic women,
who suffer excess mortality from the disease. Improved follow-up
of patients suffering acute asthma attacks and severe asthma is

needed, given the high risk of death under unfavorable climatic
conditions. Further study of other risk factors determining asthma

mortality. A

mortality is recommended, as well as development of prevention
strategies that take into account the seasonal nature of asthma
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