
Review article

Asthma in Latin America: a public heath challenge and research

opportunity

The prevalence of asthma has increased more than 10-fold
in many affluent societies since the 1960s (1–3). This trend
has affected children in particular and asthma is now the
most common chronic disease of childhood in many
countries (4). A recent international epidemiological
study, ISAAC (the International Study of Asthma and
Allergies in Childhood), has provided evidence that this
trend may have reached a plateau in many industrialized
countries (5). A striking observation from the early ISAAC
studies was the high prevalence of asthma symptoms
reported from some countries in Latin America that was as
high as reported from known high prevalence countries
such as the UK, Australia, and New Zealand (5, 6).
Asthma is a heterogeneous condition and is the final

presentation of different aetiologies and pathways that
are associated with diverse and complex genetic back-
grounds (7). Asthma in Latin America is considered to be
a disease of an urban environment in which there are
extreme social inequalities with the majority of the
population living in poverty and lacking access to basic
infrastructure. The few studies conducted in rural areas of
Latin America suggest that rural populations are for

unknown reasons protected against asthma, having a
lower prevalence of allergy (8) and asthma (9, 10). Two
important demographic processes are likely to drive the
asthma epidemic in Latin America over the next 50 years,
urbanization and rural–urban migration. Both continue
to occur at a rapid rate and are fuelled by high fertility,
widespread social and economic changes, and the �urban-
ization� of the rural environment.

Asthma in countries such as Brazil is an important
cause of morbidity and mortality and is a significant drain
on health resources (11), but data to quantify the public
health impact of asthma are scarce in many Latin
American countries. Both the prevalence and morbid
consequences of asthma are likely to be highly variable
between Latin American countries. The study of asthma
and allergy in Latin America offers important opportu-
nities and challenges for research: the identification of
risk and protective factors among populations with
extremes of disease prevalence, and the investigation of
gene–environment interactions for asthma in populations
with a high degree of genetic admixture. Further, the
large numbers of severe asthmatics present in urban
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centres will provide new opportunities for aetiological
and therapeutic research (12, 13).

Epidemiology of asthma in Latin America

Before ISAAC, available data on asthma prevalence and
morbidity in Latin America was limited (14). Estimates of
asthma prevalence were highly variable and ranged from
0.4% in Peru (15) to 19.1% in Brazil (16). ISAAC, by
using standardized methodologies, has permitted reason-
ably reliable comparisons of the prevalence of asthma
symptoms between and within countries. The ISAAC
Phase I studies, that evaluated child-completed question-
naires of allergy symptoms among children aged 6–7 years
and 13–14 years, included 17 centres from nine countries
in Latin America (Table 1) (6). Phase I data must be
interpreted with caution because of limited validation and
important issues with respect to the reliability of child-
completed questionnaires, although the results of video

questionnaires were broadly similar in the few Latin
American centres where these were performed (6). Overall,
the Phase I data from Latin America estimated the
prevalence of recent wheeze, exercise-induced broncho-
spasm, and severe episodes of wheezing to be 16.9%,
19.3%, and 4.6%, respectively, for children aged 13–
14 years (17). There were striking differences in asthma
symptom prevalence between different countries (Ta-
ble 1). For example, the prevalence of asthma ever and
wheezing in the previous 12 months among adolescents
aged 13–14 years ranged 6–28% and 7–27% and among
children aged 6–7 years ranged 4–27% and 9–32%,
respectively. The prevalence of asthma symptoms was
high in Latin American countries in children of both age
groups. Among 13–14 year olds, the prevalence of recent
wheeze was greater than 15% (upper quartile of 56
participating countries worldwide) in Peru, Costa Rica,
Brazil, Paraguay, Uruguay, and Panama. The prevalence
of recent wheeze was lower (<10% or below median for
countries) in Argentina, Chile, and Mexico.

Table 1. Prevalence of recent wheeze (within the previous 12 months) among school children participating in the ISAAC studies in Latin America

Country (centres)

ISAAC Phase I (13–14 year olds) ISAAC Phase II (8–12 year olds) ISAAC Phase III (13–14 year olds)

N
Wheeze

(12 months) (%) N
Wheeze

(12 months) (%) N
Wheeze

(12 months) (%)

Argentina
Buenos Aires 2996 9.9 – – – –
Cordoba – – – – 3445 13.6 (+0.48)
Rosario 3008 11.8 – – – –

Brazil
Curitiba 3008 18.4 – – 3628 18.9 (+0.09)
Porto Alegre 3198 24.7 – – 3008 18.2 ()0.72)
Recife 3086 19.7 – – 2865 19.1 ()0.07)
Salvador 3119 27.1 – – 3022 24.6 ()0.33)
Sao Paulo 3008 23.3 – – 3161 18.7 ()0.65)
Uruguaiana – – 1971 25.6 – –

Chile
Central Santiago
Punta Arenas 3482 6.8 – – 3044 13.6 (+0.83)
South Santiago 3231 11.1 – – 3026 17.0 (+0.98)
Valdivia 3231 11.5 – – 3105 16.0 (+0.63)

Costa Rica
Costa Rica 3200 23.7 – – 2436 27.3 (+0.46)

Ecuador
Pichincha – – 894 0.8 – –

Mexico
Cuernavaca 3102 6.6 – – 1431 11.6 (+0.63)

Panama
David 2885 17.6 – – 3183 22.9 (+0.88)

Paraguay
Asuncion 2996 19.4 – – 3000 20.9 (+0.31)

Peru
Lima 3158 26.0 – – 3022 19.6 ()1.06)

Uruguay
Montevideo 3072 19.0 – – 3177 17.9 ()0.13)

Overall 52 549 16.9 44 550 18.8 (+0.32)

Phase III study shows change in prevalence per year between Phase I and III studies (brackets). Data is from references 5, 19, and 81.
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The ISAAC Phase II study, using the same core allergy
symptom questions, evaluated the prevalence of asthma
symptoms among children aged 8–12 years by parental
questionnaire in two centres in Latin America (Table 1):
Brazil (Uruguaiana) and Ecuador (rural Pichincha Prov-
ince), and suggested there may be large differences in
asthma symptomprevalence betweenurban and rural areas
– the prevalence of recentwheezewas 25.6% inUruguaiana
and 0.8% in rural Ecuador (18). Similarly, low rates of
recent wheeze (3.3%) obtained by an ISAAC-based ques-
tionnaire were reported among children aged 4–6 years
living in rural highland communities in Guatamala (10).
The ISAAC Phase III study repeated the child-

completed questionnaires of Phase I in 66 centres in 37
countries worldwide after a period of 5–10 years to assess
time trends in asthma prevalence (5). Overall, there was
little average change in the prevalence of asthma symp-
toms in the participating centres (19). The prevalence of
asthma symptoms did not appear to alter in countries
that had a high prevalence of recent wheeze during the
first survey (e.g. the UK), but rose in many centres of low
or intermediate prevalence (5). Latin American countries
provided data from seven centres in five countries for the
6–7 year age group and from 15 centres in nine countries
for the 13–14 year group (Table 1). The time between
surveys was 6–8 years. In the 6–7 year age group, the
prevalence of recent wheeze rose in Costa Rica and
Brazil; was unchanged in Mexico, Panama, and two of
three centres in Chile; and fell in one centre in Chile. In
the 13–14 year age group, the prevalence of recent wheeze
rose in Mexico, Costa Rica, Panama, all three centres in
Chile, and Argentina; was unchanged in three of five
centres in Brazil, Paraguay, and Uruguay; and fell in
Peru, and two of five centres in Brazil (Table 1). Overall,
the only high prevalence centre at the first survey to have
an increase in asthma symptom prevalence at the second
survey was Costa Rica (increase from 32.1% to 37.6% in
6–7 year olds, 23.7% to 27.3% in 13–14 year olds). The
decline in asthma symptom prevalence in high prevalence
centres in Latin America may indicate that the prevalence
of asthma has reached a plateau. The increases in low and
intermediate prevalence centres raise the concern that
asthma prevalence and morbidity will continues to
increase in these areas.
The prevalence of asthma appears to be highly variable

among Hispanic populations resident in the United
States – Mexican Americans have the lowest and Puerto
Ricans the highest rates (20). The prevalence of lifetime
or current asthma (19.6% and 11.5%, respectively)
among adults living in Puerto Rico was the highest
reported of all US states or territories (21).

Asthma morbidity and mortality

Asthma in Latin America is associated with significant
morbidity. The high asthma prevalence rates in the

ISAAC Phase I studies indicate significant morbidity in
children and teenagers in Latin America (6, 22). The
Asthma insights and Reality in Latin America (AIRLA)
survey assessed asthma treatment and control among a
large sample of asthma patients in seven Latin American
countries (23). The survey provided evidence for a high
level of patient morbidity and a high reliance on the use
of emergency health services. Overall, only 2.4% of
patients met all GINA (the Global Initiative for Asthma)
criteria for optimal asthma control, and the reasons for
this were a poor recognition of uncontrolled asthma,
under-use of appropriate medications, inadequate patient
education and lung function monitoring, and low patient
expectations. More than 56% of patients in the survey
reported daytime symptoms at least once per week, 45%
were awakened by symptoms at night at least once per
week, and more than half had been hospitalized or had
used emergency care in the previous 12 months. A
population survey conducted in six cities in Colombia
indicated high rates of emergency department visits or
hospitalization among asthmatics (24).

In parallel with the high prevalence of asthma, there is
evidence for rising trends in asthma mortality in some
Latin American countries. In Brazil, mortality rates rose
in the 5–19 year age group over the period 1970 to 1992
and this age group had the highest asthma mortality (14),
although later studies indicate that mortality rates in
Southern Brazil peaked in the mid nineties and have
declined since (25). Official health statistics in Brazil
estimated a mortality rate from asthma of 1.5 deaths per
1000 inhabitants during the 1990s (14) that is between
two and 10 times greater than that reported in the
developed world (26).

Risk factors for asthma

Urbanization and modernization

The processes of urbanization and modernization are
having profound effects throughout Latin America. Both
processes occur hand in hand and reflect the processes of
social and economic development, and the adoption of a
modern lifestyle. Urban populations are growing rapidly
in Latin America, and already 64% of the population of
Latin America is estimated to live in urban areas, a
proportion similar to that of Europe (73%) and North
America (75%) (27). Urbanization has a profound effect
on people�s living conditions and health status and rapid
urbanization has strained the capacity of local and
national governments to provide basic services (e.g.
sewage, water, electricity, etc.). The process of urbaniza-
tion affects also the rural environment (�urban sprawl�) in
which there have been rapid changes to the natural
environment (soil being replaced by concrete and
asphalt), to housing and social networks, as well as on
work and employment patterns. Urbanization feeds also
rural–urban migration that may be a consequence of
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searching for a better life, of social conflict, or of
environmental degradation that limits the population
that agricultural land can support.
Urbanization has been linked to asthma risk (28). The

specific factors that contribute to this risk are not clear
but may include changes in diet and physical activity,
infectious disease and microbial exposures, increased
exposure to antibiotics and vaccines, allergen exposures
(both type and intensity), exposure to indoor irritants
(e.g. formaldehyde derivatives in plastics), the effects of
industrial and motor vehicle pollution, and psychosocial
stressors including violence (29). It is possible also that
urban populations are becoming more susceptible to the
development of asthma (30). Large differences in asthma
prevalence have been reported from urban and rural
areas in Africa (31, 32) and Asia (33) with a much higher
prevalence of asthma reported in urban compared to
rural populations in some studies. Some recent studies
suggest that the gradient in asthma prevalence between
urban and rural populations in Africa is becoming less
marked (31), and may be a consequence of the processes
of urbanization and modernization extending into many
rural environments. There is little or no data from Latin
America on the effects of urbanization on asthma risk.

Migration

Several studies have examined the effects on asthma of
migration from low to high asthma prevalence countries
and indicate that birth in a low asthma prevalence
country provides some protection after migration to a
high prevalence country, but that the protection may
decline with time of residence in the new environment
(34). Hispanics living in the United States are considered
to be at high risk of asthma and asthma-related morbid-
ity. Data collected through national surveys in the US of
Mexican Americans (MA) showed that Mexican-born
MA children had lower rates of asthma compared to
American born MA children (35, 36), and that the
prevalence of asthma in Mexican-born adults with fewer
than 10 years of residence in US was half the asthma
prevalence of Mexican-born adults living in the US for 10
or more years (36). A study conducted in Sweden among
native Swedes and immigrants showed that immigrants
living in Sweden for less than 10.5 years had low levels of
IgE and less specific allergy than natives but after more
than 10.5 years of residence the IgE levels and specific
allergy were similar to that of natives (37). These data
support the importance of both place of birth and also
length of residence in determining asthma risk among
migrants.
A few studies in Europe (38, 39) and Asia (40) have

examined migration within a country, and have provided
evidence that birth and residence in a rural environment is
protective against atopic disease, but that this protection
may be lost or decreases after migration to a town in
adulthood. These observations indicate that the protec-

tion afforded in environments of low asthma risk may not
strictly limited to a time window in early life but rather
may persist through adolescence and adulthood, and be
dependent on the continuous presence of protective
exposures.

Migration of populations from rural to urban areas
within a country is likely to be associated with changes in
many lifestyle and environmental exposures. In develop-
ing countries in Latin America such as Ecuador, migrant
populations can be distinguished by the period of
residence in an urban environment. Recent rural migrants
tend to settle at the periphery of a city and bring with
them social behaviours and lifestyle choices from their
rural environment. Recent migrants may �ruralize� their
urban environment and live a lifestyle that, apart from
restrictions of space, may change relatively little – for
example, they may live in wood/bamboo houses (Fig. 1),
have the same diet, raise animals, and maintain intimate
contact with the soil. More established migrants
(migrants and offspring of migrant parents) adopt a
more urban lifestyle, eat a more urban diet, live in
concrete houses, and reside in asphalt and concrete
neighbourhoods (Fig. 1). The urban lifestyle may include
changes in exposures to pets, infectious diseases and
hygiene behaviours, activity levels, and smoking. The
risks of asthma may differ between recent and established
migrant populations depending on the important risk
exposures that are prevalent, and is an area of active
research (41).

Atopy

Atopy is considered to be an important risk factor for
asthma in developed societies (42–46), although a number
of studies indicate that a quarter to half of asthma may
actually be attributable to allergic sensitization in popu-
lation-based studies (47–49). The ISAAC Phase II study
examined the association between allergen skin test
reactivity (a proxy for allergic sensitization) and symp-
toms of recent wheeze in 32 study centres in 22 countries
worldwide and showed that the fraction of current
wheeze attributable to atopic sensitization varied enor-
mously from 0% in Turkey (Ankara) to 94% in China
(Guangzhou) (18). Very little wheeze from the two Latin
American centres was attributable to allergen skin test
reactivity (11% in both Ecuador and Brazil). Stratifica-
tion of study centres into affluent and nonaffluent
countries showed that a higher fraction of recent wheeze
was attributable to atopy in affluent (41%) compared to
nonaffluent countries (20%). Therefore, by far the
majority of asthma observed in Latin America is likely
to be nonatopic, although there is some evidence that
more severe disease is more likely to be associated with
atopy (23, 50).

It is not clear if atopy is causally related to the
deterioration of lung function and increased bronchial
hyper-reactivity in asthma (51). Atopic sensitization is
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likely to contribute to airways inflammation and asthma
symptoms (3, 52–54) but so can many other perennial
inflammatory exposures such as environmental pollu-
tants, and respiratory viral infections, that may be intense
in the overcrowded slums of urban Latin America (50, 55,
56). The disassociation between asthma symptoms and
atopy (9, 50, 55, 57), and the large variations in atopy
prevalence between different populations (18), makes it
unlikely that temporal increases in allergic sensitization
are responsible for the high prevalence of asthma in Latin
America.
A striking observation from epidemiological studies of

school-age children in Latin America has been the high
proportion of bronchial hyper-reactivity among non-
asthmatics – 53% in Chile (55) and 40% in Costa Rica
(58) – and may suggest that asymptomatic bronchial
hyper-reactivity is widespread in the �aggressive� (55) pro-
inflammatory environment that characterizes the urban
slums of Latin America.

Poverty and socioeconomic inequalities

Rural residence has been consistently identified as the
strongest protective factor against asthma in epidemio-
logical studies conducted in Europe (59, 60), Africa (31,
32, 61), and Asia (33) and rural residence appears to be
protective against asthma in Latin America (9, 10). Rural
residence is associated with a large number of environ-

mental factors including lifestyle, diet, and poor hygiene
(e.g. microbial and helminth exposures). Many of the
putative protective factors are associated with poverty
(e.g. microbial exposures and exposure to farm animals).
There is evidence that some factors associated with rural
poverty such as household crowding, lack of access to a
latrine, helminth infections, and socioeconomic level are
protective against atopy in rural Ecuador (62) and Brazil
(63), but currently no evidence that rural �poverty� is
protective against asthma. Because of the low prevalence
of asthma symptoms in rural populations, very large
epidemiological studies will be required to address this
question adequately.

Paradoxically, poverty appears to be an important risk
factor for asthma in urban centres in Latin America (20,
50, 53, 64–66). This is perhaps not unexpected – epide-
miological studies conducted in developed countries have
shown similar associations (47, 67, 68). Interestingly,
although asthma is an important health problem of
children living in inner cities in the US (69), the risk
of asthma in inner city populations may be independent
of ethnicity and income (70). Poverty is a complex social
and economic condition and it is not easy to disentangle
the effects of the many associated environmental and
lifestyle factors that mediate the effect on asthma (66).
Poverty at the individual level is associated with a number
of known risk factors for asthma – smoking, high indoor
and outdoor pollution, low birth weight and preterm

A B

C D

Figure 1. Rural–urban migration in Ecuador. The photographs illustrate changes in the living conditions and environment of Afro-
Ecuadorians who have migrated to urban areas from rural communities in Ecuador. The original Afro-Ecuadorian population lives in
traditional communities in a rain forest area of Esmeraldas Province (photographs A and B) and large numbers have migrated to
Guayaquil over the past 20 years. Recent migrants tend to settle at the periphery of the city and live a ruralized lifestyle (photograph
C). More established (photograph D) migrants acquire a more urban lifestyle and living conditions.
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delivery, diet, and ethnicity. At the neighbourhood level,
poverty may contribute to asthma risk through lack of
good quality potable water, sewer systems, and waste
collection and disposal. Poverty is also associated with
poor access to and the under-use of health resources and
with under-treatment that may contribute to the high
prevalence of asthma and high levels of asthma morbidity
reported from some urban centres of Latin America (13).
There is evidence from Europe that the relationship

between poverty and asthma has changed over time. For
example, a study in Sweden showed that conscripts of low
socioeconomic status (SES) had a lower prevalence of
asthma in an earlier cohort, but in a later cohort the low
SES group had the highest prevalence, showing a reversal
of the association with successive generations (71). A
study in Germany showed that although the prevalence of
asthma was higher among parents of high SES children,
the same association of SES and asthma in children was
not observed (72). Such observations indicate SES per se
may not be causal for asthma, but that the effect is
mediated by a complex set of factors that differ across
different SES levels, and these factors have changed over
time.
The �poverty� factors associated with increased asthma

risk in Latin America may include ethnicity and low
maternal educational level (14). An ecologic analysis of
socioeconomic factors associated with the prevalence of
asthma using data from 20 cities in Brazil, showed
positive associations with poor sanitation, infant mortal-
ity, GINI index (a measure of inequality), and all cause
mortality (65). Surprisingly, the same study showed
higher illiteracy rates were associated with less asthma,
although this could reflect a reduced asthma risk among
more recent rural migrants.

The indoor and outdoor environment

Latin America includes countries with very different
climates, living conditions, and levels of industrialization
and pollution. Pollution, both industrial and motor
vehicle, is an important problem in many cities in Latin
America where there are limited or no restrictions on
emissions. Currently, there is limited data on the effects of
pollution on asthma risk from Latin America (20), and
data of the effects of outdoor air pollution in asthma
causality from developed countries are controversial (73),
although it has been associated with acute reductions in
lung function in asthmatics (74). Regression modelling of
the effects of air pollution on respiratory morbidity
indicated important effects on hospitalizations due to
asthma in Sao Paulo, Brazil (75). Further, an analysis of
the health impact of air pollution estimated that the
control of air pollution in Mexico City (Mexico), Santi-
ago (Chile), and Sao Paulo could prevent over 150 000
deaths and four million asthma attacks over a period of
20 years (76). In the highly polluted environment of
Mexico City, exposure to ozone was associated with

impaired lung function and respiratory symptoms (77).
Asthma prevalence was lower in some of the ISAAC
Phase I centres in Latin America with high levels of air
pollution compared to those with much lower levels of air
pollution (17, 78), and is consistent with the observation
of a lower prevalence of asthma in a polluted area of East
Germany compared to a cleaner area in West Germany
(79). Current evidence, therefore, does not provide strong
support for a causal association between atmospheric
pollution and asthma, although some pollutants may
trigger asthma exacerbations (80).

An impoverished urban environment provides condi-
tions that concentrate different types of indoor allergens
and irritants through household crowding, the use of
carpets, sleeping on foam mattresses, the use of synthetic
pillows and blankets, smoking, and the use of insecticides
and household cleaning products. Asthma may be more
prevalent in urban areas because of increased exposure to
old foes that have been present always (such as indoor
allergens from house dust mites and cockroaches) and
new inhalable irritants (e.g. volatile compounds from
plastics, paint, and other household products) that are
characteristic of modern urban life.

The ISAAC studies showed the highest rates of asthma
prevalence in hot humid equatorial coastal cities in Latin
America (17, 81) that provide ideal breeding conditions for
house dust mites and cockroaches, and exposure to high
levels of indoor allergens may sensitize susceptible indi-
viduals, and cause or exacerbate the airways inflammation
associated with asthma – a high proportion of asthmatics
living in cities in Latin America are sensitized to house dust
mites (82). The high prevalence of asthma in Costa Rica
has been attributed to changes in bedding such as the use
of foam mattresses and pillows that are associated with
very high levels of mite and cockroach allergens (83).

Exposure to second-hand cigarette smoke is likely to be
causally associated with acute lower respiratory tract
infections and childhood asthma (80, 84). Studies con-
ducted in Latin America have provided evidence that
maternal smoking during pregnancy (85) and exposure to
second-hand tobacco smoke (SHS) in infancy (86) is
associated with increased asthma risk. SHS exposure
is currently the only avoidable exposure for which there is
strong evidence of an aetiologic link with asthma, but
epidemiological data on the size of this problem in Latin
America is currently limited (87).

Hygiene

The hygiene hypothesis has tried to explain the temporal
trends in asthma prevalence in terms of reduced infectious
or microbial exposures in early life (60, 88). A large
number of epidemiological studies have investigated the
hypothesis and some have provided evidence in support
(60). For example, the protective effect of farming
observed in a number of studies conducted in Europe
has been associated with endotoxin exposure in stables
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and barns (89), and similar types of microbial exposure
could explain the low prevalence of asthma in rural Latin
America. However, the high prevalence of asthma in
many cities of Latin America, and also inner city areas of
the US, has been taken as strong evidence against the
hygiene hypothesis, because such areas are likely to be
dirty, overcrowded, and unhygienic (3). There is mount-
ing evidence from urban areas of Latin America that
early respiratory viral infections, that are frequent in hot
and humid coastal cities, may be important in the
development of persistent childhood asthma (50, 55).
Helminth infections have been implicated as important

protective infectious exposures (90). Several studies from
areas highly endemic for helminth infections in Latin
America have provided evidence for an inverse associa-
tion between helminth infections and allergen skin test
reactivity (8, 91, 92).
The association between helminth infections and

asthma is less clear. Cross-sectional studies do not suggest
an association between intestinal helminth infections and

recent wheeze (9), although there is some evidence for the
development of a more attenuated form of asthma in
individuals infected with Schistosoma mansoni (93).
However, there is also evidence from other studies that
exposure to intestinal helminth infections may enhance
bronchial hyper-reactivity and asthma severity (50, 54,
94–98) and that anthelmintic treatment of subjects with
asthma may reduce both the number of exacerbations
and the need for medication (94). It is possible that the
effects of helminths on asthma may vary according to
prevalence – temporary infections acquired in areas of
low prevalence may be associated with enhanced bron-
chial hyper-reactivity and asthma symptoms.

The dog helminth parasite, Toxocara canis, is not a
natural infection of humans but may infect humans
wherever dogs defaecate and is widespread in populations
living in both temperate and tropical climates (99).
Toxocara canis infection has been implicated as an
important risk factor for wheeze in preschool children in
a population living in the Amazon region of Brazil (100).

Diet, obesity, and physical activity

Urbanization and the urban lifestyle are likely to be
associated with major changes in diet and physical
activity. The most obvious effect of these changes is the
increase in obesity. Obesity is a major problem in
urbanizing populations in Latin America among both
children and adults (101), and in transitional populations
in Ecuador, for example, may be a probable consequence
of a high volume carbohydrate diet in the absence of
physical exercise. Such a diet may be appropriate for
agricultural labourers but not for a newly sedentary
population living in towns and cities.

Dietary changes may have a role in asthma develop-
ment. It has been hypothesized for example, that
decreasing antioxidant (e.g. fruit and vegetables), in-
creased n-6 polyunsaturated fatty acid (PUFA) (e.g.
margarine and vegetable oil), and decreased n-3 PUFA
(e.g. oily fish) intakes have contributed to recent increases
in asthma prevalence (102). In Latin America there is
evidence of major dietary changes at the population level
in favour of diets thought to be associated with asthma
risk (103), although the potential impact of these changes
on asthma prevalence has not been investigated.

There have been several reports of positive associations
between body mass index and asthma (104, 105). Studies
from Latin America have provided evidence for an
association between elevated BMI and asthma risk in
women (106, 107) and in both genders (108). The
mechanism is not clear but it has been suggested that
changes in physical activity that are associated with
obesity could increase recurrent bronchial obstruction,
which is the hallmark of the syndrome of asthma (109).

Children in urban Latin America spend increasing
periods of time indoors because of changes in leisure
habits (e.g. television and video games), and because of the

Table 2. Risk factors for asthma in Latin America

Urbanization/modernization
Concrete vs soil environment
Migration of rural populations to urban areas

Changes in lifestyle, diet, and physical activity
Industrial and motor vehicle pollution
Exposure to indoor irritants and allergens
Access to health care (asthma diagnosis, vaccines, and antibiotics)
Psychosocial stress

Atopy, but a significant proportion of asthma is nonatopic
Poverty

Rural poverty protects but urban poverty is a risk factor
Factors associated with urban poverty are important such as

Smoking
Indoor and outdoor pollution
Low birth weight
Diet
Ethnicity
Educational level
Access to health care

Indoor and outdoor pollution
Outdoor

Industrial
Motor vehicle
Waste disposal

Indoor
Smoking
Allergens (house dust mite, cockroach, moulds, etc.)
Household cleaning products
Volatile compounds from plastics, paints, etc.

Hygiene
Endotoxin and microbial exposures
Exposures to vaccines and antibiotics
Sanitation and access to clean water
Helminth infections

Diet
Increased consumption of �junk� food
Decreased consumption of fruit and vegetables

Genes
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risk of physical violence outdoors, particularly in lawless
urban slums. Such new leisure habits are likely to be
associated with increase exposure to indoor allergens and
irritants, reduced physical activity, and increased obesity.

Gene–environment interactions

Latin American populations are derived from combina-
tions of African, European, and Amerindian ancestors
and the contribution of each racial group varies greatly
across Latin America. Complex genetic traits are likely to
be strongly linked with asthma phenotypes (7), and the
high degree of genetic admixture of Latin American
populations in combination with the large variations in
environmental exposures may be an important determi-
nant of the large variations in asthma prevalence. The
high degree of genetic admixture makes genetic analyses

of asthma among Hispanic populations more complex
because of genetic confounding (110, 111). Recent devel-
opments arising from the study of Hispanic (or Latino)
populations living in the United States include the use of
ancestry informative markers that estimate and control
for genetic ancestry admixture mapping (110, 112), and
statistical developments that allow for adjustment for
population stratification resulting from genetic admixture
(110, 111).

There is a growing literature on genetic markers for
asthma among Hispanic populations living in the United
States resulting from multicentre, multinational studies
such as GALA (Genetics of Asthma in Latino Ameri-
cans) that is investigating clinical, genetic and environ-
mental risk factors among different Hispanic ethnic
groups (113). However, to date few studies have provided
convincing evidence of associations between asthma

Figure 2. Conceptual framework for environmental and host factors affecting the development of atopic and nonatopic asthma in
Latin America. The figure illustrates how different environmental exposures and genetic susceptibilities may lead to the development of
bronchial hyper-reactivity and asthma symptoms that are associated with or not associated with atopy. The effects of intestinal
infections (such as helminths), crowding, and older siblings may modify the development of asthma through effects on the develop-
ment of allergic inflammation, while other distinct (environmental irritants and respiratory tract infections) or similar (crowding)
exposures may effect the development of asthma through distinct biological mechanisms and genetic factors. Many social and
environmental factors may be involved in determining asthma severity. Risk (+) and protective ()) effects are shown. Arrows pointing
at arrows represent interactions. Urban residence would be expected to increase both atopic and nonatopic asthma through effects on
important environmental exposures (e.g. decreasing helminth infection prevalence, increasing exposure to pollutants, urban diet and
physical inactivity, increased allergen exposure, etc.).
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phenotypes and gene polymorphisms (20). There is
limited data also on gene–gene and gene–environment
interactions in Hispanic populations, and the few studies
that have been conducted have suffered from small
sample sizes and other methodological limitations (20).

Research opportunities

Asthma in Latin America offers important opportunities
for multidisciplinary clinical, epidemiological, and labo-
ratory research. In several countries such as Brazil,
Argentina, and Mexico there is excellent scientific infra-
structure, training, and expertise available, and regional
collaborations can capitalize on these resources. An
example of such a collaboration is SCAALA (Social
Changes, Asthma, and Allergies in Latin America), that is
investigating the causes of asthma development in an
urban cohort in Salvador, Brazil (114) and changes in risk
factors for asthma associated with rural–urban migration
in Ecuador (41). Asthma is emerging as an important

public health problem in the region, and both basic and
clinical research is required now to investigate the causes
and to identify potential preventive strategies.

The investigation of the risk factors associated with
living in an urban environment and protective factors
associated with rural residence may provide important
clues to the causes of the epidemic (Table 2). Important
research opportunities exist also in the investigation of
the influence of urbanization and modernization in the
region because many Latin American countries, and
regions within countries, are at different stages in this
modernization process.

The majority of asthma in Latin America is not
associated with atopy (measured generally by allergen
skin test reactivity) and important differences may
underlie the pathoaetiology of atopic and nonatopic
asthma. Epidemiological research into the causes of
atopic and nonatopic asthma may provide important
insights into the mechanisms underlying different asthma
phenotypes. A conceptual model for the development of
atopic and nonatopic asthma is provided in Fig. 2.

Table 3. Important research questions, methodological issues, and appropriate study designs for the investigation of the causes of asthma in Latin America

Research question/risk factors Methodological issues and challenges Best study designs Specificities of Latin America

Urbanization and modernization Data must be collected in areas at different
levels of urbanization and modernization
to allow for investigation of which individual
and area level factors are associated with
asthma prevalence using hierarchical and
multilevel analyses within conceptual
frameworks

Ecologic
Cross-sectional in

more than one area
Case-control in more

than one area

Diversity of stages of urbanization
and modernization

Atopic/nonatopic asthma All studies must classify asthma phenotypes
by allergen skin test reactivity, or preferably,
presence of specific IgE

All Apparent high proportion of
nonatopic asthma

Influence of in utero and early
life risk factors (e.g. infectious
and microbial exposures)

Studies with collection of data from pregnancy
and outcomes in later life. Expensive and
require long periods of follow-up

Birth cohort Diversity of exposures; good
routine data available in
some countries; research
groups with experience in
conducting large epidemiological
studies; many infections highly
prevalent

Poverty Requires comprehensive and detailed data
collection to explore which aspects of poverty
are causally related to asthma risk. Conceptual
frameworks and hierarchical analyses necessary
because factors are likely to be strongly correlated

Cross-sectional
Case-control
Cohort

High degree of social inequality

Psychosocial factors Necessary to establish temporal sequence to
exclude the possibility of reverse causality
(e.g. what is cause and which is effect in the
association between maternal depression and
asthma?)

Cohort High level of violence in many
urban centres.

Genetics and gene–environment
interactions

Candidate gene and genome wide approaches
to identify genetic determinants and
gene–environment interactions. Requires
well-defined clinical phenotypes, large sample
sizes, and detailed environmental data

Family association
Cross-sectional
Case-control
Cohort

Diverse ancestry (Amerindian,
African, and European) and
diversity of exposures

Indoor and outdoor pollution Limited data on outdoor pollution available for
many urban areas. Expensive and difficult to
measure many indoor exposures
(e.g. formaldehyde)

All Diversity of exposures
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Research is required also on the impact of in utero and
early life exposures on allergy and asthma development in
low-risk rural and high-risk urban environments. Such
studies should be prospective from birth, collect exposure
information from pregnancy, and follow-up should con-
tinue to school age when the presence of asthma can be
more reliably determined. The high risk of asthma in poor
urban populations in Latin America is taken as evidence
against the hygiene hypothesis, but poverty is complex
and future studies should try to distinguish the effects of
different factors associated with poverty and hygiene (66).
Studies conducted in Latin American cities such as
SCAALA-Salvador (114), that combine clinical, epide-
miological, immunological, and social science research,
offer an important opportunity to identify factors that
mediate the biological and social mechanisms that
underlie the development of asthma in Latin America.
A discussion of possible study designs and methodology
for addressing the important research questions into the
causes of asthma in Latin America is provided in Table 3.
Genetic analyses must be integrated within these

studies and the investigation of gene–gene and gene–
environment interactions that mediate asthma in the
highly genetically admixed populations of Latin America
poses a considerable challenge. Such studies will provide
important research opportunities because populations in
Latin America provide enormous diversity in social,
environmental, and genetic factors that are likely to
mediate the large differences in prevalence observed, and
the study of such populations is likely to provide
important insights into the causes of asthma.

Conclusion

Asthma is highly prevalent and an important cause of
morbidity in many Latin American countries, and is
emerging as a public health problem in others. The
ISAAC studies have provided evidence that the preva-
lence of asthma in Latin America is as high as observed in
traditional high prevalence �English-speaking� countries,

but that the prevalence is highly variable between and
within countries. Asthma in Latin America is a disease
that affects particularly the urban poor and may be
relatively rare in rural populations. Unknown biological
and social mechanisms are likely to underlie the epidemic
of asthma in Latin America. The risk factors for asthma
in Latin America include the processes of urbanization,
and rural–urban migration, and the changes in lifestyle
and environmental exposures that accompany these
processes. Understanding how such exposures may
increase or decrease asthma risk will be an important
step towards identifying potentially useful public health
interventions. A high proportion of asthma in Latin
America is not associated with allergen skin test reactiv-
ity, however it is likely that exposure to indoor allergens
as well as other indoor and external irritants contribute to
airway inflammation and asthma symptoms. Because of
the high prevalence of asthma in poor urban populations,
it has been suggested that hygiene factors are unlikely to
be important, but further research in this area is required.
An important research opportunity in Latin America is
the investigation of the causes of asthma in high- and
low-risk populations to identify potential protective
factors and avoidable risk factors that could be used to
design new interventions.
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17. Mallol J, Solé D, Asher I, Clayton T,
Stein R, Soto-Quiroz M. Prevalence of
asthma symptoms in Latin America: the
International Study of asthma and
allergies in childhood (ISAAC). Pediatr
Pulmonol 2000;30:439–444.

18. Weinmayr G, Weiland SK, Björkstén B,
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