
International study of wheezing in infants:
risk factors in affluent and non-affluent
countries during the first year of life

Wheezing is one of the most common respiratory
causes of medical consultation and hospital
admission during the first years of life, thus
having a large economic impact. Although
depending on the particular country, study
design, and year, rates may differ; at least one
episode of wheezing has been described in 25%
(Australia) (1) or in 45% (USA) (2) of children
during their first year. A study from New
Zealand (3) reported a prevalence of 39% during
the first 15 months of life. In children up to the
age of 2 yr, a Dutch study found a prevalence of

30%. Other studies including older children have
found prevalence rates from 22% to 42% (4–6).
Recurrent wheezing (RW), which is usually

defined as three or more episodes of this condi-
tion in the previous year, is also quite frequent,
accounting for 22% in one study (4) and 12% in
another one (1). Additionally, this condition
provokes a significant impairment of the quality
of life of affected infants and their families (7).
When RW occurs during the first year of life, it
can cause great concern to parents and represents
a treatment challenge for health personnel. Risk
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Risk factors for wheezing during the first year of life (a major cause of
respiratory morbidity worldwide) are poorly known in non-affluent
countries. We studied and compared risk factors in infants living in
affluent and non-affluent areas of the world. A population-based study
was carried out in random samples of infants from centres in Latin
America (LA) and Europe (EU). Parents answered validated ques-
tionnaires referring to the first year of their infant�s life during routine
health visits. Wheezing was stratified into occasional (1–2 episodes,
OW) and recurrent (3 + episodes, RW). Among the 28687 infants
included, the most important independent risk factors for OW and RW
(both in LA and in EU) were having a cold during the first 3 months of
life [OR for RW 3.12 (2.60–3.78) and 3.15 (2.51–3.97); population
attributable fraction (PAF) 25.0% and 23.7%]; and attending nursery
school [OR for RW 2.50 (2.04–3.08) and 3.09 (2.04–4.67); PAF 7.4%
and 20.3%]. Other risk factors were as follows: male gender, smoking
during pregnancy, family history of asthma/rhinitis, and infant eczema.
Breast feeding for >3 months protected from RW [OR 0.8 (0.71–0.89)
in LA and 0.77 (0.63–0.93) in EU]. University studies of mother pro-
tected only in LA [OR for OW 0.85 (0.76–0.95) and for RW 0.80 (0.70–
0.90)]. Although most risk factors for wheezing are common in LA and
EU; their public health impact may be quite different. Avoiding nursery
schools and smoking in pregnancy, breastfeeding babies >3 months,
and improving mother�s education would have a substantial impact in
lowering its prevalence worldwide.
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factors for RW during the first year of life may
vary between localities with different environ-
mental and developmental conditions (8, 9), as
occurs globally for asthma in older children and
adults (10–13).
RW in infancy has been reported to be

associated with several genetic and environmen-
tal factors such as asthmatic heredity, male
gender, perinatal tobacco smoke exposure,
respiratory infections by common viruses, pre-
term birth, housing conditions, indoor air qual-
ity, outdoor air pollution, mould stains on
household walls, and obesity (2, 3, 6, 14–20).
Regarding protective factors, breast feeding is
by far the more consistently reported one (1,
21).
At present, interpretations of the results of

studies related to risk/protective factors of RW
during the first year of life are rather difficult,
mainly because studies include children from 1 to
5 yr and most of them are not population-based,
often reporting findings on infants at high
asthma risk. Moreover, with exceptions, studies
have been undertaken in affluent countries. To
the best of our knowledge, there is no informa-
tion, obtained with standardized methods and
validated questionnaires, on the potential differ-
ences and variations of risk factors for RW
during the first year of life between and within
affluent and non-affluent areas.
This study describes and compares the risk

factors for RW, exclusively during the first year
of life, and using the standardized methods (22,
23) of the ‘‘Estudio Internacional de Sibilancias
en Lactantes’’ (EISL) (International Study of
Wheezing in Infants), in a large sample of infants
from centres in Latin America, Spain, and the
Netherlands. Additionally, it explores the possi-
bility that the risk factors for RW may be
different for a less frequent form of wheeze.

Methods

The EISL is a multicentre, cross-sectional, inter-
national, population-based study which is carried
out using standardized methods and a validated
questionnaire (22–24) based on that of the
International Study of Asthma and Allergies
in Childhood (ISAAC) (http://isaac.auckland.
ac.nz). It includes questions on wheezing during
the first year of life and also on risk/protective
factors, such as gender, family history of asthma
and allergic diseases, personal history of eczema,
smoking habits in the mother, nursery school
attendance, breast feeding, number of siblings
and persons living in the same house, mother�s
level of education, and pet ownership.

Subjects and sampling frame

All the primary care health clinics, either urban
or rural, where infants attend for growth/devel-
opment monitoring and/or vaccine administra-
tion, according to the national public health
programmes in each country, and located in the
geographical area corresponding to an EISL
centre, were considered for recruiting infants.
The recruitment period extended from January
2005 to January 2007. Parents or guardians were
invited to complete the questionnaire when
infants were brought for a scheduled vaccine
administration or a preventive health care visit
around the age of 1 yr, emphasizing that ques-
tions were related to events which occurred
during the first 12 months of life of their
children. Field workers and/or nurses working
at the health centres were at parents� disposal if
they needed help for writing and/or reading
questionnaires, though they were instructed just
to read and not to make interpretations of
questions to avoid directing answers. Samples
of at least 1000 infants – enough to significantly
detect a difference in the prevalence of RW of 5%
between two centres, one of them having around
20% (9), with a confidence level of 95% and a
power of 80% – were required from participating
centres.

Definitions

Wheezing was defined as a positive answer to
the question: ‘‘Has your child had wheezing or
whistling in the chest during the first 12 months
of his/her life?’’ which was previously validated
in the main languages of the study (Spanish and
Portuguese) (22–24). The Dutch questionnaire
was translated from Spanish to Dutch and then
back translated into Spanish, following the
ISAAC methods (25). RW was defined as three
or more parent-reported episodes of wheezing
during the first year of life. One or two
wheezing episodes was termed occasional
wheeze (OW).
Parental asthma and parental rhinitis was

defined as father and/or mother having the
disease as reported by them. Infant eczema was
reported by parents when answering the ques-
tion: ‘‘Has your child had an itchy rash which
was coming and going in any area of his/her
body, except around the eyes and nose, and the
diaper area, during his/her first 12 months of
life?’’ Common colds were also reported by
parents when asked if their babies had had
‘‘short episodes of cold with runny nose, sneez-
ing, nasal obstruction, mild cough, with or
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without mild fever’’. Additionally, parents were
asked about mother smoking during the child�s
pregnancy (yes/no); infant attending nursery
school during the first year of life (yes/no);
exclusive breast feeding (more than 3 vs. 3 or
less months); number of siblings, number of
persons living in the same household, existence of
mould stains on its walls and presence of pets, at
the time the questionnaire was taken; maximum
study level achieved by the mother (primary/
secondary vs. university); and ethnicity (Cauca-
sian vs. Afro-American).

Data analysis

Descriptive statistics (spss v10 software (Chi-
cago, IL, USA) was employed to show the
prevalence of the main outcome variables
together with that of risk factors in the different
centres, and to explore potential differences
between the LA and EU centres. The crude
association between risk factors and outcome
variables (OW and RW) was assessed by means
of the odds ratio (OR) and 95% confidence
intervals (95% CI). Adjusted odds ratios (aOR)
and 95% CI were calculated by means of
multivariate logistic regression, using general-
ized linear models with a binomial distribution
and logistic link, with all risk/protective factors
as independent variables, and OW and RW as
dependent variables (Stata v7, College Station,
TX, USA). Those regressions were calculated
for each centre. Ethnicity was only included in
those centres with at least 5% of the individuals
being of Afro-American origin. Summary OR
and aOR with 95% CI were calculated using the
meta-analysis approach with random effects to
allow for the weight of the centre (26) (Com-
prehensive Meta-Analysis v2; Biostat, Engle-
wood, NJ, USA). As a way of comparing the
impact of a given risk factor between LA and
EU where the prevalence of those risk factors
may be different, their population attributable
fraction (PAF) were used. There are calculated
according to the maximum likelihood, estimated
from logistic regressions (27) in LA and EU
independently (Stata v7) after a logistic regres-
sion model in which all subjects of LA and EU
were separately included in the analysis. This
was performed only for RW as dependent
variable – as this is the really worrisome
condition which had the strongest associations
with the risk/protective factors. All factors,
found statistically significant associated in the
summary aOR – either for LA or for EU, were
included as independent variables in the logistic
regression models.

Ethical approval

The study was approved by the local Scientific
Ethic Committee at each centre, and parents or
guardians answered the questionnaire after sign-
ing the full-informed written consent.

Results

For this study, 16 EISL centres provided data.
After excluding 771 questionnaires either without
the main outcome variable (wheezing episode,
yes/no) or without the number of wheezing
episodes, or belonging to children younger than
12 or older than 24 months, the total number of
questionnaires included in the analysis was 28687
(23624 from 11 centres in Latin America and
5063 from five centres in Europe; exclusion rate
2.6%). Response rate was higher than 70% in all
centres except for Valencia (61%) and the mean
age for the whole sample of infants (52.3% male)
was 13.4 ± 1.7 months. The prevalence of OW
and RW varied widely and was significantly
higher in Latin American centres than in Euro-
pean centres (Table 1).
There was also high variability in the preva-

lence of the risk/protective factors for wheezing
among centres, and for most factors the preva-
lence was significantly higher in LA than in EU
(Table 1).
The strength of the unadjusted associations

between the risk/protective factors and suffering
from OW or RW during the first year of life were
variable among centres, and continents. In gen-
eral, OR were slightly reduced after adjustment
(Tables 2 and 3) in both the outcome variables;
however, none of them changed the direction of
the association and only few became non-signif-
icant after adjustment, as was the case for
number of siblings (LA and EU) and of persons
living in the household (EU) with respect to OW;
and pets for both OW and RW.
There was good consistency in the associa-

tions of well-known risk factors with higher
prevalences of wheeze. However, this did not
occur with some factors in some centres. For
example, male gender was a risk factor for RW
in most centres except in Barranquilla, Recife,
Caracas, Porto Alegre and Bilbao, although
the trend in those centres was in the same
direction. Similarly, parental asthma was
significantly associated to RW except for Val-
divia, Barranquilla, Valencia, and La Coruña
(Tables 2 and 3).
Suffering at least one cold during the first

3 months of life and attending nursery school
were the most important and consistent risk

Risk factors for wheezing in infants
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factors of all types of wheeze in all centres, in LA
and EU. However, the strength of the association
was much higher for RW than for OW (Fig. 1).
A similar pattern was observed for gender,
parental asthma, mould stains on the household
walls and – inversely – for breast feeding for at
least 3 months. On the contrary, the strength of
the association of smoking during pregnancy,
parental rhinitis, and university studies (inver-
sely) was very similar for OW and RW. Afro-
American ethnicity, siblings, and persons at
home were only risk factors for RW but not for
OW. Interestingly, infant eczema maintained the
strength of the association throughout the two
types of wheeze in EU, while this strength
increased with wheeze severity in LA.
The PAF of the different independent signif-

icant risk factors for RW are shown in Fig. 2.
The risk factor with the highest PAF, both for
LA and for EU, was having a cold during the
first 3 months of life [25.0% (23.1%–26.9%) vs.
23.7% (18.8%–28.3%), respectively]. Attending
a nursery school had a very different PAF in LA
and EU [7.4% (6.4%–8.3%) vs. 20.3% (16.1%–
24.2%)]. Two additional risk factors that had
very different PAF in LA and EU were as
follows: infant eczema [15.8% (13.4%–18.1%)
vs. 8.1% (5.0%–11.2%), respectively] and male
gender [11.4% (9.1%–13.7%) vs. 23.8% (17.1%–
30.0%), respectively].

Discussion

This study, undertaken in several centres from
Latin America and Europe, shows a wide vari-
ability of strength of the risk factors for wheezing
during the first year of life between centres. The
variability occurs among centres in both conti-
nents, and also within a single country, suggest-
ing the influence of regional or local
environmental/ecological factors as a plausible
explanation for the variation found in the mag-
nitude of those risk/protective factors. Overall,
the most important risk factors were attending a
nursery school and suffering a cold during the
first 3 months of life. Other risk factors common
to a majority of centres/countries were male
gender, smoking during pregnancy, mould stains
on the household walls and atopy predisposition
(parental asthma/rhinitis and infant eczema).
Breast feeding tended to be a protective factor
in most centres, as was university education in
LA centres. The number of persons at home was
a significant risk factor only for LA. Interest-
ingly, several factors which were associated to
RW were not associated to OW (number of
siblings, breast feeding, mould stains – EU, and
Afro-American ethnicity – LA).
The differences found in the prevalence

of wheeze resembles what was described in
ISAAC studies, where the prevalence of current

(a) (b)

Fig. 1. Associations between the studied risk/protective factors and suffering (a), 1–2 episodes (b) 3 or more episodes of
wheezing during the first year of life as expressed in adjusted (for all factors in the figure) odds ratios (aOR) and 95%
confidence intervals. (Latin America dark lines, Europe light lines).
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asthma-like symptoms in children and adoles-
cents was significantly lower in Spain and
Portugal, when compared with Spanish and
Portuguese-speaking countries of Latin America (28).
Racial background (independently of other

factors such as education) may have a certain
impact on the increased number (and perhaps on
the severity) of the wheezing episodes during the
first year of life, as is shown in this study where
more than 30% of the participants from Brazil
were of Afro-American origin. Curiously, this
factor was associated to RW but not to OW.
Nevertheless, other environmental factors, likely
related to low socioeconomic conditions present
in LA but not in EU, such as persons at home
(PAF for additional person al home 8.0%) or
mother without university studies in mother
(PAF 6.6%), seem to play an important role
for the higher prevalence of RW in LA. This
indicates that improving the education level
could be an important primary preventive strat-
egy to reduce the prevalence of RW during the
first year of life in LA.
Male gender – as in other studies (6, 8, 9) – was

a risk factor for RW during the first months or
years of life, and this was higher in EU than in

LA. In fact, PAF was double in EU (23.8%) that
in LA (11.4%). Although several interactions of
gender with other risk/protective factors in EU
or LA are possible, and removing some of the
risk factors in EU, which may be still acting in
LA, could change the weight of others, there is
no clear explanation for the difference.
It is of interest that the strength of the

association of parental asthma/rhinitis with RW
is similar in LA and EU; however, their PAF is
higher in LA. This is probably related to a more
frequent reported family history of asthma/
rhinitis among LA mothers (almost double),
which reinforces the similarity with previous
ISAAC studies (2, 10, 28), showing that asthma
and rhinitis are more prevalent in LA than in
Spain or Portugal. A similar pattern of compa-
rable association strength and different PAF
between LA and EU was also found for mother
smoking during pregnancy and infant attending
a nursery school.
Breast feeding was a protective factor for LA

and EU centres as groups, and PAF of not
breastfeeding three or more months was not
negligible (2.2% in LA and 8.3% in EU).
Although the protective role of breast feeding

Fig. 2. Population attributable fraction (PAF) and 95% confidence intervals for recurrent wheeze of the different risk factors.
(Latin America dark lines, Europe light lines).
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on infant wheezing is well known (1, 21), there
was no comparative information between afflu-
ent and non-affluent countries. Although its PAF
seem to be quite different between LA and EU,
the confidence intervals overlap greatly.
It is worth noting how different PAF because

of nursery school attendance is between LA and
EU (7.4% vs. 20.2%). This would result from the
addition of the somewhat greater effect in the EU
centres plus the much higher use of this facility in
EU: only 13.3% in LA vs. 23.9% in EU.
Dampness, as in other studies (17), was a risk
factor for RW in both continents, and had
comparable PAF (�5%), even when in LA there
were three times more damp houses than in EU,
probably reflecting differences in available
resources for household maintenance. Having
one or more siblings was an independent risk
factor in both continents and accounted for a
non-negligible PAF in EU (7.6% vs. only 1.7%
in LA). The reason for a less clear sibling effect in
the LA centres might be related – at least in part
– to a more widespread contact with viruses in
LA, which does not make siblings necessarily an
important source of infection to infants. In fact,
PAF for additional persons at home was non-
significant for EU but somewhat important for
LA (8%).
Colds occurred in the first 3 months of life are

the most important risk factor for a higher
prevalence of RW. A very recent study has added
some evidence to the causal relationship between
viruses and early childhood wheezing (29). The
impact of colds on the prevalence of OW and
RW during the first year of life and on later
asthma may vary depending on the ecology and
virulence of common respiratory viruses, as
demonstrated for the respiratory syncytial virus
(30), or by the interaction of viruses with other
ecological or genetic risk factors (2, 3, 6, 8, 14,
17–20), and also by protective factors such as
breastfeeding (1, 21).
The potential limitations of this study include

its cross-sectional nature (with the impossibility
of clearly establish causal relationships), the
parental reported symptoms instead of the phy-
sician�s diagnosis (although validation studies
with good results were carried out previously),
and the non-objective measurements of several
risk factors. Furthermore, the way of comparing
risk factors between continents by means of
PAF, although simple, has limitations and
should be interpreted with caution (31). Another
limitation comes from the absence of a centre in
Portugal, which could have been a better com-
parator to Brazil than Spain or the Netherlands.
However, according to ISAAC Phase I and III

(10, 11), and also the relatively comparable
results of the Spanish centres with the centre in
Zwolle, it might be expected that any centre in
Portugal would have behaved similarly to the
other European centres. Furthermore, we do not
think seasonality or hemisphere had an impor-
tant influence on the results, as most centres
extended their recruitment time-span for one
complete year. On the other hand, the main
strengths of this study are that it was performed
in the general population, has a large sample size,
a high response rate, and includes centres with
different cultural and socioeconomic statuses.
In summary, this study shows a wide variation

of risk factors for the prevalence and severity of
OW and RW during the first year of life among
centres in LA and EU, suggesting the action of
local or regional environmental/ecological fac-
tors. Furthermore, most risk factors are common
for OW and RW, although the strengths of the
associations are higher with RW. This study
further suggests that the impact of certain risk
factors (such as educational level of the mother)
is higher in non-affluent localities. Suffering from
a cold in the first three months of life appears, in
LA and EU, as a strong predictor for RW.
Despite the important variability in the risk
factors among centres, interventions directed to
decrease the large socioeconomic, educational,
and living condition inequities in LA (32) would
have a significant impact on reducing the prev-
alence and severity of first year wheezing in this
region. On the other hand, limiting attendance to
the nursery school would have a much greater
impact in EU; while increasing breast feeding
beyond the third month and reducing tobacco
exposures, particularly during pregnancy, would
decrease the prevalence of RW in different
regions of the world.
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González-Dı́az, Andrés González Hermosa (España, Bil-
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