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phenotypes; that increase the risk for each phenotype of infantile wheezing. Our objective was to study
risk factors; the evolution of wheezing in a cohort of children followed up to 9-10 years of age and its rela-
children; tionship with different perinatal risk factors.

asthma Methods: A longitudinal study was made on the evolution of wheezing, over time, in 1164 chil-

dren from Salamanca (Spain) included in the International Study of Wheezing in Infants, when
the children were 12 months old. They were classified into three phenotypes: transient early
wheezing (last episode before 3 years of age), early persistent wheezing (start before 3 years
age and persisting thereafter), and late-onset wheezing (first episode after 3 years of age).
Univariate and multivariable analyses were performed to establish associations between the
different phenotypes and perinatal factors.

Results: Data were obtained corresponding to a total of 531 children. Of these, 169 (31.8%)
had experienced transient early wheezing, 100 (18.8%) early persistent wheezing, 28 (5.3%)
late-onset wheezing, and 234 (44.1%) had never experienced wheezing. Cesarean delivery,
early exposure to infections, the presence of atopic eczema, and a smoking father were asso-
ciated with transient early wheezing. Early persistent wheezing was associated with a family
history of allergy, smoking, and obstetric diseases. Exclusive breastfeeding was identified as
a protective factor in both transient and persistent early wheezing. Late-onset wheezing was
associated with the male gender and with maternal history of rhinitis and eczema.
Conclusions: Wheezing phenotypes were associated with different risk perinatal factors.
Knowledge in the field is essential in order to influence the modifiable factors.
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Introduction

Childhood wheezing is extremely common, particularly
in the first years of life."? However, although wheezing is
closely associated with asthma, it is very nonspecific. The
prevalence of childhood wheezing and asthma has not been
clearly established, though large epidemiological studies
such as the International Study of Asthma and Allergies in
Children (ISAAC) and the International Study of Wheezing in
Infants (EISL) have evidenced both the great importance of
these disorders and their great variability between different
geographical settings and even within the same country.?*

To date, no data have been published on wheezing in
children in the province of Salamanca (Spain), with the
exception of nursing infants, since Salamanca participated
in the EISL> with a cohort of 1162 children. According to
the latter study, at 12 months of age, 31% of the infants in
Salamanca had experienced wheezing and 11% had already
suffered three or more wheezing episodes.®> However, little
is known of the subsequent evolution of these children over
time. There likewise are no data on wheezing in schoolchil-
dren in other nearby geographical settings, with the excep-
tion of the national capital Madrid,® which presents entirely
different socioeconomic characteristics.

The current notion of asthma is that it is just not a single
disease but rather an umbrella term encompassing different
processes with differences in terms of the underlying etio-
pathogenic mechanisms and evolution over time.® Numerous
genetic and environmental factors appear to be related to
asthma and wheezing.?”® The different phenotypes and,
in recent years, the different endotypes, seek to group
patients with asthma and wheezing according to certain
patterns and characteristics,® where those patients show-
ing the same phenotype exhibit a common etiopathogenesis
and evolution over time. Relating to different potential risk
factors, attention has been drawn to those that manifest
during pregnancy and in the postnatal period (fundamen-
tally within the first months of life), though the true rele-
vance of the different factors remains to be established.”'

The present study was carried out to analyze the dif-
ferent wheezing phenotypes in children from Salamanca
and their evolution over time, as well as their association
to different perinatal risk factors.

Material and methods
Study design and variables

The longitudinal study included a cohort of 1164 children
recruited during the International Study of Wheezing in
Infants (EILS) in Salamanca in 2010, which included most
of the primary care centers in the province. This interna-
tional study, based on a validated questionnaire," compiled
a series of risk factors referred to both pregnancy and the
first year of life and that could act as risk factors for wheez-
ing and influence its evolution over time. These variables
included a paternal and maternal history of asthma and
allergic disorders such as allergic rhinitis, gestational disor-
ders (prematurity, cesarean delivery, maternal infections,
placental problems, etc.), smoking exposure, paracetamol
use, and domestic pets, as well as variables referred to the
first year of life such as early kindergarten, siblings, atopic
eczema, pneumonia, smoking parents, pets or presence of
humidity or mold at home.

Between April 2018 and April 2019, a telephone ques-
tionnaire was made up with the parents of the included
children, when these were between 9-10 years of age. The
occurrence of wheezing in the course of life was recorded,
together with the age of the child in months at the time
of the first and last wheezing episode, and other clini-
cal and epidemiological information. The questionnaire
used was administered by a pediatrician and taken from
the standardized questionnaire of the International Study
of Asthma and Allergies in Childhood.> The presence of
wheezing was defined as a positive answer for the vali-
dated question “Has your child been diagnosed of having
wheezing by a physician?”

Based on the evolution over time of wheezing, we
classified the study cohort into three mutually excluding
phenotypes: transient early wheezing (last episode before
3 years of age), early persistent wheezing (start before
3 years of age and persisting thereafter), and late-onset
wheezing (first episode after 3 years of age). A fourth group
comprised those children who had never experienced
wheezing. The 3-year cut-off point was chosen because it
is the most commonly used cut-off point in other pheno-
type studies'>" (Figure 1).

Gestational risk factors
First year risk factors

1164 children 12 month old

Questionnaire at 9-10 years old

Early transient
wheezing

n=234

No wheezing
n=234

Early persistent Late-onset
wheezing wheezing
n=234 n=234

Figure 1 Study timeline and classification into phenotypes.
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Statistical analysis

Data analysis was performed using SPSS software, version
20. The Chi-square test was used to compare group percent-
ages. Statistical significance was considered for p < 0.05.

A bivariate analysis was made of the associations
between each wheezing phenotype and the perinatal risk
factors previously compiled when the children were 12
months old, taking as reference those children that had
never experienced wheezing. The associations were mea-
sured based on the odds ratio (OR) and corresponding 95%
confidence interval (95% CI).

A multivariate multinomial logistic regression anal-
ysis was also performed, taking wheezing phenotype as
the dependent variable and the gestational and postnatal
factors as independent variables. The associations were
measured based on the adjusted odds ratio (@OR) and cor-
responding 95% CI.

Results
Wheezing phenotypes

Data were collected from 531 children with a mean age
of 9.79 years (standard deviation [SD] 0.41). A total of 262
were girls (49.3%). The children were classified according to
the evolution of wheezing: 169 presented transient early
wheezing (31.8%), 100 presented early persistent wheez-
ing (18.8%), and 28 presented late-onset wheezing (5.2%).
The remaining 234 children (44.1%) had never experienced
wheezing and represented the control group.

Wheezing phenotype risk factors

Transient early wheezing was found to be significantly asso-
ciated with the following gestational risk factors (Table 1)
and postnatal risk factors (Table 2) in the univariate anal-
ysis: cesarian section (OR 1.64), the existence of older sib-
lings (OR 2.02), kindergarten (OR 1.55), pneumonia in the
first year of life (OR 2.51), atopic eczema in the first year
of life (OR 2.53), and a smoking father (OR 1.66). Exclusive
breastfeeding for 3 months or more was identified as a pro-
tective factor (OR 0.64).

The multinomial analysis (Tables 3 and 4) identified the
following as independent risk factors for transient early
wheezing: the cesarian birth (aOR1.69), the existence of
older siblings (@OR 1.95), kindergarten in the first year of life
(@OR 1.61), presence of eczema in the first year (aOR 2.53),
maternal eczema (aOR 2.80), and a smoking father (aOR 1.66).

Early persistent wheezing was associated with several
gestational risk factors. Specifically, prematurity was three
times more common (18% versus 6.4%) among the children
with persistent wheezing than in the controls (OR 3.20),
in the same way as cesarian section (OR 1.63), placental
disorders during pregnancy (OR 3.60), premature rupture
of membranes (OR 2.49), and paracetamol use more than
once a month (OR 1.9). Several postnatal variables were
identified as risk factors for early persistent wheezing
phenotype: the existence of older siblings (OR 1.65) and
pneumonia in the first year of life (OR 3.60). Twenty-one

percent of the children with early persistent wheezing had
suffered atopic eczema in the first year versus 6.4% of the
controls (OR 3.88). The risk of persistent wheezing was
also seen to increase with a smoking mother (OR 1.89) and
a smoking father (OR 1.99). In contrast, exclusive breast-
feeding for 3 months or more was identified as a protective
factor against early persistent wheezing (OR 0.60), in the
same way as in the case of transient wheezing.

The multinomial logistic regression analysis (Tables 3
and 4) confirmed placental problems (aOR 3.40), frequent
paracetamol use during pregnancy (aOR 2.17), atopic
eczema in the first year (@OR 3.21), and a smoking father
(@OR 1.85) as independent risk factors associated with
early persistent wheezing.

Late-onset wheezing was associated with the male gen-
der (OR 2.72). Although all the wheezing phenotypes were
more frequent in males, statistical significance was only
reached in the case of late-onset wheezing. Maternal his-
tory of allergic disease in the form of both rhinitis (OR 2.61)
and maternal eczema (OR 3.73) was also identified as a risk
factor.

In the multinomial analysis, the male gender was main-
tained as an independent risk factor (aOR 3.27) associated
with late-onset wheezing.

Discussion

Wheezing is extremely common in childhood, though it is
not easy to determine which of the affected children will
go on to develop asthma.’® Attempts have been made to
group wheezing into different phenotypes associated
with different risk factors, implying the existence of dif-
ferent underlying etiopathogenic mechanisms. Large pop-
ulation-based and cohort studies have contributed much
information about risk factors associated with the different
wheezing phenotypes.'®®

In the present study, we classified a cohort of children
into three phenotypes according to the evolution of wheez-
ing over time, and selected the age of 3 years as the cut-off
point, in the same way as given by Martinez et al."”? in the
Tucson cohort, to differentiate between preschool infants
in which wheezing is often associated to banal respiratory
conditions and children of school age.?"

Transient early wheezing

Approximately one-third of the children in our study expe-
rienced wheezing only during the first 3 years of life - this
being consistent with the observations in both other parts
of Spain'* and elsewhere in the world.?*

In our series, the identified risk factors of transient
early wheezing were especially respiratory infections in the
first year of life and their facilitating factors such as the
existence of older siblings and early kindergarten, in coin-
cidence with the findings of other authors.">'®2° Pneumonia
in the first year of life was found to be a risk factor for this
wheezing phenotype.

A predisposition to developing atopic conditions mani-
festing as eczema in the first year of life and a maternal his-
tory of atopic dermatitis were also risk factors of transient
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Table 1 Univariate regression analysis showing the association between patient gender, family history, and gestational

factors and the different wheezing phenotypes.

Variable

No wheezing
(n = 234, 44.1%)

Early transient wheezing

(n=169, 31.8%)

Early persistent wheezing

(n=100, 18.8%)

Late-onset wheezing

(n=28, 5.3%)

Male gender
Frequency

OR (95% CI)
Maternal asthma
Frequency

OR (95% Cl)
Maternal rhinitis
Frequency

OR (95% Cl)
Maternal eczema
Frequency

OR (95% Cl)
Paternal asthma
Frequency

OR (95% Cl)
Paternal rhinitis
Frequency

OR (95% Cl)
Paternal eczema
Frequency

OR (95% Cl)
Prematurity
Frequency

OR (95% Cl)
Caesarean section
Frequency

OR (95%Cl)
Placental problems
Frequency

OR (95% Cl)
Premature RM
Frequency

OR (95% Cl)
Infections
Frequency

OR (95% Cl)

Paracetamol >1/mo.

Frequency
OR (95% Cl)

Smoking in pregnancy

Frequency
OR (95% Cl)

Domestic pets in pregnancy

Frequency
OR (95% Cl)

47.9%

6%

15.4%

4.3%

3.4%

13.2%

3.4%

6.4%

31.6%

3%

4.3%

20.5%

12.4%

13.7%

17.1%

48.5%
1.03 (0.69-1.53)

5.3%
0.88 (0.37-2.01)

13%
0.82 (0.46-1.46)

10.7%
2.67 (1.20-5.94)

4.7%
1.40 (0.52-3.82)

17.2%
1.36 (0.78-2.35)

5.9%
1.78 (0.69-4.60)

8.3%
1.32 (0.62-2.81)

43.2%
1.6 4(1.09-2.48)

6.5%
2.26 (0.86-5.95)

5.3%
1.26 (0.50-3.17)

21.3%
1.05 (0.65-1.71)

13%
1.06 (0.59-1.92)

10.7%
0.75 (0.41-1.39)

18.9%
1.13 (0.68-1.89)

55%
1.33 (0.83-2.33)

7%
1.18 (0.46-3.03)

20%
1.36 (0.75-2.52)

8%
1.95 (0.75-5.10)

3%
0.87 (0.23-3.36)

20%
1.64 (0.89-3.04)

7.1%
2.15 (0.76-6.01)

18%
3.20 (1.54-6.65)

43%
1.63 (1.01-2.64)

10%
3.60 (1.33-9.76)

10%
2.49 (1.002-6.18)

24%
1.22 (0.70-2.14)

22%
1.99 (1.08-3.68)

19%
1.48 (0.79-2.76)

22%
1.37 (0.76-2.45)

71.4%
2.72 (1.15-6.43)

14.3%
2.62 (0.80-8.59)

32.1%
2.61 (1.09-6.21)

14.3%
3.73 (1.09-12.82)

3.6%
1.05 (0.13-8.69)

14.3%
1.09 (0.36-3.63)

3.6%
1.05 (0.13-8.69)

7.1%
1.12 (0.24-5.19)

39.3%
1.40 (0.62-3.14)

3.6%
1.20 (0.14-10.14)

7.1%
1.72 (0.36-8.30)

7.1%
0.30 (0.07-1.30)

14.3%
1.18 (0.38-3.64)

10.7%
0.76 (0.22-2.66)

10.7%
0.58 (0.17-2.02)

Three independent logistic regression analyses were performed of each wheezing phenotype with respect to the
non-wheezing control group. The statistically significant associations (p < 0.05) are reported in the shaded cells.
Premature RM: Premature rupture of membranes. Paracetamol >1/mo.: paracetamol use more than once a month during

pregnancy.
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Table 2 Univariate regression analysis showing the association between postnatal factors and the different wheezing

phenotypes.

Variable No wheezing Early transient wheezing  Early persistent wheezing  Late-onset wheezing
(n = 234) (n = 169) (n = 100) (n =28)

Presence of siblings

Frequency 40.6% 58% 53% 42.9%

OR (95% Cl)
Kindergarten

Frequency 25.3%
OR (95% Cl)

Pneumonia

Frequency 0%

OR (95% Cl)
Atopic eczema

Frequency 6.4%
OR (95% Cl)

Smoking mother

Frequency 18.5%

OR (95% Cl)
Smoking father

Frequency 24.1%
OR (95% Cl)

Domestic pets

Frequency 19.7%

OR (95% Cl)
Moldiness/humidity

Frequency 6%
OR (95% Cl)

EBF >3 months

Frequency 66.2%

OR (95% Cl)

2.02 (1.35-3.02)

34.3%
1.55 (1.01-2.39

8.3%
2.51 (2.22-2.84)

14.8%
2.53 (1.29-4.97)

18.3%
0.99 (0.59-1.65)

34.5%
1.66 (1.07-2.57)

18.9%
0.95 (0.58-1.58)

7.7%
1.30 (0.60-2.85)

55.6%
0.64 (0.43-0.96)

1.65 (1.03-2.64)

26%
1.04 (0.61-1.78)

10%
3.60 (3.02-4.29)

21%
3.88 (1.91-7.90)

30%
1.89 (1.10-3.25)

38.8%
1.99 (1.20-3.30)

26%
1.44 (0.83-2.49)

7%
1.18 (0.46-3.01)

54%
0.60 (0.37-0.97)

1.10 (0.50-2.42)

32.1%
1.40 (0.60-3.28)

0%
3.6%
0.54 (0.07-4.26)

17.9%
0.96 (0.35-2.67)

33.3%
1.57 (0.67-3.70)

7.1%
0.31 (0.07-1.37)

10.7%
1.88 (0.51-6.98)

50%
0.51 (0.23-1.12)

Three independent logistic regression analyses were performed of each wheezing phenotype with respect to the non-
wheezing control group. The risk factors are referred to the first year of life. The statistically significant associations

(p < 0.05) are reported in the shaded cells.
EBF >3 months: exclusive breastfeeding for at least 3 months.

early wheezing in our series. These results may seem unex-
pected, since atopy, as the main risk factor of asthma,?
would appear to be associated with persistent wheezing
and of late-onset, but not to transient early wheezing,
as in the Tucson cohort.”? However, in other studies,’®?? a
family history of allergy was associated with all wheezing
phenotypes. A possible explanation could be that children
with transient early wheezing are actually allergic individ-
uals and at risk of suffering asthma in adult life. This could
be accounted for by diminished lung function from birth, as
described by Martinez et al.”? and confirmed by different
long-term follow-up studies involving children with tran-
sient early wheezing.?32*

In our study, a smoking father was found to be a sig-
nificant risk factor for transient early wheezing, in coin-
cidence with the observations of other authors.?® In this
regard, it may be hypothesized that during pregnancy the
fetus may have been exposed to tobacco smoke through
the mother as a passive smoker. A systematic review has
found both prenatal and postnatal smoking exposure to be
related to wheezing and harmful respiratory effects for the
infant, as well as to low birth weight.? Investigations in

animals have shown tobacco smoke to act at the intrauter-
ine level, interfering with fetal growth and giving rise to
pulmonary hypoplasia.?”

The cesarian section was associated with this wheezing
phenotype both in our study and in other publications.?
By avoiding delivery through the birth canal, a cesarian
section may cause alterations of the intestinal microbi-
ome of the newborn infant and have future repercussions
upon the immune response. However, prospective studies
have found no relationship between cesarian section and
asthma.”®

According to our data, exclusive breastfeeding for at
least 3 months acts as a protective factor against both
transient and persistent wheezing. This may be explained
by the important protective effect of breastfeeding against
respiratory infections in small infants.2%28

Early persistent wheezing

In our series, the identified risk factors of early per-
sistent wheezing included different gestational disorders
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Table 3 Multinomial logistic regression analysis showing the association between patient gender, family history, and

gestational factors and the different wheezing phenotypes.

Variable No wheezing

(control)

Early transient wheezing
(n=169, 31.8%)

Early persistent wheezing
(n=100, 18.8%)

Late-onset wheezing
(n=28, 5.3%)

Male gender

aOR (95% ClI)
Maternal asthma
aOR (95% Cl)
Maternal rhinitis
aOR (95% Cl)
Maternal eczema
aOR (95% Cl)
Paternal asthma
aOR (95% Cl)
Paternal rhinitis
aOR (95% Cl)
Paternal eczema
aOR (95% Cl)
Prematurity

aOR (95% Cl)
Cesarean section
aOR (95% Cl)
Placental problems
aOR (95% Cl)
Premature RM

aOR (95% Cl)
Infections

aOR (95% Cl)
Paracetamol >1/mo.
aOR (95% Cl)
Smoking in pregnancy
aOR (95% Cl)
Domestic pets in pregnancy
aOR (95% Cl)

1.10 (0.73-5.79)
0.93 (0.36-2.88)
0.80 (0.42-1.72)
2.80 (1.22-2.12)
0.77 (0.49-1.41)
1.31 (0.72-1.92)
1.72 (0.64-4.64)
0.93 (0.40-2.17)
1.69 (1.09-2.61)
2.14 (0.79-5.79)
1.04 (0.37-2.08)
1.03 (0.61-1.72)
1.16 (0.63-2.12)
0.74 (0.39-1.41)

1.12 (0.65-1.93)

1.46 (0.88-2.40) 3.27 (1.30-8.24)

0.99 (0.35-2.86) 2.31 (0.58-9.13)
1.29 (0.64-2.60) 2.22 (0.82-5.98)
1.83 (0.67-4.98) 3.50 (0.91-13.42)
0.93 (0.22-3.92) 2.27 (0.24-21.17)
1.37 (0.68-2.73) 0.92 (0.27-3.18)
2.11 (0.67-6.66) 0.88 (0.09-8.29)
2.12 (0.92-4.90) 0.98 (0.18-5.44)
1.33 (0.78-2.26) 1.68 (0.70-4.04)
3.40 (1.16-9.96) 1.79 (0.19-16.31)
1.73 (0.62-4.78) 1.26 (0.22-7.25)
0.98 (0.53-1.80) 0.28 (0.06-1.29)
2417 (1.14-4.12) 1.10 (0.34-3.59)
1.47 (0.74-2.89) 1.08 (0.29-4.08)

1.39 (0.74-2.59) 0.80 (0.22-2.93)

Multinomial logistic regression analysis, with “wheezing phenotypes” as dependent variable and genetic and gestational risk
factors as independent variables. The adjusted odds ratio (aOR) and corresponding 95% confidence interval are reported. The
statistically significant associations (p < 0.05) are reported in the shaded cells.

Premature RM: Premature rupture of membranes. Paracetamol >1/mo.: paracetamol use more than once a month during

pregnancy.

(placental problems, frequent use of paracetamol during
pregnancy, prematurity, premature rupture of membranes,
and cesarian section), in coincidence with the observa-
tions of other authors.?> A more solid association has been
established between asthmatic symptoms in children and
maternal infections during pregnancy,” and the variable
“paracetamol use” could be related to this.

The presence of atopic eczema in the first year of life
was identified as a risk factor for early persistent wheezing
in our patients: one out of every five children with early
persistent wheezing presented atopic eczema in the first
year of life (versus 6% of the children without wheezing).
Other phenotype studies corroborate the relationship
between atopic symptoms and persistent wheezing.'220.22

Although infections in early childhood are fundamen-
tally related to transient early wheezing, in our study
exposure to infections (pneumonia, the existence of older
siblings) also increased the risk of persistent wheezing, in

coincidence with the observations of other authors.?? There
is evidence that early respiratory infections, particularly
when severe, are associated with recurrent wheezing and
asthma.3®3' It has been suggested that infections due to
rhinovirus or respiratory syncytial virus may be related to
diminished lung function, which in turn would increase the
risk of asthma and persistent wheezing, though it remains
to be determined whether this is a cause or a consequence
of the former.*2

Smoking on the part of the father and mother in the
first year of life of the infant was found to be a risk factor
for persistent wheezing, in coincidence with the observa-
tions of other authors.'2'318.20

In our study, exclusive breastfeeding for at least
3 months exerted a protective effect against persistent
wheezing. The association between breastfeeding and
asthma has been the subject of much debate, though
there is abundant evidence in the literature on the
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Table 4 Multinomial logistic regression analysis showing the association between the postnatal risk factors and the different
wheezing phenotypes.

Variable

No wheezing

Early transient wheezing

(n = 169)

Early persistent wheezing

(n=100)

Late-onset wheezing

(n=28)

Presence of siblings
aOR (95% Cl)
Kindergarten

aOR (95% Cl)
Atopic eczema

aOR (95% Cl)
Smoking mother
aOR (95% Cl)
Smoking father
aOR (95% Cl)
Domestic pets

aOR (95% Cl)
Moldiness/humidity
aOR (95% Cl)

EBF >3 months

aOR (95% Cl)

1.95 (1.28-2.97)
1.61 (1.02-2.56)
2.23 (1.09-4.57)
0.68 (0.38-1.21)
1.85 (1.15-2.99)
0.93 (0.55-1.57)
1.31 (0.57-3.03)

0.80 (0.52-1.24)

1.47 (0.89-2.43)
1.20 (0.68-2.12)
3.21 (1.52-6.79)
1.22 (0.66-2.26)
1.85 (1.07-3.21)
1.31 (0.73-2.34)
0.96 (0.35-2.64)

0.76 (0.46-1.27)

0.96 (0.42-2.20)
1.48 (0.62-3.54)
0.58 (0.07-4.64)
0.92 (0.30-2.84)
1.52 (0.60-3.83)
0.31 (0.07-1.36)
2.15 (0.56-8.27)

0.55 (0.24-1.26)

Multinomial logistic regression analysis, with “wheezing phenotypes” as dependent variable and genetic and gestational risk
factors as independent variables. The adjusted odds ratio (@OR) and corresponding 95% confidence interval are reported. The
statistically significant associations (p < 0.05) are reported in the shaded cells. The risk factors are referred to first year of
life.

EBF >3 months: exclusive breastfeeding for at least 3 months. The independent variable “pneumonia in the first year could

not be entered in the analysis due to the presence of values of “0” in some phenotypes.

ability of breastfeeding to extend its protective effect
against wheezing and asthma beyond the first few years
of life.'®3334 A possible explanation for this could be the
immune-modulating effect of breastfeeding and its action
upon the intestinal microbiota, which in turn largely con-
ditions atopic predisposition towards atopic disorders.33¢

Late-onset wheezing

Children with late-onset wheezing have been tradition-
ally regarded as “true asthmatics”,* i.e., children with
a predisposition towards atopic disorders who have not
experienced early wheezing conditioned by respiratory
infections and who develop asthmatic symptoms outside
this influencing viral infection period. Martinez et al.”
reported the main risk factor for this type of late-onset
wheezing to be a personal as well as maternal predisposi-
tion towards atopic disorders. On the other hand, follow-up
of the Tucson cohort evidenced that the risk of progression
towards asthma is not only associated with the late-onset
wheezing phenotype but also with the early persistent
wheezing phenotype.? In our series, the significant risk
factor for late-onset wheezing was found to be maternal
allergic disease (rhinitis and allergic dermatitis), in concor-
dance with the data from other studies.'®??

In our study, the male gender predominated in both
the persistent phenotype and in the late-onset pheno-
type, though statistical significance was only observed in
this latter case, in coincidence with the results of other
studies.'?"

Limitations and strengths

An important limitation of our study is the fact that the
information on wheezing in the children was supplied by
the parents on a retrospective basis - with the resulting
memory bias. We believe that this effect may be reduced
in part by the fact that the information was collected by an
experienced pediatrician and not from a self-administered
parent questionnaire. On the other hand, we suffered an
important loss of sample size since the recruitment of the
cohort, because of the 9 years that had elapsed.

The strengths of our study include the fact that there
are practically no studies on phenotypes and risk factors
in the Spanish population, despite the broad geographical
differences in asthma and wheezing between territories.
Likewise, the perinatal variables were recorded when the
infants were 12 months old, which greatly reduces mem-
ory bias, and the association between the variables and
the phenotypes was established on a prospective basis. It
should be mentioned that some of the possible incongru-
ences between the univariate and the multivariate regres-
sion analysis in the late-onset wheezing phenotype could
be due to the fact that the number of patients with this
particular phenotype was limited.

Conclusions

We consider it is very important to be aware of the
extremely high frequency of wheezing in children, and
to know its risk factors, in order to be able to act upon
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those factors that are avoidable. Although most patients
with early wheezing evolve satisfactorily, the disorder has
also been associated with asthma of onset in adult life.?*
Therefore, it would be of great interest to reduce the num-
ber of affected children as far as possible, not only in view
of the impact of the disorder upon the quality of life of
the patients and their parents but also of the future health
repercussions. Possible measures in this respect could be
the avoidance of smoking both during pregnancy and in
the first year of life of the infant, the avoidance of early
kindergarten as far as possible, and the encouragement of
breastfeeding. Lastly, it must be emphasized that observa-
tional studies are unable to establish causal relationships
but do pave the way to future research.
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