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Previous studies have suggested an association between maternal smoking during pregnancy and asthma symptoms such as wheezing during
childhood. However, few have evaluated this association in adolescence, especially in populations with high prevalence of wheezing as in Brazil.
Using the 1993 Pelotas birth cohort, a longitudinal study set in southern Brazil of 5249 urban live births, we aimed to evaluate the association
between maternal and the partner’s smoking during pregnancy and wheezing at 11 and 15 years of age. We evaluated smoking during pregnancy
using number of cigarettes/day, and our main outcomes were as follows: wheezing in the last year and number of wheezing crises, at both 11 and 15
years of age, as well as persistent wheezing (having crises at 11 and 15 years of age) and medical asthma diagnosis at age 15. In addition, other socio-
demographic variables were included as possible confounders and mediators of this association. We used Poisson regression models to evaluate
crude and adjusted associations. Of the 5249 live births in 1993, 87.5% and 85.7% were followed-up to 11 and 15 years of age, respectively.
Maternal smoking during pregnancy showed a dose-response association with number of wheezing crises at age 15 (P = 0.023), presence of
persistent wheezing (P = 0.034) and asthma diagnosis (P = 0.023). Partner’s smoking was not associated with any wheezing variables. Maternal
smoking during pregnancy appears to exert an effect on respiratory morbidity of adolescents, evaluated by wheezing symptoms.
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Introduction

Smoking is one of the main causes of non-communicable dis-
eases (NCD) and preventable deaths worldwide.1 Despite the
downward trend in its prevalence since the beginning of the
century, especially in high-income countries,2 its impact on
public health and the need for government actions aimed at the
reduction of smoking at a population-based level are still of
utmost importance. In some low- and middle-income countries,
the habit of smoking is growing, and it is expected that by 2030
more than two-thirds of tobacco-related deaths will occur.3

Maternal smoking is associated with several harmful effects
on their offspring during their life course, including low
birth weight, newborn sudden death, childhood overweight,
impaired lung function, respiratory infections and NCDs
during adulthood.4–11 It has also been shown that parental
smoking is a determinant factor of later offspring smoking,
increasing the risk for respiratory diseases during adulthood,
including lung cancer, asthma and chronic obstructive pul-
monary disease, which are responsible for a quarter of all
hospitalizations in Brazil.11–13

Wheezing is one of the main symptoms of asthma,14 and
Brazil, according to the World Health Survey (2002–2003),

has one of the highest prevalence of self-reported wheezing
(24%) among people over 18 years of age.15 Although it has
been shown that maternal smoking is associated with wheezing
during the 1st year of life,16 few studies regarding the topic have
focused on other life periods. The available literature shows that
the damage caused by maternal smoking on intrauterine
development of the respiratory system remains throughout life,
particularly during childhood and adolescence;17–19 therefore,
studying their clinical consequences during these life periods is
of great importance.
This study aims to evaluate the association between parental

smoking during pregnancy and wheezing during childhood/
adolescence (11 and 15 years of age) in individuals from a
prospective birth cohort in southern Brazil.

Methods

In 1993, a new birth cohort in Pelotas, a southern Brazilian
city, was initialized. All hospital live births in the city were
identified. Newborns whose mothers lived in the urban area
were examined and their mothers were interviewed. From 5265
eligible newborns, 5249 took part in the longitudinal study
(0.03% refused). Later in 2004–2005 and 2008–2009, all the
cohort members were sought and these children were followed-
up at ages 11 and 15, with a response rate of 87.5% and 85.7%,
respectively. Household interviews were conducted in both
follow-ups and, just at 15 years, participants were also interviewed
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in a center for measures and exams. Follow-up and baseline
study methodologies have been published elsewhere.20–22

Mothers or the newborn’s caregivers responded to a short
questionnaire at the perinatal period, collecting demographic,
socioeconomic and behavioral variables. In addition, newborn
anthropometric variables were obtained from hospital records.
At the 11- and 15-year-old follow-up visits, demographic,
socioeconomic and behavioral variables were obtained, as well
as data on wheezing symptoms during the previous year.

For this study, our main outcomes were as follows:
(1) wheezing during the last 12 months at 11 and 15 years of
age (yes/no); (2) number of wheezing crises during the last
12 months at age 11 and 15; (3) persistent wheezing, defined as
the presence of wheezing during the last 12 months in both
follow-up visits (11 and 15 years); and (4) medical asthma
diagnosis at age 15, reported by the adolescent’s mother.
Wheezing was reported by the mother at age 11 and by the
adolescent at age 15. In both follow-up visits, a standardized
questionnaire was used.23 The question exploring wheezing
symptoms at age 11 was as follows: ‘Since <month> last year,
has <child’s name> had chest wheezing?’ and ‘Since
<month> last year, how many wheezing crises <child’s
name> had?’; and the question at age 15 was as follows: ‘Since
<month> last year, did you have chest wheezing?’ and ‘Since
<month> last year, how many wheezing crises you had?’. For
self-reported asthma diagnosis at age 15, the adolescents’
mothers were asked the following: ‘During the lifetime, doctor
said that your son/daughter had asthma?’. At baseline, the
mother was asked about smoking during pregnancy (yes/no)
and exposure to second-hand smoking at home. The mother
also reported the average number of cigarettes smoked per day
in each trimester. With this information, we created our main
exposure variables, and estimated the mean number of cigar-
ettes the mother smoked during the whole pregnancy (mean
cigarettes/day). In addition, using both parents’ smoking data
(yes/no), we created the variable ‘Parents smoked during
pregnancy’, categorized as the following: ‘neither smoked’, ‘just
one smoked’ and ‘both smoked’.

We performed descriptive and univariate analyses using
χ2-tests. In addition, we used Poisson regression models with
robust variance to estimate crude and adjusted prevalence ratios
(wheezing at 11 or 15 years) and risk ratios (RR; number of
crises and persistent wheezing).24 Multiple-variable models
were adjusted for confounding factors [gender, skin color,
family income at birth (quintiles), mother schooling at birth,
birth weight, type of birth and parental history of asthma] and
possible mediators (adolescent smoking, physical activity and
nutritional status). The analysis was adjusted for mediators to
isolate the specific biological effect of smoking during fetal life.
Moreover, we included mother and partner smoking during
pregnancy together in adjusted models. For the purpose of
statistical significance, we selected the lowest P-value between
heterogeneity and trend tests. If the trend test was the lowest for
P-value, we also tested for deviation from linearity. In order to
check for deviation, we subtracted the value of theWald test for

the model, including the exposure variable as continuous from
the model with the exposure variable as categorical. The same
was done for the model’s degrees of freedom. If the value did not
reach the threshold for the Wald test according to the number
of degrees of freedom, we would consider that deviation from
linearity was not present and P-values for trend were used. We
used Stata version 12.2 (Stata Corp., College Station, TX, USA).
Visits at 11 and 15 years of age in the 1993 cohort received

approval from the Pelotas Federal University, Ethics Institutional
Review Board (letters 029/2003 and 158/07, respectively).

Results

In 2004–2005, we interviewed 4452 subjects and 4325 in
2008–2009. In total, 13.5% and 12.1% had at least one
wheezing episode during the last 12 months at 11 and 15 years
of age, respectively. Persistent wheezing was observed in 4.6%,
whereas lifetime asthma diagnosis evaluated at 15 years of age
was 29.5%. Sample distribution and prevalence according to
each independent variable are described in Table 1. We
observed that boys have a higher prevalence of wheezing at
age 11; whereas at age 15, wheezing is more prevalent among
girls. Parental history of asthma was associated with higher
prevalence of wheezing at 11 and 15 years of age, as well as
persistent wheezing. Adolescent smoking was positively asso-
ciated with wheezing at age 15 but not at age 11. In both age
groups, nutritional status was inversely related to the prevalence
of persistent wheezing. Maternal smoking was positively asso-
ciated with the prevalence of wheezing. On the other hand,
asthma diagnosis was associated with all sociodemographic and
biological variables, except for type of delivery, partner smoking
and adolescent smoking (Table 1).
Table 2 shows that, in the crude analyses, maternal smoking

was associated with a higher risk of wheezing at 11 years of age;
however, after adjustment, the magnitude of the association
was reduced and the confidence interval included the unity.
Partner or both parents smoking was not associated with
wheezing in the previous year. On the other hand, Table 3
shows an association between maternal smoking during preg-
nancy and the number of wheezing crises at age 15, showing
that offspring of mothers who smoked ⩾20 cigarettes per day
had nearly twice the number of crises compared with children
of mothers who did not smoke, even in the adjusted analyses
(RR = 1.97, 95% CI 1.06–3.68).
Risk of persistent wheezing was 36% higher (RR = 1.36,

95% CI 0.97–1.91) in individuals whose mothers smoked
<20 cigarettes per day and 61% higher (RR = 1.61, 95% CI
0.87–2.99) in those whose mothers smoked more than
20 cigarettes per day during pregnancy. Although the individual
estimates were not statistically significant, trend analysis showed
an increase for the risk of persistent wheezing, suggesting a dose-
response relationship with the number of cigarettes smoked
by the mother during pregnancy (P = 0.034). Similar to this
finding, adolescents whose mothers smoked during pregnancy
had a higher risk to have a self-reported asthmamedical diagnosis
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Table 1. Description of sample characteristics, the 1993 Pelotas Birth Cohort

Wheezing prevalence (%)

Variable n (%) 11 years 15 years Persistent Asthma medical diagnosis (%)

Sex P< 0.001 P = 0.032 P = 0.142 P< 0.001
Male 2606 (49.7) 15.3 11.0 5.0 33.1
Female 2642 (50.3) 11.7 13.2 4.1 25.8

Skin color P = 0.545 P = 0.145 P = 0.608 P = 0.001
White 2769 (64.1) 13.1 11.5 4.6 27.3
Black 611 (14.1) 14.4 11.6 3.6 34.2
Brown 784 (18.1) 14.7 14.5 5.1 31.8

Family income at birth (quintiles) P = 0.458 P = 0.378 P = 0.161 P = 0.003
1° (lowest) 1031 (20.1) 13.6 13.2 4.2 32.2
2° 1195 (23.2) 12.5 10.5 3.3 31.3
3° 889 (17.3) 15.4 12.0 5.2 30.9
4° 1001 (19.5) 13.6 13.0 5.3 27.4
5° (highest) 1021 (19.9) 12.8 12.6 5.2 24.7

Mother schooling at birth (complete years) P = 0.620 P = 0.347 P = 0.071 P< 0.001
4 or less 1468 (28.0) 13.1 13.2 3.6 33.5
5 to 8 2424 (46.2) 13.3 11.7 4.5 29.5
9 or more 1350 (25.8) 14.4 11.5 5.7 24.6

Birth weight P = 0.414 P = 0.415 P = 0.390 P = 0.013
⩾2500 g 4722 (90.3) 13.4 12.2 4.6 28.8
<2500 g 510 (9.8) 14.8 10.8 3.7 34.9

Type of delivery P = 0.235 P = 0.967 P = 0.182 P = 0.532
Normal 3647 (69.5) 13.1 12.1 4.3 29.1
C-section 1602 (30.5) 14.4 12.1 5.2 30.0

Parents asthma history P< 0.001 P< 0.001 P< 0.001 P< 0.001
No 2856 (65.6) 9.6 9.4 3.2 22.4
Yes 1500 (34.4) 21.0 17.3 7.3 43.9

Adolescent smoking at 11 P = 0.853 – P = 0.304 P = 0.774
Non-smoker 4246 (98.5) 13.5 – 4.6 29.8
Smoker 64 (1.5) 12.7 – 1.8 31.6

Adolescent smoking at 15 – P< 0.001 P = 0.857 P = 0.221
Non-smoker 3971 (94.0) – 11.5 4.6 29.2
Smoker 253 (6.0) – 20.2 4.8 32.8

Physical activity at 11 P = 0.860 – P = 0.493 P = 0.011
>300 min/week 2292 (53.4) 13.5 – 4.7 31.3
⩽300 min/week 2001 (46.6) 13.7 – 4.3 27.7

Physical activity at 15 – P = 0.906 P = 0.741 P = 0.001
>300 min/week 2321 (53.7) – 12.1 4.6 31.8
⩽300 min/week 2003 (46.3) – 12.2 4.4 27.2

Adolescent’s BMI at 11 (WHO standard deviations) P = 0.004 – P< 0.001 P = 0.074
⩽1 (normal) 3153 (71.0) 12.6 – 3.9 28.9
1–2 (overweight) 838 (18.9) 14.3 – 4.9 30.0
>2 (obese) 451 (10.1) 18.2 – 8.5 34.3

Adolescent’s BMI at 15 (WHO standard deviations) – P = 0.183 P = 0.027 P = 0.032
⩽1 (normal) 2957 (72.2) – 11.7 4.1 28.5
1–2 (overweight) 771 (18.8) – 12.5 5.4 32.0
>2 (obese) 368 (9.0) – 15.0 6.8 33.7

Mother smoked during pregnancy (mean cigarettes/day) P = 0.060 P = 0.049 P = 0.289 P< 0.001
Non-smoker 3497 (66.6) 12.8 11.3 4.2 26.8
<20 cigarettes/day 1492 (28.4) 14.4 13.7 5.2 34.6
⩾20 cigarettes/day 260 (5.0) 17.9 14.5 5.6 35.0

Partner smoked during pregnancy P = 0.900 P = 0.041 P = 0.677 P = 0.071
No 2378 (49.5) 13.7 13.0 4.5 30.3
Yes 2428 (50.5) 13.5 10.9 4.8 27.7

Parents smoked during pregnancy P = 0.069 P = 0.816 P = 0.134 P = 0.183
Neither smoked 1756 (33.5) 12.9 12.5 3.9 28.7
One smoked 2981 (56.7) 13.2 11.8 4.7 29.1
Both smoked 512 (9.8) 17.1 12.5 6.1 33.2
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compared with those whose mothers did not smoke during that
period (for <20 cigarettes/day, RR = 1.15 and for ⩾20 cigarettes/
day, RR = 1.18; P = 0.012 for trend). No association was
found for partner smoking during pregnancy (Table 4).

Discussion

We found an association between maternal smoking during
pregnancy and the number of wheezing crises, persistent

wheezing at age 15 and asthma medical diagnosis, even after
adjusting for confounders and mediators, especially in mothers
who smoked⩾20 cigarettes/day. On the other hand, there was no
association between smoking of the partner during pregnancy
and wheezing and asthma diagnosis outcomes. This indicates that
adolescent wheezing is specifically associated with the mother’s
smoking during pregnancy, suggesting a direct fetal effect.
This study was carried out with rigorousmethodological control,

but some limitations should be mentioned. Maternal smoking

Table 2. Crude and adjusted analysis of smoking during pregnancy and wheezing in the last 12 months (at 11 and 15 years): 1993 Pelotas Birth Cohort

11 years 15 years

Crude Adjusteda Crude Adjusteda

Variable PR (CI 95%) PR (CI 95%) PR (CI 95%) PR (CI 95%)

Mother smoked during pregnancy (mean cigarettes/day) P = 0.016b P = 0.131b P = 0.009b P = 0.176b

Non-smoker 1.00 1.00 1.00 1.00
<20 cigarettes/day 1.13 (0.94; 1.36) 1.06 (0.87; 1.28) 1.28 (1.05; 1.54) 1.16 (0.94; 1.42)
⩾20 cigarettes/day 1.51 (1.09; 2.09) 1.37 (0.98; 1.93) 1.32 (0.89; 1.96) 1.15 (0.77; 1.71)

Partner smoked during pregnancy P = 0.872 P = 0.574 P = 0.024 P = 0.149
No 1.00 1.00 1.00 1.00
Yes 0.99 (0.84; 1.16) 1.04 (0.88; 1.23) 0.81 (0.68; 0.97) 0.88 (0.73; 1.06)

Parents smoked during pregnancy P = 0.233b P = 0.421b P = 0.809b P = 0.565b

Neither smoked 1.00 1.00 1.00 1.00
One smoked 1.00 (0.84; 1.19) 0.98 (0.83; 1.17) 0.95 (0.79; 1.15) 0.95 (0.79; 1.14)
Both smoked 1.25 (0.96; 1.63) 1.17 (0.91; 1.52) 1.00 (0.74; 1.35) 0. 93 (0.69; 1.27)

PR, prevalence ratios; BMI, body mass index.
aAdjusted for sex, skin color, birth weight, type of delivery, mother schooling at birth, family income at birth, parents’ asthma history, adolescent

smoking, BMI, physical activity (at the time of follow-up).
bTrend analysis.

Table 3. Crude and adjusted analysis of smoking during pregnancy and number of wheezing crises in the last 12 months (at 11 and 15 years), 1993
Pelotas Birth Cohort

11 years 15 years

Crude Adjusteda Crude Adjusteda

Variable RR (CI 95%) RR (CI 95%) RR (CI 95%) RR (CI 95%)

Mother smoked during pregnancy (mean cigarettes/day) P = 0.540b P = 0.865b P = 0.005b P = 0.023b

Non-smoker 1.00 1.00 1.00
<20 cigarettes/day 1.15 (0.79; 1.67) 1.07 (0.69; 1.67) 1.43 (0.98; 2.09) 1.37 (0.88; 2.12)
⩾20 cigarettes/day 1.01 (0.64; 1.61) 0.96 (0.57; 1.59) 2.16 (1.16; 3.99) 1.97 (1.06; 3.68)

Partner smoked during pregnancy P = 0.728 P = 0.539 P = 0.402 P = 0.897
No 1.00 1.00 1.00 1.00
Yes 1.06 (0.76; 1.48) 1.12 (0.79; 1.60) 0.87 (0.63; 1.21) 0.97 (0.66; 1.43)

Parents smoked during pregnancy P = 0.318b P = 0.391b P = 0.257b P = 0.327b

Neither smoked 1.00 1.00 1.00 1.00
One smoked 1.06 (0.75; 1.49) 1.03 (0.73; 1.46) 1.07 (0.80; 1.42) 1.05 (0.79; 1.40)
Both smoked 1.45 (0.77; 2.73) 1.37 (0.75; 2.49) 1.57 (0.78; 3.18) 1.48 (0.73; 3.00)

RR, risk ratios; BMI, body mass index.
aAdjusted for sex, skin color, birth weight, type of delivery, mother schooling at birth, family income at birth, parents’ asthma history, adolescent

smoking, BMI, physical activity (at the time of follow-up).
bTrend analysis.
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during pregnancy, being a socially reprehensible behavior, may
have been underreported by mothers as previously shown in
other studies.25 However, we did not consider this bias in our
results, as there is no reason to think that maternal smoking
underreported at the moment of birth was related to the report
of wheezing crises in the subject’s adolescence. On the other
hand, despite being widely used in epidemiological studies,
wheezing questions involving a 12-month period recall could
have measurement errors; however, once again, these errors
most likely happened at random and it would not imply that
this research presents a recall bias. On the other hand, the
presence of symptoms such as wheezing has often been used as
a proxy for asthma in epidemiological studies; however,
our wheezing outcome cannot be considered as an asthma
diagnosis. It has been proposed as a better outcome that the use
of wheezing symptoms and history of asthma medication, even
when we did have information on medication, referred to a
different period to the one asked for wheezing crises, therefore
it was not possible to combine this information and use a better
outcome. In order to improve our findings, we performed an
analysis including medical asthma diagnosis, with similar
results with persistent wheezing but with lower effect size.

On the other hand, this cohort has information on
spirometer at age 15. Analysis including reversibility (variability
in pre- and post-bronchodilator tests >12% of predicted
FEV1) and obstruction (FEV1/FVC ratio<90%) according to
Global Initiative for Asthma26 was done, finding no association
(Supplementary Table). This might be because most of the
asthmatic patients in this cohort had some kind of treatment,
and more severe and chronic cases might also be the most
medicated subjects and the best controlled.

Most studies used the variable pack/year of smoking as the
exposure. Nevertheless, we did not have this kind of informa-
tion in our cohort, which is the reason we used number of
cigarettes/day. Nonetheless we consider this a reliable way
of measuring smoking during pregnancy. Another potential
confounder, hospitalizations during the first years of life, was
not possible to be included in the adjusted analysis, as we did
not have this kind of information for the entire cohort, but only
for a subsample of 20% (<1000 individuals), which would
have reduced the statistical power for our analyses. Finally, at
age 11, questions on wheezing were made to the mother,
whereas at 15 years of age to the adolescent, having probably at
this last follow-up a more sensitive estimate than at age 11. In
addition, postnatal tobacco exposure was not evaluated, and
consequently we were not able to identify whether the effect of
tobacco exposure occurring during pregnancy is independent
from postnatal exposure, and also establish whether fetal life is a
critical period for mother’s smoking. Nevertheless, it has been
postulated that wheezing during childhood and adolescence is a
transient condition, because of the development of intrauterine
abnormalities, as most of the respiratory tract development
occurs during fetal life.27

Despite these limitations, our study has the strength of
having a longitudinal design and is one of the few studies
conducted in low- and middle-income countries that pro-
spectively assess the association between maternal smoking
during pregnancy and asthma symptoms in adolescence. The
high rates of follow-up are also another strong point of the
study, reducing a possible self-selection bias. The way of mea-
suring the exposure – number of cigarettes smoked during
pregnancy – may provide preliminary evidence of a possible

Table 4. Crude and adjusted analysis of smoking during pregnancy and persistent wheezing and asthma medical diagnosis (11 and 15 years of age): 1993
Pelotas Birth Cohort

Persistent wheezing (11 and 15 years) Asthma medical diagnosis

Crude Adjusteda Crude Adjusteda

Variable RR (CI 95%) RR (CI 95%) RR (CI 95%) RR (CI 95%)

Mother smoked during pregnancy (mean cigarettes/day) P = 0.117b P = 0.034b P< 0.001b P = 0.012b

Non-smoker 1.00 1.00 1.00 1.00
<20 cigarettes/day 1.24 (0.92; 1.67) 1.36 (0.97; 1.91) 1.26 (1.13; 1.40) 1.15 (1.03; 1.28)
⩾20 cigarettes/day 1.34 (0.73; 2.44) 1.61 (0.87; 2.99) 1.35 (1.09; 1.67) 1.18 (0.95; 1.46)

Partner smoked during pregnancy P = 0.677 P = 0.303 P = 0.172 P = 0.540
No 1.00 1.00 1.00 1.00
Yes 1.06 (0.80; 1.41) 1.18 (0.87; 1.60) 0.93 (0.84; 1.03) 1.03 (0.93; 1.14)

Parents smoked during pregnancy P = 0.054b P = 0.053b P = 0.092b P = 0.176b

Neither smoked 1.00 1.00 1.00 1.00
One smoked 1.20 (0.88; 1.66) 1.22 (0.88; 1.70) 1.03 (0.93; 1.15) 1.05 (0.94; 1.16)
Both smoked 1.59 (1.01; 2.50) 1.61 (1.00; 2.58) 1.18 (1.00; 1.39) 1.12 (0.95; 1.31)

RR, risk ratios; BMI, body mass index.
aAdjusted for sex, skin color, birth weight, type of delivery, mother schooling at birth, family income at birth, parents’ asthma history, and

adolescent smoking, BMI and physical activity (15 years).
bTrend analysis.
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causal association between heavy smoking during pregnancy
and wheezing in adolescence. In addition, it is plausible to
think that the effect of smoking during pregnancy on adoles-
cent wheezing could be an effect of residual confounding, as
this exposure could be determined by many unmeasured
environmental variables, which could also determine later
offspring diseases. Nevertheless, we found an association only
with mothers smoking during pregnancy. Moreover, if residual
confounding was biasing our association, partner smoking
would have also been related to wheezing during adolescence, as
probably both, mother and partner, share the same unmeasured
environmental variables. This suggests that the association found
in this study is not due to residual confounding, increasing the
possibility of causal inferences.

Although our study did not find an association between
maternal smoking during pregnancy and wheezing in the last
year, measured as a dichotomous outcome, several studies in
the literature report a positive association between this exposure
and outcome. Nevertheless, we should say that many of these
studies used cross-sectional designs.28–32 However, a significant
number of cohort studies, conducted mainly in high-income
countries, present similar results.27,33–38 On the other hand,
if we consider only studies from low- and middle-income
countries, literature is scarce, and regardless of design the results
remain inconsistent.28,39,40 Most studies have been carried out
only in infants and children, for instance, a multicenter study in
Latin America and Europe, the International Study of
Wheezing in Infants found that 1-year-old children of mothers
who smoked during pregnancy had a 50% increment on the
risk of recurrent wheezing.28 A similar result was found in
Boston with children of the same age34 and in London with
infants <6-months old.27 This pattern persists even in little
older children (6–7 years of age) in studies conducted in
Brazil39 (RR = 1.70, 95% CI 1.00–2.90) and in Greece32

with preschool children (42 months) (OR = 1.47, 95% CI
1.11–1.96). On the other hand, an Australian cohort of
14-year-old adolescents, using data on spirometry, bronchial
responsiveness and respiratory symptoms, found that maternal
smoking during pregnancy was associated with wheezing and
current asthma.41 Apparently, the magnitude of the effect of
maternal smoking during pregnancy on wheezing in the last
year tends to decrease with increasing age of the individuals,
but this is not seen in all populations.27,34,39,41–43

Pattenden et al.,43 in a pooled analysis of 12 studies, with
children between 6 and 12years of age, reported an odds ratio
for wheezing of 1.25 (95% CI 1.14–1.37) in offspring of
mothers who smoked during pregnancy, with a decrease on the
effect when adolescent smoking was included in the model
(OR = 1.12 95% CI 1.04–1.22). Neumann et al.42 conducted
a similar analysis, but with younger European cohorts (4 to 6
years old), finding an odds ratio of 1.39 (95% CI 1.08–1.77)
for wheezing in the last year and 1.65 (95% CI 1.18–2.31)
for asthma. The magnitude of our results is similar to these
studies but not statistically significant in the model with a
dichotomous outcome.

An expressive number of adolescents had self-reported
asthma medical diagnosis during their life time and the results
from the analysis associating this respiratory disease with
maternal smoking during pregnancy were consistent with the
associations of this exposure and persistent wheezing outcomes.
These findings were also consistent with previous studies that
found, as the report of wheeze, a major risk of asthma diagnosis
during childhood in those who were exposed to maternal
smoking in fetal life.30,32,35,42

Nonetheless, despite the lack of association with wheezing in
the last year (dichotomous outcome), maternal smoking during
pregnancy was associated with number of wheezing crises and
persistent wheezing in a dose-respondent relationship. This
may suggest that the effect of gestational smoking is related to
the severity of asthma symptoms rather than with a simple
episode of wheezing during the year before the interview.
In spite of the fact that fetal airway development could

be damaged by maternal smoking during pregnancy and
consequently their offspring could develop respiratory diseases
during life, based on Baker’s hypothesis of ‘fetal program-
ming’,44 the mechanisms by which this operates remain
uncertain.27,42 Some authors suggest that the toxins produced
by tobacco consumption can freely cross the utero–placental
barrier6 and may decrease the fetus’s growth potential and
general development. Morphological and physiological differ-
ences have been found in the respiratory tract of fetuses exposed
to active smoking in animal models4 and children who suffered
sudden infant death.45

In conclusion, we found an association between smoking
during pregnancy and number of wheezing crises at age 15, as
well as persistent wheezing at 11 and 15 years. The lack of
association with partner smoking suggests a direct biological
effect of the mother smoking during pregnancy on fetal life and
consequently on asthma symptoms during adolescence.
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