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ABSTRACT

Background: Environmental tobacco smoke affects the current and future health of children. Objective: To determine whether
schoolchildren aged 8-17 years old residing at an altitude of 2,240 m and exposed to tobacco smoke at home presented a reduction
in the growth of pulmonary function and a greater problem of respiratory symptoms and infections compared with non-exposed
children. Materials and Methods: We followed, with questionnaires and spirometry, 1,632 boys and 1,555 girls from Mexico City
and its metropolitan area (the Metropolitan Study to Evaluate the Chronic Effects of Pollution in School-age Children [EMPECE])
every six months for six years. The impact of passive smoking was estimated by mixed-effects models and Generalized Linear
and Latent Mixed Models (GLLAMM), stratifying by gender and adjusting for age, height, weight, and ozone levels. Results: Passive
smoking (reported by one-half of participants) was associated with reduced spirometric lung function (log transformed or as
Z-scores) and a higher frequency of self-reported respiratory symptoms and respiratory infections. Levels of forced expiratory
volume in 1 second and forced vital capacity in individuals exposed to passive smoking were 6.8 and 14.1 ml, respectively, below
those of non-exposed children, and these values decreased with increasing number of smokers at home and higher ozone levels.
Conclusions: Passive smoking in children is a significant risk factor for respiratory disease and reduced lung function growth, which
are additive with levels of air pollution, asthma, and the presence of respiratory symptoms. (REV INVES CLIN. 2016;68:119-27)
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INTRODUCTION

Environmental tobacco smoke is a world health problem
and part of the tobacco epidemic which is suffered
mostly by children and imposes risks for their current
and future health, unfortunately mainly caused by their
parents and close relatives. Environmental tobacco
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smoke contains thousands of chemical substances,
many of which are toxic, irritating, or pharmacologi-
cally active, and over 40 of these cause cancer!2.

The 2009 report of the World Health Organization
(WHO) indicates that 700 million children worldwide
(about 40% of all children) are exposed to second-hand
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tobacco smoke (SHS) at home. Also, SHS is estimated
to cause about 600,000 premature deaths each year
worldwide. Of all deaths attributable to SHS, 31%
occur among children3. Likewise, a study conducted in
Scotland reported an association between salivary
cotinine levels in children aged 2-12 years, the number
of persons who smoke in the home, and the frequency
with which they smoke?*. The authors also found a
positive association between passive smoking and
respiratory problems in the children studied.

A decrease in pulmonary function has also been re-
ported in children exposed to passive smoking>, par-
ticularly in those with asthma® and those prenatally
exposed’8. Whether due to a direct exposure from
their mothers or from environmental tobacco smoke,
a reduction in birth weight has been observed, affecting
the child’s development and behavior?:1%, and increasing
the risks for chronic obstructive pulmonary disease
(COPD) or lung cancer at a mature age!!2 as well as
leukemias, lymphomas, and brain tumors during in-
fancy!3. In addition, boys exposed to tobacco smoke
who reported wheezing and asthma showed greater
functional deterioration than girls'41>. The SHS from
parents and especially from the mother is associated
with lower respiratory tract diseases in children?3.

In Mexico, surveys have shown that children’s expo-
sure to SHS is high'6, and smoking during pregnancy
reduces the newborn’s weight by 154 g and the size
by 0.79 cm!’. The 2002 National Drug Addictions
Survey (ENA) in Mexico found that approximately
50% of the total population and up to 80% of those
residing in urban areas were passive smokers18.

The objective of the present study was to determine
whether exposure to tobacco smoke at home in
schoolchildren aged 8-17 years residing at 2,240 m
above sea level is associated with a reduction in the
growth of pulmonary function or with an increase in
respiratory symptoms and infections, and whether
there is a gender-related differential effect and an
additive effect with air pollution.

MATERIALS AND METHODS

The Metropolitan Study to Evaluate the Chronic Effects
of Pollution in School-age Children (EMPECE Study)
was undertaken in Mexico City beginning on April 23,
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1996, with children in third grade of primary school'°.
The protocol was approved by the Ethics Committee
of the National Institute of Respiratory Diseases
(INER) of Mexico. All parents provided written informed
consent for their children to be study subjects.

We selected 10 fixed-site air-monitoring stations in
Mexico City and randomly selected 39 elementary
schools from among those located within a 2 km ra-
dius of the stations. The study cohort consisted of
students at the selected schools who were eight years
of age at the beginning of the study and whose par-
ents had signed a letter of informed consent. Children
could enter or leave the cohort during the course of
the study. At baseline, a questionnaire was completed
by the parents of 1,819 children, and a spirometric
test was administered to each child (Phase 1). The
subsequent evaluations (a total of six) were done
every six months during the spring and autumn of
each year until the end of the children’s primary
school education in 1999. Children remaining in the
same school to study secondary level were followed
for three additional years until 2002; thus, we col-
lected information for a total of 12 evaluations®20.21,
A health questionnaire and written informed consent
were filled out by parents and returned the day before
each evaluation; it included self-reported diseases
(asthma, respiratory infections, vaccination, previous
pneumonias, ear infections, allergies, previous tonsil-
lectomy, hyperactivity, neurologic diseases, heart dis-
eases, gastroesophageal reflux, and obesity), and
chronic respiratory symptoms (cough, wheezing,
phlegm, and dyspnea). We also analyzed the reported
frequency of respiratory infections (common cold,
sore throat, and bronchitis). Exposure to SHS in chil-
dren was evaluated with the most common questions,
all bearing an independent association with cotinine
levels in children??: Does the father smoke inside the
house? Does the mother smoke inside the house? Do
other persons smoke inside the house? During the
last evaluation in secondary school (Phase 12), a
question of direct smoking was included: Have you
smoked a cigarette in the last month?

Spirometry tests were conducted using identical com-
puterized dry-rolling seal spirometers (922 Spirometer;
SensorMedics, USA) that were calibrated each morning
prior to data collection with a 3 | syringe (SensorMedics).
We recorded only the expiratory part of forced expira-
tory maneuvers and analyzed forced expiratory volume
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Table 1. Description of variables by gender and phase of the study

Exposed to passive Age (years) Height (cm) BMI
smoking

Girls Phase* n/total (%) Mean (SD) Mean (SD) Mean (SD)
1 406/929 (43.7) 8.7 (0.8) 130.6 (6.5) 17.2 (3.0)
2 509/944 (53.9) 9.1 (0.8) 133.3 (6.5) 17.5 (3.0)
3 637/1,161 (54.9) 9.6 (0.8) 137.3 (7.0) 18.2 (3.4)
4 598/1,117 (53.5) 10.2 (0.8) 140.5 (7.5) 18.8 (3.6)
5 515/942 (54.7) 10.6 (0.8) 143.4 (7.3) 19.2 (3.7)
6 595/1,112 (53.5) 11.1 (0.8) 146.3 (7.1) 19.9 (3.8)
7 573/1,115 (51.4) 11.7 (0.8) 149.1 (6.7) 20.1 (3.9)
8 202/462 (43.7) 12.6 (0.7) 152.8 (5.9) 21.8 (4.4)
9 186/426 (43.7) 13.1 (0.6) 154.2 (5.7) 22.0 (4.2)
10 161/403 (40.0) 13.5(0.6) 155.0 (5.5) 22.4 (4.2)
11 141/350 (40.3) 14.0 (0.6) 155.7 (5.5) 22.7 (4.1)
12 149/355 (42.0) 14.4 (0.7) 156.2 (5.6) 22.7 (4.2)
Boys Phase n/total (%) Mean (SD) Mean (SD) Mean (SD)
1 342/890 (42.9) 8.7 (0.8) 131.0 (6.2) 17.4 (3.1)
2 540/962 (56.1) 9.2 (0.8) 133.7 (6.7) 17.8 (3.3)
3 648/1,160 (55.9) 9.7 (0.8) 136.8 (6.8) 18.3 (3.6)
4 546/1,087 (54.8) 10.2 (0.8) 139.8 (7.4) 19.0 (3.9)
5 503/917 (54.9) 10.7 (0.8) 142.8 (7.6) 19.2 (3.9)
6 598/1,105 (54.1) 11.2 (0.8) 145.5 (8.0) 19.6 (3.9)
7 585/1,103 (53.0) 11.7 (0.8) 148.7 (8.1) 19.8 (4.1)
8 185/466 (39.7) 12.6 (0.7) 155.1 (8.3) 21.0 (4.5)
9 159/407 (39.1) 13.1 (0.6) 158.1(8.2) 21.0 (4.3)
10 141/389 (36.3) 13.5 (0.6) 160.7 (7.8) 21.3 (4.4)
11 124/330 (37.6) 14.1 (0.6) 163.1 (7.4) 21.7 (4.4)
12 148/343 (43.2) 14.5 (0.6) 164.9 (7.3) 22.0 (4.6)

*Study phase: 12 study evaluations, one every six months.
BMI: body mass index; SD: standard deviation.

in 1 second (FEV)), forced vital capacity (FVC), and
their ratio (FEV,/FVC): forced expiratory flow (FEF)
between 25-75% of the FVC (FEF,. ,..,).

Tests were performed at the school during morning
and early afternoon hours. As many as eight maneu-
vers were conducted for each child to obtain three
acceptable tests according to 1994 American Tho-
racic Society (ATS) criteria?3. Additional details on
spirometry methodology, including sustained quality
control along the study, longitudinal variability, refer-
ence values and impact of socioeconomic status, were
described in previous reportst7:18.24.25,

The impact of several air pollutants on the lung func-
tion of the cohort was previously reported!é. As an
indicator of air pollution, we included in the present
analysis ambient ozone (O;) from 10 government
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air-monitoring stations, assigning for each child data
from the station closest to his/her school. We calcu-
lated 8 hour O, means (parts per billion, ppb, between
10 a.m. and 6 p.m.), whereas long-term exposure for
each day of the study period was estimated as the
average over the previous six months of the daily O,
8 h mean??.

Statistical analysis

We fitted multilevel mixed-effects linear models ad-
justed for age and gender to determine the associa-
tion of SHS (the presence of any parent or person
smoking inside the home) with spirometry variables
(log-transformed FEV, and FVC) along time with and
without height, and ozone concentrations (average
over the previous six months of the daily O, 8 h mean,
as a general indicator of air pollution). Levels considered
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in the models were the city zone (air pollution moni-
tors) and repeated measurements. We also explored
lung function (FEV, and FVC) expressed as the Z-score
of height-, age-, and gender-predicted values?> in
models adjusted for ozone, presence of asthma, pres-
ence of respiratory symptoms, and frequent respira-
tory infections. Three-level Generalized Linear and
Latent Mixed Models (GLLAMM) were fitted for di-
chotomous responses (yes/no) such as the presence
of respiratory symptoms and the reported frequency
of respiratory infections as a function of secondhand
smoking. The order of levels included was as follows:
the observations, the children, and the pollutant mon-
itors reflecting the geographical area of Mexico City.
Repeatability of passive smoking questions was esti-
mated by the Kappa coefficient26. Secondhand smok-
ing was included as adjustment variable in a previous
report on the impact of socioeconomic status on lung
function?4.

Analyses were conducted using STATA v.13 statistical
software (Stata Corp., College Station, TX, USA).

RESULTS

We included a total of 1,819 participants (929 girls
and 890 boys) in the first study phase; the number
of children studied in each phase is described in table

1 as well as the proportion of passive smoking and
anthropometric variables by gender. Kappa coeffi-
cient for multiple observations of passive smoking
questions (up to a maximum of 12 evaluations) were
for the father 0.520 (95% Cl: 0.496-0.533), for the
mother 0.605 (95% Cl: 0.595-0.607), and for “other
persons smoking at home” 0.477 (95% CI: 0.463-
0.486), concordance classified usually between mod-
erate and considerable?®. The proportion of passive
smoking ranged from 40.0 to 54.9% in girls and from
36.3 to 56.1% in boys in the repeated questionnaires
applied, with no significant difference secondary to
reported income or parents’ education level. Reports
of respiratory infections in the previous three months
(bronchitis, common cold, and sore throat) in Phase
1 were as high as 69.6% in girls and 66.3% in boys.

Passive smoking, measured as the number of persons
smoking inside the home and as dichotomous variable
(yes/no), was associated significantly with respira-
tory symptoms and respiratory infections. For age-,
height-, weight-, and ozone-level-adjusted GLLAMM
models, we observed odds ratios (OR) of between 1.4
and 2.3 predicting respiratory symptoms in those ex-
posed to passive smoking, exhibiting a trend to in-
crease with the number of persons smoking inside the
home both in boys and in girls; for recent respiratory
infections, OR were between 1.2 and 1.5 in both boys
and girls (Table 2).

Table 2. Multilevel linear logistic models by gender and the number of persons who smoked inside home

Number of Girls Boys

persons

smoking Crude Adjusted* Crude Adjusted

inside home

OR 95% ClI OR 95% Cl OR 95% CI OR 95% ClI

Respiratory symptoms (cough, wheezing, phlegm and dyspnea)
One 1.6" (1.21-2.05) 1.47 (1.08-1.89) 14" (10.07-10.83) 1.3 (0.94-1.66)
Two 1.67 (1.18-2.20) 1.77 (1.23-2.38) 1.67 (1.18-2.18) 1.77 (1.22-2.36)
Three 1.7¢ (1.09-2.72) 1.8f (1.10-2.87) 2.2F (1.41-3.42) 2.3F (1.41-3.64)
Ozone 1.0 (0.98-1.01) 1.0 (0.97-0.99)
Respiratory infections (common cold, sore throat and bronchitis)
One 1.47 (1.21-1.54) 1.37 (1.12-1.44) 1.3° (1.14-1.45) 1.2% (1.03-1.33)
Two 1.37 (1.17-1.54) 1.37 (1.16-1.55) 1.57 (1.32-1.74) 1.57 (1.28-1.71)
Three 1.57 (1.24-1.88) 1.5° (1.19-1.83) 1.4% (1.11-1.72) 1.4% (1.06-1.68)
Ozone 1.041 (1.03-1.05) 1.041 (1.04-1.05)

*Models adjusted for age, height, weight, and ozone levels; 'p < 0.01; *p < 0.05.
OR: odds ratio; 95% Cl: 95% confidence interval.
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Table 3. Multilevel linear regression models of mixed effects by gender

Dependent variable Girls Boys
Log-lung function models B 95% ClI § 95% Cl
Number of persons who reported smoking within the home
Ln(FEV)) —-0.00412" —0.0069, —0.0014 —-0.00173 —0.0044, 0.0009
Ln(FVC) -0.007571 —-0.0101, -0.0050 —-0.00280* —0.0052, -0.0004
Ln(FEV,/FVC) 0.00359" 0.0020, 0.0052 0.00106 —0.0006, 0.0027
Ozone effect
Ln(FEV)) —0.00096" —0.0012, —0.0008 —-0.00110" —0.0013, -0.0009
Ln(FVC) —-0.00056" —0.0008, —0.0004 —0.00065" —0.0008, —0.0005
Ln(FEV,/FVC) —0.00039" —0.0005, —-0.0003 —-0.00045" —0.0006, —0.0003
Z score models B 95% CI B 95% Cl
Number of persons who reported smoking within the home
FEV, (Z-score) —0.04174" —0.0629, —0.0206 —0.04076" —-0.0620, -0.0196
FVC (Z-score) -0.07171% —-0.0920, -0.0514 —-0.05016" —-0.0709, -0.0294
FEV,/FVC (Z-score) 0.04488" 0.0233, 0.0665 0.00895 —0.0120, 0.0299
Ozone effect
FEV, (Z-score) —0.01032f -0.0118, -0.0088 —-0.01016" -0.0117, -0.0087
FVC (Z-score) —-0.00662" —0.0081, —0.0052 —0.00660" —0.0081, —0.0051
FEV,/FVC (Z-score) -0.007071 —0.0086, —0.0055 —-0.00593" —0.0074, -0.0045

Lung function models: each model was adjusted for age, age squared, height, weight, ozone levels, asthma, respiratory symptoms, and
respiratory infections. Z-score models were adjusted for age, height, and weight according to Martinez-Brisefio, et al.2% predicting equations.
Each model was additionally adjusted for ozone levels, asthma, respiratory symptoms, and respiratory infections.

p < 0.01; *p < 0.05.

p: coefficients; 95% Cl: 95% confidence interval; Ln: lung; FEV,: forced expiratory volume in 1 second; FVC: forced vital capacity.

We also observed a decrease in log-lung function (log-
FEV, and logFVC) according to the number of persons
smoking at home in multilevel models adjusted for age,
height, weight, and ozone levels in girls, and of logFVC
in boys (Table 3), whereas both were decreased signifi-
cantly in both genders if lung function was expressed as
a Z-score. The average impact of passive smoking on an
individual of mean age and height for each person smok-
ing indoors was a decrease in FEV, of 0.30% (6.8 ml) for
all individuals, 0.41% (9.2 ml) for girls, and 0.17%
(4.1 ml) for boys. For FVC, the average drop was of
0.53% (14.1 ml) for all participants, 0.75% (19.4 ml) for
girls, and 0.28% (7.8 ml) for boys. We did not observe
a worse adverse effect of secondhand smoking in chil-
dren with a diagnosis of asthma than in the remainder.

In the models, we tested other possible predictors: re-
ported allergies, degree of physical activity, distance from
school to home, and exposure to fuel smoke at home,
but no significant association was observed with the
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outcome variables. Exposure to increased levels of ozone
was associated with a decrease in lung function, as re-
ported previously!®. Tables 2 and 3 show that individu-
als in the higher quartile of ozone exposure had 3.3%
(78.9 ml) less FEV, and 2.3% (62.8 ml) less FVC than
individuals in the lower air pollution quartile (see online
table 1 for the full model). Also, a reported physician’s
diagnosis of asthma was associated with a significant
average drop in FEV, of 3.5% (82.7 ml), but without
a relevant change in FVC. These effects were additive
to those due to second-hand smoking. We found no
significant impact of active smoking in lung function
or symptoms in the 274 acknowledged direct smokers.

DISCUSSION

In this study, we showed that in the cohort of primary-
and secondary-level students (aged 8-17 years) resid-
ing in metropolitan Mexico City, secondhand smoking
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was associated with an increase in respiratory symp-
toms, in the frequency of self-reported respiratory
infections (common cold, sore throat, and bronchitis),
and with a reduction of spirometric pulmonary function.
Second-hand smoking was homogeneous across differ-
ent strata of reported income or parents’ education.

Exposure to tobacco smoke prenatally and during in-
fancy is associated with a reduction in the growth of
pulmonary function and a greater risk for the devel-
opment of asthma??-2%, as well as for respiratory
symptoms and/or respiratory infections2®3°. The pla-
centa allows the penetration of smoke products into
the fetus3!, likely affecting the development and
growth of the forming lungs, with a possible drop in
the spirometry indices®32.

In our study, an adverse effect on lung function was
observed in children exposed to passive smoking, pro-
portional to the number of smokers at home. Although
this appears small in magnitude (5-15 ml of FEV, or
FVC per smoker inside the home), it is also associated
with respiratory symptoms, implying persistent in-
flammation, and is additive to other insults such as air
pollutiont?, as observed in models depicted in tables 2
and 3. For example, if an individual simultaneously
reported respiratory symptoms, frequent respiratory
infections, asthma, passive smoking, and residing in an
area with ozone levels in the upper quartile, the esti-
mated lung function decrease was 7.6% (183.3 ml) in
FEV, and 2.9% (78.1 ml) in FVC, which may possibly
lead to permanent deficits in lung function.

A decrease in FEV, associated with passive smoking
was reported in another study as being worse if the
exposure was through the mother and in individuals
with wheezing!®. A reduction in FEV, and FVC was
worse in asthmatic children exposed to SHS com-
pared with exposed children without asthma33. How-
ever, in our study, previous asthma and wheezing did
not predict a more important decrease in lung func-
tion with passive smoking, although we were unable
to analyze whether children with asthma had more
symptoms or a more difficult control if exposed to
SHS than those without exposure. Passive smoking
was not associated with asthma in a cross-sectional
study performed in Mexican children3.

Respiratory symptoms in children of mothers who
smoke during pregnancy may also be worse: of 313
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schoolchildren between the ages of 5 and 13 years,
18% were exposed to SHS during pregnancy and had
an OR of a 2.2-times greater risk of having cough in
comparison with children of non-smoking mothers33.
Additionally, in our study we did not know whether
the mothers smoked during pregnancy, but 23% of
mothers acknowledged smoking and some of them
could have been smokers during pregnancy3°.

Exposure to air pollution including second-hand smok-
ing is of higher concern in children because ventilation
per size is higher than in adults3’, an effect more
relevant in Mexico City, with altitude-induced hyper-
ventilation. In addition, the infant’s immunological
system is immature and more susceptible to respira-
tory infections, and environmental toxins or infections
may interfere with lung growth and development dur-
ing key periods.

Additional study limitations

We based the assessment of passive smoking on the
report of the parents, but lacked measurements of
cotinine; were unaware of how many cigarettes they
smoked inside the home, which was relevant for ad-
verse effects in previous studies3#3°; and whether the
mothers smoked during pregnancy. Children were
studied before attaining final growth, and we do not
know whether functional deficits in those exposed to
SHS were or were not permanent. In addition, the
report of respiratory symptoms and infections was
obtained from the questionnaires and may be affect-
ed by recall. On the other hand, the study represents
a well-characterized cohort of children studied re-
peatedly with high-quality spirometry measurements,
with respiratory symptoms (cough, phlegm, and
wheezing) assessed by standard questions utilized in
respiratory epidemiology. In other studies, as in ours,
the simple parental report of passive smoking was a
predictor of symptoms and altered pulmonary func-
tion, and questions about smoking at home by the
mother, the father and other persons correlated with
cotinine levels in children?2.

We found more respiratory symptoms, more frequent
respiratory infections, and lower spirometry function
in schoolchildren exposed to tobacco smoke at home,
with the risk increasing if more persons smoked with-
in the home. This information supports international
efforts to eliminate passive smoking in children.
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SUPPLEMENTAL MATERIAL

Table 1. Multilevel linear regression models of mixed effects by gender

GIRLS BOYS

Ln (FEV,) § p value 95% ClI B p value 95% Cl
Age (years) 0.03499 0.000 (0.02, 0.05) —0.07287 0.000 (-0.08, —0.06)
Age? -0.00011 0.708 (-0.00, 0.00) 0.00432 0.000 (0.00, 0.01)
Height (cm) 0.01354 0.000 (0.01, 0.01) 0.01543 0.000 (0.01, 0.02)
Weight (kg) 0.00350 0.000 (0.00, 0.00) 0.00154 0.000 (0.00, 0.00)
Exposed to passive smoking  —0.00412 0.003 (-0.01, -0.00) -0.00173 0.197 (-0.00, 0.00)
Ozone —0.00096 0.000 (-0.00, —0.00) -0.00110 0.000 (-0.00, —0.00)
Asthma -0.04563 0.005 (-0.08, -0.01) —0.02532 0.110 (-0.06, 0.01)
Respiratory symptoms 0.00195 0.179 (-0.00, 0.00) -0.00120 0.423 (-0.00, 0.00)
Respiratory infections —-0.00408 0.049 (-0.01, —0.00) —-0.00524 0.010 (-0.01, —0.00)
Constant —-1.55347 0.000 (-1.62,-1.48) -1.06199 0.000 (-1.14,-0.98)
Ln (FVQC) [§ p value 95% ClI B p value 95% Cl
Age (years) 0.01353 0.036 (0.00, 0.03) -0.07368 0.000 (-0.08, —0.06)
Age? 0.00070 0.008 (0.00, 0.00) 0.00423 0.000 (0.00, 0.00)
Height (cm) 0.01204 0.000 (0.01, 0.01) 0.01418 0.000 (0.01, 0.01)
Weight (kg) 0.00446 0.000 (0.00, 0.01) 0.00258 0.000 (0.00, 0.00)
Exposed to passive smoking  —0.00757 0.000 (-0.01, -0.01) —0.00280 0.024 (-0.01, -0.00)
Ozone —0.00056 0.000 (-0.00, —0.00) —0.00065 0.000 (-0.00, —0.00)
Asthma 0.00726 0.646 (-0.02, 0.04) 0.00498 0.740 (-0.02, 0.03)
Respiratory symptoms 0.00346 0.009 (0.00, 0.01) 0.00156 0.256 (-0.00, 0.00)
Respiratory infections —0.00406 0.033 (-0.01, —0.00) —-0.00466 0.012 (-0.01, -0.00)
Constant -1.15742 0.000 (-1.22,-1.09) -0.79747 0.000 (-0.87,-0.73)
Ln (FEV,/FVC) [§ p value 95% ClI [§ p value 95% Cl
Age (years) 0.02187 0.000 (0.01, 0.03) 0.00075 0.833 (-0.01, 0.01)
Age? —0.00080 0.000 (-0.00, —0.00) 0.00009 0.545 (-0.00, 0.00)
Height (cm) 0.00154 0.000 (0.00, 0.00) 0.00125 0.000 (0.00, 0.00)
Weight (kg) -0.00113 0.000 (-0.00, —0.00) —0.00106 0.000 (-0.00, —0.00)
Exposed to passive smoking 0.00359 0.000 (0.00, 0.01) 0.00106 0.204 (-0.00, 0.00)
Ozone —0.00039 0.000 (-0.00, —0.00) —0.00044 0.000 (-0.00, —0.00)
Asthma -0.05216 0.000 (-0.07, -0.04) —0.03005 0.002 (-0.05, -0.01)
Respiratory symptoms —0.00160 0.066 (-0.00, 0.00) —-0.00285 0.002 (-0.01, —0.00)
Respiratory infections 0.00010 0.935 (-0.00, 0.00) —0.00056 0.657 (-0.00, 0.00)
Constant -0.40146 0.000 (-0.44, -0.36) -0.26367 0.000 (-0.31,-0.22)

Ln: lung: FEV1: forced expiratory volume in 1 second; FVC: forced vital capacity.
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Table 2. Multilevel linear regression models of mixed effects by gender

GIRLS BOYS

FEV, Z-score [§ p value 95% ClI [§ p value 95% ClI
Exposed to passive smoking  -0.04174 0.000 (-0.06, —0.02) —0.04076 0.000 (-0.06, —0.02)
Ozone -0.01032 0.000 (-0.01, -0.01) -0.01016 0.000 (-0.01, -0.01)
Asthma -0.34549 0.005 (-0.59,-0.10) —-0.22725 0.074 (-0.48, 0.02)
Respiratory symptoms 0.03225 0.004 (0.01, 0.05) —-0.00129 0.916 (-0.03, 0.02)
Respiratory infections -0.08591 0.000 (-0.12, -0.06) —0.08903 0.000 (-0.12, -0.06)
Constant 0.89761 0.000 (0.78, 1.01) 0.74864 0.000 (0.64, 0.86)
FVC Z-score B p value 95% Cl § p value 95% Cl
Exposed to passive smoking  —0.07171 0.000 (-0.09, -0.05) -0.05017 0.000 (-0.07, -0.03)
Ozone -0.00662 0.000 (-0.01, -0.01) —0.00660 0.000 (-0.01, -0.01)
Asthma 0.05933 0.636 (-0.19,0.31) 0.00212 0.987 (-0.25, 0.25)
Respiratory symptoms 0.04155 0.000 (0.02, 0.06) 0.02060 0.084 (-0.00, 0.04)
Respiratory infections -0.07791 0.000 (-0.11, -0.05) -0.08134 0.000 (-0.11, -0.05)
Constant 0.58562 0.000 (0.48, 0.69) 0.43609 0.000 (0.33,0.55)
FEV,/FVC Z-score B p value 95% Cl B p value 95% ClI
Exposed to passive smoking 0.04488 0.000 (0.02, 0.07) 0.00895 0.401 (-0.01, 0.03)
Ozone -0.00707 0.000 (-0.01, -0.01) —0.00593 0.000 (-0.01, -0.00)
Asthma -0.70136 0.000 (-0.93,-0.47) —0.38995 0.002 (-0.64, -0.14)
Respiratory symptoms —0.00957 0.410 (-0.03, 0.01) —-0.03850 0.001 (-0.06, —0.01)
Respiratory infections -0.03360 0.034 (-0.06, —0.00) -0.01663 0.286 (-0.05, 0.01)
Constant 0.72584 0.000 (0.61, 0.84) 0.46292 0.000 (0.35,0.57)

FEV,: forced expiratory volume in 1 second; FVC: forced vital capacity.

Table 3. Multilevel linear logistic models predicting symptoms by gender

GIRLS BOYS

Respiratory symptoms OR p value 95% Cl OR p value 95% Cl
One person smokes indoors 1.43 0.013 (1.08, 1.89) 1.25 0.130 (0.94, 1.66)
Two people smoking indoors 1.71 0.001 (1.23, 2.38) 1.70 0.002 (1.22, 2.36)
Three people smoking indoors 1.78 0.019 (1.10, 2.87) 2.26 0.001 (1.41, 3.64)
Age 0.70 0.000 (0.62, 0.80) 0.59 0.000 (0.51, 0.67)
Height (cm) 0.97 0.010 (0.95,0.99) 0.99 0.472 (0.97,1.01)
Weight (kg) 1.01 0.428 (0.99, 1.03) 1.01 0.335 (0.99, 1.03)
Ozone 0.99 0.230 (0.98, 1.01) 0.98 0.000 (0.97,0.99)
Constant 125.93 0.000 (9.90, 1,601.4) 81.06 0.001 (6.78,969.42)
Respiratory infections OR p value 95% ClI OR p value 95% ClI
One person smokes indoors 1.27 0.000 (1.12,1.44) 1.17 0.018 (1.03,1.33)
Two people smoking indoors 1.34 0.000 (1.16, 1.55) 1.48 0.000 (1.28,1.71)
Three people smoking indoors 1.48 0.000 (1.19, 1.83) 1.34 0.012 (1.06, 1.68)
Age 0.61 0.000 (0.58, 0.65) 0.72 0.000 (0.68, 0.76)
Height (cm) 1.04 0.000 (1.03, 1.05) 1.00 0.393 (0.98, 1.00)
Weight (kg) 0.98 0.000 (0.98, 0.99) 1.00 0.215 (0.99, 1.00)
Ozone 1.04 0.000 (1.03, 1.05) 1.04 0.000 (1.04, 1.05)
Constant 0.08 0.000 (0.02, 0.25) 2.52 0.121 (0.78, 8.09)
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