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BACKGROUND: Glutathione S-transferase (GST) genes are involved in the management of
oxidative stress in the lungs. We aimed to determine whether they modify the associations
between early life smoke exposure and adverse lung health outcomes.

METHODS: The Melbourne Atopy Cohort study (a high-risk birth cohort) enrolled 620
children and followed them prospectively from birth. We recorded perinatal tobacco smoke
exposure, asthma, and lung function at 12 (59%) and 18 years (66%) and genotyped for
GSTM1, GSTT1, and GSTP1 (69%).

RESULTS: GST genotypes were found to interact with tobacco smoke exposure on lung
function outcomes (P interaction # .05). Only among children with GSTT1 null genotypes
was exposure to mother’s, father’s, or parental tobacco smoke in early life associated with an
increased risk of reductions in prebronchodilator (BD) FEV1 and FVC at both 12 and 18
years. These associations were not seen in children with GSTT1 present. Similarly, only
among children with GSTM1 null genotypes was exposure to father’s or parental smoking
associated with reductions in pre- and post-BD FEV1 and FVC at 18 years. Only among
children with Ile/Ile genotypes of GSTP1 was exposure to mother’s smoking associated with
increased risk of reduced FEV1 at 18 years, but this was not the case among children with
Val/Val or Ile/Val genotypes.

CONCLUSIONS: Our study provides evidence of interaction between early tobacco smoke
exposure and GST genotypes on lung function. Carriers of GST null mutations and GSTP1
Ile/Ile alleles may be more susceptible when exposed to tobacco smoke in early life. These
findings support stronger recommendations to protect all infants from tobacco smoke
exposure.
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Exposure to tobacco smoke in early life has been found
to increase the risk of developing asthma and lung
function deficits in adolescence and adulthood.1-5

However, not all children exposed to tobacco smoke in
early life develop asthma, which suggests differences in
genetic susceptibility.

There is increasing interest in genetic polymorphisms
involved in oxidative stress pathways. One of the major
enzymatic regulators of oxidative stress in the body is
through glutathione S-transferase (GST) enzymes encoded
by GST genes. GST enzymes are involved in the
detoxification of a variety of foreign chemicals, including
several reactive tobacco metabolites and reactive oxygen
species.6-8 Three major GST enzymes are encoded by the
GSTM1, GSTT1, and GSTP1 genes. Deficiencies in the
enzyme activity in GSTM1 and GSTT1 are typically caused
by deletion of the genes (null genotypes), whereas the most
studied GSTP1 variant contains two polymorphisms: an
A/G transition at codon 105, which leads to the ile105val
amino acid substitution.9,10 Substituting Ile105 for Val105

significantly lowers GST enzyme activity.11
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However, a 2010 systematic review including 22 studies
did not support a substantial direct role of GST genetic
polymorphisms in the development of asthma. The
authors instead suggested the possibility of a gene-
environment interaction influencing the risks of asthma
and impaired lung function.12 However, there are a
limited number of longitudinal studies focusing on
gene-environment interactions and measuring
outcomes at different time periods in older children and
adolescents, especially concerning the effect on lung
function.

We aimed to investigate the relationship between GST
genes and early life tobacco smoke exposure and their
interaction on asthma and lung function at 12 and 18
years of age in the Melbourne Atopy Cohort Study
(MACS). We have previously found in this cohort that
early life tobacco smoke exposure was associated with
asthma and lung function impairment at 18 years in
girls.13 We now investigate the potential for GST gene
(GSM1, GSTT1, and GSTP1) polymorphisms to modify
these associations.
Materials and Methods
Study Population

Between 1990 and 1994, 620 children were recruited (while in utero)
into the MACS (Fig 1). All children had at least one first degree
family member with allergic disease. Details of the study have been
published elsewhere.14 Data on exposures and respiratory outcomes
for these participants were collected from birth to 18 years of age.
MACS initially began as a randomized controlled trial of infant
formula on weaning,15 but has since been followed as an
observational cohort. The initial phases to the 12-year follow-up of
MACS were approved by The Mercy Maternity Hospital Ethics
Committee. The 18-year follow-up was approved by the University
of Melbourne and the Royal Children’s Hospital Ethics Committees
(reference No. 28035).

Tobacco Smoke Exposure

Tobacco smoke exposure was collected at the initial interview from
mothers (median, 4 days before birth of the child; interquartile
range, 26 days prior to birth to 2 days after birth). In this study,
mother’s or father’s smoking in early life was defined by response to
the following questions at baseline: Is mother smoking now? and Is
father smoking now? Parental smoking in early life was defined as
either mother or father smoking or both. Participants completed
written questionnaires at 18 years of age.

Asthma

Current asthma at 12 years of age was defined as positive responses by
parents to the following question: Any episodes of asthma or treatment
with breathing medication within the last 12 months?

Current asthma at 18 years of age was defined by positive responses by
the participant to the following question: Have you had any episodes of
asthma or used medication for asthma in the last year?

Lung Function

Lung function was measured by spirometry at 12 and 18 years of age,
according to standard techniques described by the American Thoracic
Society.16,17 The detailed procedures at both time points have been
described elsewhere.13 SpiroCard spirometers (SpiroCard PC
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620 infants at high allergy risk
enrolled at birth

12-year-old children with spirometry (n = 302)
and questionnaire responses (n = 359)

18-year-old children with spirometry (n = 396),
questionnaire responses (n = 411),

and GST genotype (n = 428)

Figure 1 – Flowchart of participants in the Melbourne Atopy Cohort
Study. GST ¼ glutathione S-transferase.
Spirometer; QRS Diagnostic) were used at 12 years of age. The
EasyOne Spirometer system (ndd Medical Technologies) was used
for the 18-year follow-up, before and after the inhaled
bronchodilator (BD) salbutamol 200 mg via a spacer. Tests were
checked for acceptability and reproducibility by the respiratory
scientist and one of the authors (C. J. L). FEV1 and FVC and mid
expiratory flow were measured. Both z scores (measures of SD from
the mean predicted value) and % predicted values were calculated
from the Global Lung Function Initiative (GLI) reference values for
Caucasians.18,19

Genotyping
Blood or saliva was collected at the 18-year follow-up for GST
genotyping.14 Multiplex polymerase chain reaction techniques were
used for measurement of the deletion of GSTM1 and GSTT1
genotypes. For all experiments, positive primers for beta-globin were
included as a positive control. A customized GoldenGate Genotyping
Assay (Illumina) was used to genotype the GSTP1 (rs1695 A/G:
ile105val) polymorphism. All assays were performed by scientists
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unaware of the clinical status of individual subjects. Genotype
assignments were based on two consistent experimental results.

Other Variables

Baseline data also collected at the initial interview included parental
age, parental education (used as a proxy for socioeconomic status),
parental asthma, cooking facilities, and pets at home. Parental higher
education was defined as either mother or father or both having a
tertiary education at the time of study entry. Parental asthma was
defined as either parent ever having a history of asthma. Adolescent
smoking was defined by the following question at the 18-year follow-
up: Have you smoked at least 100 cigarettes or an equal amount of
cigars, pipes, or any other tobacco product?

Statistical Analyses

Multiple linear or logistic regression was used to assess the
relationships between early life smoke exposure, GST genotype,
adolescent lung function, and asthma outcomes. All ORs from
regression models for asthma were adjusted for age, height, parental
asthma at birth, and parental education. Results for associations with
lung function parameters (FEV1 and FVC) were expressed as z
scores (SD and 95% CI) accounting for age, sex, height, and race
using GLI reference values.18,19 Results were also expressed in terms
of % predicted values using GLI reference values.

We also considered cooking facilities, adolescent smoking, and pets at
home as potential confounders. Variables were included in the
multivariable model if they changed the effect on the associations (>
10% change in OR or coefficient).

For GSTM1 and GSTT1 genotypes, the reference group consisted of
subjects with GSTM1/GSTT1 wild-type alleles, and the exposed (risk)
group was those with null genotypes. The referent group for GSTP1
consisted of subjects having at least one Val allele (ie, Ile/Val, Val/
Val). This was compared with the risk group, who were homozygous
for Ile/Ile alleles. Strata-specific estimates were reported when an
interaction P value # .05 was observed. All analyses were conducted
using Stata 14 (StataCorp LLC).
Results
MACS recruited slightly more girls (51.1%) than boys
(48.9%). Only 38 (6.1%) were exposed to mother’s
smoking, and 112 (18.2%) were exposed to father’s
smoking. Overall, 127 (20.5%) were exposed to parental
smoking. Spirometry was available for 366 (59%) and
411 (66.3%) at 12 and 18 years, respectively (Fig 1).
GSTM1/GSTT1 data were available for 428 participants,
and GSTP1 data were available for 429 participants
(Table 1).

Main Effects of Early Life Smoke Exposure and GST
Genes on Lung Function and Asthma

There was no association found between early life
smoke exposure from parental smoking and lung
function (e-Tables 1, 2, % predicted; Table 2, z scores)
or asthma at age 12 and 18 years (e-Tables 3, 4). We
did not find associations between GST null genotypes
(GSTM1 and GSTT1) for either lung function or
asthma outcomes (e-Tables 5-8). GSTP1 with Ile/Ile
genotype was associated with an increased risk of
reduced post-BD FVC at 18 years of age for children
with Ile/Ile genotypes compared with those with Ile/
Val or Val/Val (z score ¼ �0.23; 95% CI, �0.42
to �0.03) (e-Table 6)

Interaction Analyses

Only among those with GSTT, GSTM, and GSTP risk
genotypes was exposure to mother’s, father’s, or parental
smoking associated with a reduction in lung function at
18 years of age.

Early Life Tobacco Smoke Exposure, GST Genes, and
Lung Function Outcomes at 12 Years of Age: Because
we found a significant interaction between GSTT1
genotype and early life smoke exposure on lung function
at 12 years of age (Table 2), we have presented these
associations for different strata of GST gene exposure in
Table 3.
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TABLE 1 ] Selected Clinical Characteristics of the Study Cohort (N ¼ 620)

Variables Baseline 12-y Follow-Up 18-y Follow-Up

Sex

Boy 317 (51.1) 190 (51.9) 208 (50.6)

Girl 303 (48.9) 176 (48.1) 203 (49.4)

Parental higher education

Yes 417 (72.0) 268 (73.2) 309 (75.2)

No 162 (28.0) 98 (26.8) 102 (24.8)

Parental asthma

Yes 356 (61.7) 228 (62.5) 253 (61.7)

No 221 (38.3) 137 (37.5) 157 (38.3)

Mother smoking

Yes 38 (6.1) 16 (4.6) 16 (4.1)

No 582 (93.9) 333 (95.4) 370 (95.9)

Father smoking

Yes 112 (18.2) 51 (14.6) 49 (12.7)

No 507 (81.8) 298 (85.4) 337 (87.3)

Parental smoking

Yes 127 (20.5) 58 (16.6) 56 (14.5)

No 493 (79.5) 291 (83.4) 330 (85.5)

Adolescent smoking

Yes . . 38 (9.3)

No . . 372 (90.7)

GSTM1

Present . 131 (44) 178 (41.6)

Null . 167 (56) 250 (58.4)

GSTT1

Present . 249 (83.6) 353 (82.5)

Null . 49 (16.4) 75 (17.5)

GSTP1

Ile/Ile . 132 (44.1) 184 (42.9)

Val/Ile and Val/Val . 167 (55.9) 245 (57.1)

Values are No. (%).
Only among those with GSTT1 null genotypes was
exposure to mother’s smoking associated with a
significant reduction in lung function at 12 years of age
(FEV1: z ¼ �1.92; 95% CI, �3.50 to �0.36; FVC:
z ¼ �2.05; 95% CI, �3.78 to �0.32). That is, GSTT1
null children exposed to maternal smoking in early life
had an increased risk of reduced FEV1 and FVC by
around 2 SDs from the predicted mean at 12 years of age
when compared with those with null genotypes not
exposed to maternal smoking. This association was not
seen in children with GSTT1 present genotypes. The
interaction P value confirmed that the effect on lung
function was not simply the cumulative effect from both
exposures but the result of a synergistic (multiplicative)
chestjournal.org
relationship between tobacco smoke exposure and
GSTT1 status on lung function.

Similarly, we found a significant interaction between
GSTT1 and parental smoking on lung function. Only
among children with GSTT1 null genotypes was
exposure to parental smoking associated with an
increased risk of reduced FEV1 at 12 years of age
(although the 95% CIs just crossed zero) compared
with those with null genotypes but that were not
exposed.

Similar analyses and findings for GLI-derived
% predicted lung function parameter at 12 years of age
are shown in e-Table 9.
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TABLE 2 ] Main Associations Between Early Life Smoke Exposure and Lung Function at 12 and 18 Years of Age and
Interaction P Values by GST Genes

Pre- or Post-BD Smoking Lung Function
Smoking � GST Interaction

(P Value)

Unadjusted Adjusted GSTM1 GSTT1 GSTP1

12 y

Pre-BD Mother FEV1 0.34 (�0.23 to 0.91) 0.48 (�0.13 to 1.08) .32 < .01a .33

FVC 1.26 (�0.51 to 0.71) �0.13 (�0.64 to 0.39) .79 < .01a .82

Father FEV1 �0.08 (�0.42 to 0.25) 0.26 (�0.38 to 0.90) .53 .12 .08

FVC �0.10 (�0.46 to 0.25) �0.10 (�0.47 to 0.27) .73 .17 .27

Parental FEV1 �0.09 (�0.41 to 0.22) �0.07 (�0.40 to 0.26) .51 .05 .29

FVC �0.16 (�0.49 to 0.18) �0.11 (�0.46 to 0.23) .66 .05 .50

18 y

Pre-BD Mother FEV1 �0.26 (�0.77 to 0.25) �0.07 (�0.59 to 0.45) .44 .03a < .01a

FVC �0.21 (�0.72 to 0.29) �0.13 (�0.64 to 0.39) .43 .01a .10

Father FEV1 �0.20 (�0.52 to 0.11) �0.11 (�0.42 to 0.21) .15 .12 .60

FVC �0.03 (�0.34 to 0.28) 0.02 (�0.29 to 0.33) .02a .04a .15

Parental FEV1 �0.24 (�0.54 to 0.05) �0.13 (�0.43 to 0.17) .21 .09 .61

FVC �0.10 (�0.39 to 0.19) �0.05 (�0.35 to 0.25) .12 .01a .30

Post-BD Mother FEV1 �0.08 (�0.57 to 0.41) 0.07 (�0.42 to 0.57) .44 044 .09

FVC 0.03 (�0.47 to 0.53) 0.10 (�0.42 to 0.61) .82 .32 .69

Father FEV1 �0.20 (�0.52 to 0.11) �0.02 (�0.32 to 0.28) .03a .68 .78

FVC �0.03 (�0.34 to 0.28) 0.05 (�0.26 to 0.36) .02a .89 .28

Parental FEV1 �0.12 (�0.40 to 0.15) �0.03 (�0.32 to 0.25) .01a .61 .55

FVC �0.03 (�0.31 to 0.25) 0.01 (�0.29 to 0.30) .04a .57 .41

Values are z score (SD, 95% CI) or P value. BD ¼ bronchodilator; GST ¼ glutathione S-transferase.
aSignificant P values.
Early Life Tobacco Smoke Exposure, GST Genes, and
lung Function Outcomes at 18 Years of Age: We also
found some evidence for similar interactions at 18 years
of age (Table 3). Only among children with GSTM1 null
genotypes was exposure to father’s smoking associated
with reductions in pre-BD FVC and post-BD FEV1 and
FVC at 18 years of age when compared with children
with GST null not exposed to father’s smoking in early
life. Although the 95% CIs crossed 0, all the point
estimates were reduced by around one-quarter of an SD.
Again, the interaction P value confirmed that the effect
on lung function was multiplicative when compared
with either exposure alone. The positive interaction term
for GSTM1 may be partly related to the paradoxical
relationship to early life smoke exposure in children
with GSTM1 present. Only among children with GSTM1
present genotypes was exposure to father’s tobacco
smoke in early life associated with a significant increase
in both pre and post-BD FVC when compared with
children not smoke exposed. Significant interactions
were also found for GSTM1 null and father’s smoking on
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pre-BD lung function and for GSTM1 null and parental
smoking on post-BD lung function. Interactions were
also demonstrated for children with GSTT1 null
genotypes exposed to early life tobacco smoke on pre-
BD lung function (Table 3). An isolated interaction was
found for risk alleles of GSTP1. Only among children
with GSTP1 Ile/Ile genotypes was exposure to mother’s
smoking associated with an increased risk of reduced
pre-BD FEV1 compared with those with GSTP1 Ile/Ile
genotypes but not exposed. Similar analyses and findings
for GLI-derived % predicted lung function parameters
are shown in e-Table 9.

Early Life Tobacco Smoke Exposure, GST Genes, and
Asthma/Wheeze at 12 and 18 Years of Age: There were
no significant interactions found between early life
smoking and GST polymorphisms on asthma or wheeze
outcomes at 12 or 18 years of age (e-Tables 3-4).

We were unable to test adolescent smoking as an effect
modifier because of the small numbers of adolescents
who smoked (n ¼ 38).
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TABLE 3 ] Association Between Early Life Smoke Exposure and Lung Function at 12 and 18 Years of Age by GST
Genotype

Pre- or Post-BD Lung Function P Interaction

12 y

Smoking GSTT1 Present GSTT1 Null

Pre-BD Mother FEV1 0.88 (0.81 to 1.68) �1.92 (�3.50 to �0.36) < .01

FVC 0.66 (�0.20 to 1.53) �2.05 (�3.78 to �0.32) < .01

Parental FEV1 �0.07 (�0.47 to 0.33) �0.83(�1.75 to 0.09) .05

FVC �0.07 (�0.50 to 0.37) �0.93 (�1.93 to 0.06) .05

18 y

GSTM1 Present GSTM1 Null

Pre-BD Father FVC 0.69 (0.08 to 1.30) �0.25 (�0.63 to 0.41) .02

Post-BD Father FEV1 0.47 (�0.15 to 1.10) �0.26 (�0.62 to 0.09) .03

FVC 0.61 (0.01 to 1.21) �0.22 (�0.60 to 0.16) .02

Parental FEV1 0.45 (�0.07 to 0.96) �0.28 (�0.62 to 0.06) .01

FVC 0.40 (�0.10 to 0.91) �0.24 (�0.61 to 0.12) .04

GSTT1 Present GSTT1 Null

Pre-BD Mother FEV1 0.30 (�0.35 to 0.95) �0.76 (�2.00 to 0.48) .03

FVC 0.17 (�0.49 to 0.83) �0.96 (�2.05 to 0.13) .01

Father FVC 0.14 (�0.22 to 0.50) �0.45 (�1.19 to 0.30) .04

Parental FVC 0.12 (�0.22 to 0.46) �0.71 (�1.43 to 0.01) .01

GSTP1 Ile/Val or Val/Val GSTP1 Ile/Ile

Pre-BD Mother FEV1 0.54 (�0.21 to 1.28) �1.07 (�1.87 to �0.28) < .01

Values are z score (SD, 95% CI) or as otherwise indicated. See Table 2 legend for expansion of abbreviations.
Discussion
In this study, we found evidence that individuals with
GSTM1 and GSTT1 null genotypes were more
susceptible to reduced FEV1 and FVC at 18 years when
exposed in early life to second-hand smoke. Similar
associations were found for lung function at 12 years of
age for early life smoke exposure and GSTT1. Although
the trend was similar for asthma outcomes, interactions
between the effects of GST genes and parental smoking
were not significant.

The relevance of GST deficiency for lung function
impairment and respiratory symptoms in children
exposed to oxidative inhalants has been suggested by
previous epidemiologic studies.20-22 The Perth Infant
Asthma Follow-up cohort investigated infant lung
function at 12 months and found evidence for an
interaction between smoke exposure in utero and
GSTT1 genes.20 Kabesch et al21 conducted a cross-
sectional study of schoolchildren and found evidence
suggesting increased susceptibility for asthma/wheeze
in children with GSTM1/GSTT1 null; however, the
interactions were not significant. Our findings in a
prospective birth cohort strengthen this growing
chestjournal.org
body of evidence on this association up to late
adolescence.

These findings are supported by strong biologic
plausibility. Exposure to early life tobacco smoke,
especially before 2 years of age, can damage the rapidly
growing alveolar cells and stimulate inflammatory
responses that may lead to development of impaired lung
function and asthma in later life.1,2,23 GST genes generate
enzymes that detoxify and catalyze the conjugation of
glutathione with oxidant substrates, including tobacco-
derived substances. Through this mechanism, they may
reduce inflammation and lung injury when exposed to
oxidative stress.24 Therefore, this may lead to impaired
lung function when an individual has a GST gene
deficiency (null genotype) or a reduction in enzymatic
activity associated with genetic polymorphisms.

We found few differential effects on lung function for
exposure to mother’s and father’s smoking in relation to
GSTM1 and GSTT1. However, effects related to mother’s
or father’s smoking may differ because mothers tend to
spend greater amounts of time with young children and
mothers may also smoke during pregnancy. This
99
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exposure in utero is thought to have different effects on
the child than second-hand smoke exposure after birth.
Although there was a suggestion that mothers smoking
had a greater effect on lung function for children with
GSTT1 null genotypes and fathers smoking for GSTM1
null genotypes, we were unable to draw definitive
conclusions. The slight differences we observed may
simply be because of lack of power associated with the
small numbers of smoking mothers.

We did not find significant associations with asthma.
Nicotine exposure in utero/early life may cause a global
reduction in both FEV1 and FVC rather than
preferentially affecting FEV1 as is the usual scenario for
people with asthma.25 Another possible reason could be
that asthma is a dichotomous outcome, whereas lung
function is a continuous outcome, leading to less power
to detect an effect with asthma. A cross-sectional study
investigating interactive effect between GST genes and
passive smoking also found little effect on childhood
asthma for GSTM1/GSTT1 null groups although their
sample size was > 3,000.21

We found that among children with GSTM1 present,
those exposed to father’s smoking in early life had an
increased risk of improved lung function (FVC)
compared with those unexposed. This result was
inconsistent and unexpected. It is possible that this
finding may be related to the small numbers of children
exposed to both tobacco smoke and genotype. This
contrary finding may also be because of compensation
by other antioxidant genes or networks which are more
successful at detoxifying substances other than tobacco
smoke. There is evidence from two studies that a
polymorphism (Ser187) of an alternative antioxidant
enzyme, quinone oxidoreductase 1, provides a protective
effect among GSTM1 null subjects.26,27 An alternative
hypothesis is that tobacco smoke exposure in early life
may induce upregulation of GST enzymes through DNA
methylation changes. These improved oxidation
defenses may then protect the lung from oxidative
threats in the environment (other than tobacco smoke)
that are also related to lung function. There is no
conclusive support of this hypothesis in the literature.

Studies examining the GSTP1 105 variant reported that
associations vary depending on the specific risk alleles of
GSTP1.28-30 Similar to our findings, some research
exploring second-hand smoke has found no evidence of
GSTP1 interaction on asthma outcomes,31-33 but studies
investigating lung function were limited. We found no
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evidence of interaction for GSTP1 genes with early life
smoking and lung function impairment or asthma
(interaction P > .10) One explanation may be because of
the small numbers limiting our power to find
associations. A further reason might be because the
effect of GSTP1 genes on allergy risk and lung function
varies for different pollutants. For instance, enzymes
encoded by Val genotypes have a sevenfold greater
catalytic efficiency for polycyclic aromatic hydrocarbon
diol epoxides but a threefold lower efficiency for
1-chloro-2,4-dinitrobenzene than those with Ile
genotypes.34,35 Careful measurement and definitions of
pollutant exposures may be necessary before these
relationships become clear.
Strengths and Limitations

An important strength of this study is the prospective
birth cohort design. Early life smoking exposure was
determined prospectively perinatally. Objective
measurements of respiratory function were collected at
12 and 18 years of age. All these factors lessen any
information bias, improving the validity of our
findings.

Although our study collected early life tobacco smoke
exposure data, these data were limited by the lack of
information on the duration of smoking exposure, its
intensity, and extent of exposure throughout life. In
terms of personal smoking, very few of the adolescent
participants had commenced smoking, making it
unlikely for this to have materially impacted on the
results. Moreover, MACS may have been underpowered
to investigate the role of early life smoking exposure,
particularly on asthma outcomes. We did not investigate
other antioxidant genes/enzymes. There is a network of
genes that interact with each other and form complex
pathways that regulate oxidative stress and determine an
individual’s antioxidant capacity, including GST,
quinone oxidoreductase 1, tumor necrosis factor, and
Toll-like receptors.36 Unfortunately, the limited size of
this study precluded our ability to explore associations
with other genes.

Additionally, as with all long-running cohorts, there was
potential for attrition bias of our findings because data
were obtained from only 66% of the children at 18 years
of age. Furthermore, multiple testing may have
generated spurious associations. We did not perform
correction for multiple comparisons because our
associations were based on pre-established hypotheses,
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and the pattern of associations was consistent throughout
the analyses. Finally, the high-risk nature of MACS may
limit the generalizability of our results, and our findings
should be validated in an independent cohort. The
prevalence and degree of our observed lung function effects
in our cohort would be higher than in a general
population. However, it is likely that the interaction we
found for high-risk children would also be present for
high-risk individuals in a general population.
chestjournal.org
Conclusions
We found evidence that the impact of early life
tobacco smoke exposure on reducing adolescent lung
function was modified by GST gene polymorphisms,
particularly GSTT1. These interactions may help to
explain the inconsistent effects seen when either
tobacco smoke exposure or GST genotypes were
investigated alone for their effects on respiratory
health.
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