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Abstract: 

Purpose of Review: The purpose of this review is to summarize the evidence from recently 

published original studies investigating how Glutathione S-Transferase (GST) gene 

polymorphisms modify the impact of air pollution on asthma, allergic diseases and lung 

function.  

 

Recent Findings: Current studies in epidemiological and controlled human experiments found 

evidence to suggest that GSTs modify the impact of air pollution exposure on respiratory 

diseases and allergies. Of the nine articles included in this review, all except one identified at 

least one significant interaction with at least one of Glutathione S-Transferase pi 1 (GSTP1), 

Glutathione S-Transferase mu 1 (GSTM1) or Glutathione S-Transferase theta 1 (GSTT1) 

genes and air pollution exposure. The findings of these studies, however, are markedly 

different. This difference can be partially explained by regional variation in the exposure 

levels and oxidative potential of different pollutants and by other interactions involving a 

number of unaccounted for environment exposures and multiple genes. 

 

Summary: Although there is evidence of an interaction between GST genes and air pollution 

exposure for the risk of respiratory disease and allergies, results are not concordant. Further 

investigations are needed to explore the reasons behind the discordancy.     

 

  



Introduction 

A human adult inhales several thousand liters of air every day and each breath of air 

carries a large number of compounds with oxidative potential, including pollens, gaseous 

pollutants like ozone (O3) and nitrogen dioxide (NO2), and particulate matter (PM). The 

particles larger than 10 µm diameter (PM10) in inhaled air can be efficiently trapped by the 

initial clearing processes in the nose and upper airways. However, gaseous pollutants and fine 

particles less than 2.5 µm diameter (PM2.5) can easily pass through smaller airways and reach 

the alveoli [1]. Components of Traffic Related Air Pollution (TRAP), such as NO2 and PM2.5, 

are known to be strong oxidants [2, 3]  and are able to generate Reactive Oxygen Species 

(ROS) [4]. These pollutants promote increased airway oxidation and inflammation [5]. 

Gaseous pollutants like O3 and NO2 cause lung damage through oxidative stress, direct 

oxidative injury or indirectly by induction of airway inflammation [6].  

 Epidemiological studies investigating the direct effects of air pollution exposure on 

asthma, allergic diseases and lung function have produced inconsistent results. Within a 

particular population, certain groups of people are more vulnerable to the effects of air 

pollution exposure than others. This inter-individual variation in measured health effects has 

been demonstrated even in controlled experimental studies of healthy human participants [5, 

7]. Many possible explanations for this individual variability have been investigated, such as 

atopy, sex, nutritional status, social stress and genetic predisposition [8-10].  

 The oxidative stress metabolism pathway responds to endogenous and exogenous agents. 

One of the major oxidative response mechanisms is via the glutathione metabolism pathway. 

This pathway is controlled by genes [11, 12] including the Glutathione-S-transferases 

(GSTs). The human GST genes are part of a large gene superfamily located on seven 

chromosomes [13] and they encode soluble, dimeric enzymes critical for the detoxification of 

endogenous and exogenous agents via conjugation of reduced glutathione (GSH) [14]. 

Genetic polymorphisms of these genes directly affect their functional oxidative capacity in 

lungs and other vital organs. This may confer genetic susceptibility to oxidative stress and 

result in subsequent allergies, airway inflammation or even asthma [15]. The enzymatic 

properties of these transferase enzymes and their unique role in oxidative stress and 

inflammatory pathways provided a logical hypothesis for studies to investigate interaction 

with air pollutants [14, 16].  

GSTs have been studied as possible effect modifiers of the association between air 

pollution exposure and respiratory and allergic diseases [17]. Among the numerous GST 

polymorphisms, three isozymes, Glutathione-S-transferase theta 1 (GSTT1), Glutathione-S-



transferase mu 1 (GSTM1) and Glutathione-S-transferase pi 1 (GSTP1), have gained special 

interest due to their involvement in biological pathways  and their role in detoxification of 

endogenous agents, such as tobacco smoke and air pollution. The null variants of GSTT1 and 

GSTΜ1 and val allele of GSTP1 have been widely studied and it has been shown that 

individuals with these variants have different susceptibility to environmental toxicants, 

including smoke and air pollution exposure [17, 18].    

 Identifying how genetic factors modify the relationship between TRAP exposure and 

respiratory diseases and allergies helps in understanding the underlying biological 

mechanisms, disease pathogenesis and, most importantly, in identifying individuals at high 

risk of allergic and respiratory diseases. Identification of high risk groups provides a better 

focus for new preventive and/or therapeutic approaches [17, 18]. The last review on this topic 

was published in 2011 [19]. Since then there have been a number of studies published with 

contradictory results. Hence, we aimed build on and extend the previous review by 

examining the most recent evidence on the interaction between GSTs and air pollution 

exposure on the risk of asthma, allergies and lower levels of lung function.       

 

Data Syntheses:  

Influence of GSTP1 polymorphisms on the relationship between TRAP exposure and 

asthma, allergic diseases and lung function 

The most commonly studied GST polymorphism regarding TRAP exposure and 

respiratory and allergic diseases is GSTP1. A common functional polymorphism in the 

GSTP1 gene is Ile105Val, which occurs in high frequencies in humans. The most common 

form of GST found in the human lung lining fluid is GSTP1 [20]. In this manuscript, GSTP1 

represents GSTP1 rs1695 (Ile
105
val

105
) variant unless otherwise specified. Epidemiological 

studies investigating interactions of GSTP1 for the associations of TRAP exposure and 

asthma, allergic diseases, allergic sensitization and lung function are given in Table 1. There 

have been nine new articles published since the previous systematic review conducted by 

Minelli and colleagues in 2011 [19]. The current review contains nine articles which utilized 

different study types. They are:  one long term cohort study of adults [21]; two articles which 

combined six birth cohorts in Europe and North America [22, 23]; another two articles from 

the same cohort investigating different levels of air pollution [24, 25]; one population based 

cross sectional analysis [26]; two cross sectional studies with small sample sizes [27, 28]; and 

one cohort with family history of allergic diseases [29]. 



There was considerable variation between these studies in terms of air pollution 

markers investigated, respiratory and allergic disease outcomes explored and the age group of 

participants studied. In terms of the air pollution markers investigated, five studies looked at 

NO2 [29, 27, 24, 30, 28], four at PM2.5 [27, 22, 24, 30], four at PM10 [27, 21, 28, 25] and two 

at CO [27, 24] exposure. Asthma was the main outcome investigated (five studies) [26, 29, 

24, 23, 25], followed by lung function measures (four studies) [26, 27, 21, 28]. Of the nine 

studies, six were child [27, 22, 24, 23, 28, 25], one was adolescent [29] and two were adult 

studies [26, 21]. The majority of studies found some interactions with the GSTP1 

polymorphism. Although significant interactions were evident for GSTP1, results were 

ambiguous.  

Studies finding evidence of interaction 

A recent study combining six birth cohorts including 5115 children aged 7-8 years 

old, found that GSTP1 rs1675 minor allele carriers (val/val or ile/val) had an increased risk of 

current or ever asthma when exposed to higher NO2 during the first year of life (OR 1.43 

(95% CI: 1.03, 1.98) and 1.36 (95% CI: 1.08, 1.70) per 10 µg/m
3
 increase in NO2, 

respectively) compared to carriers of ile/ile. They also observed similar results with current 

and ever asthma for minor allele carries of GSTP1 rs1138272 [23]. Similarly, findings from 

the Taiwan Children’s Health Study (TCHS) showed that carriers of at least one GSTP1 val 

allele had an elevated risk of asthma or wheeze when exposed to higher three year average 

community levels of PM2.5 or O3, compared to ile/ile carriers [24]. In another analysis of the 

TCHS study data using a different statistical approach, authors categorized children into low 

and high exposure based on ordered subset information gain (OSIG) analysis. They found 

that children living in low PM10 communities with a GSTP1 ile/ile genotype were more likely 

to suffer from asthma compared to children with the ile/val or val/val genotype. In contrast, 

children who lived in high PM10 communities and were carriers of ile/val or val/val genotype 

had a higher risk of childhood asthma [25]. 

The Swiss Study on Air Pollution and Lung Diseases in Adults (SAPALDIA) found 

that decreased PM10 exposure over 11 years was associated with attenuated decline of FEF25–

75% (26.5 ml 95%CI 11.4 to 43.2, per 10µgm
-3

 decrease in PM10) in carriers of GSTP1 val/val. 

This study showed that in low PM10 environments, carriers of val/val had an additional 

advantage in decreased PM10 related to attenuated lung function decline in terms of FEF25-75% 

when compared with ile allele carriers [21]. A study from South Africa (n = 129) reported 

that short term PM10 exposure (defined as the 24hr average for the last three days) was 



associated with reduced FEV1 among ile/ile compared to carriers of val. They reported a 

significant interaction by genotype despite finding no direct association between ile/ile 

carriage and FEV1 for increasing PM10 levels (β −2.52 ml 95%CI −10.23, 5.20; per 29.4 μg 

m
−3

 increase in PM10) [28].  

Studies finding no evidence of interaction 

 In a pooled analysis of the same six birth cohorts as above investigating NO2, PM2.5, PM10 

or O3 exposure in the first year of life and the risk of allergic rhinitis at the age of 7-8 years, 

there was no significant interaction found with GSTP1 polymorphisms [22]. Similar results 

were found in a recent article from our group investigating the effects of TRAP exposure 

during the first year of life on the risk of asthma, wheeze and hay fever at 12 or 18 years [29]. 

Another study in adults from our group found no significant interactions with GSTP1 

polymorphisms for the association between NO2 exposure or proximity to major roads and 

asthma, wheeze, allergic sensitization or lower levels of lung function [26]. A recent study in 

Taiwanese children found no interactions with GSTP1 polymorphisms for the association 

between PM10 or PM2.5 exposure and lung function or nasal inflammation [27] (Table 1). 

 

 



Table 1. Influence of GSTP1 polymorphisms on the relationship between TRAP exposure and allergic airway diseases. 

Reference TRAP pollutant Respiratory/ allergic 

Outcomes 

Results 

Children    

Reddy, et al. 2012 

[28] 

NO2, NO, and PM10 FEV1 Carriers of ile/ile genotype had reduced FEV1when exposed to 

elevated NO2 or PM10. 

Fuertes, et al. 2013  

[22]  

PM2.5, and PM2.5 

absorbance 

Allergic rhinitis and allergic 

sensitization 

No evidence of interaction. 

Hwang, et al. 2013 

[24] 

PM2.5, O3, NO2, CO, 

SO2 

Doctor diagnosed asthma  Carriers of val allele had elevated risk of asthma when exposed to 

increased PM2.5 or O3. Carriers of ile/ile allele had a protective effect 

against PM2.5 and O3 exposure with asthma.  

Su, et al. 2013 [25] PM10 Doctor diagnosed asthma Carriers of GSTP1 ile/ile genotype living in low PM10 communities 

were more likely to suffer from asthma. 

MacIntyre, et al. 

2014) [23] 

NO2, PM2.5, and PM2.5 

absorbance 

Parents reported physician 

diagnosed asthma  and wheeze 

Elevated NO2 exposure in children with one or more GSTP1 

rs1138272 minor allele or GSTP1 rs1695 val/val were at increased 

risk of current and ever asthma.  

Chen, et al. 2016 

[27] 

PM2.5, PM10, NO2 and 

CO 

Lung function and nasal 

inflammation (nasal lavage) 

No evidence of interaction. 

Adolescent    

Bowatte, et al. 2015 

[29]  

Major road length in 

100m buffer 

Asthma, wheeze and hay fever No evidence of interaction. 

Adults    

Curjuric, et al. 2009 

[21]  

PM10 Yearly lung function decline 

(FVC, FEV1 and FEF25–75%). 

Carriers of val/val showed attenuation of the decline in FEF25–75% 

when exposed to decreased levels of PM10 over 11 years. 

Bowatte, et al. 2016 

[26] 

NO2 and living < 200m 

from a major road 

Asthma, wheeze, allergic 

sensitization and lung function 

No evidence of interaction. 



Influence of GSTM1 polymorphisms on the relationship between TRAP exposure and 

asthma, allergic diseases and lung function 

The presence of GSTM1 enzymes in human lung tissues suggests that these enzymes 

may provide some protection against oxidative stress in the lung [31]. There have been seven 

new articles published since the Minelli review in 2011 addressing the potential interaction of 

GSTM1 polymorphisms on the association between air pollution exposures and respiratory or 

allergic outcomes. They have reported contradictory results. Table 2 describes the major 

characteristics of these seven studies [26, 29, 27, 21, 24, 28, 25].  

Studies finding evidence of interaction 

A recent study investigating PM2.5 exposure on nasal inflammation, as assessed 

through nasal lavage, showed that carriers of GSTM1 null had increased numbers of 

leukocytes (8.52% 95%CI 3.13, 13.92) and neutrophils (9.68% 95%CI 4.51, 14.85%) per 

11.5 μgm
-3

 increase in PM2.5, indicating increased upper airway inflammation when compared 

with GSTM1 non null carriers [27]. In a South African study in children, carriers of GSTM1 

null  had significantly decreased FEV1 compared to GSTM1 non null carriers when exposed 

to increased SO2 [28]. Conversely, the same study [28] reported that carriers of GSTM1 non 

null with elevated exposure to PM10 had reduced FEV1, while GSTM1 null carriers with 

elevated exposure to PM10 had no association with FEV1 levels. Similar results were 

demonstrated in a study from our group, with GSTM1 non null carriers having an increased 

risk of asthma at 12 years of age with greater exposure to roads within a 100 meter radius of 

the residential address during the first year of life, while GSTM1 null showed no association 

with same exposure [29].   

Studies finding no evidence of interaction 

 The SPALDIA cohort found no significant interaction between GSTM1 polymorphisms  

and reduction in PM10 over 10 years and attenuated lung function in adults [21]. Two papers 

from the TCHS found no significant interaction between GSTM1 polymorphisms and air 

pollution exposure for the risk of asthma [24, 25]. Similar results were found in one of our 

studies in Australian adults for the association of air pollution exposure and asthma, allergic 

sensitization or lung function [26] (Table 2). 

 

Influence of GSTT1 polymorphisms on the relationship between TRAP exposure and 

asthma, allergic diseases and lung function 

 The frequency of the GSTT1 null genotype is highly variable based on ethnicity, with 

higher null allele frequencies among Asians (50–60%) compared with Caucasians (10–20%) 



[32]. It has been shown that GSTT1 is involved in detoxification of polycyclic aromatic 

hydrocarbons (PAHs), which are known components of TRAP [33]. Table 3 describes the 

new studies (since Minelli, 2011) investigating the interaction between GSTT1 

polymorphisms and TRAP exposure on the risk of asthma, allergic diseases, allergic 

sensitization and lung function [26, 29, 8, 21, 24, 25]. 

Studies finding evidence of interaction 

 Two recent studies from our group found significant interactions between GSTT1 

polymorphisms and air pollution for the risk of respiratory diseases and allergies [29, 26]. The 

first study on children at a high risk of developing allergic diseases found a significant 

interaction between GSTT1 polymorphisms and TRAP exposure in the first year of life on the 

risk of asthma or wheeze at the age of 12 years, with GSTT1 null carriers having an increased 

risk [29]. Our other study in middle aged adults found that increased NO2 exposure was 

associated with increased risk of any, house dust mite (HDM) or cat allergen sensitization in 

GSTT1 null carriers. In the same study using an alternative definition of TRAP exposure, 

living less than 200 meters from a major road, we found a similar association between TRAP 

exposure and increased risk of sensitization and current asthma in GSTT1 null carriers [26].  

Studies finding no evidence of interaction 

However, another four studies investigating air pollution exposure and asthma or lung 

function or nasal inflammation found no significant interaction with GSTT1 polymorphisms 

[24, 25, 27, 21] (Table 3).  

 



Table 2 Influence of GSTM1 polymorphisms on the relationship between TRAP exposure and allergic airway diseases. 

 

Reference TRAP pollutant Respiratory/ allergic 

outcomes 

Results 

Children    

Reddy, et al. 2012  

[28] 

NO2, NO,SO2 and PM10 FEV1 Carriers of GSTM1 non null had decreased lung function when 

exposed to elevated levels of PM10. SO2 exposure had increased lung 

function in GSTM1 null carriers. 

Hwang, et al. 2013 [24] PM2.5, O3, NO2, CO, 

SO2 

Doctor diagnosed asthma  No evidence of interaction. 

Su, et al. 2013 [25] PM10 Doctor diagnosed asthma No evidence of interaction. 

Chen, et al. 2016 [27] PM2.5, PM10, NO2 and 

CO 

Lung function and nasal 

inflammation (nasal lavage) 

Children with GSTM1null had increased leukocytes and neutrophils 

in nasal lavage associated with PM2.5 exposure. 

Adolescent    

Bowatte, et al. 2015 [29]  Major road length in 

100m buffer 

Asthma, wheeze and hay fever Increased major road length in 100 m buffer at the first year of life 

associated with increased asthma at the age 12 years in carriers of 

GSTM1 non null. 

Adults    

Curjuric, et al. 2009 

[21]  

PM10 Yearly lung function decline No evidence of interaction. 

Bowatte, et al. 2016 [26] NO2 and living < 200m 

from a major road 

Asthma, wheeze, allergic 

sensitization and lung function 

No evidence of interaction. 

 

 Table 3 Influence of GSTT1 polymorphisms on the relationship between TRAP exposure and allergic airway diseases. 



 

Reference TRAP pollutant Respiratory/ allergic 

outcomes 

Results 

Children    

Hwang, et al. 2013 [24] PM2.5, O3, NO2, CO, SO2 Doctor diagnosed asthma  No evidence of interaction. 

Su, et al. 2013 [25] PM10 Doctor diagnosed asthma No evidence of interaction. 

Chen, et al. 2016 [27] PM2.5, PM10, NO2 and CO Lung function and nasal 

inflammation (nasal lavage) 

No evidence of interaction. 

Adolescent    

Bowatte, et al. 2015 [29]  Major road length in 100 

m buffer 

Asthma, wheeze and hay 

fever 

Increased major road length in 100 meter buffer in the first year of 

life associated with increased asthma or wheeze at the age 12 years 

in carriers of GSTT1 null. 

Adults    

Curjuric, et al. 2009 

[21]   

PM10 Yearly lung function decline No evidence of interaction. 

Bowatte, et al. 2016 [26] NO2 and living < 200m 

from a major road 

Asthma, wheeze, allergic 

sensitization and lung 

function 

Increased exposure to NO2 in middle age associated with any, cat or 

HDM allergic sensitization in GSTT1 null. 

Living < 200 meters from a major in middle age associated with any 

allergen sensitization, cat allergen sensitization, wheeze, asthma and 

allergic asthma in GSTT1 null. 

 

 



Discussion 

The 2011 review by Minelli et al [19] reported some evidence to support the presence 

of oxidative stress gene air pollution interactions and respiratory outcomes. However, 

evidence was limited for certain genes like GSTT1. Further, they suggested carrying out 

larger studies with accurate air pollution assessment. In the current review, we identified nine 

further studies to update this evidence. Of these, four addressed the criteria outlined by 

Minelli et al for further investigation in this area. These four large studies used advanced air 

pollution assessment tools and comparatively large sample sizes [22, 23, 26, 21]. Tellingly, 

three of these high quality studies showed significant GST polymorphism/air pollution 

interactions [23, 26, 21].  

Publications since 2009 provide support for interactions between polymorphisms of 

GSTP1 and air pollution exposure and there is some evidence that different alleles (ile or val) 

may respond to high and low air pollution levels in different ways. Two recent studies 

showed that GSTT1 null interacted significantly with TRAP exposures [26, 29]. The findings 

associated with GSTM1 are not clear. One study identified GSTM1 null as a risk allele, while 

another found GSTM1 non null was associated with increased risk [27, 28]. Although there 

are some heterogeneous results, eight of the nine studies found at least one significant GST 

gene polymorphism interaction between air pollution exposure and lung health outcomes.  

 

Evidence from controlled human studies 

 Controlled human exposure studies exploring interactions by GST polymorphisms on the 

association between air pollution exposure and respiratory disease and allergies are 

concordant with and ratify the findings of observational studies. It is important to note that 

controlled human studies are often limited by ethical and practical concerns and usually have 

smaller sample sizes compared with observational studies. Recent studies of atopic 

individuals from Canada showed that controlled co-exposure to diesel exhaust and allergens 

is associated with augmented allergic inflammation, increased IL-5 and activation of 

cytotoxic CD69+ T cells in bronchoscopic lavage fluid, but only in individuals with the 

GSTT1 null genotype [5]. Using the same participants, a further study showed that in atopic 

individuals,  co-exposure to diesel exhaust and allergens caused a significant decrease in 

FEV1 two hours post exposure in GSTT1 null compared to GSTT1 non null carriers [34]. 

Neither of these studies found significant interactions for polymorphisms of GSTM1. 

Interestingly, another recent study in healthy individuals found no association between 

controlled exposure to diesel exhaust and ozone (O3) and subsequent FEV1 in those with 



GSTM1 null genotype [35]. A 2004 study by Gilliland and colleagues  showed that co-

exposure to diesel exhaust and ragweed allergen in ragweed sensitized individuals resulted in 

enhanced IgE and histamine level in those with GSTP1 ile/ile or GSTM1 null genotype, but 

not in GSTT1 null carriers [7].  

 

Mechanistic perspectives  

Exposure to very high levels of air pollution, such as those experienced in the mega 

cities of China and developing countries, is associated with histologic changes in the nasal 

mucosa, direct irritant and inflammatory effects on airway neuroreceptors and epithelium [36, 

37]. However, these extreme levels of air pollution do not occur in Europe, North America or 

Australia. Despite these regions having lower levels of exposure, evidence suggests these 

levels can still have an impact on asthma and allergies [26]. Hence, other mechanisms may 

have a vital role in the determination of airway diseases in countries with low air pollution 

levels. The biological mechanisms by which air pollution exposure at low levels has an 

impact may be related to inter-individual variation in the biological response to these 

pollutants. The United Kingdom’s committee on the medical effects of air pollutants 

proposed the following mechanisms for the effects of air pollution exposure on asthma and 

allergic diseases: oxidative stress and damage, airway remodeling, inflammatory pathways 

and immunological responses and enhancement of respiratory sensitization to aeroallergens 

[38]. However, the exact mechanisms explaining the association of air pollution exposure and 

chronic airway diseases have not been fully elucidated [39]. 

In experimental studies, oxidative stress has been identified as one of the major 

pathways underlying the adverse health effects of air pollution, including allergies and 

chronic respiratory diseases [40]. Oxidative stress arises from an imbalance between 

prooxidant and antioxidant defenses [41]. Genetic susceptibility is likely to play an important 

role in the response to air pollution and the development of allergies and chronic respiratory 

diseases. The mechanism of air pollution exposure on the occurrence and persistence of 

respiratory diseases and allergies is best described by the oxidative stress hypothesis. Phase II 

enzymes of GSTs are involved in catalyzing the glutathione conjugation of a variety of 

electrophilic xenobiotics, ranging from environmental toxins and carcinogens to drugs used in 

the treatment of cancer [42].  

ROS can be generated after exposure to triggers such as components of TRAP (NO2 

or PM2.5). Exposure to these components can then lead to an influx of inflammatory cells, 

such as neutrophils, into the airways. Recruitment of these inflammatory cells capable of 



releasing large quantities of free radicals causes a second wave of oxidative stress. In the 

absence of any foreign invading agent to react with, these free radicals subsequently attack air 

way tissues and cause cell injury [43]. 

 To regulate the oxidative stress generated by numerous oxidative agents encountered by 

the lungs, the pulmonary system has enzymatic (e.g. superoxide dismutase, catalase and 

glutathione peroxidase) and non-enzymatic antioxidant systems [44]. These systems are 

capable of buffering a wide range of environmental oxidants and allow the lungs to function 

efficiently [45]. The glutathione peroxidase antioxidant system has been investigated in 

relation to air pollution exposure and asthma and allergic disease risk, because it helps to 

maintain intracellular glutathione levels. The intracellular glutathione (GSH), a tripeptide 

thiol, is critically important in maintaining intracellular oxidant balance [46]. After initiation 

of an oxidative reaction, ROS are reduced (and inactivated) through oxidation of GSH into 

glutathione disulfide or oxidized glutathione (GSSG) [45, 47]. A large number of epoxides 

derived from environmental toxicants are detoxified by GSTs. These include PAHs and 

styrene by the actions of cytochromes P450 in the liver and lung. The PAHs are common 

chemical components of cigarette smoke and traffic exhaust and these compounds represent 

an ever present threat to health [42]. 

 

Why heterogeneous results in studies? 

 Although both observational and controlled human studies show interactions between GST 

polymorphisms and air pollution exposure related to respiratory diseases and allergies, the 

results are highly heterogeneous. This can be attributed to a number of reasons: 1) The GST 

variants (GSTP1, GSTM1 and GSTT1) commonly used in studies explain only a small 

proportion of the complex regulation of the oxidative pathway which is regulated by many 

genes. These commonly investigated genetic variants may explain only a small portion of the 

genes involved in regulating oxidative stress and may be confounded by other interactions 

involving a number of environment exposures and multiple genes not accounted for in the 

current studies; 2) Accurate air pollution exposure assessment in population based studies is 

challenging and these issues have been discussed in detail in the literature previously [48]. 

The studies included in this review used different approaches to determine air pollution 

exposure, which ranged from simple proxies of air pollution exposure (e.g. proximity to 

roads) to more complex land use regression models. Each of these models has their own 

strengths and limitations. Polluted air, for example measured by traffic exhaust, is a complex 

mixture of pollutants such as gases, PAHs and PM. However, most of the studies measured 



only a limited number of pollutants in this complex mixture. The diversity and complexity of 

the pollutants in different regions can be markedly different based on different emission 

sources.  Additionally, the oxidative potential of some pollutants, like PM, has been reported 

to vary both between and within regions [49]. Most importantly, it is not clear how these 

specific antioxidant enzymes respond to a complex mixture of chemicals because studies have 

only investigated them individually; and 3) Gene-environmental interaction studies require an 

adequate sample size in order to have sufficient power to detect associations. Generally it is 

accepted that gene-environmental interaction studies require a sample size at least four times 

larger than that required for the detection of a main effect of a similar size [50]. Some of the 

studies are undoubtedly under powered to detect interactions between GSTs and air pollution. 

Additionally, most of the observational studies investigating GST and air pollution exposure 

were not primarily designed to investigate such interactions. There is a need for studies 

specifically designed to investigate these interactions. 

 When considering GSTP1 polymorphisms, the results to date have been inconsistent in 

terms of the risk allele. Some studies showed an increased risk related to the val allele and 

others reported ile as the risk allele. A study by Su et al. in 2013 [25] provides an explanation 

for these heterogeneous associations. They found that children carrying the homozygous ile 

variant living in low PM10 areas had a higher risk of asthma than those with ile/val or val/val 

variants. In contrast, children living in high PM10 areas with ile/val or val/val variants had a 

higher risk of asthma compared to the homozygous ile variant  [25]. This provides some 

evidence that alleles of GSTP1 depend on the level of exposure. It can be further 

hypothesized that genetic variants may respond to air pollution in different ways based on 

differential oxidative capacities of the air pollution mixture in different areas [49]. Even 

though they have not specifically investigated GST polymorphism-air pollution interactions, a 

recent Canadian study showed that city level differences in the oxidative potential of PM2.5 

modified the association between PM2.5 exposure and acute respiratory illnesses, even at low 

PM2.5 concentrations [51]. This may further help to explain the inconsistent findings.  

 

Conclusions 

Recent observational and controlled human studies provide evidence for interactions between 

GST gene polymorphisms and air pollution in studies investigating the effects of air pollution 

exposure on respiratory diseases and allergies. There are, however, some conflicting findings 

which may be due to the complexity of and different oxidative potential of the air pollution 

mixture in different areas/regions, or due to other, currently unstudied genes which contribute 



to the detoxification of air pollutants in humans. Appreciation of the heterogeneous effects by 

pollutants may lead to further investigation of the pathophysiologic mechanisms behind these 

associations. 
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