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Effect of traffic‑related air pollution
on cough in adults with polymorphisms
in several cough‑related genes
Michael Yoon1, Min Hyung Ryu1, Ryan D. Huff1, Maria G. Belvisi2,3, Jaclyn Smith4 and Chris Carlsten1,5*   

Abstract
With prevalent global air pollution, individuals with certain genetic predispositions and sensitivities are at of higher
risk of developing respiratory symptoms including chronic cough. Studies to date have relied on patient-filled questionnaires in epidemiological studies to evaluate the gene-by-environment interactions. In a controlled human exposure study, we evaluated whether genetic risk score (GRS) based on cough-related single-nucleotide polymorphisms
(SNPs) are associated with a cough count over 24 h post-exposure to diesel exhaust (DE), a model for traffic-related
air pollution. DE is a mixture of several known air pollutants including P
 M2.5, CO, NO, NO2, and volatile organic compounds. Under closely observed circumstances, we determined that GRS constructed from 7 SNPs related to TRPA1,
TRPV1, and NK-2R were correlated with cough count. Selection of channels were based on prior knowledge that SNPs
in these channels lead to acute airway inflammation as a result of their increased sensitivity to particulate matter. We
performed a linear regression analysis and found a significant, positive correlation between GRS and cough count following DE exposure (p = 0.002, R2 = 0.61) and filtered air (FA) exposure (p = 0.028, R2 = 0.37). Although that correlation
was stronger for DE than for FA, we found no significant exposure-by-GRS interaction. In summary, cough-relevant
GRS was associated with a higher 24 h cough count in a controlled setting, suggesting that individuals with a high
GRS may be more susceptible to developing cough regardless of their exposure. The trend towards this susceptibility
being more prominent in the context of traffic-related air pollution remains to be confirmed.
Trial registration: ClinicalTrial.gov NCT02236039; NCT0223603. Registered on August 11, 2014, https://clinicaltrials.gov/
ct2/show/NCT02236039.
Keywords: Cough, Air pollution, Gene-by-environment interaction
Background
Cough is the body’s protective mechanism in response to
irritants in the respiratory tract, but persistent cough in
patients with respiratory conditions compromises their
quality of life. Single nucleotide polymorphisms (SNPs) in
several cough-related receptor genes are associated with
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respiratory conditions, including asthma and chronic
cough [1–3].
Cough can be elicited by traffic-related air pollution
(TRAP) activating airway nerves expressed along the respiratory tract [4]. Transient receptor potential vanilloid-1
(TRPV1) and transient receptor potential ankyrin-1
(TRPA1) are ionic channels that particulate matter can
bind to and modulate airway inflammation and cough [4,
5]. A variant of the neurokinin-2 receptor (NK-2R) may
modulate cough sensitivity because diesel exhaust (DE)
particles can bind to NK-2R to induce inflammation by
increasing plasma extravasation [6, 7].
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Candidate gene analysis studies and in vitro experiments modulating TRP channels suggest SNPs in TRPV1
and TRPA1 are linked to childhood asthma and chronic
cough [1, 2, 8, 9]. To investigate the relationship between
cough-related SNPs and cough count in the context of air
pollution exposure, we used 24 h cough monitoring in a
human exposure study to DE.

Methods
All participants provided informed consent. The main
(ClinicalTrial.gov ID: NCT02236039) and sub-study (i.e.,
cough monitoring) were approved by the University of
British Columbia clinical research ethics board (H1400821). In this randomized, double-blinded crossover
study, 13 research participants aged 42–80 were monitored over 24 h following a 2 h exposure to DE (diluted
to PM2.5 at a nominal concentration of 300 µg/m3) and
filtered air (FA). FA was the sham control and had P
 M2.5
concentration 4.5 ± 4.2 µg/m3 vs 282.2 ± 44.4 µg/m3 in
DE [10]. Detailed exposure parameters, study key dates,
and eligibility criteria were detailed [10]. VitaloJAK™
ambulatory cough monitor measured cough counts [11].
SNP genotyping was performed using TaqMan™ SNP
Genotyping Assays (Thermo Fisher Scientific). Control
DNA sequences (Cornell Institute for Medical Research,
Catalogue#: HG00103, HG00581, HG00654) were used
for TRPA1, NK-2R, and TRPV1, respectively. DNA
was amplified with TaqMan™ Genotyping MasterMix
(Thermo Fisher Scientific) according to the manufacturer’s instructions. Genetic risk score (GRS) was calculated
as the sum of 7 SNP risk alleles. SNPs were first selected
based on their associations with cough and asthma based
on previous literature [1, 2, 8, 9]. From the initial selection
of 20 SNPs, those SNPs with a minor allele frequency,
obtained from the 1000 Genome Browser on NCBI,
greater than 0.25 were selected (excluding rs77038916).
The risk allele for each SNP was: A for rs1384001; T
for rs77038916; T for rs8065080; T for rs959974; G for
rs222747; A for rs224534, and T for rs2277675 where
the sum of the number of risk alleles would yield an
unweighted GRS value (0 to 14). However, heterozygous
individuals for rs77038916 (NK-2R) were not scored as
the association model tested in the literature was recessive [7]. Because of our repeated measure design with
outcomes that is non-independent and correlated, linear mixed-effects (LME) models were used for statistical
comparison. Cough counts were log-transformed. In our
LME models, the exposure, interaction term exposureby-GRS, sex and age were fixed effects, and participant
ID was the random effect. A linear regression was used to
observe the relationship between GRS and cough count.
All statistical analyses and plots generation was done
using R (v.4.1.2, R foundation for Statistical Computing).
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Results
Participant characteristics and GRS for each participant
are listed in Table 1. There was no significant effect of DE
exposure on cough count, but linear regression analysis
revealed an association between GRS and 24-h cough
count (Fig. 1).
A significant and positive association was observed
between GRS and cough count analyzing FA and DE
data combined (p<0.001, R
2=0.49). When exposures
were analyzed separately, the association between GRS
and cough count remained significant for DE (p=0.002,
R2=0.61) and FA (p=0.028, R2=0.37). There was no significant exposure-by-GRS interaction on cough count
despite this trend for GRS to be more positively associated with cough count upon exposure to DE than to FA.
Discussion
Gene-environment interaction has been a focus in the
field linking environmental exposure to chronic respiratory diseases such as asthma [12]. Understanding how
underlying genetic variation influences cough in the
context of environmental exposures can provide insight
into how cough is regulated. Here we report a significant
association between GRS constructed from SNPs related
to TRPV1, TRPA1 and NK-2R and 24-h cough count
under closely observed circumstances. Our findings are
novel in supporting established cough-associated SNPs
in a clinical experimental setting and in suggesting that
individuals with a higher number of risk alleles may have
increased baseline sensitivity to PM2.5 based on a higher
cough count.

Fig. 1 Relationship between genetic risk score (GRS) and cough
counts for post-exposure to diesel exhaust (DE) or filtered air (FA).
GRS was calculated as the unweighted sum of 7 single nucleotide
polymorphism (SNP) risk alleles related to cough response. Risk alleles
are described in methods
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Table 1 Participant characteristics
Age (years)

Sex

GRS

Smoking
history (packyears)

Time since quitting FEV1/FVC
smoking (years)

FEV1 (L)

FEV1 (%
Predicted)

DE
cough
count

FA cough count

1

42

F

12

0

–

86

2.41

92

440

2

56

F

6

0

–

81

2.61

103

43

31

3

58

M

8

0

–

75

4.46

133

232

152

4

72

F

9

0

–

80

3.31

162

64

47

5

50

M

6

15

16

79

4.05

106

41

44

6

56

M

5

50

8

74

3.43

113

20

11

7

70

M

6

90

19

72

2.52

93

69

52

8

66

F

7

24

16

54

1.87

86

13

42

9

67

M

2

52.5

11

49

2.62

76

0

5

10

70

F

6

12

33

48

1.79

88

109

159

11

70

M

9

19.5

16

64

2.44

89

116

214

12

75

M

6

7

41

67

3.11

116

60

84

13

80

M

10

10

30

54

2.33

97

57

31

98

Lung function data were measured after a bronchodilator (salbutamol) use during in-person screening. All participants were not current smokers. One pack-year is
equivalent to smoking 1 pack (20 cigarettes) of cigarette every day for one year
M Male, F Female, GRS genetic risk score, COPD chronic obstructive pulmonary disease, FEV1/FVC ratio of forced expiratory volume in one second to functional vital
capacity; FEV1% predicted, percent of predicted forced expiratory volume in 1 s; N/A not applicable

Studies have linked multiple SNPs in TRPV1 and
TRPA1 with asthma and cough. The Avon Longitudinal
Study of Parents and Children found six SNPs significantly associated with childhood asthma development
[9]. Furthermore, the Childhood Respiratory Health
Study, the European Community Respiratory Health
Survey, and the Epidemiological study on the Genetics
and Environment of Asthma found TRPV1 SNPs significantly associated with nocturnal, usual, and chronic
cough [1, 8]. In support of the clinical data, experimental data have shown that these variants can modulate
TRP channel activity resulting in altered calcium flux
and inflammatory cytokine secretion causing a change
in cough sensitivity [2, 8].
In this report, we note a pattern suggesting a greater
influence on cough count by DE than FA given that the
linear regression for DE had a stronger R2 coefficient
with a more positive slope. To rule out that the association between GRS and cough count was driven by one
SNP, we performed linear regressions between ln(cough
count) and GRSs calculated with one SNP excluded in
the GRS calculation. For cough count measured after
DE exposure, there was an association between higher
GRS and higher cough count, even when each SNP was
removed. This association was weaker in the cough
count measured after FA exposure, further supporting our hypothesis that GRS is more influential in the
context of DE relative to FA. However, this hypothesis
require independent validation study.

Sex as a potential effect modifier needs to be explored.
We did not find significant exposure-by-sex (p = 0.63)
or exposure-by-GRS-by-sex (p = 0.51) interaction. We
recognize that a modest sample size limited our ability
to test this interaction effect. There are also potential
confounders including exposure to allergens and house
dust. Another limitation is that participants were local
to the Metro Vancouver area, limiting generalization to
other regions with different genetic and environmental backgrounds. Furthermore, there are other SNPs in
TRPV1, TRPA1, and NK-2R associated with cough or
respiratory conditions not covered in our study (due to
their low frequency in the general population).

Conclusion
Unweighted GRS was associated with higher cough
counts in a controlled setting, supporting previous
observational literature connecting these mutations
with cough, with a noteworthy trend in conferring a
particular increase in cough when exposed to air pollution in the form of diesel exhaust.
Abbreviations
SNP: Single nucleotide polymorphism; TRAP: Traffic-related air pollution; GRS:
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potential ankyrin-1; TRPV1: Transient receptor potential vanilloid-1; NK-2R:
Neurokinin-2 receptor.

Yoon et al. Respiratory Research

(2022) 23:113

Acknowledgements
Our findings and work would not have been possible without the cough
count data recorded through the VitaloJAKTM cough monitor developed by
Jacky Smith, Ashley Woodcock, and Kevin McGuinness. The authors would
also like to thank Mimi Nguyen for her initial literature research in SNPs that
allowed us to determine which ones to test for our study.
Author contributions
MY collected, analyzed and interpreted the genetic score data. MY and MHR
performed statistical analysis. MHR recruited research participants, managed
the study, and collected clinical data. MY and RDH designed the genetic risk
score and performed gene sequencing. MGB and JS generated data for cough
counts, provided critical feedbacks on the analysis, and edited the manuscript.
CC acquired funding, supervised the study, and interpreted the results. All
authors read and approved the manuscript.
Funding
Canadian Respiratory Research Network provided grant funding project for
this project. MHR was supported by a Research Trainee Award from the Canadian Respiratory Research Network, WorkSafe BC Research Training Award
(RS2016-TG08) and NSERC Alexander Graham Bell Scholarship (CGS-D). RDH
was supported by Vanier Graduate Scholarship from Canadian Institutes of
Health Research. CC was supported by the Canada Research Chairs program.
Funding agencies did not play any role in the design of the study and collection, analysis, and interpretation of data and in writing the manuscript.
Availability of data and materials
The datasets used and/or analysed during the current study are available from
the corresponding author on reasonable request.

Declarations
Ethics approval and consent to participate
This study was approved by the University of British Columbia clinical research
ethics board (H14-00821) and the Vancouver Coastal Health Research Institute
(V14-00821). All participants provided written informed consent prior to
study inclusion. Study was registered with ClinicalTrial.gov with identification
number NCT02236039.

Page 4 of 4

3.

Deering-Rice CE, Stockmann C, Romero EG, Zhenyu L, Shapiro D, Stone
BL, et al. Characterization of transient receptor potential vanilloid-1
(TRPV1) variant activation by coal fly ash particles and associations with
altered transient receptor potential ankyrin-1 (TRPA1) expression and
asthma. J Biol Chem. 2016;291(48):24866–79.
4. Young EC, Smith JA. Quality of life in patients with chronic cough. Ther
Adv Respir Dis. 2010;4(1):49–55.
5. Belvisi MG, Birrell MA. The emerging role of transient receptor potential
channels in chronic lung disease. Eur Respir J. 2017;50(2):1601357.
6. Teles AM, Kumagai Y, Brain SD, Teixeira SA, Varriano AA, Barreto MA,
et al. Involvement of sensory nerves and TRPV1 receptors in the rat
airway inflammatory response to two environment pollutants: diesel
exhaust particles (DEP) and 1,2-naphthoquinone (1,2-NQ). Arch Toxicol.
2010;84(2):109–17.
7. Park H-K, Oh S-Y, Kim T-B, Bahn J-W, Shin E-S, Lee J-E, et al. Association
of genetic variations in neurokinin-2 receptor with enhanced cough
sensitivity to capsaicin in chronic cough. Thorax. 2006;61(12):1070–5.
8. Cantero-Recasens G, Gonzalez JR, Fandos C, Duran-Tauleria E, Smit
LA, Kauffmann F, et al. Loss of function of transient receptor potential
vanilloid 1 (TRPV1) genetic variant is associated with lower risk of active
childhood asthma. J Biol Chem. 2010;285(36):27532–5.
9. Gallo V, Dijk FN, Holloway JW, Holloway JW, Ring SM, Koppelman GH,
et al. TRPA1 gene polymorphisms and childhood asthma. Pediatr Allergy
Immunol. 2017;28(2):191–8.
10. Ryu MH, Afshar T, Li H, Wooding DJ, Orach J, Zhou JS, Murphy S, Lau KS-K,
Schwartz C, Yuen ACY, Rider CF, Carlsten C. Impact of exposure to diesel
exhaust on inflammation markers and proteases in former smokers with
COPD: a randomized, double-blinded, crossover study. Am J Respir Crit
Care Med. 2022. https://doi.org/10.1164/rccm.202104-1079OC.
11. Smith JA, Holt K, Dockry R, Sen S, Sheppard K, Turner P, et al. Performance
of a digital signal processing algorithm for the accurate quantification of
cough frequency. Eur Respir J. 2021;58(2):2004271.
12. Morales E, Duffy D. Genetics and gene-environment interactions in childhood and adult onset asthma. Front Pediatr. 2019;7:499.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

Competing interests
The authors declare that they have no competing interests.
Consent for publication
Not applicable.
Author details
1
Air Pollution Exposure Laboratory, Division of Respiratory Medicine, Department Medicine, Vancouver Coastal Health Research Institute, The University
of British Columbia, Vancouver, BC, Canada. 2 Research and Early Development,
Respiratory Pharmacology Group, Respiratory & Immunology, BioPharmaceuticals R&D, AstraZeneca, Gothenburg, Sweden. 3 Airway Disease, National
Heart and Lung Institute, Imperial College London, London, UK. 4 Division
of Infection, Immunity, and Respiratory Medicine, University of Manchester,
16 Manchester Academic Health Sciences Centre, and Manchester University
NHS Foundation 17 Trust, Manchester, UK. 5 The Lung Center, Vancouver General Hospital—Gordon and Leslie Diamond Health Care Centre, 2775 Laurel St.
7th Floor, Vancouver, BC V5Z 1M9, Canada.
Received: 4 October 2021 Accepted: 22 April 2022

Ready to submit your research ? Choose BMC and benefit from:

• fast, convenient online submission
• thorough peer review by experienced researchers in your field
• rapid publication on acceptance
• support for research data, including large and complex data types

References
1. Smit LA, Kogevinas M, Antó JM, Bouzigon E, González JR, Moual NL, et al.
Transient receptor potential genes, smoking, occupational exposures and
cough in adults. Respir Res. 2012;13(1):26.
2. Akopian AN, Fanick ER, Brooks EG. TRP channels and traffic-related environmental pollution-induced pulmonary disease. Semin Immunopathol.
2016;38(3):331–8.

• gold Open Access which fosters wider collaboration and increased citations
• maximum visibility for your research: over 100M website views per year
At BMC, research is always in progress.
Learn more biomedcentral.com/submissions

