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ABSTRACT

Introduction The rapid growth in popularity of e-
cigarettes over the past decade has prompted concerns
about their impact on long-term respiratory health. Small
airway injury is suspected to be a direct consequence of
e-cigarette use and may be quantifiable by novel structural
and functional diagnostic modalities.

Methods and analysis In a multicentre observational
longitudinal study, participants will be enrolled in either
an adolescent (ages >12and <19 years) or an adult arm
(>19 years old) and followed over 3 years across three
time points (baseline, 18 months and 36 months). In the
adolescent arm, a total of 50 e-cigarette and 50 non-e-
cigarette users will be enrolled across 4 sites. In the adult
arm, a total of 100 e-cigarette users, 100 non-e-cigarette
users, and an additional 100 combustible cigarette-only
users and 100 dual combustible cigarette-e-cigarette
users will be enrolled across 5 sites. Participants will
undergo respiratory questionnaires, pulmonary function
tests, oscillometry, cardiopulmonary exercise testing,
hyperpolarised 129-xenon gas MRI and blood collection.
In adolescent participants only, multiple breath washout
and induced sputum collection will be performed. Adult
participants will also undergo inspiratory/expiratory
chest CT and bronchoscopy. The primary endpoint will

be a composite of small airway dysfunction according

to oscillometry, cardiopulmonary testing and/or chest
imaging parameters.

Ethics and dissemination This protocol has been
approved by The University of British Columbia-Providence
Health Care Research Ethics Board (Certificate H24-
00374). The use of hyperpolarised 129-xenon gas in this
study has been approved by Health Canada (Certificate
HC6-024-¢291776). Written documentation of informed
consent will be required prior to study initiation. We will
seek to enrol adolescent participants who are capable
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STRENGTHS AND LIMITATIONS OF THIS STUDY

= This multicentre study will capture multimodal out-
puts of respiratory health in Canadian adolescents
and adults who use e-cigarettes using novel diag-
nostic and imaging techniques.

= The study design has been informed by input from
persons with lived vaping experience, Indigenous
representatives, public health advocates and youth
volunteers.

= As a 3-year longitudinal study, dropout over the
course of the study may occur.

= Changes in vaping and smoking habits over the
course of the study as well as the high degree of
variability in vaping practices between individuals
may complicate downstream analyses.

of providing informed consent with an optional support
statement from a parent encouraged but not required.
Study findings will be disseminated to medical/scientific
audiences through scientific conferences and published
manuscripts respecting the Strengthening the Reporting
of Observational Studies in Epidemiology statement,

to youths through outreach events at high schools and
community programmes and through social media, and to
adults through lung health community events.

Trial registration number NCT06819969.

INTRODUCTION

The invention of e-cigarettes in 2003 upended
the trajectory of a decades-long public health
campaign against combustible cigarette
smoking. Promoted as a safer method of
inhaling nicotine compared with cigarettes
and as smoking cessation tools, e-cigarettes
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have substantially grown in popularity with rates of uptake
now exceeding those of cigarette smoking.1 In Canada,
6% of Canadians aged 15 years and older have vaped in
the past 30 days.” Younger Canadians appear to be the
most susceptible to these habits, with 14% of those aged
15-19 years and 18% of those aged 20-24 years reporting
past 30-day use.? Indigenous populations are also dispro-
portionately affected by the spread of vaping which may
place them at higher risk for potential downstream respi-
ratory complications.”™ As Canadians increasingly reach
for e-cigarettes, especially at younger ages and not just for
the purposes of smoking cessation, greater clarity into the
pulmonary toxicities of vaping is urgently needed.

The Canadian Lung Outcomes in Users of Vaping
Devices (CLOUD) Study is a pan-Canadian, multicentre,
multidisciplinary and longitudinal approach to studying
vaping from cell to society. By designing an observational
cohort that bridges the adolescent and adult populations,
we aim to address two pressing, yet distinct questions on
vaping across the lifespan: (1) In adolescents and youths
for whom vaping may be their first entry into inhalational
exposures, what respiratory injuries might arise? (2) For
adults, in whom the landscape of vaping is contextualised
by cigarette smoking cessation efforts, to what degree, if
at all, do e-cigarettes reduce the known pulmonary inju-
ries associated with cigarette smoking, the leading cause
of preventable death globally? Transitioning from ciga-
rettes to e-cigarettes to complete abstinence from any
inhaled products is not straightforward for many, with
those using both cigarettes and e-cigarettes having up
to an approximately 65% probability of remaining dual
users by 1 year.®”

The challenge in studying vaping and achieving an
accurate depiction of its pulmonary consequences lies in
the heterogeneity of vaping practices across populations.
From the types of devices and e-liquids to flavours and
concentrations, this variability adds an unprecedented
level of complexity. Moreover, vaping products have
changed dramatically over the last decade.® The char-
acterisation of the respiratory effects of e-cigarettes also
remains superficial and a more comprehensive pheno-
typing of vaping-exposed lungs across the lifespan using
novel imaging and pulmonary function techniques,
dynamic exercise testing, and airway cell sequencing
would significantly enhance our understanding of the
potential harms. As with combustible cigarette smoking,
the small airways (characterised by a diameter <2mm)
may be particularly vulnerable during vaping given their
high degree of exposure to particulate matter.” These
regions of the lung may harbour the earliest signs of
injury, ultimately setting the stage for future obstructive
airways disease.

Objectives

The objective of the CLOUD Study is to characterise small
airway injury in adolescent and adult Canadians who use
e-cigarettes. Specifically, our goals are to:

1. Characterise the structural and functional disruptions
associated with e-cigarette use using oscillometry, mul-
tiple breath washout (MBW), chest CT, hyperpolarised
129-xenon ('*Xe) MRI, cardiopulmonary exercise
testing (CPET) and bronchoscopy.

2. Determine the association between e-cigarette use and
respiratory outcomes, including symptom burdens,
exacerbation-like respiratory events, and school and
work absences.

3. Characterise the epigenetic and transcriptomic disrup-
tions associated with e-cigarette use in blood, sputum,
airway epithelium and lung immune cells.

METHODS AND ANALYSIS

Overview

The CLOUD Study is a prospective, observational cohort
study that will enrol both e-cigarette and non-e-cigarette
users to undergo detailed respiratory symptom, physio-
logic, imaging and biospecimen collection over a 3-year
period. Visits will occur at baseline, 18 months and 36
months. The protocol design is detailed in figure 1. The
projected enrolment for adolescent participants (ages
212and <19 years) is 50 e-cigarette users and 50 non-
e-cigarette users. The projected enrolment for adults
(=19 years) is 100 dual e-cigarette and combustible ciga-
rette users, 100 e-cigarette-only users, 100 combustible
cigarette-only users and 100 non-smoking and non-e-
cigarette users.

Study centres

The CLOUD Study will take place at six academic hospital
centres across Canada. Four of these sites (BC Children’s
Hospital, the University of Alberta, The Hospital for Sick
Children and the Université de Sherbrooke) will enrol
adolescent participants between the ages of 12 and 18
years, while five sites (The University of British Columbia,
the University of Alberta, McMaster University, the Ottawa
Hospital Research Institute and the Université de Sher-
brooke) will enrol adult participants >18 years.

Eligibility criteria

For the adolescent arm, participants will be enrolled if
they are 212and <19 years old and if they (1) use neither
combustible cigarettes nor e-cigarettes or (2) use e-cig-
arettes exclusively. Exclusion criteria include anyone
with a contraindication to pulmonary function testing
and CPET, individuals who have smoked combustible
cannabis within the last month and/or have a combus-
tible cannabis smoking history of >1 jointyear, individ-
uals who have smoked combustible cigarettes within the
last 6 months and individuals with a physician-diagnosed
chronic lung disease (such as asthma, cystic fibrosis or
bronchopulmonary dysplasia).

For the adult arm, participants will be enrolled if they
are 219 years old and if they (1) use neither combustible
cigarettes nor e-cigarettes; (2) use combustible cigarettes
exclusively, never using e-cigarettes; (3) use e-cigarettes
exclusively, never using combustible cigarettes; or (4) use
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Figure 1

Study overview. *Multiple breath washout, induced sputum, MRI and bronchoscopy are available at select sites.

CPET, cardiopulmonary exercise test. Figure created with the assistance of BioRender.

both combustible cigarettes and e-cigarettes currently.
Exclusion criteria include anyone with a contraindication
to pulmonary function testing and CPET, individuals who
have smoked combustible cannabis within the last month
and/or have a combustible cannabis smoking history of
>1 joint-year and individuals currently undergoing treat-
ment for lung cancer.

For either arm, the inability to provide written informed
consent will also be an exclusion criterion. No limitations
will be placed on the type of e-liquids used by partici-
pants; for example, e-cigarette users of nicotine, tetrahy-
drocannabinol and cannabidiol will be all enrolled. As
this study is intended to mirror real-world experiences
with vaping, no limitations will also be placed on vaping/
smoking cessation or resumption over the course of the
3-year observational period.

Informed consent

Written informed consent will be obtained from all partici-
pants. For adolescents, informed consent will be obtained
from participants who are capable of providing it, with
an optional support statement from a parent encouraged
but not required.

Data collection
A full description of respiratory tests and key outcomes is
provided in table 1.

Clinical data

All participants will undergo detailed demographic, expo-
sure and medical history questionnaires at each of the
three study time points. Vaping histories will be captured
in multiple ways, including the types of devices used, the
frequency of vaping, and the composition and flavourings

of e-liquids. For adolescent participants, these question-
naires will be administered without parental presence to
ensure accurate reporting. Measures of vaping dependence
will also be captured using a modified Fagerstrom test.

Validated respiratory symptom questionnaires for adult
participants will include the St. George’s Respiratory Ques-
tionnaire (SGRQ),11 the COPD Assessment Test,12 the
modified Medical Research Council dyspnoea scale," the
International Physical Activity Questionnaire (short form)'*
and the McMaster Cough Severity Questionnaire.”” Adoles-
cent participants will complete the American Thoracic
Society Questionnaire, an eightditem tool assessing cough,
wheezing, phlegm production, shortness of breath and
chest tightness.'® This questionnaire has been validated in
adolescents who smoke, with scores positively correlating
with measures of dependence and severity of habit'” and
declining following smoking cessation.'® A modified SGRQ
and Visual Analogue Scale' evaluating shortness of breath,
wheezing, chest tightness, cough, sputum production and
sputum purulence will also be completed by adolescent
participants. Every 3months, participants will be contacted
to fill out an online survey capturing exacerbation-like
respiratory events, defined as (1) changes in at least one
major respiratory symptom and (2) the use of antibiotics
and/or systemic corticosteroids or health services (physi-
cian visit, emergency room or hospitalisation®’) over the
previous 3-month period and any work or school absences
secondary to respiratory problems.

Pulmonary function and exercise data

All participants will undergo pulmonary function testing
at baseline, 18 months and 36 months.?! Oscillometry
will be performed in all participants at baseline, 18
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Table 1 Key respiratory variables collected in the CLOUD Study

Test

Key outcome variables

Study groups

Pulmonary function testing

Oscillometry
Multiple breath washout

129%e hyperpolarised pulmonary MRI

Cardiopulmonary exercise test

FEV./FVC

FEV,

FEV,/FEV,

FVC

Total lung capacity
Diffusion capacity
R5-R20

Lung clearance index

Ventilation defect percent
RBC to membrane ratio
Membrane to gas ratio

RBC to gas ratio

Apparent diffusion coefficient

Peak VO, %predicted

All participants

All participants

Adolescent participants (two
sites)

Adult participants (two sites)
Adolescent participants (two
sites)

All participants

V/VCO, nadir
CT imagin
means disease (PRM™"P)

Parametric response mapping functional small airways Adult participants

Relative area of the lung with attenuation below —856
Hounsfield units (RA856)

Quantitative and qualitative emphysema

Pulmonary vascular volume

Mucus score
Total airway count

Induced sputum methylation and
transcriptome

Epigenetic age

Bronchial epithelial cell and Epigenetic age

Adolescent participants (three

Differentially methylated and expressed genes sites)

Adult participants (three sites)

bronchoalveolar lavage methylation and Differentially methylated and expressed genes

transcriptome
Blood methylation and transcriptome  Epigenetic age

All participants

Differentially methylated and expressed genes

FEV,, forced expiratory volume in 1 s; FEV3, forced expiratory volume in 3 s; FEV,, forced expiratory volume in 6 s; FVC, forced vital capacity;
R5-R20, fall in resistance from 5 to 20 Hz; V/VCO,, minute ventilation/carbon dioxide production; VO,, oxygen consumption at peak exercise.

months and 36 months, using the tremoFlo C-100 system
(THORASYS Thoracic Medical Systems, Montreal, QC).
Measurements will be performed according to the recom-
mended guidelines set by the European Respiratory
Society (ERS) 2 Total and central airway resistance will be
measured at 5 and 20Hz (R5 and R20, respectively), and
peripheral airways resistance as R5-20. Two adolescent
sites (BC Children’s Hospital and The Hospital for Sick
Children) will also perform a substudy of MBW according
to the technical standards outlined by the American
Thoracic Society (ATS)/ ERS® using an Exhalyzer D
(Eco Physics, Durnten, Switzerland). All participants will
undergo a CPET at baseline and 36 months on a cycle
ergometer according to ATS/American College of Chest
Physicians guidelines.24 This will consist of a 6 min resting
period, followed by a 1 min warm-up of unloaded pedal-
ling, then 10-25W/minute stepwise increases in work
rate to symptom limitation. Standard cardiac, metabolic,
ventilatory and gas exchange parameters will be measured
and averaged every 30s. Operating lung volumes will be

derived from inspiratory capacity manoeuvres collected
every 2min as previously described.”” ** Dyspnoea inten-
sity, leg discomfort and unpleasantness ratings will be
evaluated at rest and throughout each stage of exercise
using the modified 0-10 category ratio Borg scale.””

Imaging data

Adolescent participants at two sites (BC Children’s
Hospital and The Hospital for Sick Children) and
adult participants at two sites (The University of British
Columbia and McMaster University) will undergo hyper-
polarised '*’Xe MRI at baseline and at 36 months. All sites
are aligned under the "**Xe MRI Clinical Trials Consor-
tium (129xectc.org) such that equipment and protocols
are harmonised. Conventional anatomical proton ('H),
functional '**Xe and functional proton MRI will be
performed on whole-body 3-Tesla MRI systems according
to established guidelines.®® All adult participants will
undergo chest CT imaging at baseline and 36 months.
Images will be acquired during a static breath-hold at
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full inspiration and expiration, then reconstructed using
a slice thickness of 0.625-1.25mm. Images will be quan-
tified using VIDA Insights software (VIDA Diagnostics,
Inc., Iowa). Qualitative reads under the direction of a
clinical radiologist (JL) will also be performed to detect
clinically important nodules, bronchiectasis, emphy-
sema and fibrosis. All image reading and analysis will be
performed centrally to ensure standardisation across the
study centres.

Biospecimens

Blood and lung biospecimens will be collected at baseline
and at 36 months. Blood collection will include serum,
plasma and buffy coat and will be performed in all partic-
ipants. Adolescent participants will undergo induced
sputum collection. An optional bronchoscopy substudy
will be performed in adults at three centres (The Univer-
sity of British Columbia, McMaster University and the
Université de Sherbrooke) during which oral washes,
airway epithelial brushings and bronchoalveolar lavage
will be collected, according to previously published proto-
cols.”™ Biospecimen collection and processing will be
carried out using harmonised protocols across all sites.
Samples will be stored at -80°C until use. DNA methyl-
ation from blood and lung specimens will be profiled
using the Illumina MethylationEPIC array, which encom-
passes >930 000 CpG sites. Total RNA from specimens will
undergo whole transcriptome sequencing using the Illu-
mina NextSeq 2000 platform.

Primary outcomes

Our primary endpoint will be a composite measure of
small airways dysfunction, in which participants meeting
at least one of the following criteria will be considered
to have small airways dysfunction. For adolescent partic-
ipants, these measures will include (1) a change in resis-
tance from 5 to 20Hz (R5-R20) >upper limit of normal
(ULN) on oscillometry™ or (2) peak oxygen consump-
tion (VO,) <lower limit of normal (LLN) plus a venti-
latory response or minute ventilation/carbon dioxide
production (V_/VCO,) nadir >ULN. % For adult partic-
ipants, these measures will include (1) R5-R20>ULN, %
(2) disease probability measure functional small airways
disease (fSAD) >10% on chest CT, 389 or (3) peak
VO,<84% predicted (considered abnormally low)** plus
a V /' VCO, nadir>ULN. “*The proportion of participants
meeting at least one of the criteria for small airways
dysfunction at any time point will be compared between
the vaping and control groups using y* tests. Multivari-
able logistic regressions will be used to adjust for possible
covariates, such as age, sex and their interaction with
vaping/smoking groups. Variables will be assessed through
univariable logistic regression, and those with significant
(p<0.05) associations will be included as covariates in the
multivariable logistic regression while respecting the 10
events per variable rule. Statistical significance will be
determined at p<0.05.

Secondary outcomes

Multivariable logistic regression analyses will be used
to determine whether vaping is associated with other
proposed measures of small airways dysfunction such
as FEV, o FEV, 41 and FEV, o/ FVC <LLN*? or a lung clear-
ance 1ndex >ULN on MBW ® We will also determine the
relationship between vaping and prevalence of a post-
bronchodilator FEV /FVC<LLN at each time point and
with a faster rate of FEV, decline over 3 years. Diffusing
capacity, residual volume and total lung capacity will also
be measured at baseline and tested for their associations
with vaping using linear regression models. Symptom
scores and their respective changes over 3 years will be
compared among study groups using a one-way ANOVA
followed by post hoc Tukey’s test to evaluate for between-
group differences as well as linear regressions to adjust
for possible covariates. Respiratory event frequency
and school/work absenteeism will be compared among
study groups using negative binomial regression models.
Secondary CT imaging characteristics such as quantita-
tive and qualitative emphysema, total airway count, airway
morphology, pulmonary vascular volume**
score® will be compared among the study groups using
ANOVA followed by post hoc Tukey’s tests as well as linear
regressions. Similar methods will be used to compare
"YXeMRI measurements including ventilation defect
percentage,46 RBC to membrane ratio, membrane to gas
ratio, RBC to gas ratio?” and apparent diffusion coeffi-
cient.”® Blood, induced sputum, bronchial epithelial cell
and bronchoalveolar lavage cell methylation profiles will
be used to calculate epigenetic age according to estab-
lished epigenetic clock algorithms* and compared
between study groups using ANOVA tests. Methylation
profiles will also be used in conjunction with whole tran-
scriptome sequencing of these biospecimens to iden-
tify both differentially methylated and expressed genes
associated with vaping through robust linear regression
models. Differential cell proportions in bronchoalveolar
lavage fluid and induced sputum samples will also be
compared between the groups using %~ tests. Statistical
significance will be determined at a p<0.05 for clinical
outcomes, and at a Benjamini-Hochberg false discovery
rate <0.05 for differential methylation as well as gene
expression analyses. All analyses will be done in R. Results
will be presented as effect size with 95% Cls.

and mucus

Sample size estimation

The preliminary CPET data acquired by our team demon-
strated an absolute difference of 16% of those having
VO,<84% predicted between the vaping and control
groups. To detect a difference between the ENDS and
control groups by x* test assuming 5% significance, we
will require a sample size of 50 in each group to achieve
85% power and 100 in each group to achieve 99% power.
We have thus designed our sample size groups to achieve
appropriate power in this study, while accounting for a
conservative estimate of 10% dropout per year.
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Data management

Deidentified data will be collected through a central
secure REDCap website housed at the University of British
Columbia. Data will be encrypted and password protected
for sharing. CT and MRI images will be transferred and
stored on a secure cloud housed by VIDA Diagnostics.
Anonymised data will be shared on open platforms.

Patient and public involvement

Questionnaires and study advertisements were developed
with input and guidance from two individuals with lived
experiences using e-cigarettes as well as a seven-member
youth advisory council made up of high school students
across British Columbia (https://chartlab.ca/yac/). A
specific questionnaire addressing the unique impact of
e-cigarette use on Indigenous communities was devel-
oped with the input and guidance from members of the
Westbank First Nation. These members of our team will
be providing assistance with outreach and knowledge
translation events over the course of the study.

ETHICS AND DISSEMINATION

This protocol has been approved by the University of
British Columbia-Providence Health Care Research
Ethics Board (Certificate H24-00374). The use of hyper-
polarised '**Xe gas in this study has been approved by
Health Canada (Certificate HC6-024-¢291776).

Consent forms describing in detail the study proce-
dures and risks will be given to each participant and
written documentation of informed consent will be
required prior to study initiation. Each participant will
have sufficient opportunity to discuss the study, have all
of their questions addressed and consider the informa-
tion in the consent process prior to agreeing to partici-
pate. Participants will be able to withdraw consent at any
time during the course of the study without prejudice. We
will seek to enrol adolescent participants who are capable
of providing informed consent with an optional support
statement from a parent encouraged but not required.

The findings of this study will have important impli-
cations for estimated 68million individuals around the
world who use e-cigarettes.”’ We will work closely with
our youth advisory council both during and after the
study to devise events, forums and social media materials
to disseminate study findings. Youth-specific knowledge
mobilisation modalities will include accessible, highly
visible and digestible platforms like YouTube, TikTok, and
Instagram (delivered in short segments and presented by
peers) and youth-driven outreach events at high schools
and community programmes. Our team also consists
of persons with lived vaping experience who will help
devise lay infographics to share study results. We will hold
public forums both in person and virtually across Canada
to discuss our findings with the assistance of the British
Columbia Lung Foundation, the Alberta Lung Associa-
tion, the Lung Health Foundation, Association pulmo-
naire du Québec, the Canadian Lung Association, the

Canadian Respiratory Research Network and the Cana-
dian Thoracic Society. Finally, our work will have special
interest to healthcare providers and respiratory scientists.
We will thus present study findings at leading national
and international respiratory research conferences and
publish our manuscripts in both general medical and
respiratory journals, respecting the Strengthening the
Reporting of Observational Studies in Epidemiology
statement.”’ Given the immediate relevance of our study
results for public health, we plan to share these with
provincial school boards; provincial and federal minis-
tries of health, youth, education, and Indigenous Affairs;
the Public Health Agency of Canada and Health Canada.

DISCUSSION
The current literature on vaping is insufficient to prop-
erly inform Canadians on its impact on lung health.
These knowledge gaps exist at a time when e-cigarettes are
increasingly popular, making the need for high-quality,
comprehensive research ever more urgent. Our study will
comprehensively phenotype Canadians who use e-ciga-
rettes, address multiple levels of potential lung harm and
provide crucial and timely guidance for them and their
healthcare providers. Our key deliverables include:

1. An integrated physiologic and CI-MR imaging ap-
proach to uncovering the structural and functional dy-
namics of e-cigarette use;

2. A deep characterisation of cardiopulmonary exercise
abnormalities associated with e-cigarette use;

3. An integrated multi ‘omics evaluation of airway sam-
ples from both adolescent and adult participants who
use e-cigarettes, providing insight into the molecular
damage that can occur with vaping;

4. Alegacy cohort of longitudinal biospecimens collected
across the lifespan, allowing for ongoing opportunities
to study the effects of vaping on health.

A study team consisting of adult and paediatric
respirologists, adolescent medicine specialists, addiction
specialists, epidemiologists, biostatisticians, behavioural
scientists, nurses, lung imaging scientists, radiologists,
respiratory and exercise physiologists, molecular biolo-
gists, persons with lived experience, Indigenous advisors,
public health advocates, trainees and youth representa-
tives has been developed to ensure a multidisciplinary
approach.

Nonetheless, we anticipate several challenges. First, as a
longitudinal study over 3 years, we expect that there will
be attrition. Strategies to prevent attrition will include
(1) a health report provided to participants each year
explaining results and implications for their medical
care, (2) financial compensation for their time and (3)
a yearly newsletter updating participants on the study’s
progress and key findings. These incentives will help to
recruit not just participants who use e-cigarettes but also
control participants. To address the unique challenges
that can arise with adolescent participation, our youth
advisory council will advise on recruitment and retention
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strategies. Other methods to promote paediatric partic-
ipation will include youth-specific social media engage-
ment, in-school education and awareness programmes,
and offering documented volunteer hours as reward for
participation.

We also recognise the complexity of inhalational habits
among Canadians, which may also include not just tradi-
tional cigarettes, but other tobacco products (eg, cigars,
cigarillos and hookah), cannabis smoking and illicit
drugs. Distinguishing an attributable injury signature to
solely e-cigarette use will be a challenge in the face of
these competing risks. We will endeavour to uncover the
unique contribution of vaping to lung injury by excluding
current cannabis smoking, by using tobacco and illicit
drug smoking status as covariates in our statistical models
and by performing stratified analyses by tobacco and
illicit smoking status.

We anticipate that participants in our study will also
have a wide variation in vaping habits which will need to
be accounted for in our analyses. We have thus structured
our questionnaires to capture all sources of variability.
Additional mitigating strategies include the use of serum
samples to quantify cannabis and nicotine exposure
through tetrahydrocannabinol and cotinine measure-
ments, respectively. Subgroup analyses by severity of
exposure groups will then be performed to determine
whether individuals with higher measurable exposures
have greater lung injuries.

Notwithstanding these challenges and limitations, we
will create one of the most deeply phenotyped respira-
tory cohorts on vaping to date. The potential of this study
falls long beyond the proposed study period, as we will
generate biospecimens and datasets immediately avail-
able for secondary analyses. We are thus well positioned
to address the future questions that will inevitably arise as
our nation’s journey with e-cigarettes evolves.
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