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ABSTRACT

INTRODUCTION Although smoking is a strong risk factor for lung diseases
including asthma, COPD, and asthma-COPD overlap syndrome (ACOS),
studies are needed to examine the association between e-cigarettes and
asthma, COPD, and ACOS. This study evaluated the association between
e-cigarette use and self-reported diagnosis of asthma, COPD, and ACOS
using a large nationally representative sample of adults aged =18 years in
the United States.

METHODS Cross-sectional data from the Behavioral Risk Factor Surveillance
System (BRFSS) from 2016 to 2018 was used to examine self-reported
information on current e-cigarette use, demographic variables, and asthma
and COPD status among never cigarette smokers (n=8736). Asthma and
COPD were measured by self-reported diagnosis, and respondents who
reported having both diagnoses were then classified as having ACOS. Of
the 46079 never cigarette smokers, 4368 non-e-cigarette smokers were 1:1
propensity score-matched to e-cigarette smokers on age, sex, race/ethnicity
and education level. We used multinomial logistic regression to examine
association between current e-cigarette use and self-report asthma, COPD,
and ACOS while controlling for marital status and employment in addition
to matching variables.

rResuLts Compared with never e-cigarette smokers, e-cigarette smokers had
increased odds of self-reported ACOS (OR=2.27; 95% CI: 2.23-2.31),
asthma (OR=1.26; 95% CI: 1.25-1.27) and COPD (OR=1.44; 95% CI:
1.42-1.46).

concLusions Data from this large nationally representative sample suggest
that e-cigarette use is associated with increased odds of self-reported
asthma, COPD, and ACOS among never combustible cigarette smokers.
The odds of ACOS were twice as high among e-cigarette users compared
with never smokers of conventional cigarettes. The findings from this
study suggest the need to further investigate the long-term and short-term
health effects of e-cigarette use, since the age of those at risk in our study
was 18-24 years.
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INTRODUCTION

electronic cigarette (e-cigarette) use has increased

Overall tobacco use has declined in the United rapidly in United States since their introduction in

States over the past 50 years, but the prevalence of 2007'. E-cigarettes are battery-powered devices that
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create an aerosol by heating up liquid that usually
includes nicotine, flavorings, propylene glycol,
vegetable glycerin and other chemicals®. The tobacco
industry introduced e-cigarettes as a safer alternative
to tobacco smoking®. Around 8.1 million (3.2%)
US adults reported using e-cigarettes in 2018; the
prevalence of e-cigarette use increased from 2.8% to
3.2% during 2017-2018*.

The causal relationship between cigarette smoking
and respiratory diseases is well documented®. Over
80% of chronic obstructive pulmonary disease
(COPD) cases are caused by cigarette smoking and
cigarette smoking exacerbates asthma in adults®. The
respiratory health effects of e-cigarette use are still
not clear. Several studies that have examined the
negative short-term health effects of e-cigarette use
found that people who had smoked e-cigarettes for
several months experienced an increase in shortness
of breath and coughs®°. A recent consensus report
from the National Academies of Science, Engineering,
and Medicine on the Public Health Consequences
of E-cigarettes’ showed moderate evidence that
e-cigarettes increase coughing, wheezing as well as
asthma exacerbation in adolescents. There is little
evidence showing improvement in lung function
and respiratory symptoms among adult smokers with
asthma who switch to e-cigarettes completely or partly
(dual use)’.

Data on the relationship between e-cigarette use
and respiratory diseases such as COPD and asthma
are scarce. Existing studies suggest that e-cigarette
use is associated with chronic bronchitis, emphysema,
COPD? and asthma’. COPD and lifetime asthma are
diagnosed in approximately 6% and 13% of the US
adult population, respectively'®!". Although it varies
by population, prevalence of asthma-COPD overlap
syndrome (ACOS) has been estimated to be between
13% and 38%'*"3. According to new guidelines, this
overlap syndrome is characterized by persistent
airflow limitation with several features of both asthma
and COPD'". Characteristics of ACOS has not been
fully understood due to challenges in defining its
clinical features and differences in diagnosis'®.

Many e-cigarette users also use cigarettes, making
it difficult to untangle the unique contributions of
e-cigarettes to COPD and asthma development. In
addition, the long-term respiratory health effects
of e-cigarette smoking on ACOS have not been
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thoroughly studied, due to challenges of clinical
similarities between the two diseases'®. Therefore, we
studied the association between e-cigarette use and
self-reported asthma, COPD, and ACOS among never
combustible cigarette smokers using a large, nationally
representative survey in the US to address this gap.
We hypothesize that e-cigarette use is associated with
chronic respiratory disorders including asthma, COPD
and ACOS in adults.

METHODS

Population

We used 2016 (n=486303), 2017 (n=450016), and
2018 (n=437436) data from the Behavioral Risk
Factor Surveillance System (BRFSS), a large cross-
sectional telephone survey of non-institutionalized
adults aged =18 years in the US'". The BRFSS gathers
data on health risk behaviors, prevention practices, and
access to healthcare as it relates to chronic disorders'®.
Our study population consisted of participants, aged
>18 years, who were never smokers of conventional
cigarettes. Participants were considered never smokers
of conventional cigarettes if they answered ‘No’ to the
question: ‘Have you smoked at least 100 cigarettes in
your entire life?”. Therefore, we excluded current or
former cigarette smokers (defined as lifetime smoking
>100 cigarettes). Participants who did not respond
to questions regarding respiratory disorders (asthma,
COPD, ACOS) and e-cigarette use were excluded from
the analysis (Figure 1). Of 46077 never combustible
cigarette smokers, there were 4369 e-cigarette users
and 464709 never smokers. After propensity score
matching (PSM), the study sample included 4368
e-cigarette users and 4368 never smokers matched
on age, sex, race/ethnicity and education level.

Measures

E-cigarette users and neyver smokers

Respondents who responded ‘Yes’ to the first question
‘Have you ever used an e-cigarette or other electronic
vaping product, even just one time, in your entire
life?” were considered as ever cigarette smokers, and
those who responded ‘No” were considered as never
e-cigarette smokers. Ever cigarette smokers were
then asked: ‘Do you now use e-cigarettes or other
electronic vaping products every day, some days, or
not at all?”. Those who responded ‘every day’ or ‘some
days’ were defined as current e-cigarette users.
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Figure 1. Flow chart for participants included in the
study
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Asthma, COPD, and ACOS

Participants who responded ‘No’ to ‘Has a doctor,
nurse, or other health professional ever told you
that you have chronic obstructive pulmonary disease
or GOPD, emphysema, or chronic bronchitis?” were
defined as currently having a diagnosis of asthma if
they answered affirmatively to both ‘Has a doctor,
nurse, or other health professional ever told you that
you have asthma?” and ‘Do you still have asthma?’.
Similarly, respondents who reported to have no
asthma were defined as having a diagnosis of COPD
if they responded ‘Yes’ to both ‘Has a doctor, nurse, or
other health professional ever told you that you have
COPD? and ‘Do you still have COPD?". People who
responded “Yes’ to both asthma and COPD diagnosis
were then classified as ACOS.
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Sociodemographic and other risk factors

We examined sociodemographic and other risk
factors as covariates. The survey included items on
age in years (recoded as 5 years intervals from 18
to 80+), gender (female/male), race/ethnicity (non-
Hispanic White, non-Hispanic Black, Hispanic, non-
Hispanic Multiracial, other), educational level (below
high school, graduated from high school, attended
college or technical school, graduated from college
or technical school), marital status (married, never
married or member of unmarried couple, divorced or
widowed or separated), income level (<15000, 15000-
25000, 25000-35000, 35000-50000, >50000 US$),
employment status (employed, homemaker or student,
unemployed), body mass index (BMI) (underweight
<18.5, normal weight 18.5-24.9, overweight 25-29.9,
and obese >30 kg/m?), and current physical activity
or exercise in the last 30 days (Yes/No).

Analysis

The 2016, 2017 and 2018 data were combined and
analyzed according to the published Centers for
Disease Control and Prevention recommendations,
using suggested weighting methodology to improve
the representativeness of data'’. Never smokers were
matched to e-cigarette smokers on age, sex, race/
ethnicity and education using 1:1 PSM to account
for selection bias. Specifically, the nearest neighbor
matching algorithm was implemented using the
Matchlt package®. While there are various methods to
employ propensity score matching, nearest neighbor
matching is the most common technique that is used
in both social sciences and medical literature®'. This
method utilizes a distance measure to quantify the
closest match between treated and controlled units.
First, propensity scores were estimated based on
given covariates using logistic regression. Then, the
matching is performed with 1:1 nearest neighbor pair
matching without replacement using the difference
between the propensity scores of each treated
and control unit as a distance measure. For each
individual in treatment group (e-cigarette smoker)
a control unit (never smoker) was selected using the
difference between their propensity score estimates.
To assess the balance, standardized difference in
mean (SDM) values were calculated. SDMs were
smaller than 0.01 and variance ratios were 1 for
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all covariates that are used in matching. Potential RESULTS

confounders were identified by creating Directed Matched population

Acyclic Graphs (DAGs) based on existing literature®. The propensity score sample included 4368
After matching is performed with age, sex and race e-cigarette smokers matched to 4368 never smokers.
covariates, the other confounding variables including Distributional balance before and after PSM for
education level, marital status, income, employment, variable age, sex, race/ethnicity and education level,
BMI, and psychical activity, were controlled for in the respectively, is shown in Figure 2A. Density plot shows
analysis. Multivariable logistic regression was used to  the distributional balance for age, sex, race/ethnicity,
examine the association between e-cigarette use and and education level before and after the matching.
asthma, COPD as well as ACOS. P-values <0.05 were Figure 2B shows covariate balance measured by
considered significant. All analyses were conducted standardized mean difference indicating standardized
using R version 3.0.2% utilizing survey procedures difference in means before and after matching on
that account for complex sampling design of BRFSS. age, sex, and race/ethnicity. For a given variable

Figure 2. Balance diagnostic. A) Distribution balance for matched and unmatched data, B) Covariate balance
for variable age, sex, race/ethnicity, and education before and after matching
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B. Covariate balance for age, sex, race/ethnicity and education level before
and after matching
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when standardized difference in mean is between the
threshold value as indicated by two dashed vertical
lines, the balance is considered to be achieved.
Table 1 shows the population weighted baseline
distribution of groups after 1:1 propensity score
matching on age, sex, race/ethnicity and education

Tobacco Induced Diseases

level. In both groups, the age of respondents was
18-24 years. Both groups consisted of a greater
proportion non-Hispanic White (64.1%), male
(65.6%), and reported to have attended college or
technical school (35.9%).

After matching, there were only significant

Table 1. Baseline characteristics of study population after matching on age, sex, race/ethnicity and education

level, BRFSS 2016-2018, US (N=8736)

Age (years) 18-24 18-24 -
Women 1504 (34.40) 1504 (34.40) -
Race -

White non-Hispanic

Black non-Hispanic

Other race non-Hispanic

Multiracial non-Hispanic

Hispanic

Education level

Below high school

Graduated from high school

Attended college or technical school
Graduated from college or technical school

2798 (64.10)

2798 (64.10)

404 (9.20) 404 (9.20)
345 (7.90) 345 (7.90)
190 (4.30) 190 (4.30)
631 (14.40) 631 (14.40)
243 (5.60) 243 (5.60)

1507 (34.50)
1567 (35.90)
1051 (24.10)

1507 (34.50)
1567 (35.90)
1051 (24.10)

Marital status <0.001
Married 853 (19.50) 1354 (30.70)

Never married/cohabiting 3141 (71.90) 2760 (63.20)
Divorced/widowed/separated 374 (8.60) 267 (6.10)

Income (US$) 0.726
<15000 438 (10.00) 447 (10.20)

15000-25000 819 (18.80) 780 (17.90)

25000-35000 518 (11.90) 498 (11.40)

35000-50000 665 (15.20) 666 (15.20)

>50000 1928 (44.10) 1977 (45.30)

Employment <0.001
Employed 2876 (65.80) 2817 (64.50)

Homemaker/student 965 (22.10) 1001 (25.20)

Unemployed 527 (12.10) 450 (10.30)

BMI (kg/m?) 0.424
Underweight (<18.5) 140 (3.20) 122 (2.80)

Normal weight (18.5-24.9) 1852 (42.40) 1832 (41.90)

Overweight (25.0-29.9) 1327 (30.40) 1311 (30.00)

Obese (>30.0) 1049 (24.00) 1103 (25.30)

Physical activity 0.104
Performs physical activity or exercise 3690 (84.50) 3633 (83.20)

No physical activity or exercise in last 30 days 678 (15.50) 735 (16.80)

Pulmonary disease <0.001
Asthma 430 (9.80) 314 (7.20)

COPD 90 (2.10) 58 (1.30)

ACOS 66 (1.50) 31 (0.70)
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Figure 3. Multinomial regression of the association between e-cigarette use and asthma, COPD, and ACOS

among adults aged 18-24, BRFSS, 2016, 2018
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pulmonary diseases. A greater proportion of never
smokers were married (31.0%) compared with
e-cigarette smokers (19.5%). Employment for
e-cigarette smokers and never smokers was 65.8% and
66.3%, respectively, with a greater proportion of never
smokers reporting an income >50000 US$ (44.1% vs
46.2%). A greater proportion of e-cigarette smokers
reported having pulmonary diseases compared with
never smokers. Approximately 9.8% of e-cigarette
smokers were diagnosed with asthma compared with
7.2% among never smokers. Also, the proportion
of COPD and ACOS was greater among e-cigarette
smokers (2.1% vs 1.3%) and (1.5% vs 0.7%),
respectively. For all other variables, the differences
between the two groups were not significantly
different.

Figure 3 shows estimates from multinomial
regression analysis after removing participants with
missing variables and matching never smokers to
e-cigarette smokers on age, sex, race/ethnicity and
education level. After adjusting for confounding
variables, e-cigarette smokers had increased odds of
self-reported ACOS (OR=2.27; 95% CI: 2.23-2.31),
asthma (OR=1.26, 95% CI: 1.25-1.27) and COPD
(OR=1.44; 95% CI: 1.42-1.46).

To our knowledge, this is the first study to examine
the association between e-cigarette use and self-
reported asthma, COPD, and ACOS among never
combustible cigarette smokers using a large nationally
representative survey of the US population, i.e.
BRFSS. Our findings show that e-cigarette use
among adults is associated with chronic respiratory
disorders such as asthma, COPD, and ACOS. Using
our matched design (i.e. age, sex, race/ethnicity, and
education level). The odds of ACOS were twice as
high among e-cigarette users compared with never
smokers of conventional cigarettes. Data from this
large nationally representative sample also showed
that e-cigarette users had significantly greater odds
of asthma and COPD. The findings from this study
suggest the need to further investigate the long-term
and short-term health effects since the age of those at
risk in our matched design was 18-24 years.
Consistent with other national studies, the majority
of adult e-cigarette users were aged 18-24 years®**.
This is not surprising because national studies
consistently show higher e-cigarette use among young
adults compared to older adults***". However, what is
unique is that there are adults within these age group
reporting COPD and ACOS. Although asthma can
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present in younger individuals, including children®,
onset of COPD commonly occurs in those over the age
of 40 years®. A large international study has recently
estimated the prevalence of COPD according to the
GOLD standard among young adult population (aged
20-44 years)®. The results from this study support
our findings that early onset of COPD-like features
likely develop earlier than is usually believed and can
inform early detection of the disease and preventive
measures. As expected with this young age group, a
small percentage of subjects had mild to moderately
severe COPD symptoms and none from this age group
was found in the most severe stage of COPD (i.e. stage
IV). This paves the way for biomarkers such as alpha-
lantitrypsin deficiency to identify younger people
who are likely to develop early stages of COPD?".

Strengths and limitations

A major strength of our study is the large,
representative sample of the US population to test
our hypothesis. By selecting never cigarette smokers,
we removed the confounding effect attributed to
dual use of conventional cigarettes. We also used
propensity score matching to remove confounding
effects of potential confounders including age, sex,
race/ethnicity and education level. Our study is not
without limitations. We cannot completely discount
residual confounding due to unknown factors.
Considering that the BRFSS is a cross-sectional survey
design, a causal relationship between e-cigarette use
and asthma, COPD, and ACOS cannot be evaluated.
Particularly, considering that the age of the study
respondents who are e-cigarette users was 18-24
years and that asthma prevalence is higher mostly
during childhood®, it is possible that some e-cigarette
smokers may have started after asthma diagnosis,
ruling out causality. Frequency of self-reported
disease outcomes were low in both e-cigarette
smokers and matched never smokers. Therefore,
it should be noted that the statistically significant
difference and more precise odds ratio estimates
are observed when the three disease symptoms
are combined. We acknowledge that exposure and
outcome were self-reported, and there are no data on
e-cigarette use initiation, duration, intensity (puffs/
day) as well as specific flavor used. Also, we were not
able to verify subjects in the two groups using specific
biomarkers of exposure. Although we did not imply

Tobacco Induced Diseases

a causal association, chronic inhalation of e-cigarette
vapor that contains nicotine has been shown to
disrupt airway barrier function and induce systemic
inflammation in mice*. Self-reported diagnosis of
asthma by a healthcare provider is commonly used
by government agencies and scientists in general, as
it has been shown to correlate well with the diagnosis
of asthma®. However, self-reported physician
diagnosis of COPD may have high specificity and low
sensitivity’> and hence would bias the effect measure
estimate towards the null but this does not explain
our finding. Additionally, respiratory disorders are
complex disorders resulting from many factors, which
may include the interaction between genetic and
environmental factors®. In our study, we were not able
to account for gene-environment interaction. Despite
these limitations, combined data of 2016, 2017, and
2018 from BRFSS, a large nationally representative
US sample provided us with a large sample size to
study e-cigarette use specifically among this unique
population of never combustible cigarette users.

CONCLUSIONS

Data from this large nationally representative sample
suggest that e-cigarette use is associated with
increased odds of self-reported asthma, COPD, and
ACOS among never combustible cigarette smokers.
The odds of ACOS were twice as high among
e-cigarette users compared with never smokers of
conventional cigarettes. The findings from this study
suggest the need to further investigate the long-
term and short-term health effects of e-cigarette use,
since the age of those at risk in our study was 18-24
years. This is not surprising because national studies
consistently show higher e-cigarette use among young
adults compared to older adults.
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