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Abstract

Objectives: Little evidence is available on the association of e-cigarettes with health indices. We
investigated the association of e-cigarette use with diagnosed respiratory disorder among adults
with data from the Behavioral Risk Factor Surveillance Survey (BRFSS).

Methods: The 2016 Hawaii BRFSS, a cross-sectional random-dial telephone survey, had 8,087
participants; mean age was 55 years. Items asked about e-cigarette use, cigarette smoking, and
being diagnosed by a health professional with (a) asthma or (b) chronic obstructive pulmonary
disease. Multivariable analyses tested associations of e-cigarette use with the respiratory variables
controlling for smoking and demographic, physical, and psychosocial variables.

Results: Controlling for the covariates and smoking there was a significant association of e-
cigarette use with chronic pulmonary disorder in the total sample (AOR = 2.58, Cl 1.36 — 4.89, p
<.01) and a significant association with asthma among nonsmokers (AOR = 1.33, Cl 1.00 — 1.77,
p <.05). The associations were stronger among nonsmokers than among smokers. Results were
similar for analyses based on relative risk and absolute risk. There was also a greater likelihood of
respiratory disorder for smokers, females, and persons with overweight, financial stress, and
secondhand smoke exposure.

Conclusions: This is the first study to show a significant independent association of e-cigarette
use with chronic respiratory disorder. Several aspects of the data are inconsistent with the
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possibility that e-cigarettes were being used for smoking cessation by persons with existing
respiratory disorder. Theoretical mechanisms that might link e-cigarettes use and respiratory
symptoms are discussed.
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1.

INTRODUCTION

The use of electronic smoking devices (e-cigarettes) has increased in recent years and the
prevalence of e-cigarette use is now substantial among both adolescents and adults (Jamal et
al., 2017; Wilson & Wang, 2017; Zernike, 2018). Given this prevalence, it is desirable to
have knowledge about the health consequences of e-cigarette use (Glantz & Bareham, 2018;
Muthy, 2017). Laboratory research using animal models and cell cultures has indicated that
e-cigarettes have biological effects that could lead to tissue injury (Chun et al., 2017; St.
Helen & Eaton, 2018). For example, e-cigarette vapor has been shown to have cytotoxic
effects on lung cells (Lee et al., 2018) and to produce physiological defects usually seen in
Chronic Obstructive Pulmonary Disease (COPD; Garcia-Arcos et al., 2016). At present the
generalization of these findings from laboratory paradigms to epidemiological samples is
unclear. There is limited knowledge on e-cigarette use with clinical or subclinical variables,
and reviews have emphasized the importance of research testing such questions (US
Department of Health and Human Services, 2016; Stratton et al., 2018). Accordingly, we
investigated whether there was an association of e-cigarette use with diagnosed respiratory
disorder in a representative sample of adults.

Previous research on asthma has provided evidence of an association with e-cigarette use,
primarily from studies of adolescents. For example, a study with high school students in
Hawaii found an association of e-cigarette use with asthma that was independent of cigarette
smoking and marijuana use as well as several demographic variables (Schweitzer et al.,
2017). This concurs with findings from adolescents in Asian countries (Cho & Paik, 2016;
Wang et al., 2016) and the US state of Florida (Choi & Bernat, 2016). These results are
theoretically consistent with physiological effects observed in laboratory studies (Clapp &
Jaspers, 2017). While asthma may begin at earlier ages (Akinbami et al., 2014), the
suggestion that e-cigarettes could maintain or exacerbate asthma (Clapp & Jaspers, 2017)
led us to predict that an association of e-cigarette use with asthma would be observed among
adults.

There is less evidence about chronic respiratory disease but a study with high school
students in California found an association of e-cigarette use with reports of bronchitis
symptoms (McConnell et al., 2017). Yao et al. (2017) studied a US national sample of
current cigarette smokers and found that e-cigarette use was associated with a higher
likelihood of wheezing and having multiple colds in the past 30 days, suggesting that e-
cigarette use could increase susceptibility to upper respiratory infection. study with an adult
sample in Sweden (Hedman et al., 2018) found an association of e-cigarette with respiratory
symptoms (e.g., long-standing cough, recurrent wheezing) but did not measure diagnosed
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respiratory disorder. Hence there is still little epidemiological evidence on chronic
respiratory disorder and this has been suggested as a priority for investigation (Stratton et al.,
2018). The present research included a measure of chronic pulmonary disorder and based on
a body of research from in vitro and animal studies (Chun et al., 2017), we predicted that e-
cigarette use would be related to chronic respiratory disorder in adults.

1.1 Study Aims and Hypotheses

2.

To summarize, several lines of research suggest that a relation of e-cigarette use to
respiratory disorder might occur among adults. Hence, we investigated whether e-cigarette
use is associated with asthma and pulmonary disorder in a representative sample aged 18
years and over and whether e-cigarette use and combustible cigarette smoking could have
synergistic effects for respiratory symptomatology (Cho & Paik, 2016). Because respiratory
disorder is a multifactorial condition, having several different risk factors that may be
correlated, we included measures of known risk factors as controls. For example, e-cigarette
use and cigarette smoking tend to be correlated (Dutra et al., 2016; Wills et al., 2015) so it is
crucial to control for this potential confound. In addition, asthma and pulmonary symptoms
are related to psychosocial factors including financial adversity (Beck et al., 2014; Kopel et
al., 2014) and second-hand smoke exposure (McConnell et al., 2017) which also could be
related to e-cigarette use. Obesity is a physical risk factor for asthma (Gennuso et al., 1998;
von Mutius et al., 2001) so its contribution also needs to be evaluated. Thus the goal of this
research was to determine the association of e-cigarette use with asthma and chronic
pulmonary disorder controlling for these other factors so as to obtain a more precise test for
e-cigarettes. We predicted that in this diverse sample of adults there would be positive
associations of e-cigarette use with asthma and with pulmonary disorder. Because of a
possibility that effects of e-cigarettes for airway irritation observed in laboratory studies
could augment effects of smoking, which is not currently known (Chun et al., 2017), we also
tested for an interaction of e-cigarettes and cigarette smoking.

METHODS

2.1 Participants and Procedure

This research used data from the Behavioral Risk Factor Surveillance Survey (BRFSS), an
annual cross-sectional, random-digit-dialed survey that includes adult participants aged 18
years or older (CDC, 2011). The BRFSS uses a multistage sampling design to select a
representative sample of the noninstitutionalized adult population in each of the 50 US
states. Since 2011 the methodology has included reaching and interviewing participants on
cellular telephones as well as landlines and using a dual-frame survey methodology to
improve reliability and representativeness of the data (Hu, Balluz, Battaglia, & Frankel,
2011). The present research uses data from the 2016 BRFSS conducted in the state of
Hawaii. This survey had an overall response rate of 43%, a figure that compares favorably
with other states and national surveys (CDC, 2016). The final sample had a total of 8,087
participants. Details on sample representativeness for the BRFSS survey procedure and
validity of the BRFSS measures for assessing chronic disease are reviewed elsewhere
(Pierannunzi et al., 2013; Li et al., 2012). Demonstrations of the generalizability of results
from Hawaii to other parts of the have been shown in a number of studies (Soneji et al.,
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2017; Watkins et al., 2018; Wills et al., 2013) as has generalizability to other countries (Best
etal., 2018; Lozano et al., 2017; Treuer et al., 2017).

2.2 Measures

Demographics.—The survey included items on gender (female/male) and age in years
(write-in). The item on primary ethnicity asked: “Which one of these groups would you say
best represents your race?” Response options included: Alaska ative/American Indian, Black
or African-American, Asian (Chinese, Filipino, Japanese, Other Asian), Pacific Islander
(Native Hawaiian, Other Pacific Islander), and Caucasian. Educational level (“What is the
highest grade or year of school you have completed?”’) had five response options (Grades 1-
8, 9-11, 12 years, 1-3 years college, 4 years college or more).

E-cigarette use.—A clarifying instruction prior to asking the e-cigarette items stated:
“Electronic cigarettes and other ‘vaping’ products include electronic hookahs (e-hookahs),
vape pens, e-cigars, and others. These products are battery powered and usually contain
nicotine and flavors such as fruit, mint, or candy.” The item on ever e-cigarette use asked,
“Have you ever used an electronic cigarette or other electronic ‘vaping’ product in your
entire life.” (Yes/No/Not Sure). The item on current use asked, “Do you now use electronic
cigarettes or other electronic ‘vaping’ products every day, some days, or not at all.”

Cigarette smoking.—A clarifying instruction prior to the cigarette items stated: “For
cigarettes do not include electronic cigarettes (e-cigarettes, NJOY, Bluetip), herbal
cigarettes, cigars, cigarillos, little cigars, pipes, bidis, kreteks, water pipes (hookahs), or
marijuana.” The basic item on cigarette smoking asked, “Have you smoked at least 100
cigarettes in your entire life?” (Yes/No/Not Sure). Persons who answered Yes to this
question were then asked about current smoking: “Do you now smoke cigarettes every day,
some days, or not at all.” Persons who indicated current smoking (some days or every day)
were asked, “During the past 12 months, have you stopped smoking for one day or longer
because you were trying to quit smoking” (Yes/No). Persons answering Yes to lifetime
smoking but No to current smoking were asked, “How long has it been since you last
smoked a cigarette?” (7 options, within past month to 10 years or more).

Respiratory disorder.—Items followed the lead-in: “Has a doctor, nurse, or other health
professional ever told you that you had any of the following.” Items were: “Were you ever
told you had asthma?” “Do you still have asthma?” and “Were you ever told you have
chronic obstructive pulmonary disease (COPD), emphysema, or chronic bronchitis?”
Response options were Yes/No/Not Sure.

Covariates.—Body mass index was assessed with the items, “About how much do you
weigh without shoes?” and “About how tall are you without shoes?” (Write-in for both.)
This was coded as a four-level variable for overweight status (Underweight, Normal Weight,
Overweight, Obese). Exposure to second-hand smoke was assessed with the item: “On how
many of the past 7 days did anyone smoke in your home while you were there?” Response
options were None, Number of days write-in (1-7), or | was not at home past 7 days.
Financial stress was assessed with two items: “How often in the past 12 months would you
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say you were worried or stressed about: having enough money to pay your rent/mortgage”
and “How often in the past 12 months would you say you were worried or stressed about
having enough money to having enough money to buy nutritious meals?” Response options
Never, Rarely, Sometimes, Usually, Always.

2.3 Data Analysis

Prevalence estimates for substance use and respiratory symptoms were computed with
weighted analyses using SAS Proc Surveyfreq, accounting for stratum. For analysis we used
binary indices for ever-occurrence of asthma and COPD; for asthma we also computed a
three-level index for never had asthma, previous asthma (but not current), and current
asthma. For tobacco product use the basic analysis used binary indices (ever used e-
cigarettes, smoked cigarettes >100x). A continuous measure for age was recoded to 8 levels
(18-29, 30-39, 40-49, 50-59, 60-69, 70-79, 80-89, and 90-99 years). Educational level
was recoded to four levels (grade school/some high school, high school graduate, some
college, college graduate). For analysis two small ethnic groups (Alaska Native and frican
American) were dropped as they caused convergence problems because of small cell sizes in
stratified analyses. categorical variable for overweight status was recoded to three levels
(under- or normal weight, overweight, obese). For financial stress, raw scores for the two
items were summed and the summary score was recoded to a five-level variable (Never,
Rarely Stressed, Somewhat Stressed, Often Stressed, Always Stressed).

Preliminary analyses examined the relation of age to measures of respiratory disorder and
tobacco use. Zero-order relations of the predictor variables with respiratory disorder, e-
cigarette use, and smoking, controlling for age, were analyzed in logistic regression with
SAS Surveylogistic. Multivariable analyses for relative risk were performed in logistic
regression with a binary index for respiratory disorder (asthma or COPD) as the criterion. E-
cigarettes and smoking were the primary predictors. Entered as demographic covariates were
age, gender, educational level, and ethnicity (six binary indices for Native Hawaiian,
Filipino, Japanese, Chinese, Pacific Islander, and Other Asian contrasted against Caucasian
as the reference group). Also entered as covariates were variables for overweight status,
second-hand smoke exposure, and financial stress. A four-category variable was constructed
for tobacco product usage (1 = Never used e-cigarettes, Nonsmoker; 2 = Smoker, Never used
e-cigarettes; 3 = Ever used e-cigarette, Nonsmoker; 4 = Used e-cigarettes and Smoker) and
pairwise comparisons of relative risk for asthma or COPD were computed from the model.
To test for interaction in prediction of the criterion variables we entered the cross-product of
e-cigarette use and smoking after entry of their two main-effect terms and all the covariates.
To complement the analyses of relative risk we also report measures of absolute risk for
asthma and COPD using the same models (cf. Noordzij et al., 2017); these are presented
stratified by age.

There was little missing data for the asthma or COPD items but there were appreciable rates
of missing data for some of the covariates. Accordingly, we conducted a full-information
analysis using multiple imputation for the predictors (Rubin, 1987) so as to maximize
sample size and minimize potential bias. This was performed using the SAS 9.4 Proc Ml
procedure with 20 imputations based on the Markov Chain Monte Carlo method (Schafer
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and Graham, 2002). The multivariable analyses were based on unweighted sample sizes of
8,069 for asthma and 8,063 for COPD.

3. RESULTS

3.1. Sample Characteristics

Table 1 reports the sample’s characteristics. The weighted sample was 50% female and
mean age was 55 years. Proportions for primary perceived race/ethnicity were 13% Native
Hawaiian, 18% Filipino, 20% Japanese, 6% Chinese, 20% Japanese, 3% Other Asian, 3%
Other Pacific Islander, and 36% Caucasian. Education level was 9% less than high school,
29% high school graduate, 34% some college, and 28% college graduate.

The estimated prevalence in the overall sample was 17% for ever had asthma and 4% for
ever had COPD; the weighted N for these analyses was approximately 1,129,000
participants. (For this comparison we report lifetime rates because there was no item
corresponding to current COPD.) The estimated prevalence of ever e-cigarette use in the
overall sample was 22% and the prevalence of cigarette smoking (smoked > 100 cigarettes)
was 38%. For current e-cigarette use, overall prevalence was 2% (some days) and 2% (every
day). For current cigarette smoking, overall prevalence was 4% (some days) and 9% (every

day).

Asthma and chronic pulmonary disorder were correlated (Supplemental Table 1). For
example, the estimated prevalence of COPD was 3% among persons who never had asthma
but was 17% among persons who had asthma. However, 48% of persons with COPD had not
had asthma and these data supported performing separate analyses for asthma and COPD.

The patterns of data for respiratory symptoms and tobacco use were strongly age-dependent
but the direction of the relationship differed across variables (Supplemental Table 2).
Reports of asthma tended to decrease with age while COPD increased with age. Cigarette
smoking increased in frequency across most of the age groups whereas e-cigarette use was
most frequent among the younger age groups. Financial stress showed an almost linear
decrease with age. The prevalence of overweight was not linearly age-dependent but there
was indication of a quadratic trend. These data supported including age as a covariate for all
of the analyses.

E-cigarette use and cigarette smoking were correlated, as is typical in other studies
(Bareham & Glantz, 2018; Dutra & Glantz, 2014; Wills et al., 2015). Cross-tabulations for
ever-use and current use of e-cigarettes and cigarettes showed significant associations
(Supplemental Table 3). For example, 12% of nonsmokers had ever used e-cigarettes
compared with 39% for smokers. The cross-tabulation of e-cigarette use and smoking was
comparable across most age groups, excepting for 80-99 year groups, where the prevalence
of e-cigarette use was low.

3.2 Bivariate Relations for Variables

Logistic regression analyses were used to compute bivariate relations of the study variables
with asthma and chronic pulmonary disorder, including age as a covariate (Supplemental
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Table 4). E-cigarette use and cigarette smoking showed significant positive associations with
both asthma and COPD (odds ratios >1) whereas inverse relations were noted for
educational level and male gender for asthma (odds ratios < 1). Asthma and COPD were
positively associated with overweight status, financial stress, and exposure to secondhand
smoke (for COPD). For these analyses the coding compared a given ethnic group with all
other groups. Relative to other groups, Native Hawaiians had significantly higher prevalence
for asthma and COPD and Caucasians were elevated for COPD, whereas Japanese and
Chinese, and Other Asians tended to have lower prevalence for asthma and in two cases for
COPD.

Bivariate correlations with e-cigarette use and cigarette smoking controlling for age
(Supplemental Table 5) indicated male gender and financial stress were positively associated
with smoking and e-cigarette use whereas educational level was inversely associated with
these; also there were significant zero-order associations of second-hand smoke exposure
and overweight status with these variables. Using the same coding, higher rates of smoking
and e-cigarette use were also noted for Native Hawaiians and Caucasians whereas lower
rates were noted for Filipinos, Japanese, and Chinese.

3.3 Multivariable Models

In multivariable analyses, measures of e-cigarette use and cigarette smoking were entered
together with age and the other covariates, with asthma or chronic pulmonary disorder as the
criterion. A quadratic term for age was included in the models. As noted in Analytic
Methods, six dummy variables were entered to code ethnicity, with Caucasians as the
reference group. As indicated in Table 2, cigarette smoking was positively associated with
asthma in the overall sample, AOR =1.27 (CI = 1.10-1.47), p=.001, but e-cigarette use was
marginal, AOR = 1.27 (C1 0.96 — 1.67), p=.10. The interaction was inverse in direction,
AOR = 0.78, but did not reach significance. Pairwise comparisons indicated the smoking-
only group and the dual-user group had higher rates of asthma relative to the nonuser group
(p=.001 and p=.02, respectively) but the e-cigarette only group was marginal (p= 10).
The interaction was interpreted by conducting separate analyses for nonsmokers and
smokers. These indicated there was a significant association of e-cigarette use with asthma
among nonsmokers (AOR = 1.33, Cl 1.00 - 1.77, p < .05) but not among smokers (AOR =
0.92, C10.73 - 1.15, ns.). Results for the covariates indicated asthma inversely associated
with age and positively associated with overweight status, financial stress, Native Hawaiian
ethnicity, and female gender. The model for asthma was repeated with age restricted to the
lower six age categories (i.e., < 80 years) and with listwise deletion of missing data. he
results from these analyses were not substantially different than the ones reported here.

In the multivariable analysis for chronic pulmonary disorder (Table 3), e-cigarette use and
smoking showed significant independent associations with respiratory disorder; the effect
size was larger for smoking (AOR = 2.98, Cl 2.34 —3.78) than for e-cigarettes (AOR = 2.58,
Cl 1.36 — 4.89) but both were significant. Pairwise comparisons indicated that relative to the
nonuser group there were higher rates of disorder for both the e-cigarette only group (o= .
004), the cigarette only group (p=.0001), and the dual user group (p=.0001). The
interaction term was significant (AOR = 0.51, CI 0.26 — 1.00, p < .05). Subgroup analyses
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indicated there was a significant association of e-cigarette use with COPD among
nonsmokers (AOR = 2.98, Cl 1.51 - 5.88, p< .01), but the association was not significant
among smokers (AOR = 1.29, C1 0.94 -1.77, ns.). Covariate effects in the multivariate
model indicated COPD positively associated with second-hand smoke exposure, financial
stress, female gender, and inversely associated with education and Japanese ethnicity. These
analyses were repeated using variant models similar to those used for asthma; results from
these analyses were not substantially different from those reported here.

Data on the absolute risk for asthma and for pulmonary disorder are presented for each of
the usage groups in Tables 4 and 5, respectively. (For concise presentation, persons over 80
are not included.) For asthma, absolute risk was moderate and declined with age (Figure 3).
Absolute risk was higher for both the e-cigarette only group and the smoking-only group but
the dual user group did not differ significantly from these (Table 3); hence in the figure the
lines for these three groups converge. For the COPD item the level of absolute risk was
lower and tended to increase with age (Figure 1B). The e-cigarette only group and smoking
only group had higher rates than the nonuser group, with the dual-user group having an even
higher rate, consistent with the independent contributions noted in the regression analyses
(Table 3). Thus the data for absolute risk were consistent with the analyses for relative risk,
showing both e-cigarette use and cigarette smoking associated with higher rates of
respiratory disorder and the independent contributions being particularly notable for chronic
pulmonary disorder.

4. DISCUSSION

The purpose of this research was to study the association of e-cigarette use with two indices
of diagnosed respiratory disorder among adults. Findings indicated that e-cigarette use was
associated with respiratory disorder independent of cigarette smoking, age, and a range of
physical and psychosocial covariates. Results were similar for analyses based on relative risk
and absolute risk of asthma and COPD. These results are consistent with several studies
showing e-cigarette use related to respiratory symptoms (Cho & Paik, 2016; Hedman et al.,
2018; McConnell et al., 2017; Schweitzer et al., 2017); to our knowledge the finding for
COPD is novel. The fact that the findings were independent of the covariates means that the
results cannot be attributed to a correlation of e-cigarette use with third variables such as
gender, education, and financial stress. In addition, the present research delineated racial/
ethnic differences in e-cigarette use and respiratory disorder, knowledge which could be
utilized to understand and ultimately reduce health disparities.

The primary finding of this research is that e-cigarette use showed a significant association
with respiratory disorder among adults. This was true for both asthma and chronic
pulmonary disorder. Because the items did not determine exactly when symptoms of asthma
or pulmonary disorder originated, there are two possible interpretations of the data. One
possible interpretation is that participants began using e-cigarettes when they developed
asthma or pulmonary disorder; but it is difficult to think of a reason for why people would
do this because e-cigarette vapor has lung irritant properties (e.g., Anderson et al., 2016;
Larcombe et al., 2017; Reidel et al., 2018; Wu et al., 2014). As a variant explanation, it
could be posited that persons who used e-cigarettes did so to reduce or quit smoking when
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they developed a respiratory disorder. However, this interpretation would be inconsistent
with the data, which showed that the significant relations of e-cigarettes with respiratory
disorder occurred primarily among nonsmokers, not among smokers. Moreover, the smoking
cessation items indicated that most of the quitters had stopped smoking many years ago and
that current e-cigarette use was not related to stopping smoking (data not shown). Thus
reverse-causation arguments do not seem very tenable on logical or empirical grounds.

An alternative interpretation is that e-cigarette use contributed to the development or
maintenance of respiratory symptoms or the transition from initial symptomatology to
chronic disorder. Data from other studies give plausibility to this interpretation because they
show e-cigarette use is associated with asthma and bronchitis in high school samples (Choi
et al., 2016; McConnell et al., 2017; Schweitzer et al., 2017), ages that precede the
development of CO D. While this interpretation has plausibility on the grounds of
consistency with other studies and coherence with existing knowledge (Chun et al., 2017;
Clapp & Jaspers, 2017), longitudinal research is needed for studying the extent to which e-
cigarettes are related to onset of symptomatology or maintenance of existing symptoms.

Biological plausibility is relevant because recent reviews based on controlled laboratory and
clinical research have suggested possible mechanisms for a relation of e-cigarettes to
respiratory symptoms (Chun et al., 2017; Clapp & Jaspers, 2017). For example, cell studies
have implicated e-cigarette aerosol in generation of reactive oxygen species, contributing to
oxidative stress that could affect airway cells (Ji et al., 2016; Lerner et al., 2015; Zhao et al.,
2018). Other studies have shown cytotoxic and inflammatory effects of e-cigarette vapor for
airway cells, effects that could contribute to respiratory symptoms (Larcombe et al., 2017;
Lee et al., 2018; Rowell et al., 2017; Wu et al., 2017). Additionally, studies focusing on
immune system parameters have provided evidence that exposure to e-cigarette aerosol
impairs immune system function, increasing susceptibility to infection (Hwang et al., 2016;
Martin et al., 2016; Reidel et al., 2017; Sussan et al., 2015). Whether such mechanisms are
involved in observed associations for respiratory disorder needs to be considered in further
epidemiological research.

4.1 Study Limitations

While this research used a large representative sample, was based on items that asked about
diagnosed disease, and included a number of relevant covariates, some aspects could be
noted as limitations. First, the study was cross-sectional and temporal relations between
variables cannot be definitively established. Second, the study lacked a detailed measure of
smoking history and the survey did not include items on marijuana, which is relevant for
asthma (Strongetal., 2018). Though prior studies have shown effects for e-cigarettes
independent of marijuana (e.g., Schweitzer et al., 2017), this is a possible limitation and
needs to be extended in further research. Third, the respiratory variables were based on self-
report, and while validity of BRFSS variables for indexing chronic disease conditions has
been previously demonstrated (Li et al., 2012; Pierannunzi et al., 2013), the findings could
be confirmed in further research using direct physical examination or biochemical indices.
Finally, the sample was from one state and generalization to other areas needs to be studied.
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4.2 Conclusions

In summary, this research found an association of e-cigarette use with respiratory disorder in
a diverse sample of adults with analyses including demographic and psychosocial controls.
Though temporal aspects of the findings need to be clarified, the results are consistent with
other studies suggesting a linkage of e-cigarette use with respiratory symptoms at other ages.
The fact that findings for respiratory symptoms occurred primarily for nonsmokers argues
against several alternative interpretations of the results. Further research is needed to obtain
more evidence on whether e-cigarette use may be adding to respiratory disorder in the
population among nonsmokers (Glantz & Bareham, 2018; US Department of Health and
Human Services, 2016).

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

. Few data are available on the association of e-cigarette use with health
indices.

. We found e-cigarette use associated with asthma and chronic respiratory
disorder.

. Results were independent of cigarette smoking, physical and psychosocial
covariates.

. Associations with respiratory disorder were significant primarily among
nonsmokers.
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Figurel.
Absolute risk of respiratory disorder, by age, for four tobacco usage groups.

1A. Absolute risk for asthma. 1B. Absolute risk for chronic pulmonary disease.

Drug Alcohol Depend. Author manuscript; available in PMC 2020 January 01.

Page 15



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Wills et al.

Frequencies and Percentages for Study Variables

Table 1

Variable

Gender

Age (years)

Race/ethnicity

Education

Ever
diagnosed

with

Levels

Female
Male

missing

18-29
30-39
40-49
50-59
60-69
70-79
80-89
90-99

missing

Nat.
Hawaiian
Filipino
Japanese
Chinese

Pac. Islander
Other Asian
Caucasian
Black

missing

Grade school
HS graduate
Some college
Coll.
graduate

missing

No
Yes

Drug Alcohol Depend. Author manuscript; available in PMC 2020 January 01.

Unweighted Weighted Weighted
frequency

frequency

4,314
3,772
1

880
973
933
1,496
1,947
1,165
497
113
83

1,096

1,026
1,518
379
185
160
3,374
104
245

293

2,103
2,241
3,428

22

6,727
1,342

Percent

53
47
125

11
12
12
19
24
15

12,028

14

28
42

3,617

83
17

561,749
570,279

221,319
217,418
156,532
180,961
174,450
103,098
51,365

14,983

137,735

194,530
221,102
63,363
31,868
28,059
390,153
31,019
34,322

101,139
326,062
382,107
319,228

934,626
195,278

percent

50
50

20
19
14
16
16

13

18
20

29
34
28

83
17

Page 16
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Unweighted Weighted Weighted

Variable Levels frequency Percent frequency percent

asthma missing 18 2,249

Have

asthma No 7,213 90 1,006,519 89

now Yes 832 10 120,293 11
missing 42 5,342

Ever

diagnosed No 7,615 94 1,083,315 96

with Yes 448 6 45,098 4

COPD missing 24 3,741

Ever

used No 6,427 83 837,973 78

e-cigarettes Yes 1,346 17 239,079 22
missing 314 55,101

Use

e-cigarettes Not at all 7,536 97 1,030,695 96

now Some days 144 2 27,143 2
Every day 91 1 18,997 2
missing 316 55,317

Smoked

> 100x No 4,538 58 663,946 62
Yes 3,246 42 414,696 38
missing 303 53,511

Smoke

cigarettes Not at all 6,844 88 937,239 87

now Some days 270 3 44,645 4
Every day 664 9 96,040 9
missing 309 54,229

Weight

status Normal 3,271 43 448,025 42
Overweight 2,621 34 357,240 34
Obese 1,767 23 251,883 24
missing 428 75,005

Secondhand

smoke None 6,438 92 855,432 91

exposure 1-4 days 185 3 28,690 3

Drug Alcohol Depend. Author manuscript; available in PMC 2020 January 01.
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Unweighted Weighted Weighted
Variable Levels frequency Percent frequency percent
5-7 days 393 6 56,630 6
missing 1,071 191,402
Worried
about Never 3,268 53 401,932 50
finances Rarely 1,406 23 201,913 25
during past Sometimes 839 14 121,017 15
12 months Usually 381 6 50,713 6
Always 251 4 36,036 4
missing 1,942 320,542
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Relative Risk (Odds Ratio and ClI) in Multivariate Model for Asthma with Pairwise Comparisons

Variable
Age
Age**2
E-cigarette use
Cigarette smoking
E-cig X smoking
Pairwise comparisons
Dual vs. none
Smok vs. none
E-cig vs. none
Dual vs. e-cig
Smok vs. e-cig
Dual vs. smok
Gender (male)
Education
Financial stress
Overweight status

Secondhand smoke

Native HawaiianA
Filipino

Japanese

Chinese

Pacific Islander
Other Asian

AOR
0.93
1.01
1.27
1.27
0.78

1.26
1.27
1.27
1.00
1.00
0.99
0.62
0.94
1.13
1.28
1.00

1.53
0.95
0.97
0.96
0.56
0.75

Cl

0.89-0.97
0.99-1.03
0.96-1.67
1.10-1. 47
0.56-1.09

1.04-1.53
1.10-1.47
0.96-1.67
0.73-1.35
0.74-1.35
0.80-1.22
0.55-0.70
0.88-1.01
1.06-1.20
1.17-1.39
0.87-1.13

1.28—-1.82
0.78-1.16
0.81-1.15
0.69-1.33
0.36-0.89
0.45-1.24

.0002
.37
.10
.001
15

.02
.001
.10

.98

.98

.94
<.0001
.10
.0003
<.0001
.95

<.0001
.63
71
.82
.01
.27

Table 2

Page 19

Note: For usage groups: None = never used e-cigarettes, nonsmoker; E-cig = Only used e-cigarettes, nonsmoker; Smok = Only smoked cigarettes,

nonsmoker; Dual = Used e-cigarettes and smoked cigarettes.

A . ] .
Ethnicity contrasts are coded with Caucasians as the reference group.
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Relative Risk (Odds Ratio and ClI) in Multivariate Model for Chronic Pulmonary Disorder with Pairwise

Comparisons

Variable
Age
Age**2
E-cigarette use
Cigarette smoking
E-cig X smoking
Pairwise comparisons
Dual vs. none
Smok vs. none
E-cig vs. none
Dual vs. e-cig
Smok vs. e-cig
Dual vs. smok
Gender (male)
Education
Financial stress
Overweight status

Secondhand smoke

Native HawaiianA
Filipino

Japanese

Chinese

Pacific Islander

Other Asian

AOR
1.49
0.97
2.58
2.98
0.51

3.92
2.98
2.58
1.52
1.16
1.32
0.71
0.88
1.19
111
1.37

111
0.82
0.62
0.58
1.16
0.56

Cl

1.37-1.62
0.94-1.00
1.36-4.89
2.34-3.78
0.26 - 1.00

2.82-5.44
2.34-3.78
1.36 -4.89
0.81-2.87
0.62-2.17
0.98-1.77
0.58-0.88
0.79-0.98
1.08-1.31
0.96-1.27
1.15-1.63

0.84-1.48
0.58-1.17
0.46 - 0.83
0.30-1.12
0.56 —2.40
0.21-1.51

p
<.0001

.05
.004
<.0001
.05

<.0001
<.0001
.004
.20

.65

.07
.001
.03
.0006
15
.0003

AT
.27
.001
A1
.69
.25

Table 3

Page 20

Note: For usage groups: None = never used e-cigarettes, nonsmoker; E-cig = Only used e-cigarettes, nonsmoker; Smok = Only smoked cigarettes,

nonsmoker; Dual = Used e-cigarettes and smoked cigarettes.

A . . .
Ethnicity contrasts are coded with Caucasians as the reference group.
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Absolute Risk from Multivariate Model for Asthma, by Age Group and Usage Group

Age (years)
20.0
225
25.0
275
30.0
325
35.0
375
40.0
425
45.0
47.5
50.0
52.5
55.0
57.5
60.0
62.5
65.0
67.5
70.0
725
75.0
77.5
80.0

Usage group

Smok
Nonuser only
19.0% 22.9%
18.5% 22.3%
18.0% 21.8%
17.5% 21.3%
17.1% 20.8%
16.7% 20.3%
16.3% 19.9%
16.0% 19.4%
15.6% 19.0%
15.3% 18.7%
15.0% 18.3%
14.7% 18.0%
14.5% 17.7%
14.2% 17.4%
14.0% 17.1%
13.7% 16.8%
13.5% 16.6%
13.4% 16.4%
13.2% 16.2%
13.0% 16.0%
12.9% 15.8%
12.7% 15.6%
12.6% 15.5%
12.5% 15.4%
12.4% 15.3%

E-cig
only

22.8%
22.3%
21.7%
21.2%
20.7%
20.2%
19.8%
19.4%
19.0%
18.6%
18.3%
17.9%
17.6%

17.3%
17.0%
16.8%
16.5%
16.3%
16.1%
15.9%
15.8%
15.6%
15.4%
15.3%
15.2%

Dual
user

22.8%
22.2%
21.6%
21.1%
20.6%
20.2%
19.7%
19.3%
18.9%
18.5%
18.2%
17.9%
17.5%
17.3%
17.0%
16.7%
16.5%
16.3%
16.1%
15.9%
15.7%
15.5%
15.4%
15.3%
15.1%
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Table 5

Page 22

Absolute Risk from Multivariate Model for Chronic Pulmonary Disorder, by Age Group and Usage Group

Age (years)
20.0
225
25.0
275
30.0
325
35.0
375
40.0
425
45.0
47.5
50.0
52.5
55.0
57.5
60.0
62.5
65.0
67.5
70.0
725
75.0
77.5
80.0

Usage group

Smok
Nonuser only
0.4% 1.2%
0.5% 1.4%
0.5% 1.6%
0.6% 1.8%
0.7% 2.1%
0.8% 2.4%
0.9% 2.7%
1.1% 3.1%
1.2% 3.5%
1.4% 3.9%
1.5% 4.4%
1.7% 4.9%
1.9% 5.5%
2.1% 6.0%
2.3% 6.6%
2.6% 7.3%
2.8% 8.0%
3.1% 8.7%
3.4% 9.4%
3.6% 10.1%
3.9% 10.8%
4.2% 11.6%
4.5% 12.4%
4.8% 13.1%
5.1% 13.9%

E-cig
only

1.0%
1.2%
1.4%
1.6%
1.8%
2.1%
2.4%
2.7%
3.0%
3.4%
3.8%
4.3%
4.8%
5.3%
5.8%
6.4%
7.0%
7.6%
8.2%
8.9%
9.5%
10.2%
10.9%
11.5%
12.2%

Dual
user

1.5%
1.8%
2.1%
2.4%
2.71%
3.1%
3.5%
4.0%
4.5%
5.1%
5.7%
6.4%
7.1%
7.8%
8.6%
9.4%
10.2%
11.1%
12.0%
12.9%
13.8%
14.7%
15.6%
16.6%
17.5%

Drug Alcohol Depend. Author manuscript; available in PMC 2020 January 01.



	Abstract
	INTRODUCTION
	Study Aims and Hypotheses

	METHODS
	Participants and Procedure
	Measures
	Demographics.
	E-cigarette use.
	Cigarette smoking.
	Respiratory disorder.
	Covariates.

	Data Analysis

	RESULTS
	Sample Characteristics
	Bivariate Relations for Variables
	Multivariable Models

	DISCUSSION
	Study Limitations
	Conclusions

	References
	Figure1.
	Table 1
	Table 2
	Table 3
	Table 4
	Table 5

