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BACKGROUND: Electronic cigarettes (e-cigarettes) are
battery-operated nicotine-delivery devices used by some
smokers as a cessation tool as well as by never smokers.
OBJECTIVE: To determine the usage of e-cigarettes in
older adults at risk for or with chronic obstructive pulmo-
nary disease (COPD).
DESIGN: Prospective cohorts.
PARTICIPANTS: COPDGene (N = 3536) and SPIROMICS
(N = 1060) subjects who were current or former smokers
aged 45–80.
MAIN MEASURES: Participants were surveyed to deter-
mine whether e-cigarette use was associated with longi-
tudinal changes in COPD progression or smoking habits.
KEY RESULTS: From 2010 to 2016, participants who
had ever used e-cigarettes steadily increased to 12–16%,
but from 2014 to 2016 current use was stable at ~5%. E-
cigarette use in African-Americans (AA) and whites was
similar; however, AA were 1.8–2.9 times as likely to use
menthol-flavored e-cigarettes. Current e-cigarette and
conventional cigarette users had higher nicotine depen-
dence and consumed more nicotine than those who
smoked only conventional cigarettes. E-cigarette users
had a heavier conventional cigarette smoking history
and worse respiratory health, were less likely to reduce
or quit conventional cigarette smoking, had higher nico-
tine dependence, and were more likely to report chronic
bronchitis and exacerbations. Ever e-cigarette users had
more rapid decline in lung function, but this trend did not

persist after adjustment for persistent conventional ciga-
rette smoking.
CONCLUSIONS: E-cigarette use, which is common in
adultswith or at risk forCOPD,was associatedwithworse
pulmonary-related health outcomes, but not with cessa-
tion of smoking conventional cigarettes. Although this
was an observational study, we find no evidence
supporting the use of e-cigarettes as a harm reduction
strategy among current smokers with or at risk for COPD.
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INTRODUCTION

Electronic cigarettes (e-cigarettes) are nicotine-delivery de-
vices that use a heating element to vaporize a stabilizing
compound containing nicotine, flavors, and other bulk addi-
tives. This process generates a vapor that visually appears
similar to smoke. E-cigarettes have been adopted by some
conventional cigarette (tobacco leaf) users as a perceived safer
alternative, as these devices deliver nicotine in a manner
simulating conventional cigarettes, but without inhalational
exposure to burned tobacco plant material. This harm-
reduction hypothesis has been supported by studies of e-
cigarette vapors, which have shown lower toxicant levels per
puff compared to tobacco smoke.1 Long-term data on the
harms from e-cigarette use are not currently available. Studies
have yielded conflicting information on the effect of e-
cigarettes on conventional cigarette reduction and cessa-
tion,2–6 and a recent meta-analysis suggests that they may
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impede efforts to quit.7 Additional research is needed to clear-
ly weigh the risk/benefit balance of e-cigarette use.
The prevalence of e-cigarette use has been increasing

among adolescents and adults in both the US8 and Europe.9

In adults, the highest prevalence is in current conventional
cigarette smokers, of whom 31% report having tried electronic
cigarettes.9 There are few studies documenting use trends in
older smokers and none in individuals with established
smoking-induced lung disease such as chronic obstructive
pulmonary disease (COPD). Additionally, there are few pub-
lications exploring usage patterns by race, flavor choice pref-
erences in adults, and how e-cigarette use relates to whole-
body nicotine metabolite burden. The current study collected
e-cigarette usage data from two large cohorts of adult current
and former smokers with and without lung disease: Genetic
Epidemiology of COPD (COPDGene) and Subpopulations
and Intermediate Outcome Measures in COPD Study
(SPIROMICS). We determined whether e-cigarettes preva-
lence was increasing in older adults, whether usage was asso-
ciated with respiratory symptoms or disease progression, and
whether e-cigarettes were associated with self-reported reduc-
tion in the use of conventional cigarettes.

METHODS

Study Populations

The NIH-sponsored multicenter COPDGene study
(ClinicalTrials.gov Identifier: NCT01969344) includes
10,294 subjects enrolled from 2008 to 2011 who were aged
45–80, self-reported non-Hispanic white or African-Ameri-
can, and with a history of at least 10 pack-years of conven-
tional cigarette smoking (N = 10,192) or no conventional
cigarette smoking (≤ 1 pack-year lifetime; N = 102).10

The NIH-sponsored mul t i cente r SPIROMICS
(ClinicalTrials.gov Identifier: NCT01969344) is a cohort
study11 that enrolled 2982 subjects between November 2011
and January 2015. Inclusion criteria included age 40–80 years
and at least 20 pack-years of conventional cigarette smoking
(N = 2780) or never tobacco smokers (N = 202). For
COPDGene and SPIROMICS, the institutional review boards
at all participating sites approved the study protocol, and study
participants provided written informed consent.

Conventional and E-Cigarette Data Collection

COPDGene and SPIROMICS introduced similar e-cigarette
questionnaires (which can be download at http://www.
copdgene.org/phase-2-study-documents-0 and https://www2.
cscc.unc.edu/spiromics/forms-current) in 2014. Data reported
here include results from 3536 consecutive COPDGene sub-
jects who completed the questionnaire at the time of the 5-year
follow-up visit (2014–2016) and 1060 consecutive
SPIROMICS subjects who completed the questionnaire at
the time of enrollment (2014–2015). Subjects who answered

Byes^ to whether they sill smoked e-cigarettes were consid-
ered current users. Subjects were asked when they started,
whether their e-cigarettes were flavored, and how often they
used them, as well as questions on motivation for use and
whether e-cigarette use impacted conventional cigarette
smoking. In COPDGene, conventional cigarette smoking
was assessed at both baseline and 5-year follow-up visit. In
SPIROMICS there was not a sufficient number of subjects
who had both long-term follow-up visits (> 1 year) and e-
cigarette questionnaire data; thus these subjects were included
only in the cross-sectional analysis.

Clinical Data and Definitions

Full details on COPDGene and SPIROMICS data collection
have been described previously.10, 11 In both cohorts, COPD
was defined as post-bronchodilator ratio of forced expiratory
volume in one second (FEV1) to forced expiratory volume
(FVC) < 0.70. The Global Initiative for Chronic Obstructive
Lung Disease (GOLD) criteria12 were used to assess COPD
spirometric severity (i.e. GOLD stages 1–4). Current or ex-
smokers at risk for COPD but without spirometric evidence of
airflow obstruction (FEV1/FVC ≥ 0.70) were classified as
GOLD 0. Subjects with FEV1/FVC ≥ 0.70 and FEV1 < 80%
were classified as preserved ratio impaired spirometry
(PRISm).13 In COPDGene, spirometric measurements were
made at baseline and 5-year follow-up visits, and the rate of
decline in lung function was annualized. The St. George’s
Respiratory Questionnaire (SGRQ) was used to capture
health-related quality of life.14 Dyspnea was measured using
the modified Medical Research Council (mMRC) score.15

Chronic bronchitis was defined as the presence of chronic
cough and phlegm production for at least 3 months per year
for 2 or more consecutive years.16 Volumetric computerized
tomography (CT) scans were acquired in both cohorts (see
Supplemental Appendix for further clinical phenotyping de-
tails). Acute exacerbations of respiratory disease (COPD ex-
acerbations) were prospectively assessed every 3 months
(SPIROMICS) or every 6 months (COPDGene) after enroll-
ment (see10, 11). The FagerströmTest for Nicotine Dependence
was assessed at baseline in COPDGene subjects who were
smoking conventional cigarettes at baseline.

Urinary Nicotine Assessment

In SPIROMICS, a random urine collection was provided at
baseline. Nicotine (2 ng/mL cutoff), three nicotine metabolites
[cotinine (5 ng/mL cutoff), 3-OH-cotinine (50 ng/mL cutoff),
nornicotine (2 ng/mL cutoff)], and the tobacco metabolite
anabasine (3 ng/mL cutoff)] were measured using quantitative
liquid chromatography-tandem mass spectrometry (ARUP
Laboratories, Salt Lake City, UT) and adjusted for urinary
creatinine (see17 for further details on methodology). The
presence of nicotine, cotinine, 3-OH-cotinine, or nornicotine
is indicative of either combustible or e-cigarette use.
Anabasine is only associated with conventional cigarette use.
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Data Sets and Statistical Analysis

Proportions were compared using chi-square tests. Linear and
logistic regression analyses were used for normally distributed
continuous and binary outcomes, respectively. Covariates in-
cluded current conventional cigarette smoking, gender, and
race, which were categorical, and pack-years of tobacco use
and age, which were continuous. Additional covariates for
exacerbations included FEV1% predicted, SGRQ, and gastro-
esophageal reflux disease (GERD).18, 19 Exacerbations in the
year prior to enrollment (retrospective) and during longitudi-
nal follow-up (prospective) were modeled using negative bi-
nomial regression with an offset for exposure time and zero-
inflated negative binomial (ZINB) regression to account for
the excess number of subjects who reported no acute episodes
of respiratory disease (see18 for a description of modeling
exacerbations). Similarly, nicotine metabolites were modeled
with ZINB.

RESULTS

Prevalence of Electronic Cigarette Use Has
Increased in Older Adults with and without
COPD

From 2014 to 2016, 3536 subjects participating in COPDGene
and 1060 subjects participating in SPIROMICS were asked
about their use of e-cigarettes and timing of initiation. E-
cigarette use was first reported around 2007, and there was a
rapid increase in the cumulative prevalence of ever e-cigarette
use in both cohorts starting in 2010 (Fig. 1). A total of 419
(12%) subjects in COPDGene and 172 subjects (16%) in
SPIROMICS reported ever using e-cigarettes. However, only
128 of 3536 (4%) and 55 of 1060 (5%) were currently using e-
cigarettes at the time of study visits, with no significant

difference in the percentage of subjects currently using e-
cigarettes at the time of the survey (2014–2016). The duration
of e-cigarette use in current smokers was longer in former e-
cigarette users, but this difference was significant only in the
SPIROMICS cohort (Table 1).
Current conventional cigarette smokers in COPDGene and

SPIROMICS were 6.1 (95% CI 4.8–7.7; p < 0.001) times and
8.1 (95% CI 5.4–11.7; p < 0.001) times as likely to have tried
e-cigarettes, respectively, as former conventional cigarette
smokers. Other characteristics of ever e-cigarette users includ-
ed younger age, heavier smoking history, worse self-reported
health scores (SGRQ and mMRC), less emphysema (mea-
sured by lung density) on CT scan, and higher Fagerström
Index at baseline enrollment (COPDGene subjects only).
There were no consistent gender or race differences between
e-cigarette user groups. Subjects with mild, moderate, and
severe COPD were just as likely to try and continue to use e-
cigarettes as those without COPD (Figure S1). Current e-
cigarette users reported a median use of 3 times per day and
1–3 days per week, but there was a wide variation in usage
patterns reported in both current (Figure S2) and former
(Figure S3) e-cigarette users.

Flavored E-Cigarettes

Almost half of COPDGene (42%) and SPIROMICS (48%)
participants who were ever users of e-cigarettes reported
using flavored e-cigarettes, with African-Americans dem-
onstrating a preference for menthol flavor compared to
non-Hispanic whites (COPDGene: 70% vs. 40%,
p < 0.001 and SPIROMICS: 67% vs. 24%, p < 0.001;
Fig. 2). There were no significant differences in specific
flavor choice by age or gender. However, there was a
strong consistent difference in flavor preference between
tobacco and e-cigarette users. In COPDGene subjects who

Figure 1 Rising prevalence of ever e-cigarette use in COPDGene (a) and SPIROMICS (b) cohorts. Cumulative prevalence by date of first trying
e-cigarettes based on self-reported date of initiating e-cigarette use.
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used e-cigarettes, 96% who smoked non-menthol conven-
tional cigarettes at baseline did not use menthol-flavored
e-cigarettes in the next 5 years, whereas 51% of subjects
who smoked menthol conventional cigarettes at baseline
reported trying menthol-flavored e-cigarettes within the
following 5 years (p < 0.001).

Dual Use of E-Cigarettes and Conventional
Cigarettes

The majority of individuals (93% in COPDGene and
87% in SPIROMICS) reported starting e-cigarettes to
cut down or stop smoking regular conventional

cigarettes, and 85% in COPDGene and 81% in
SPIROMICS stated that they started e-cigarettes in order
to improve their health. Although 47% of COPDGene
subjects who used e-cigarettes thought they reduced the
number of conventional cigarettes they smoked, ever
using e-cigarettes during a 5-year longitudinal follow-up
period was associated with smoking an average of two
additional conventional cigarettes per day at 5-year fol-
low-up compared to baseline (p < 0.001); however, this
difference was no longer significant after adjusting for
age, race, gender, and number of cigarettes smoked at
baseline.

Table 1 Characteristics of Cohorts

COPDGene (N = 3435) SPIROMICS (N = 1060)

E-cigarette use Never
(N = 3117)

Current
(N = 127)

Former
(N = 291)

Never
(N = 888)

Current
(N = 55)

Former
(N = 117)

Age 61 ± 9 57 ± 7*** 55 ± 7*** ‡‡ 64 ± 9 60 ± 9*** 59 ± 9***
Gender (% male) 51% 41%* 43%** 54% 55% 44%
BMI 29 ± 6 28 ± 6 29 ± 6 28 ± 5 27 ± 5 28 ± 5
Never conventional cig. smoker 2% 0% 0% 6% 0%*** 1.7%‡‡‡

Current conventional cig. smoker 41% 92%*** 86%*** 27% 75%*** 73%*** ‡‡‡

Pack-years 42 ± 24 49 ± 23** 42 ± 21‡‡‡ 46 ± 31 52 ± 39 44 ± 17
Years using e-cigarettes - 2.0 ± 4.3 0.6 (3.8) - 3.9 ± 9.6 0.5 ± 2.3‡

FEV1 (L) 2.3 ± 0.9 2.3 ± 0.8 2.4 ± 0.8 2.1 ± 0.9 2.3 ± 0.9 2.3 ± 0.9
Fagerström Index 4.58 ± 2.39 5.04 ± 2.38* 5.02 ± 2.24**
Hx smoking & normal spirometry 45% 43% 46% 31% 33% 37%
COPD (GOLD 1, 2) 27% 31% 30% 41% 51% 47%
COPD (GOLD 3, 4) 13% 13% 10% 20% 16% 15%
PRISm 12% 13% 13% - - -
Emphysema baseline (LAA −950 HU) 5% ± 8% 4% ± 5%** 4% ± 7%** 8% ± 10% 5% ± 7%* 5% ± 9%**
St. George’s Respiratory Questionnaire 23 ± 21 28 ± 22* 26 ± 22* 32 ± 21 36 ± 23 37 ± 22*
Decline in FEV1 (mL/yr) 32 ± 55 39 ± 45 45 ± 66 49 ± 159 68 ± 182 108 ± 185
Chronic bronchitis 14% 34%*** 25%*** 19% 20% 22%

Shown are % or mean ± SD; FEV1 = forced expiratory volume at one second; PRISm = preserved ratio, impaired spirometry (FEV1/FVC > 0.7 &
FEV1% < 80%); 5-year decline in FEV1 was available for all COPDGene subjects, but only at 1 year and only for 30% of SPIROMICS subjects.
*P < 0.05, **P < 0.01, *** P < 0.001, compared to never e-cigarette users; ‡P < 0.05, ‡‡P < 0.01, ‡‡‡ P < 0.001, compared to current e-cigarette users

Figure 2 African-Americans have a strong preference for menthol flavor compared to non-Hispanic Whites. Data shown are flavor preferences
for those who use flavored e-cigarettes from COPDGene (a) and SPIROMICS (b) cohorts. NHW: non-Hispanic whites, AA: African-

Americans.
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It is concerning that 20 of 53 former conventional cigarette
smokers at the baseline exam who reported use of e-cigarettes
in the next 5 years had resumed tobacco smoking at the 5-year
follow-up, versus 64 of 1837 who did not use e-cigarettes
(p < 0.001), suggesting that e-cigarette users were 16.8 (95%
CI 9.1–30.9; p < 0.001) times as likely to have resumed
conventional cigarette smoking. Similarly, for those who were
current conventional cigarette smokers at baseline and who
reported ever using e-cigarettes during the 5-year follow-up,
the odds of having quit conventional cigarettes at their follow-
up visit were 0.7 times lower (95% CI 0.5–0.9; p = 0.02);
however, after adjusting for the Fagerström score at the base-
line visit, the significance of ever using e-cigarettes relative to
quitting conventional cigarettes was 0.8 (95% CI 0.57–1.02;
p = 0.06). Indeed, a one-point increase in the Fagerström score
at baseline was associated with a reduction of 0.86 (95% CI
0.82–0.90; p < 0.001) in the odds of quitting smoking, even
after adjusting for e-cigarette use. Thus, nicotine dependence
seems to account for some of the dual usage of conventional
and e-cigarettes and the failure to quit smoking.
To further investigate whether current e-cigarette use

was associated with less consumption of tobacco or nico-
tine, in SPIROMICS we examined both tobacco-specific
urinary metabolites (anabasine) and urinary nicotine me-
tabolites that are present with both conventional and e-
cigarette use (Fig. 3). Urine anabasine levels in current
conventional cigarette smokers were similar among cur-
rent, former, and never e-cigarette users (Fig. 3a), sug-
gesting that they were smoking similar numbers of con-
ventional cigarettes. However, current e-cigarette users
had higher urine levels of the nicotine metabolite cotinine
(Fig. 3b) as well as three other nicotine metabolites
(Figure S4), suggesting that they were consuming more

total nicotine (e-cigarettes + conventional cigarettes) than
those not currently using e-cigarettes. The Fagerström
score was not assessed in the SPIROMICS cohort, so we
were unable to assess what influence nicotine dependence
had on urinary metabolites.

Pulmonary Disease in E-Cigarette Users

A history of ever e-cigarette use was associated with several
adverse COPD outcomes in the COPDGene cohort. In partic-
ular, ever using e-cigarettes was associated with 8 ± 2% in-
creased prevalence of chronic bronchitis, even after adjusting
for current tobacco smoking, age, race, gender, and pack-years
(p < 0.001). Emphysema at baseline, as assessed by density
measurements, was lower in the e-cigarette users, but this
difference was no longer significant when adjusting for current
tobacco smoking and other covariates. A history of ever using
e-cigarettes was significantly predictive of COPD exacerba-
tions in COPDGene (p = 0.01), even after adjusting for base-
line history of exacerbations, age, gender, current tobacco
smoking, FEV1, GERD, and SGRQ (Table S1). There were
not sufficient prospective exacerbation events to evaluate this
association in the SPIROMICS cohort; however, ever using e-
cigarettes was associated with reported exacerbations in the
year prior to enrollment (p = 0.04).
In the COPDGene cohort, subjects who ever used e-

cigarettes were more likely to have progression of lung disease
(defined by worsening of GOLD stage) after 5 years (Fig. 4;
p < 0.001) and a more rapid decline in lung function (FEV1)
than never users (43 mL/year vs. 34 mL/year; p = 0.003).
Worsening GOLD stage and more rapid decline in lung func-
tion were no longer significant after adjusting for age, race,
gender, and current use of conventional cigarettes.

Figure 3 In current conventional cigarette smokers, current e-cigarette use is associated with higher nicotine consumption, but not lower
tobacco consumption. (a) In conventional cigarette smokers, there is no difference in urinary anabasine (indicative of tobacco use) based on e-

cigarette status (p = not significant). (b) Dual current e-cigarette and current conventional cigarette users have higher levels of cotinine
(indicative of any nicotine ingestion) in the urine after adjustment for age and gender (p < 0.001) compared to current conventional smokers

who are former or never e cigarette users. Boxes represent 25th, 50th, and 75th percentiles.
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DISCUSSION

The popular press and scientific e-cigarette literature in
both Europe9 and the US20 have focused on the rising
prevalence of use in adolescents and young adults who are
generally healthy. This study describes e-cigarette use in
two large cohorts of current and former smokers
(SPIROMICS and COPDGene) and is the first to include
older current and former conventional cigarette smokers
with and without COPD. Similar to publications that focus
on younger adults and those without lung disease, we
demonstrate that, starting around 2010, there has been a
rapid rise in the prevalence of smokers trying e-cigarettes
among older adults with or at risk for COPD. Current use
among this population stabilized at ~5%, suggesting that
many of these smokers tried but did not continue to use e-
cigarettes; however, a significant difference between older
and younger adults is that only 1% of older adult never
smokers try e-cigarettes, compared to 10–40% of 18–24-
year-old never smokers.20, 21

Safety and harm reduction are cited as rationales for e-
cigarette use,22 but our study finds no evidence that e-
cigarette users had less progression of chronic lung dis-
ease. Instead, we find that e-cigarette use was associated
with an increased prevalence of chronic bronchitis and
COPD exacerbations and some evidence of more rapid
decline in lung function in e-cigarette users, even after
adjusting for increased tobacco smoking associated with
e-cigarettes. While these data may suggest that e-
cigarettes directly lead to harm, the observational nature
of this cohort precludes causal inference between e-

cigarettes and adverse pulmonary outcomes. Reverse cau-
sation, whereby individuals who develop respiratory
symptoms from tobacco use may switch to e-cigarettes,
may also explain these observations. Nevertheless, there is
no evidence of benefit of e-cigarettes in this population.
Despite experimental evidence for airway toxicity,23 we
found mixed evidence that e-cigarette use was associated
with either improvement in or worsening of airway ob-
struction, especially when adjusting for conventional cig-
arette smoking.
A purported rationale for e-cigarettes is that they help

reduce conventional cigarette smoking and improve
smoking cessation rates. We found no evidence that e-
cigarette use in this observational study was associated
with either self-reported cessation or reduction in conven-
tional cigarette use. Ever using e-cigarettes during 5 years
of longitudinal follow-up was associated with an increase
of two cigarettes per day at 5-year follow-up compared to
baseline. Moreover, urinary metabolite analysis confirmed
two observations: 1) current e-cigarette users had similar
amounts of the conventional cigarette metabolite
anabasine, suggesting no decrease in combustible ciga-
rettes, and 2) current e-cigarette users had more cotinine
(marker for total nicotine ingestion) in their urine, sug-
gesting an increase in combined conventional and e-
cigarette use. The observation that SPIROMICS e-
cigarette users consumed more nicotine is supported by
the finding that COPDGene e-cigarette users had higher
nicotine dependence before they tried e-cigarettes. This
nicotine dependence explains in part why e-cigarette users
may be more likely to fail at smoking cessation, and is
consistent with several recently published randomized
controlled trials (RCTs) demonstrating no difference in
cessation rates with e-cigarette use.2–5 While these RCTs
failed to demonstrate an effect on cessation rates, howev-
er, several reported an association between e-cigarette use
and reduced conventional cigarette use. In our study, we
found no significant correlation between the frequency of
e-cigarette use and the frequency of tobacco cigarette use.
Flavor has historically played a prominent role in tobacco

advertising, and the strong preference for menthol in African-
American smokers24 suggests that this marketing has carried
over to e-cigarettes. Surprisingly, older adults also frequently
used candy and fruit flavors in their e-cigarettes. The use of
flavors may lead to more enjoyment, better taste, and food
craving,25 but there is concern that some flavor additives, such
as benzaldehyde, common in cherry-flavored liquid, may
cause increased airway irritation.26 Other flavors also contain
diacetyl, which has been associated with bronchiolitis
obliterans, or Bpopcorn workers lung.^27 Although we found
insufficient evidence that flavors were associated with lung
disease, our studies are underpowered for looking at these
associations.
The major strengths of this study are the large number

of older adults with and without COPD, the longitudinal

Figure 4 E-cigarette use is associated with a higher percentage of
worsening lung function (increase in GOLD stage) over a 5-year

period in the COPDGene cohort.
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follow-up, and the biochemical documentation of smoking
and vaping behavior. A major limitation is the observa-
tional nature of the study. An alternative explanation for
these findings may be that smokers with more comorbid-
ities, symptoms, and disease progression are both more
likely to try e-cigarettes and to fail at quitting smoking.
The slightly higher Fagerström Index in COPDGene e-
cigarette users and higher nicotine metabolites in the urine
of SPIROMICS e-cigarette users does suggest that future
e-cigarette users are more prone to nicotine physical de-
pendence; however, results were similar when adjusting
for the Fagerström Index. Although anabasine has been
detected in e-cigarette fluids,28 the levels are generally
considerably lower than those from tobacco cigarette va-
pors and fluids. It is unlikely that e-cigarette use contrib-
uted significantly to the anabasine levels in our measure-
ments. The high nicotine dependence and frequent dual
usage may explain why we did not observe significant
harm reduction associated with e-cigarette use. Since this
is not an RCT, one cannot definitely conclude whether e-
cigarette use leads to harm or harm reduction.
In summary, we show that e-cigarette use is increasing in

prevalence in older adults with a history of cigarette smoking.
We found that adults also use menthol, fruit, and candy
flavors, and there are racial differences in flavor preference.
While experimental studies may suggest that e-cigarettes have
lower amounts of harmful substances, our findings do not
support a reduction in harm through the use of e-cigarettes,
and may even suggest higher nicotine exposure, higher risk of
exacerbations, and greater loss of lung function.
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