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Abstract

Objectives: Any potential harm-reduction benefit of electronic cigarettes (e-cigarettes) could be offset by nonsmokers who
initiate e-cigarette use and then smoke combustible cigarettes. We examined correlates of e-cigarette use at baseline with
combustible cigarette smoking at |-year follow-up among adult distant former combustible cigarette smokers (ie, quit smoking
>5 years ago) and never smokers.

Methods: The Population Assessment of Tobacco and Health Study, a nationally representative, longitudinal study, surveyed
26446 US adults during 2 waves: 2013-2014 (baseline) and 2014-2015 (I-year follow-up). Participants completed an audio
computer-assisted interview in English or Spanish. We compared combustible cigarette smoking at |-year follow-up by
e-cigarette use at baseline among distant former combustible cigarette smokers and never smokers.

Results: Distant former combustible cigarette smokers who reported e-cigarette past 30-day use (9.3%) and ever use (6.7%)
were significantly more likely than those who had never used e-cigarettes (1.3%) to have relapsed to current combustible
cigarette smoking at follow-up (P < .001). Never smokers who reported e-cigarette past 30-day use (25.6%) and ever use
(13.9%) were significantly more likely than those who had never used e-cigarettes (2.1%) to have initiated combustible cigarette
smoking (P < .001). Adults who reported past 30-day e-cigarette use (7.0%) and ever e-cigarette use (1.7%) were more likely
than those who had never used e-cigarettes (0.3%) to have transitioned from never smokers to current combustible cigarette
smokers (P <.001). E-cigarette use predicted combustible cigarette smoking in multivariable analyses controlling for covariates.

Conclusions: Policies and counseling should consider the increased risk for nonsmokers of future combustible cigarette
smoking use as a result of using e-cigarettes and any potential harm-reduction benefits e-cigarettes might bring to current
combustible cigarette smokers.
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Use of electronic cigarettes (e-cigarettes) among adults has
increased since 2010." E-cigarette use among adults rose
from 0.3% in 2010 to 6.8% in 2013.> Although some
research suggests that these products may be a useful strat-
egy for combustible cigarette cessation,*® other research has
found that e-cigarette use reduces the likelihood of success-
ful cessation.”” Some health authorities have recommended
their use in cessation and efforts to end tobacco use and
nicotine addiction.'®'? Others have expressed concern about
their effectiveness, and emerging data show substantial
health harms.'*'* A 2018 consensus study review found lim-
ited evidence that e-cigarettes may be effective aids to
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promote cessation of combustible cigarette smoking.'> How-
ever, any potential harm-reduction benefit of e-cigarettes to
adult combustible cigarette smokers could be offset by non-
smokers initiating e-cigarette use and then transitioning to
combustible cigarette use. The population health effect of
e-cigarettes should also consider whether they attract users
who were otherwise unlikely to be smoking combustible
cigarettes.'® The features and marketing designed to make
e-cigarettes more attractive to smokers than other nicotine
replacement therapies are also likely to broaden their appeal
to nonsmokers. In one study, at least 20% of current
e-cigarette users had either never smoked or were former
combustible cigarette smokers who had quit before
e-cigarettes were first marketed.”

Recent (2015-2019) prospective research among adoles-
cents and young adults indicates that e-cigarette use among
never smokers is a risk factor for future combustible cigarette
smoking. Numerous studies have found that e-cigarette use is
associated with subsequent initiation of combustible cigar-
ette smoking'’** and current combustible cigarette smok-
ing”*?* among young never smokers, after controlling for
psychosocial predictors of smoking. Moreover, 3 studies
found this association to be the strongest among those who
were least susceptible to smoking combustible cigarettes at
baseline.?’**%> Both a 2017 meta-analysis and 2018 consen-
sus study review of these studies found that e-cigarette use at
baseline was consistently associated with a higher risk of
future combustible cigarette smoking, even after controlling
for multiple potential confounding factors.'>'8

Most research to date on the association between
e-cigarette use and future combustible cigarette smoking has
focused on adolescent and young adult never smokers. Less is
known about the association between e-cigarette use and
future combustible cigarette smoking among adults in general,
particularly adults who quit smoking before ever using
e-cigarettes. Our nationally representative, prospective study
examined relapse to combustible cigarette smoking among
adult distant former combustible cigarette smokers (ie, had
quit smoking >5 years ago) and initiation of smoking and
transitioning to current established smoking at 1-year
follow-up among adults who had never smoked a combustible
cigarette, based on e-cigarette use at baseline. We addressed 2
research questions: (1) Do former smokers who used
e-cigarettes at baseline have higher rates of relapsing to com-
bustible cigarette smoking than former combustible cigarette
smokers who never used e-cigarettes? and (2) Do never smo-
kers who used e-cigarettes at baseline have higher rates of
combustible cigarette initiation and current combustible cigar-
ette smoking than never smokers who never used e-cigarettes?

Methods

The Population Assessment of Tobacco and Health (PATH)
Study, a nationally representative, longitudinal study, col-
lected data from civilian, noninstitutionalized US adults aged
>18 from September 12, 2013, through December 14, 2014

(wave 1, baseline), and from October 23, 2014, through
October 30, 2015 (wave 2, 1-year follow-up). The PATH
Study recruited households by using address-based, area-
probability sampling, and an in-house screener selected up
to 2 adults in each household to be interviewed. During wave
1, 32320 of 44303 adults in participating households
(weighted household screener rate, 54.0%; weighted
response rate, 74.0%) participated in an audio computer-
assisted interview available in English and Spanish.?®%’
Sampling rates provided sufficiently large sample sizes for
young adults and tobacco users.”®

All wave 1 respondents were eligible for the wave 2 inter-
view if they resided in the United States and were not incar-
cerated. The target period for administering wave 2
interviews was within a 4-month range of 12 months after
the earliest interview was completed by a member of the
household, beginning with the month before this anniversary
month and ending 2 months after this month. Retention
efforts for nonresponsive wave 1 participants continued until
the last day of the data collection period. The weighted reten-
tion rate of wave 1 respondents (n = 32 320) for wave 2 was
83.1% (n = 26446). Details are available elsewhere.?®

We examined 2 populations of adults: (1) distant former
combustible cigarette smokers who quit smoking cigarettes
>5 years before the baseline survey and (2) never combus-
tible cigarette smokers. Distant former combustible cigarette
smokers were unlikely to have tried e-cigarettes before quit-
ting given the limited availability of these products in the
United States before 2011.

The Westat Institutional Review Board approved the
PATH Study. The PATH Study also obtained a Certificate
of Confidentiality from the US Public Health Service
National Institutes of Health.?®

Wave |

In wave 1, respondents were asked, “Have you ever smoked
a cigarette, even | or 2 puffs?” Respondents who replied yes
were asked, “Do you now smoke cigarettes every day, some
days, or not at all?” and “How many cigarettes have you
smoked in your entire life?” Then all respondents who
reported having ever smoked a combustible cigarette and
who no longer smoked at all were asked, “About how long
has it been since you completely quit smoking cigarettes?”
We defined distant former combustible cigarette smokers as
adults who reported having ever smoked a combustible
cigarette, having smoked >100 combustible cigarettes in
their lifetime, no longer smoking combustible cigarettes, and
having quit smoking combustible cigarettes >5 years before
completing the survey (n = 2322). We defined never com-
bustible cigarette smokers as adults who had never smoked a
combustible cigarette, even 1 or 2 puffs (n = 5776). The
PATH Study oversamples tobacco users; thus, the sample
size for distant former combustible cigarette smokers and
never combustible cigarette smokers was smaller than would
be expected in a random sample.
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All respondents were asked, “Have you ever seen or heard
of an electronic cigarette or e-cigarette before this study?”
Respondents who replied yes were asked, “Have you ever
used an e-cigarette, such as NJOY, Blu, or Smoking Every-
where, even 1 or 2 times?” Respondents who replied yes
were asked, “Do you now use e-cigarettes every day, some
days, or not at all?” We categorized baseline e-cigarette use
at 3 levels: never e-cigarette user, ever e-cigarette user (but
no past 30-day use), and past 30-day e-cigarette user.

We included several potential confounders as covariates.
Demographic variables were race/ethnicity (non-Hispanic
white, non-Hispanic black, and other [Hispanic, American
Indian/Alaska Native, Asian Indian, Chinese, Filipino, Japa-
nese, Korean, Vietnamese, other Asian, Native Hawaiian,
Guamanian or Chamorro, Samoan, other Pacific Islander,
or multiple races]), sex, age (18-34, >35), and education
(<high school, high school/general education diploma, some
college, >college degree). Psychosocial predictors of com-
bustible cigarette smoking risk were having household
smoking rules®*' and living with someone who smokes
combustible cigarettes.>> All respondents were asked, “For
tobacco products that are burned, such as cigarettes, cigars,
pipes, or hookahs, which statement best describes the rules
about smoking a tobacco product inside your home?”
Response options were the following: it is not allowed any-
where or at any time inside my home, it is allowed in some
places or at some times inside my home, and it is allowed
anywhere and at any time inside my home. We categorized
adults who reported that smoking was not allowed anywhere
or at any time inside the home as living in a household inside
of which smoking was not allowed. Respondents who did
not live alone were asked, “Does anyone who lives with you
now do any of the following? [Choose all that apply.]”
Response options were smoke cigarettes; use smokeless
tobacco, such as chewing tobacco, snuff, dip, or SNUs;
smoke cigars, cigarillos, or filtered cigars; use any other
form of tobacco; or no one who lives with me now uses any
form of tobacco.

Wave 2

In wave 2, all respondents were asked, “In the past 30 days,
have you smoked a cigarette, even 1 or 2 puffs?” Respon-
dents who replied no were asked, “In the past 12 months,
have you smoked a cigarette, even 1 or 2 puffs?” Respon-
dents who replied yes were asked, “Do you now smoke
cigarettes every day, some days, or not at all?”” Never smo-
kers from wave 1 who reported currently smoking combus-
tible cigarettes every day or some days were asked, “How
many cigarettes have you smoked in your entire life?”

We used 2 variables to assess combustible cigarette use
during wave 2. Adult “never to ever smokers” in wave 2 were
adults who had never smoked combustible cigarettes before
wave 1 and who reported at wave 2 that they had smoked a
combustible cigarette in the past 12 months. Wave 2 “current
established smokers” also reported having smoked >100

cigarettes and currently smoked every day or some days.
Baseline distant former combustible cigarette smokers
responded to the question about lifetime combustible cigar-
ette consumption in wave 1, whereas baseline never smokers
responded to this question in wave 2.

Statistical Analyses

We used SPSS version 24.0 Complex Samples®? to calculate
all variance estimates, adjusted for the 92 strata and 156
primary sampling units in the sample design, and we applied
the sample weights provided with the public-use data
sets. >33 (The weight variable was R02_A_PWGT.) We used
the CSTABULATE command to calculate the baseline dis-
tribution of sample characteristics among distant former
combustible cigarette smokers and never smokers, the asso-
ciation of covariates with e-cigarette use at baseline among
distant former combustible cigarette smokers and never smo-
kers, and the association of baseline e-cigarette use with
combustible cigarette smoking at 1-year follow-up. We
tested significance using the Pearson x> statistic, with P <
.05 considered significant. We used the CSLOGISTIC com-
mand to calculate logistic regression estimates (crude odds
ratios [ORs] and adjusted ORs) predicting combustible cigar-
ette smoking at 1-year follow-up by baseline e-cigarette use
and covariates, using 95% confidence intervals (CIs).

Of the 5776 never combustible cigarette smokers and 2332
distant former combustible cigarette smokers in wave 1, respon-
dents were missing data for the following variables: race/ethni-
city (n = 745), sex (n = 27), age (n = 5), education (n = 133),
lives with a combustible cigarette smoker (n = 88), household
rules about smoking combustible cigarettes (n = 109),
never combustible cigarette smoker at wave 1 (n = 13), distant
former combustible cigarette smoker at wave 1 (n = 25), never
to ever combustible cigarette smoker at wave 2 (n = §), and
current established combustible cigarette smoker (n = 39).

Results

Baseline

Among 8108 respondents, a higher percentage of distant
former combustible cigarette smokers (weighted 95.0%) than
never smokers (weighted 63.7%) were aged >35 (Table 1).

Most distant former combustible cigarette smokers (95.7%;
95% CI, 95.1%-96.2%) and never smokers (98.5%; 95% CI,
98.2%-98.7%) had never tried an e-cigarette at baseline
(Tables 2 and 3). Among distant former combustible cigarette
smokers, adults aged 18-34 were significantly less likely to
report no e-cigarette use (79.0%; 95% CI, 72.2%-84.4%) than
adults aged >35 (96.6%; 95% CI, 96.0%-97.0%; P < .001),
and adults who lived in a house where smoking was allowed
were significantly less likely to report no e-cigarette use
(96.1%; 95% CI, 95.6%-96.6%) than adults who lived in a
house where smoking was allowed with limits (92.2%; 95%
CI, 88.8%-94.7%) or where smoking was not allowed (92.6%;
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Table |. Characteristics of respondents to the PATH Study® at baseline® who completed a |-year follow-up (n = 22997),° by smoking

status, United States, 2013-2015

Distant Former Combustible Cigarette Smoker?

Never Combustible Cigarette Smoker®

Unweighted Unweighted
Characteristic Sample Size, No. Weighted,® % (95% Cl) Sample Size, No.  Weighted,® % (95% Cl)
Sex
Male 1374 54.4 (51.8-57.0) 2363 40.0 (38.0-42.0)
Female 946 45.6 (43.0-48.2) 3402 60.0 (58.0-62.0)
Age
18-34 209 5.0 (4.1-6.0) 3425 36.3 (34.3-38.3)
>35 2112 95.0 (94.0-95.9) 2349 63.7 (61.7-65.6)
Race/ethnicity
Non-Hispanic white 1964 88.4 (85.9-90.5) 3706 71.2 (68.0-74.3)
Non-Hispanic black 176 6.0 (4.8-7.4) 1206 15.0 (12.8-17.6)
Other" 160 5.6 (4.0-7.8) 675 13.8 (12.0-15.7)
Education
<High school 182 8.1 (6.7-9.9) 678 11.8 (10.4-13.3)
High school/GED 498 29.2 (27.0-31.5) 1617 28.4 (36.6-30.3)
Some college 799 31.2 (28.8-33.7) 1999 29.3 (27.6-31.0)
>College degree 835 31.5 (28.9-34.2) 1438 30.5 (28.4-32.7)
Lives with someone who
smokes cigarettes
No 1612 68.2 (63.3-68.8) 4387 76.2 (74.3-78.0)
Yes 705 31.8 (31.2-36.7) 1367 23.8 (22.0-25.7)
Smoking in the home
Allowed 137 5.0 (4.1-6.1) 275 3.9 (3.4-4.6)
Allowed with limits 189 6.8 (5.5-8.4) 442 5.7 (4.9-6.7)
Not allowed 1993 88.2 (86.5-89.8) 5029 90.3 (89.2-91.4)

Abbreviations: GED, general education diploma; PATH, Population Assessment of Tobacco and Health.
? Data source: US Department of Health and Human Services, National Institutes of Health, National Institute on Drug Abuse; US Food and Drug

Administration, Center for Tobacco Products.>*
® Baseline was from September 13, 2013, through December 14, 2014.
€ Follow-up was from October 23, 2014, through October 30, 2015.

4 Defined as adults who reported having ever smoked a combustible cigarette, having smoked > 100 combustible cigarettes in their lifetime, no longer smoking
combustible cigarettes, and having quit smoking combustible cigarettes >5 years before completing the survey.
¢ Defined as adults who had never smoked a combustible cigarette, even | or 2 puffs.

f Numbers may not sum to totals because of missing data.

& Weights compensated for variable probabilities of selection, differential nonresponse rates, and possible deficiencies in the sampling frame.
h Hispanic, American Indian/Alaska Native, Asian Indian, Chinese, Filipino, Japanese, Korean, Vietnamese, other Asian, Native Hawaiian, Guamanian or

Chamorro, Samoan, other Pacific Islander, or multiple races.

95% CI, 88.2%-95.5%; P < .001). Among never combustible
cigarette smokers, adults aged 18-34 were significantly less
likely to report no e-cigarette use (96.5%; 95% CI, 95.8%-
97.1%) than adults aged >35 (99.6%; 95% CI, 99.4%-99.7%;
P <.001), males were less likely to report no e-cigarette use
(97.8%; 95% CI, 97.3%-98.3%) than females (98.9%; 95%
CI, 98.6%-99.1%; P < .001), and adults who lived in a house
where smoking was allowed were more likely to report no
e-cigarette use (98.8%; 95% CI, 98.5%-99.0%) than adults
who lived in a house where smoking was allowed with limits
(94.9%; 95% CI, 92.5%-96.6%) or where smoking was not
allowed (97.3%; 95% CI, 95.3%-98.4%; P < .001).

One-Year Follow-Up

Ever and distant former combustible cigarette smokers
who had tried e-cigarettes or reported past 30-day

e-cigarette use were at significantly higher risk of com-
bustible cigarette use at 1-year follow-up than at baseline
(Figure). Among distant former combustible cigarette
smokers, past 30-day e-cigarette users (9.3%; 95% CI,
4.0%-20.3%) and ever e-cigarette users (6.7%; 95% CI,
4.0%-11.1%) were significantly more likely than those
who had never used e-cigarettes (1.3%; 95% CI, 1.0%-
1.8%) to have relapsed to past 30-day smoking (P <
.001). Among never smokers, past 30-day e-cigarette
users (25.6%; 95% CI, 17.8%-35.2%) and ever
e-cigarette users (13.9%; 95% CI, 10.5%-18.2%) were
significantly more likely than those who had never used
e-cigarettes (2.1%; 95% CI, 1.7%-2.5%) to have transi-
tioned from never to ever combustible cigarette smokers
(P < .001). E-cigarette use at baseline among never smo-
kers also predicted an increased risk of becoming an
established smoker (P < .001).
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Table 2. Characteristics of distant former combustible cigarette smokers® (n = 2318) at baseline® of the PATH Study, by e-cigarette use,
United States, 2013-2014

Never Tried an

Tried an E-Cigarette,

Past 30-Day E-Cigarette

Characteristic E-Cigarette, % (95% CI) No Past 30-Day Use, % (95% CI) Use, % (95% CI) P Value®
Overall 95.7 (95.1-96.2) 3.3 (29-3.9) 1.0 (0.8-1.2) —f
Age <.001
18-34 79.0 (72.2-84.4) 16.9 (12.4-22.5) 42 (2.3-7.3)
>35 96.6 (96.0-97.0) 2.6 (22-3.2) 0.8 (0.6-1.1)
Race/ethnicity .67
Non-Hispanic white 95.7 (95.1-96.3) 3.3 (29-39) 0.9 (0.7-1.2)
Non-Hispanic black 94.9 (91.4-97.0) 3.4 (1.8-6.4) 1.7 (0.7-4.1)
Other® 95.9 (92.8-97.7) 3.3 (1.6-6.8) 0.7 (0.3-1.7)
Sex .35
Male 95.3 (94.4-96.1) 3.6 (3.0-4.4) I.1(0.8-1.4)
Female 96.1 (95.4-96.8) 3.0 (24-3.8) 0.9 (0.6-1.3)
Lives with a smoker .03
Yes 94.7 (93.3-95.8) 4.0 (3.0-5.2) 1.3 (0.9-2.0)
No 96.2 (95.6-96.6) 3.1 (2.6-3.6) 0.8 (0.6-1.1)
Smoking in the home .001
Allowed 96.1 (95.6-96.6) 3.0 (2.5-3.5) 0.9 (0.7-1.2)
Allowed with limits 92.2 (88.8-94.7) 6.5 (4.3-9.8) 1.2 (0.5-2.8)
Not allowed 92.6 (88.2-95.5) 6.0 (3.5-10.1) 1.4 (0.6-3.4)

Abbreviations: e-cigarette, electronic cigarette; PATH, Population Assessment of Tobacco and Health.

? Defined as adults who reported having ever smoked a combustible cigarette, having smoked >100 combustible cigarettes in their lifetime, no longer smoking
combustible cigarettes, and having quit smoking combustible cigarettes >5 years before completing the survey.

P Baseline was from September 13, 2013, through December 14, 2014.

¢ Data source: US Department of Health and Human Services, National Institutes of Health, National Institute on Drug Abuse; US Food and Drug
Administration, Center for Tobacco Products.>*

9 Any “don’t know” or “refused to answer” categories were excluded.

€ P values derived by using the Pearson 2 test of equal proportions. P < .05 was considered significant.

f No statistical test or P value for the overall percentages.

& Hispanic, American Indian/Alaska Native, Asian Indian, Chinese, Filipino, Japanese, Korean, Vietnamese, other Asian, Native Hawaiian, Guamanian or
Chamorro, Samoan, other Pacific Islander, or multiple races.

Table 3. Characteristics of never smokers® at baseline,® by e-cigarette use, PATH Study (n = 5762), United States, 2013-2014¢

Never Tried an Has Tried an E-Cigarette, Past 30-Day

Characteristic E-Cigarette, % (95% Cl)  No Past 30-Day Use, % (95% Cl)  E-Cigarette Use, % (95% Cl) P Value®

f

Overall 98.5 (98.2-98.7) I.1(0.9-1.3) 0.4 (0.3-0.6) —
Age <.001
18-34 96.5 (95.8-97.1) 2.4 (1.9-2.9) 1.1 (0.8-1.5)
>35 99.6 (99.4-99.7) 0.3 (0.2-0.5) 0.1 (0.0-0.2)
Race/ethnicity 61
Non-Hispanic white 98.5 (98.2-98.8) 1.0 (0.8-1.3) 0.4 (0.3-0.6)
Non-Hispanic black 98.5 (97.9-98.9) 1.2 (0.8-1.8) 0.3 (0.2-0.5)
Other® 98.3 (97.5-99.9) 1.0 (0.6-1.8) 0.6 (0.3-1.2)
Sex <.001
Male 97.8 (97.3-98.3) 1.5 (1.1-1.9) 0.7 (0.5-1.0)
Female 98.9 (98.6-99.1) 0.8 (0.7-1.0) 0.3 (0.2-0.4)
Lives with a smoker .001
Yes 97.9 (97.3-98.4) 1.4 (1.0-1.8) 0.7 (0.5-1.2)
No 98.7 (98.4-98.9) 1.0 (0.8-1.2) 0.3 (0.3-0.5)
Smoking in home <.001
Allowed 98.8 (98.5-99.0) 0.9 (0.7-1.1) 0.3 (0.2-0.4)
Allowed with limits 94.9 (92.5-96.6) 3.0 (1.8-5.0) 2.1 (1.2-3.7)
Not allowed 97.3 (95.3-98.4) 1.8 (0.9-3.7) 0.9 (0.4-2.0)

Abbreviation: PATH, Population Assessment of Tobacco and Health.

? Defined as adults who had never smoked a combustible cigarette, even | or 2 puffs.
P Baseline was from September 13, 2013, through December 14, 2014.

¢ Data source: US Department of Health and Human Services, National Institutes of Health, National Institute on Drug Abuse; US Food and Drug
Administration, Center for Tobacco Products.>*

9 Any “don’t know” or “refused to answer” categories were excluded.

© P values were from the Pearson %? test of equal proportions. P < .05 was considered significant.

f No statistical test or P value for the overall percentages.

& Hispanic, American Indian/Alaska Native, Asian Indian, Chinese, Filipino, Japanese, Korean, Vietnamese, other Asian, Native Hawaiian, Guamanian or
Chamorro, Samoan, other Pacific Islander, or multiple races.
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Baseline never smoker and tried cigarettes at follow-up

Distant former smoker and past 30-day e-cigarette user at baseline (n=69) 9.3

Distant former smoker and had tried e-cigarettes at baseline (n = 207) 6.7

Distant former smoker and had not tried e-cigarettes at baseline (n = 2042) 1.3

Never smoker and past 30-day e-cigarette user at baseline (n =93) 7.0

Never smoker and had tried e-cigarettes at baseline (n = 195) 1.7

Never smoker and had not tried e-cigarettes at baseline (n =5472) 0.3

Never smoker and past 30-day e-cigarette user at baseline (n=93) 1256

Never smoker and had tried e-cigarettes at baseline (n = 195) [13.9

Never smoker and had not tried e-cigarettes at baseline (n = 5473) (2.1

Baseline never smoker and past 30-day smoker at follow-up

Baseline distant former smoker and past 30-day smoker at follow-up

5 10 15 20 25 30

Percentage

Figure. Three cross-tabulations predicting cigarette smoking among adults aged > 18 from wave | of the Population Assessment of Tobacco
and Health (PATH) Study (2013-2014) who responded in wave 2 of the PATH Study (2014-2015), United States. Any “don’t know” or
“refused to answer” categories were excluded. P values are from the Pearson x? test of equal proportions. Baseline e-cigarette use predicted
combustible cigarette smoking at |-year follow-up among distant former combustible cigarette smokers (who had quit >5 years before
baseline), ever use of combustible cigarettes at |-year follow-up among never smokers (adults who had never tried a combustible cigarette)
at baseline, and past 30-day combustible cigarette smoking at |-year follow-up among never smokers (adults who had never tried a

combustible cigarette, not even | or 2 puffs; P < .001).

In adjusted multivariable models, distant former combus-
tible cigarette smokers who had ever tried an e-cigarette
(OR = 3.3; 95% CI, 1.6-6.7) and those who reported past
30-day e-cigarette use (OR = 5.2; 95% CI, 1.6-16.3) were
significantly more likely than those who had never used
e-cigarettes to have relapsed to past 30-day combustible
cigarette smoking. Younger adults were more likely than
older adults (OR = 4.0; 95% CI, 1.7-9.6), and adults who
lived in homes with partial smoking bans were more likely
than adults in smoke-free homes (OR =4.0; 95% CI, 1.7-9.6),
to relapse to smoking combustible cigarettes (Table 4).

In multivariable analyses, never combustible cigarette
smokers who reported ever trying e-cigarettes at baseline
were 4 times as likely to have transitioned to ever com-
bustible cigarette smokers than never smokers who had
never used e-cigarettes (OR = 4.0; 95% CI, 2.6-6.1);
however, these experimenters were no more likely than
adults who had never tried e-cigarettes to become estab-
lished smokers (OR = 2.5; 95% CI, 0.6-10.9; Table 4).
Past 30-day e-cigarette users at baseline were more than 6
times as likely to have transitioned from never to ever
combustible cigarette smokers (OR = 6.6; 95% CI, 3.7-
11.8) and 8 times more likely to have become established
combustible cigarette smokers (OR = 8.0; 95% CI, 2.8-
22.7) than those who had never used e-cigarettes. Age and
household smoking rules were also associated with
increased risk for never smokers transitioning to combus-
tible cigarette smoking.

Discussion

The higher risk of future combustible cigarette smoking
among adolescent and young adult e-cigarette users com-
pared with nonusers is well-established.'>'® Our study
extends this finding to adult never smokers and distant for-
mer combustible cigarette smokers. As previous studies have
suggested, several possible mechanisms relate ever-use and
past 30-day use of e-cigarettes to subsequent combustible
cigarette smoking. First, susceptible nonsmokers may simply
use e-cigarettes before they try combustible cigarettes and,
therefore, may try combustible cigarettes even if e-cigarettes
did not exist.2> However, 3 studies found that these associa-
tions were higher among less susceptible nonsmokers than
among more susceptible nonsmokers at baseline.>*?** Sec-
ond, the use of e-cigarettes could facilitate the transition to
smoking through the development of cognitive or behavioral
processes for combustible cigarette smoking.'® Third,
e-cigarette use could normalize nicotine use®>***3 and initi-
ate nicotine dependence.'®?>3%3® Fourth, e-cigarette use
could potentially desensitize the lungs to harsh or adverse
effects of nicotine inhalation.*”

To our knowledge, our study is the first to examine the
risk of e-cigarette use on relapse among distant former com-
bustible cigarette smokers and initiation of combustible
cigarette smoking among never smokers in a representative
sample of US adults. Our findings from an adult population
are consistent with previous studies demonstrating an
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Table 4. Predicted odds of combustible cigarette smoking at I-year follow-up,? by baseline® e-cigarette use, covariates, and smoker type,
PATH Study, United States, 2013-2015°¢

Never Cigarette Smoker' at

Distant Former Combustible Baseline, OR (95% CI) (n = 5762)

Cigarette Smoker® at Baseline and
Relapsed to Established Combustible Initiated Combustible Established Combustible
Cigarette Smoker® at Follow-up, OR  Cigarette Smoking® Cigarette Smoker at

(95% CI) (n =2318) at Follow-up Follow-up

Cigarette Use

Unadjusted model
E-cigarette use
Never tried an e-cigarette
Has tried an e-cigarette, no
past 30-day use
Past 30-day e-cigarette use
Adjusted model
E-cigarette use
Never tried an e-cigarette
Has tried an e-cigarette, no
past 30-day use
Past 30-day e-cigarette use
Lives with someone who smokes cigarettes
No
Yes
Smoking in the home
Not allowed
Allowed
Allowed with limits
Age
>35
18-34
Sex
Female
Male
Race/ethnicity
Non-Hispanic white
Non-Hispanic black
Other!

1.0 [Reference]
5.4 (2.9-10.2)"

7.6 (3.0-19.4)"
1.0 [Reference]
3.3 (1.6-6.7)"
5.2 (1.6-16.3)"

1.0 [Reference]
1.1 (0.6-2.0)

1.0 [Reference]
2.6 (0.8-8.7)
3.3 (1.4-7.3)"

1.0 [Reference]
4.0 (1.7-9.6)"

1.0 [Reference]
1.3 (0.6-2.7)

1.0 [Reference]
3.1 (1.3-7.3)"
0.8 (0.2-3.2)

1.0 [Reference]
7.7 (5.4-11.0)"

16.4 (9.8-27.5)"
1.0 [Reference]
4.0 (2.6-6.1)"
6.6 3.7-11.8)"

1.0 [Reference]
1.5 (0.9-2.4)

1.0 [Reference]
2.0 (1.1-3.3)"
2.2 (1.2-4.1)"

1.0 [Reference]
44 (2.8-6.9)"

1.0 [Reference]
2.1 (1.5-3.0)"

1.0 [Reference]
1.2 (0.8-1.8)
0.9 (0.5-1.6)

1.0 [Reference]
5.9 (1.7-20.7)"

25.5 (10.6-61.4)"
1.0 [Reference]
2.5 (0.6-10.9)
8.0 (2.8-22.7)"

1.0 [Reference]
3.7 (1.6-9.0)

1.0 [Reference]
1.8 (0.7-4.5)
2.5 (0.7-9.5)

1.0 [Reference]
3.8 (1.1-13.2)"

1.0 [Reference]
1.8 (0.6-4.9)

1.0 [Reference]
0.4 (0.1-1.3)
0.7 (0.3-1.8)

Abbreviations: aOR, adjusted odds ratio; OR, odds ratio; PATH, Population Assessment of Tobacco and Health.

? Follow-up was from October 23, 2014, through October 30, 2015.
® Baseline was from September 13, 2013, through December 14, 2014.

¢ Data source: US Department of Health and Human Services, National Institutes of Health, National Institute on Drug Abuse; US Food and Drug

Administration, Center for Tobacco Products.>*

94 Defined as adults who reported having ever smoked a combustible cigarette, having smoked > 100 combustible cigarettes in their lifetime, no longer smoking
combustible cigarettes, and having quit smoking combustible cigarettes >5 years before completing the survey.

¢ Defined as adults who had never smoked a combustible cigarette, even | or 2 puffs.

f Defined as adults who reported having smoked >100 combustible cigarettes and currently smoked every day or some days.

& Adults who had never smoked combustible cigarettes before wave | and who reported that they had ever smoked at wave 2.

P Significant at P < .05.

" Adjusted for race/ethnicity, sex, age, education, household smoking rules, and living with someone who smokes cigarettes.
! Hispanic, American Indian/Alaska Native, Asian Indian, Chinese, Filipino, Japanese, Korean, Vietnamese, other Asian, Native Hawaiian, Guamanian or

Chamorro, Samoan, other Pacific Islander, or multiple races.

increased risk of combustible cigarette smoking initiation
among adolescents and young adults.'”**

Strengths and Limitations

This study had several strengths and limitations. One
strength was that the data were prospective, which provided
confidence that e-cigarette trial and past 30-day use occurred
before the use of combustible cigarettes. A second strength

was the short time interval between wave 1 and wave 2,
which precluded the likelihood that external events con-
founded the association between e-cigarette use and future
smoking.'® Finally, given that almost 90% of combustible
cigarette smokers have tried smoking before their 18th birth-
day,”” it is unlikely that the adult e-cigarette users in the
PATH study who became ever smokers and current smokers
were simply susceptible never smokers and would have
become smokers in the absence of e-cigarette use.
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This study also had several limitations. First, the number of
never smokers and distant former combustible cigarette smo-
kers who reported past 30-day e-cigarette use at baseline was
small. However, the ability to detect a significant association
of baseline e-cigarette use and combustible cigarette smoking
at follow-up with a small subsample suggests that the signal
was strong. The small subsample also prevented us from
appraising the incremental risk of various daily usage patterns
of e-cigarettes at baseline on future combustible cigarette use.
Second, self-report of e-cigarette use and combustible cigar-
ette use was not biologically verified in the currently available
public-use PATH Study sample; thus, we may have under-
represented or overrepresented the true rates of product use.
Third, the timing of the baseline survey administration in
2013-2014 might have captured the effects of early types of
e-cigarettes, and these products may differ from products that
were developed later.'®?° Current e-cigarettes that more effec-
tively deliver nicotine to the brain might lead to different
trajectories of nicotine-product use than e-cigarettes that were
on the market in 2013-2014. Fourth, the sample of baseline
e-cigarette users across age groups was not sufficient to test
for an interaction between age and e-cigarette and future com-
bustible cigarette smoking. Finally, the PATH Study collected
data on a broad range of demographic characteristics, but it
did not collect data on all the psychosocial and behavioral
covariates that have been associated with tobacco use in other
studies. As such, this study was not able to address additional
psychosocial confounders that may have existed.

Conclusions

This study provides longitudinal data from the first 2 waves
of a nationally representative sample demonstrating that
e-cigarette use precedes and predicts future combustible
cigarette smoking and also demonstrates that distant former
combustible cigarette smokers who use e-cigarettes, partic-
ularly young adults, are more likely to relapse than distant
former combustible cigarette smokers who do not use
e-cigarettes. Policies and clinical counseling must consider
the public health harm that these products place on nonsmo-
kers, in addition to any potential harm-reduction benefits that
might accrue to current combustible cigarette smokers.
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