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ARTICLE INFO ABSTRACT

Keywords: Background: Individuals with opioid use disorder (OUD) have a high prevalence of smoking and limited success
Electronic cigarette quitting smoking with existing tools. There is ongoing debate about whether electronic cigarettes (e-cigarettes)
E-cigarette

may be a viable harm reduction strategy. We sought to determine the potential acceptability of e-cigarettes for
cigarette harm reduction among individuals receiving medication treatment for opioid use disorder (MOUD)
with buprenorphine. Among individuals receiving MOUD we investigated health harm perceptions of cigarettes,
nicotine e-cigarettes, and nicotine replacement therapy (NRT), and perceptions of the helpfulness of e-cigarettes
and NRT for quitting cigarettes.

Methods: Cross-sectional telephone survey conducted among adults in buprenorphine treatment at five commu-
nity health centers in the Boston, MA metropolitan area from February to July 2020.

Results: 93% and 63% of participants rated cigarettes and e-cigarettes, respectively, as very or extremely harmful
to health, and 62% rated NRT as not to slightly harmful to health. Over half (58%) rated cigarettes as more harmful
than e-cigarettes; 65% and 83% perceived e-cigarettes and NRT, respectively, to be helpful for reducing/quitting
cigarette use. In bivariate analyses, nicotine e-cigarette users, compared to nonusers, perceived e-cigarettes to
be less harmful to health and more often rated e-cigarettes as helpful for reducing/quitting cigarette use (both
p<0.05).

Conclusions: This study suggests that Massachusetts patients receiving MOUD with buprenorphine have concerns
about the health harms of e-cigarettes yet rate them as helpful tools for reducing or quitting cigarette smoking.
Future research is needed to test the efficacy of e-cigarettes for cigarette harm reduction.

Harm perceptions

Opioid use disorder
Buprenorphine

Nicotine replacement therapy

1.1. Introduction Electronic cigarettes (e-cigarettes) are devices that heat a nicotine-
containing liquid to produce an aerosol that users “vape,” but do
not burn tobacco (National Academies of Sciences Engineering and

Medicine, 2018). E-cigarette use likely has fewer health risks than smok-

Prevalence of smoking among adults with opioid use disorder (OUD)
far exceeds the general population (Guydish et al., 2016; U.S. De-

partment of Health and Human Services, 2020; Vlad et al., 2020).
Medication treatment for OUD (MOUD) reduces risk of opioid over-
dose and improves treatment retention (Connery, 2015; Nahvi et al.,
2014; Sigmon, 2015; Wakeman et al., 2020; Wen et al., 2018), how-
ever, individuals receiving MOUD who continue smoking have substan-
tial risk of tobacco-related mortality (Hser et al., 2017; Hurt et al.,
1994, 1996). Even when using smoking cessation treatments, the
quit rates for individuals with OUD are substantially lower than
the general smoker population (Parker et al., 2020; Vlad et al.,
2020).

ing and may offer a harm reduction strategy, although the long-term
health effects of e-cigarettes are uncertain and debated (Hajek et al.,
2019; National Academies of Sciences Engineering and Medicine, 2018;
Rigotti, 2020; Pierce et al., 2020; Wang et al., 2021). Regardless,
population studies of smokers show substantial interest in and use
of e-cigarettes for smoking cessation (Harrell et al., 2015; Hartmann-
Boyce et al., 2020; National Academies of Sciences Engineering and
Medicine, 2018).

Little is known about how individuals with OUD perceive the health
harms or helpfulness of e-cigarettes compared to cigarettes or NRT, in-
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formation that is essential for assessing the acceptability and uptake of
e-cigarettes in this population. It is important to assess health percep-
tions of e-cigarettes in both methadone and buprenorphine-maintained
smokers given that the two medications differ in their pharmacokinet-
ics(Ayanga et al., 2016), which could have differential impact on the
nicotine-opioid interaction. Further, it is not clear whether harm percep-
tions of e-cigarettes in individuals with OUD differ from the general pop-
ulation. Individuals with OUD have comorbidities (e.g., socioeconomic
disadvantage)(van Draanen et al., 2020) that could result in differing
understanding of health messaging and risk perceptions of e-cigarettes
than the general population. Harm perceptions of tobacco products
are associated with product initiation in the general population and
among individuals in substance use disorder treatment (Campbell et al.,
2019; Parker et al., 2018; Popova et al., 2018). One study examined
methadone and buprenorphine-maintained smokers’ beliefs about e-
cigarettes among those in OUD treatment in Massachusetts (Stein et al.,
2015). The authors reported that participants had favorable beliefs
about the ability of e-cigarettes to help quit cigarettes and perceived e-
cigarettes as less harmful than cigarettes. However, data was collected
prior to negative publicity about e-cigarettes (e.g., EVALI/subsequent e-
cigarette bans), and the prior study did not provide data on absolute risk
perceptions of e-cigarettes nor data on comparative risk of e-cigarettes
and NRT or comparative helpfulness for quitting smoking.

To fill these gaps, the present study investigates the harm perceptions
of cigarettes, e-cigarettes, and NRT, and perceptions of the helpfulness
of e-cigarettes and NRT for reducing or quitting cigarette use among
individuals receiving MOUD.

1.2. Methods
1.2.1. Design

The Vaping In Buprenorphine-treated patients Evaluation (VIBE)
study methods are published (Streck et al., 2021). VIBE was a cross-
sectional telephone survey of patients receiving buprenorphine treat-
ment at five Massachusetts General Hospital community health centers
(CHCQ) in the Boston, Massachusetts area.

1.2.2. Participants and enrollment

Participants were >18 years of age, English-speaking, and had re-
ceived a buprenorphine prescription at the CHCs in the past 2 months.
We excluded those who could not consent due to psychiatric/cognitive
impairment or deemed inappropriate for participation by their CHC
provider. Data were collected from February-July 2020.

1.2.3. Measures

1.2.3.1. Demographic, tobacco, and MOUD characteristics

Participants were asked about age, gender, race/ethnicity, educa-
tion, past 30-day use of cigarettes and nicotine e-cigarettes, and current
use of NRT to quit cigarettes at the time of the survey. Total daily dose of
buprenorphine and duration of current buprenorphine treatment were
extracted from the health record.

1.2.3.2. Absolute and comparative harm perceptions

For cigarettes, e-cigarettes, and NRT, all participants were asked,
“how harmful do you think [product] are/would be to your health?” Re-
sponse options were “not at all harmful,” “slightly harmful,” “somewhat
harmful,” “very harmful,” “extremely harmful,” and “don’t know.” Par-
ticipants were also asked, “Which do you think is more harmful: smok-
ing tobacco cigarettes or vaping nicotine e-cigarettes?” Response options
for this question included, “tobacco cigarettes,” “nicotine e-cigarettes,”
“both equally harmful,” “neither harmful,” and “don’t know.”
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1.2.3.3. Perceived helpfulness of e-cigarettes and NRT

All participants were asked to rate how helpful they thought vaping
nicotine e-cigarettes and using NRT are for quitting or cutting down on
smoking; for both items response options were a 5-point Likert scale
from “very unhelpful” to “very helpful,” and included a “don’t know”
option.

1.2.4. Statistical methods

Bivariate analyses examined the association of participant responses
to each absolute harm perception question by current product use status
(current use vs. no current use), excluding those who responded “don’t
know” to each item). The same analytic approach was used to examine
the perceived helpfulness of e-cigarettes and NRT for quitting cigarette
use. We examined bivariate factors associated with comparative harm
of e-cigarettes vs. tobacco cigarettes, excluding participants without an
opinion, using chi-squared tests and t-tests. We included variables which
differed across comparative harm ratings in bivariate analyses (p<0.15)
in a multivariable logistic regression model and generated incidence rate
ratios comparing the perceptions that e-cigarettes have greater or equiv-
alent harm to cigarettes vs. cigarettes have higher risk than e-cigarettes.
Race was dichotomized (white vs. all other races) for multivariable anal-
yses. Analyses were conducted in STATA version-16 (StataCorp. 2019,
College Station, TX).

1.3. Results
1.3.1. Participant characteristics

The VIBE study had a response rate of 43%. Age, gender, and ethnic-
ity of survey respondents and nonrespondents did not differ (p’s>0.05).
Additional details on recruitment and completion rates have been pub-
lished (Streck et al., 2021). Among the 222 survey completers, 72% and
31% reported past 30-day cigarette smoking and past 30-day nicotine
vaping, respectively (Table 1).

1.3.2. Harm perceptions

Regarding absolute health harm, 93% of participants rated cigarettes
as very or extremely harmful to health. Fewer participants rated e-
cigarettes as very or extremely harmful, but the majority (63%) held
this perception, while 25% rated e-cigarettes as somewhat harmful and
12% as slightly or not harmful. In contrast, most (62%) participants
rated NRT as not at all or slightly harmful to health, while 27% rated
NRT as somewhat harmful and 11% as very or extremely harmful. Cur-
rent e-cigarette users were less likely to rate the products as very or
extremely harmful than respondents who were not using e-cigarettes
(52% vs. 68%, p = 0.02; Fig. 1, Panel A). Current NRT users were more
likely than non-current users to rate NRT as not or slightly harmful (86%
vs. 59%, p = 0.02).

Regarding the comparative risk of cigarettes and nicotine e-
cigarettes, over half of participants (58%) reported that cigarettes
were more harmful than e-cigarettes, and 42% rated e-cigarettes as
more harmful or as harmful as cigarettes. In bivariate analyses those
who rated nicotine e-cigarettes as having more or equivalent harm
to cigarettes were more likely to be older, female, currently smok-
ing cigarettes, not currently vaping nicotine, not currently dual using
cigarettes and e-cigarettes, and on a lower dose of buprenorphine. No
characteristics remained significantly associated with comparative harm
perception ratings in an adjusted logistic regression analysis (Table 1).

1.3.3. Perceived helpfulness of E-cigarettes and NRT

Sixty-five percent of participants rated nicotine e-cigarettes as some-
what or very helpful for quitting or cutting down on cigarettes. Re-
sponses differed by past 30-day e-cigarette use (p<0.0001), with cur-
rent users being more likely to rate e-cigarettes as somewhat or very
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Table 1

Factors associated with comparative harm of cigarettes vs. nicotine e-cigarettes.
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Which Is More Harmful: Cigarettes or Nicotine E-cigarettes??

All(N = 222)  Cigarettes are More Harmful Nicotine E-Cigarettes are More Bivariate P value” IRR (95% CI)
than E-cigarettes(N = 120, Harmful or As Harmful as
58%)*? Cigarettes(N = 87, 42%)*
Demographic factors
Age, years (M+SD) 46 +11.4 44 +£11.2 48 +11.3 0.017 1.00 (0.99-1.01)
Female (vs. Male) 108 (49%) 52 (43%) 52 (60%) 0.020 1.14 (0.91-1.44)
Hispanic, Latino or Spanish 24 (11%) 10 (8%) 12 (14%) 0.21
origin
Race 0.048
White 186 (84%) 103 (86%) 72 (83%) 1.00 (0.73-1.38)
Black 11 (5%) 5 (4%) 4 (5%)
Other single race 12 (5%) 2 (2%) 8 (9%) Ref
Multi-race 13 (6%) 10 (8%) 3 (3%)
Education® 0.84
> High school 110 (50%) 61 (51%) 43 (49%)
< High school or equivalent 111 (50%) 59 (49%) 44 (51%)
Substance Use & Treatment
Cigarette Smoking (past 30d) 0.049
Yes 160 (72%) 91 (76%) 55 (63%) 0.94 (0.70-1.27)
No 62 (28%) 29 (24%) 32 (37%) Ref
E-cigarette Vaping (past 30d) <0.001
Yes 69 (31%) 54 (45%) 12 (14%) 0.80 (0.50-1.28)
No 153 (69%) 66 (55%) 75 (86%) Ref
Dual use (cigarettes and <0.001
e-cigarettes) (past 30d)
Yes 49 (22%) 40 (33%) 6 (7%) 0.95 (0.54-1.66)
No 173 (78) 80 (67%) 81 (93%) Ref
Nicotine Use (past 30d) <0.001
Cigarette only 111 (50%) 51 (43%) 49 (56%)
Nicotine e-cigarette only 20 (9%) 14 (12%) 6 (7%)
Dual use 49 (22%) 40 (33%) 6 (7%)
No use 42 (19%) 15 (13%) 26 (30%)
Buprenorphine (Bup) Treatment
Bup dose (mg), M+SD 17 +7.0 19 + 6.4 16 +7.3 0.002 0.99 (0.98-1.01)
Years in current bup treatment, 29+ 1.34 31+13 28+1.4 0.12 0.97 (0.89-1.06)

M+SD

Note. Tabled values represent N (column percent) unless otherwise noted and percent’s may not add to 100% due to rounding. E-cigarette, electronic
cigarette. BUP, buprenorphine. Mg, milligrams. D, day. M, mean. SD, standard deviation. CI, confidence interval. IRR, Incidence rate ratio. Ref, reference
group. Race was dichotomized in multivariate analyses (i.e., white vs. all other races).

@ Response options included tobacco cigarettes are more harmful, nicotine e-cigarettes are more harmful, both are equally harmful, neither are harmful,
and don’t know. We combined nicotine e-cigarettes are more harmful and both are equally harmful response options into a single category. We excluded
the 14 participants who responded “don’t know” and the 1 participant who responded “neither are harmful,” and thus present data on 207 of 222 total

participants.

b p values compare cigarette column to nicotine e-cigarette column using chi-squared tests for categorical variables and t-tests for continuous variables.

¢ 1 participant responded “don’t know” and was excluded from analyses.

helpful for reducing or quitting cigarette use compared to non-current
users (94% vs. 52%, p<0.0001; Fig. 1, Panel B). In comparison, 83% of
participants believed that NRT was somewhat or very helpful for quit-
ting or cutting down on cigarettes, with no differences by current NRT
use (91% vs. 82% for current vs. non-current NRT use, p = 0.26; Fig. 1,
Panel C).

1.4. Discussion

There is ongoing debate about whether e-cigarettes may be a use-
ful harm reduction tool for smokers including those receiving MOUD,
who despite bearing a disproportionate burden of tobacco-related mor-
tality have difficulty quitting smoking with existing tools. Whether e-
cigarettes are acceptable to smokers receiving MOUD depends in part
on the products’ perceived health harms and perceived helpfulness for
smoking reduction or cessation. This study assessed both factors among
individuals receiving MOUD. Most participants perceived cigarettes as
more harmful than e-cigarettes and rated e-cigarettes as helpful for
quitting smoking, suggesting that these products could be acceptable
to adults who smoke receiving MOUD. However, caution is warranted

because most participants (63%) rated e-cigarettes’ absolute harm to
health as very or extremely harmful. E-cigarettes and NRT were rated
as similarly helpful for reducing or quitting cigarette use, although e-
cigarettes’ absolute health harm was rated as higher than NRT’s.

In the single prior study examining risk perceptions of e-cigarettes
in adult smokers with OUD in Massachusetts (Stein et al., 2015), 66%
of respondents believed e-cigarettes were less harmful than cigarettes,
and 74% agreed that e-cigarettes can help individuals quit smoking
(Stein et al., 2015). However, that study collected data in 2014, before
the 2019 outbreak of acute lung injury associated with vaping of THC
(EVALI), which led to increased concern about the health risk of com-
mercial e-cigarettes (Dave et al., 2020). The current study adds to the lit-
erature by providing data collected after the EVALI outbreak. The 58%
of our sample who rated cigarettes as more harmful than e-cigarettes
was lower than the 66% of respondents in the 2014 study (Stein et al.,
2015) who held this belief. Our findings are also consistent with a prior
study of cigarette smokers admitted to inpatient detoxification for alco-
hol and/or opioids in New York City in 2015 which reported participant
agreement with statements that e-cigarettes help people quit smoking
(mean 2.8/5.0) and e-cigarettes are safer than smoking cigarettes (mean
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A. Absolute Health Harm Perceptions by Current Product Use
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Fig. 1. Absolute health harm perceptions of cigarettes, nicotine e-cigarettes, and NRT by current use of each product (Panel A), perceived helpfulness of e-cigarettes
for quitting or cutting down on cigarette smoking by current use of e-cigarettes (Panel B), and perceived helpfulness of NRT for quitting or cutting down on cigarette

smoking by current use of NRT (Panel C).

Note: Bar labels represent percentages. For Panel A, values within a bar add to 100% and we only display data for participants who report an opinion. For Panel A,
we excluded participants who responded, “don’t know” to each item (i.e., 0, 10, and 13 participants responded “don’t know” to harm to health of cigarettes, nicotine
e-cigarettes, and NRT, respectively). Current use is defined as past 30-day use for cigarettes and e-cigarettes, and current use at the time of the survey for NRT (i.e.,
Are you currently using the nicotine patch, gum, lozenge, inhaler, or nasal spray to help you quit smoking cigarettes?). For Panels B and C, black bars sum to 100%

and white bars sum to 100%.

Key: * denotes p<0.05 for overall chi-squared test of the belief/perception by current product use (yes/no); E-cigarette, electronic cigarette; NRT, nicotine replacement

therapy.

3.1/5.0) with responses on a 1 to 5 scale ranging from “disagree” to
“agree” (El-Shahawy et al., 2021).

Nonetheless, a sizable proportion of participants in our sample
rated e-cigarettes as harmful and rated e-cigarettes as more or equiv-
alently harmful as cigarettes. Our findings align with recent work in
the general population demonstrating increases in perceived harm of e-
cigarettes following EVALI (Dave et al., 2020). Additionally, our data
were collected shortly after Massachusetts’ subsequent total ban on e-
cigarette sales in 2019 (Mass.gov, 2019), which may have elevated per-
ceived harms of e-cigarettes. Regardless, 65% of our sample, includ-
ing some who reported elevated absolute health risk perceptions of
e-cigarettes, also reported that e-cigarettes would be useful for reduc-
ing or quitting cigarettes. These findings suggest potential participant
agreement with a harm reduction approach where e-cigarettes are per-
ceived as safer than cigarettes and useful for reducing cigarette-related
harms, but not free of harms compared to complete abstinence. It is
promising that most participants correctly viewed NRT as not harm-
ful and we did not see evidence of misconceptions related to safety
of NRT. Unfortunately, data suggest that existing pharmacotherapies
produce modest cessation rates in this population and the perceptions
of safety and helpfulness of NRT for cessation don’t appear to trans-
late into smoking cessation (Miller and Sigmon, 2015; Vlad et al.,
2020).

The VIBE study was cross-sectional, precluding making causality in-
ferences. The study was conducted at a single institution in a state with
strong e-cigarette restrictions, and results may not generalize beyond
our population and state. Finally, it is possible that our sampling pro-
cedure may have been unintentionally bias. For example, those who
responded to our survey may have been more stable in OUD treatment
than those who did not answer (thus more likely to respond).

1.4.1. Conclusions

Most adults in MOUD with buprenorphine perceived cigarettes to
be more harmful than e-cigarettes and e-cigarettes and NRT as helpful
for reducing or quitting smoking. However, most participants rated e-
cigarettes as harmful to health. Further research is needed to test the
effectiveness of e-cigarettes for smoking cessation in this population and
to subsequently develop accurate health messaging.
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