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Abstract 
Background: High cigarette smoking prevalence and low quit rates in people with serious mental illness (SMI) contribute to disparate rates of 
chronic disease and premature death. This prospective trial tested the impact of switching to a potentially lower-harm nicotine-containing product 
on smoking in this population.
Aims and Methods: A total of 240 cigarette smokers with SMI who tried but were currently unwilling to quit were randomly assigned to re-
ceive disposable e-cigarettes for 8 weeks or not, with assessments at baseline, 2, 4, 6, 8, 13, and 26 weeks. Generalized linear mixed models 
examined the effects of e-cigarette provision on e-cigarette appeal, cigarettes per day (CPD), breath carbon monoxide (CO), nicotine depend-
ence, and side effects. Clinical Trial registration: NCT03050853.
Results: Self-reported smoking was similar between groups at baseline (mean = 18.7 CPD). By week 2, 79% of the e-cigarette group were using 
e-cigarettes daily. During weeks 2–8, CPD and CO decreased in the e-cigarette versus assessment-only group (eg, 7.5 CPD [95% CI = 5.9, 9.2] 
vs. 18.1 CPD [CI = 16.4, 19.8] and 16.4 ppm [CI = 13.4, 19.5] vs. 25.4 ppm [CI = 22.4, 28.9], respectively, at week 2). Additionally, 19%–22% in 
the e-cigarette group reported smoking no cigarettes in weeks 2–8 compared to 0% in the assessment-only group. By 13 and 26 weeks, group 
differences in CPD, but not CO, remained significant. Nicotine dependence did not increase and side effects were minor.
Conclusions: Providing e-cigarettes for 8 weeks to smokers with SMI resulted in substantial reductions in CPD and CO. Enhancing and 
maintaining switching from cigarettes to e-cigarettes warrant further study.
Implications: This was the first prospective study to compare e-cigarette provision with assessments only to evaluate the appeal and impact 
of e-cigarettes on smoking behavior, carbon monoxide exposure, and nicotine dependence among smokers with SMI who had tried but were 
unable to quit and were not currently interested in cessation treatment. The finding that e-cigarette provision led to significant reductions in 
smoking and carbon monoxide without increasing nicotine dependence has implications for reducing harm not only among the millions of 
smokers with SMI who struggle to quit, but also for other vulnerable smokers who cannot achieve cessation.

Introduction
The rate of smoking among people with serious mental ill-
ness (SMI; disabling schizophrenia and bipolar disorder) is 
almost triple,1–3 and is declining at a slower rate,4 compared 
to the general population. Several factors contribute to high 
rates of smoking initiation and low rates of quitting (eg, dys-
functional nicotinic receptor sites,5,6 beliefs about the perceived 
benefits of smoking, and concerns about cessation held by 
smokers, families, and clinicians).7–10 Smokers with SMI thus 
have higher levels of nicotine dependence and tobacco-related 
carcinogens in their bodies compared to the general popula-
tion,11 contributing to higher prevalence of chronic diseases and 
reduced life expectancy.12,13 Twenty years of research evaluating 
evidence-based cessation strategies demonstrates that, while 
treatment improves outcomes, people with SMI have great dif-
ficulty quitting and sustaining abstinence,14–17 warranting novel 
harm reduction strategies for this vulnerable group.

Although health effects of long-term use are unknown, 
e-cigarette aerosol contains dramatically lower levels 

of toxicants and carcinogens compared to combustible 
cigarettes.18–20 Several recent studies and reviews of the liter-
ature have concluded that e-cigarettes are substantially less 
harmful to smokers than combustible cigarettes.21–23 This 
justifies examination of e-cigarette switching among smokers 
who are unable to quit and otherwise continue exposing 
themselves to the known, dangerous effects of cigarettes.

Because e-cigarettes initially entering the U.S. market 
fell short with regard to nicotine delivery compared to 
combustibles they initially appeared to be poor substitutes 
for highly addicted smokers.24 However, designs subsequently 
evolved to deliver nicotine more quickly to the brain.25 
Moreover, disposable “cigalikes,” like the one provided in this 
study, have the look and feel of a cigarette, replicate the hand-
to-mouth smoking behavior that smokers are accustomed to, 
and are simple to use; thus e-cigarettes have become more 
appealing and popular.

Cross-sectional surveys have shown that smokers with 
mental illness are more likely than smokers without mental 
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illness to try e-cigarettes, to use them regularly, and to in-
dicate a willingness to use them in the future.26–28 Like 
other smokers, people with mental illness have chiefly used 
e-cigarettes to quit or cut down on cigarette smoking27,28 and 
perceive e-cigarettes as less harmful than cigarettes.29 Three 
pre–post, prospective, nonrandomized pilot studies among 
chronic smokers with SMI demonstrated that simply pro-
viding e-cigarettes was associated with significantly reduced 
use of cigarettes (up to 65%) and breath CO level,30–32 with 
10%–14.3% of participants switching fully to e-cigarettes.30,31 
However, we are unaware of any randomized controlled trials.

The aim of this randomized trial was to assess the effect 
of e-cigarette provision compared to assessment only on 
e-cigarette use, combustible cigarette consumption, breath 
carbon monoxide (CO), and nicotine dependence among 
chronic smokers with SMI. Based on our previous work,30 we 
hypothesized that e-cigarette provision would result in high 
subjective ratings of satisfaction and daily use of e-cigarettes 
among at least 50% of participants during the 8-week provi-
sion period coupled with reductions in daily cigarette use and 
exhaled CO (ClinicalTrials.gov number, NCT03050853). We 
also hypothesized that e-cigarettes would not increase nico-
tine dependence and would be associated with only minor 
side effects.

Methods
Study Sites
Participants were recruited from two urban mental health 
agencies (Kentucky and Massachusetts) serving primarily 
Medicaid beneficiaries with SMI. We conducted the trial in 
an Eastern and a Southern state with significant geographi-
cally based difference in prevalence of smoking (30.2% vs. 
16.3%, respectively)33 to increase study generalizability. We 
received IRB approval for the study from the Committee 
for the Protection of Human Subjects at Dartmouth College 
and the Central Office Research Review Committee of the 
Massachusetts Department of Mental Health. Trained re-
search staff implemented the study protocol, including, at 
each site, a Research Interviewer blinded to group assignment 
and an unblinded Study Coordinator.

Participant Flow
Of the 959 individuals screened, 436 did not meet inclusion 
criteria, 133 could not be contacted, 106 declined to partic-
ipate, and 44 consented but were not randomized (mostly 
screen failures), leaving 240 randomized participants. Among 
those participants, 210 (87.5%) were assessed at 8 weeks, 
and 214 (89.2%) were assessed at 26 weeks. All follow-up 
assessments concluded in January 2020.

Participants
Participants were adults aged 18 years or older with a DSM-V 
Axis I diagnosis of schizophrenia, schizoaffective disorder, or 
bipolar disorder, enrolled in services for at least 3 months, 
who met criteria for SMI (at least moderate impairment in 
multiple areas of psychosocial functioning), regular smoking 
for at least 5 years, currently smoking on average 10 cigarettes 
per day (CPD), breath CO ≥ 10 ppm, at least one quit at-
tempt in the past 5 years using evidence-based treatment, and 
not currently engaged in a quit attempt by self-report. We 
excluded individuals with psychiatric instability (hospitaliza-
tion in the past month), active substance use disorder, current 

e-cigarette use (more than four times in the past month), cur-
rent pregnancy, or plans to become pregnant.

Procedures
Recruitment/Randomization
Participant recruitment began on March 9, 2017 via clinician 
referrals, posters/brochures, and mailings. After eligibility 
confirmation, potential participants were invited for an infor-
mational meeting, and interested individuals returned to re-
view the consent form and provide written informed consent. 
After consent and baseline assessment, the unblinded Study 
Coordinator randomly assigned participants within site using 
an automated program that stratified by diagnosis (schizo-
phrenia vs. bipolar disorder) and amount of daily smoking 
(>20 vs. ≤20 cigarettes), in blocks of four to assure balance 
between arms (1:1 ratio).

E-Cigarette Provision
The Study Coordinator provided participants with a 2-week 
supply of e-cigarettes and instructions on their safe use. Per 
product packaging, each disposable e-cigarette provided 
up to 300 puffs, roughly the equivalent of 20 cigarettes. 
Participants were given the opportunity to practice using the 
e-cigarette before leaving the appointment to ensure proper 
use. The Study Coordinator also provided brief information 
on safety (eg, keeping e-cigarettes out of the reach of children) 
and asked participants to try to replace all cigarettes with 
e-cigarettes but provided no further instructions or coaching. 
They gave participants additional 2-week supplies at 2, 4, and 
6 weeks.

The disposable NJOY Daily e-cigarette was chosen for 
use in the study for several reasons. We used disposable 
e-cigarettes because we had previously found that, due to cog-
nitive impairment, many people with SMI had difficulty with 
products that required charging and replacing cartridges.30 
Also, this e-cigarette was the only one with publicly avail-
able safety data at the time. Additionally, the manufacturer 
partnered with the National Institute on Drug Abuse to de-
velop an e-cigarette for use in research and had no ties to cig-
arette production. Finally, the product could be purchased at 
retail stores by participants after the study.

Assessment-Only Condition
Following randomization, Study Coordinators provided 
participants with appointments for follow-up study visits, 
asked them to refrain from using e-cigarettes, and reminded 
participants that they would receive a 4-week supply of 
e-cigarettes at the final follow-up visit.

Measures
Research staff obtained physician assessed DSM-5 mental ill-
ness diagnoses from the study site records and assessed dem-
ographics (listed in Table 1) and behavioral outcomes within 
a structured interview.

Cigarette and E-Cigarette Use
The unblinded Study Coordinators used the Timeline Follow-
Back (TLFB) method,34 a structured interview that employs 
a calendar and participant-specific memory anchors to ob-
tain self-reported substance use, to assess daily cigarettes 
smoked and vape sessions since the prior assessment. We also 
asked participants about use of other combusted tobacco and 
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non-tobacco products, including cannabis. This method is 
reliable and valid to document substance use in the general 
population35 and among people with SMI.35,36 We also asked 
participants at all post-baseline visits (yes/no) whether they 
used any non-study e-cigarettes. Daily use of e-cigarettes 
was defined as using the product at least 6 days per week. 
At the time of the study, there were no validated methods for 
quantifying e-cigarette use. Thus, we relied on both vape ses-
sions from the TLFB and Study Coordinators also instructed 
participants to bring all used and unused e-cigarettes to each 
study visit to assess use. Sample size was determined based on 
the hypothesis that mean daily use in the first 8 weeks of the 
study would be greater than 50% against a null percentage of 
43.6% or less.

Breath CO
Breath CO was measured by the blinded Research Interviewers 
at each visit using the Smokerlyzer Breath Carbon Monoxide 
Monitor (Bedfont Scientific)37 as a biologic measure of toxin 
exposure.

Psychological Appeal of E-Cigarettes
Because no validated scales existed that would permit eval-
uation of the aspects of satisfaction with e-cigarettes we in-
cluded in our funded study plan (ie, enjoyment from vaping, 
enjoyment compared to cigarettes, ease of use, and willing-
ness to purchase e-cigarettes), at each post-baseline visit, 
the unblinded Study Coordinators used the four-item index 
of psychological appeal we developed in our pilot study.30 

Items were rated on a 5-point Likert scale from 1 (not at all 
satisfied) to 5 (very satisfied). At the 8-week assessment, the 
Coordinators also used open-ended questions to obtain qual-
itative feedback (positive and negative) on e-cigarette use. We 
used the “funnel structure” method of interviewing,38 with 
broad questions at the beginning, followed by more specific 
probes related to the objectives of the inquiry.

Self-Reported Nicotine Dependence
Self-reported nicotine dependence was assessed by the blinded 
Research Interviewers at each visit with the Fagerström Test 
for Cigarette Dependence (FTCD),39 which has been shown to 
have reasonable internal consistency and test–retest reliability 
among smokers with SMI.40 Participants were instructed to 
consider all tobacco products, including combustible tobacco 
and e-cigarettes, when responding to this measure.

Side Effects/Adverse Events
The blinded Research Interviewers used a checklist to as-
sess nicotine-related side effects (nausea, dizziness, vomiting, 
palpitations) and smoking- or vaping-related side effects 
(cough, throat irritation, bad taste in the mouth) at each 
visit. They also collected self-reported serious adverse events 
(hospitalizations and emergency room visits).

Statistical Analyses
Descriptive Analyses
Baseline characteristics in each group were compared using 
t tests for continuous variables and chi-squared tests for 

Table 1. Baseline Demographics and Characteristics of 240 Study Participants

Characteristics  No. (%) of participants χ2 p-value 

Total (N = 240) E-cigarette (n = 120) Assessment (n = 120) 

High school graduate or GED 174 (72.5) 91 (52.3) 83 (47.7) 1.34 .25

Male gender 125 (52.1) 60 (50.0) 65 (54.2) 0.42 .52

Racea 3.63 .60

  White 130 (54.2) 65 (54.2) 65 (54.2)

  Black 79 (32.9) 40 (33.3) 39 (32.5)

  Mixed and other 30 (12.5) 15 (11.7) 16 (13.3)

Hispanic ethnicity 24 (10.0) 12 (10.0) 12 (10.0) 0.00 1.00

Ever married 95 (39.6) 51 (42.5) 44 (36.7) 0.85 .36

Number of cigarettes 0.02 .69

  Less than 19 per day 139 (57.9) 71 (59.2) 68 (56.7)

  20 or more per day 101 (42.1) 52 (43.3) 49 (40.8)

Diagnosis 0.02 .90

  Schizophrenia spectrum 113 (47.1) 57 (47.5) 56 (46.7)

  Bipolar disorder 127 (52.9) 63 (52.5) 64 (53.3)

 Mean ± SD Mean ± SD Mean ± SD T test p-value 

Age 45.9 ± 11.9 46.3 ± 11.4 45.5 ± 12.5 0.60 .60

Carbon monoxide (ppm) 26.9 ± 19.9 25.8 ± 17.8 27.9 ± 21.9 0.83 .41

FTCD score 6.8 ± 1.5 6.7 ± 1.6 7.0 ± 1.5 1.30 .20

Brief Psychiatric Rating Scale score 47.8 ± 14.2 47.1 ± 14.5 48.6 ± 13.8 0.80 .60

Age at first hospitalization 21.6 ± 19.7 20.9 ± 10.0 22.3 ± 9.3 1.14 .26

FTCD, Fagerström Test for Cigarette Dependence; GED, General Education Development.
aOne participant in the e-cigarette group refused to report racial category.
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categorical variables. Qualitative responses to open-ended 
questions regarding appeal of e-cigarettes were coded, 
categorized for their content, and collated. We used descrip-
tive statistics to assess use of e-cigarettes, adverse effects, and 
impressions based on qualitative responses.

Longitudinal Analysis of E-cigarette Use and Impact 
on Smoking
We assessed primary outcomes (CPD and breath CO) and 
side effects, using Mallinckrodt and Lipkovich’s41 approach, 
which focuses on contrasting significant group differences at 
each assessment point within the GLMM framework. The 
standard GLMM typically includes group, time, and Group 
× Time interaction effects in the model, with a significant 
Group × Time interaction term indicating the effect of the 
study manipulation. This method examines the general pat-
tern of group differences over time, but does not test group 
differences at specific assessment points, so effects can be 
missed when the pattern of mean group changes are non-
linear. We used the Mallinckrodt and Lipkovich approach be-
cause we expected the group differences to change over time, 
particularly from the e-cigarette provision period (baseline 
to 8 weeks) to the follow-up period (8–26 weeks). Because 
almost no participants in the assessment-only group used 
e-cigarettes during the study, statistical modeling to compare 
e-cigarette use between the groups over time was not appro-
priate. All analyses were performed on originally assigned 
groups.

Results
Study Participants
All participants were smokers with SMI (47.1% schizo-
phrenia; 52.9% bipolar disorder) who reported an average 
of 11.1 lifetime psychiatric hospitalizations. Mean age of 
participants was 45.9 years. Approximately half (52.1%) 
were male, 45.4% were Black or mixed race, and 10% were 
Hispanic. Mean monthly income was $838 per month, and 
82% were not employed. Participants reported smoking an 
average of 18.7 (±9.5) CPD, with mean CO of 26.9  ppm 
(±19.9). Nicotine dependence for the entire group was high 
(mean FTCD score 6.9  ±  1.5). As shown in Table 1, study 
groups did not differ on baseline demographics or smoking 
characteristics.

E-Cigarette Appeal
Within the first 2 weeks of the study, 79% of the e-cigarette 
group reported using e-cigarettes daily. Daily use remained 
high while e-cigarettes were provided by the study (70%, 
66%, and 68% of participants at weeks 4, 6, and 8). Only 12 
participants in the e-cigarette group and two assessment-only 
participants reported using a non-study e-cigarette during 
the trial. The correlation between self-reported vape sessions 
and returned used product ranged from r = .25 to r = .65 
during the e-cigarette provision phase (Figure 1). We suspect 
concordance was low at times because: (1) participants lost 
or forgot to return product, (2) participants struggled to re-
call all vape sessions, and (3) the amount of an e-cigarette 
used in a “vape session” varies within and among individuals. 
E-cigarette participants found the product very appealing. 
Specifically, from weeks 2 to 8, mean ratings ranged from 4.0 
to 4.2 for enjoyment from vaping; from 3.8 to 3.9 for enjoy-
ment compared to cigarettes ranged from; from 4.3 to 4.5 

for ease of use; and from 3.6 to 3.8 for willingness to replace 
cigarettes with e-cigarettes.

Effect of E-Cigarette Provision on Cigarette 
Smoking
Generalized linear mixed models (GLMMs) were fit to as-
sess the effect of e-cigarette provision on cigarette smoking. 
Group (e-cigarette vs. assessment only), time (0, 2, 4, 6, 8, 
13, and 26 weeks), and the Group × Time interaction were 
included as fixed effects. Based on model fit, instead of using 
random effects to take the correlated nature of the data into 
account, we allowed the variance and covariance to be fully 
estimated using an unstructured variance–covariance ma-
trix parameterized through its Cholesky root. The Group 
× Time interaction term tests the overall manipulation ef-
fect. However, for the reason we stated above, we focused 
on group comparisons at each assessment point within the 
GLMM framework using specific estimates/contrasts. In the 
model testing the effect of e-cigarette provision on CPD, the 
Group × Time interaction effect was significant (F-value = 
18.14, p < .0001), indicating that there was a significant ma-
nipulation effect over the entire study period. As shown in 
Figure 1, at baseline, mean self-reported CPD did not differ 
between the e-cigarette group (18.1 [95% CI = 16.4–19.8]) 
and the assessment-only group (19.2 [95% CI = 17.5–20.9]) 
(p = .3636). By week 2, mean CPD was substantially reduced 
in the e-cigarette group (7.5 [95% CI = 5.9–9.2]) and un-
changed in the assessment-only group (18.1 [95% CI = 
16.4, 19.8]), a reduction maintained through week 8 for the 
e-cigarette (8.2 [95% CI = 6.6, 9.9]) versus the assessment-
only group (18.2 [95% CI = 16.5, 19.8]). Group differences 
were highly significant for weeks 2–8 (p < .001). By week 26, 
mean CPD trended upwards for the e-cigarette group (14.4 
[95% CI = 12.3, 16.5]) but remained significantly lower than 
the assessment-only group (18.7 [95% CI = 16.7, 20.7]) (p = 
.0275).

We also examined self-reported combustible cigarette use 
categorically in order to examine how many participants in 
each group eliminated (0 cigarettes) or substantially reduced 
(one to five cigarettes) daily cigarettes. The remainder of 
participants were categorized as smoking six or more CPD. 
Because of zero or very small values, we could not test 
differences between groups for 0 CPD or one to five CPD. 
The group difference for six or more CPD was tested within 
the same GLMM framework as described above. As shown 
in Table 2, 18.6%–22.1% of participants in the e-cigarette 
group reported smoking no cigarettes between weeks 2 
and 8 versus 0% in the assessment-only group. This differ-
ence remained substantial at week 13 (14.7% vs. 0.9%), but 
narrowed at week 26 (10.7% vs. 5.7%). Similarly, a larger 
proportion of participants in the e-cigarette group reported 
smoking only one to five CPD at weeks 2–8 (27.4%–38.1%) 
compared to the assessment-only group (2.6%–6.4%). The 
difference was still substantial at week 13 (11.0% vs. 3.7%), 
but slightly favored the assessment-only group by week 26 
(2.7% vs. 5.7%). Significantly, fewer participants in the 
e-cigarette group reported smoking six or more CPD from 
weeks 2 to 13 (p < .001), but the groups were no longer sig-
nificantly different at week 26.

In the model testing the effect of e-cigarette provision 
on CO, the Group × Time interaction effect was significant 
(F-value = 6.30 and p < .0001), indicting an overall manipula-
tion effect over the study period. As shown in Figure 1, mean 
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CO at baseline did not differ between the e-cigarette group 
(25.8 [95% CI = 10.7–21.1]) and the assessment-only group 
(27.9 [95% CI = 21.6, 26.7]) (p = .4057). By week 2, mean 
breath CO was significantly lower in the e-cigarette (16.4 
[95% CI = 13.4, 19.5]) compared to the assessment-only 
group (25.4 [95% CI = 22.4, 28.4]), which was maintained 
through week 8 (16.3 [95% CI = 13.8, 18.9] vs. 24.2 [95% 

CI = 21.6, 26.3]). Group differences were all highly signif-
icant from weeks 2 to 8 (p < .001). Group differences in 
mean breath CO were not significantly different at weeks 13 
(p = .1500) or 26 (p = .8605). These group contrasts were 
conducted within the GLMM framework and thus adjusted 
for within-subject correlation and missing data (12.5% at 
week 8; 10.8% at week 12).

Figure 1. Effectsa of e-cigarette provision compared to assessment only: (A) mean e-cigarette consumption (treatment group only), (B) mean cigarettes 
per day, and (C) mean CO.aError bars represent 95% confidence limits for means from generalized linear mixed models.
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Nicotine Dependence
There were no differences in mean FTCD scores between the 
e-cigarette and assessment-only groups at baseline (6.7 vs. 
7.0) or at 8 weeks (5.8 vs. 6.4).

Side Effects and Serious Adverse Events
The same modeling approach described for our primary 
outcomes was used to analyze side effects. The group differ-
ence at each assessment point was tested within the GLMM 
framework for several side effects. As shown in Table 3, sig-
nificantly fewer participants in the e-cigarette group self-
reported cough at baseline and through 8 weeks, itchy/sore 
throat at baseline and through 4 weeks, and total symptoms 
at 2 weeks through 8. Significantly fewer participants in the 
e-cigarette group also self-reported bad taste in the mouth, 
but only at 2, 8, and 13 weeks. Changes in other symptoms, 
including nausea, dizziness, vomiting, and palpitations, were 
more variable, with no significant declines or increases for ei-
ther group during the study (not shown).

Most of the qualitative comments by participants in the 
e-cigarette group were focused on respiratory symptoms, 
followed by physical and mental health. With respect to res-
piratory symptoms, 70% of participants made at least one 
or more positive comment (n = 209) such as, “not using my 
inhaler as much as before,” and “I can breathe better and I’m 
not doing all that coughing and wheezing,” while only 33% 
of participants made a negative comment about respiratory 
symptoms (n = 39), such as, “I didn’t like the cough, it was 
more severe than…with the cigarettes.”

With respect to physical and mental health, 33% of 
participants made a positive comment (n = 58), such as, “I feel 
better physically,” and “I noticed that my heart does not race 
when walking now.” In contrast, only 12% of participants 
made a negative comment (n = 18), such as, “I noticed head-
ache, nausea, anxiety when I vape the e-cig for 40 minutes 
straight,” and “… it doesn’t fill the emptiness I feel inside as 
much.”

During the first 8 weeks of the study, seven out of 240 
(2.9%) study participants had a total of nine serious 

Table 2. Self-Reported Combustible Cigarette Use Over 26 Weeks (N = 240)

Timepoint 0 Cigs/day and CO < 6 0 Cigs/day and CO ≥ 6 1–5 Cigs/day 6+ Cigs/day Test statistica 

E-cig
n (%) 

Assessment 
only
n (%) 

E-cig
n (%) 

Assessment 
only
n (%) 

E-cig
n (%) 

Assessment 
only
n (%) 

E-cig
n (%) 

Assessment 
only
n (%) 

Baseline (n = 239) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 3 (2.5) 3 (2.5) 117 (97.5) 116 (97.5) ns

2 wk (n = 230) 13 (11.2) 0 (0.0) 10 (8.6) 0 (0.0) 38 (32.8) 3 (2.6) 55 (47.4) 111 (97.4) **

4 wk (n = 225) 14 (12.4) 0 (0.0) 7 (6.2) 0 (0.0) 43 (38.1) 3 (2.7) 49 (43.4) 109 (97.3) **

6 wk (n = 224) 18 (15.9) 0 (0.0) 7 (6.2) 0 (0.0) 32 (28.3) 7 (6.3) 56 (49.6) 104 (93.7) **

8 wk (n = 223) 12 (10.6) 0 (0.0) 9 (8.0) 0 (0.0) 31 (27.4) 7 (6.4) 61 (54.0) 103 (93.6) **

13 wk (n = 217) 9 (8.3) 1 (0.9) 7 (6.4) 0 (0.0) 12 (11.0) 4 (3.7) 81 (74.3) 103 (95.4) **

26 wk (n = 213) 6 (5.7) 2 (1.9) 3 (2.8) 2 (1.9) 10 (9.3) 8 (7.6) 89 (82.4) 93 (88.6) ns

Cigs/day, cigarettes per day; ns, not significant.
aGroup difference at each assessment point was tested within GLMM: **p < .01.

Table 3. Self-Reported Side Effects

Timepoint Cougha Itchy/sore throata Bad tastea Total symptomsa

E-cigarette
n (%) 

Assessment
n (%) 

p-value E-cigarette
n (%) 

Assessment
n (%) 

p-value E-cigarette
n (%) 

Assessment
n (%) 

p-value E-cigarette
M ± SD 

Assessment
M ± SD 

p-value 

Baseline (n 
= 239)

80 (67.2) 98 (81.7) ** 45 (37.8) 63 (52.5) * 68 (57.1) 67 (55.8) ns 2.9 ± 2.2 3.3 ± 2.0 ns

2 wk (n = 
220)

54 (48.7) 76 (69.7) ** 26 (23.4) 40 (36.7) * 37 (33.6) 55 (50.5) ** 1.9 ± 1.9 2.7 ± 1.9 **

4 wk (n = 
209)

50 (48.5) 70 (66.0) ** 23 (22.3) 39 (36.8) * 42 (40.8) 50 (47.2)  ns 1.9 ± 1.8 2.6 ± 2.0 **

6 wk (n = 
203)

43 (43.0) 67 (65.1) ** 28 (28.0) 40 (38.8) * 32 (32.0) 37 (35.9) ns 1.8 ± 1.9 2.3 ± 1.8 *

8 wk (n = 
204)

48 (45.3) 72 (70.6) ** 28 (26.4) 28 (27.5) ns 31 (29.3) 43 (42.2) * 1.7 ± 1.9 2.4 ± 1.9 **

13 wk (n 
= 204)

49 (48.0) 59 (57.8) ns 24 (23.5) 27 (26.5) ns 25 (24.5) 39 (38.2) * 1.9 ± 1.8 2.1 ± 1.9 ns

26 wk (n 
= 213)

47 (46.5) 49 (53.3) ns 25 (24.8) 25 (27.2) ns 37 (36.6) 33 (35.9) ns 1.9 ± 2.2 2.1 ± 2.0 ns

ns, not significant.
aGroup difference at each assessment point was tested: **p < .01, *p < .05.
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adverse events (emergency room admission or hospitaliza-
tion) involving respiratory symptoms: two occurred in the 
e-cigarette group and seven occurred in the assessment-only 
group.

Discussion
This randomized trial found that provision of disposable 
“cigalike” e-cigarettes to smokers with SMI was followed by 
rapid uptake and high rates of daily use. The e-cigarette group 
markedly reduced their cigarette use and CO compared to 
the assessment-only group across the 8-week e-cigarette pro-
vision period and into the 13-week follow-up. Absent a de-
sire to quit smoking, and without coaching, 19%–22% of the 
e-cigarette group fully substituted e-cigarettes for cigarettes 
during the e-cigarette provision period. In spite of concerns 
that e-cigarette provision could increase intake of and de-
pendence on nicotine, CPD were significantly lower in the 
e-cigarette group compared to the assessment-only group 
at every timepoint and scores on the FTCD did not increase 
in the e-cigarette group compared to the assessment-only 
group. Also, neither side effects nor adverse events were more 
common in the e-cigarette group.

Most participants discontinued e-cigarette use after the 
provision period. We suspect this occurred for several reasons: 
(1) the high cost of e-cigarettes compared to inexpensive to-
bacco (roll-your-own, generic, mini-cigars) commonly used 
by this impoverished group and (2) low motivation of people 
with SMI to invest effort to buy a nicotine product other 
than usual brand cigarettes. Nevertheless, our results suggest 
that e-cigarette use may represent a feasible harm reduction 
strategy for smokers with SMI who are unwilling or unable to 
quit. This study included free access to e-cigarettes. However, 
despite high appeal ratings, a minority of participants fully 
discontinued combustible cigarette use. Further research is 
needed to develop strategies to facilitate and support com-
plete switching to e-cigarettes, including relative risk reduc-
tion education, training on how to maximize enjoyment of 
e-cigarettes, and coaching on specific ways to replace smoking 
with vaping.

There are no prospective randomized studies in the general 
population utilizing a simple design such as ours in which 
smokers without cessation intentions were randomly assigned 
to either receive e-cigarettes plus assessments or assessments 
only. This study has many strengths: random assignment 
to study groups, equivalence between groups on baseline 
characteristics, biological validation of self-reported ciga-
rette smoking, and validation of self-reported e-cigarette use 
through physical counts of e-cigarettes returned. Random as-
signment to groups allowed greater certainty that the behav-
ioral changes observed resulted from provision of e-cigarettes 
versus the Hawthorne effect, which cannot be ruled out in 
pre–post studies of e-cigarette use in people with SMI.30–32 
Another strength is 89% retention in follow-up assessments 
over a 6-month period. Finally, the large, racially diverse 
group of individuals from two U.S. states with very different 
population prevalence of smoking increases generalizability 
of these findings.

Some limitations are worthy of mention. First, although 
breath CO provides biological verification of smoking, it 
only reflects cigarette use over 24–48 hours, and we did not 
require a drug test to screen for use of other combustibles. 
Second, the study did not include cotinine as an indicator of 

the potential increase in nicotine exposure from e-cigarette 
provision. Third, the measurement of cigarette use, and 
e-cigarette use and appeal, required unblinded assessment, 
allowing for the possibility of observer bias based on knowl-
edge about group assignment. However, blinded assessment 
of breath CO and nicotine dependence mitigates this limita-
tion. Finally, this study was not designed to assess the long-
term safety of e-cigarettes.

This is the first fully powered, prospective randomized 
controlled study comparing e-cigarette provision with con-
tinued cigarette smoking as usual. E-cigarette provision to 
smokers with SMI compared to assessment only resulted in 
high levels of switching; e-cigarette uptake in concert with 
reduced cigarette smoking. The effects of e-cigarette provi-
sion were large, reducing cigarette consumption by more 
than 50%, along with significant reductions in CO. Because 
only 19%–22% of e-cigarette participants were able to com-
pletely switch to e-cigarettes, and switching attenuated after 
e-cigarette provision ended, future research should examine 
whether teaching smokers with SMI skills to fully substitute 
e-cigarettes for cigarettes could enhance and extend switching, 
leading to greater harm reduction over time.
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