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Abstract

Introduction: Electronic nicotine delivery systems (ENDS) vary on a wide range of characteristics
that may affect reinforcement value and use. One characteristic is the ratio of two solvents com-
monly used in most e-liquids: propylene glycol (PG) and vegetable glycerin (VG). The goal of this
study was to understand how PG/VG ratio affects subjective effects, reinforcement value, and to-
bacco use patterns among current smokers who try using ENDS.

Aims and Methods: Current smokers with minimal ENDS use history (n=30) sampled, in a double-blind
fashion, three different e-liquids that varied in PG/VG ratio (70/30, 50/50, 0/100) while holding constant
other aspects of the e-liquid and ENDS. Participants tried each e-liquid before rating the subjective
effects on a modified version of the Cigarette Evaluation Questionnaire. Reinforcement value was
assessed using a preference task where participants chose between the three e-liquids. The impact
of each e-liquid on cigarette reinforcement was assessed using a modified version of the Cigarette
Purchase Task. Participants were randomly assigned to receive one e-liquid to take home for 1 week.
Results: PG/VG ratio had minimal impact on most of the tested outcomes. Participants rated the
highest PG concentration as having a stronger “throat hit” than the other two.There was no signifi-
cant difference between the number of participants who preferred each of the PG/VG ratios in the
preference assessment. PG/VG ratio did not affect cigarette or ENDS use during the sampling week.
Conclusions: These data suggest that PG/VG ratio has minimal impact on subjective effects and
reinforcement value in ENDS naive current smokers.

Implications: These data suggest that PG/VG ratio, within the range that is commonly used, has
minimal impact on subjective effects, reinforcement value, or uptake in current smokers with min-
imal ENDS experience.

Introduction ENDS users are current or former cigarette smokers, and the most

Electronic nicotine delivery system (ENDS) use now surpasses the use
of any other noncigarette tobacco product in the United States.! Most
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common reason among smokers for trying ENDS is to quit or reduce
their smoking.? However, although many smokers have successfully
adopted ENDS, a significant proportion have also tried and abandoned


mailto:smithtra@musc.edu?subject=

792

Nicotine & Tobacco Research, 2020, Vol. 22, No. 5

them.>? Additionally, a large proportion of those using ENDS are still
unable to stop smoking completely (i.e., dual use).>* ENDS vary widely
on a number of characteristics including type of device (disposable vs.
tank vs. pod-mod), battery power, wattage, resistance, nicotine content,
flavoring, and other constituents. Although the impact of these charac-
teristics is complicated, we know that they can impact nicotine delivery
and subjective effects*® (i.e., ratings of product liking, satisfaction).
Nicotine delivery and subjective effects are likely to influence the sub-
jective value of an ENDS product (i.e., reinforcement value), and thus
by extension whether smokers are able to successfully transition from
cigarettes to ENDS. Indeed, users of ENDS cite these device character-
istics as contributing to their choice to use ENDS and to their choice of
product.*” Because ENDS probably carry a reduced health burden in
comparison to traditional cigarettes,®’ it is important that we under-
stand how various ENDS characteristics contribute to reinforcement
value and use among current smokers who try using them. Furthermore,
ENDS are regulated by the U.S. Food and Drug Administration (FDA),
and the FDA could require changes to ENDS product characteristics if
doing so would be likely to improve public health.

At a minimum, ENDS e-liquid is comprised of propylene glycol
(PG), vegetable glycerin (VG), nicotine, and flavoring constituents.*!°
One characteristic that varies across e-liquids is the ratio of PG and
VG that comprise the e-liquid.!! The ratio of these two constituents
(PG/VG) is considered by both ENDS manufacturers and users to
be an important determinant of the sensory characteristics of using
ENDS. Vaping blogs often describe PG as contributing to the “throat
hit” associated with vaping, whereas VG contributes to a smoother
flavor and cloud production.!? Despite the perceived importance of
this ratio among the vaping community, there is little existing research
on how the ratio of PG to VG affects subjective effects, reinforcement
value, or use. To date, we are aware of only one published report that
investigated the impact of PG/VG ratio on nicotine delivery and sub-
jective effects in 30 experienced ENDS users, holding all other device
features constant.!® This study found that at high PG concentrations
(PG/VG ratio: 100/0, 55/45), nicotine delivery was increased, and at
the highest PG concentration, participants found the e-liquid to be less
pleasant and less satisfying. However, to our knowledge, no study has
assessed the impact of PG/VG ratio in current smokers who are naive
to ENDS, nor has any study assessed the impact of PG/VG ratio on
reinforcement value or use.

This study investigates how different PG/VG ratios affect the sen-
sory characteristics and reinforcement value of e-liquid in current
smokers who are naive to ENDS. Adult smokers with minimal ENDS
experience sampled three tobacco-flavored e-liquids with different PG/
VG ratios (70/30, 50/50, 0/100) and evaluated their subjective effects.
To understand the impact of PG/VG ratio on reinforcement value,
participants completed a preference assessment where they chose
between the three e-liquids across a series of trials. To test the im-
pact of PG/VG ratio on uptake and downstream changes in smoking,
participants were then randomly assigned to take home one of the
e-liquids to use for a 1-week sampling period ad libitum and asked
to complete daily electronic diaries to assess their cigarette and ENDS
use throughout the sampling period. This study was approved by the
Medical University of South Carolina Institutional Review Board.

Methods

Participants
Non-menthol daily cigarette smokers (N = 30), naive to ENDS, were
recruited from the local area via advertising on craigslist and on

social media. Inclusion and exclusion criteria were designed to enroll
smokers with limited ENDS experience. To reduce variability given the
small sample size, we opted to only offer one e-liquid flavor (classic
tobacco), and only non-menthol cigarette smokers were recruited to
increase the likelihood of uptake. Inclusion criteria included (1) adults
age >18 who have been smoking at least five cigarettes daily for the
past year (expired carbon monoxide (CO) > 8), (2) usual brand is
non-menthol, (3) use of ENDS on five or fewer lifetime occasions, and
(4) regular use of e-mail or smartphone ownership with capacity to
receive SMS text and internet access (necessary for electronic diaries).
Exclusionary criteria included (1) unwilling to use ENDS as part of
the trial, (2) use of smokeless, hookah, or tobacco products other than
cigarettes > 10 days in the past 30 days, (3) pregnant, trying to become
pregnant, or breastfeeding, (4) recent history of cardiovascular distress
in the last 3 months (arrhythmia, heart attack, stroke, uncontrolled
hypertension), (5) current use of cessation medications, and (6) an-
other household member currently enrolled in the study (to prevent
contamination of e-liquid assignment during sampling).

Procedures

Study participation consisted of three visits to the lab and electronic
daily diaries assessing tobacco use completed at home throughout
the study. Potential participants were screened on the phone for
initial eligibility. Those meeting criteria were invited for in-person
screening and consented. Eligible participants completed baseline
questionnaires, and daily electronic diaries were initiated to assess
daily cigarette and ENDS use during the study. Participants were in-
structed to smoke their own cigarettes as normal for a 1-week base-
line period and complete the diary entry each day.

One week after the screening session, participants attended a lab
session in which they sampled a usual brand cigarette (provided by
the participant) and the three e-liquids (four puffs each, 30-second
interpuff interval, 15-minute interproduct interval) and completed
questionnaires about each one. Only four puffs were required to pre-
vent satiation. Usual brand was sampled at the outset of this lab
session to standardize time since last cigarette and provides a within-
subject comparison to traditional cigarettes on questionnaires.
Participants were shown how to operate the ENDS, and the order
of e-liquid sampling was randomized. After sampling all e-liquids,
participants completed a lab-based preference assessment to assess
reinforcement value (described below). At the conclusion of the lab
visit, participants were randomized and assigned to take home one
of the three e-liquids to use at home for a 1-week sampling period
(10 participants/ratio). We provided 10 cartomizers for the 1-week
sampling period to ensure that participants did not run out if they
chose to exclusively use the ENDS during that period. Participants
were instructed to use the assigned ENDS as much as they would like
over the week and to continue completing the daily diaries. There
were no instructions to reduce or alter combustible smoking.

Following the end of the sampling week, participants returned to
the lab to return any unused product. Participants could earn up to
$150 for completing all visits and up to an additional $50 for com-
pleting all diary entries.

ENDS and E-liquid

All aspects of the ENDS device and e-liquid were held constant with
the exception of PG/VG ratio. We utilized an ego-T 1100 mAh bat-
tery and disposable cartomizers (510 Smoketech, 1.5-Q dual coil), a
product that has been well characterized.' The device has an LCD
screen with a puff counter which resets when the device is charged.
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During the take-home week, participants were told (1) to use this
puff counter to aid in reporting the number of ENDS puffs per day
on the daily diaries and (2) to charge their device at night to reset the
puff counter each day.

E-liquid was tobacco flavored (Classic Tobacco, American
E-liquid) and contained 18 mg nicotine/ml, a moderate level of nico-
tine, which delivers nicotine levels comparable to combustible cig-
arettes in ENDS naive smokers using this same device.” Three PG/
VG ratios were used: 70/30, 50/50, and 0/100. These ratios were
chosen to span the range of PG/VG ratios that are common among
commercially available e-liquids. These ratios refer to the commer-
cially advertised ratio of the base e-liquid, prior to adding flavoring
and nicotine. The final ratios reported as net weight percentage are
as follows: 70.8/22.8, 56.8/36.9, and 24.8/69.2, respectively (pri-
vate communication, American E-liquids). Percentages do not add
to 100 because remainder consists of nicotine and flavoring con-
stituents. To confirm the nicotine concentration and PG/VG ratios
of the e-liquids, samples were independently analyzed using gas
chromatography with mass spectrometry by NicoTar lab (Roswell
Park Cancer Institute, PI: Goniewicz). Results of these analyses were
within 10% of expected values. PG/VG ratio was blinded from par-
ticipant and staff members who conducted experimental sessions.
Cartomizers were loaded with 1 ml of e-liquid by staff with no par-
ticipant contact prior to being distributed to participants.

Measures

Subjective Effects

After sampling each product, participants completed the Product
Evaluation Scale,' a modified version of the Cigarette Evaluation
Questionnaire,'” which asks participants to rate each product’s sub-
jective effects on a 1-7 Likert scale from “not at all” to “extremely.”
Questions were modified for ENDS. Five subscales were created:
Satisfaction, Psychological Reward, Craving Relief, Enjoyment of
Respiratory Tract Sensations, and Aversion.!” Two additional ques-
tions were added that asked participants how strong the throat hit
was and how much vapor (smoke) the e-cigarette (cigarette) pro-
duced, based on the hypothesis that PG/VG ratio would affect these
sensory effects specifically.

Reinforcement Value

To assess the impact of PG/VG ratio on reinforcement value, parti-
cipants completed a preference task at Visit 2 in which they chose
between the three e-liquids across a series of trials. Discrete-choice
trials and preference tasks are common assessments of reinforcement
value in drug self-administration laboratory research.'®” During
each trial, participants could choose between taking two puffs of any
one e-liquid or abstaining from all e-liquids. Each trial lasted two
minutes, and participants completed 135 trials. The primary outcome
was the e-liquid preferred most often, both ignoring and including
trials in which participants chose to abstain.

Any benefits to public health from ENDS use are likely to come
from a reduction in the rate and prevalence of cigarette smoking.’
Thus, it is important to understand the impact of ENDS characteris-
tics on the relative reinforcement of cigarettes. To assess the impact
of PG/VG ratio on the relative reinforcement value of cigarettes, par-
ticipants also completed a modified version of the Cigarette Purchase
Task? after sampling each e-liquid. In this version, participants were
asked to estimate how many cigarettes they would smoke at a variety
of prices (FREE, $0.02, $0.05, $0.10, $0.20, $0.30, $0.40, $0.50,
$0.60, $0.70, $0.80, $0.90, $1.00, $2.00, $3.00, $4.00, $5.00). After

sampling their usual brand cigarette, participants were told to com-
plete the task after imagining that their usual brand was the only
nicotine or tobacco product available. After sampling each e-liquid,
participants were told to complete the task after imagining that they
also had access to the e-liquid they just sampled. This modification
assessed the impact of each e-liquid on demand for usual brand cig-
arette smoking. Five demand parameters were of interest: (1) inten-
sity, the number of cigarettes participants said they would smoke
if cigarettes were free, (2) breakpoint, the lowest price to suppress

cigarette consumption to zero, (3) O the maximum amount of

money participants report they would spend on cigarettes in a single
day, (4) P__, the price that produces O__, and (5) a, elasticity of
demand for cigarettes. All outcomes except o were obtained empir-

ically from the data. To calculate o, each person’s responses were fit

max®

to an exponential function: Q = Q, x 10%-*% 12! in which O was
cigarettes smoked per day at each cost (C), Q, was the estimated
number of cigarettes smoked per day when cigarettes were free, k is a
constant set to the logarithmic range of the dependent variable, and
o is estimated elasticity of demand.

Changes in Cigarette Smoking and Uptake of ENDS

Each day, participants completed an electronic diary about their to-
bacco use the previous day. Outcomes included the number of cig-
arettes smoked each day during the baseline week and during the
ENDS sampling week, and the average number of ENDS puffs taken
during the sampling week. The number of ENDS puffs was chosen
as the outcome of interest rather than puffing episodes because the
ENDS puff counter could be used by participants to increase ac-
curacy. Participants provided a CO sample at each visit.

Statistical Analysis

For questionnaires completed after sampling each product (the five
Product Evaluation Scale subscales, two items assessing throat hit
and vapor production, demand parameters), a repeated-measures
analysis of variance (ANOVA) was used. First, to test the impact of
e-liquids compared with usual brand, a repeated-measures ANOVA
was conducted with all four products (e-liquids and usual brand),
and in the case of significant omnibus tests, follow-up #-tests com-
pared each PG/VG ratio with usual brand. No adjustment was made
for multiple comparisons because they were only conducted in the
case of a significant omnibus test. Second, to test the impact of PG/
VG ratio between e-liquids, a repeated-measures ANOVA was con-
ducted with only the three e-liquids, and in the case of a significant
omnibus test, follow-up #-test compared each of the three PG/VG
ratios to each other. Thus, the PG/VG ratios were only compared
with each other using pairwise tests when there was a significant
omnibus test that included only the three e-liquids.

For the preference test, a chi-square goodness-of-fit test was
used to assess whether there were differences between the propor-
tion of participants that preferred each of the three e-liquids, con-
ducted twice: both ignoring and including the option to abstain. For
both tests, participants who preferred more than one option (i.e.,
ties) were excluded, but sensitivity tests were conducted in which
those participants were divided equally between their highest chosen
categories, and results were consistent with those reported here.

To test the impact of ENDS sampling and PG/VG ratio on cigar-
ette smoking, a 2 x 3 mixed ANOVA model was conducted testing
the impact of sampling (average cigarettes per day [CPD] during
baseline week, average CPD during sampling week) and PG/VG
ratio (70/30, 50/50, 0/100). A one-way between-subject ANOVA
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also tested whether there were differences in average number of
ENDS puffs per day.

Results

Participant Demographics

Thirty-one participants were eligible and consented. One partici-
pant withdrew for personal reasons prior to the sampling visit
and randomization, and thus the final analyzed sample consists
of 30 participants. Participants were mostly white (80% white,
10% black, 10% another race; 13% identify as Hispanic), 70%
male, with an average age of 43.7 (SD = 12.4). Participants self-
reported an average of 18.5 CPD at baseline (SD = 7.3), and the
average FTND score was 5.4 (SD = 1.7). Participants had used an
e-cigarette an average of 1.6 times in their life, and no one reported
use in the last 30 days.

Subjective Effects
In general, e-liquids were rated as having less satisfying subjective ef-
fects than participants’ usual brand of cigarettes. As shown in Figure
1, PG/VG ratio had very little impact on subjective ratings. In the
omnibus test that included usual brand and all three e-liquids, there
was a significant effect of product on the Satisfaction, Psychological
Reward, Craving Relief, and Enjoyment of Respiratory Tract
Sensations subscales (Fs(3,87) = 16.8; 25.2; 8.3; 7.6, ps < .01). In
follow-up tests for these scales, all e-liquids were rated lower than
participants’ usual brand cigarette (ps < .01). There was no signifi-
cant effect on the aversion subscale (p > .05). In the omnibus test
that only included the three e-liquids, there was no significant effect
of product on any of the five subscales (Satisfaction, Psychological
Reward, Craving Relief, Enjoyment of Respiratory Tract Sensations,
Aversion: Fs(2,58) = 1.5; 2.6; 0.1, 1.2; 0.6; ps > .05).

When usual brand and all three e-liquids were included in the
omnibus test, there was a significant effect of product on the single
item assessing “throat hit” (F(3,84) = 2.7, p < .05). However, this

effect was not driven by differences between usual brand and the
e-liquids (pairwise #-test, ps > .05). When only the three e-liquids
were included, the significant effect of product on “throat hit” per-
sisted (F(2,56) = 3.5, p < .05). In follow-up tests comparing the PG/
VG ratios to each other, the 70/30 PG/VG ratio was rated as having
significantly better “throat hit” than both the 50/50 and the 0/100
PG/VG ratios (ps < .05), but the 50/50 and the 0/100 were not rated
as significantly different from each other (p > .05). When usual
brand and all three e-liquids were included in the omnibus test, there
was a significant main effect of product type on vapor/smoke pro-
duction (F(3,84) = 6.0, p < .01), and all three e-liquids were rated
as providing less pleasing vapor/smoke production than the usual
brand cigarette (ps < .01). When only the three e-liquids were in-
cluded, there was no significant main effect of product type on vapor
production (p > .05).

Cigarette and ENDS Reinforcement Value

As shown in Figures 2, A and B, e-liquid reinforcement value as
measured using a preference task was unaffected by PG/VG ratio.
Average number of choices for the 70/30, 50/50, 0/100, and ab-
staining options was 2.9, 2.7, 4.2, and 5.3 choices. When partici-
pants were categorized into their most preferred e-liquid (ignoring
the option to abstain), there was no significant difference between
the distribution of participants’ preferred options (p > .05). When
the choice to abstain was included as an option, there were signifi-
cant differences between the distribution of participants’ preferred
options (p < .05), indicating that the most popular option was the
choice to abstain.

Demand for usual brand cigarettes, as measured using a modified
version of the Cigarette Purchase Task, was unaffected by having ac-
cess to e-liquid or by PG/VG ratio. There were no significant differ-
P
a; ps > .05) for either the omnibus test that included all four product
conditions (F(3,87) = intensity: 2.7; O__: 1.0; P : 0.8; breakpoint:

max”

0.5; a: 2.4; ps > .05) or the omnibus test that only included the three
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Figure 1. The impact of product and propylene glycol (PG)/vegetable glycerin (VG) ratio on subjective effects. Average product ratings on five subscales, throat
hit, and vapor production after sampling each product. Significant pairwise difference from usual brand indicated by “*" Significant difference from two other

PG/VG ratios indicated by “+”
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Cigarette Smoking and ENDS Uptake

There was a significant reduction in average CPD between weeks for
all groups (F(1,25) =12.2,p < .01), but there was no main effect of PG/
VG ratio nor interaction between e-liquid assignment and week (ps >
.05) (Figure 3). CPD reduced 23%, 17%, and 12% in the 70/30, 50/50,
and 0/100 groups, respectively. Similarly, there was a significant reduc-
tion in average CO between Visit 2 (end of baseline period) and Visit
3 (end of sampling) (F(1, 25) = 8.5, p < .01), but there was no main
effect of PG/VG ratio nor interaction between PG/VG ratio and sam-
pling week (ps >.05). CO decreased 20%, 18 %, and 22% in the 70/30,
50/50, and 0/100 groups, respectively. The average number of ENDS
puffs taken per day during the sampling week was not affected by PG/
VG ratio: 67.0 in the 70/30 group (SD = 55.6), 68.8 in the 50/50 group
(SD =25.5),and 63.1 in the 0/100 group (SD = 60.9) (ns, p > .05).
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Discussion

This study investigated the impact of ENDS e-liquid PG/VG ratio
on subjective effects, reinforcement value, and tobacco use patterns
in current smokers without a significant history of prior ENDS use.
PG/VG ratio had minimal impact on any of the tested outcomes.
Participants rated all e-liquids as less satisfying than their usual brand
of cigarettes, but there were no differences between PG/VG ratios on
any of the product evaluation subscales. The only exception was that
participants rated the highest PG concentration (70/30) as having
a stronger “throat hit” compared with the other PG/VG ratios we
tested. This is consistent with online materials citing PG as contrib-

uting to a satisfying throat hit*?

as well as the one prior report pub-
lished on PG/VG ratio.”® A relatively equal number of participants
preferred each of the e-liquids during the preference assessment, and
approximately 20% of participants preferred at least two of the
options equally. Use of an e-liquid at home reduced self-reported

CPD and CO across groups consistent with other studies, but these

16
14
12

10

70/30 50/50 0/100 Abstain

Figure 2. Impact of propylene glycol (PG)/vegetable glycerin (VG) ratio on e-liquid preference. Number of participants preferring each of the available options
during preference task when excluding (A) and including (B) the option to abstain.Ties are excluded (A = 4; B = 6).
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Figure 3. The impact of e-liquid sampling and propylene glycol (PG)/vegetable glycerin (VG) ratio on cigarette smoking behavior. Average cigarettes smoked per
day in each of the PG/VG ratio e-liquid groups during baseline naturalistic week (Days 1-8) and electronic nicotine delivery system (ENDS) sampling (Days 9-15).
For participants who had more than 8 days included in baseline or 7 days included in the sampling week, additional days are not shown. Participants received

the ENDS during their sampling visit on Day 9.
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results were consistent across the assigned PG/VG ratios. Taken
together, these data suggest that PG/VG ratios in this range have
minimal impact on ratings of subjective effects and reinforcement
value of e-liquids and little effect on cigarette use patterns, although
we would acknowledge that a larger study is probably needed to re-
liably assess the impact on smoking behaviors.

Our findings are in agreement with the one published report
investigating the impact of PG/VG ratio in experienced ENDS users, in
which increased PG concentrations increased perceived “throat hit,”
and the highest PG concentration (100/0) was rated as more aversive
than other ratios, but within the range investigated in this study, sat-
isfaction was generally similar across ratios.'® This prior study also
found that increasing the PG concentration of e-liquid increased nico-
tine delivery, which contribute to the stronger throat hit delivered at
these concentrations. Very high PG concentrations are not commonly
available commercially, which may be reflective of aversive subjective
effects produced by strong throat hits for high PG concentrations.

Our findings also raise questions about the validity of informa-
tion provided by commercial e-liquid vendors and by many vaping
blogs, which seem to suggest that PG/VG ratios are an important
determinant of subjective effects and user preference.?? For example,
there is a common perception that increased VG ratios produce a
larger vape cloud, but in the present study, participants did not rate
the cloud production of the PG/VG ratios differently. Taken together,
the published research suggests PG/VG ratio has relatively little im-
pact on subjective ratings of e-liquids, despite what vendors and in-
dividuals in the vape community have asserted.

This study has several limitations. First, although these data sug-
gest that PG/VG ratio has little impact with this device and e-liquid,
other characteristics may moderate the impact of PG/VG ratio. The
device utilized here was a pen-style ego device, highly popular at
one time, but now relatively obscure. PG/VG ratio may be a more
important characteristic in more modern devices (e.g., pod-mods) or
for other flavors, other nicotine concentrations, other device watt-
ages, etc. Second, the study utilized current smokers with minimal
ENDS experience, and there was no requirement that participants
be interested in switching to e-cigarettes or quitting smoking. PG/
VG ratio may be a more important characteristic after extended use,
or when using e-cigarettes exclusively. For example, extended ex-
perience with vaping may produce a different vaping topography
that increases the impact of PG/VG ratio on cloud production. The
impact of PG/VG ratio on tobacco use may have also been exag-
gerated if participants had been encouraged or required to abstain
from smoking. However, the prior lab study investigating the impact
of PG/VG ratio utilized a population of experienced ENDS users
and also found that within the range tested here, PG/VG ratio did
not affect subjective effects.” Third, the most popular choice during
the preference assessment was abstaining from using, which may be
a reflection of task parameters (e.g., too many trials, no overnight
abstinence required, short intertrial interval, limited sampling ex-
perience with each product). However, when all e-liquid options are
combined, participants chose to use an e-liquid on more trials than
they chose to abstain (9.8 trials vs. 5.2 trials). Future studies may
consider adjusting the task parameters to encourage use during the
preference assessment. Fourth, the results from the at-home sam-
pling period must be thought of as exploratory. This portion of the
experiment utilized a between-subject design and a small sample size
per group (7 = 10 per group). The sampling week was also only 1
week long, which may not be long enough to allow differences be-
tween PG/VG ratios to emerge, especially in naive users. Finally, the

present study did not measure nicotine delivery or blood nicotine
levels. Given the importance of nicotine delivery on reinforcement
and tobacco use, a direct measure of nicotine delivery would have
strengthened the design of the study.

The FDA has the authority to set product standards for tobacco
products, including ENDS, if appropriate for the protection of public
health. The FDA could consider regulating ENDS product character-
istics in a way that would encourage switching from cigarettes to
ENDS among adult current smokers. However, the data from this
trial suggest that regulation surrounding PG/VG ratio is unlikely to
be necessary, given that this characteristic does not affect reinforce-
ment value, at least under these conditions in this population. Future
studies may investigate the impact of PG/VG ratio in a larger popula-
tion with more varied ENDS experience and with a variety of ENDS
and e-liquid characteristics.
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