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Abstract

Background: Greater nicotine delivery is associated with higher nicotine
concentrations in electronic nicotine delivery system (ENDS) liquids. However, there
is a current debate as to whether this leads to increased dependence and mitigates
ENDS public health potential.

Methods: Self-reported dependence among users of myblu ENDS containing
different nicotine concentrations was examined with data from a multiwave
cross-sectional survey of US young adults and adults. Questions examined responses
related to dependence measures and participants' most often used myblu ENDS
nicotine concentration (low: 0%, 1% and 1.2%; medium: 2%, 2.4% and 2.5%; or high:
3.6% and 4%).

Results: A global general linear model using nicotine concentration, age and days
myblu that was used in the past 30 revealed a significant difference in PROMIS
scores among nicotine concentration groups (F = 4.07, p = 0.02). However, pairwise
comparisons to examine which specific groups differed significantly from others
showed no significant differences. Logistic regression demonstrated that strong past
30-day cravings to use myblu among participants using high or medium nicotine con-
centrations were not significantly different from those using a low concentration
(ORs 0.66 [0.42, 1.03], p = 0.07 and 0.95 [0.49, 1.82], p = 0.98, respectively). Time
to daily first use for high or medium nicotine concentration users was not signifi-
cantly different from those using a low concentration (ORs 0.89 [0.70, 1.14],
p = 0.35 and 0.84 [0.57, 1.25], p = 0.40, respectively).

Conclusions: Use of myblu ENDS with different nicotine concentrations is not associ-
ated with differing levels of dependence. Our findings contradict the notion that high

ENDS e-liquid nicotine levels generate increased dependence.
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1 | INTRODUCTION
Smoking combustible cigarettes is a cause of serious disease in
smokers including lung cancer, heart disease and emphysema.!
Smoking is reported to directly cause more than 7 million deaths per
year globally,? and in the United States of America (USA) almost
500,000 annual deaths can be attributed to cigarette smoking.®> While
quitting smoking greatly reduces disease risk* and despite large num-
bers of adult smokers wanting to stop smoking,* less than 10% of
adult smokers actually stop smoking each year. In those adult
smokers who are uninterested or unwilling to quit smoking and who
would otherwise continue to smoke cigarettes, a number of public
health bodies such as Public Health England, the UK Royal College of
Physicians, the New Zealand Ministry of Health and Health Canada
have proposed that reduced exposure products such as electronic nic-
otine delivery systems (ENDS) may provide a less harmful alternative
to cigarette smoking and therefore support tobacco harm reduction
efforts.>™® It is important, however, to consider how tobacco harm
reduction at a population level may be achieved. Only if the potential
reduction in product use risk is coupled with uptake by sufficient
populations of current adult smokers who would otherwise continue
to smoke, and minimal uptake by nicotine-naive users and unintended
groups like youth, can population harm reduction be maximised.
While not unequivocal, data from interventional studies have
shown ENDS to be effective in supporting smoking cessation’ 13
although some data suggest only certain circumstances (e.g., daily and
nonintermittent use) under which ENDS use is effective in supporting
cessation.'~1 Observational data also support a link between ENDS
use and quitting smoking.2**¢~2! Furthermore, reductions in smoking
prevalence supported by exclusive ENDS use may translate into large
improvements in population health by reducing smoking-related mor-
tality.?222 It has been proposed that ENDS that have nicotine pharma-
cokinetic characteristics closer to combustible cigarettes are likely to
be more effective in helping adult smokers transition away from ciga-
rette smoking,?* potentially due to cigarette-like nicotine delivery as
well as comparable behavioural and sensorial effects. Similar effects
have been reported for other nicotine products, with improved nico-
tine delivery profiles associated with better smoking cessation sup-
port and relapse prevention.?>2¢ However, greater nicotine delivery
and more cigarette-like pharmacokinetics are often associated with
higher concentrations of nicotine in ENDS liquids.?*?”~3? This has led
to the suggestion that higher e-liquid nicotine levels can lead to
increased dependence on ENDS,*?%2 which may mitigate their public
health potential. One recent study assessed dependence as a function
of estimated aerosol nicotine yield, finding a difference in dependence
between low and high extremes. However, when assessed as a func-
tion of nicotine content, no differences in dependence were

d.33

observe Aside from this study, there is no information in the

literature to determine whether users of higher e-liquid concentra-
tions of nicotine are more dependent on ENDS use.

blu ENDS, including myblu, are marketed in the United States and
elsewhere as an alternative to smoking cigarettes for current adult
smokers. myblu ENDS are commercially available in the United States
in two forms (myblu and myblu Intense), both of which contain differ-
ent levels of nicotine either in its ‘freebase’ form (myblu) at concen-
trations between 1% and 2.4% or in the form of a nicotine lactate salt

O with concentrations between 2.4% and 4% (myblu

formulation,®
Intense). While other studies have assessed dependence for a broad
range of ENDS device types, this is a potential limitation since differ-
ent device features and e-liquid compositions give rise to different
yields of nicotine in the aerosol even when they contain the same nic-

otine concentration®4-¢

and therefore provide different nicotine
delivery to users. Thus, the availability of a wide range of nicotine
concentrations in myblu ENDS presents the potential to assess, inde-
pendently of device type, whether users of higher ENDS nicotine con-
centrations are any more dependent than users of lower nicotine
concentrations, and to specifically address the question of whether
the use of higher concentrations of nicotine in ENDS is associated
with greater self-reported dependence. To meet this need, we have
assessed data from three waves of a cross-sectional survey in the
United States to examine dependence using several validated self-
report measures in current users of myblu ENDS with a range of dif-
ferent nicotine concentrations. Data from young adults are assessed
separately from adults due to the current greater regulatory concern
regarding young adult ENDS use.

2 | METHODS

21 | Recruitment and participants

Data were analysed from three waves of a cross-sectional survey
assessing perceptions of the risks, addictiveness and appeal of ciga-
rettes and ENDS, including myblu, in a nonprobabilistic nationally rep-
resentative sample of the United States population. Eligible
individuals were young adults (aged 18-24 in Waves 1 and 2 and aged
21-24 in Wave 3) and adults (aged 25 + in all waves) who were
enrolled members of an online research panel maintained by Qualtrics,
LLC (Provo, UT, USA). Data in this three-wave survey were collected
during a period of approximately 4-8 weeks beginning in August
2019, March 2020 and October 2020. Prior to survey conduct and to
assure national representation of collected data, quotas were set
based on census information for age, sex, education level and region.
In each wave of the survey, the overall sample size was set at 2500
young adults and 2500 adults. The survey and all associated docu-

mentation were reviewed and approved by the Advarra Institutional



FEARON ET AL.

WILEY_L_*

(IRB; Columbia, MD, USA; Study Number
Pro00037947). An invitation email to take part in the survey was sent

Review Board

to potentially eligible participants. Prior to entering the survey, all par-
ticipants were required to read an on-screen informed consent form
and provide electronic consent to participate. Surveys took approxi-
mately 25 min to complete, and participants received an IRB-
approved financial incentive following survey completion.

Only individuals who at the time of fieldwork were of legal age to
purchase tobacco products were allowed to participate. Participants
may have been never-smokers or never-ENDS users to take part in
the survey; however, only those who had seen or heard of ENDS in
general, and of blu or myblu ENDS specifically, were allowed to partic-
ipate. This measure ensured that survey participation did not raise

awareness of these products.

2.2 | Survey procedures

Participants who clicked on the link provided in the invitation email
were routed to an informed consent form. Individuals who satisfied
eligibility criteria, including the age requirement, and gave informed
consent to participate began the survey. Efforts were made to ensure
that participants did not participate in multiple waves of the survey;
however, a small number of participants (138; <1% of the total survey
population) completed surveys in two different waves. Data from
these participants were not excluded from the analyses.

Based on survey logic, participants were routed to applicable
questions based on responses to previous questions. The survey
instrument was designed such that all respondents to a question
would be asked the next question unless there were specific instruc-
tions routing a subgroup of respondents to a different question. For
example, only participants who reported being current or ever
smokers were asked about their experiences of smoking cigarettes.
Participants answered survey questions at their own pace. If a partici-
pant did not complete the survey, all data provided up to the point of
exit from the survey were deleted.

2.3 | Data quality checks

Manual and automated checks were implemented by Qualtrics to
ensure participants who gave low quality or invalid responses were
excluded from the perceptions survey dataset. Checks were con-
ducted for straight-lining, geolocation, inattentiveness, speeding,
duplicates and bots and were performed independently of the study

investigators by Qualtrics.

24 | Survey measures

241 | Demographics

Questions assessed age, sex, region of residence, race and ethnicity.

2.4.2 | Current myblu ENDS use

As stated previously, all survey participants were aware of myblu
ENDS prior to taking part in the survey. To determine whether
survey participants were current (past 30-day) myblu ENDS users,
participants who had indicated prior ENDS use were asked,
“Have you ever used a myblu e-cigarette, even once or twice?” If
“Yes,” participants were asked, “When was the last time you used a
myblu e-cigarette, even one or two puffs?” Participants selected
one of seven options, with three options (“Earlier today”,
“Not today but sometime during the past 7 days” and “Not during
the past 7 days but sometime during the past 30 days”) indicating
past 30-day myblu use.

2.4.3 | Nicotine concentration of myblu ENDS
Participants were asked to indicate the single myblu ENDS
nicotine concentration they used most often in the past 30 days
and selected from eight options (0%, 1%, 1.2%, 2%, 2.4%, 2.5%,
3.6% or 4%). These represented all myblu ENDS nicotine
concentrations (across both nicotine freebase and nicotine lactate
formulations) available at the time of survey conduct. Survey
logic prevented participants from selecting illogical responses for
myblu product type/flavour/nicotine concentrations that did not
exist.

244 | Dependence on myblu ENDS

Participants were asked four sequential statements that were modi-
fied from the PROMIS Short Form v1.0 Nicotine Dependence Item
Banks for Daily and Nondaily Smokers in which smoking-related lan-
guage was replaced by language relevant to myblu ENDS use®”~37
and which were similar to those in the E-cigarette Dependence
Scale.®® The statements were (1) “l find myself reaching for my
myblu e-cigarette without thinking about it”, (2) “I drop everything to
go out and buy a new myblu e-cigarette or more Liquidpods”,
(3) “I vape my myblu e-cigarette more before going into a situation
where vaping is not allowed” and (4) “When | haven't been able to
vape my myblu e-cigarette for a few hours, the craving gets intolera-
ble.” For each statement, participants indicated that they “Never,”
“Rarely,” “Sometimes,” “Often” or “Almost always” took these
actions. In addition, participants were asked, “During the past
30 days, have you had a strong craving or felt like you really needed
to vape your myblu e-cigarette?”*° with response options of “Yes” or
“No”. Further, time to first daily use of myblu was assessed using a
question modified from the Fagerstrém Test for Cigarette Depen-

4142 \which was “How soon after you wake up do you want to

dence,
vape your myblu e-cigarette?”. Response options were “Within
5 minutes”, “From 6 to 30 minutes”, “From more than 30 minutes to
1 hour”, “After more than 1 hour but less than 24 hours” or “I rarely

want to use a myblu e-cigarette”.
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2.5 | Data analysis

This analysis utilised combined datasets from Waves 1, 2 and 3 of
a cross-sectional survey. Only participants who were asked the
dependence and nicotine concentration questions, per the survey
logic outlined above, were included in the analysis. Data collected
were weighted based on age, sex, education level, region, race and
smoking status. Young adult and adult datasets were weighted
independently. Weighting procedures were carried out by Strop
Insights (Dallas, TX, USA) using a Random Iterative Method (raking)
weighting procedure®® implemented with WinCross software
(The Analytical Group, Inc., Scottsdale, AZ, USA). Analyses were
performed with myblu ENDS categorised as low (0%, 1% and
1.2%), medium (2%, 2.4% and 2.5%) or high (3.6% and 4%)
concentration.

For the modified PROMIS Daily and Nondaily Smokers Short
Form 4a Item Bank questions used to assess dependence, each of
the four questions had five response options, with scoring ranging
from O to 4 for each item. Total PROMIS scores were created by
summing the item scores, with higher scores indicating greater
dependence. The time to first use of a myblu ENDS question was
scored on a scale of O to 4 with higher numbers indicating greater
dependence. These scoring approaches allowed us to test the
ordered nature of the response options and dependence. Responses
to the question regarding a strong craving to vape myblu ENDS
were analysed as yes/no responses by encoding as O for no and

1 for yes.
TABLE 1  Participant demographics
Variable Response
Age N; mean [SEM]
Sex Male
Female
Transgender
Region Northeast
South
Midwest
West

Hispanic, Latino/Latina, or Spanish origin?

Mexican, Mexican American, or Chicano

Puerto Rican
Cuban

Multiple Hispanic ethnicities

Race White

Black or African American

American Indian or Alaska Native

Asian

Multiracial

Not of Hispanic, Latino/Latina, or Spanish origin

Analysis of total PROMIS scores was also broken down using a
subpopulation of sole myblu users. This group was defined as having
used myblu ENDS in the past 30 days and reporting not having
smoked in the past 30 days. Current smoking was assessed from the
question “When was the last time you smoked a cigarette, even one
or two puffs?”

Statistical analyses were performed on weighted data, and
descriptive tables contain raw sample sizes and weighted means,
weighted standard error of the mean (SEM) and weighted percent-
ages. Survey-weighted general linear models (GLM) were used to test
the relationship of nicotine concentration with the continuous depen-
dent variable of total modified PROMIS scores, taking into account
the effect of age group (adults compared with young adults) and con-
sumption (number of days myblu was used in the past 30 days) as cov-
ariates. When a significant effect of nicotine concentration was
observed, pairwise multiple comparison tests (post hoc tests based on
Tukey's Honest Significant Difference test) were performed to exam-
ine which specific nicotine concentration groups differed significantly
from one another.

In addition, survey-weighted logistic regression models were used
to test hypotheses of the relationship of nicotine concentration and
presence of past 30-day strong cravings, taking into account the effect
of age group (adults compared with young adults) and consumption
(number of days on which myblu was used in the past 30 days).
P values for these models were obtained from Wald tests. Statistical
significance was determined with p < 0.05. All analyses were conducted
using R (version 3.6.2) with the ‘survey’ package (version 3.37).

N (weighted %) N (weighted %)
Young adults Adults
553;21.9 [0.07] 830; 39.3 [0.37]
325 (64.5) 573 (66.0)
220 (34.0) 251 (33.1)
8(1.5) 6(0.9)
91(19.5) 205 (24.5)
242 (40.1) 298 (37.7)
120(20.2) 137 (16.7)
100 (20.1) 190 (21.0)
388 (70.6) 705 (83.2)
79 (13.9) 71(9.5)
40 (7.0) 19 (2.8)
12(2.8) 12 (1.6)
34 (5.8) 23(2.9)
329 (72.2) 680 (74.4)
128 (15.8) 80(16.7)
0(1.2) 3(1.0)
0 (5.2) 28 (5.6)
6(5. 29 (2.

5) 4)

Note: Data are shown for those participants who reported past 30-day myblu use and are included in analyses. Abbreviation: SEM, standard error of the

mean.
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3 | RESULTS

3.1 | Demographics

Past 30-day myblu use was reported by 553 young adults (7.1% of
the young adult survey population) and 830 adults (8.6% of the adult
survey population). Participant demographics for these 1383 past
30-day myblu users whose data were analysed in this study are pre-
sented in Table 1. Of the 553 young adult past 30-day myblu users,
the average age was approximately 22 years and 64.5% were male.

For the adults, average age was approximately 39 years and 66% of

participants were male. In both age cohorts, participants were pre-

dominantly white.

3.2 | myblu ENDS users by nicotine concentration

Table 2 presents the number of young adult and adult myblu ENDS
users by their most commonly used nicotine concentration, with
myblu nicotine concentrations categorised as low (<2.0%), medium
(22.0% and <2.5%) and high (>2.5%). myblu users were spread among

the nicotine concentrations, and patterns were similar between the

TABLE 2 myblu nicotine concentrations used by age group and myblu use status

All myblu users

Sole myblu users

Young adult
N (weighted %)
Low nicotine concentration 0% 19 (4.8)
1% 12 (2.1)
1.2% 182(33.4)
Total 213 (40.3)
Medium nicotine concentration 2% 80 (13.3)
2.4% 145 (25.3)
2.5% 49 (8.6)
Total 274 (47.2)
High nicotine concentration 3.6% 34 (6.8)
4% 32(5.7)
Total 66 (12.5)

Adult Young adult Adult
N (weighted %) N (weighted %) N (weighted %)
7 (1.5) 4(3.5) 2(2.0)

11 (1.6) 2(1.0) 3(2.9)

248 (30.3) 58 (34.9) 27 (27.7)

266 (33.4) 64 (39.4) 32(32.7)
91(13.2) 21(13.0) 12 (12.5)

290 (31.0) 31(22.7) 32 (34.8)
90 (10.6) 8(4.9) 7 (6.4)

471 (54.9) 60 (40.6) 51 (53.6)
71(8.8) 13(9.0) 9 (10.6)
22(2.9) 14 (11.0) 3(3.1)
93(11.8) 27 (20.0) 12 (13.7)

Note: Data are shown both for all myblu users and for sole myblu users (i.e., those participants who reported current myblu use but not current cigarette

smoking).

TABLE 3

Young adult

Modified PROMIS dependence scores for young adults (18-24 years old) and adults (254 years old) by nicotine concentration

Adult

All myblu users

Sole myblu users

All myblu users Sole myblu users

N Mean SEM

Low nicotine concentration 0% 19 6.25 0.91
1% 12 5.81 0.98

1.2% 182 7.36 0.27

Total 213 7.15 0.25

Medium nicotine concentration 2% 80 7.08 0.40
2.4% 145 7.74 0.35

2.5% 49 8.98 0.56

Total 274 7.78 0.24

High nicotine concentration 3.6% 34 7.35 0.73
4% 32 8.53 0.77

Total 66  7.89 0.53

N
4

58
64
21
31

8
60
13
14
27

Mean SEM N Mean SEM N Mean SEM
8.22 1.75 7 6.00 1.90 2 6.32 2.50
3.00 0.00 11 7.26 1.94 3 1.49 1.15
6.45 0.39 248  8.70 0.26 27 783 0.78
6.51 0.38 266 851 0.26 32 717 0.73
7.23 0.64 91 8.47 0.51 12 9.00 1.06
6.12 0.79 290 8.90 0.26 32 813 0.69
8.79 1.29 90  9.40 0.43 7 892 1.32
6.80 0.49 471 8.89 0.20 51 8.43 0.52
5.99 1.26 71 9.21 0.52 9 9.04 1.74
7.89 1.48 22 9.15 0.8 3 7.39 1.53
7.04 0.97 93  9.20 0.44 12 8.66 1.34

Note: Data are shown for all myblu users and sole myblu users (i.e., those participants who reported current myblu use but not current cigarette smoking).

Abbreviation: SEM, standard error of the mean.
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age cohorts; both young adult and adult myblu users predominantly
reported using low or medium nicotine concentration (X2 (1) = 0.11,
p = 0.74). Similar patterns of nicotine concentration use were
observed for sole myblu users (i.e., those participants who reported
current myblu use but not current cigarette smoking), with both young
adult and adult myblu users predominantly reporting using a low or
medium nicotine concentration (X2 (1) = 0.84, p = 0.36).

33 |
scores

Modified PROMIS dependence item bank

Summed modified PROMIS dependence bank item scores for an anal-

ysis in which myblu nicotine concentrations were categorised as low,

medium and high are presented in Table 3, while Figure 1 presents
data for the total modified PROMIS scores according to nicotine con-
centration, age group and number of days myblu was used in the past
30 days. A GLM revealed a significant effect on PROMIS scores of
nicotine concentration groups (F = 4.07, p = 0.02), age groups (adults
had higher total PROMIS scores compared with young adults;
F = 20.01, p < 0.001) and days myblu used in the past 30 days (more
frequent use was associated with greater total modified PROMIS
scores; F = 30.93, p < 0.0001).

Because a global effect was observed, pairwise multiple compari-
son tests (post hoc tests based on Tukey's Honest Significant Differ-
ence test) were performed to examine which specific groups differed
significantly from others. The multiple pairwise comparisons showed
no differences; all p values were > 0.05 between nicotine
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FIGURE 1

Modified PROMIS item bank scores. Data are grouped according to nicotine concentration (a), age group (b) and number of days

myblu was used in the past 30 days (c). In (a), myblu nicotine concentrations were categorised as low (<2.0%), medium (22.0% and <2.5%) and
high (>2.5%). *, p < 0.05; **, p < 0.005; ***, p < 0.0005. For clarity, in panel c, asterisks only denote significant differences between two successive
groups; for a full breakdown of between-group differences, see supporting information Table S1
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concentration groups (low, medium and high). Average PROMIS
scores were significantly higher for participants who had used myblu
ENDS on more than 6 days in the past 30 days compared with 3 to
5 days, and participants who had used myblu ENDS on 3 to 5 days
had higher average PROMIS scores than those who had used myblu
ENDS on 1 to 2 days (multiple comparison test based on Tukey con-
trast; z = 3.682, p = 0.003).

In a second analysis step, similar evaluations were performed
after separating myblu users into two groups: sole users (those who
currently only use myblu) and dual users (those who currently both
use myblu and smoke cigarettes). The GLM performed on sole users'
data revealed no significant relationship among nicotine concentration
groups and total modified PROMIS scores (F = 1.44, p = 0.24). Statis-
tically significant differences in total scores were found for age group
(F = 6.63, p = 0.01) and for number of days on which myblu was used
in the past 30 days (F = 7.87, p < 0.0001). On average, total modified
PROMIS scores were significantly higher for sole myblu use partici-
pants who had used myblu ENDS on more than 6 days in the past
30 compared with 1 to 2 days use in the past 30 days.

The GLM performed on dual users' data revealed statistically sig-
nificant differences in total modified PROMIS scores among the nico-
tine concentration groups (F = 3.11, p = 0.0452), between age groups
(F = 20.66, p < 0.0001) and among the number of days on which
myblu was used in the past 30 days (F = 21.30, p < 0.0001). When
performing the multiple pairwise comparisons on nicotine concentra-
tion groups (low, medium and high), all p values were > 0.05, meaning
that the PROMIS scores were not significantly different between nic-

otine concentration groups.

3.4 | Craving and time to daily first use measures
Craving scores among users of the different myblu ENDS nicotine
concentration groups are presented in Figure 2. The logistic regres-

sion model revealed a global effect in craving scores of nicotine

Medium vs Low

High vs Low

Adults vs Young Adults

3to 5days vs 1 or 2 days

6 to 9 days vs 1 or 2 days

FIGURE 2 Craving scores odds ratios
related to age, nicotine level and days myblu
used in the past 30. Circles represent the odds
ratio (OR) of craving scores, and the bars
represent the confidence interval. If the
confidence interval crosses the dashed line
(OR = 1), then the OR is not statistically
significant

All 30 days vs 1 or 2 days

10 to 19 days vs 1 or 2 days

20 to 29 days vs 1 or 2 days

concentration (F = 4.09, p = 0.02), age group (F = 7.32, p = 0.00689)
and number of days on which myblu was used in the past 30 days
(F = 13.16, p < 0.00001). However, the two-by-two comparison did
not show significant differences between nicotine groups; the craving
scores among participants using low nicotine concentrations were not
significantly different from those using a medium nicotine concentra-
tion (odds ratio [OR] = 0.66, 95% confidence interval [CI] [0.42, 1.03],
p = 0.07) or a high nicotine concentration (OR = 0.95, 95% Cl [0.49,
1.82], p = 0.98). Craving scores were also not significantly different
between young adults and adults (Figure 2; OR = 1.32, 95% Cl [0.94,
1.85], p = 0.103). For some frequencies of use, there were significant
differences in craving scores between those using myblu on 1 or
2 days and those using myblu more frequently (Figure 2).

Data from assessments of time to daily first use of myblu ENDS
are presented in Figure 3. An ordered logistic regression model
revealed no significant effect of the age group factor (OR = 0.84,
p = 0.13) or nicotine concentration group factor on the time to first
daily use of myblu ENDS. Indeed, the time to daily first use of myblu
ENDS for participants using low nicotine concentrations was not sig-
nificantly different from those using a medium nicotine concentration
(OR = 0.89, 95% ClI [0.70, 1.14], p = 0.35) or a high nicotine concen-
tration (OR = 0.84, 95% CI [0.57, 1.25], p = 0.40).

By comparing times to daily first use of myblu ENDS according to
the number of days on which myblu was used in the past 30 days
(Figure 4), our analyses showed that participants who used myblu
every 1 or 2 days were more likely to use myblu within 5 minutes of
waking compared with those who used myblu with different frequen-
cies (X2 (20) = 163.42, p < 0.0001).

4 | DISCUSSION

The primary finding of our survey data analysis is that self-reported
dependence was broadly similar among current myblu ENDS users

who use different nicotine concentration e-liquids in their myblu
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FIGURE 3 Time to daily first use of myblu ENDS among users of low, medium and high nicotine concentrations. Data are presented as
weighted percentages of participants choosing one of the five response options to answer the question, “How soon after you wake up do you
want to vape your myblu e-cigarette?” myblu nicotine concentrations were categorised as low (<2.0%), medium (22.0% and <2.5%) and high
(>2.5%)

1 or 2 days 3to 5 days

| rarely want to vape
a myblu e-cigarette

After more than 1 hour
but less than 24 hours

From more than
30 minutes to 1 hour

From 6 to 30 minutes

Within 5 minutes

0% 10% 20% 30% 0% 10% 20% 30% 40%
6 to 9 days 10 to 19 days
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but less than 24 hours
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All 30 days

| rarely want to vape
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After more than 1 hour
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Within 5 minutes

|
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FIGURE 4 Daily first use of myblu ENDS by myblu days used in the past 30 days. Data are presented as weighted percentages of participants
choosing one of the five response options to answer the question, “How soon after you wake up do you want to vape your myblu e-cigarette?”
and grouped according to their frequency of myblu ENDS use in the past 30 days

ENDS. Although a global GLM showed an interaction between myblu which specific groups differed significantly from others showed no
ENDS nicotine concentration and dependence assessed using modi- significant differences. Other measures of dependence assessed,
fied PROMIS items, pairwise comparisons performed to examine which were craving scores and daily time to first use of myblu ENDS,
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showed no differences between users of high and medium nicotine
concentrations compared with users of low nicotine concentrations.
Overall, our findings suggest that users of higher nicotine concentra-
tions are no more dependent on myblu ENDS than users of lower nic-
otine concentrations. The strength of these findings is supported by
the analysis of data obtained from survey questions from validated
tools to assess dependence. Our findings build on those from a recent
study that assessed similar measures of dependence (the E-cigarette
Dependence Scale, which is comparable to the modified PROMIS
statements used in our study) as a function of various factors, includ-
ing e-liquid nicotine strength.3 In that study, and as found in our ana-
lyses, the use of different e-liquid nicotine concentrations in either
disposable or pod-based ENDS was not associated with increased
levels of dependence.®® Additional strengths of our study were the
assessment of further dependence measures, including strong crav-
ings and time to first daily use of myblu, as well as our use of nation-
ally representative survey samples and examination of a single device
type, which mitigates confounding compared with examining across
different devices and device types.

An aspect of user behaviour that should be taken into account
when considering our findings is the possibility that despite using myblu
ENDS with different nicotine concentrations, users may be adapting
their behaviour and obtaining similar amounts of nicotine regardless of
the level of nicotine in the e-liquid, though, of course, this is not appli-
cable to the myblu 0% nicotine concentration. A recent clinical study
with myblu ENDS has demonstrated that using higher nicotine concen-
trations leads to higher blood nicotine levels,*° although the relation-
ship between e-liquid nicotine concentration and blood nicotine levels
was not linear in this and other studies.2%***¢ Also of note is that in
the aforementioned study,® subjects were instructed to take
10 standardised puffs of a 3-second duration and at 30-second inter-
vals. In the real world, users do not puff in such a standardised manner
and may titrate their behaviour to obtain different amounts of nicotine
from the different nicotine strength myblu ENDS, according to their
unique individual preferences. Thus, for example, users of lower nico-
tine concentration myblu ENDS may increase their puff duration or fre-
guency to obtain greater amounts of nicotine. This phenomenon of
behavioural adaptation has been reported in the literature when ENDS
users switch to using different e-liquid nicotine concentrations.**4748
Furthermore, in a clinical study assessing daily nicotine exposure in
smokers who switched to using JUUL closed-system pod based ENDS
(which are similar to myblu ENDS), depending on the flavour used, daily
nicotine exposure was either similar in users of different (3% and 5%)
e-liquids or different to a much lesser degree than the difference in nic-
otine concentration.*’ Overall, this leads to the possibility that through
adaptation and self-titration, individuals' nicotine intake is not increased
linearly with an increase in e-liquid nicotine concentration, and as such,
this may mitigate any potential for an increase in dependence when
using higher nicotine strength e-liquids.

One finding from this study was a significantly greater level of
dependence, in terms of total modified PROMIS item bank and crav-
ing scores, in adult users compared with young adult users with the

young adults being less dependent. This, however, was not seen with

the time to daily first myblu ENDS use component of our analyses.
Along with the lack of a difference in self-reported dependence in the
young adult users of different nicotine concentrations in our survey
sample, this similarity in time to daily first myblu use potentially allevi-
ates the concern that high nicotine concentration and protonated e-
liquids will increase nicotine dependence in adolescents®? or in the
overall population.®? Furthermore, use of myblu ENDS every 1 or
2 days was reported less in young adults than in adults, which also
supports the finding of lower dependence in young adults although
factors other than dependence, such as opportunities for use and
cost, may influence use patterns. Regarding dependence, a variety of
different factors such as the sensorial impact may contribute and act
as reinforcers for ENDS use, while e-cigarettes do not appear to be as
addictive as combustible tobacco cigarettes.® This may explain why,
in our analyses, e-liquid nicotine concentration alone is not a determi-
nant of dependence.

The results of this study should be interpreted in the context of
some limitations. Firstly, our study only assessed a single closed-
system ENDS product. Although this is a strength of the study
(i.e., examining the impact of nicotine concentration on dependence
independent of device type), the extent to which our findings are gen-
eralisable to other ENDS within the same class of ENDS products, or
ENDS as a whole, is limited. Secondly, the surveys were only con-
ducted in the United States, and as such, findings may not be generali-
sable to every other region and population in which ENDS products
are available. Furthermore, in the United States, ENDS products are
available with nicotine concentrations greater than the 4% maximum
concentration available for myblu ENDS that was assessed in the pre-
sent study. Given some of those higher nicotine concentration e-
liquids are formulated with different nicotine salts, this may modulate
nicotine delivery to differing degrees and thus impact dependence.
Thirdly, we did not assess myblu consumption patterns with any gran-
ularity greater than the number of days used in the past month, pri-
marily due to the potential for self-report error in estimating
parameters such as numbers of pods used per day or number of puffs
taken per day. For cigarettes, at least, a higher number of cigarettes
smoked per day is an indicator of greater dependence, but similar
myblu use factors could not be assessed in our analyses.>* However,
our analyses did include the use of numerous validated measures of
dependence as well as time to first use of myblu, also a strong indica-
tor of dependence,®® which is a strength of our approach. Fourthly,
we did not examine the interaction of myblu e-liquid flavour and nico-
tine strength on dependence levels. While it has been suggested that
flavours may impact ENDS dependence,’? a recent study has demon-
strated that e-liquid flavour did not impact assessments of abuse lia-
bility (i.e., dependence potential).>® Finally, our assessments of

dependence were self reported and not objectively confirmed.

5 | CONCLUSIONS

In conclusion, the results of this study suggest that the use of higher

myblu ENDS nicotine concentration e-liquids was not associated with
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greater self-reported dependence, either in young adult or adult cur-
rent myblu users. In addition, young adults reported lower levels of
dependence compared with older adults. While our findings add to
the ongoing debate regarding factors that contribute to ENDS depen-
dence, further research is necessary to help understand the range of
factors, beyond nicotine concentration, which may be associated with

dependence on ENDS use.
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