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ABSTRACT

Background In February 2020, the US Food and Drug
Administration (FDA) prioritised enforcement efforts
against flavoured prefilled cartridge/pod electronic nicotine
delivery systems (ENDS), with the exception of tobacco

and menthol. This study examined changes between
prepriority enforcement (2018) and early postenforcement
(February—June 2020) among adults on: ENDS flavours and
devices used most often; location of last purchase of fruit/
other-flavoured cartridges (covered under the enforcement
priority); and smoking and vaping.

Methods Prevalence estimates came from 1608 adult
frequent (=weekly) ENDS users (current smokers (n=1072),
ex-smokers (n=536)) who participated in the 2018 and/

or 2020 US ITC Smoking and Vaping Surveys. Transitions
between flavours/devices and changes in smoking/vaping
were assessed among baseline respondents who were
followed up in 2020 (n=360). Respondents self-reported
the ENDS device (disposable, cartridge/pod or tank) and
the flavor that they used most often: (1) tobacco flavors
(tobacco/tobacco-menthol mix) or unflavored; (2) menthol/
mint; (3) fruit/other flavors.

Results Compared to 2018, in the first 5 months of the
2020 enforcement priority, there were significant increases
in the prevalence of fruit/other-flavoured cartridges (7.9%
to0 12.4%,p=0.026) and menthol/mint cartridges (7.1%

t0 13.0%, p<0.01) and decreases in tobacco-flavoured
tanks (15.5% to 10.0%,p=0.002) and fruit/other-flavoured
tanks (38.7% to 33.6%,p=0.038). Fewer than 10% of
adults used disposables in 2018 and 2020. Among the
cohort sample, the most pronounced transitions between
flavours/devices occurred among those who used flavoured
cartridges covered under the enforcement priority (54.6%
switched to a flavour and/or device excluded from
enforcement). There was an increase in purchasing fruit/
other-flavoured cartridges online and a decrease in retail
locations except for vape shops. Overall, there were few
changes in smoking and vaping behaviours.

Conclusions Between 2018 and the early phase of the
FDA's 2020 enforcement priority, prevalence of menthol/
mint and fruit/other-flavoured cartridges increased among
adults. Half of vapers using cartridge flavours covered in
the enforcement switched to other flavours and/or devices
that were exempt, with the exception of disposables. The
extent to which more comprehensive restrictions may be
problematic for adults who prefer a range of ENDS flavours
remains uncertain.
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WHAT IS ALREADY KNOWN ON THIS TOPIC

= Studies in the USA evaluating the impact of
local laws restricting sales of flavoured tobacco
products and electronic nicotine delivery
systems (ENDS) have generated mixed findings,
with some showing a decrease in prevalence
and sales of restricted flavoured ENDS.

= A recent study found that the US Food and
Drug Administration’s (FDA) 2020 federal
enforcement priority against flavoured
cartridges did not reduce use of flavoured
ENDS among youth vapers, who appear to have
circumvented the flavour restrictions by using
device types exempt from the restrictions, most
notably disposables.

WHAT THIS STUDY ADDS

= This is the first cohort study to examine
changes in the flavour profile and ENDS devices
most often used by adult current and former
smokers before and after the US FDA's 2020
federal enforcement priority, finding that the
prevalence of usually using flavoured cartridges
targeted by the enforcement priority increased
between 2018 and 2020.

= Half of adults who were using flavoured
cartridges in 2018 (prior to enforcement)
switched to flavours and/or devices exempt
from the enforcement priority, but there was no
shift to disposables.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE AND/OR POLICY

= The findings indicate that ENDS devices and
flavours used by adult current and former
smokers are varied and may change over time
and with available product offerings.

= Policies that would have the greatest positive
impact on youth and never-smokers, but
little negative impact on adults who vape as
a method of quitting smoking, should be a
priority for regulation.

INTRODUCTION

The United States (USA) is the leading global elec-
tronic nicotine delivery systems (ENDS) market." The
prevalence of ENDS use in the USA has increased over
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the last decade among both youth® and adults,® with the greatest
increases among 18-24 years olds.* The rise in ENDS use is in part
because of the availability of a wide variety of flavours and devices
that make them appealing to use.”™

ENDS are popular among US adolescents,” - with the most
commonly used flavours being fruit (73.1%), mint (55.8%),
menthol (37.0%) and other sweet flavours (36.4%).'% Prefilled
cartridges/pods are the devices most commonly used among
adolescents.'® ' The US Food and Drug Administration (FDA)
became concerned with these trends, and thus prioritised
enforcement efforts to reduce ENDS flavours and devices that
are most popular among young people.'®

Research has consistently demonstrated that flavours play
a role among adults in ENDS initiation, continued use’ 77
and facilitating switching from smoking to vaping.'* Adults
use a wide range of flavours and commonly use non-tobacco
flavoured ENDS.'*" However, flavour preferences appear to
differ by smoking status, where current smokers (dual users who
smoke and vape) prefer tobacco flavours and ex-smokers (exclu-
sive vapers) prefer fruit flavours.” ' ' Flavour preferences also
differ by age, with younger adults preferring fruit, and older
adults preferring tobacco flavour.” 7 ¥ It is unclear whether
flavour preferences and patterns of use would change under
flavour restrictions; however, reducing access to non-tobacco
flavours may discourage some smokers from switching to ENDS.

Although no ENDS product had been authorised to be
marketed in the USA until October 2021,%° in January 2020, the
FDA announced that it would prioritise its enforcement efforts
against the manufacture, distribution and sale of flavoured
cartridge ENDS products, with the exception of tobacco and
menthol flavours.”’ Disposable and tank (refillable) devices
were excluded from enforcement. Following the implemen-
tation of the policy in February 2020, few changes in flavours
were observed among youth (fruit remained the most commonly
used flavour)'® *2; however, there was a decrease in usual use of
prefilled cartridge brands, such as JUUL, and a surge in the use
of disposable products, particularly Puff Bar.'* To date, we are
unaware of any studies that have investigated changes in ENDS
flavours and devices used by adults, particularly for products that
were targeted by the 2020 federal policy (‘fruit/other-flavoured
cartridges’).

This study fills a research gap by examining the usual use of
flavoured ENDS among adult current smokers and ex-smokers
before and after the 2020 policy shift. Specifically, we examined
changes between pre-enforcement (2018) and early postenforce-
ment (February—June 2020) among adults on ENDS flavours,
devices, and flavour—device combinations used most often, and
location of last purchase of fruit/other-flavoured cartridges in
2018 and 2020. Supplemental analyses examined changes in
smoking and vaping between surveys.

9-12

METHODS

Study design and population

Data are from Wave 2 (22 February 2018-9 July 2018) and Wave
3 (24 February 2020-2 June 2020) of the US arm of the Inter-
national Tobacco Control Four Country Smoking and Vaping
(ITC 4CV) Survey, a longitudinal cohort survey of adults (=18
years) from Canada, the USA, England and Australia. Using a
stratified sampling design, respondents were recruited from
web-based panels as established cigarette smokers (=monthly,
smoked =100 cigarettes in their lifetime), recent ex-smokers
(quit <2 years ago) or current ENDS users (vape =weekly).
Cohort respondents were followed across survey waves, and

those lost to attrition were replenished using the same sampling
design. The study was reviewed and cleared by research ethics
committees in each country, and all respondents provided
informed consent. Further details about the methods can be
found elsewhere.”*

Eligible respondents for this study included US residents who
were frequent ENDS users (vape=weekly) who were currently
smoking (smoke=monthly; referred to herein as ‘dual users’)
or had quit smoking (<§ years; ‘ex-smokers’) at the time of
the survey. Respondents with complete data on ENDS flavour/
device use in 2018 and/or 2020 were included in the prevalence
analysis. Respondents who completed the 2018 survey and were
followed up in 2020 were included in the transition analyses.

At baseline (2018), 919 US frequent ENDS users completed
the survey, and 373 (40.6%) were retained in 2020. The resulting
sample included 360 eligible respondents (200 dual users and
160 ex-smokers) who had complete ENDS flavour and device
data at baseline; four respondents were missing flavour or device
data in 2020, leaving 356 for the transition analyses.

Measures

The complete Wave 2 and Wave 3 US surveys can be found on
the ITC Project website.”’ 2° The following variables were used
in this study:

ENDS use

“How often, if at all, do you currently use vaping products (ie,
vape)?” Response options included: ‘daily’, ‘less than daily,
but at least once a week’, ‘less than weekly, but at least once
a month’, ‘less than once a month, but occasionally’ or ‘not at
all’. Respondents who reported vaping less than weekly were
excluded from the analyses.

ENDS flavour

Daily and weekly ENDS users were subsequently asked: “Which
of the following e-liquid flavours have you used in the past 30
days? (select all that apply)”: tobacco; mix of tobacco and
menthol; menthol or mint; fruit; candy, desserts, sweets; choc-
olate; clove or other spice; coffee; a non-alcoholic drink (soda,
energy drinks or other beverages); an alcoholic drink (wine,
whisky, cognac, margarita or other cocktails); and unflavoured
e-liquid. Those who selected multiple flavours were asked what
flavour they used most often. Respondents were categorised into
one of three flavour groups based on the flavour they used most
often: (1) tobacco, tobacco-menthol mix and unflavoured; (2)
menthol/mint; or (3) fruit/other.

ENDS device

Respondents also reported the type of ENDS device that they
used most often: “Which of the following best describes the TYPE
of vaping device you currently use most?” Response options
included: ‘it is disposable, not refillable (non-rechargeable)’; ‘it
uses replaceable pre-filled cartridges or pods (rechargeable)’; or
‘it has a tank that you fill with liquids (rechargeable)’. The three
types of devices were categorized as: disposables, cartridges, and
tanks.

Flavour—device combinations

Prevalence data were assessed using the following combinations:

» Cartridges: tobacco/menthol tobacco mix/unflavoured;
menthol/mint; fruit/other.

» Tanks: tobacco/menthol tobacco mix/unflavoured; menthol/
mint; fruit/other.
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Table 1 Respondent characteristics and ENDS flavour/device used most often
2018, n=919 2020, n=689 Overall, n=1608
n % n % n %
Respondent type Replenishment 646 70.3 366 53.1 1012 62.9
Recontact 273 29.7 323 46.9 596 37.1
Sex Male 446 48.5 362 52.5 808 50.2
Female 473 51.5 327 41.5 800 49.8
Age group 18-24 years 298 324 295 428 593 36.9
25-39 years 183 19.9 137 19.9 320 19.9
40-54 years 168 18.3 100 14.5 268 16.7
55 years or older 270 29.4 157 22.8 427 26.6
Annual household income Low (< $30 000) 301 32.8 210 30.5 511 31.8
Medium ($30 000 to <$60 000) 262 28.5 187 271 449 27.9
High (= $60 000) 350 38.1 288 41.8 638 39.7
Not stated 6 0.7 4 0.6 10 0.6
Education Low (<high school) 280 30.5 195 28.3 475 29.5
Moderate (college/associate degree) 430 46.8 307 44.6 737 45.8
High (=bachelor’s degree) 209 22.7 187 271 396 24.6
Smoking status Daily smoker 420 45.7 308 44.7 728 453
Non-daily smoker 184 20.0 160 23.2 344 21.4
Ex-smoker 315 343 221 32.1 536 333
ENDS use/smoking status Daily/daily smoker 214 233 181 26.3 395 24.6
Daily/non-daily smoker 109 11.9 80 11.6 189 11.8
Daily/ex-smoker 286 31.1 186 27.0 472 29.4
Weekly/daily smoker 206 22.4 127 18.4 333 20.7
Weekly/non-daily smoker 75 8.2 80 11.6 155 9.6
Weekly/ex-smoker 29 3.2 35 5.1 64 4.0

Flavour/device used most often

Cartridge Tobacco/unflavoured 124 13.8 96 14.1 220 13.9
Menthol/mint Al 7.9 85 12.5 156 9.9
Fruit/other 95 10.5 101 14.9 196 12.4
Tank Tobacco/unflavoured 117 13.0 59 8.7 176 1.1
Menthol/mint 72 8.0 40 5.9 112 7.1
Fruit/other 329 36.5 183 27.0 512 324
Disposable Tobacco/unflavoured 40 4.4 42 6.2 82 5.2
Non-tobacco flavours 53 5.9 73 10.8 126 8.0

Data are unweighted and unadjusted.
ENDS, electronic nicotine delivery systems.

» Disposables: tobacco/unflavoured; all non-tobacco flavours
(disposable ENDS use among adults was low in this study;
thus, we were unable to categorise disposables into the three
flavour groups and instead consolidated flavours into two

groups).

Location of last purchase

“The LAST TIME you purchased cartridges or pods, where did
you make this last purchase?” Response options were categorised
as: online; vape shop; other retail location (tobacco specialty
shop, gas station, supermarket and convenience store); and
somewhere else (temporary or mobile sales location, outside the
country or don’t remember).

Covariates

Sociodemographic data

Sociodemographic data, including age group, sex, income and
education, were collected by commercial panel firms and veri-
fied at the time of survey completion (see table 1 for categorical
descriptions).

Time-in-sample
The analyses controlled for time-in-sample, which refers to the
number of survey waves the respondent completed.”’

Statistical analyses

Unweighted descriptive statistics were used to describe both
the cross-sectional and cohort samples. All other analyses were
conducted on weighted data. In brief, a raking algorithm®® was
used to calibrate the weights on smoking status, geographic
region and demographic measures. This calibration for the USA
used benchmarks from the 2018 National Health Interview
Survey.”’

Generalised estimating equations (GEEs) were used to fit
multinomial or logistic regression models, which accounted for
within-person correlation over time and the complex survey
design.’® The predicted marginal standardisation method was
used to generate estimates. Statistical significance and Cls
were computed at the 95% confidence level. All analyses were
conducted in SAS-Callable SUDAAN (V.11).%!
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Main analyses

Cross-sectional multinomial GEE regression analyses were
conducted to estimate prevalence of flavours, devices and
flavour—device combinations and tested whether these esti-
mates differed between 2018 and 2020 (n=1608). The analyses
adjusted for sex, age group, smoking status (daily, non-daily and
ex-smoker) and time-in-sample.

Longitudinal multinomial regression models were conducted
to examine transitions between flavour—device combinations
among baseline (2018) respondents who were followed up
in 2020 (n=356). Due to small sample sizes in some groups,
flavour—device combinations were reduced to four groups: (1)
tobacco/tobacco-menthol-mix/unflavoured (all devices); (2)
menthol/mint (all devices); (3) fruit/other flavoured disposables/
tanks; and (4) fruit/other-flavoured cartridges (covered under the
enforcement priority). We also provided transition estimates for
all respondents who used flavours/devices at baseline that were
exempt from enforcement (groups 1-3). The models adjusted
for sex, age group, baseline smoking status and time-in-sample.

Next, the transition analyses were stratified by smoking status.
Because of difficulty in model convergence with the four-group
categorisation, flavour—device combinations were collapsed
into three groups: (1) tobacco/unflavoured/menthol/mint (all
devices); (2) fruit/other-flavoured disposables/tanks; and (3)
fruit/other-flavoured cartridges (covered under the enforcement
priority).

The third set of analyses descriptively examined the loca-
tion of last purchase of fruit/other-flavoured cartridges in 2018
and 2020. Cohort and replenishment samples were included
(n=150).

Supplemental analyses

The supplemental analyses included a descriptive examination
of changes in smoking and vaping. We were unable to conduct
analytical tests due to very small sample sizes, particularly for
those using fruit/other-flavoured cartridges.

First, an adjusted logistic regression model was used to estimate
continued abstinence from smoking or relapse back to smoking
in 2020 among baseline ENDS users who were ex-smokers in
2018 (n=160). Next, a multinomial regression analysis was used
to estimate smoking and vaping status at follow-up among base-
line dual users (n=200). The outcomes included: (1) remained
a smoker and frequent ENDS user; (2) remained a smoker and
reduced/quit vaping; (3) quit smoking and remained a frequent
ENDS user; and (4) quit smoking and reduced/quit vaping.
Outcomes 1 and 2 were combined to create an overall rate of
continued smoking and outcomes 3 and 4 were combined to
create an overall rate of having quit smoking.

RESULTS

Table 1 presents the baseline sample characteristics for respon-
dents who participated in the 2018 and/or 2020 surveys, and
online supplemental table 1 presents baseline cohort sample
characteristics for those who participated in 2018 and were
followed up in 2020.

Prevalence of ENDS flavour and device type used most often

Between 2018 and the first 5 months of the 2020 policy, the
prevalence of tobacco/unflavoured ENDS significantly decreased
(33.1% to 26.0%, p=0.01) and fruit flavours increased (30.0%
to 36.4%, p=0.03). There was no significant change for
menthol/mint (16.3% to 19.5%, p=0.19) or other flavours
(20.5% to 18.2%, p=0.36). The use of cartridges increased

Table 2 Prevalence of flavour and device type used most often by
adult ENDS users

Difference between

2018 2020 2018 and 2020
Weighted % (n) P value*
ENDS flavour used most often
Tobacco/unflavoured 33.1(281) 26.0 (197) 0.01
Menthol/mint 16.3 (159) 19.5 (144) 0.19
Fruit 30.0 (258) 36.4 (205) 0.03
Other flavours 20.5 (203) 18.2 (133) 0.36

ENDS device used most often

Disposable 8.1 (95) 8.9(118) 0.64
Cartridge (prefilled) 29.1 (296) 39.6 (285) 0.0001
Tank (refillable) 62.8 (522) 51.5 (285) <0.0001

Data are weighted and adjusted for sex, age group, smoking status (daily, non-daily
and ex-smoker) and time-in-sample. Data are from all 1608 frequent (=weekly)
ENDS users who participated in the 2018 and/or 2020 surveys.

ENDS, electronic nicotine delivery systems.

(29.1% to 39.6%, p=0.001) and tanks decreased (62.8% to
51.5%, p<0.001). There was no change in the use of disposables
(8.19% to 8.9%, p=0.64) (see table 2).

Changes in prevalence of ENDS flavour—device combinations
used most often

Figure 1 presents the prevalence estimates of flavour/device
combinations at each survey wave. In 2018 and 2020, fruit/
other-flavoured tanks were most prevalent (2018: 38.7%,
2020: 33.6%) and disposables in tobacco (2018: 4.4%, 2020:
3.4%) and non-tobacco (2018: 4.0%, 2020: 5.5%) flavours
were least prevalent. Between 2018 and 2020, there were
significant increases in fruit/other-flavoured cartridges (7.9% to
12.4%, p=0.026) and menthol/mint-flavoured cartridges (7.1%
to 13.0%, p<0.01), and decreases in tobacco-flavoured tanks
(15.6% to 10.0%, p=0.002) and fruit/other-flavoured tanks
(38.7% to 33.6%, p=0.038).

Transitions between ENDS flavours/devices between 2018
and 2020

Table 3 presents the overall transitions between flavours/devices
among all baseline respondents who were followed up in 2020
(n=356). Table 4 shows the transitions by smoking status. Similar
to changes in prevalence estimates in figure 1, we found a slight
increase in the use of fruit/other-flavoured cartridges among the
cohort sample, where 8.9% of respondents used this combina-
tion in 2018 and 10.8% in 2020.

With regard to continued use or switching between flavours/
devices, the highest proportion of continued use was for fruit/
other-flavoured tanks (61.8%), followed by tobacco (any device)
(51.4%), menthol/mint (any device) (50.3%) and fruit/other-
flavoured cartridges (29.0%). Overall, 54.6% of baseline fruit/
other-flavoured cartridge users switched to a flavour/device
excluded from the enforcement priority: 24.3% switched to
tobacco flavoured cartridges, 16.6% switched to menthol/mint-
flavoured cartridges and 13.7% switched to fruit/other-flavoured
disposable or tank devices. By contrast, 6.2% of baseline respon-
dents who used any flavour/device exempt from enforcement
switched to fruit/other-flavoured cartridges covered under the
enforcement priority.

The highest rate of reducing/stopping ENDS use was among
baseline users of fruit/other-flavoured disposables/tanks (27.3%),
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Figure 1 Prevalence (weighted %) of current ENDS flavour—device combination used most often by adults in 2018 and in 2020 (n=1608). Data are

weighted and adjusted for sex, age group, smoking status (daily, non-daily and ex-smoker) and time-in-sample. Data are for adult ENDS users who
vape daily or weekly. Respondents who completed the 2018 and/or 2020 survey(s) were included (cohort and replenishment samples). Asterisks (*)
indicates a significant change (p<0.05) in prevalence between 2018 and 2020. tFlavour—device combination enforced under the 2020 federal policy.
Non-tobacco flavours (menthol/mint and fruit/other) were combined for disposable devices due to small sample sizes.

followed by menthol/mint (any device) (24.6%), tobacco (any
device) (17.8%) and fruit/other-flavoured cartridges (16.4%).

There were differences by smoking status (see table 4), where
a higher proportion of ex-smokers continued to use fruit/other
cartridges (48.5%) relative to dual users (11.7%). A higher
proportion of dual users switched to tobacco or menthol/mint
devices (46.0%) relative to ex-smokers (36.4%). There was little
difference in switching to fruit/other-flavoured disposables and
tanks (11.7% vs 15.2%, respectively).

Location of last purchase of fruit/other-flavoured cartridges
In 2020, more fruit/other-flavoured cartridge ENDS users
purchased online (38.29%) than in 2018 (25.0%), and fewer
purchased from retail outlets, with the exception of vape shops
(rates did not change). Data are presented in table 5.

Supplemental analyses

Changes in smoking and vaping among ex-smokers are presented
in online supplemental table 2 and among dual users in online
supplemental table 3.

In brief, 90.2% of all ex-smokers remained abstinent from
smoking in 2020. Among those who were using fruit/other-
flavoured cartridges at baseline, 95.2% remained abstinent from
smoking, and 4.8% reported having returned to smoking.

Among all dual users, 77.5% continued smoking in 2020.
Among those who were using fruit/other-flavoured cartridges
at baseline, 78.5% continued to smoke and 21.6% quit
smoking (14.9% quit smoking and remained frequent ENDS
users and 7.6% quit smoking and reduced or stopped ENDS
use).

DISCUSSION

In January 2020, the FDA announced that it would prioritise
enforcement efforts against ENDS flavoured prefilled cartridges/
pods, with the exception of tobacco and menthol flavours. The
enforcement priority came into effect in February 2020. This
pre—post evaluation study examined changes between pre-
enforcement (2018) and early postenforcement (the first 5
months, February—June) among adult current and ex-smokers
on their usual ENDS flavour and device type and transitions
between flavours/devices before and after the 2020 policy shift.
Overall, we found that between 2018 and the early phase of the
2020 enforcement priority, there was an increase in the preva-
lence of usual use of fruit/other-flavoured cartridges among adult
frequent ENDS users; however, half of adults who were using
fruit/other flavoured ENDS cartridges at baseline switched to
flavours and/or devices exempt from enforcement. There were
few changes in smoking and vaping behaviours between surveys.
Nearly all ex-smokers remained quit (90%), and among dual
users, 78% continued to smoke (of those, 52% also continued to
vape at least weekly).

Some US studies have examined changes in ENDS use and/
or smoking and vaping behaviours among youth and/or adults
after implementing laws restricting flavoured ENDS, with some
finding similar results to ours.'? **?% For example, our study
found that prevalence of usual use of fruit flavours had increased
between 2018 and the first 5 months postenforcement, while
tobacco flavours decreased, but the use of menthol/mint and
other non-tobacco flavours did not change. We also found an
increase in the prevalence of the flavour—device combination that
was covered in the 2020 enforcement priority (eg, fruit/other-
flavoured cartridges). In contrast to our findings, Yang et al**
found a decrease in the prevalence of all non-tobacco flavoured
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< ENDS after they were banned in San Francisco, but similar to
z our findings, many young adults continued to use restricted
b flavours (39% of those aged 18-24 years and 27% of those aged
'% 25-34 years), there was no change in menthol-flavoured ENDS,
2 2. g 2le |s and use of tobacco-flavoured ENDS decreased (but only among
S SHSHSHISENES younger respondents). A study by Ali et al** found that statewide
o restrictions on non-tobacco ENDS flavours (in Massachusetts,
£ New York, Rhode Island and Washington) were associated with a
2 reduction of 25%-319% in total ENDS sales compared with states
= without restrictions, which was attributed primarily to decreases
g in non-tobacco-flavoured ENDS sales. In contrast, a recent
g study by the Centers for Disease Control and Prevention (CDC)
B Qe e 3 showed that following the FDA’s flavour 2020 enforcement
= bl Al e priority, total ENDS sales in the US increased by 46.3%.*® Non-

tobacco flavoured ENDS accounted for 73.7% of the US ENDS
market. There was also an increase in disposable ENDS sales in
2020. Our data did not show that adults increased their use of
disposables (and indicated that few use them), suggesting that
youth (and possibly never-smokers) accounted for the greatest
increase in the market share of disposables. The CDC also found
that the market share of menthol-flavoured cartridges increased
in 2020. Our data also showed an increase in this flavour—device
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Table 4 Transitions between flavours/devices used most often among 2018 frequent adult ENDS users who were followed up in 2020, by smoking

status (n=356)

2020 flavour and device

Tobacco/menthol/

2018 mint i Nt_)n-tobaccolmenthol flavours Fruit{other flavoured Red}lced or quit ) Switched )

2018 Flavour and g (all devices) (disposables and tanks) cartridge* vaping Cumulative row % flavour/devicet
device status n % n % n % n % n % %
Tobacco/menthol/mint:  Dual users 53 50.9 8 7.1 6 10.9 42 30.5 109 100.0 18.6

all devices Ex-smokers 57 75.8 4 6.6 1 7.6 13 10.1 75 1000 142

Fruit/other flavours: Dual users 5 5.6 29 49.0 4 29 29 42.5 67 100.0 8.5

disposables and tanks gy cmokers 6 9.8 54 74.1 3 3.1 9 13.1 72 1000 129

Fruit/other flavour: Dual users 7 46.0 4 112 2 1.7 9 31.1 2 1000  57.2

cartridges™ Ex-smokers 3 36.4 2 15.2 6 485 0 0.0 11 1000 516

Data are weighted and adjusted for sex, age, time-in-sample and baseline smoking status (daily, non-daily and ex-smoker). Four smokers were missing ENDS flavour or device data at follow-up

and were excluded.

*Flavour—device combination enforced under the 2020 federal policy. Light grey shading: respondents using a flavour/device exempt from the 2020 enforcement priority. Dark grey shading:

respondents using a flavour/device not exempt from the 2020 enforcement priority.

tRespondents who continued to vape but switched to another flavour/device between 2018 and 2020. Bolded estimates: those who continued to use the same ENDS flavour/device. Due to small

sample sizes, data should be interpreted with caution.
ENDS, electronic nicotine delivery systems.

baseline dual users, ex-smokers had higher rates of continued
use of their baseline flavour, and dual users had higher rates of
reducing or quitting ENDS use by follow-up. Among ex-smokers
who were using fruit/other-flavoured cartridges in 2018, half
reported continued using of this combination in 2020, whereas
one-tenth of dual users continued using fruit/other-flavoured
cartridges. This may suggest that dual users are less stable in
their flavour—device choices and more willing to switch flavours,
where ex-smokers who have switched to vaping are not.

Implications for tobacco regulatory policy

Our postevaluation data were collected in the early phase of the
2020 enforcement policy, thus the timing may have implications
for our early observations. For example, some respondents may
have stockpiled their flavoured cartridges prior to the enforce-
ment. It is also likely that this type of policy change may take
a significant amount of time to actually enforce the removal of
ENDS products from the US market. However, even in the early
phase of the enforcement priority, we found a large shift from
restricted ENDS to other flavours and/or devices exempt from
enforcement, which similarly has been found among youth.'® 12
The extent to which more comprehensive restrictions would
be more effective for youth, or possibly problematic for adults,
remains uncertain. Notably, because disposables are used by few
adults (<10% in this study), but are used by many youth (37% in
August 2020),"? implementing and enforcing flavour restrictions

Table 5 Location of last purchase among frequent adult ENDS users
using fruit/other-flavoured cartridges in 2018 and 2020

2018 (n=66) 2020 (n=84)
Location of purchase Weighted % (95% Cl)
Internet 25.0 (12.7 t0 43.3) 38.2 (2.8 to 56.4)
Vape shop 22.5(11.5 10 39.5) 23.4(12.1 10 40.4)
Other retail location 42.7 (27.2 10 59.7) 25.7 (13.4 10 43.5)

9.9 (3.4 t0 25.6) 12.7 (4.0 to 33.5)

Data are weighted and adjusted for sex, age group, smoking status (daily, non-
daily and ex-smoker) and time-in-sample. Other retail locations included: tobacco
specialty shop, gas station, supermarket and convenience store. Somewhere else
included: temporary or mobile sales location, outside the country and don't know/
remember. Statistical comparisons were not made due to low sample sizes.

ENDS, electronic nicotine delivery systems.

Somewhere else/don’t know

for disposables may be the kind of policy approach that could
help reduce ENDS use among youth without affecting adults.

At this early stage of the enforcement priority, the ways ENDS
users may have responded to FDA’s enforcement efforts are
unclear. It could be that ENDS users would be affected through
two mechanisms of the enforcement priority. First, ENDS users
of fruit/other-flavoured cartridges could be directly impacted
through changes in the availability of products, and/or second,
they could have been indirectly impacted through commu-
nication by the FDA and/or media coverage that this enforce-
ment priority would more strictly regulate specific flavoured
cartridges. Notably, since October 2021, the FDA has authorised
the sale of 15 tobacco-flavoured tank and cartridge ENDS.*’
No other ENDS products have received approval through the
Premarket Tobacco Product Application pathway. Studies are
needed to examine whether the FDA’s further regulatory actions
will have an impact on smoking and vaping behaviours among
both youth and adults.

Limitations

This study has some limitations to consider. First, this study
included frequent (at least weekly) adult ENDS users, and thus,
changes in ENDS flavours and devices used by less frequent
users and/or those experimenting with vaping are unknown. As
well, this study is only generalisable to adult current and former
smokers. In order to estimate population-level changes, data
on both youth and adults, smokers and non-smokers should be
considered. Second, our data were collected in the early phase of
the enforcement policy. ENDS use at the time of this study may
look very different across time. Third, there were other major
changes in the ENDS market after 2018, but prior to the 2020
policy that could have contributed to changes in ENDS flavour/
devices. For example, JUUL, the most popular ENDS brand in
the USA halted sales of all cartridge flavours in 2019, with the
exception of tobacco and menthol.*” Some JUUL users may have
already switched flavours and/or devices prior to 2020. Fourth,
sample sizes were small for cohort respondents; thus, we could
not assess statistical differences in changes in smoking and vaping
behaviours. Estimates should be interpreted with caution. Fifth,
‘mint’ flavour was not exempt from the 2020 policy; however, in
our survey, we asked respondents if they used menthol or mint,
so it is uncertain which specific flavour respondents were using.
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Finally, our survey was conducted during the early phase of the
pandemic, so the increase in online sales may have also been
related to stay-at-home orders that were in place to mitigate the
spread of COVID-19.*!

CONCLUSIONS

Between 2018 and the early phase following the FDA’s 2020
ENDS enforcement priority, prevalence of fruit/other-flavoured
cartridges increased among adults. The most pronounced tran-
sitions between flavours/devices occurred among adults who
were using ENDS products targeted by the enforcement priority,
where half switched to flavours and/or devices that were exempt.
However, unlike youth, there was no significant increase in the
prevalence or shift to disposable devices. The extent to which
more comprehensive restrictions would be more effective for
limiting youth use, or possibly problematic for adults who vape
as a method of quitting smoking or to remain abstinent from
smoking, remains uncertain.

Twitter Geoffrey T Fong @gfong570
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