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Abstract

Background: JUUL—a novel electronic nicotine delivery system (ENDS)—comprises most of
the ENDS market share. Additionally, JUUL has a high nicotine content and utilizes a patented
nicotine salt formulation aimed to speed absorption. Many JUUL users are not aware of the
nicotine content and therefore may not be expecting acute nicotine effects or potential for
dependence. This study sought to analyze Twitter messages (“tweets™) regarding nicotine,
symptoms of dependence, and withdrawal related to JUUL use.

Methods: Data were collected from Twitter’s Filtered Streams interface 4/11-6/16/2018 by
retrieving tweets matching the terms “juul,” “juuls,” and “juuling” that also used words consistent
with nicotine effects, symptoms of dependence, and withdrawal. A random 5% subsample
(n=1986) was coded by 2 independent coders. Cohen’s « for inter-rater reliability ranged 0.62—
1.00 for all coded variables. Tweets were assessed using a qualitative content analysis approach.

Results: A total of 335 tweets mentioned dependence-related themes, including use upon waking
and compulsion to use. A total of 189 tweets mentioned themes related to nicotine, with almost
15% of these tweets describing physical effects. Additionally, 42 tweets mentioned themes related
to quitting JUUL and/or withdrawal from JUUL.

Discussion: This qualitative analysis suggests that users of JUUL are experiencing symptoms of
nicotine exposure and dependence. Considering the high nicotine content of JUUL and the rising
popularity among young people, more research around initiation of and dependence on JUUL, as
well as the impact of recent FDA policy changes, should be conducted.
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1. Introduction

The use of electronic nicotine delivery systems (ENDS) rose sharply among young people in
the US between 2017 and 2018, with a 78% increase in current use among high school
students and a 47% increase in use among middle school students (U.S. Food and Drug
Administration, 2018). Additionally, approximately 10% of young adults report current (i.e.,
past 30 days) ENDS use (J. L. King et al., 2018). Preliminary evidence suggests that
initiation of ENDS use at a young age is associated with nicotine dependence (Vogel et al.,
2018), and that use of ENDS is associated with initiation of cigarette smoking among both
youth and adults (Barrington-Trimis et al., 2016; Primack et al., 2018, 2015). One such
ENDS product is JUUL—a small, sleek device that can be charged via USB drive (JUUL
Labs Inc., 2018a). The popularity of JUUL has risen sharply since its introduction to the
market in 2015 (B. B. King et al., 2018), and it now composes almost three-quarters of the
ENDS market share (LaVito, 2018a).

One particularly concerning aspect of JUUL is its nicotine concentration, which is markedly
higher than most ENDS available on the market before JUUL’s introduction in 2015 (Jackler
and Ramamurthi, 2019). Until August 2018, all JUUL pods—the multi-use cartridge that
holds the flavored e-liquid—contained approximately 40mg of nicotine per pod, or
59mg/mL (JUUL Labs Inc., 2018b; LaVito, 2018b). A lower nicotine content
(approximately 23mg per pod, or 35mg/mL) became available for most flavors in August
2018 (JUUL Labs Inc., 2018b). Thus, at the time of this study, the amount of nicotine in
JUUL pods was greater than or approaching the nicotine content of most other ENDS, which
typically range in nicotine content from Omg/mL to 30mg/mL (Marsot and Simon, 2016;
Morean et al., 2016). Additionally, JUUL utilizes a patented nicotine salts formula, which
“provide[s] a general satisfaction effect consistent with an efficient transfer of nicotine to the
lungs of an individual and a rapid rise of nicotine absorption in the plasma” (Bowen and
Xing, 2014). Therefore, an individual using JUUL is likely exposed to a high amount of
nicotine. Indeed, a study of US youth found that those who reported use of vape pod (“pod”)
systems—the majority of whom used JUUL—had urinary cotinine concentrations double
that of what is found among users of non-pod ENDS (Goniewicz et al., 2018). Finally, it is
unclear whether most individuals understand the nicotine content of ENDS products,
including JUUL (Rohde et al., 2018; Willett et al., 2019). Only 37% of past-30 day JUUL
users correctly identified that the product contains nicotine (Willett et al., 2019), suggesting
that most users do not expect to experience acute nicotine effects or symptoms of
dependence.

To our knowledge, there have been no studies on self-reported symptoms of dependence on
JUUL or the physical effects usually associated with nicotine exposure. One potentially
valuable data source is Twitter, which is a social media platform that is used by
approximately 25% of US adults and 32% of US teens, of which almost half report using it
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at least once per day (Anderson and Jiang, 2018; Smith and Anderson, 2018). Additionally,
a recent study estimated that approximately 45% of individuals who followed the official
@JUULvapor account in April 2018 were ages 13-17, while only 20% were ages 21 or
older, suggesting that many JUUL followers are not of legal age to use the product, yet are
still being exposed to related messaging (Kim et al., 2019). Twitter also has the advantage of
allowing more real-time surveillance and analysis when compared to traditional, time-lagged
data collection and reporting methods (Broniatowski et al., 2013). Health researchers have
begun to develop standards for methodologies and reporting when using Twitter to explore
myriad health topics (Colditz et al., 2018; Lienemann et al., 2017), as research suggests that
anonymity allows individuals to be more candid about health topics (Berry et al., 2017; Fear
etal., 2012; Sinnenberg et al., 2017). Discussions around JUUL on Twitter have been
examined previously. A recent study found that Twitter discussions regarding JUUL
frequently involve communication with others (or “tagging” another Twitter user when
discussing JUUL) and discussion of use of JUUL in schools and on college campuses
(Allem et al., 2018). Another recent study found that some JUUL users used “nicotine-
dependence terms” on Twitter (Kavuluru et al., 2019). However, this study did not conduct
an in-depth examination of these terms.

Therefore, the purpose of this study was to systematically examine Tweets mentioning
JUUL and identify themes related to symptoms of dependence, withdrawal, and nicotine
exposure. This process serves to contextualize the social conversation around JUUL nicotine
effects and dependence-related terminology as demonstrated through a popular public social
media platform.

2. Methods

2.1. Study Procedures

This study was approved by the University of Pittsburgh IRB. Data were collected using the
publicly available “RITHM” software (Colditz et al., 2018) to retrieve data directly from
Twitter’s Filtered Streams interface for 4/11/2018-6/16/2018. Search filters were set to
retrieve all available tweets matching the terms “juul,” “juuls,” and “juuling” (including
these terms used as hashtags). Using this approach, we are able to retrieve up to 100% of
matching tweets that are publicly available, originating from Twitter profiles that are not set
as private (Colditz et al., 2018). This process resulted in 644,285 matched tweets, from
which 485,352 re-tweets were excluded, leaving 158,933 original tweets. In order to narrow
the focus to the constructs of primary interest (i.e., nicotine effects and dependence), the
research team met and pilot tested several keywords to narrow the scope of tweet content.
Based on face validity and preliminary search performance, we selected final set of 20
keyword stems (wake, woke, morning*, buzz*, dizzy, crav* want*, need*, buy, bought, get,
got, take, took, steal, stole, borrow*, addict*, withdraw?*, quit®). Keyword stems matched
with a variety of suffixes (i.e., crav*may include terms such as crave, craving, craved, etc.).
This process resulted in a matched set of 41,205 original tweets. This sample was further
reduced to a random 5% subsample (n=2,060) for feasibility of human qualitative coding
and while still demonstrating the generalizability of the subsample within the context of the
full dataset; this approach has been used in similar examinations of Twitter data (Colditz et
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al., 2019, 2018; Martinez et al., 2018). Experienced human coders used spreadsheets which
included tweet text and a link to the online version for each tweet, with the option to use one
or both of these representations to determine tweet characteristics. In order to assess data
retrieval specificity (precision), all tweets were initially coded for relevance (i.e., JUUL-
related), in addition to the codes developed in the following procedures.

2.2. Codebook Development and Coding Procedures

2.3.

To achieve a sample of tweets that were first-person (i.e., the point of view of the individual
tweeter), we included codes to indicate if the tweet contained primarily news (i.e., headlines
related to JUUL) or commercial content (i.e., marketing messages); these tweets (n = 74)
were excluded from final analysis. The remaining codes, which were informed by current
literature related to ENDS use and dependence, as well as traditional cigarette dependence
(Case et al., 2018; Fagerstrom, 2012; Soule et al., 2016; Wheeler et al., 2004), were
developed through an inductive process by which random sub-sets of 100 tweets—not
included in the final sample— were analyzed by two experienced independent coders. These
included codes related to dependence (i.e., the individual mentions dependence on JUUL,
mentions compulsion to use, mentions use upon awakening); acute nicotine effects (i.e.,
mention of physical effects such as a buzz, light-headedness, or nausea); quitting JUUL (i.e.,
the individual states that s/he quit using JUUL or desire to quit); and withdrawal (i.e., the
individual states that s/he is in withdrawal from JUUL or mentions symptoms related to
withdrawal, such as cravings). To assist coders, the final codebook included operationalized
definitions for each code (Table 1).

Our iterative coding process involved double-coding by two independent coders and
adjudication of disagreements with senior researchers, followed by modifications of the
codebook. Inter-rater reliability was assessed using Cohen’s x and percent agreement scores
(Cohen, 1960). After 7 rounds of this process, all applicable codes reached acceptable levels
of reliability (Landis and Koch, 1977) with x coefficients ranging from 0.62 to 1.00. After
the final codebook was established, the two coders each independently coded half of the
final dataset. Tweets that were coded primarily news or commercial content (n = 74) were
excluded from the final dataset. Additionally, some tweets are comments on another user’s
tweets with the original tweet in quotes. For this study, it was decided a priori to code first-
person tweets. Therefore, if the original tweet contained JUUL-related messaging, but the
tweet from the individual that we were coding did not, that tweet was considered irrelevant.
These processes led to a final data set of 1986 tweets for final analysis.

Data Analysis

Frequencies and percentages were calculated for each categorical code. We then utilized a
thematic qualitative content analysis approach (Braun and Clarke, 2006) to inductively
assess the tweets related to dependence, acute nicotine effects, quitting JUUL, and
withdrawal. Individual tweets could contain multiple codes, i.e. a tweet could discuss both
dependence and withdrawal. Through this process, tweets within each of the codes were
tabulated and reviewed for thematic trends by a coder who conducted earlier categorical
coding. The coder first highlighted specific words or phrases within tweets which indicated
salient (i.e., representative of the category) or novel (i.e., unique and potentially interesting)
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content, and recorded memaos about emergent themes within categories. These annotations
and memos were further reviewed with supervising researchers to develop and refine
thematic units within codes. For cohesiveness, the resulting themes are described and
exemplified within their overarching categorical codes in the results section.

3. Results

A total of 420/1986 tweets (21.1%) from our data set were coded as being related to
dependence, acute nicotine effects, quitting JUUL. and/or withdrawal. Of these tweets, 142
were coded as belonging to more than one of these categories (n=138 in two categories and
n=4 in three categories). The most common co-occurrence was dependence and acute
nicotine effects, accounting for 132 of these cases. The 1566 (78.9%) tweets that were not
coded as relevant to the categories of primary interest were diverse due to the 20 keyword
stems used to filter tweets. For example, the stem “want*” appeared in other contexts
(e.g.,an individual complaining that friends want his/her juul). Additionally, the “quit*” stem
appeared in other contexts, such as ridiculing others for using juul and suggesting they quit.

3.1. Themes Related to Dependence.

A total of 335/1986 (16.9%) tweets contained references to dependence, which generally
contained messages related to self-reported “addiction” (i.e., reporting that one can become
dependent on JUUL or reporting dependence on JUUL), or other indication that there was a
“need” for the device, the pods, or the charger. Further qualitative analysis of these tweets
sought to explore self-report of dependence, rather than analyzing the dependence
experienced by others. A total of 217 tweets were coded as containing references to
individuals being dependent on JUUL or needing JUUL. Of these, more than half (n = 130)
contained language that indicated self-report of dependence. Some tweets expressed a need
for pods, a charger, or the device itself (i.e., variations of “gotta have my juul fix,”n = 65),
while others self-identified as dependent on JUUL (e.qg., “/’m becoming a juul addict,” n =
53). Additionally, a total of 34 dependence-related tweets discussed self-report of using
JUUL upon awakening (e.g., variations of “wake up and hit the juul”).

3.2. Themes Related to Acute Nicotine Effects.

There were 189/1986 (9.5%) tweets coded as referencing nicotine and JUUL. Of these, 27
contained self-report of acute nicotine effects, which generally included indications that one
was experiencing physical effects of nicotine while using JUUL. These included feeling
buzzed, experiencing dizziness or light-headedness, and feeling high. Although some of
these tweets mentioned the acute nicotine affects light-heartedly (e.g., “/ live my life in a
constant juul buzz"), some of them displayed some expressions of concern, such as

experience of headaches (e.g., “...now my head hurts™), passing out (e.g.,"... almost passed
out from being lightheaded”), and concerns of nicotine poisoning (e.g., “.../ had nicotine
poisoning”).

3.3. Themes Related to Quitting and Withdrawal.

A total of 36/1986 (1.8%) tweets were coded as referencing gquitting JUUL (n = 36), which
focused on the user wanting to quit JUUL or actually doing so. One theme was that the
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individual stated that s/he is currently in the process of quitting (n = 7). Other themes related
to quitting JUUL included expressing desire to quit (n = 13) and statements that the
individual has recently quit (n = 6). Additionally, a total of 6/1986 (0.3%) tweets were coded
as referencing withdrawal from JUUL, most of which discussed the physical effects of
withdrawal (e.g., “cold sweats”) or stated that going through withdrawal from JUUL was an
uncomfortable or undesirable process.

4. Discussion

The results of this study indicate that some individuals who use JUUL may be experiencing
dependence and acute nicotine effects while using the product. Considering that JUUL is
marketed as a device to be used in place of traditional cigarettes (JUUL Labs Inc., 2018a), it
is conceivable that use of JUUL could lead to similar experiences of nicotine dependence as
using traditional cigarettes. For example, exposure to nicotine from cigarette smoking
triggers the release of dopamine, eliciting feelings of pleasure and contributing to the highly
addictive nature of cigarettes (Herman et al., 2014). Findings from this study indicate that
JUUL users experience similar pleasurable feelings, such as a “buzz” or “high.”
Additionally, this study revealed that some individuals use JUUL first thing in the morning,
which is consistent with research on dependence on ENDS and other nicotine-containing
products such as cigarettes and waterpipe tobacco (Fagerstrém, 2012; Sidani et al., 2016).

It is not surprising that this surveillance of JUUL discussions on Twitter revealed indications
of nicotine effects and dependence. Compared with other ENDS, JUUL delivers a powerful
dose of nicotine (JUUL Labs Inc., 2018b) in amounts greater than most first-generation
ENDS (Jackler and Ramamurthi, 2019). Additionally, JUUL utilizes a nicotine salt
formulation, which is not only designed to increase the rate of absorption (Bowen and Xing,
2014), but also to deliver a vapor that is less harsh and more palatable to the user when
compared to free base nicotine, which may facilitate inhalation and continued use (Jackler
and Ramamurthi, 2019). One study examining posts on Reddit—a discussion-oriented social
media platform—found that approximately 20% of posts discussing reasons for use of JUUL
mentioned to “get a buzz” (Brett et al., 2019). However, many individuals report initiating
ENDS use for taste and entertainment—not necessarily for nicotine exposure (Colditz et al.,
2019; Evans-Polce et al., 2018; Hong et al., 2019)—so the effects of the nicotine in JUUL
may have been unanticipated by some of these users.

This study also found that some users of JUUL want to quit using the product, and that some
have trouble doing so, including experiencing withdrawal symptoms. To date, there is little
research on withdrawal from ENDS products. An analysis of the Population Assessment of
Tobacco and Health (PATH) cohort study found that approximately 25% of individuals who
quit using ENDS met the DSM-V criteria for withdrawal (Hughes and Callas, 2018).
Difficulty quitting traditional cigarette products has been well established (Fiore et al.,
2008), and users of other nicotine and tobacco products, such as waterpipe tobacco, have
similarly reported difficulty in quitting (Aboaziza and Eissenberg, 2015). Considering the
amount of nicotine in JUUL (Jackler and Ramamurthi, 2019), it is not surprising that these
discussions of difficulty quitting JUUL and related withdrawal symptoms are present on
Twitter.
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One of the concerns about the potential for dependence on JUUL is that it is particularly
appealing to young people (Vallone et al., 2018). Although the company states that it does
not intend to target underage individuals (JUUL Labs Inc., 2019a), they had, until very
recently, a robust presence on social media, including Twitter, Instagram, and YouTube
(Huang et al., 2018). The messaging on these platforms could be misleading and potentially
problematic. For example, on July 10, 2018, the official JUUL Twitter account tweeted a
picture of the device with the message, “#JUUL is simple and satisfying. And it’s not an e-
clgarette. Here’s why” with a link to a page on their website titled, “JUUL- Not Your
Average E-cigarette” (JUUL Labs Inc., 2019b; Tiku, 2018). Additionally, despite JUUL’s
announcement that it is suspending most of its US-based social media presence (JUUL Labs
Inc., 2019a), JUUL’s messages have already been spread effectively through social networks
on social media, including those that include individuals under 18 (Chu et al., 2018). Finally,
JUUL pods are available in a variety of flavors, including fruit and mango, which are
associated with youth preference for ENDS (Shang et al., 2018).

There is also a concern that a “nicotine arms race” will spur the introduction of ENDS
products with even greater nicotine concentrations into the market, as research has found
indications of JUUL “copycats” and JUUL-compatible pods available online that contain
even higher amounts of nicotine than JUUL (Jackler and Ramamurthi, 2019). Considering
evidence that using ENDS with higher nicotine concentrations increases the risk of higher
frequency and intensity of both ENDS and cigarette use among adolescents (Goldenson et
al., 2017), the availability of high nicotine-containing ENDS products and their potential for
dependence should be further examined. On the contrary, there is also evidence that
individuals who use ENDS products with low nicotine concentrations may consume a
greater amount of e-liquid as they attempt to achieve cigarette-like nicotine delivery
(Wagener et al., 2017), which may exposure users to higher amounts of potentially harmful
non-nicotine constituents. The effects and behaviors surrounding nicotine content of ENDS
products can be investigated through continued monitoring of user experiences via social
media—especially as it relates to the effects of nicotine and potential dependence—which
will likely be a valuable tool as the ENDS market continues to evolve. Considering there is
an association between posting positively about tobacco-related products and actual use
(Unger et al., 2018), introducing educational messaging about ENDS and the high nicotine
content of JUUL in social networks that frequently post positively about JUUL may be a
beneficial intervention. For example, it may be possible to employ a Twitter bot to use
machine learning to identify tobacco users and match them with former tobacco users who
may help them decrease their tobacco use (Deb et al., 2018). Researchers can also continue
to monitor discussions related to use of high-nicotine devices and pods to determine if there
are additional anecdotal reports of dependence and difficulty quitting these devices. This
future research could also be conducted through other platforms in addition to Twitter;
researchers have found a wealth of information about user experiences related to JUUL on
platforms such as Reddit and YouTube (Brett et al., 2019; Huang et al., 2018; Kavuluru et
al., 2019). It may also be useful to examine further the potential difficulty of quitting ENDS
products. Considering dependence has been associated with failed quit attempts in ENDS
users (Garey et al., 2019), there is a possibility that some JUUL users who want to quit will
be unsuccessful.
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4.1. Limitations

The results of this study should be considered with regard to the following limitations. First,
Twitter does not represent the population at large, and the results of this study cannot be
generalized to individuals who do not use Twitter. However, these data can offer timely
qualitative insights into emergent trends that may be difficult to detect in more representative
population studies. Additionally, this study was designed to collect tweets that specifically
mentioned themes related to nicotine effects, dependence, and withdrawal and are therefore
not representative of all JUUL-related tweets. Another limitation is that interrater reliability
for some of the coded variables, while considered to be substantial agreement based on
published standards (Landis and Koch, 1977), did not reach perfect agreement. Finally, ages
and other latent characteristics of Twitter users were not ascertained in this study, primarily
because tweet-level data, as opposed to more extensive user-level data, are not conducive to
identifying such characteristics. Thus, the results of this study cannot be ascribed only to
youth or young adults, as the age of the individual Twitter users were not ascertained. This
limitation remains an area of continued research interest.

4.2. Conclusions

In conclusion, this qualitative analysis of JUUL-related tweets found themes related to
dependence, acute nicotine effects, and difficulty quitting use of the product. To our
knowledge, this is the first analysis of self-reported dependence on JUUL or the physical
effects usually associated with nicotine exposure using Twitter data. This study extends the
current research pertaining to JUUL on Twitter, which has focused on sentiment, discussions
about use, and communication between individuals (Allem et al., 2018; Chu et al., 2018;
Kavuluru et al., 2019) to also examine how JUUL users discuss their experience with the
product in terms of nicotine effects, dependence, and withdrawal. Because of JUUL’s high
nicotine content and patented nicotine salts formulation (Bowen and Xing, 2014; Jackler and
Ramamurthi, 2019), it is not surprising that users have discussed feeling nicotine and
dependence-related effects. It will be important to continue to monitor discussions related to
acute nicotine effects, self-reported dependence, and difficulty quitting JUUL, as well as
even higher nicotine content ENDS products as they continue to appear on the market
(Jackler and Ramamurthi, 2019).
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Highlights

. Twitter can be used to analyze messages about nicotine, dependence, and
withdrawal.

. Users of JUUL are self-reporting symptoms of nicotine exposure and
dependence.

. Dependence tweets included use upon waking, compulsion, and inability to
cut down.

. Nicotine exposure tweets revealed themes related to self-reported physical
effects.

. Due to JUUL’s rising popularity and high nicotine content, more research is
needed.
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Table 1.

Definitions for categorical codes and example tweets.

Code
Sub-code Definition Example content
Dependence The tweet mentions JUUL in . Can’t even get through an entire class period without needing to go juul lol.
association with words that . .
specify dependence or a . Why is it that...people who vape actually never been addicted to tobacco...
need to smoke JUUL. everybody ‘s got a juul.
. At least | don’t have a juul/nicotine addiction.
Self-report The tweet contains language . | am in desperate need of mango juul pods.
that describes self-reported , . i
addiction, rather than that . I’m addicted to my juul.
experienced by others. . Nothing is better than a juul headrush in the morning.

. | quit smoking cold turkey for a decad. chewed gum and blew bubbles (yes) to
handle fidgets; but got through it. juul has me addicted once again...

. When you start juuling to not be addicted to cigarettes but instead of leaving
for 5 minutes every couple hours you twitch and have a panic attack if you
don’t know where the juul is for 30 seconds

Nicotine The tweet mentions nicotine . Juuls are guaranteed to give you a nicotine addiction & other health problems
or nicotine effects. because you had to look cool and have a bigger smoke cloud than [name].

. this guy is tweeting hes buzzed off a juul and acting like he is [expletive] i dont
understand.

Self-report The tweet contains language . Hitting the juul right when | wake up always gives me a buzz before school.
that describes self-reported i i i .
experience of nicotine . 1 only juul because they give you a good drunk buzz for like 2 minutes.
effects, rather than that . . .
experienced by others. Yooo juuls get u higher than I thought fr.

. | took a two day tolerance break from my juul; swear my first hit got me tilted

. I live my life in a constant juul buzz.

Quitting JUUL  The tweet mentions the . 1I’m quitting the juul...
tweeter has or wants to quit . . i . i
smoking JUUL. . I really want to stop smoking this JUUL. Like yeah, it ‘s not cigarettes but |
don’t feel like being addicted to nicotine.
. Someone please tell me how...to quit juuling.
. | just threw my juul away.
Withdrawal ~ The tweet mentions . I need my juul, I get a headache every time | lose it.

symptoms/effects of the
absence of a JUUL.

These withdrawals are killing me.

*
Proper names and expletives have been censored. Minor details of tweet content were changed to prevent re-identification of individual Twitter
users via direct quotes.

a : « " o i
If a tweet was determined to be “news” or “commercial,” it was not coded further and was excluded from final analyses.
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