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Abstract

Purpose: To estimate the prevalence, patterns, and correlates of self-reported nicotine 

dependence symptoms among U.S. youth who use JUUL - a widely-sold e-cigarette brand - in 

2019 and compare findings to nicotine dependence symptoms in youth who smoke cigarettes.

Methods: Data were from a nationally-representative subsample of 8th, 10th, and 12th grade 

students in the Monitoring the Future Study who had used JUUL or cigarettes in the past 30 

days. Participants self-reported presence/absence of 9 different nicotine dependence symptoms for 

JUUL or cigarettes. Weighted percentages for JUUL or cigarette nicotine dependence symptom 

status (≥1 vs. 0 symptoms) and severity (count, range: 0–9) were calculated. Among JUUL 

users, we estimated associations of sociodemographic characteristics and other substance use with 

nicotine dependence and severity.

Results: Among 1,748 past 30-day JUUL users, 41.3% screened positive for ≥1 nicotine 

dependence symptoms; the mean symptom count was 1.6 (SD=2.6). Non-nicotine substance use 

and more frequent JUUL use was associated with significantly greater odds of dependence and 

more severe dependence symptoms in multivariable models. The severity distribution of most 

(craving) and least (inability to quit) dependence symptom types observed in JUUL dependence 

paralleled those observed in analysis of combustible cigarette dependence symptoms in past 

30-day smokers.
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Conclusion: A substantial proportion of U.S. adolescent JUUL users reported symptoms 

of nicotine dependence, which is greater for those who vape more frequently and use other 

substances. Nicotine dependence screening, prevention, and regulatory policies addressing use of 

JUUL or similar e-cigarette products should be considered to protect U.S. youth.
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INTRODUCTION

E-cigarette use (i.e., nicotine vaping) among U.S. youth has been declared a public health 

crisis (Walley et al., 2019). In 2019, 6.9% and 11.7% of 10th and 12th grade U.S. students, 

respectively, currently vaped nicotine on a daily basis, raising concerns about whether 

nicotine dependence is widespread in adolescents (Miech et al., 2019)

JUUL—the most commonly used e-cigarette brand among U.S. youth in 2019—was the 

first company to market pod-style e-cigarettes. Pod-style e-cigarettes are characterized by 

their small size, resemblance of a computer USB drive, and compatibility with cartridges 

(i.e., “pods”) that contain solutions with high concentrations of nicotine in a protonated 

salt chemical form (i.e., “nicotine salt” formulations; Barrington-Trimis & Leventhal, 

2018). Compared to standard free-base nicotine e-cigarettes, e-cigarettes with nicotine salt 

formulations are believed to emit aerosol that is less harsh and easier to inhale (Duell et al., 

2018; Goniewicz et al., 2019; Jackler & Ramamurthi, 2019), which could increase the risk 

of nicotine dependence (Jackler & Ramamurthi, 2019).

Prior research of regional samples of adolescent e-cigarette users suggest that nicotine 

dependence is higher among subsets of youth who use JUUL or other e-cigarettes with 

high nicotine concentrations or pod-based systems (Boykan et al., 2019; Case et al., 2020; 

Morean et al., 2018). Recent nationally-representative estimates of the prevalence and 

severity of nicotine dependence among youth who use JUUL are lacking. Such evidence 

may provide insight regarding the potential for nicotine dependence among users of JUUL 

or other e-cigarettes with high concentrations of nicotine in nicotine salt formulations. 

The types of symptoms and key correlates (e.g., sociodemographic characteristics and 

other substance use) of nicotine dependence in youth JUUL users are unknown, which 

is important for characterizing nicotine dependence syndrome and subpopulations at greatest 

risk.

The current study estimated the prevalence, severity, and correlates of self-reported nicotine 

dependence symptoms in JUUL users among U.S. youth in 2019. The association of JUUL 

use frequency with nicotine dependence and severity was also examined to determine 

whether a characteristic association was observed for dose of exposure with dependence 

risk, as has been observed for other drugs of abuse. To further place the findings in 

context, a comparison analysis was used to estimate the prevalence and correlates of nicotine 

dependence among youth who used combustible cigarettes, a tobacco product with high 

dependence potential (Rose, 2006).
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METHODS

Participants and Procedures

Data are from the 2019 Monitoring the Future (MTF) study, which uses self-administered 

questionnaires to annually survey a nationally representative sample of U.S. 8th-grade, 

10th-grade, and 12th-grade students (Miech et al., 2020). By design, one-third of students 

from each grade were randomly selected for the JUUL module. The analytic sample 

included those administered the module who reported past 30-day JUUL use with nicotine 

dependence data (N=1,748). A randomly-assigned one-third of students were also selected 

to receive a cigarette smoking module, among whom past 30-day cigarette smokers with 

cigarette nicotine dependence data constituted the sample for the comparison analysis 

(N=437); this sample was partially overlapping with the youth receiving the JUUL module. 

Students provided assent; active written or passive parental informed consent was collected 

per each school’s policies. Surveys were self-administered in classrooms via tablets, 

yielding response rates of 89.5%, 87.4%, and 82.5% for 8th, 10th, and 12th grade students, 

respectively. The University of Michigan Institutional Review Board approved this study.

Measures

Past 30-day JUUL or Cigarette Use.—Participants who reported vaping in the past 30 

days completed a survey item asking how many days in the past 30 days they used a JUUL: 

0, 1–2, 3–5, 6–9, 10–19, or ≥20 days. Participants reporting smoking cigarettes in the past 

30 days were asked how many cigarettes they smoked in the past 30-days on smoking days: 

none, ≤1 cigarette per day, 1–5 cigarettes per day, ½ pack per day, 1 pack per day, 1.5 packs 

per day, or ≥2 packs per day.

Nicotine Dependence Symptoms.—Two parallel 9-item adapted versions of the 

Hooked on Nicotine Checklist (HONC; Wheeler et al., 2004) were administered to assess 

nicotine dependence symptoms. One version measured symptoms experienced from use 

of JUUL, whereas the other measured symptoms from combustible cigarette smoking. In 

both versions, the following 9 symptoms (yes/no) were identically worded expect for the 

substitution of "JUUL” and “cigarette” terms: “Have you ever tried to quit using (JUUL/

cigarettes), but couldn’t?”; “Do you use (JUUL/cigarettes) now because it is really hard 

to quit?”; “Have you ever felt like you were addicted to (JUUL/cigarettes)?”; “Do you 

ever have strong cravings to use (JUUL/cigarettes)?”; “Is it hard to keep from using 

(JUUL/cigarettes) in places where you are not supposed to?”; “Did you find it hard to 

concentrate because you couldn’t use (JUUL/cigarettes)?”; “Did you feel more irritable 

because you couldn’t use (JUUL/cigarettes)?”; “Did you feel a strong need or urge to 

use (JUUL/cigarettes)?”; “Did you feel nervous, restless or anxious because you couldn’t 

use (JUUL/cigarettes)?” As in prior research (Vogel, Cho, et al., 2020; Wheeler et al., 

2004). participants who indicated ≥1 symptoms were classified as screening positive for 

dependence symptoms; total number of symptoms were tallied as a severity estimate 

(range: 0–9). Previous research of youth e-cigarette users has demonstrated that the HONC 

evidences adequate convergent and predictive validity (Vogel, Cho, et al., 2020).
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Demographic Characteristics and Substance Use.—Sociodemographic information 

was collected for gender (male/female), grade (8th, 10th, 12th), race/ethnicity (Non-Hispanic 

White, Non-Hispanic Black, Hispanic, Other), parental education (no college degree/

college degree) via self-report; population density (rural, suburban, large city), and region 

(Northeast, Midwest, South, West) of school location were collected via census data. 

Participants reported past 30-day use of any other nicotine substances (smokeless tobacco, 

cigars/cigarillos, or hookah tobacco; yes/no) and other non-nicotine substances (alcohol, 

cannabis, or other drugs [inhalants, hallucinogen, LSD, cocaine, crack, heroin, opioids, 

barbiturates, tranquilizers, methamphetamine]; range: 0 – 3).

Statistical Analyses

After descriptive analyses, we calculated the prevalence (unweighted n, and weighted %± 

95% CI) of nicotine dependence symptom positive screens (yes/no), symptom severity 

(Range=0–9), and individually for each of the 9 different dependence symptoms for JUUL 

users. We also report prevalence of those screening positive for JUUL dependence in 

the larger overall sample of MTF students to provide base rate estimates in the general 

population. For comparative purposes, parallel analyses were performed with responses 

to the HONC for cigarette smoking, among past-30-day cigarette smokers. Multivariable 

regression models were used to evaluate the association of sociodemographic and substance 

use variables with nicotine dependence (logistic regression) and severity (negative binomial 

regression), including all items as simultaneous regressors. Results are reported as odds 

ratios (ORs) or rate ratios (RRs) with 95% confidence intervals (95% CIs). All analyses 

were conducted in Mplus version 8 (Muthén & Muthén, 1998–2017). Full information 

maximum likelihood estimating to account for missing data, and complex analyses were 

conducted using the cluster variable (astrat: Stratum for single or multiple year analysis). 

Benjamini-Hochberg multiple-testing corrections (Benjamini & Hochberg, 1995) were 

applied to regression estimates to control the false-discovery rate at 0.05 (based on two

tailed corrected p-value).

RESULTS

Study Sample

Among all 42,531 MTF respondents, a randomly-selected 14,191(33.4%) were eligible to 

receive the JUUL module, of whom 1,779 (12.5%) reported past 30-day use of JUUL. 

After eliminating 31 students who did not complete JUUL dependence symptom items, the 

analytic sample included 1,748 past 30-day JUUL users with valid nicotine dependence 

symptom data (n=333 8th graders; n=722 10th graders; n=693 12th graders). Sample 

characteristics (50.1% female; 64.3% Non-Hispanic White; 11.1% Hispanic; 4.8% Non

Hispanic Black; 19.8% Other race/ethnicity) are depicted in the left column of Table 1. 

Descriptive data on the comparison sample of past 30-day cigarette smokers (N=437) are 

reported in Supplementary Table 1.
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Prevalence and Severity of Nicotine Dependence Symptoms in JUUL Users and 
Comparison Sample of Combustible Cigarette Users

Among past 30-day JUUL users, 41.3% (95% CI: 39.0, 43.7) of students screened positive 

for nicotine dependence (i.e., ≥1 symptoms), amounting to 5.2% of all MTF students 

eligible for the JUUL module. The prevalence of any nicotine dependence among JUUL 

past-30-day users did not vary appreciably by grade; among 8th, 10th, and 12th grade 

past 30-day JUUL users, the prevalence of dependence was 44.7%, 40.0%, and 41.2%, 

respectively. The distribution of JUUL dependence symptom scores (range: 0–9) was 

positively skewed (Figure 1) and the mean symptom count was 1.61 (SD=2.62). Craving 

(29.0%) and feeling addicted (26.5%) were the most commonly reported symptoms, while 

inability to concentrate while abstinent (12.3%) and difficulty quitting (10.9%) were the 

least common (Figure 2).

In the comparison sample of past 30-day cigarette smokers, 52.1% (95% CI: 47.8, 56.3) 

screened positive for nicotine dependence symptoms and the mean symptom count was 2.20 

(SD=2.91). The symptom count distribution and ordering of the prevalence of symptom 

types followed similar patterns observed with JUUL; however, several prevalence estimates 

were higher for cigarettes than JUUL (see Figures 1–2).

Correlates of Nicotine Dependence Symptoms from JUUL Use

Sociodemographics.—Among past 30-day JUUL users, lower JUUL prevalence and 

severity was observed among past 30-day users who were in 10th or 12th (vs. 8th) grade; 

JUUL prevalence and severity was higher in females vs. males (Table 2). No other 

associations were statistically significant.

Tobacco and Other Substance Use.—Among past 30-day JUUL users, the prevalence 

of JUUL dependence symptoms was successively higher among youth who reported using 

0 (29 0%), 1 (38.5%), 2 (49.1%), or 3 or more (59.3%) non-nicotine substances in the past 

30-days; similar results were found with the nicotine severity score, with greater dependence 

severity for every additional product used (Table 1); differences in prevalence and severity 

were statistically significant (ps<0.05)

JUUL Use Frequency.—The prevalence and severity of nicotine dependence symptoms 

was successively higher with each increasing response category of past 30-day JUUL use 

frequency. For example, the prevalence of nicotine dependence symptoms was 23.0% among 

participants who reported 1–2 days of past 30-day JUUL use, 38.3% among 6–9 days, 

52.5% among 10–19 days, and 61.9% among 20 or more days (Table 1). The total number of 

nicotine dependence symptoms increased with each response category of past 30-day JUUL 

use in a similar fashion. In comparison to students reporting using JUUL on 1–2 of the 

past 30 days, students that used JUUL on 3–5 days, 6–9 days, 10–19 days, and 20 or more 

days reported 1.46 (95% CI: 1.07, 1.98), 1.46 (95% CI: 1.05, 2.03), 1.97 (1.34, 2.90), and 

3.80 (95% CI: 2.86, 5.05) more JUUL dependence symptoms, respectively (Table 2). See 

supplemental materials for JUUL, cigarette, and dual user comparisons.

Kechter et al. Page 5

Drug Alcohol Depend. Author manuscript; available in PMC 2022 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



DISCUSSION

This study provides new evidence on nationally representative estimates of the prevalence, 

patterns, and correlates of JUUL dependence among U.S. youth in 2019. Among past 

30-day JUUL users - which represented 12.5% of 8th, 10th, and 12th graders - 42.1% 

screened positive for nicotine dependence symptoms. These findings depart from the 17.6% 

prevalence estimate of dependence using the same measure in the current study among a 

Southern California sample of 12th grade students in 2016 (Vogel, Cho, et al., 2020), but 

concord with a 44% estimate of perceived addiction to JUUL in a small national sample 

of JUUL users (n=44) in 2017 (Hammond et al., 2018) - prior to the widespread use of 

high-nicotine pod-style e-cigarette brands. Regional studies conducted more recently with 

less comprehensive measures of nicotine dependence have also found a high prevalence of 

e-cigarette dependence symptoms in users of pod-style, high nicotine brands (Boykan et al., 

2019; Morean et al., 2018).

Parallels between nicotine dependence in JUUL users and combustible cigarette dependence 

were observed. Similar to previous evidence in combustible cigarettes (Storr, 2008), we 

found a characteristic dose dependent relation between increasing frequency of JUUL use 

and risk and severity of dependence symptoms, after adjustment for multiple covariates. 

The qualitative shape of the nicotine dependence symptom severity distribution (i.e., positive 

skew) and rank ordering of symptom types that were most (e.g., cravings, urges) and least 

(e.g., inability to quit) were similar between JUUL users and the comparison sample of past 

30-day combustible cigarette smokers, consistent with prior work (Vogel, Cho, et al., 2020). 

This pattern suggests that the way in which the nicotine dependence syndrome manifests 

may be similar across youth who use either tobacco product.

The prevalence and severity of nicotine dependence appeared to be higher in the comparison 

sample of cigarette smokers than in JUUL asers in this study. While these two samples 

are each nationally representative samples of the respective populations of JUUL users and 

combustible cigarette smokers, direct comparisons are complicated by the fact they are 

different groups (only 11.1% of sample overlapped). The comparison sample of smokers 

(vs. the JUUL user sample) appeared to include greater proportion of poly-substance users, 

parents with less education, and other characteristics, which are known to increase risk 

of nicotine dependence (Racicot et al., 2012). Whether differences in nicotine dependence 

prevalence across the two samples are explained by these risk factors or that dependence 

risk is inherently higher for combustible cigarettes than JUUL across populations warrants 

further research. Regardless, the nicotine dependence symptom positivity rate was high 

in both samples (JUUL: 41.3%, cigarettes: 52.1%) and the population health impact of 

e-cigarette dependence is of particular concern given the high prevalence of past-30-day 

nicotine vaping in youth (Miech et al., 2019).

Poly-use of alcohol and other non-nicotine substances was highly associated with JUUL 

dependence, above and beyond use of other tobacco products, and after adjustment for 

frequency of JUUL use. Previous studies have shown that other drug use and mental 

health issues can increase the odds and severity of cigarette dependence even after holding 

constant the frequency of smoking, suggesting diathesis between other drugs and nicotine 

Kechter et al. Page 6

Drug Alcohol Depend. Author manuscript; available in PMC 2022 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



dependence risk (Cross et al., 2016; Dierker et al., 2015). Previous research has also found 

pharmacological interactions between nicotine and other substances that may enhance the 

dependence potential of tobacco products (Adams, 2017). While under the influence of 

non-nicotine substances, the reinforcing effects of cigarettes are enhanced (Glautier et al., 

1996; Tidey et al., 2000), which may in turn increase risk for progression to nicotine 

dependence (Buchmann et al., 2013).

Based on the results from the current study and previous studies (Boykan et al., 2019; 

Nardone et al., 2019), JUUL and other high-nicotine pod-style e-cigarette brands may 

substantively increase risk of nicotine dependence. As of 2018, 39 small pod-based devices 

that emulate JUUL both in their design and high nicotine salt e-liquid have been identified 

in addition to 14 brands marketing JUUL compatible pods with even higher nicotine content 

than JUUL (Jackler & Ramamurthi, 2019). Thus, even if there are future reductions in the 

prevalence of adolescent use of JUUL brand e-cigarettes, per se, and youth begin to adopt 

use of other similar products, it is reasonable to expect that current findings may generalize 

to other nicotine-salt based products (Boykan et al., 2019). This is a concern because 

nicotine dependence has become distressing to teens. Youth who use e-cigarettes report 

unease over mental health problems (e.g., depression), difficulty concentrating, reduction in 

academic success, and distress related to their use of e-cigarettes but an inability to stop 

vaping (Amato et al., 2020). Nicotine dependence may also prolong vaping and increase 

risk to progression to heavier patterns of vaping (Boykan et al., 2019; Nardone et al., 

2019), thereby increasing to extent of exposure to e-cigarette aerosol. Since e-cigarette 

aerosol contains cardiovascular and respiratory toxins (National Academies of Sciences, 

Engineering, and Medicine, 2018) and nicotine exposure may interfere with the adolescent 

developing brain and increase risk of attention and mood problems (U.S. Department of 

Health and Human Services, 2016), the health consequences of nicotine dependence in 

youth e-cigarette users may be substantial.

Limitations

First, the current study is limited by its cross-sectional observational design. Thus, it 

cannot be definitively concluded whether the correlates studied here are risk factors, 

consequences, or epiphenomena associated with JUUL dependence. Second, all measures 

were self-reported and did not include a clinical diagnosis of tobacco use disorder. While 

the measure of dependence used here has shown high sensitivity and parallel validity across 

combustible and e-cigarette versions of the scale (Vogel, Cho, et al., 2020; Wheeler et al., 

2004), the measure’s specificity for identifying tobacco use disorder may be modest (Vogel, 

Prochaska, & Rubinstein, 2020). There may also be slight underestimations of JUUL and 

cigarette dependence symptoms as we used a modified 9-item version to the original 10-item 

HONC. Furthermore, by design, the instructions are simple for adolescent populations 

and do not instruct youth to report their experience over a specific time frame, leaving 

unclear whether the symptoms reported are current symptoms. Given that this study was 

limited to past 30-day users, the likelihood that symptoms youth reported on were recently 

experienced is high. Finally, although a comparative analysis was conducted for dependence 

symptoms in combustible cigarette smokers, nicotine dependence symptoms among users 

of e-cigarette brands other than JUUL were not assessed. Future work comparing the 
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prevalence and correlates of e-cigarette dependence symptoms across a variety of e-cigarette 

brands, product characteristics, and user behaviors would be fruitful.

Conclusions

In this nationally representative sample of U.S. youth, nicotine dependence symptoms were 

of appreciable prevalence and severity in JUUL users and more common among youth 

who vaped more frequently and used multiple other non-nicotine substances. These findings 

contribute further evidence that e-cigarette dependence is likely a genuine expression of 

tobacco use disorder among U.S. youth (Vogel, Cho, et al., 2020; Walley et al., 2019). 

This holds important implications for nicotine dependence screening as the HONC may 

be an easy and reliable way to assess youth nicotine dependence symptoms as well 

as risk for other drug use. They also suggest that nicotine dependence screening may 

warrant prioritization in pediatric health service settings, particularly in youth that use 

pod-style e-cigarette products and use other substances. Given the assumption that nicotine 

dependence may make quitting use difficult and evidence a substantial portion of U.S. youth 

e-cigarette users are interested in quitting (Smith et al., 2020), evidence-based e-cigarette 

use prevention and cessation treatments are needed (Sargent et al., 2020). The prevalence 

and health consequences of nicotine dependence in adolescent users of JUUL and other 

pod-style e-cigarette products should be considered in regulatory policies that aim to protect 

pediatric population health. Ideally, such policies would align with FDA’s Youth Tobacco 

Prevention Plan (U.S. Food & Drug Administration, 2020) to focus on limiting youth access 

to and marketing of JUUL as well as educating on the dangers of any tobacco use.
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Highlights

• Forty-two percent of JUUL users reported symptoms of nicotine dependence.

• Frequent JUUL and other substance use associated with greater dependence 

severity.

• The profile of JUUL dependence symptoms paralleled cigarette dependence 

symptoms.
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Figure 1. 
Distribution of JUUL and Cigarette Dependence Symptom Severity Scores

Note. Unweighted Ns for JUUL, stratified by number of symptoms: 0=1013, 1=206, 2=113, 

3=87, 4=57, 5=54, 6=53, 7=49, 8=39, 9=77

Unweighted Ns for Combustible Cigarettes: 0=217, 1=60, 2=27, 3=23, 4=21, 5=19, 6=15, 

7=19, 8=15, 9=21

Error bars indicate 95% confidence intervals calculated using the estimated prevalence of 

one-sample t-test.
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Figure 2. 
Prevalence of Types of Nicotine Dependence Symptoms Experienced among JUUL and 

Combustible Cigarette Users

Note. Error bars indicate 95% confidence intervals calculated using the estimated prevalence 

of one-sample t-test.
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Table 1.

Sample Descriptive Statistics and Nicotine Dependence Symptoms in JUUL Users, by Participant 

Characteristics
a

Variable
Sample Characteristics N, 

Column %
b

Any dependence symptoms Total no. of dependence symptoms

Row % (95% CI)
b

P-Value
c

Row Mean (95% CI)
b

P-Value
c

Overall Sample 1748, 100% 41.3% (39.0, 43.7) N/A 1.61 (1.49, 1.74) N/A

Sociodemographics

Grade

 8th 333, 18.2% 44.7% (39.1, 50.2)1

.37

1.77 (1.46, 2.07)1

.42 10th 722, 40.9% 40.0% (36.3, 43.6)1 1.54 (1.34, 1.73)1

 12th 693, 40.9% 41.2% (37.6, 44.9)1 1.62 (1.43, 1.82)1

Gender

 Female 880, 50.1% 39.6% (36.3, 42.9)
.21

1.67 (1.49, 1.85)
.39

 Male 849, 49.9% 42.6% (39.3, 45.9) 1.56 (1.39, 1.74)

Race/Ethnicity

 Non-Hispanic White 1092, 64.3% 42.6% (39.6, 45.5)1

.42

1.68 (1.52, 1.84)1

.22
 Non-Hispanic Black 89, 4.8% 39.7% (28.8, 50.5)1 1.45 (0.87, 2.03)1,2

 Hispanic 185, 11.1% 36.8% (29.8, 43.9)1 1.26 (0.93, 1.59)2

 Others
d 344, 19.8% 39.4% (34.1, 44.7)1 1.63 (1.34, 1.91)1,2

Population Density

 Rural 487, 26.7% 38.7% (24.2, 43.1)2

.06

1.54 (1.30, 1.78)1

.66 Suburban 723, 51.0% 40.5% (37.2, 43.7)2 1.67 (1.49, 1.85)1

 Large city 538, 22.3% 46.5% (41.5, 51.5)1 1.57 (1.33, 1.81)1

Region

 Northeast 285, 14.4% 41.2% (35.0, 47.4)1,2

.11

1.71 (1.37, 2.06)12

.03
 Midwest 497, 30.7% 40.8% (36.5, 45.0)1,2 1.60 (1.37, 1.82)12

 South 719, 36.5% 38.9% (35.1, 42.8)2 1.42 (1.23, 1.61)2

 West 247, 18.4% 47.2% (41.6, 52.7)1 1.95 (1.64, 2.26)1

Parental education level

 No college degree 655, 40.6% 39.4% (35.7, 43.2)
.15

1.46 (1.27, 1.65)
.03

 College degree 1001, 56.1% 43.0% (39.9, 46.2) 1.74 (1.57, 1.92)

Nicotine dependence

Combustible cigarette dependence 
symptoms

 None 100, 41.4% 36.2% (26.9, 45.5)
.003

1.40 (0.93, 1.86)
<.001

 1 or more symptoms 116, 58.6% 55.0% (46.8, 62.9) 3.15 (2.56, 3.73)

Past 30-day substance use

Combustible cigarettes

 No 1529, 84.9% 40.3% (37.8, 42.8) .04 1.47 (1.35, 1/j) <.001
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Variable
Sample Characteristics N, 

Column %
b

Any dependence symptoms Total no. of dependence symptoms

Row % (95% CI)
b

P-Value
c

Row Mean (95% CI)
b

P-Value
c

 Yes 216, 14.9% 47.1% (40.9, 53.3) 2.42 (2.02, 2.83 )

Other tobacco products
e

 No 1140, 82.2% 39.0% (36.1, 41.9)
.04

1.40 (1.26, 1.54)
<.001

 Yes 245, 17.8% 46.1% (39.8, 52.5) 2.38 (1.96, 2.80)

No. alcohol/cannabis/other drugs
f

 0 384, 23.3% 29.0 (24.5, 33.5)4

<.001

0.94 (0.75, 1.14)3

<.001
 1 669, 37.4% 38.5 (34.7, 42.2)3 1.46 (1.26, 1.65)2

 2 548, 30.4% 49.1 (44.7, 53.4)2 2.6 (1.81, 2.30)1

 3 147, 9.0% 59.3 (51.4, 67.2)1 2.52 (2.03, 3.01)1

JUUL

 1–2 days 579, 32.8% 23.0% (19.5, 26.5)4

<.001

0.76 (0.61, 0.91)3

<.001

 3–5 days 302, 17.4% 38.3% (32.7, 43.8)3 1.19 (0.94, 1.43)2

 6–9 days 211, 11.8% 38.3% (31.5, 45.0)3 1.23 (0.93, 1.52)2

 10–19 days 175, 9.3% 52.5% (44.6, 60.4)2 1.45 (1.12, 1.78)2

 20 or more days 481, 28.6% 61.9% (57.6, 66.2)1 3.07 (2.78, 3.36)1

Note. Overall sample N=1748; participants ≥1 Juul dependence symptoms: Unweighted N = 735 / Weighted % = 41.3%

a
Past 30-day JUUL users. Available data ranges across variables (NS=1385–1748).

b
Unweighted frequency (N) and weighted percentage (%) are reported.

c
Calculated using one-way Analysis of Variance (ANOVA). Groups not sharing superscript numerals are significantly different in estimated 

prevalence from ANOVA Least Significant Difference tests.

d
Other race/ethnicity includes Asian and multiracial groups.

e
Indudes smokeless tobacco, cigars/cigarillos, and hookah tobacco.

f
Total number of substance classes used (alcohol, cannabis, or other drugs [inhalants, hallucinogen, LSD, cocaine, crack, heroin, opioids, 

barbiturate drugs, tranquilizer drugs, methamphetamine]).
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Table 2.

Association of Sociodemogra phic and substance Use with Nicotine Dependence Symptoms in JUUL Users

Regressors

Any dependence symptoms Total no. of dependence symptoms

Odds Ratio (95% CI)
a,c

P-Value Risk Ratio (95% CI)
b,c

P-Value

Sociodemographics

 Grade

  8th REF -- REF --

  10th  0.55 (0.37, 0.81)  .002*  0.64 (0.47, 0.87)  .004*

  12th  0.57 (0.39, 0.83)  .003*  0.60 (0.45, 0.80)  <.001*

 Female (male REF)  1.29 (1.05, 1.59)  .02*  1.11 (0.93, 1.32)  .26

 Race/Ethnicity

  Non-Hispanic White REF -- REF --

  Non-Hispanic Black  1.01 (0.56, 1.83) .98  0.83 (0.56, 1.24)  .37

  Hispanic  0.77 (0.52, 1.13) .18  0.86 (0.63, 1.16)  .33

  Others
d

 0.74 (0.52, 1.06) .10  0.89 (0.66, 1.19)  .42

 Population Density

  Rural REF -- REF --

  Suburban  0.98 (0.78, 1.24) .87  1.02 (0.82, 1.27)  .85

  Large city  1.42 (1.03, 1.96) .03  1.07 (0.83, 1.38)  .61

 Region

  Northeast REF -- REF --

  Midwest  0.86 (0.71, 1.05) .13  0.84 (0.65, 1.10)  .21

  South  0.90 (0.74, 1.09) .28  0.80 (0.63, 1.02)  .07

  West  1.10 (0.82, 1.46) .53  1.02 (0.76, 1.38)  .89

  Parent with (vs. without) college degree  1.13 (0.85, 1.50) .42  1.14 (0.92, 1.40)  .23

 Nicotine dependence

 Combustible cigarette dependence symptoms (Any vs. 
None)  2.46 (1.22, 4.93) .01*  1.70 (1.27, 2.26) <.001*

 Past 30-day substance use

 Combustible cigarettes  0.95 (0.65, 1.39) .80  1.20 (0.95, 1.52)  .13

 Other tobacco products
e

 0.76 (0.53, 1.10) .14  1.10 (0.86, 1.39)  .45

 No. alcohol/cannabis/other drugs
f

  0 REF -- REF --

  1  1.36 (0.98, 1.89) .07  1.47 (1.09, 1.98)  .01*

  2  1.92 (1.32, 2.81) .001*  1.67 (1.29, 2.16)  <.001*

  3  2.65 (1.57, 4.47) <.001*  1.90 (1.37, 2.64)  <.001*

 JUUL

  1–2 days REF -- REF --
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Regressors

Any dependence symptoms Total no. of dependence symptoms

Odds Ratio (95% CI)
a,c

P-Value Risk Ratio (95% CI)
b,c

P-Value

  3–5 days  2.13 (1.45, 3.11) <.001*  1.46 (1.07, 1.98)  .02*

  6–9 days  1.98 (1.44, 2.72) <.001*  1.46 (1.05, 2.03)  .02*

  10–19 days  4.19 (2.60, 6.77) <.001*  1.97 (1.34, 2.90)  .001*

  20 or more days  5.86 (4.10, 8.37) <.001*  3.80 (2.86, 5.05) <.001*

Note. Past 30-day JUUL users N=1748.

a
Multivariable logistic regression model for binary outcome of JUUL dependence status (any symptoms vs. none).

b
Multivariable negative binomial regression model for count outcome of JUUL dependence symptom score (Range=0–9).

c
Sampling weight was considered. Complex analyses were conducted using the cluster variable (astrat: Stratum for single or multiple year 

analysis).

d
Other race/ethnicity includes Asian and multiracial groups.

e
Includes smokeless tobacco, cigars/cigarillos, and hookah tobacco.

f
Total number of substance classes used (alcohol, cannabis, or other drugs [inhalants, hallucinogen, LSD, cocaine, crack, heroin, opioids, 

barbiturate drugs, tranquilizer drugs, methamphetamine]).

*
Statistically significant after Benjamini-Hochberg correction for multiple tests to maintain study-wise false discovery rate of .05.
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