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Abstract

IMPORTANCE Updated data on the patterns of e-cigarette use among adults in the US are needed.

OBJECTIVE To examine recent patterns in current and daily e-cigarette use among US adults.
DESIGN, SETTING, AND PARTICIPANTS This repeated cross-sectional study used data from the
2017, 2018, and 2020 Behavioral Risk Factor Surveillance System, a nationally representative state-
based survey of noninstitutionalized US adults. A total of 994 307 adults 18 years and older who were
living in states and territories that provided data on e-cigarette use in 2017 (53 states and territories),
2018 (36 states and Guam), and 2020 (42 states and Guam) were included.

MAIN OUTCOMES AND MEASURES The weighted prevalence of current (past 30 days) and daily
e-cigarette use was estimated for each year, and changes in prevalence from 2017 to 2020 were
assessed, first overall and then stratified by participant characteristics, including state or territory of
residence.

RESULTS Among 994 307 adults from states with data on e-cigarette use, 429 370 individuals
(weighted 51.3% female) were participants in the 2017 survey, 280 184 (weighted 52.1% female)
were participants in the 2018 survey, and 284 753 (weighted 52.1% female) were participants in the
2020 survey. The weighted proportions of young adults aged 18 to 24 years were 12.6% in 2017,
11.8% in 2018, and 11.9% in 2020. Across all 3 years, 17 035 participants (weighted, 1.0%) were
American Indian or Alaska Native, 22 313 (weighted, 4.6%) were Asian, 75 780 (weighted, 12.2%)
were Black, 72190 (weighted, 15.1%) were Hispanic, 4817 (weighted, 0.2%) were Native Hawaiian,
757140 (weighted, 65.1%) were White, 20 332 (weighted, 1.3%) were multiracial, and 6245
(weighted, 0.5%) were of other races and/or ethnicities. The prevalence of current e-cigarette use
was 4.4% (95% Cl, 4.3%-4.5%) in 2017, which increased to 5.5% (95% Cl, 5.4%-5.7%) in 2018 and
decreased slightly to 5.1% (95% Cl, 4.9%-5.3%) in 2020. The recent decrease, though modest, was
observed mainly among young adults aged 18 to 20 years (from 18.9% [95% Cl, 17.2%-20.7%] to
15.6% [95% Cl, 14.1%-171%]; P = .004). However, the prevalence of daily e-cigarette use increased
consistently from 1.5% (95% Cl, 1.4%-1.6%) in 2017 to 2.1% (95% Cl, 2.0%-2.2%) in 2018 and 2.3%
(95% Cl, 2.2%-2.4%) in 2020. Among young adults aged 21 to 24 years, there was a slight, albeit
insignificant, increase in the prevalence of current e-cigarette use (from 13.5% [95% Cl, 12.3%-14.7%]
t014.5% [95% Cl, 13.2%-15.9%]; P = .28) but a significant increase in the prevalence of daily
e-cigarette use (from 4.4% [95% Cl, 3.8%-5.1%] to 6.6% [95% Cl, 5.6%-7.6%]; P < .001) between
2018 and 2020. State-level patterns in the prevalence of current e-cigarette use were
heterogeneous, with states like Massachusetts (from 5.6% [95% Cl, 4.8%-6.5%] to 4.1% [95% ClI,
3.1%-5.3%]; P = .03) and New York (from 5.4% [95% Cl, 4.9%-5.9%] to 4.1% [95% Cl, 3.5%-4.7%];
P =.001) recording significant decreases between 2018 and 2020. In contrast, Guam (from 5.9%
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Abstract (continued)

[95% Cl, 4.5%-7.9%] to 11.4% [95% Cl, 8.7%-14.8%]; P = .002) and Utah (from 6.1% [95% Cl, 5.5%-
6.7%] 10 7.2% [95% Cl, 6.5%-8.0%]; P = .02) recorded significant increases in current e-cigarette
use over the same period.

CONCLUSIONS AND RELEVANCE In this study, a slight decrease in the prevalence of current
e-cigarette use was found between 2018 and 2020; this decrease was mainly observed among
young adults aged 18 to 20 years. In contrast, daily e-cigarette use consistently increased, particularly
among young adults aged 21to 24 years. This increase in daily use suggests greater nicotine
dependence among those who use e-cigarettes, warranting continued surveillance.

JAMA Network Open. 2022;5(7):2223266. doi:10.1001/jamanetworkopen.2022.23266

Introduction

The prevalence of e-cigarette use (commonly referred to as vaping) among adults in the US has
increased over the past several years.' Previous studies'? examining patterns in e-cigarette use
among US adults from 2016 to 2018 reported an increased prevalence of current and daily
e-cigarette use, with the most substantial increase observed among young adults aged 18 to 24
years. Of public health concern, the prevalence of e-cigarette use among individuals who have never
used combustible cigarettes also increased significantly over the same period.'

Until recently, e-cigarette use among youths was also increasing and surpassed the use of
combustible cigarettes in 2014.4® More recent studies”® have reported reductions in e-cigarette use
among middle school and high school students in the US. Although the reasons for this decrease
remain unclear, a possible explanation may be the implementation of the Tobacco to 21 Act
(Tobacco-21),° which raised the minimum age for e-cigarette sales from 18 years to 21 years,
potentially discouraging e-cigarette use among youths.'® Other explanations may be the ban on
flavored cartridge-based e-cigarettes that appeal to youths' and the reports of e-cigarette- or
vaping product-associated lung injuries.'? All of these events occurred in late 2019 to early 2020 and
may partly account for the observed decrease in e-cigarette use among youths. However, it is
unknown whether e-cigarette use among adults, particularly young adults, has also decreased in
recent years.

For the first time, through its Premarket Tobacco Product Application pathway, the US Food and
Drug Administration (FDA) in October 2021 authorized the marketing of 3 e-cigarette products sold
under the brand name Vuse (R. J. Reynolds Tobacco Company).”® The rationale for the authorization
was that the potential benefit of using e-cigarette products as tobacco cessation aids for adult
smokers appeared to outweigh the risk of youths using these products.' However, although
e-cigarettes have been reported to aid cessation among adults who smoke combustible cigarettes,
their use among youths, young adults, and individuals who have never used combustible cigarettes
remains of substantial public health concern.

Delineating the patterns of e-cigarette use is important to informing effective regulatory
policies. Changes in e-cigarette use, particularly among young adults aged 18 to 20 years, may be
used to evaluate policies such as the Tobacco-21legislation. In addition, state-level patterns can be
used to assess state-level policies. To monitor recent patterns, we used 2017, 2018, and 2020 data
from one of the most extensive health surveys, the Behavioral Risk Factor Surveillance System
(BRFSS), to examine recent changes in current and daily e-cigarette use among US adults.
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Methods

Data Source, Study Sample, and Study Design

This repeated cross-sectional study used data from the 2017, 2018, and 2020 BRFSS, a nationally
representative survey of noninstitutionalized adults 18 years and older in the US. Verbal informed
consent was obtained from all participants in the initial BRFSS surveys. The present study was
deemed exempt from review by an institutional review board because it used deidentified publicly
available BRFSS data. This study followed the Strengthening the Reporting of Observational Studies
in Epidemiology (STROBE) reporting guideline for cross-sectional studies.

The BRFSS uses iterative proportional fitting as a weighting method, which incorporates
demographic characteristics to adjust for noncoverage and nonresponse, thereby making the data
representative.'* In this study, we used data from all states, including the District of Columbia, and all
territories (hereinafter referred to as states) that provided data on e-cigarette use in 2017 (53 states
and territories), 2018 (36 states and Guam), or 2020 (42 states and Guam) (eTable 1in the
Supplement). In 2017, inclusion of the survey module containing questions about e-cigarette use was
required and used by all states. However, in 2018 and 2020, this module was optional, giving states
the flexibility to include the module in their state surveys based on their priorities. Therefore, not all
states provided data on e-cigarette use in 2018 and 2020. No data on e-cigarette use were collected
in 2019 surveys. The median survey response rate for all states was 45.1% (range, 30.6%-64.1%) in
2017, 49.4% (range, 37.3%-73.1%) in 2018, and 47.9% (range, 34.5%-67.2%) in 2020.""7 A
description of how we assessed e-cigarette and combustible cigarette use and other study measures
has been published previously'® and is also provided in eMethods in the Supplement.

Statistical Analysis

First, using data from all states with information on e-cigarette use in 2017, 2018, or 2020,
irrespective of whether a state provided e-cigarette data for all 3 years, we calculated the weighted
prevalence of current (past 30 days) and daily e-cigarette use for each year, both overall and
stratified by age. In the sensitivity analysis, we used data from the 33 states that had data on
e-cigarette use for all 3 years to calculate the changing prevalence of current and daily e-cigarette
use. We also estimated the prevalence of current e-cigarette use for each state and examined
patterns between 2017 and 2020.

For comparison, we examined patterns in combustible cigarette smoking from 2017 to 2020,
first using only the states with data on e-cigarette use, then incorporating all states with data on
combustible cigarette use as a sensitivity analysis. Using the 2010 US population as the standard, we
obtained estimates for the following age groups: 18 to 24 years, 25 to 29 years, 30 to 34 years, 35 to
39 years, 40 to 44 years, 45 to 49 years, 50 to 54 years, 55 to 59 years, and 60 years and older. We
used those estimates to calculate the age-standardized prevalence of current e-cigarette use by
participant characteristics and examined patterns from 2017 to 2020."°

Among current smokers of combustible cigarettes, we estimated the proportion who reported
attempting to quit smoking in the past year and the prevalence of current e-cigarette use among
those attempting to quit in the past year. We also assessed the prevalence of sole e-cigarette use,
dual e-cigarette and combustible cigarette use, and sole combustible cigarette use.

All analyses were conducted using Stata software, version 16 (StataCorp LLC). The survey
command svy was used to account for the complex weighting method used by the BRFSS, and
statistical significance was set at 2-sided P < .05.

Results

Patterns in e-Cigarette and Combustible Cigarette Use
A total of 994 307 adults from states with data on e-cigarette use were included. Of those, 429 370
individuals (51.3% female; 48.7% male) were participants in the 2017 survey, 280 184 individuals
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(52.1% female; 47.9% male) were participants in the 2018 survey, and 284 753 individuals (52.1%
female; 47.9% male) were participants in the 2020 survey. The weighted proportions of young adults
aged 18 to 24 years were 12.6% in 2017, 11.8% in 2018, and 11.9% in 2020. Across all 3 years, 17 035
participants (weighted, 1.0%) were American Indian or Alaska Native, 22 313 (weighted, 4.6%) were
Asian, 75 780 (weighted, 12.2%) were Black, 72190 (weighted, 15.1%) were Hispanic, 4817
(weighted, 0.2%) were Native Hawaiian, 757 140 (weighted, 65.1%) were White, 20 332 (weighted,
1.3%) were multiracial, and 6245 (weighted, 0.5%) were of other races and/or ethnicities.

The weighted prevalence of current e-cigarette use was 4.4% (95% Cl, 4.3%-4.5%) in 2017,
which increased to 5.5% (95% Cl, 5.4%-5.7%) in 2018, then decreased slightly to 5.1% (95% Cl,
4.9%-5.3%) in 2020. The prevalence of daily e-cigarette use increased steadily from 1.5% (95% Cl,
1.4%-1.6%) in 2017 t0 2.1% (95% Cl, 2.0%-2.2%) in 2018 and 2.3% (95% Cl, 2.2%-2.4%) in 2020. The
proportion of current e-cigarette users who reported daily use therefore increased from 34.5% (95%
Cl, 33.1%-36.0%) in 2017 to 37.3% (95% Cl, 35.5%-39.1%) in 2018 and 44.4% (95% Cl,
42.5%-46.3%) in 2020 (Figure 1).

The modest reduction in the prevalence of current e-cigarette use between 2018 and 2020 was
mainly observed among young adults aged 18 to 20 years (from 18.9% [95% Cl, 17.2%-20.7%] to
15.6% [95% Cl, 14.1%-17.1%]; P = .004) (Figure 2). Among young adults aged 21to 24 years, there
was a slight, albeit insignificant, increase in the prevalence of current e-cigarette use (from 13.5%
[95% Cl, 12.3%-14.7%] t0 14.5% [95% Cl, 13.2%-15.9%]; P = .28) but a significant increase in the

Figure 1. Weighted Prevalence of Current and Daily e-Cigarette Use Among US Adults in the Behavioral Risk
Factor Surveillance System
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Figure 2. Weighted Prevalence of Current e-Cigarette Use by Age Among US Adults in the Behavioral Risk Factor Surveillance System
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prevalence of daily e-cigarette use (from 4.4% [95% Cl, 3.8%-5.1%] to 6.6% [95% Cl, 5.6%-7.6%];

P < .001) between 2018 and 2020 (Figure 3). Results from a sensitivity analysis using data from only
the 33 states with information on e-cigarette use for all 3 years revealed similar patterns in the
prevalence of current and daily e-cigarette use, both overall (current use: 4.5% [95% Cl, 4.4%-4.7%]
in 2017, 5.5% [95% Cl, 5.3%-5.7%] in 2018, and 5.2% [95% Cl, 4.9%-5.4%] in 2020; daily use: 1.5%
[95% Cl, 1.4-1.6]in 2017, 2.1% [95% Cl, 1.9%-2.2%] in 2018, and 2.3% [95% Cl, 2.2%-2.5%] in 2020)
and stratified by age (eg, current use for ages 18-20 years: 11.9% [95% Cl, 10.6%-13.4%] in 2017,
18.6% [95% Cl, 16.8%-20.5%] in 2018, and 15.5% [95% Cl, 13.8%-17.3%] in 2020; daily use for ages
18-20 years: 3.5% [95% Cl, 2.8%-4.3%] in 2017, 7.1% [95% Cl, 6.0%-8.5%] in 2018, and 6.0% [95%
Cl, 5.0%-7.2%] in 2020) (eTable 2 in the Supplement).

Among the states with data on e-cigarette use, the prevalence of current combustible cigarette
smoking was 16.3% (95% Cl, 16.1%-16.6%) in 2017, which remained relatively stable at 16.2% (95%
Cl,15.9%-16.5%) in 2018 but decreased to 14.8% (95% Cl, 14.5%-15.1%) in 2020. An analysis of data
from all states with information on combustible cigarette use, irrespective of whether a state had
data on e-cigarette use, revealed similar decreasing patterns (16.3% [95% Cl, 16.1%-16.5%] in 2017,
15.5% [95% Cl, 15.3%-15.7%] in 2018, and 14.2% [95% Cl, 14.0%-14.5%] in 2020). Similar to the
reductions in e-cigarette use, the decrease in combustible cigarette use between 2018 and 2020 was
predominantly observed among the younger age groups (eg, ages 18-20 years: from 8.7% [95% Cl,
7.5%-10.1%] to 5.3% [95% Cl, 4.5%-6.2%]; ages 21-24 years: from 14.4% [95% Cl, 13.2%-15.5%] to
10.1% [95% Cl, 9.2%-11.2%]) (eFigure 1in the Supplement).

Patterns in e-Cigarette Use by Participant Characteristics

The age-standardized prevalence of current e-cigarette use in 2017, 2018, and 2020 by participant
characteristics is shown in Table 1. Across all years, the prevalence of current e-cigarette use was
higher among men (5.5% [95% Cl, 5.3%-5.7%] in 2017, 7.4% [95% Cl, 7.1%-7.8%] in 2018, and 6.6%
[95% Cl, 6.2%-6.9%] in 2020), transgender individuals (8.6% [95% Cl, 5.6%-12.9%] in 2017, 9.2%
[95% Cl, 6.3%-13.1%] in 2018, and 10.9% [95% Cl, 7.2%-16.3%] in 2020), individuals who reported
using smokeless tobacco products (8.9% [95% Cl, 8.0%-9.9%] in 2017, 10.2% [95% Cl, 9.1%-11.4%]
in 2018, and 12.8% [95% Cl, 11.5%-14.3%] in 2020) or cannabis in the past month (8.9% [95% Cl,
7.4%-10.5%]in 2017,17.4% [95% Cl, 15.6%-19.4%] in 2018, and 15.7% [95% Cl, 14.6%-16.9%] in
2020), and individuals who reported drinking heavily (7.9% [95% Cl, 7.2%-8.6%] in 2017,11.7% [95%
Cl,10.8%-12.7%] in 2018, and 11.5% [95% Cl, 10.5%-12.6%] in 2020) or binge drinking (6.9% [95%
Cl, 6.5%-7.3%] in 2017, 10.1% [95% Cl, 9.5%-10.8%] in 2018, and 10.4% [95% Cl, 9.8%-11.1%]

in 2020).

Figure 3. Weighted Prevalence of Daily e-Cigarette Use by Age Among US Adults in the Behavioral Risk Factor Surveillance System
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Table 1. Age-Standardized Prevalence and Change in Absolute Prevalence of Current e-Cigarette Use Among US Adults in the Behavioral Risk Factor Surveillance System

Age-standardized prevalence, % (95% CI)?

Difference in absolute prevalence, % (95% CI)

Characteristics 2017 2018 2020 2018 vs 2017 2020vs 2018 2020 vs 2017
Total unweighted participants, No. 429370 280184 284753 NA NA NA
Sex
Female 3.6(3.4t03.8) 4.7 (4.4t04.9) 4.7 (4.4t05.0) 1.1(0.7to 1.4) 0(-0.4t00.4) 1.1(0.8t01.4)
Male 5.5(5.3t05.7) 7.4(7.1t07.8) 6.6(6.2106.9) 2.0(1.5t02.4) -0.9(-1.3t0-0.4) 1.1(0.7to 1.5)

Race and ethnicity
American Indian or Alaska Native
Asian
Black
Hispanic
Native Hawaiian
White
Multiracial
Sexual orientation®
Bisexual
Heterosexual
Lesbian or gay
Transgender®
No
Yes
BMI
<18.5
18.5t0<25.0
25.0t0<30.0
230.0
Marital status
Married
Divorced
Widowed
Single
Member of an unmarried couple
Educational level
Less than high school
High school or some college
College
Employment status
Employed
Unemployed
Student
Retired
Income, poverty line, %
<100
100-200
>200
Rural or urban area of residence
Rural
Urban
Combustible cigarette smoking
Never
Former

Current

6.9(5.7t08.4)
2.4(1.9t02.9)
3.2(2.8103.6)
2.5(2.2t02.8)
4.5(2.5t07.8)
5.7 (5.5t05.9)
7.3 (6.3t08.5)

7.8(6.2t09.7)
4.4 (4.2t0 4.6)
6.6 (5.1t08.4)

4.4 (4.2t04.6)
8.6 (5.6t012.9)

7.3(6.0t09.0)
4.6 (4.4104.9)
4.7 (4.4104.9)
5.1 (4.7 t05.4)

3.7(3.4t0 4.0)
6.3(5.61t07.0)
9.7 (6.6 to 14.2)
4.8(4.5t05.1)
6.2 (5.5t07.0)

5.0 (4.6 t0 5.5)
5.5(5.3t05.7)
2.1(2.0t02.3)

4.5(4.4t04.7)
5.8(5.5t06.2)
4.6 (3.6t05.9)
4.5(2.5t07.8)

4.9 (4.5t05.4)
5.0 (4.7 t05.3)
4.2 (4.0t04.5)

NA
NA

1.3(1.2to 1.4)
8.9(8.3t09.5)
13.7(13.1t014.3)

8.4(6.0t011.2)
3.6 (2.9t04.4)
3.7(3.3t04.2)
4.3 (3.7 t04.9)
7.2(5.5t09.3)
7.0(6.8t07.3)
9.7 (8.4t011.1)

8.4(7.1t09.7)
5.8 (5.5t06.1)
9.0(7.1t011.2)

5.9(5.6t06.2)
9.2(6.3t013.1)

7.8(6.3t09.6)
6.4 (6.1t06.8)
6.1 (5.7 t06.5)
5.9 (5.5 t06.4)

4.1(3.8t04.5)
10.0 (8.4 t0 12.0)
7.3(4.7t011.2)
6.5(6.1t06.8)
8.7 (7.7t09.9)

6.7 (6.0t0 7.5)
7.0(6.7t07.3)
3.4(3.1t03.7)

6.2 (5.9t06.4)
6.5(6.0t07.1)
7.3(5.4t09.7)
8.0 (4.6 t0 13.7)

6.4 (5.9t07.0)
6.9(6.4t07.4)
5.8(5.6t06.1)

6.0(5.3t06.9)
6.1(5.9t06.3)

2.2(2.1t02.4)
12.3(11.4t013.2)
15.5 (14.7 t0 16.3)

6.3(4.9t08.2)
3.5(2.7t04.4)
3.7(3.1t0 4.4)
3.5(3.0t0 4.0)
6.8(5.1t09.1)
7.0(6.7t07.3)
7.5(6.3t08.9)

9.9 (7.8 t0 12.4)
5.2 (4.9t05.4)
8.3 (6.5 t0 10.5)

5.4(5.2t05.7)
10.9(7.2t016.3)

8.5 (6.8 t0 10.6)
6.1 (5.7 t06.5)
5.7(5.3t06.1)
5.7(5.3t06.2)

4.6 (4.0t05.2)
7.2(6.2t08.4)
7.2 (4.7 t0 11.0)
6.0(5.5t06.4)
8.5(7.3t09.9)

6.0 (5.3t06.9)
6.4(6.206.7)
3.6(3.3t03.9)

6.1(5.8t06.4)
6.3(5.81t06.8)
7.6 (4.9t011.6)
6.7 (4.0t0 10.9)

6.3(5.7t07.0)
6.6(6.1t07.1)
5.2 (5.0t05.5)

6.6 (5.8107.6)
5.6 (5.4105.8)

2.3(2.1t02.5)
13.3(12.3t014.2)
13.8(13.0 0 14.6)

1.4 (-1.5t04.3)
1.2(0.3t02.1)
0.6 (~0.1t0 1.0)
1.8 (1.1t02.5)
2.7(-0.4t05.9)
1.4(1.0t0 1.7)
2.3(0.6t04.1)

0.6 (-1.6 t0 2.0)
1.4(1.0t01.8)
2.4(-0.205.0)

1.4(1.1t0 1.8)
0.6 (-4.3t05.6)

0.5(-1.7t02.7)
1.8(1.4t02.2)
1.4(0.9t01.9)
0.9(0.3t01.4)

0.5(0to1.0)
3.8(1.8t05.7)

-2.4(-7.3t02.5)

1.7(1.2t02.2)
2.5(1.2t03.8)

1.7 (0.8 t0 2.0)
1.5(1.1t0 1.8)
1.3(1.0to 1.6)

1.6(1.3t0 1.9)
0.7(0to1.3)
2.7(0.3t05.1)
3.6(-1.5t08.6)

1.5(0.8t02.2)
1.9(1.3t02.5)
1.6 (1.3t0 1.9)

NA
NA

0.9(0.7to 1.1)
3.4(2.4t04.5)
1.8(0.8t02.7)

-1.9(-5.0t0 1.1)
-0.1(-1.2t0 1.0)
0(-0.8t00.8)
-0.8 (-1.6t0 0)
-0.4(-3.1t02.3)
0(-0.4t00.4)
-2.2(-4.1t0-0.3)

1.5(-1.1t04.2)
-0.6 (-1.0t0 -0.2)
-0.7 (-3.5t02.2)

-0.5(-0.9t0 -0.1)
1.7(-3.9t07.3)

0.7 (-1.8t03.2)

-0.3(-0.9t00.2)
-0.4(-1.0t00.2)
-0.2 (-0.8 t0 0.4)

0.5(-0.2t0 1.2)
-2.8(-4.9t0-0.7)
-0.1(-4.5t04.0)
-0.5(-1.1t00.1)
-0.2(-1.9to 1.5)

-0.7 (-1.80 0.5)
-0.6 (-1.0t0 -0.2)
0.2 (0.2 t0 0.6)

-0.1(-0.5t00.3)
-0.3(-1.0t00.5)
0.3(-3.6t04.2)

-1.4(-6.9t04.2)

-0.1(-0.9t00.8)
-0.3(-1.0t0 0.4)
-0.6 (-1.0t0 -0.2)

0.6 (-0.6t0 1.8)
-0.5(-0.8t0 -0.2)

0.1(-0.1t00.3)
1.0(-0.3t02.3)
-1.7 (-2.8t0-0.6)

~0.6 (2.7 t0 1.6)
1.1(0.1t02.1)
0.5(-0.2t01.3)
1.0 (0.5t0 1.6)
2.4(-0.9t0 5.6)
1.3(1.0t01.7)
0.2 (-1.5t0 1.9)

2.1(-0.8t05.0)
0.8(0.4t01.1)
1.7 (-0.8t0 4.3)

1.0(0.6t0 1.3)
2.4(-3.4t08.1)

1.2(-1.2t03.6)
1.5(1.0t01.9)
1.0(0.5t0 1.5)
0.7 (0.1t01.2)

1.0 (0.3 t0 1.0)
0.9(-0.3t02.2)
-2.5(-7.4t02.4)
1.2(0.7t0 1.7)
2.3(0.8t03.8)

1.0(0.1t02.0)
0.9(0.6t01.3)
1.4(1.1t01.8)

1.5(1.2t01.9)

0.4(-0.2t01.1)
3.0 (-0.4 0 6.5)
2.2(-2.1t06.4)

1.4(0.7t02.2)
1.6 (1.0t02.2)
1.0(0.7to 1.3)

NA
NA

1.0 (0.8t01.2)
4.4(3.3t05.5)
0.1(-1.0to1.1)

(continued)
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Table 1. Age-Standardized Prevalence and Change in Absolute Prevalence of Current e-Cigarette Use Among US Adults in the Behavioral Risk Factor Surveillance System

(continued)

Age-standardized prevalence, % (95% CI)?

Difference in absolute prevalence, % (95% Cl)

2018

2020

2018 vs 2017

2020vs 2018

2020vs 2017

Characteristics 2017
Smokeless tobacco

No 4.4(4.2t04.5)

Yes 8.9(8.0t09.9)
Cannabis use in past mo®

No 2.8(2.6t03.1)

Yes 8.9 (7.4t010.5)
Heavy alcohol use

No 4.3(4.2t04.5)

Yes 7.9(7.2108.6)
Binge drinking

No 3.9(3.8t04.1)

Yes 6.9(6.5t07.3)
CvD®

No 4.4 (4.3t04.6)

Yes 7.2 (6.0t08.5)
Asthma

No 4.3(4.2t04.5)

Yes 6.1(5.7t06.5)
COPD

No 43(4.1t04.4)

Yes 9.4(8.4t010.4)
Depression

No 3.7(3.5t03.8)

Yes 8.3(7.9t08.7)
Cancer?

No 45 (4.4t04.7)

Yes 7.0 (5.9t0 8.4)
Pregnant

No 4.6 (4.3t04.9)

Yes 3.5(1.3t09.3)

5.9(5.7t06.1)
10.2(9.1to 11.4)

4.4(4.0t04.8)
17.4(15.6 to 19.4)

5.6 (5.4 t05.8)
11.7 (10.8 t0 12.7)

4.9(4.7t05.1)
10.1(9.5t010.8)

5.9(5.7t06.2)
9.1(7.3t011.3)

5.8 (5.5 t0 6.0)
7.6(7.0t08.2)

5.7 (5.5t06.0)
12.2(10.7 to 13.9)

5.1(4.9t05.3)
9.8(9.3t010.4)

6.0 (5.8t06.2)
8.9 (6.8 to 11.5)

6.5(6.1t07.0)
3.3(2.1t05.2)

5.38(5.2105.6)
12.8(11.5t0 14.3)

4.1(3.9t04.3)
15.7 (14.6 to 16.9)

5.2(4.9t05.4)
11.5(10.5t0 12.6)

4.4(42t04.7)
10.4(9.8t0 11.1)

5.5(5.3t05.7)
8.3 (6.7 t010.3)

5.4 (5.1t05.6)
7.07 (6.5t07.7)

5.4(5.2t05.7)
10.6 (8.9t0 12.5)

4.5(4.2t04.7)
9.9(9.3t010.5)

5.5(5.3t05.7)
10.4 (8.0 to 13.5)

6.9 (6.4t07.4)
5.0(2.5t09.7)

1.5(1.2t0 1.8)

1.3(-0.2t02.8)

1.5(1.1t02.0)

8.6 (6.1t0 11.0)

1.3(1.0to 1.5)
3.9(2.7t0 5.0)

1.0(0.7t0 1.2)
3.3(2.6t04.0)

1.5(1.3t0 1.8)

1.9(-0.4t04.3)

1.5(1.2t0 1.7)
1.5(0.8t02.2)

1.5(1.2to1.7)
2.9(1.0t04.7)

1.5(1.2t0 1.7)
1.5(0.9t02.2)

1.5(1.2t0 1.8)

1.8(-0.8t04.5)

2.0(1.4t02.5)

-0.2(-4.0t03.6)

-0.5(-0.8t0-0.2)
2.6 (0.8t04.5)

-0.3(-0.7t00.2)
-1.7(-4.0t0 0.5)

-0.4 (-0.7 t0 -0.1)
-0.2(-1.6t0 1.2)

-0.5(-0.8t0-0.2)
0.3(-0.7t0 1.2)

-0.4(-0.7 to -0.1)
-0.8(-3.5t01.9)

-0.4 (-0.7 to -0.1)
-0.5(-1.3t00.3)

-0.3(-0.6 to 0)
-1.6(-4.0t00.8)

-0.7 (-1.0to -0.3)
0.1(-0.7 t0 0.9)

-0.5(-0.8t0 -0.2)
1.6 (-2.0t05.2)

0.3(-0.3t0 1.0)
1.7 (-2.0t0 5.4)

1.0(0.8t01.3)
3.9(2.2t05.6)

1.3(0.9t0 1.6)
6.8 (4.9t08.8)

0.84 (0.6 to 1.1)
3.7 (2.4t04.9)

0.5(0.2t00.8)
3.5(2.8t04.3)

1.1(0.9t01.4)
1.2(-1.0t03.3)

1.0(0.8t01.3)
1.0(0.3t01.7)

1.2(0.9to 1.4)
1.2(-0.8t03.3)

0.8(0.5t01.1)
1.6 (0.9t02.4)

1.0(0.8t01.3)
3.4(0.4t0 6.4)

2.3(1.7t02.8)
1.5(-3.4t06.4)

Abbreviations: BMI, body mass index (calculated as weight in kilograms divided by
height in meters squared); COPD, chronic obstructive pulmonary disease; CVD,

cardiovascular disease; NA, not applicable.

2 All estimates were standardized to the 2010 adult US population.

¢ Composite of myocardial infarction, coronary heart disease, and/or stroke.

d Skin cancer was excluded.

b Data were not available for the entire Behavioral Risk Factor Surveillance System data
years. Reported prevalence estimates were calculated from analyses using data from

states that included these questions in their questionnaires.

Across most sociodemographic subgroups, the age-standardized prevalence of current

e-cigarette use decreased between 2018 and 2020, with significant reductions among men (from
7.4% [95% Cl, 71%-7.8%] to 6.6% [95% Cl, 6.2%-6.9%]; P < .001), multiracial individuals (from 9.7%
[95% Cl, 8.4%-11.1%] to 7.5% [95% Cl, 6.3%-8.9%]; P = .03), heterosexual individuals (from 5.8%
[95% Cl, 5.5%-6.1%] t0 5.2% [95% Cl, 4.9%-5.4%]; P = .002), cisgender individuals (from 5.9%
[95% Cl, 5.6%-6.2%] t0 5.4% [95% Cl, 5.2%-5.7%]; P = .01), and individuals with income greater

than 200% of the federal poverty line (from 5.8% [95% Cl, 5.6%-6.1%] to 5.2% [95% Cl,

5.0%-5.5%]; P = .002). A decrease in the prevalence of e-cigarette use between 2018 and 2020 was
observed among those living in urban areas (from 6.1% [95% Cl, 5.9%-6.3%] t0 5.6% [95% ClI,
5.4%-5.8%]; P = .002) but not in rural areas (from 6.0% [95% Cl, 5.3%-6.9%] to 6.6% [95% ClI,

5.8%-7.6%]; P = .32).
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The prevalence of current e-cigarette use between 2018 and 2020 decreased among
individuals who currently used combustible cigarettes (from 15.5% [95% Cl, 14.7%-16.3%] to 13.8%
[95% Cl, 13.0%-14.6%]) but not among individuals who never used combustible cigarettes (from
2.2% [95% Cl, 2.1%-2.4%] to 2.3% [95% Cl, 2.1%-2.5%)]) or previously used combustible cigarettes
(from 12.3% [95% Cl, 11.4%-13.2%] t0 13.3% [95% Cl, 12.3%-14.2%]) (Table 1). Age-stratified patterns
in the prevalence of current e-cigarette use among smokers who never used combustible cigarettes
are shown in eTable 3 in the Supplement.

Patterns in e-Cigarette Use Among Smokers of Combustible Cigarettes

With Quit Attempts

Among current smokers of combustible cigarettes, 58.9% (95% Cl, 58.1%-59.7%) in 2017, 571%
(95% Cl, 56.1%-58.1%) in 2018, and 54.8% (95% Cl, 53.7%-55.9%) in 2020 reported making quit
attempts in the past year. The prevalence of current e-cigarette use among those who reported
making quit attempts in the past year was 13.1% (95% Cl, 12.2%-14.2%) in 2020, which represented
a decrease from 17.1% (95% Cl, 16.1%-18.1%) in 2018 and 16.0% (95% Cl, 15.2%-16.8%) in 2017.

Patterns in e-Cigarette and Combustible Cigarette Use

Overall, in 2020, the prevalence of sole e-cigarette use was 3.4% (95% Cl, 3.2%-3.6%), the
prevalence of dual e-cigarette and combustible cigarette use was 1.7% (95% Cl, 1.6%-1.8%), and the
prevalence of sole combustible cigarette use was 13.2% (95% Cl, 12.9%-13.5%), with considerable
differences by age. Although sole e-cigarette use and dual e-cigarette and combustible cigarette use
were widespread among younger age groups (eg, ages 18-20 years: 12.5% [95% Cl, 11.2%-13.9%] for
sole e-cigarette use and 3.0% [95% Cl, 2.3%-3.8%] for dual e-cigarette and combustible cigarette
use; ages 21-24 years: 10.7% [95% Cl, 9.6%-11.9%] for sole e-cigarette use and 3.5% [95% Cl, 2.9%-
4.1%] for dual e-cigarette and combustible cigarette use), sole combustible cigarette use was higher
among older age groups (eg, 16.2% [95% Cl, 15.2%-17.3%] for ages 50-54 years, 17.1% [95% Cl,
16.0%-18.2%] for ages 55-59 years, and 11.0% [95% Cl, 10.7%-11.5%] for ages =60 years) (eFigure 2
in the Supplement). The overall prevalence of dual e-cigarette and combustible cigarette use was
2.2% (95% Cl, 2.1%-2.3%) in 2017, increasing to 2.4% (95% Cl, 2.3%-2.5%) in 2018 but decreasing to
1.7% (95% Cl, 1.6%-1.8%) in 2020 (eFigure 3 in the Supplement).

Prevalence of e-Cigarette Use by State

Patterns in the prevalence of current e-cigarette use from 2017 to 2020 by state are shown in Table 2
and eFigures 4 to 6 in the Supplement. Between 2017 and 2018, most states recorded significant
increases in the prevalence of current e-cigarette use. Between 2018 and 2020, Connecticut (from
5.6% [95% Cl, 4.9%-6.4%] to 4.5% [95% Cl, 3.8%-5.2%]; P = .04), Massachusetts (from 5.6% [95%
Cl, 4.8%-6.5%] t0 4.1% [95% Cl, 3.1%-5.3%]; P = .03), New York (from 5.4% [95% Cl, 4.9%-5.9%]
10 4.1% [95% Cl, 3.5%-4.7%]; P = .001), and North Dakota (from 6.4% [95% Cl, 5.3%-7.6%] to 4.5%
[95% Cl, 3.6%-5.6%]; P = .02) recorded significant decreases in the prevalence of e-cigarette use.

In contrast, Guam (from 5.9% [95% Cl, 4.5%-7.9%] to 11.4% [95% Cl, 8.7%-14.8%]; P = .002) and
Utah (from 6.1% [95% Cl, 5.5%-6.7%] to 7.2% [95% Cl, 6.5%-8.0%]; P = .02) recorded significant
increases in the prevalence of current e-cigarette use over the same period. Kansas (from 5.5% [95%
Cl, 4.7%-6.4%] to 6.7% [95% Cl, 5.7%-7.8%]; P = .09) and Tennessee (from 5.6% [95% Cl, 4.6%-
6.7%] 10 6.9% [95% Cl, 5.7%-8.5%]; P = .13) also recorded increases in the prevalence of e-cigarette
use between 2018 and 2020, although these increases were not statistically significant (Table 2).

Discussion

In this cross-sectional study using 2017, 2018, and 2020 BRFSS data, we observed that between 2017
and 2018, the prevalence of current e-cigarette use increased among US adults. However, between
2018 and 2020, a slight decrease was found in the prevalence of current e-cigarette use. This

[5 JAMA Network Open. 2022;5(7):€2223266. doi:10.1001/jamanetworkopen.2022.23266 July 22,2022 8/15

Downloaded From: https://jamanetwork.com/ Mexico | Access Provided by JAMA by Jose Vazquez on 07/26/2022


https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2022.23266&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2022.23266
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2022.23266&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2022.23266
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2022.23266&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2022.23266
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2022.23266&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2022.23266

JAMA Network Open | Public Health

Patterns in e-Cigarette Use Among Adults in the US, 2017-2020

Table 2. Weighted Prevalence and Change in Absolute Prevalence of Current e-Cigarette Use by State Among US Adults in the Behavioral Risk Factor Surveillance System

Weighted prevalence, % (95% Cl)

Difference in absolute prevalence, % (95% CI)

State 2017 2018 2020 2018 vs 2017 2020vs 2018 2020vs 2017
Alabama 4.9 (4.2t05.8) NA 6.1(5.1t07.2) NA NA 1.1(-0.2t02.5)
Alaska 3.5(2.4t05.0) 6.0(4.7t07.7) 5.0(3.9t06.4) 2.6 (0.6 to 4.5) -1.1(-3.0t00.9) 1.5(-0.3t03.3)
Arizona 5.3(4.8t05.8) NA NA NA NA NA

Arkansas 5.7 (4.4t07.3) 7.0 (5.8 t0 8.5) 5.7 (4.7t06.9) 1.4 (-0.6t03.3) -1.3(-3.1t00.4) 0.02(-1.8t01.8)
California 3.0(2.6t03.5) NA NA NA NA NA

Colorado 5.3 (4.7 10 6.0) 7.5(6.3108.8) NA 2.1(0.7 to 3.5) NA NA

Connecticut
Delaware
District of Columbia
Florida
Georgia

Guam

Hawaii

Idaho

Illinois
Indiana

lowa

Kansas
Kentucky
Louisiana
Maine
Maryland
Massachusetts
Michigan
Minnesota
Mississippi
Missouri
Montana
Nebraska
Nevada

New Hampshire
New Jersey
New Mexico
New York
North Carolina
North Dakota
Ohio
Oklahoma
Oregon
Pennsylvania
Puerto Rico
Rhode Island
South Carolina
South Dakota
Tennessee
Texas

Utah

Vermont
Virginia
Washington
West Virginia
Wisconsin
Wyoming

3.2(2.7t03.8)
4.8(3.9106.0)
2.3(1.7t03.1)
4.3(3.8t05.0)
4.4(3.8t05.2)
6.6 (5.1t08.5)
4.7 (4.0 t0 5.4)
4.6 (3.8t05.7)
4.4(3.6t05.3)
6.0(5.4t06.7)
4.0 (3.5t04.7)
4.6 (4.2t05.0)
6.1(5.1t07.2)
4.5(3.7 t0 5.4)
4.1(3.4t04.9)
3.3(2.7t03.9)
3.3(2.6t04.1)
4.9 (4.3t05.5)
3.7(3.3t04.1)
4.9(4.0t06.1)
5.2 (4.4t06.0)
3.9(3.2t04.8)
3.8(3.3t04.4)
5.4(4.3t06.8)
4.6 (3.5t05.9)
4.4(3.8t05.3)
4.9 (4.0t05.9)
3.8(3.2t04.4)
4.6 (3.7 t0 5.6)
43(3.5t05.2)
5.3(4.7t06.1)
7.1(6.2t08.1)
4.4(3.7t05.2)
4.7 (4.0 t0 5.5)
1.2(0.8t0 1.7)
4.9 (4.0t06.0)
4.1(3.5t04.7)
3.9(2.9t05.4)
5.9 (4.9t06.9)
4.7 (3.9t05.7)
5.1(4.6t05.8)
3.1(2.3t04.0)
4.9(4.3t05.7)
4.3(3.8t04.8)
5.7 (4.8 t0 6.6)
43(3.5t05.2)
5.8 (4.8t06.9)

5.6 (4.9t06.4)
4.7 (3.9t05.7)
NA

5.9(5.0t0 6.9)
5.3 (4.6 10 6.0)
5.9 (4.5t07.9)
7.1(6.1t08.1)
5.8(4.6t07.4)
NA

6.7 (5.8t07.7)
5.3 (4.7 t0 6.0)
5.5 (4.7 t0 6.4)
NA

5.7 (4.8t06.7)
5.3(4.1t06.8)
4.3(3.8t04.9)
5.6 (4.8t06.5)
6.1(5.3t07.0)
5.0 (4.6 t0 5.5)
5.6 (4.8 10 6.6)
5.6 (4.6t06.7)
4.7 (3.9t05.7)
5.6 (5.0t06.3)
NA

4.7 (3.8t05.7)
NA

NA

5.4(4.9t05.9)
5.1(4.2t06.2)
6.4(5.3t07.6)
5.4(4.7t06.1)
NA

5.4(4.7t06.2)
NA

NA

5.5 (4.6t06.7)
NA

4.6(3.5t06.1)
5.6 (4.6t06.7)
5.2(4.3t06.3)
6.1(5.5t06.7)
NA

4.9(4.2t05.7)
NA

NA

4.8 (4.0t05.9)
6.5(5.4t07.7)

4.5(3.8105.2)
4.6(3.6105.8)
NA

5.7 (4.6 t0 7.0)
5.6 (4.7 10 6.5)
11.4 (8.7 to 14.8)
5.9(5.1t06.8)
6.7 (5.7t07.8)
3.4(2.6t04.3)
5.8 (5.1t06.5)
NA

6.7 (5.7t07.8)
6.7 (5.7 10 8.0)
NA
4.3(3.5t05.2)
3.8(3.2t04.4)
4.1(3.1t05.3)
6.4 (5.5t07.6)
4.9 (4.4105.4)
4.6(3.9t05.5)
5.7 (5.0 t0 6.5)
4.9(4.2t05.8)
5.9 (5.2 t0 6.6)
6.7 (5.1t08.7)
5.5 (4.6 0 6.6)
5.0 (4.4 t0 5.6)
5.6 (4.6 10 6.8)
4.1(3.5t04.7)
4.7 (4.0t05.5)
4.5 (3.6 0 5.6)
6.0 (5.4t06.7)
NA
4.5(3.9t05.3)
5.3 (4.5t06.3)
NA
4.6(3.7t05.8)
NA
3.9(3.0t05.3)
6.9 (5.7 t0 8.5)
4.7 (3.9t05.6)
7.2 (6.5 to 8.0)
4.0(3.2t05.1)
5.2 (4.5 t0 6.0)
NA

6.3 (5.4t07.4)
NA

5.9 (4.8t07.3)

2.4(1.4t03.3)
-0.1(-1.5t01.2)
NA

1.6 (0.5t02.7)
0.8(-0.2t0 1.8)
-0.7 (-3.0t0 1.7)
2.5 (1.3 t03.6)
1.2 (-0.5t02.9)
NA

0.7 (-0.5t0 1.8)
1.3(0.4t02.1)
0.9 (-0.1t0 1.9)
NA

1.2 (-0.1t02.5)
1.2(-0.4t02.8)
1.0(0.2t0 1.8)
2.3(1.1t03.5)
1.2(0.1t02.2)
1.4 (0.7 t0 2.0)
0.7 (-0.7 to 2.1)
0.4(-0.9t0 1.7)
0.8 (-0.4 t0 2.0)
1.8(0.9t02.7)
NA

0.1(-1.4t0 1.6)
NA

NA

1.6 (0.9t02.3)
0.5(-0.9t0 1.8)
2.1(0.6 t0 3.5)
0.02 (-1.0to 1.1)
NA
1.1(-0.01t02.1)
NA

NA

0.6 (-0.8t02.1)
NA

0.7 (-1.1t0 2.5)
-0.3(-1.7t0 1.2)
0.5(-0.9to 1.8)
0.9(0.1t01.8)
NA

-0.04 (-1.0t0 1.0)
NA

NA

0.6 (-0.7 to 1.8)
0.7 (-0.8t02.3)

-1.1(-2.1t0-0.1)
-0.2(-1.6t0 1.2)
NA

-0.2(-1.7t0o 1.3)
0.3 (-0.8t0 1.4)
5.5 (2.0 t0 9.0)
-1.2 (-2.4100.02)
0.8 (-0.9 t0 2.6)
NA
-0.9(-2.1t00.3)
NA
1.2(-0.2t02.5)
NA

NA

-1.0 (-2.6 10 0.6)
-0.5(-1.3t00.3)
-1.5(-2.9t0-0.1)
0.4(-1.0t0 1.7)
-0.2 (-0.9t0 0.6)
-1.0(-2.2t00.3)
0.2 (-1.1to 1.4)
0.2(-1.0to 1.4)
0.2 (-0.7to 1.2)
NA

0.8 (-0.6t02.2)
NA

NA
-1.3(-2.1t0-0.5)
-0.4 (-1.6 10 0.9)
-1.9(-3.4t0-0.3)
0.7 (-0.4t0 1.7)
NA
-0.9(-1.9t00.2)
NA

NA

-0.9 (-2.4t0 0.6)
NA

-0.7 (-2.4t0 1.1)
1.4 (-0.4t03.1)
-0.5(-1.8t0 0.8)
1.2(0.2t02.1)

NA
0.3(-0.8t01.3)
NA

NA

NA

-0.6 (-2.3t0 1.1)

1.3(0.4t02.1)
-0.3(-1.8t01.2)
NA

1.3 (-0.01t02.7)
1.1 (-0.02 t0 2.3)
4.9(1.4t08.3)
1.3(0.2t02.4)
2.0(0.6t0 3.4)
-1.0(-2.2t00.1)
-0.3(-1.2t00.7)
NA
2.1(0.9t03.2)
0.7 (-0.9t0 2.2)
NA

0.2(-0.9t0 1.3)
0.5(-0.3t01.3)
0.8 (-0.5t02.1)
1.5(0.3t02.8)
1.2(0.5t01.9)
-0.3(-1.6t0 1.0)
0.6 (-0.5t0 1.7)
1.0(-0.1t02.2)
2.0(1.1t02.9)
1.2 (-0.9t0 3.4)
0.9 (-0.6 t0 2.5)
0.5 (0.5 to 1.5)
0.7 (-0.8t02.2)
0.3(-0.5t01.1)
0.1(-1.1t01.3)
0.2(-1.1t0 1.6)
0.7 (-0.3t0 1.7)
NA

0.2(-0.9t0 1.2)
0.6 (-0.5to 1.8)
NA
-0.3(-1.7t01.2)
NA
0(-1.7t01.7)
1.1(-0.6t02.8)
-0.03 (-1.3t0 1.2)
2.1(1.1t03.0)
1.0 (-0.3t02.3)
0.2(-0.8t01.3)
1.0(0.2t01.7)
0.7 (-0.7 t0 2.0)
NA

0.2 (-1.4t01.8)

Abbreviation: NA, not available.
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decrease was mainly observed among young adults aged 18 to 20 years. In addition, we found an
increase in daily e-cigarette use, particularly among those aged 21to 24 years, and an increase in the
proportion of current users who use their device daily, which suggested that more e-cigarette users
were becoming regular users. State-level patterns were heterogeneous but characterized mainly by
significant decreases or nonsignificant changes in the prevalence of current e-cigarette use from
2018 to 2020 in most states, with the exception of states and territories like Utah and Guam.

Consistent with our findings, studies using data from the National Health Interview Survey??
also reported an increase in the prevalence of current e-cigarette use among US adults between 2017
and 2018. This increase, primarily observed in younger age groups, was associated with the
concurrent rise in the availability of flavored products and high nicotine-concentration pod mod
devices (modular vaping devices with refillable or replaceable nicotine cartridges, or pods, such as
JUUL brand devices [JUUL Labs, Inc]).2° Findings from our study revealed that the prevalence of
current e-cigarette use among US adults has subsequently decreased, which is similar to recent
findings from the National Health Interview Survey.?' The modest reduction in e-cigarette use,
particularly among adults younger than 21years, may be an early sign of the consequences of several
recently implemented federal and state policies. First, in December 2019, the federal minimum age
for the sale of all tobacco products, including e-cigarettes, was raised from 18 years to 21 years
(Tobacco-21legislation), making it illegal for persons younger than 21 years to purchase tobacco
products.'®22 In addition, the extensive public education and increased public awareness that
accompanied reports of e-cigarette- or vaping product-associated lung injuries in 2019 may have
been associated with this decrease. Miech et al*> reported that between 2019 and 2020, there was a
decrease in the perceived accessibility of e-cigarettes and an increase in the perceived risk of vaping
among US youths. The FDA ban on flavored cartridge-based e-cigarettes, which took effect in
February 2020, may have been instrumental in the reduction in e-cigarette use among young adults
because most youths and young adults report using flavored products.®2* Moreover, the COVID-19
pandemic and associated stay-at-home orders may have been additional factors associated with the
decrease in e-cigarette use.?

Although the observed decrease in current e-cigarette use between 2018 and 2020 may have
represented an actual reduction, it is important to consider other factors that may have produced a
spurious reduction. With the rapidly evolving e-cigarette language and the increasing market share
of disposable e-cigarettes (such as the Puff Bar brand [Puff Bar]),2® it is unclear whether BRFSS
survey questions fully captured these newer products. A recent study?’ found that querying about
general e-cigarette use (as in most surveys) rather than specific e-cigarette devices or brands, may
underestimate the true prevalence of use.

Another notable observation was the increase in the prevalence of daily e-cigarette use,
particularly among young adults aged 21to 24 years. Although daily e-cigarette users previously
represented a small proportion of e-cigarette users, this pattern has changed in recent years."'® We
found a steady increase in the proportion of current e-cigarette users who reported daily use. This
increase may imply that more e-cigarette users are becoming regular rather than experimental users.
Taken together with the recent reduction in current e-cigarette use, this finding could mean that the
decrease in current e-cigarette use is more reflective of quitting among experimental but not regular
users. However, because of the cross-sectional nature of this study, we were unable to assess these
transitions. The implications of frequent e-cigarette use may differ among combustible cigarette
smokers and nonsmokers. Although more frequent e-cigarette use has been associated with nicotine
dependence and a greater risk of combustible cigarette initiation, particularly among tobacco-naive
adolescents,?®%°
cigarette smoking and reductions in the number of cigarettes smoked per day among
daily smokers.30-32

Among current combustible cigarette smokers who reported attempting to quit in the past year,
the prevalence of current e-cigarette use decreased between 2018 and 2020, with only 13.1%
reporting current e-cigarette use in 2020. Although the reasons for e-cigarette use were not

it has also been associated with greater odds of discontinuing combustible
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explored in the present study, previous studies>>* have reported that most older adult smokers of
combustible cigarettes may use e-cigarettes to aid in tobacco cessation. The potential reasons for the
decreasing prevalence of e-cigarette use among combustible cigarette smokers attempting to quit
were unclear from our study data and need to be further explored; however, the reasons may pertain
to decreasing belief in the effectiveness of e-cigarettes as cessation aids.

State-level patterns in current e-cigarette use were heterogeneous. The timing of the
implementation of various e-cigarette policies varied from state to state and may have accounted for
the observed differences.3 Between 2018 and 2020, significant reductions in current e-cigarette
use were observed in Connecticut, Massachusetts, New York, and North Dakota. Our findings for
Massachusetts and New York were consistent with recent decreases in e-cigarette sales in those
states after statewide restrictions on flavored e-cigarette sales were implemented.3® In contrast,
Guam and Utah recorded significant increases in current e-cigarette use between 2018 and 2020.
Although Utah has the lowest prevalence of combustible cigarette smoking in the US,3” the
prevalence of current e-cigarette use in that state has steadily increased. It is unclear whether
e-cigarette use is replacing combustible cigarette use. Guam is among the states and territories that
had already increased the minimum age for tobacco sales to 21 years before the implementation of
the federal policy.>® However, the increasing prevalence of e-cigarette use in Guam may reflect the
state's less restrictive policies regarding e-cigarette excise taxes and packaging.3° States with
increasing patterns of e-cigarette use might consider closely monitoring these patterns and strictly
enforcing existing e-cigarette policies. Implementing other policies, such as a statewide flavor ban,
and increasing e-cigarette taxes may help to reverse the observed patterns.®

Our findings have important regulatory implications. Although the prevalence of current
e-cigarette use slightly decreased among young adults aged 18 to 20 years, a considerable proportion
of this age group still reported using e-cigarettes. Therefore, continued surveillance and stricter
enforcement of the Tobacco-21 legislation, the e-cigarette flavor ban, and marketing restrictions are
warranted. Among young adults aged 21to 24 years, regulations and policy interventions that make
e-cigarette use less appealing to this age group, such as extending the flavor ban to all non-tobacco-
flavored e-cigarettes and increasing the excise tax on these products, may be considered. In addition,
the increase in daily e-cigarette use needs to be closely monitored and further investigated. Future
studies assessing the sociodemographic and device characteristics associated with transitioning from
occasional to daily or frequent e-cigarette use may guide targeted health promotion campaigns and
inform regulatory policies.

Limitations

This study has several limitations. First, all data were self-reported, with the potential for
misclassification and recall bias. Second, in 2018 and 2020, not all states provided data on e-cigarette
use, limiting the generalizability of our findings. However, we observed similar patterns in the
prevalence of e-cigarette use when restricting analyses to only states with e-cigarette data for all 3
years, adding to the robustness of our findings. Third, because of the cross-sectional nature of our
study, we could not assess transitions (eg, whether occasional e-cigarette users were transitioning to
frequent use). Fourth, the observational nature of this study did not allow us to determine the factors
contributing to the observed changes in e-cigarette use. Although we have provided some potential
reasons for the modest reduction in e-cigarette use between 2018 and 2020, such as the Tobacco-21
legislation, continued surveillance over the next several years will be important to assess the
consequences of these policy changes.

Conclusions

This cross-sectional study found that the prevalence of current (past 30 days) e-cigarette use slightly
decreased among US adults between 2018 and 2020, mainly among young adults aged 18 to 20
years. However, daily e-cigarette use, particularly among young adults aged 21to 24 years, increased,
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warranting continued surveillance. Notably, the proportion of e-cigarette users who reported daily
e-cigarette use increased significantly between 2017 and 2020, which was likely reflective of overall
patterns of greater nicotine dependence among those who used e-cigarettes.
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