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IMPORTANCE To date, limited information is available on the characteristics of adolescents
with e-cigarette, or vaping, product use–associated lung injury (EVALI).

OBJECTIVE To inform public health and clinical practice by describing differences in
demographics, substance use behaviors, and clinical characteristics of EVALI among
adolescents compared with adults.

DESIGN, SETTING, AND PARTICIPANTS Surveillance data reported to the Centers for Disease
Control and Prevention during the 2019 EVALI outbreak were used to calculate adjusted
prevalence ratios (aPRs) with 95% CIs and to test differences between 360 hospitalized or
deceased adolescents vs 859 young adults and 936 adults with EVALI (N = 2155).

MAIN OUTCOMES AND MEASURES Demographics, substance use behaviors, and clinical
characteristics.

RESULTS Included in this cross-sectional study were 360 hospitalized or deceased
adolescents (age range, 13-17 years; 67.9% male) vs 859 young adults (age range, 18-24 years;
72.4% male) and 936 adults (age range, 25-49 years; 65.6% male) with EVALI. Adolescents
diagnosed as having EVALI reported using any nicotine-containing (62.4%), any
tetrahydrocannabinol (THC)-containing (81.7%), and both (50.8%) types of e-cigarette or
vaping products. Informal sources for obtaining nicotine-containing and THC-containing
e-cigarette or vaping products were more commonly reported by adolescents (50.5% for
nicotine and 96.5% for THC) than young adults (19.8% for nicotine [aPR, 2.49; 95% CI,
1.78-3.46] and 86.9% for THC [aPR, 1.11; 95% CI, 1.05-1.18]) or adults (24.3% for nicotine [aPR,
2.06; 95% CI, 1.49-2.84] and 75.1% for THC [aPR, 1.29; 95% CI, 1.19-1.40]). Mental, emotional,
or behavioral disorders were commonly reported; a history of attention-deficit/hyperactivity
disorder was almost 4 times more likely among adolescents (18.1%) than adults (4.9%) (aPR,
3.74; 95% CI, 1.92-7.26). A history of asthma was more likely to be reported among
adolescents (43.6%) than adults (28.3%) (aPR, 1.53; 95% CI, 1.14-2.05). Gastrointestinal and
constitutional symptoms were more common in adolescents (90.9% and 97.3%,
respectively) than adults (75.3% and 94.5%, respectively) (aPR, 1.20; 95% CI, 1.13-1.28 and
aPR, 1.03; 95% CI, 1.00-1.06, respectively). Because of missing data, percentages may not be
able to be calculated from data provided.

CONCLUSIONS AND RELEVANCE Public health and clinical professionals should continue to
provide information to adolescents about the association between EVALI and THC-containing
e-cigarette or vaping product use, especially those products obtained through informal
sources, and that the use of any e-cigarette or vaping product is unsafe. Compared with
adults, it appears that adolescents with EVALI more frequently have a history of asthma and
mental, emotional, or behavioral disorders, such as attention-deficit/hyperactivity disorder,
and report nonspecific problems, including gastrointestinal and constitutional symptoms;
therefore, obtaining a confidential substance use history that includes e-cigarette or vaping
product use is recommended.
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S ince August 2019, the Centers for Disease Control and
Prevention (CDC), US Food and Drug Administration
(FDA), and state, local, and territorial health depart-

ments have been investigating a national outbreak of e-
cigarette, or vaping, product use–associated lung injury
(EVALI).1 As of December 17, 2019, a total of 2506 hospital-
ized or deceased cases of EVALI, including 54 deaths from 27
states, had been reported to the CDC. Evidence indicates that
EVALI is associated with e-cigarette or vaping products that
contain tetrahydrocannabinol (THC) (the primary psychoac-
tive ingredient in marijuana), particularly those obtained
through informal sources (eg, family, friends, and in-person
or online dealers): 82% of patients with EVALI reported using
THC products and 78% reported obtaining their products from
only informal sources.2-6 Vitamin E acetate, a cutting or dilut-
ing agent sometimes used in THC-containing products, has
been found in THC-containing e-cigarette or vaping products
tested by the FDA and state laboratories and in bronchoalveo-
lar lavage fluid from patients with EVALI tested by the CDC,
suggesting an association between vitamin E acetate and
EVALI.7,8 The 2019 EVALI outbreak affected adolescents and
young adults, with 16% of reported cases among patients aged
13 to 17 years and 38% among patients aged 18 to 24 years.4

The 2019 EVALI outbreak occurred in the context of an epi-
demic of e-cigarette or vaping product use among US
adolescents.9 In 2019, 27.5% of high school students used e-
cigarettes during the past 30 days.10 As of 2016, an estimated
one-third of US middle and high school students who ever used
e-cigarettes had used marijuana in these products.11 Further-
more, the proportion of high school students who reported use
of THC-containing e-cigarette or vaping products during the
past month increased from 7.5% in 2018 to 14% in 2019 based
on survey results.12 Adolescent and young adult nicotine and
THC use can alter neurodevelopment in the long term and may
lead to increased risk of substance use disorder and cognitive
difficulties.13-16

Adolescents who develop EVALI may have characteris-
tics that differ from those of young adults or adults with EVALI,
such as how THC-containing products are obtained, medical
history, and the frequency of initial symptoms. These differ-
ences may be important for tailoring EVALI-related preven-
tion strategies, including messaging to adolescents through
public health communication campaigns and by clinicians. Al-
though characteristics of all patients with EVALI have been
reported,4,17-19 demographic, substance use, and clinical char-
acteristics of adolescents with EVALI have not been sepa-
rately described. We used surveillance data reported to the CDC
during the 2019 EVALI outbreak to describe demographic char-
acteristics, substance use behaviors, and clinical characteris-
tics of 360 hospitalized or deceased adolescents vs 859 young
adults and 936 adults with EVALI (N = 2155).

Methods
Patients and Data Collection
Using case definitions and data collection tools developed by
the CDC in collaboration with state health departments and the

Council of State and Territorial Epidemiologists, jurisdic-
tions voluntarily reported confirmed and probable hospital-
ized cases of EVALI and EVALI-associated deaths to the CDC
as part of a national surveillance strategy for the 2019 EVALI
outbreak. The EVALI surveillance was determined to be a non-
research, public health surveillance activity exempt from in-
stitutional review board review by the CDC. Jurisdictions sub-
mit data from medical record abstractions and, if possible,
patient interviews. Proxies (eg, parents) may be interviewed
if patients are too ill or have died. Protocols for informed con-
sent for medical record abstraction and patient interview were
obtained at the jurisdictional level in accordance with juris-
dictional practices for public health practice activities. The pre-
sent cross-sectional study is limited to hospitalized or de-
ceased patients with EVALI with known age younger than 50
years reported to the CDC as of December 17, 2019. At the time
of this analysis, EVALI cases had been reported from all 50
states, the District of Columbia, the US Virgin Islands, and
Puerto Rico. Patients with EVALI who were 50 years or older
were excluded because they have a higher burden of chronic
medical conditions and other risk factors for adverse EVALI-
associated outcomes.20,21 The analytic sample included 2155
patients with EVALI.

Data collected by the CDC include the following:
e-cigarette or vaping product use, frequency, and product
source; the use of nicotine-containing or combustible mari-
juana products; medical history; EVALI-compatible symp-
toms; and clinical course of the lung injury. Analytic demo-
graphic characteristics included sex (male or female) and race/
ethnicity (non-Hispanic white or other race/ethnicity). Specific
races/ethnicities were reported by jurisdictions based on medi-
cal record abstraction or patient interview but were further col-
lapsed for this analysis because of small cell sizes for specific
racial/ethnic categories by patient age group. Substance use his-
tory data included the following: nicotine use in the past 90
days (any use, exclusive use, or daily use of nicotine-
containing e-cigarette or vaping product or any use of com-
bustible tobacco); THC use in the past 90 days (any use, ex-
clusive use, or daily use of THC-containing e-cigarette or vaping
product or any use of combustible marijuana); and source of
e-cigarette or vaping products, including formal sources (dis-
pensary, vape or smoke shop, pop-up shop, or grocery, drug,

Key Points
Question Do adolescents with e-cigarette, or vaping, product
use–associated lung injury (EVALI) differ from adults with EVALI?

Findings A total of 2155 patients were included in this
cross-sectional study. Based on national surveillance data,
adolescents with EVALI are more likely than adults with EVALI to
report the use of informally sourced e-cigarette or vaping products
that contain tetrahydrocannabinol and to have attention-deficit/
hyperactivity disorder, asthma, and gastrointestinal and
constitutional symptoms.

Meaning Public health and clinical efforts could include
messaging to adolescents about the risks of tetrahydrocannabinol-
containing e-cigarette or vaping products, especially those
obtained from informal sources, and their association with EVALI.
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or convenience store) and informal sources (family or friend,
illicit dealer, or online). Medical history data included a his-
tory of any mental, emotional, or behavioral disorder; diabe-
tes; any heart disease; any chronic respiratory disease; EVALI
symptoms reported (respiratory, gastrointestinal, and consti-
tutional); and EVALI clinical course and treatment (location of
first reported EVALI clinical encounter, corticosteroid treat-
ment, intensive care unit admission, and intubation).

Statistical Analysis
The age distribution of patients with EVALI was compared with
the 2018 US Census population estimates to better under-
stand the burden by age.22 Selected demographic character-
istics, substance use behaviors, medical history, and clinical
course of EVALI for adolescents were compared with those for
young adults and adults with EVALI. Because of missing data
within each specific age stratum, percentages may not be able
to be calculated from the counts provided. Adjusted preva-
lence ratios (aPRs) and 95% CIs were calculated using Pois-
son regression models with robust SEs23,24; binary outcomes
were modeled with the log-link function and continuous out-
comes with the identity link function. All models were ad-
justed for patient sex because of differences in distribution of
sex by age; no other demographic characteristics were in-
cluded in model adjustments because of percentage of item-
level missingness. Analyses were performed using SAS, ver-
sion 9.4 (SAS Institute Inc). A threshold of 2-sided P < .05 was
used to define statistical significance.

Results
Included in this cross-sectional study were 360 hospitalized
or deceased adolescents (age range, 13-17 years; 67.9% male)
vs 859 young adults (age range, 18-24 years; 72.4% male) and
936 adults (age range, 25-49 years; 65.6% male) with EVALI.
Compared with the US general population, patients with EVALI
are disproportionately adolescents (16% vs 8%) or young adults
(37% vs 11%) (Figure 1). A high proportion of adolescents with
EVALI were non-Hispanic white (66.3%). Demographics for
adolescents (n = 360), young adults (n = 859), and adults
(n = 936) with EVALI are listed in Table 1.

Most adolescent patients with EVALI reported using
THC-containing e-cigarette or vaping products (81.7%); this
proportion of patients was similar to that of young adults
(81.3%) and adults (77.2%) with EVALI (Table 1). Among ado-
lescents reporting the use of THC-containing products, 57.9%
reported daily use; this practice was less common compared
with young adults (76.5%; aPR, 0.76; 95% CI, 0.64-0.89) and
adults (78.0%; aPR, 0.74; 95% CI, 0.63-0.87). Nicotine-
containing e-cigarette or vaping product use was more com-
monly reported among adolescents (62.4%) than adults (46.3%)
(aPR, 1.35; 95% CI, 1.20-1.51). Among adolescents with EVALI
reporting nicotine-containing product use, daily use was com-
mon (74.4%). However, adolescents used nicotine-
containing products daily less commonly than adults (91.9%;
aPR, 0.81; 95% CI, 0.72-0.91). Daily use of these products was
similar among adolescents and young adults. Exclusive nico-

tine-containing product use was similar across all 3 age cat-
egories (range, 10.9%-14.4%; P > .05); exclusive use of THC-
containing products was less common among adolescents
(28.0%) than adults (37.3%) (aPR, 0.75; 95% CI, 0.61-0.92). Re-
porting use of both nicotine-containing and THC-containing
products was more common among adolescents (50.8%) com-
pared with adults (30.4%) (aPR, 1.66; 95% CI, 1.43-1.94). Com-
bustible marijuana use was more common in adolescents
(55.5%) than adults (44.7%) (aPR, 1.25; 95% CI, 1.05-1.47); com-
bustible tobacco use was less common among adolescents
(16.8%) than young adults (31.7%) (aPR, 0.53; 95% CI, 0.38-
0.75) and adults (40.4%) (aPR, 0.42; 95% CI, 0.29-0.61).

More adolescent patients with EVALI reported obtaining
THC-containing products through informal sources (96.5%)
compared with young adults (86.9%) (aPR, 1.11; 95% CI, 1.05-
1.18) and adults (75.1%) (aPR, 1.29; 95% CI, 1.19-1.40). Specifi-
cally, adolescents obtained THC-containing products more fre-
quently from family or friends (61.0%) than young adults
(42.2%) (aPR, 1.41; 95% CI, 1.14-1.75) and adults (40.5%) (aPR,
1.52; 95% CI, 1.22-1.88). Adolescent patients with EVALI also
reported obtaining nicotine-containing products more fre-
quently from informal sources (50.5%) than young adults
(19.8%) (aPR, 2.49; 95% CI, 1.78-3.46) and adults (24.3%) (aPR,
2.06; 95% CI, 1.49-2.84). Among adolescents with EVALI who
reported using nicotine-containing products, most reported
obtaining at least some (69.0%) of their nicotine-containing
e-cigarette or vaping products through formal sources, such
as recreational dispensaries or convenience stores, although
less commonly than young adults (92.5%) (aPR, 0.75; 95% CI,
0.65-0.87) or adults (88.9%) (aPR, 0.78; 95% CI, 0.67-0.90).

Reported history of any mental, emotional, or behavioral
disorder was common across all age groups with EVALI in our

Figure 1. Age Distribution of Patients With e-Cigarette, or Vaping,
Product Use–Associated Lung Injury (N = 2315) Compared
With the Age Distribution of the US General Population
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Data for patients with known age with e-cigarette, or vaping, product
use–associated lung injury (EVALI) are from national EVALI surveillance reports
to the Centers for Disease Control and Prevention as of December 17, 2019. Data
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by single year of age and sex for the United States from April 1, 2010, to July 1,
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graph because no EVALI cases have been reported in that age group.
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Table 1. Differences in Demographics and Substance Use Behaviors Between Adolescent and Young Adult or Adult Hospitalized or Deceased Patients
With e-Cigarette, or Vaping, Product Use–Associated Lung Injury (N = 2155) in the US in 2019a

Variable No.b

Age, No. (%) Adolescents vs young adults Adolescents vs adults
13-17 y
(n = 360)

18-24 y
(n = 859)

25-49 y
(n = 936) aPR (95% CI)c P value aPR (95% CI)c P value

Demographics

Sex 2141

Male 243 (67.9) 618 (72.4) 609 (65.6)
0.94 (0.86-1.02) .12 1.04 (0.95-1.13) .41

Female 115 (32.1) 236 (27.6) 320 (34.4)

Race/ethnicity 1547

Non-Hispanic
white

171 (66.3) 459 (74.8) 522 (77.3)

0.89 (0.80-0.98) .02 0.86 (0.78-0.94) .002
Other
race/ethnicity

87 (33.7) 155 (25.2) 153 (22.7)

Substance use history

Nicotine use
in past 90 d

Any
nicotine-
containing
e-cigarette
or vaping
product use

1793 194 (62.4) 452 (62.5) 351 (46.3) 1.00 (0.90-1.11) .98 1.35 (1.20-1.51) <.001

Exclusive
nicotine-
containing
e-cigarette
or vaping use

1793 34 (10.9) 90 (12.5) 109 (14.4) 0.85 (0.59-1.23) .39 0.76 (0.53-1.10) .14

Nicotine-
containing
e-cigarette
or vaping
daily use

603 90 (74.4) 226 (83.1) 193 (91.9) 0.89 (0.79-1.00) .06 0.81 (0.72-0.91) <.001

Use of
combustible
tobacco

1190 32 (16.8) 153 (31.7) 209 (40.4) 0.53 (0.38-0.75) <.001 0.42 (0.29-0.61) <.001

THC use in past 90 d

Any
THC-containing
e-cigarette
or vaping
product use

1793 254 (81.7) 588 (81.3) 586 (77.2) 1.01 (0.94-1.07) .86 1.06 (0.99-1.13) .10

Exclusive
THC-containing
e-cigarette
or vaping use

1793 87 (28.0) 207 (28.6) 283 (37.3) 0.97 (0.78-1.20) .76 0.75 (0.61-0.92) .005

THC-containing
e-cigarette
or vaping
daily use

784 70 (57.9) 250 (76.5) 262 (78.0) 0.76 (0.64-0.89) <.001 0.74 (0.63-0.87) <.001

Use of
combustible
marijuana

1020 101 (55.5) 231 (54.7) 186 (44.7) 1.03 (0.88-1.20) .74 1.25 (1.05-1.47) .01

e-Cigarette
use of both
nicotine-containing
and THC-containing
products

1793 158 (50.8) 353 (48.8) 231 (30.4) 1.05 (0.92-1.20) .46 1.66 (1.43-1.94) <.001

Source of e-cigarette or vaping products

Source of
nicotine-containing
e-cigarette,
or vaped

Shop or store,
formal

518 62 (69.0) 221 (92.5) 168 (88.9) 0.75 (0.65-0.87) <.001 0.78 (0.67-0.90) <.001

Recreational
dispensary, vape or
smoke shop, or
pop-up shop

517 35 (38.9) 118 (49.6) 119 (63.0) 0.81 (0.61-1.09) .17 0.61 (0.46-0.81) <.001

Grocery, drug, or
convenience store

518 34 (37.8) 132 (55.2) 66 (34.9) 0.68 (0.51-0.91) .009 1.11 (0.80-1.54) .54

(continued)
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analysis (range, 41.5%-51.0%). Specifically, attention-deficit/
hyperactivity disorder (ADHD) was more commonly re-
ported among adolescents with EVALI (18.1%) compared with
young adults (7.9%) (aPR, 2.31; 95% CI, 1.27-4.20) and adults
(4.9%) (aPR, 3.74; 95% CI, 1.92-7.26). Adolescents more com-
monly reported a history of asthma (43.6%) compared with
adults (28.3%) (aPR, 1.53; 95% CI, 1.14-2.05); there were no sta-
tistically significant differences in having a reported history
of asthma between adolescents and young adults (41.1%)
(P > .05) (Table 2).

Respiratory symptoms at initial clinical presentation
for EVALI were reported by almost all patients with EVALI
regardless of age (range, 95.8%-96.7%). Adolescents more
commonly reported gastrointestinal symptoms associated with
EVALI (90.9%) compared with adults (75.3%) (aPR, 1.20; 95%
CI, 1.13-1.28) (Table 2). Adolescents also more frequently re-
ported constitutional symptoms (eg, fever, chills, and mal-
aise) associated with EVALI (97.3%) compared with adults
(94.5%) (aPR, 1.03; 95% CI, 1.00-1.06). No difference was noted
between adolescents and young adults for report of respira-
tory, gastrointestinal, or constitutional symptoms. There were

no statistically significant differences between age groups for
duration between symptom onset and first hospitalization
(Figure 2A). Adolescents less often reported their first EVALI
clinical encounter was a hospitalization (80.4%) compared with
adults (85.2%) (aPR, 0.95; 95% CI, 0.89-1.00). Adolescents were
more commonly admitted to the intensive care unit (46.9%)
than young adults (37.6%) (aPR, 1.24; 95% CI, 1.05-1.48). In-
tubation was less common among adolescents (12.4%) com-
pared with adults (23.1%) (aPR, 0.54; 95% CI, 0.31-0.94). Per-
centage intubated was similar for adolescents and young adults.
There were no statistically significant differences among age
groups in whether corticosteroids were administered (Table 2).
No statistically significant differences were found between age
groups for duration of first hospitalization (Figure 2B).

Discussion
Adolescents and young adults are disproportionately
affected by EVALI. These age groups comprise 19% of the US
general population older than 12 years but contribute to just

Table 1. Differences in Demographics and Substance Use Behaviors Between Adolescent and Young Adult or Adult Hospitalized or Deceased Patients
With e-Cigarette, or Vaping, Product Use–Associated Lung Injury (N = 2155) in the US in 2019a (continued)

Variable No.b

Age, No. (%) Adolescents vs young adults Adolescents vs adults
13-17 y
(n = 360)

18-24 y
(n = 859)

25-49 y
(n = 936) aPR (95% CI)c P value aPR (95% CI)c P value

In-person or online,
informal

520 47 (50.5) 47 (19.8) 46 (24.3) 2.49 (1.78-3.46) <.001 2.06 (1.49-2.84) <.001

Family or friend 518 30 (33.0) 30 (12.6) 20 (10.6) 2.57 (1.64-4.03) <.001 3.04 (1.82-5.08) <.001

Illicit dealerd 518 9 (9.9) 6 (2.5) 3 (1.6) 4.12 (1.44-11.76) .008 6.33 (1.70-23.64) .006

Onlined 517 9 (10.0) 13 (5.5) 26 (13.8) 1.71 (0.74-3.96) .21 0.73 (0.36-1.49) .39

Source of
THC-containing
e-cigarette, or vaped,
THC

Shop or store,
formald

593 7 (6.7) 48 (19.8) 81 (32.9) 0.34 (0.16-0.73) .006 0.20 (0.10-0.43) <.001

Medical
dispensaryd

0 5 (2.1) 17 (6.9) NA NA NA NA

Recreational
dispensary, vape
or smoke shop,
or pop-up shop

7 (6.7) 36 (14.9) 69 (28.1) 0.44 (0.20-0.97) .04 0.24 (0.11-0.51) <.001

Grocery, drug, or
convenience
store

0 9 (3.7) 2 (0.8) NA NA NA NA

In-person or
online, informal

622 109 (96.5) 219 (86.9) 193 (75.1) 1.11 (1.05-1.18) <.001 1.29 (1.19-1.40) <.001

Family or friend 594 64 (61.0) 102 (42.2) 100 (40.5) 1.41 (1.14-1.75) <.001 1.52 (1.22-1.88) <.001

Illicit dealer 595 43 (41.0) 106 (43.6) 86 (34.8) 0.96 (0.73-1.26) .76 1.18 (0.88-1.56) .27

Onlined 593 8 (7.6) 17 (7.0) 14 (5.7) 1.18 (0.53-2.63) .69 1.34 (0.57-3.10) .50

Abbreviations: aPR, adjusted prevalence ratio; NA, not applicable; THC,
tetrahydrocannabinol.
a Data are from national e-cigarette, or vaping, product use–associated lung

injury surveillance reports to the Centers for Disease Control and Prevention
as of December 17, 2019. Adolescents were aged 13 to 17 years, young adults
were aged 18 to 24 years, and adults were aged 25 to 49 years. The
percentages cannot be calculated directly from the information in the table.

b The sample sizes represent the total number of EVALI cases included in this
analysis that had data reported for each variable of interest. For example, 2141
of the 2155 hospitalized or deceased patients with EVALI with known age
between 13 and 49 years had data provided to the Centers for Disease Control

and Prevention on patient sex. These sample sizes have been provided so that
the readers can better understand the completeness of data per variable in
relation to the overall sample (N = 2155). Of note, not all estimates may sum to
100% given that some values may not be mutually exclusive or fully complete
data may not have been provided. The percentages cannot be calculated
directly from the information in the table because missing data on each
variable by age stratum are not presented.

c Adjusted for sex.
d Estimates are based on small sample sizes; therefore, precision in estimates is

limited. These models and percentages should be interpreted with caution.
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over 50% of reported EVALI cases. Furthermore, among
persons with EVALI, important differences exist in sub-
stance use behaviors and clinical characteristics of adoles-
cents compared with young adults and adults. Most adoles-

cents with EVALI reported the use of THC-containing
products and more frequently reported obtaining these
THC-containing products from informal sources (ie, family,
friends, and in-person or online dealers) than young adults

Table 2. Differences in Clinical Characteristics Between Adolescent and Young Adult or Adult Hospitalized or Deceased Patients
With e-Cigarette, or Vaping, Product Use–Associated Lung Injury (EVALI) (N = 2155) in the US in 2019a

Variable No.b

Age, No. (%) Adolescents vs young adults Adolescents vs adults

13-17 y (n = 360) 18-24 y (n = 859) 25-49 y (n = 936) aPR (95% CI)c P value aPR (95% CI)c P value
Medical history

History of any
mental,
emotional, or
behavioral disorder

1123 94 (50.0) 191 (41.5) 242 (51.0) 1.16 (0.97-1.39) .09 0.99 (0.84-1.16) .87

ADHD 633 17 (18.1) 20 (7.9) 14 (4.9) 2.31 (1.27-4.20) .006 3.74 (1.92-7.26) <.001

Anxiety 1137 63 (32.1) 127 (27.8) 177 (36.6) 1.13 (0.88-1.44) .34 0.90 (0.72-1.13) .36

Depression 1141 58 (29.4) 111 (24.1) 148 (30.6) 1.17 (0.90-1.53) .24 0.96 (0.75-1.23) .74

PTSDd 633 0 7 (2.8) 6 (2.1) NA NA NA NA

Substance use
or substance
use disorderd

633 4 (4.3) 10 (4.0) 27 (9.4) 1.08 (0.34-3.47) .89 0.49 (0.17-1.36) .17

History of diabetesd 633 3 (3.2) 5 (2.0) 19 (6.6) 1.45 (0.36-5.86) .60 0.47 (0.14-1.54) .21

History of any
heart disease

1172 11 (5.7) 22 (4.6) 51 (10.1) 1.15 (0.53-2.48) .72 0.44 (0.22-0.88) .02

History of any
chronic
respiratory disease

1263 52 (24.0) 123 (24.1) 112 (20.9) 1.00 (0.75-1.32) .99 1.17 (0.88-1.56) .29

Asthma 633 41 (43.6) 104 (41.1) 81 (28.3) 1.05 (0.80-1.38) .73 1.53 (1.14-2.05) .005

COPDd 633 0 2 (0.8) 9 (3.2) NA NA NA NA

Obstructive
sleep apnead

633 0 3 (1.2) 6 (2.1) NA NA NA NA

EVALI symptoms
reported
Respiratory
symptoms

1532 250 (95.8) 606 (96.7) 622 (96.6) 0.99 (0.96-1.02) .49 0.99 (0.96-1.02) .58

Gastrointestinal
symptoms

1452 231 (90.9) 534 (89.0) 450 (75.3) 1.03 (0.97-1.07) .36 1.20 (1.13-1.28) <.001

Constitutional
symptoms

1523 251 (97.3) 610 (97.3) 603 (94.5) 1.00 (0.98-1.02) .98 1.03 (1.00-1.06) .04

Gastrointestinal
or constitutional
symptoms but no
respiratory symptoms
reportedd

1477 9 (3.6) 16 (2.6) 16 (2.6) 1.44 (0.65-3.19) .36 1.39 (0.62-3.11) .42

EVALI clinical
course and treatment
First reported
EVALI clinical
encounter
was hospitalization

2026 271 (80.4) 645 (80.1) 753 (85.2) 1.00 (0.94-1.07) .93 0.95 (0.89-1.00) .049

Corticosteroids
administered

1203 183 (84.7) 431 (87.3) 439 (89.1) 0.97 (0.91-1.03) .33 0.95 (0.89-1.02) .13

Admitted to the
intensive care unit

1300 112 (46.9) 198 (37.6) 249 (46.6) 1.24 (1.05-1.48) .02 0.99 (0.84-1.17) .91

Intubatedd 632 13 (12.4) 36 (14.7) 65 (23.1) 0.86 (0.48-1.56) .62 0.54 (0.31-0.94) .03

Abbreviations: ADHD, attention-deficit/hyperactivity disorder; aPR, adjusted
prevalence ratio; COPD, chronic obstructive pulmonary disease; NA, not
applicable; PTSD, posttraumatic stress disorder.
a Data are from e-cigarette, or vaping, product use–associated lung injury

surveillence reports to the Centers for Disease Control and Prevention as of
December 17, 2019. Adolescents were aged 13 to 17 years, young adults were
aged 18 to 24 years, and adults were aged 25 to 49 years. The percentages
cannot be calculated directly from the information in the table.

b The sample sizes represent the total number of EVALI cases included in this
analysis that had data reported for each variable of interest. For example, 1123
of the 2155 hospitalized or deceased patients with EVALI with known age
between 13 and 49 years had data provided to the Centers for Disease Control

and Prevention on patient history of any mental, emotional, or behavioral
disorder. These sample sizes have been provided so that the readers can
better understand the completeness of data per variable in relation to the
overall sample (N = 2155). Of note, not all estimates may sum to 100% given
that some values may not be mutually exclusive or fully complete data may
not have been provided. The percentages cannot be calculated directly from
the information in the table because missing data on each variable by age
stratum are not presented.

c Adjusted for sex.
d Estimates are based on small sample sizes; therefore, precision in estimates is

limited. These models and percentages should be interpreted with caution.
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or adults with EVALI. Moreover, a history of ADHD was
more commonly reported among adolescents with EVALI
than among young adults or adults with EVALI; a history of
asthma was more commonly reported among adolescents
with EVALI than among adults with EVALI. Gastrointestinal
and constitutional symptoms were more common for ado-
lescents at clinical presentation, which may complicate the
clinical picture and could delay EVALI diagnosis and treat-
ment. These findings can inform public health and clinical
professionals’ response to EVALI among adolescents.

Most adolescents with EVALI (81.7%) reported THC-
containing e-cigarette or vaping product use, and almost all
adolescents with EVALI (96.5%) reported obtaining THC-
containing products from informal sources (ie, family, friends,
and in-person, or online dealers). Informal sources were more
commonly reported by adolescents with EVALI than by young
adults or adults with EVALI. Many adolescents (57.9%) re-
ported daily THC-containing product use. The finding of fre-
quent informally sourced THC-containing product use is con-
sistent with previous national results and with data suggesting
that THC-containing e-cigarette or vaping products are asso-
ciated with most of the EVALI cases and played a major role
in the 2019 EVALI outbreak.1,2,4,5,18 Informally sourced THC-
containing e-cigarette or vaping products obtained from geo-
graphically diverse states have been found to contain vita-
min E acetate, a chemical associated with EVALI.7,19 The finding
of vitamin E acetate in bronchoalveolar lavage fluid of pa-
tients with EVALI but not in the lung fluid of people who do
not have EVALI further supports the association between vi-
tamin E acetate and EVALI.8 However, evidence is not suffi-
cient to rule out other chemicals of concern, including those
in THC or non-THC products; product sources remain under
investigation. There may be more than 1 cause of EVALI.1

The common occurrence of several specific comorbidi-
ties in adolescents with EVALI may inform clinical evaluation
and intervention. The prevalence of ADHD among adoles-
cents with EVALI in our study was higher than the prevalence
among adolescents in the US general population (18.1% vs
10.5%),25 and adolescents with EVALI reported a history of
ADHD between 2 to 4 times more often than young adults or
adults with EVALI (18.1% vs 7.9% and 4.9%, respectively). Fur-
thermore, ADHD is associated with risk-taking behaviors, in-
cluding e-cigarette use26 and other substance use.27-29 Half of
adolescents with EVALI reported a history of any co-
occurring behavioral health condition; these conditions are
common in the overall population of patients with EVALI and
are important to consider to optimize clinical care and appro-
priate referral to behavioral health services.20,21 Addressing
these needs in adolescent patients may reduce risk of subse-
quent substance use disorder.16 Similar to the general
population,30 adolescents with EVALI more commonly re-
ported a history of asthma than adult patients with EVALI. No-
tably, the prevalence of asthma among adolescents with EVALI
appears to be higher than that among the general adolescent
population (43.6% vs 18.2%),30 which reflects previous re-
ports of higher prevalence of asthma among all patients with
EVALI31,32 and may indicate that adolescents with asthma and
EVALI more frequently seek hospital care. Our findings sup-
port the importance of asking adolescents who are seen with
asthma symptoms about e-cigarette or vaping product use and
consideration of EVALI in differential diagnoses.

Adolescents with EVALI were more likely to report expe-
riencing gastrointestinal or constitutional symptoms com-
pared with adults with EVALI. Prior evidence supports a high
frequency of gastrointestinal symptoms in patients with EVALI,
which are sometimes reported as the reason for obtaining medi-

Figure 2. Duration Between Symptom Onset and First Hospitalization and Duration of First Hospitalization for Hospitalized or Deceased Patients
With e-Cigarette, or Vaping, Product Use–Associated Lung Injury in the US in 2019 (N = 2155), Stratified by Age
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A and B, Adolescents (age, 13-17 years) had similar duration between symptom
onset and first hospitalization compared with young adults (age, 18 to 24 years)
(β = −0.12; 95% CI, −2.33 to 2.09; P = .91) and adults (age, 25-49 years)
(β = 0.19; 95% CI, −1.63 to 2.01; P = .84). Adolescents also had similar duration
of first hospitalization compared with young adults (β = 0.64; 95% CI, −0.28 to

1.55; P = .17) and adults (β = −0.41; 95% CI, −1.43 to 0.61; P = .43). The
horizontal lines within the boxes represent the median, with the lower and
upper line of the box representing the first and third quartiles. The outliers
represent individual patients whose data points were greater than 1.5 times the
interquartile range.
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cal care.32 Although the reason is unclear, it is possible that dif-
fering patterns of product use by adolescents might play a role.
For example, adolescents might be inexperienced e-cigarette
users compared with adults and inhale less deeply, leading to
increased swallowing of the e-cigarette aerosol and a higher
exposure of aerosol constituents to the gastrointestinal sys-
tem. Additional research is needed to test this hypothesis.33,34

The occurrence of nonspecific gastrointestinal and constitu-
tional symptoms may delay clinical recognition of EVALI given
that it is a diagnosis of exclusion. A confidential, accurate sub-
stance use history paired with appropriate patient education,
including about e-cigarette or vaping product use, is needed
to ensure timely diagnosis of EVALI.

These findings highlight the importance of clinicians work-
ing with adolescents to provide education and access to ser-
vices. Teaching should (1) emphasize the association be-
tween THC-containing e-cigarette or vaping product use and
EVALI; (2) reinforce that there may be other chemicals of con-
cern aside from vitamin E acetate, including those in prod-
ucts not containing THC, associated with EVALI; and (3) coun-
sel adolescents that any e-cigarette or vaping product use is
unsafe.1,35 The identification of common comorbidities, in-
cluding ADHD and asthma, can inform clinical evaluation and
intervention; our findings support the critical need to make
tobacco use cessation, substance use screening, and mental
health services easily accessible to all youth.20,36,37 Clinician
awareness that adolescents commonly report nonspecific gas-
trointestinal and constitutional symptoms may hasten timely
recognition of EVALI.

When addressing EVALI among youth, it is important for cli-
nicians and public health professionals to distinguish between
the 2019 EVALI outbreak and the ongoing US epidemic of youth
e-cigaretteuse.Primarily,EVALIisassociatedwiththeuseofTHC-
containing products from informal sources (ie, family, friends,
and in-person or online dealers), whereas the youth e-cigarette
use epidemic has primarily been associated with the use of
nicotine-containing products from formal sources (eg, legal re-
tail establishments). However, each of these epidemics (ie, EVALI
and youth e-cigarette use) disproportionately influences young
people and is complicated by a multifactorial causation.38 These
2 events (EVALI and youth e-cigarette use) represent opportu-
nities for public health and clinical communities to prevent and
reduce the use of e-cigarette or vaping products among adoles-
centandyoungadultpopulations.In2016,theFDAassertedregu-
latory authority over e-cigarettes, which required that all
e-cigarettes on the market at that time needed to have an autho-
rization from the FDA to be legally marketed. However, the
agency subsequently deferred enforcement of the premarket au-
thorization requirements, which means that all e-cigarettes now
on the US market are considered illegally marketed and are sub-

ject to enforcement. Regardless of whether nicotine, THC, or any
other substance is used in an e-cigarette or vaping product, these
products are not safe for youth or young adults because of known
negative health influences.13-15,35,39

Limitations
This study has limitations. Data collection methods varied
across jurisdictions, which may have resulted in reporting in-
consistencies that could not be accounted for in this analysis.
Information was obtained from medical records and patient
or proxy interviews, which may be incomplete or subject to
social desirability or recall bias. In addition, comparisons with
national prevalence data (eg, for asthma) may be inexact given
the variability in question framing or the time frame of data
collection. This analysis only includes hospitalized or de-
ceased EVALI cases; it is possible that many more adoles-
cents may be affected but not severely enough to require hos-
pitalization. Proxies may not have had complete knowledge
about the patient’s exposure history. For medical history, in-
dicators of some conditions (any mental, emotional, or behav-
ioral disorder, including ADHD, posttraumatic stress disor-
der, and substance use, as well as a history of diabetes, asthma,
chronic obstructive pulmonary disease, and obstructive sleep
apnea) were created using responses to free-text fields and may
not have been reported systematically. Finally, some esti-
mates are based on small sample sizes, and precision in esti-
mates is thus limited; these models should be interpreted with
caution.

Conclusions
It is important for public health and clinical professionals to
continue providing information to adolescents about the as-
sociation between EVALI and THC-containing e-cigarette or
vaping product use, in particular those from informal sources,
and that any e-cigarette or vaping product use is unsafe.35 The
high prevalence of ADHD, other mental or behavioral health
conditions, and asthma among adolescents with EVALI may
complicate care and follow-up. Youth should be referred to ap-
propriate treatment for co-occurring conditions and sub-
stance use cessation services.20,37 The high proportion of ado-
lescents seen with nonspecific gastrointestinal and
constitutional symptoms may delay EVALI diagnosis. It is es-
sential that clinicians caring for adolescents obtain a confi-
dential substance use history that includes e-cigarette or vap-
ing product use.37,40,41 Ultimately, the need for programs and
policies to limit youth exposure to e-cigarette products, re-
gardless of nicotine or THC content, is a public health
imperative.42
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