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ABSTRACT ~ Introduction: Although adolescent use of combustible cigarettes (CC) has 
decreased, the rise of nicotine electronic vaping products (EVPs) presents new public health 
concerns. Nicotine vaping devices, with appealing packaging and flavors, are now the 
most commonly used nicotine delivery method among adolescents. While the long-term 
effects remain unclear, short-term effects include tachycardia, coughing, and wheezing. 
This review explores the relationship between nicotine vaping and sleep disturbances 
in adolescents. Methods: A PubMed search (2006–2024) using keywords “nicotine 
sleep adolescents,” “vaping sleep adolescents,” and “e-cigarette sleep adolescents” identi-
fied 159 articles. Filters for “Humans,” “English,” and “Age-Birth-18 years” narrowed 
the list to 124. Abstracts were independently screened for cross-sectional studies describ-
ing sleep disturbances, yielding nine articles. Outcome measures included insuff icient 
sleep (< 7–8 hours/night) and sleep latency, assessed through self-reported hours and 
the Pittsburgh Sleep Quality Index (PSQI). Results: Data from 106,628 adolescents 
(12–18 years; males = females) revealed e-cigarette (most common vaping device used) 
and dual users (e-cigs + CC) reported signif icantly more insuff icient sleep on school 
nights than non-users. Dual users exhibited increased sleep latency, particularly in males. 
Two studies suggested chronic insufficient sleep might lead to initiation or increased use 
of vaping devices, highlighting a bidirectional relationship. Conclusions: Many survey 
studies indicate vaping nicotine is associated with sleep disturbances in adolescents. Other 
studies determined sleep disturbances were associated with an initiation or increase in 
vaping nicotine indicating a cause-and-effect conundrum. Further investigation through 
longitudinal studies are needed to determine factors such as the causal relationship, dose-
response and product-specif ic effects. Psychopharmacology Bulletin. 2025;55(2):60–74.
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Introduction

Although combustible tobacco cigarettes (CC) use has decreased 
amongst adolescents, the rapid emergence of popular electronic vap-
ing products (EVPs) has unfortunately transformed the landscape of 
adolescent substance use in the US, becoming a critical public health 
issue.1 Vape pens, also referred to as “vapes”, “electronic nicotine delivery 
systems (ENDS)”, “e-cigarettes (e-cigs)”, “e-cigars”, “e-hookahs”, and 
“hookah sticks”, come in various forms that are packaged in cartridges 
to be placed within the vape. These products are sold in tobacco shops, 
malls, gas stations, and head shops. Vapes are devices that produce 
aerosolized nicotine, flavoring, and variable levels of other chemicals 
(including propylene glycol, glycerin, and potentially harmful excipients 
such as formaldehyde and metals). The device uses heat from a battery 
to create a vapor, which is inhaled by the user.2

E-cigarettes use has increased significantly since their entrance 
onto US markets in 2006. Since 2016, the FDA has regulated vap-
ing devices, requiring manufacturers to submit applications for review 
prior to marketing, and often denying market entry. However, regardless 
of FDA oversight, there are many EVPs which are illegally marketed. 
On December 20, 2019, a federal law was enacted that raised the 
minimum legal age for purchasing all tobacco products, including 
e-cigarettes, from 18 to 21 nationwide.2 However, the 2020 National 
Youth Tobacco Survey (NYTS) reported that 3.6 million middle and 
high school students were still current e-cigarette users.3 The increased 
use amongst youth may be secondary to the widespread prevalence 
and easy access of these products. E-cigarette companies widely promote 
their products as “safer than conventional cigarettes” to gain business 
from experimenting adolescents who are more susceptible to addiction 
and risk-taking.4 Further, vaping “e-liquids” come in a variety of flavors 
such as cotton candy or bubblegum to accompany the sleek design of 
the EVP, enhancing their appeal to younger users.2

The American Academy of Sleep Medicine recommends that 
adolescents aged 13 to 18 get 8 to 10 hours of sleep per night to support 
their overall well-being5 yet, seven in ten students in the general popu-
lation report poor sleep quality on school nights. Chronic insufficient 
sleep can have serious health consequences, including an increased 
risk of obesity, diabetes, mental health issues, and behavioral problems. 
Additionally, poor sleep can impair cognitive development, hinder 
school performance, raise the risk of accidents, and negatively impact 
a student’s overall functioning.6–8 Lifestyle factors such as sedentary 
behaviors including watching TV or excessive screen time and physical 
inactivity are associated with insufficient sleep.9,10 The psychosocial 
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consequences of inadequate sleep include depression, anxiety, substance 
use (including nicotine), risk-taking behaviors, low self-esteem, and 
suicidal ideation.11,12 Adolescents may seek to cope with current mental 
disorders by vaping more or using stronger concentrations of nicotine 
in their products.13

Though the long-term sequelae of vaping nicotine are poorly under-
stood, the short-term medical effects include tachycardia, coughing, 
and wheezing.14,15 Growing evidence suggests that nicotine use during 
adolescence is linked to changes in working memory and attention, as 
well as decreased activation of the prefrontal cortex.16,17 Adolescent 
nicotine use has been linked to a range of long-term adverse effects, 
including academic challenges and an increased risk of developing psy-
chiatric disorders. These disorders include major depressive disorder, 
agoraphobia, panic disorder, other substance use disorders, and antiso-
cial personality disorder.18,19 Research has established a link between 
substance use and impaired sleep.20 While disrupted sleep and com-
bustible cigarettes have a well-documented, bi-directional association 
in adolescents,21,22 there remains a significant gap in research exploring 
the connection between regular nicotine vaping and sleep disruption 
among adolescents.23,24 A 2018 systematic review and meta-analysis 
identified insomnia as one of the most prevalent adverse outcomes 
following e-cigs use in adults who attempted to quit CC use with the 
help of e-cigs.25 Evidence is accumulating that vaping nicotine is asso-
ciated with poor sleep health in adolescents.26,27 Inversely, having poor 
sleep is known to increase anxiety, which may prompt nicotine or other 
substance use, further exacerbating sleep disturbances, causing a vicious 
cycle. In light of the short-term health risks and negative academic and 
psychosocial outcomes linked with insufficient sleep in adolescents,6 

an evidence-based review can help elucidate the interplay of sleep and 
nicotine vaping nicotine in this understudied population.

Methods

Inclusion Criteria

All studies evaluating the interplay between sleep and nicotine vaping 
in individuals aged 12–18 years were included.

Data Extraction

A PubMed search from 2006 to 2024 using the keywords “Nicotine 
sleep adolescents,” “vaping sleep adolescents,” and “e-cigarette sleep 
adolescents” yielded 159 articles. Activating the filters “Humans,” 
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“English,” and “Age-Birth-18 years” reduced the list to 124 articles. 
Independent screening of abstracts by three authors (SB, BGB, and 
AR) for cross sectional studies that described sleep disturbances yielded 
16 articles for inclusion. After carefully reading the methodology of 
each of the 16 articles, 7 articles were excluded as they did not meet 
the age range of less than 18 years. Following the above methodol-
ogy, 9 articles remained to be included for the review. The data from 
various cross-sectional surveys, was pooled together. At least 4 of the 
9 studies described below, utilized data from the Youth Risk Behavioral 
Survey.28,29 Methods flow chart shown in Figure 1.

Outcome Measures
The outcome measures of sleep duration and insufficient sleep, were 

classified categorically in self-reported hours. Due to research methods 
used in several studies, insufficient sleep was defined as less than 7 hours. 
Sleep latency and daytime dysfunction were assessed using Pittsburgh 
Sleep Quality Index (PSQI). The PSQI, a self-report questionnaire, 

FIGURE 1

Methodology Flow Chart

Articles assessed for eligibility using
search terminology “nicotine sleep

adolescents”, “vaping sleep
adolescents”, “e-cigarette sleep

adolescents” (n = 159)

Search filtered for “humans”,
“English”, and “age-birth-18

years” and excluded those not
meeting these criteria (n = 35)

Article abstract and titles screened for
inclusion by 3 authors (SB, BGB, & AR)

(n = 124)

Excluded primarily due to
unsuitable methodology

(n = 115)

Articles included in final analysis
(n = 9; 106,628 patients)
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assesses an individual’s sleep quality that includes sleep onset latency, sleep 
duration in hours, and sleep efficiency in hours hours asleep/hours in bed. 
Studies have shown that the PSQI demonstrates high internal consis-
tency, adequate reliability and validity. The subjects are asked to report 
their sleep habits in the past month and their responses are clustered 
into “seven component scores”, and the component scores are summed to 
generate a total score. Higher PSQI scores imply worse sleep quality.30

Evidence Based Medicine Guidelines

“The categories of evidence were defined as IA: evidence from meta-
analysis of randomized controlled trials (RCT); IB: evidence from at 
least one well designed RCT( large multi-site RCT); IIA: evidence 
from at least one well-designed controlled study without randomization; 
IIB: evidence from quasi-experimental study; III: evidence from non-
experimental descriptive studies such as case control/cross-sectional 
studies; and IV: evidence from national level expert committees/panels 
or opinions, not based on research”.31

Results

The initial search identified 159 articles of which nine articles were 
included in the final analysis. The 9 articles included publications from 
2019–2023. Most of the articles included adolescents aged between 
12–18 years (n = 7 studies). While 2 studies included adolescents and 
young adults aged between 12–23 years, the mean age in both these 
studies included adolescents aged 17 years. With the exception of 
one study that was conducted in Canada, the remaining studies (n = 8) 
were conducted in the US.

Of the 9 studies included for analyses, eight were cross sectional 
surveys/studies and one was a prospective cohort study. A combined 
sample size of 106,628 adolescents (aged 12–18 years, males = females) 
was analyzed. With regards to the sample demographics recruited: 
Non-Hispanic White were the most common, followed by Hispanic 
and then Black.

Amongst all studies, E-cigs were the most common product used to 
vape nicotine. The other nicotine products mentioned are cigarettes, 
cigarillos, smokeless tobacco, e-cigars, combustible cigarettes and dual 
users (combustible cigarettes + e-cigs).

The sleep assessment parameters measured in the 9 studies were: 
total self-reported sleep hours, sleep quality as measured by the total 
PSQI score and self-reported sleep disturbances. Six of the 9 studies 
utilized self-reported sleep hours, of which one study described 
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shortened sleep duration as self-reported of less or more than 
7 hours. One amongst the 9 studies reported the PSQI sub measure. 
With regards to the other two remaining studies, one asked respon-
dent for subjective sleep disturbances and the other one asked for self-
reported sleep trouble including bad dreams, restless sleep, and daytime 
sleepiness. These items were drawn from the Global Appraisal of 
Individual Needs-Short Screener.32

The 9 studies in the pooled analysis, describing the interplay of sleep 
and nicotine in adolescents are described below (results summarized 
in Table 1):

A 2018 neurobiological study found that stronger connections in the 
laterobasal amygdala and the anterior insula predicted greater sleep 
problems, resulting in more depression and subsequent increased use 
of e-cigarettes.33

A cross-sectional study utilizing data from the Youth Risk Behaviors 
Survey investigated the role of sleep quantity as a moderator in the rela-
tionship between nicotine vaping and self-reported suicidality among 
adolescents (n = 10,520, M = F). The findings revealed that students 
who reported less than 7 hours of sleep on school nights (OR = 2.6; 
95% CI = 2.1–3.3) and those who vaped nicotine in the past month 
(OR = 3.0; 95% CI = 2.1–3.9) had significantly higher odds of report-
ing a suicide attempt within the past year compared to their peers who 
did not vape.34

A study exploring the potential contribution of sleep deprivation 
to adolescents’ initiation of EVPs involved 1,100 adolescents aged 
13–17 years who participated in the Vaping Attitudes Youth Perspective 
Survey. The results indicated that adolescents who reported getting 
less than 6 hours of sleep per night had significantly higher odds of 
intending to try a nicotine vape within the next month (OR = 2.63, 
95% CI = 1.30–5.31), even after controlling for confounders such as 
age, gender, race, and ethnicity.35

Adolescent (n = 609) data (aged 13–20, mean = 17.14 yrs) were 
isolated to assess age and parallel use of e-cigs, traditional tobacco, and 
dual use (e-cigs + traditional tobacco) with sleep quality and cough. 
The authors used PSQI to assess sleep quality. Dual use correlated with 
longer sleep latency than nonsmokers, but this was statistically signifi-
cant only in male dual users.36

A cross-sectional questionnaire examining the frequency of e-cigs; 
identifying demographic features, risk-taking behaviors, beliefs about 
vaping, and determining symptoms associated with e-cigs were evalu-
ated in 494 respondents (adolescents and young adults, aged 12–23, 
mean age = 17 yrs). 80% of responders were considered nonusers/
experimenters (never tried or tried once) and 20% were considered 
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frequent users (at least once in 30 days). Frequent users were more likely 
to endorse sleep disturbances when compared to non-users.37

Evaluating health and risk behaviors among Grade 12 cohorts over 
time is crucial for identifying intervention opportunities. A cross-
sectional study analyzed trends in health and risk behaviors among 
12th-grade students (n = 44,740), focusing on movement (physical 
activity, screen time, sleep) and substance use (smoking and vaping). 
The findings revealed that over 91% of students reported engaging 
in at least one health risk behavior, with a significant rise in inade-
quate sleep and vaping behaviors over time. Notably, the prevalence 
of past-month vaping surged by 216% among male and 416% among 
female students.38

A cross-sectional study investigating the association between 
exclusive e-cigarette use, exclusive combustible cigarette (CC) use, and 
dual-product use with sleep-related complaints among adolescents 
(n = 9,588) found that all three nicotine-containing products were 
significantly linked to higher odds of sleep complaints compared to 
adolescents who used neither nicotine product (e-cigs: OR = 1.61, 
95% CI 1.34–1.94; CC: OR = 1.62, 95% CI 1.26–2.09; dual product 
use: OR = 2.00, 95% CI 1.63–2.46). Additionally, female adolescents 
had higher odds of experiencing sleep complaints than their male 
counterparts.23

A secondary data analysis of the Youth Risk Behavior Survey, which 
included 11,296 high school students, was conducted to investigate 
the relationship between current exclusive e-cigarette use, exclusive 
combustible cigarette (CC) smoking, and dual use of e-cigarettes and 
CC with insufficient sleep. Insufficient sleep was defined as getting 
less than 8 hours and less than 7 hours of sleep per night. Overall, 
73.4% of adolescents reported insufficient sleep of less than 8 hours 
per night. The analysis revealed that, compared to non-tobacco users, 
exclusive e-cigarette users and dual-product users were more likely to 
report insufficient sleep (both < 8 hours and < 7 hours per night). 
After adjusting for covariates, exclusive e-cigarette users had 3.20 times 
higher odds, and dual-product users had 3.26 times higher odds of 
reporting insufficient sleep compared to exclusive CC smokers.24

A study investigating the cross-sectional association between EVP 
use and insufficient sleep pooled data from the Youth Risk Behavioral 
Survey, including 28,135 adolescents. Among the participants, 22.6% 
were current EVP users, and 58.2% were never users. More than three 
in four adolescents (76.5%) reported getting less than 8 hours of sleep 
on an average school night. After adjusting for demographics and other 
covariates, the study found that adolescents who currently used EVPs 
had 1.33 times higher odds of experiencing insufficient sleep, and 
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those who had previously used EVPs had 1.29 times higher odds of 
insufficient sleep compared to non-users.39

Discussion

To our knowledge, this is the first evidence-based narrative review 
exploring the interplay between vaping nicotine and sleep abnormalities 
in adolescents. This report contributes to the existing literature by 
synthesizing known information from disparate studies and highlight-
ing future research needs on this topic. Adolescents are an understud-
ied population in the field of sleep medicine.36 The primary results 
of our review are: Firstly, nicotine vaping and insufficient sleep are 
highly prevalent in adolescents. Secondly, e-cigs were the most com-
mon vaping devices used, and e-cig users and dual users had increased 
odds of reporting < 7–8 hours of sleep on school nights when com-
pared to non-users. E-cigs and dual users are more likely to have insuf-
ficient sleep (as measured as less than 7 hours) than those who only 
used CC. Finally, in adolescent males, dual use was associated with 
increased sleep latency (mean difference = 6.27 minutes; confidence 
interval = 1.40–11.13 minutes) measured by PSQI. This finding 
related to sleep latency correlates with the known effects of nicotine, 
of which dual users have a higher intake, such that dual users are more 
likely to experience greater side effects specific to nicotine compared 
to other users. Prior research has demonstrated that a wide range of 
substances like alcohol, marijuana and CC are associated with sleep 
disturbances.22 Our review expanded this literature further by suggest-
ing that not only CC, but e-cig and dual product users struggle with 
sleep-related complaints. The odds ratios for sleep abnormalities were 
statistically significant for both e-cigs and dual-product users and also 
e-cigs alone when compared to non-users.23,24,39

Several potential explanations could be inferred from the above 
findings. E-cig use in adults is associated with insomnia.25 This finding 
could be extrapolated to adolescents, as exposure to nicotine stimulates 
nicotine-acetylcholine receptors, which in turn triggers the release of 
several neurotransmitters, including acetylcholine, dopamine, serotonin, 
and norepinephrine. These neurotransmitters have activating effects on 
the central nervous system, which can disrupt normal sleep patterns.40 
Also, sleep alterations are an important symptom of nicotine with-
drawal.41 Additionally, nicotine cravings could predispose adolescents 
who use e-cigs to wake up in the middle of the night.39 Interestingly, 
considering the potential causal directionality between insomnia and 
e-cigarette use, adolescents experiencing sleep problems may turn to 
vaping as a coping mechanism. The moodiness, attention issues, and 
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daytime sleepiness that often accompany insufficient sleep could lead 
adolescents to use e-cigarettes as a way to self-medicate.26 It’s possible 
that e-cigs could help sleep-deprived adolescents stay alert and awake 
during the day, masking the negative consequences of insufficient sleep. 
Furthermore, the cross-sectional association between vaping nicotine 
and insufficient sleep could be bidirectional. Insufficient sleep may pre-
dispose adolescents to use e-cigarettes as a way to cope with moodiness, 
attention issues, and low energy, while the use of e-cigarettes could, 
in turn, disrupt sleep, creating a vicious cycle of sleep deprivation and 
nicotine use. Based on evidence-based guidelines,31 all the nine articles 
included in our review were cross-sectional studies which corresponds 
to Level III category of evidence. Hence, the cross-sectional relation-
ship between e-cigs/dual users and sleep are merely speculative and 
further longitudinal studies are required to determine causality.

Insufficient sleep at night, as observed in our study subjects, leads to 
excessive daytime sleepiness, which is strongly correlated with poor aca-
demic outcomes, mental health issues, and increased substance use. Our 
review findings suggest that school-based tobacco and vaping absti-
nence programs could play a crucial role in promoting sleep health in 
adolescents.8 This study suggests that E-cigs, dual use and tobacco use 
should be the key targets of school prevention programs for students. 
Adolescents should also be educated about sleep hygiene and the con-
sequences of insufficient sleep and provided guidance on inculcating 
healthy practices that include avoiding substance use including nicotine 
in e-cigs, and, excessive use of daytime stimulating products. Prevention 
programs should be encouraged on the medical and psychiatric 
consequences of nicotine use and its use serving as a gateway to other 
substances including alcohol, marijuana and other illicit/recreational 
drugs.15,42

Limitations

The papers described above have several limitations. All the nine 
studies included in the review were either cross-sectional studies or sur-
veys. Cross-sectional studies are limited to association and do not allow 
readers to infer causality. A majority of the surveys utilized a school-
based sample, which may not be fully representative of all youth in 
the United States. Future studies addressing the present research ques-
tions or longitudinal research are required to address the bidirectional 
association between sleep problems and vaping nicotine. Additionally, 
future studies should consider measuring e-cigarette use with greater 
detail. This could include assessing factors such as the number of days 
e-cigarettes were used in the past month, the number of puffs or vaping 
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episodes per day, the specific type of e-pen used, and the nicotine levels 
of the e-liquids.

The other significant limitation is the self-report nature of the vaping 
and sleep-related measures. There could be significant amount of recall 
bias in adolescents self-reporting the vaping use and the sleep hours. 
Not all studies accounted for potential covariates such as preexisting 
mental health comorbidities, other substance use disorders and medical 
conditions. The lack of specificity in measuring sleep could have con-
tributed to the measurement error. Actigraphy or polysomnography, 
sleep diaries, self-report sleep questionnaires could have been utilized 
for specific sleep measures. Additionally, other potential covariates like 
caffeine intake and school start times could have affected sleep hours. 
Finally, E-cig use, and sleep measure covariates were not always cleanly 
separated and directly measured in relation to one another alone.

Conclusions

Survey studies indicate the interplay between vaping nicotine and 
sleep disturbances in adolescents is complex. Compared to adolescents 
who reported eight or more hours of sleep, those who reported get-
ting less than 7–8 hours of sleep were at increased odds of initiating 
e-cigarette use in the following month. Additionally, sleep disturbances 
could predispose individuals to vape nicotine suggesting a possible 
bidirectional association between vaping nicotine and sleep altera-
tions. Further investigation through longitudinal studies is needed to 
determine factors such as the causal relationship and dose-response 
effects. Clinicians should educate children, adolescents, and parents 
about potential detrimental effects of the interplay between vaping and 
sleep during healthcare visits or school seminars. D

Disclosures

Disclosures of Potential Conflict of Interest.
Mr. Birur, Drs. Burk, Fargason, Alhassan and Reddy have no conflict 

of interest to disclose in the preparation of this manuscript.

References

1.	 Cornelius ME, Loretan CG, Jamal A, et al. Tobacco Product Use Among Adults – United States, 2021. 
MMWR Morb Mortal Wkly Rep. 2023;72(18):475–483. doi:10.15585/mmwr.mm7218a1

2.	 (FDA) FaDA. How FDA Regulates Vapes. https://www.fda.gov/tobacco-products
3.	 Wang TW, Neff LJ, Park-Lee E, Ren C, Cullen KA, King BA. E-cigarette Use Among 

Middle and High School Students – United States, 2020. MMWR Morb Mortal Wkly Rep. 
2020;69(37):1310–1312. doi:10.15585/mmwr.mm6937e1

PB-Birur.indd   72PB-Birur.indd   72 1/31/2025   1:40:15 PM1/31/2025   1:40:15 PM

NOT F
OR R

EPRIN
T



Exploring the Interplay of Sleep and Nicotine Vaping in Adolescents

73
Birur et al.

Psychopharmacology Bulletin:   Vol. 55 · No. 2

  4.	 Macleod K, Bush A, Coutts J, Langley R. Protecting children from harms of vaping. BMJ (Clinical 
research ed). 2022;379:e073824. doi:10.1136/bmj-2022-073824

  5.	 Paruthi S, Brooks LJ, D’Ambrosio C, et al. Consensus Statement of the American Academy of Sleep 
Medicine on the Recommended Amount of Sleep for Healthy Children: Methodology and Discussion. 
J Clin Sleep Med. 2016;12(11):1549–1561. doi:10.5664/jcsm.6288

  6.	 Owens J. Insufficient sleep in adolescents and young adults: an update on causes and consequences. 
Pediatrics. 2014;134(3):e921–e932. doi:10.1542/peds.2014-1696

  7.	 Millman RP. Excessive sleepiness in adolescents and young adults: causes, consequences, and treatment 
strategies. Pediatrics. 2005;115(6):1774–1786. doi:10.1542/peds.2005-0772

  8.	 Hansen SL, Capener D, Daly C. Adolescent Sleepiness: Causes and Consequences. Pediatr Ann. 
2017;46(9):e340–e344. doi:10.3928/19382359-20170816-01

  9.	 Rhodes RE, Guerrero MD, Vanderloo LM, et al. Development of a consensus statement on the role 
of the family in the physical activity, sedentary, and sleep behaviours of children and youth. Int J Behav 
Nutr Phys Act. 2020;17(1):74. doi:10.1186/s12966-020-00973-0

10.	 Tremblay MS, Carson V, Chaput JP, et al. Canadian 24-Hour Movement Guidelines for Children and 
Youth: An Integration of Physical Activity, Sedentary Behaviour, and Sleep. Appl Physiol Nutr Metab. 
2016;41(6 Suppl 3):S311–S327. doi:10.1139/apnm-2016-0151

11.	 Chaput JP, Gray CE, Poitras VJ, et al. Systematic review of the relationships between sleep 
duration and health indicators in school-aged children and youth. Appl Physiol Nutr Metab. 
2016;41(6 Suppl 3):S266–S282. doi:10.1139/apnm-2015-0627

12.	 Shochat T, Cohen-Zion M, Tzischinsky O. Functional consequences of inadequate sleep in adoles-
cents: a systematic review. Sleep Med Rev. 2014;18(1):75–87. doi:10.1016/j.smrv.2013.03.005

13.	 Becker TD, Arnold MK, Ro V, Martin L, Rice TR. Systematic Review of Electronic Cigarette Use 
(Vaping) and Mental Health Comorbidity Among Adolescents and Young Adults. Nicotine Tob Res. 
2021;23(3):415–425. doi:10.1093/ntr/ntaa171

14.	 Carlos WG, Crotty Alexander LE, Gross JE, et al. Vaping-associated Pulmonary Illness (VAPI). 
Am J Respir Crit Care Med. 2019;200(7):13–14. doi:10.1164/rccm.2007P13

15.	 Park E, Kwon M, Gaughan MR, Livingston JA, Chang YP. Listening to Adolescents: Their 
Perceptions and Information Sources About E-cigarettes. J Pediatr Nurs. 2019;48:82–91. 
doi:10.1016/j.pedn.2019.07.010

16.	 Jacobsen LK, Mencl WE, Constable RT, Westerveld M, Pugh KR. Impact of smoking abstinence 
on working memory neurocircuitry in adolescent daily tobacco smokers. Psychopharmacology (Berl). 
2007;193(4):557–566. doi:10.1007/s00213-007-0797-9

17.	 Musso F, Bettermann F, Vucurevic G, Stoeter P, Konrad A, Winterer G. Smoking impacts 
on prefrontal attentional network function in young adult brains. Psychopharmacology (Berl). 
2007;191(1):159–169. doi:10.1007/s00213-006-0499-8

18.	 Smith RF, McDonald CG, Bergstrom HC, Ehlinger DG, Brielmaier JM. Adolescent nicotine 
induces persisting changes in development of neural connectivity. Neurosci Biobehav Rev. 
2015;55:432–443. doi:10.1016/j.neubiorev.2015.05.019

19.	 Goriounova NA, Mansvelder HD. Short- and long-term consequences of nicotine exposure dur-
ing adolescence for prefrontal cortex neuronal network function. Cold Spring Harb Perspect Med. 
2012;2(12):a012120. doi:10.1101/cshperspect.a012120

20.	 Silverstein B. Cigarette smoking, nicotine addiction, and relaxation. J Pers Soc Psychol. 
1982;42(5):946–950. doi:10.1037//0022-3514.42.5.946

21.	 Bartel KA, Gradisar M, Williamson P. Protective and risk factors for adolescent sleep: a meta-analytic 
review. Sleep Med Rev. 2015;21:72–85. doi:10.1016/j.smrv.2014.08.002

22.	 Pasch KE, Latimer LA, Cance JD, Moe SG, Lytle LA. Longitudinal bi-directional relation-
ships between sleep and youth substance use. J Youth Adolesc. 2012;41(9):1184–1196. doi:10.1007/
s10964-012-9784-5

23.	 Riehm KE, Rojo-Wissar DM, Feder KA, et al. E-cigarette use and sleep-related complaints among 
youth. J Adolesc. 2019;76:48–54. doi:10.1016/j.adolescence.2019.08.009

24.	 Merianos AL, Jandarov RA, Choi K, Fiser KA, Mahabee-Gittens EM. Combustible and electronic 
cigarette use and insufficient sleep among U.S. high school students. Prev Med. 2021;147:106505. 
doi:10.1016/j.ypmed.2021.106505

25.	 Liu X, Lu W, Liao S, et al. Efficiency and adverse events of electronic cigarettes: A systematic 
review and meta-analysis (PRISMA-compliant article). Medicine. 2018;97(19):e0324. doi:10.1097/
md.0000000000010324

26.	 Bellatorre A, Choi K, Lewin D, Haynie D, Simons-Morton B. Relationships Between Smoking and 
Sleep Problems in Black and White Adolescents. Sleep. 2017;40(1). doi:10.1093/sleep/zsw031

27.	 Terry-McElrath YM, Maslowsky J, O’Malley PM, Schulenberg JE, Johnston LD. Sleep and Substance 
Use among US Adolescents, 1991–2014. Am J Health Behav. 2016;40(1):77–91. doi:10.5993/ajhb.40.1.9

PB-Birur.indd   73PB-Birur.indd   73 1/31/2025   1:40:15 PM1/31/2025   1:40:15 PM

NOT F
OR R

EPRIN
T



Exploring the Interplay of Sleep and Nicotine Vaping in Adolescents

74
Birur et al.

Psychopharmacology Bulletin:   Vol. 55 · No. 2

28.	 Brener ND, Kann L, Shanklin S, et al. Methodology of the Youth Risk Behavior Surveillance 
System—2013. MMWR Recomm Rep. 2013;62(Rr-1):1–20.

29.	 Kann L, McManus T, Harris WA, et al. Youth Risk Behavior Surveillance – United States, 2017. 
MMWR Surveill Summ. 2018;67(8):1–114. doi:10.15585/mmwr.ss6708a1

30.	 Buysse DJ, Reynolds CF, 3rd, Monk TH, Berman SR, Kupfer DJ. The Pittsburgh Sleep Quality Index: 
a new instrument for psychiatric practice and research. Psychiatry research. May 1989;28(2):193–213.

31.	 Shekelle PG, Woolf SH, Eccles M, Grimshaw J. Clinical guidelines: developing guidelines. BMJ 
(Clinical research ed). 1999;318(7183):593–596.

32.	 Dennis ML, Chan YF, Funk RR. Development and validation of the GAIN Short Screener (GSS) 
for internalizing, externalizing and substance use disorders and crime/violence problems among 
adolescents and adults. Am J Addict. 2006;15(Suppl 1):80–91. doi:10.1080/10550490601006055

33.	 Sutherland BD, Viera Perez PM, Crooks KE, et al. The association of amygdala-insula functional 
connectivity and adolescent e-cigarette use via sleep problems and depressive symptoms. Addict Behav. 
2022;135:107458. doi:10.1016/j.addbeh.2022.107458

34.	 Welty CW, Gerald LB, Nair US, Haynes PL. Vaping and Sleep as Predictors of Adolescent Suicidality. 
Am J Health Promot. 2023;37(1):39–46. doi:10.1177/08901171221112027

35.	 Holtz KD, Simkus AA, Twombly EC, Fleming ML, Wanty NI. Sleep deprivation and 
adolescent susceptibility to vaping in the United States. Prev Med Rep. 2022;26:101756. 
doi:10.1016/j.pmedr.2022.101756

36.	 Malhotra CK, Gunge D, Advani I, Boddu S, Nilaad S, Crotty Alexander LE. Assessing the potential 
impact of age and inhalant use on sleep in adolescents. J Clin Sleep Med. 2021;17(11):2233–2239. 
doi:10.5664/jcsm.9414

37.	 Benyo SE, Bruinsma TJ, Drda E, et al. Risk Factors and Medical Symptoms Associated With 
Electronic Vapor Product Use Among Adolescents and Young Adults. Clin Pediatr (Phila). 
2021;60(6–7):279–289. doi:10.1177/00099228211009681

38.	 Cole AG, Laxer RE, Patte KA, Leatherdale ST. Can We Reverse this Trend? Exploring Health and 
Risk Behaviours of Grade 12 Cohorts of Ontario Students from 2013–2019. Int J Environ Res Public 
Health. 2021;18(6). doi:10.3390/ijerph18063109

39.	 Baiden P, Spoor SP, Nicholas JK, Brown FA, LaBrenz CA, Spadola C. Association between use of 
electronic vaping products and insufficient sleep among adolescents: Findings from the 2017 and 2019 
YRBS. Sleep Med. 2023;101:19–27. doi:10.1016/j.sleep.2022.10.005

40.	 Zhang L, Samet J, Caffo B, Punjabi NM. Cigarette smoking and nocturnal sleep architecture. 
Am J Epidemiol. 2006;164(6):529–537. doi:10.1093/aje/kwj231

41.	 Ogeil RP, Phillips JG. Commonly used stimulants: Sleep problems, dependence and psychological 
distress. Drug Alcohol Depend. 2015;153:145–151. doi:10.1016/j.drugalcdep.2015.05.036

42.	 Hershberger A, Argyriou E, Cyders M. Electronic nicotine delivery system use is related to 
higher odds of alcohol and marijuana use in adolescents: Meta-analytic evidence. Addict Behav. 
2020;105:106325. doi:10.1016/j.addbeh.2020.106325

PB-Birur.indd   74PB-Birur.indd   74 1/31/2025   1:40:15 PM1/31/2025   1:40:15 PM

NOT F
OR R

EPRIN
T




