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INTRODUCTION
During the past few years, e-cigarette use has 
increased substantially and e-cigarettes have become 
the most widely used tobacco product among youth1. 
In 2019, about 27.5% of high school students and 
10.5% of middle school students reported use of 

e-cigarettes in the US, which suggests that around 4.1 
million high school students and 1.2 million middle 
school students have used e-cigarettes in 20191. This 
is a dramatic increase from 2017 when an estimated 
11.7% of high school students used e-cigarettes2. The 
increasing popularity of e-cigarette use in youth raises 
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of vaping, smoking, and dual use of these tobacco products with self-reported 
serious difficulty concentrating, remembering, or making decisions (DCRMD), 
because of a physical, mental, or emotional condition (PMEC) in US youth.
METHODS The 2018 National Youth Tobacco Survey (NYTS) data with 18535 
youth were used for analysis. All included youth who answered whether they 
have serious DCRMD and stated their vaping and smoking status. Multivariable 
weighted logistics regression models were used to examine the association of 
vaping and smoking with the risk of DCRMD in youth, considering a complex 
sampling design.
RESULTS Ever dual users (AOR=4.19; 95% CI: 2.97–5.92), exclusive ever cigarette 
smokers (AOR=1.50; 95% CI: 1.18–1.91) and exclusive ever e-cigarette users 
(AOR=3.13; 95% CI: 2.25–4.34) had significantly higher odds of self-reported 
DCRMD than never users in youth. Subgroup analysis on exclusive ever e-cigarette 
users who started vaping in middle school or earlier had significantly higher odds 
of self-reported DCRMD compared to those who started vaping in high school 
(AOR=1.77; 95% CI: 1.27–2.45). Meanwhile, male youth who were exclusive ever 
e-cigarette users had  higher odds of self-reported DCRMD than female youth 
who were exclusive ever e-cigarette users (AOR=1.67; 95% CI: 1.25–2.22). 
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serious public health concerns since recent studies 
showed the association of e-cigarette use with many 
health conditions and symptoms, such as respiratory 
diseases and heart problems3,4. Mice studies have 
indicated that e-cigarette use is associated with 
cardiovascular diseases and cancer5,6. Previous human 
studies have shown that e-cigarette use is associated 
with respiratory symptoms and asthma in youth7,8. 
Recent combined 2016 and 2017 national Behavioral 
Risk Factor Surveillance System (BRFSS) survey data 
analysis showed a significant association of e-cigarette 
use with cognitive complaints in US adults9.

Maternal smoking has been found to be associated 
with increased risk of cognitive and auditory deficits 
in offspring10. Adolescence is a period of critical brain 
development for mature cognitive functions and 
working memory, during which the developmental 
brain is vulnerable to nicotine, tobacco, and 
e-cigarettes11,12.  Previous study has found that long-
term smoking could lead to DCRMD13. Other studies 
showed that adolescent smokers had lower scores than 
age-matched non-smokers when given tests of verbal 
comprehension, oral arithmetic, memory, and auditory 
memory14,15. A twin study indicated that adolescent 
smoking leads to attention problems that can last 
through adulthood16. All this evidence indicates that 
smoking is highly associated with DCRMD in youth.

An animal study suggested that nicotine is behind 
the relationship between smoking and attention 
problems16. While acute nicotine exposure could 
impact brain development and make adolescents 
susceptible to future substance abuse, chronic 
nicotine exposure could alter cognitive functions11,12. 
Animal research provides evidence that nicotine 
disrupts adolescent brain development, changing 
cell signaling and cholinergic neurotransmission10. 
Previous human studies have found that youth brain 
development could be harmed and their learning, 
memory and attention could be affected by nicotine 
exposure during adolescence17,18. During adolescence, 
myelination (which allows faster electrical and neural 
signaling) occurs in the frontal lobe of the brain 
that controls reasoning, decision-making skills, self-
discipline, and impulse control19. Any interference 
in myelination due to nicotine, can cause mild to 
severe cognitive and learning deficits19. Therefore, it 
is reasonable to speculate that adolescents are more 
sensitive to nicotine than adults. 

Since both e-cigarettes and cigarettes contain 
nicotine, it is possible that cognition functions could 
also be affected by e-cigarette use, especially among 
youth. However, no previous study has shown a link 
between e-cigarette use and cognitive functions in 
youth, which is an important public health issue that 
needs to be further explored. We hypothesize that 
e-cigarette use is associated with serious DCRMD 
because of a PMEC in youth. Using the 2018 National 
Youth Tobacco Survey data on middle school and 
high school students, we aim to investigate the 
cross-sectional association of e-cigarette use with 
serious self-reported DCRMD because of a PMEC in 
adolescents. 

METHODS
Study participants
The National Youth Tobacco Survey (NYTS) is an 
annual cross-sectional national survey administered 
to US high school and middle school students20. 
The survey has been conducted with pencil and 
paper since 1999, asking about tobacco-related 
beliefs, attitudes, behavior, and exposure to tobacco 
influences. A stratified, three-stage cluster sampling 
design generates a nationally representative sample 
of all US students from grade 6 to 12. We used the 
2018 NYTS data that included 20189 participants, a 
combination of middle and high school students. The 
2018 NYTS data can be publicly accessed from the 
Center for Disease Control and Prevention website 
(https://www.cdc.gov/tobacco/data_statistics/
surveys/nyts/data/index.html).

Outcome variable and covariates
One of the survey questions was: ‘Because of a physical, 
mental, or emotional condition, do you have serious 
difficulty concentrating, remembering, or making 
decisions?’, which was the self-reported cognitive 
outcome variable in this study. Only the students who 
answered ‘yes’ or ‘no’ to this question were included 
in the data analysis. The predictor variable was created 
by combining the ever cigarette smoking variable and 
ever e-cigarette use variable, with answers of ‘yes’ or 
‘no’ to the questions: ‘Have you ever tried cigarette 
smoking, even one or two puffs?’ and ‘Have you 
ever used an e-cigarette, even once or twice?’. The 
predictor variable of smoking and vaping status had 
four categories: 1) ever dual users (‘yes’ answers to 
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both the ever cigarette smoking and ever e-cigarette 
use questions); 2) exclusive ever cigarette smokers 
(‘yes’ answer to the ever cigarette smoking question 
and ‘no’ answer to the ever e-cigarette use question); 
3) exclusive ever e-cigarette users (‘no’ answer to 
the ever cigarette smoking question and ‘yes’ answer 
to the ever e-cigarette use question); and 4) never 
users (‘no’ answers to both the ever cigarette smoking 
and ever e-cigarette use questions). The covariates 
controlled for in the multivariable weighted logistic 
regression analysis were: age; gender; race; other 
tobacco use (such as use of roll-your-own cigarettes; 
use of tobacco in hookah; use of snus, use of chewing 
tobacco, snuff, or dip, such as Redman, Levi Garrett, 
Beechnut, Skoal, Skoal Bandits, or Copenhagen); 
during the past 30 days had a strong craving or felt 
like you really needed to use a tobacco product of 
any kind; number of days (0, 1–2, 3–5, 6–9, 10–19, 
20–29, 30 days) of any tobacco product use (including 
cigarettes, cigars, smokeless tobacco, e-cigarettes, 
hookahs, pipes, snus, dissolvable tobacco, and bidis) 
during the past 30 days; whether smoked cigarettes 
at least one day in past 30 days; and age of first use of 
e-cigarettes. The subgroup analysis on exclusive ever 
e-cigarette users controlled for the same covariates 
except for whether smoked cigarettes at least one day 
in past 30 days.

Statistical analysis
Weighted frequency distributions and summary 
statistics were used to examine the unadjusted 
association between predictor variable or each covariate 
and the risk of serious DCRMD because of a PMEC 
to identify potential confounding variables. Weighted 
multivariable logistic regression models were used to 
determine the association of vaping, smoking, and dual 
use with self-reported serious DCRMD because of a 
PMEC in youth, after controlling for the covariates. 
The stratification variable stratum2, clustering variable 
psu2, and final weight variable finwgt were used 
in the model to account for the complex sampling 
design of the NYTS data. Adjusted odds ratios 
(AORs) and their 95% confidence intervals were 
used to examine the association between e-cigarette 
use and self-reported serious DCRMD because of a 
PMEC in youth. Purposeful model selection method 
was used to select significant covariates in the final 
weighted multivariable logistic regression model21. 

Multicollinearities among covariates were examined 
using the variance inflation factor (VIF) values to 
ensure that no multicollinearities existed among the 
covariates. All analyses were conducted using the proc 
survey procedures in SAS V 9.4 (SAS Institute Inc., 
Cary, NC). All tests were two-sided with a significance 
level of 5%.

RESULTS
Demographic characteristics of youth who self-
reported DCRMD
Out of the 20189 participants, we included 18535 
youth who gave an answer about their vaping/smoking 
status and self-reported serious DCRMD because of a 
physical, mental, or emotional condition. Among the 
18535 youth, there were 2354 youth who were ever 
dual users (12.70%), 861 youth who were exclusive 
ever cigarette smokers (4.65%), 2386 youth who were 
exclusive ever e-cigarette users (12.87%), and 12934 
youth who were never users (69.78%). Overall, there 
were 3285 out of 18535 youth who self-reported 
serious DCRMD because of a PMEC (17.68%).  Table 
1 shows that the occurrence of self-reported serious 
DCRMD because of a PMEC was the highest in ever 
dual users (31.01%), followed by exclusive ever 
cigarette smokers (24.92%), exclusive ever e-cigarette 
users (19.69%), and never users (14.53%). The 
prevalence of self-reported serious DCRMD because 
of a PMEC was higher in males (19.94%) than females 
(15.63%). Non-Hispanic American Indians and Alaska 
Natives (NH-AI/AN) reported the highest prevalence 
of serious DCRMD because of a PMEC (30.73%). 
Youth who reported other tobacco use had higher 
prevalence of self-reported serious DCRMD because 
of a PMEC (26.99%) than youth who did not use other 
tobacco products (15.50%). Youth who had a strong 
craving for tobacco products had a higher percentage 
of self-reported serious DCRMD because of a PMEC 
than youth who did not (42.04% vs 16.07%). Youth 
who used any tobacco product in past 30 days had 
a higher proportion of self-reported serious DCRMD 
because of a PMEC than youth who did not use any 
tobacco product in past 30 days. Youth who reported 
having smoked at least one day in the past 30 days had 
a higher prevalence of self-reported serious DCRMD 
because of a PMEC than youth who did not (39.08% 
vs 16.43%). The mean age (years) of youth was similar 
between youth who self-reported serious DCRMD 
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because of a PMEC (mean=14.7; 95% CI: 14.5–14.8) 
and youth who did not report serious DCRMD because 
of a PMEC (mean=14.6; 95% CI: 14.4–14.8).  The 
mean age of first e-cigarette use was significantly older 

in youth who self-reported serious DCRMD because 
of a PMEC (mean=9.3; 95% CI: 9.1–9.6) than youth 
who had not self-reported serious DCRMD because of 
a PMEC (mean=8.7; 95% CI: 8.5–8.8).

Table 1. Frequency and weighted percentage of self-reported serious difficulty concentrating, remembering, or 
making decisions (DCRMD) because of a physical, mental, or emotional condition (PMEC), on each variable

Variable Self-reported serious DCRMD

n Yes (n=3285)
Weighted % (95% CI)

No (n=15250)
Weighted % (95% CI)

p

Smoking and vaping status <0.0001

Ever dual users 2354 31.01 (29.83–31.87) 68.99 (69.05–68.94)

Exclusive ever cigarette smokers 861 24.92 (22.76–26.51) 75.08 (74.64–75.40)

Exclusive ever e-cigarette users 2386 19.69 (19.35–19.95) 80.31 (79.46–80.92)

Never users 12934 14.53 (14.32–14.70) 85.47 (85.16–85.70)

Sex <0.0001

Male 9526 19.94 (19.47–20.31) 80.06 (79.93–80.17)

Female 9426 15.63 (15.33–15.87) 84.37 (84.10–84.57)

Race 0.0012

NH-White 8638 16.65 (16.24–16.95) 83.35 (82.91–83.67)

NH-Black 2217 18.42 (17.63–18.94) 81.58 (81.72–81.48)

Hispanic 5448 20.49 (20.21–20.69) 79.51 (79.32–79.66)

NH-Asian 703 11.22 (11.15–11.25) 88.78 (86.75–89.77)

NH-AI/AN 278 30.73 (27.59–32.33) 69.27 (66.70–70.58)

NH-NHOPI 95 22.05 (17.82–23.76) 77.95 (72.75–80.06)

Multiple races 968 20.94 (19.47–21.99) 79.06 (78.66–79.35)

Other tobacco use <0.001

Yes 4044 26.99 (26.34–27.48) 73.01 (72.61–73.31)

No 15053 15.50 (15.21–15.73) 84.5 (84.33–84.64)

During the past 30 days, have you had a 
strong craving or felt like you really needed 
to use a tobacco product of any kind?

<0.0001

Yes 1308 42.04 (41.03–42.78) 57.96 (56.81–58.82)

No 17615 16.07 (15.76–16.32) 83.93 (83.76–84.07)

During the past 30 days, on how many days 
did you use any tobacco product?

<0.0001

0 16575 16.37 (16.07–16.61) 83.63 (83.44–83.78)

1–2 691 25.58 (22.97–27.42) 74.42 (73.04–75.39)

3–5 347 28.74 (23.73–32.23) 71.26 (71.41–71.16)

6–9 255 22.23 (20.25–23.42) 77.77 (75.68–79.02)

10–19 254 35.87 (32.91–37.81) 64.13 (62.59–65.14)

20–29 232 22.32 (18.15–24.88) 77.68 (75.64–78.94)

30 549 33.60 (32.36–34.40) 66.40 (64.05–67.94)

Smoked cigarettes on ≥1 of the past 30 days <0.0001

Yes 1000 39.08 (38.20–39.69) 60.92 (59.57–61.85)

No 17700 16.43 (16.17–16.63) 83.57 (83.38–83.72)

NH: Non-Hispanic. AI/AN: American Indians/Alaska Natives.  NHOPI: Native Hawaiian or Other Pacific Islander. CI: confidence interval.
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Association of smoking and vaping status with 
self-reported serious DCRMD because of a PMEC 
Using univariate and multivariable weighted logistic 
regression models, we calculated the unadjusted and 
adjusted odds ratios (AORs) of having self-reported 
serious DCRMD because of a PMEC. Figure 1 shows 
the adjusted odds ratios of serious DCRMD because 
of a PMEC when comparing ever dual users, exclusive 
ever cigarette smokers, exclusive ever e-cigarette users 
with never users. Ever dual users had the highest 
association with self-reported serious DCRMD because 
of a PMEC (AOR=4.19; 95% CI: 2.97–5.92). Exclusive 
ever e-cigarette users (AOR=3.13; 95% CI: 2.25–4.34) 
and exclusive ever cigarette smokers (AOR=1.50; 95% 
CI: 1.18–1.91) had a significantly higher association 
with self-reported serious DCRMD because of a PMEC 
than never users. Together, vaping and smoking had 
similar association with self-reported serious DCRMD 
because of a PMEC. The adjusted odds ratios of 
covariates and their 95% confidence intervals are given 
in the Supplementary file (Table S1). We note that 
both gender and the age of first e-cigarette use have 
a significant adjusted associations with self-reported 
serious DCRMD because of a PMEC in youth.

Association of gender and age of first 
e-cigarette use with self-reported serious 
DCRMD because of a PMEC 
To further examine whether similar associations of 
gender and age of first e-cigarette use with self-reported 
serious DCRMD because of a PMEC existed in exclusive 
ever e-cigarette users, we conducted a subgroup analysis 
for only exclusive ever e-cigarette users. There were 
1218 males (50.99%) and 1203 females (49.01%) in the 
2421 exclusive ever e-cigarette users who reported their 
genders. Among the 2431 exclusive ever e-cigarette 
users who reported their age of first e-cigarette use, 745 
youth (29.02%) reported first e-cigarette use between 
8 and 13 years old. The remaining 1686 (70.98%) 
youth reported first e-cigarette use when at least 14 
years old. Figure 2 shows that among exclusive ever 
e-cigarette users, males had significantly higher odds of 
self-reported serious DCRMD because of a PMEC than 
females (AOR=1.67; 95% CI: 1.25–2.22). Meanwhile, 
starting using e-cigarettes in middle school or earlier 
had significantly higher odds of self-reported serious 
DCRMD because of a PMEC compared to starting using 
e-cigarettes in high school (AOR=1.77; 95% CI: 1.27–
2.45). 

Figure 1. Association of smoking and vaping status with self-reported serious difficulty of concentrating, 
remembering, or making decisions because of a physical, mental, or emotional condition in youth 

The adjusted associations were obtained from the multivariable weighted logistic regression models controlled for age, gender, race, other tobacco use, cravings for using 
tobacco product, number of days of any tobacco product use during the past 30 days, smoked at least one day during the past 30 days, and age starting e-cigarette use.  

 
 
Figure 1. Association of smoking and vaping status with self-reported serious difficulty of 
concentrating, remembering, or making decisions because of a physical, mental, or emotional 
condition in youth  
 
Footnote 
The adjusted associations were obtained from the multivariable weighted logistic regression 
models controlled for age, gender, race, other tobacco use, cravings for using tobacco product, 
number of days of any tobacco product use during the past 30 days, smoked at least one day 
during the past 30 days, and age starting e-cigarette use.   
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DISCUSSION
Previous studies on nicotine and difficulty 
concentrating, remembering, or making decisions 
(such as attention deficit hyperactivity disorder) 
primarily focused on prenatal and adolescent exposure 
to smoking10,22. Using the 2018 National Youth 
Tobacco Survey, we investigated the cross-sectional 
association (directly or indirectly) of smoking and 
vaping with self-reported serious DCRMD because of 
a PMEC in youth. Consistent with previous findings, 
our study showed that smokers had a significantly 
higher association with self-reported serious DCRMD 
because of a PMEC compared to never users in 
youth16. More importantly, we found youth who ever 
vaped (either exclusive vapers or dual users) had a 
significantly higher association with self-reported 
serious DCRMD because of a PMEC than students 
who never vaped and smoked. 

During adolescence, the brain is still developing and 
vulnerable to neurotoxicants like nicotine23. Previous 
studies on cognitive effects of nicotine have found 
that early exposure to nicotine could impact the brain 
development in youth and lead to cognitive deficits in 

later life16,24. A study conducted on young adults aged 
18–29 years found smokers had significant cognitive 
impairment on sustained attention and spatial working 
memory compared to non-smokers25. Our study 
showed that vaping had a similar association with 
self-reported serious DCRMD because of a PMEC 
in youth as smoking. As e-cigarettes also contain 
nicotine, it is plausible that similar associations exist 
between vaping and cognitive problems as smoking, 
evidenced from our current study. In addition, it has 
been reported that some e-cigarettes could contain 
and generate similar amounts of nicotine compared 
to cigarettes26. Previous study also showed that the 
amount of nicotine delivered through e-cigarettes 
could exceed that of combustible cigarettes27. This 
provides one possible explanation for the similar 
association with self-reported serious DCRMD 
because of a PMEC between vaping and smoking.

Ever use of e-cigarettes, even once or twice, 
together with ever smoked even one or two puffs, 
were used to create the composite exposure 
variable to examine the association of dual use, 
exclusive e-cigarette use, and exclusive smoking, 

The adjusted associations from the subgroup analysis on ever vapers were obtained from the multivariable weighted logistic regression models controlled for age, gender, race, 
other tobacco use, cravings for using tobacco product, and number of days of any tobacco product use during the past 30 days.

Figure 2. Association of gender and the age of starting vaping with self-reported serious difficulty of 
concentrating, remembering, or making decisions because of a physical, mental, or emotional condition in 
youth who ever vaped 

 
Figure 2. Association of gender and the age of starting vaping with self-reported serious 
difficulty of concentrating, remembering, or making decisions because of a physical, mental, 
or emotional condition in youth who ever vaped  
 
Footnote 
The adjusted associations from the subgroup analysis on ever vapers were obtained from the 
multivariable weighted logistic regression models controlled for age, gender, race, other tobacco 
use, cravings for using tobacco product, and number of days of any tobacco product use during 
the past 30 days. 
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with the cognitive problems in youth. Ever use of 
e-cigarette was chosen due to previous evidence on 
the association of ever e-cigarette use with health 
conditions28,29. A longitudinal analysis using the 
nationally representative Population Assessment of 
Tobacco and Health (PATH) Waves 1, 2, and 3 adult 
data showed significant associations of both former 
e-cigarette use (including even once or twice) and 
current e-cigarette use at Wave 1 with incident 
respiratory disease at Waves 2 or 329. Another study 
using the combined 2016 and 2017 BRFSS survey 
data showed that former e-cigarette use (including 
even just one-time use) had a significant association 
with a history of clinical diagnosis of depression28. 
Thus, ever use of e-cigarettes, which includes both 
former use and current use of e-cigarettes, was used 
as the exposure variable to examine its association 
with the cognitive problems in youth.

Our subgroup analysis showed that youth who 
started using e-cigarettes in middle school or earlier 
had significantly higher odds of self-reported serious 
DCRMD because of a PMEC than youth who started 
using e-cigarettes in high school. This indicates the 
timing for future prevention interventions to mitigate 
tobacco use among youth. An intervention program 
for reducing tobacco use in youth could be more 
effective if the program starts with middle school or 
even elementary school students. Previous study found 
that boys were more likely than girls to be affected 
by cognitive developmental disorders during their 
childhood30. Current subgroup analysis also observed 
higher odds of serious DCRMD because of a PMEC 
in male youth who were exclusive ever e-cigarette 
users than in female youth who were exclusive 
ever e-cigarette users. Previous studies on gender 
differences in cigarette smoking have found that 
females could metabolize nicotine and cotinine faster 
than males and are less sensitive to the rewarding of 
nicotine, which might make females harder to quit 
smoking than males31-35.  How vaping affects youth 
and adult males and females differently is currently 
unknown, which needs further investigation.

 
Limitations
There are limitations in the present study. First, this 
cross-sectional national survey study only investigated 
the association between smoking/vaping and self-
reported serious DCRMD because of a PMEC in 

youth, and does not imply any causal relationship 
between vaping and self-reported DCRMD in youth. 
It is possible that youth who vaped might have 
higher risk for a PMEC that led to a serious DCRMD. 
Alternatively, it is also plausible that youth who 
had cognitive problems might try to use vaping or 
smoking to attenuate their PMEC symptoms. Future 
longitudinal studies should be conducted to explore 
the possible causal associations between vaping and 
serious DCRMD in youth. Second, the exposure 
variable of ever use of e-cigarettes lacks information 
on lifetime vaping occurrence. The association of one 
or two times e-cigarette use with DCRMD because 
of a PMEC could be different from the association 
from more frequent e-cigarette use. Unfortunately, 
the 2018 National Youth Tobacco Survey data did 
not include lifetime occurrence information. Future 
research is needed to examine the relationship of 
e-cigarette use extent and cognitive problems. Third,  
in our current research the definition of the outcome 
variable refers to serious DCRMD because of PMEC. 
Thus, the association of ever e-cigarette use with 
cognitive problems might not be direct. The PMEC 
could be a mediator between ever e-cigarette use and 
cognitive problems. It is plausible that ever e-cigarette 
use is associated with a PMEC that caused the serious 
DCRMD. Direct associations between e-cigarette 
use and cognitive problems need to be explored in 
future studies. Fourth, some potential confounding 
variables such as the lifestyle and health status of the 
youth were not adjusted in the analysis due to lack 
of information in the NYTS questionnaire. Finally, 
like all other survey studies, the National Youth 
Tobacco Survey might contain some recall bias. Self-
reported smoking and vaping status as well as self-
reported serious DCRMD because of a PMEC might 
be unreliable, which might lead to underestimation 
or overestimation in the analysis results. Given the 
short time period of e-cigarettes in the market, it is 
hard to determine the long-term effects of e-cigarette 
use. Therefore, more data need to be collected and 
analyzed in the future to evaluate the long-term 
cognitive effects of vaping in youth.

CONCLUSIONS
This cross-sectional study showed an association 
of smoking/vaping with self-reported serious 
difficulty concentrating, remembering, or making 
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decisions (DCRMD) because of a physical, mental, or 
emotional condition (PMEC) in youth. Results from 
the subgroup analysis showed that the younger an 
adolescent started vaping, the higher their association 
with self-reported serious DCRMD because of a 
PMEC. Further studies are warranted to investigate 
the effect of vaping on cognitive problems in youth.

REFERENCES
1. Cullen KA, Gentzke AS, Sawdey MD, et al. e-Cigarette 

Use Among Youth in the United States, 2019. JAMA. 
2019;322(21):2095-2103. doi:10.1001/jama.2019.18387

2. Wang TW, Gentzke A, Sharapova S, Cullen KA, Ambrose 
BK, Jamal A. Tobacco product use among middle and 
high school students—United States, 2011-2017. 
MMWR Morb Mortal Wkly Rep. 2018;67(22):629-633. 
doi:10.15585/mmwr.mm6722a3

3. Wills TA, Pagano I, Williams RJ, Tam EK. E-cigarette use and 
respiratory disorder in an adult sample. Drug Alcohol Depend. 
2019;194:363-370. doi:10.1016/j.drugalcdep.2018.10.004

4. Farsalinos KE, Polosa R, Cibella F, Niaura R. Is e-cigarette 
use associated with coronary heart disease and myocardial 
infarction? Insights from the 2016 and 2017 National 
Health Interview Surveys. Ther Adv Chronic Dis. 
2019;10. doi:10.1177/2040622319877741

5. Qasim H, Karim ZA, Rivera JO, Khasawneh FT, Alshbool FZ. 
Impact of Electronic Cigarettes on the Cardiovascular System. 
J Am Heart Assoc. 2017;6(9). doi:10.1161/JAHA.117.006353

6. Tang MS, Wu XR, Lee HW, et al. Electronic-cigarette 
smoke induces lung adenocarcinoma and bladder 
urothelial hyperplasia in mice. Proc Natl Acad Sci U S A. 
2019;116(43):21727-21731. doi:10.1073/pnas.1911321116

7. McConnell R, Barrington-Trimis JL, Wang K, et al. 
Electronic Cigarette Use and Respiratory Symptoms in 
Adolescents. Am J Respir Crit Care Med. 2017;195(8):1043-
1049. doi:10.1164/rccm.201604-0804OC

8. Osei AD, Mirbolouk M, Orimoloye OA, et al. The 
association between e-cigarette use and asthma among 
never combustible cigarette smokers: behavioral risk 
factor surveillance system (BRFSS) 2016 & 2017. BMC 
Pulm Med. 2019;19(1). doi:10.1186/s12890-019-0950-3

9. Xie Z, Ossip DJ, Rahman I, O'Connor RJ, Li D. 
Electronic cigarette use and subjective cognitive 
complaints in adults. PLoS One. 2020;15(11):e0241599.  
doi:10.1371/journal.pone.0241599

10. Jacobsen LK, Slotkin TA, Mencl WE, Frost SJ, Pugh 
KR. Gender-Specific Effects of Prenatal and Adolescent 
Exposure to Tobacco Smoke on Auditory and Visual 
Attention. Neuropsychopharmacology. 2007;32:2453-
2464. doi:10.1038/sj.npp.1301398

11. Yuan M, Cross SJ, Loughlin SE, Leslie FM. Nicotine and 
the adolescent brain. J Physiol. 2015;593(Pt 16):3397-
3412. doi:10.1113/JP270492

12. Leslie FM. Unique, long-term effects of nicotine 

on adolescent brain. Pharmacol Biochem Behav. 
2020;197:173010. doi:10.1016/j.pbb.2020.173010

13. Kenney JW, Gould TJ. Modulation of Hippocampus-Dependent 
Learning and Synaptic Plasticity by Nicotine. Mol Neurobiol. 
2008;38(1):101-121. doi:10.1007/s12035-008-8037-9

14. Jacobsen LK, Krystal JH, Mencl WE, Westerveld M, Frost 
SJ, Pugh KR. Effects of smoking and smoking abstinence on 
cognition in adolescent tobacco smokers. Biol Psychiatry. 
2005;57(1):56-66. doi:10.1016/j.biopsych.2004.10.022

15. Fried PA, Watkinson B, Gray R. Neurocognitive consequences 
of cigarette smoking in young adults--a comparison with pre-
drug performance. Neurotoxicol Teratol. 2006;28(4):517-
525. doi:10.1016/j.ntt.2006.06.003

16. Treur JL, Willemsen G, Bartels M, et al. Smoking 
During Adolescence as a Risk Factor for Attention 
Problems. Biol Psychiatry. 2015;78(9):656-663.  
doi:10.1016/j.biopsych.2014.06.019

17. US National Center for Chronic Disease Prevention 
and Health Promotion, Office on Smoking and Health. 
E-Cigarette Use Among Youth and Young Adults: A 
Report of the Surgeon General. Atlanta, GA: US Centers 
for Disease Control and Prevention; 2016.

18. Centers for Disease Control and Prevention. Surgeon 
General’s Advisory on E-cigarette Use Among Youth. 
https://www.cdc.gov/tobacco/basic_information/e-
cigarettes/surgeon-general-advisory/index.html. Updated 
April 9, 2019. Accessed August 17, 2020.

19. US National Center for Chronic Disease Prevention 
and Health Promotion, Office on Smoking and Health. 
Chapter 3, Health Effects of E-Cigarette Use Among 
U.S. Youth and Young Adults. E-Cigarette Use Among 
Youth and Young Adults: A Report of the Surgeon 
General. Atlanta, GA: US Centers for Disease Control 
and Prevention; 2016.

20. Centers for Disease Control and Prevention. National 
Youth Tobacco Survey (NYTS). https://www.cdc.
gov/tobacco/data_statistics/surveys/nyts/index.htm. 
Published 2019. Accessed August 17, 2020.

21. Bursac Z, Gauss CH, Williams DK, Hosmer DW. Purposeful 
selection of variables in logistic regression. Source Code 
Biol Med. 2008;3. doi:10.1186/1751-0473-3-17

22. Counotte DS, Smit AB, Spijker S. The Yin and Yang 
of nicotine: harmful during development, beneficial 
in adult patient populations. Front Pharmacol. 2012;3. 
doi:10.3389/fphar.2012.00180

23. Konrad K, Firk C, Uhlhaas PJ. Brain development 
during adolescence: neuroscientific insights into 
this developmental period. Dtsch Arztebl Int. 
2013:110(25):425-431. doi:10.3238/arztebl.2013.0425

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

25. Chamberlain SR, Odlaug BL, Schreiber LR, Grant JE. 



Research Paper
Tobacco Induced Diseases 

Tob. Induc. Dis. 2020;18(December):106
https://doi.org/10.18332/tid/130925

9

Association between tobacco smoking and cognitive 
functioning in young adults. Am J Addict. 2012;21 Suppl 
1:S14-S19. doi:10.1111/j.1521-0391.2012.00290.x

26. Goniewicz ML, Kuma T, Pharm M, et al. Nicotine levels in 
electronic cigarettes. Nicotine Tob Res. 2013;15(1):158-
166. doi:10.1093/ntr/nts103

27. Ramoa CP, Hiler MM, Spindle TR, et al. Electronic cigarette 
nicotine delivery can exceed that of combustible cigarettes: 
a preliminary report. Tob Control. 2016;25(e1):e6-e9. 
doi:10.1136/tobaccocontrol-2015-052447

28. Obisesan OH, Mirbolouk M, Osei AD, et al. Association 
Between e-Cigarette Use and Depression in the Behavioral Risk 
Factor Surveillance System, 2016-2017. JAMA Netw Open. 
2019;2(12). doi:10.1001/jamanetworkopen.2019.16800

29. Bhatta DN, Glantz SA. Association of E-Cigarette Use 
With Respiratory Disease Among Adults: A Longitudinal 
Analysis. Am J Prev Med. 2020;58(2):182-190. 
doi:10.1016/j.amepre.2019.07.028

30. Nass RD. Sex differences in learning abilities 
and disabilities. Ann Dyslexia. 1993;43(1):61-77. 
doi:10.1007/BF02928174

31. Benowitz NL, Lessov-Schlaggar CN, Swan GE, 
Jacob 3rd P. Female sex and oral contraceptive use 
accelerate nicotine metabolism. Clin Pharmacol Ther. 
2006;79(5):480-488. doi:10.1016/j.clpt.2006.01.008

32. Piper ME, Cook JW, Schlam TR, et al. Gender, race, and 
education differences in abstinence rates among participants 
in two randomized smoking cessation trials. Nicotine Tob 
Res. 2010;12(6):647-657. doi:10.1093/ntr/ntq067

33. Scharf D, Shiffman S. Are there gender differences 
in smoking cessation, with and without bupropion? 
Pooled- and meta-analyses of clinical trials of 
Bupropion SR. Addiction. 2004;99(11):1462-1469.  
doi:10.1111/j.1360-0443.2004.00845.x

34. Cepeda-Benito A, Reynoso JT, Erath S. Meta-analysis of the 
efficacy of nicotine replacement therapy for smoking cessation: 
differences between men and women. J Consult Clin Psychol. 
2004;72(4):712-722. doi:10.1037/0022-006X.72.4.712

35. Kong G, Kuguru KE, Krishnan-Sarin S. Gender Differences 
in U.S. Adolescent E-Cigarette Use. Curr Addict Rep. 
2017;4(4):422-430. doi:10.1007/s40429-017-0176-5 CONFLICTS OF INTEREST

The authors have completed and submitted the ICMJE Form for 
Disclosure of Potential Conflicts of Interest and none was reported.

FUNDING 
This study was supported by a grant from the WNY Center for Research 
on Flavored Tobacco Products (CRoFT) under cooperative agreement 
U54CA228110. The content is solely the responsibility of the authors 
and does not necessarily represent the official views of the NIH or the 
Food and Drug Administration (FDA).  

AUTHORS’ CONTRIBUTIONS
CX, ZX and DL: Conceived and designed the study; CX: analyzed 
the data; CX wrote the manuscript; CX, ZX and DL contributed to 
interpreting results and editing the manuscript.

PROVENANCE AND PEER REVIEW
Not commissioned; externally peer reviewed.


