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Abstract
Rationale

Health effects of e-cigarettes remain relatively unknown, including impact on sleep quality. We previously
showed in a pilot study that females who both smoke conventional tobacco and vape e-cigarettes (dual
users) had decreased sleep quality and more di�culty falling asleep, suggesting an effect of gender. We
undertook this study in a larger cohort to assess the impact of e-cigarette, conventional tobacco, and dual
use on sleep quality, cough, and drug use.

Methods

Participants (n = 1198) were recruited through online surveys posted to social media sites with a
monetary incentive. Participants were grouped by inhalant use, with 8% e-cigarette users, 12%
conventional tobacco users, 30% dual users, and 51% non-smokers/non-vapers.

Results

Dual use of e-cigarettes and conventional tobacco was associated with increased sleep latency relative to
non-smokers/non-vapers (p = 0.012). Dual use was also associated with a higher reporting of cough (p = 
0.034), as well as increased marijuana (p < 0.001) and cocaine usage (p < 0.001).

Discussion

Dual use is associated with longer sleep latency, suggesting that the shared component nicotine may be
a driver. Because sleep broadly impacts multiple aspects of human health, de�ning the effects of e-
cigarettes and vaping devices on sleep is critical to further our understanding of the effects of vaping on
health.

Introduction
The popularity of electronic cigarette (e-cigarette) and vaping devices such as JUUL have spiked in the
last few years especially amongst adolescents and young adults (1, 2). Despite major increases in e-
cigarette usage, there is a lack of data on potential health effects of these devices (3–5). The e-cigarette
or vaping device use-associated lung injury (EVALI) epidemic that started in 2019 illuminated the dangers
of inhaling chemicals contained within these vaping aerosols (6). Users of inhaled cannabinoids and
nicotine generated from electronic devices who developed EVALI ranged from short-term (weeks) to long-
term (years) users of these e-devices (7). Due to the immediate impact of active agents, such as nicotine
and marijuana, encompassed in the aerosols on activating pathways of the central nervous system
(CNS), it is likely that inhalation of aerosols from e-devices will impact sleep.

We previously completed a small pilot study (274 subjects) which determined that women who both
smoked conventional tobacco products as well as vaped e-cigarettes (dual users) had a signi�cant
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decrease in their sleep quality (8). Since dual users may intake greater quantities of nicotine than sole
users of conventional tobacco or e-cigarettes, we hypothesized that nicotine may be the underlying culprit
in these �ndings of diminished sleep quality. Adult users of e-cigarettes most commonly use them
alongside of conventional tobacco cigarettes, such that this is a key population to study. Women are
known to have different susceptibilities to the effects of tobacco (9), and may have higher susceptibility
to the sleep disrupting effects of nicotine in particular. We undertook the current study, utilizing our
established UCSD Inhalant Questionnaire (updated every 6–12 months to accurately assess use of new
e-devices, inhalants and vaping methods)(8, 10), to recruit a larger cohort powered to evaluate the effects
of e-cigarettes, conventional tobacco, and dual usage on sleep quality in the context of gender and age,
via use of the Pittsburgh Sleep Quality Index (PSQI) (11).

Use of e-cigarettes has been associated with increased cough (12–14). In our prior study, we saw a non-
signi�cant trend of increased cough in e-cigarette vapers versus non-smoking/non-vaping controls (15).
With this larger study, we sought to assess the prevalence of cough in different types of inhalant users,
with a speci�c question regarding whether dual use leads to the highest rates of cough across inhalant
users. Further, we sought to assess the impact of cough on sleep disruption, and severity of cough via
use of the Leicester Cough Questionnaire (LCQ) (16).

We conducted this social media platform-based, reward-incentivized, anonymous research survey to
determine whether dual users have worsened sleep quality due to high intake of nicotine leading to longer
sleep latency and increased cough. While vaping has been identi�ed as a gateway to conventional
tobacco, it is unknown whether use of e-cigarettes is associated with use of other drugs, such as
marijuana and cocaine. Thus, we undertook these studies to assess for concomitant use of non-nicotine
drugs with tobacco and e-cigarette use (17, 18).

Methods

Participants
Participants were recruited to participate in online surveys through wide-spread Twitter, Facebook,
Craigslist and Reddit advertisements. All studies were carried out in accordance with national human
subjects research guidelines, with all subjects providing informed consent. All protocols were approved by
the University of California, San Diego (UCSD) institutional review board (IRB protocol # 160204).
Participants were incentivized to complete online surveys through random lottery. IP addresses were
recorded to identify participant’s location as well as prevent multiple responses per device.

Materials
Inhalant use patterns, sleep quality, and cough were assessed utilizing the UCSD Inhalant Survey (8, 10),
the Pittsburgh Sleep Quality Index (PSQI), and the Leicester Cough Questionnaire (LCQ) (10,15). All three
surveys plus demographic questions and those to quantify marijuana and other recreational drug use
were combined in one online survey.
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Analysis
Descriptive analyses were performed to summarize the data by inhalant use groups. Group comparisons
used analysis of variance (ANOVA) tests for the continuous variables and Chi-square tests for the
categorical variables. A multivariable linear regression model was performed to study the association of
inhalant use group with sleep quality, adjusting for age and gender. Mean differences (and 95% CI) in
PSQI scores were estimated for e-cigarette users vs non-smokers, dual users vs nonsmokers, dual users
vs e-cigarette only users, dual users vs conventional cigarette users, and conventional cigarette users vs
non-smokers. We also assessed whether the effect of inhalant groups on sleep quality differed between
males and females by including an interaction term between gender and inhalant groups in the model. A
similar analysis was conducted for the other continuous outcomes. A logistic regression model was
performed to study the association of inhalant use group with reporting presence of cough in the past 30-
days, adjusting for age and gender. OR (and 95% CI) were estimated for all pairwise inhalant group
comparisons. P-values for pairwise group comparisons were adjusted using the method of Benjamini &
Hochberg (1995) (19). Statistical software R (version 3.6.1) was used for the analysis (http://www.r-
project.org).

Results
Demographics of Survey Participants

We received responses to surveys from 1198 individuals, of which 933 included complete data (Fig. 1).
Mapping of survey response IP addresses demonstrated the international reach obtained by the social
media advertisements utilized, with responses from 47 countries across 6 continents (Fig. 2). Reported
ages of participants ranged from 13 to 70 years, with a mean of 26 years. Gender distribution was fairly
even with 53% identifying as female, 46% as male, and 1% as non-binary or who refused to answer. The
majority of respondents were Caucasian (62%), with the next highest percent being Asian (19%) and
Asian Indian (6%; Table 1).
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Table 1
Demographics of Survey Responders

  Nonsmoker Conventional E-cig
User

Dual User Overall p
value

  n = 472 n = 109 n = 74 n = 278 n = 933

Age           < 
0.001

Mean (SD) 22.6 (12.1) 34.6 (11.8) 18.4 (3.9) 30.6 (11.9) 26.1
(12.6)

Gender            

Female 265
(56.14%)

70 (64.22%) 49
(66.22%)

112(40.29%) 496
(53.16%)

< 
0·001

Male 200(42.37%) 39 (35.78%) 24
(32.43%)

163 (58.63) 426
(45.66%)

Other 7 (1.48%) 0 (0%) 1 (1.35%) 3 (1.08%) 11
(1.18%)

Total 472
(99.99%)

109 (100%) 74
(100%)

278 (100%) 933
(100%)

Ethnicity            

Alaska Native 1 (0.21%) 2 (1.85%) 0 (0%) 0 (0%) 3
(0.32%)

 

Asian Indian 18 (3.84%) 9 (8.33%) 9
(12.16%)

17 (6.14%) 53
(5.71%)

 

Asian 123
(26.23%)

8 (7.41%) 14
(18.92%)

27 (9.75%) 172
(18.53%)

< 
0.001

African American 7 (1.49%) 3 (2.78%) 0 (0%) 5 (1.81%) 15
(1.62%)

 

Paci�c Islander 4 (0.85%) 0 (0%) 1 (1.35%) 1 (0.36%) 6
(0.65%)

White 260
(55.44%)

80 (74.07%) 37 (50%) 202 72.92%) 579
(62.39%)

Middle Eastern 0 (0%) 0 (0%) 0 (0%) 2 (0.72%) 2
(0.22%)

*Comparisons among the 4 groups are all signi�cant with p < 0.001. ANOVA test was used for age;
and Chi-square test was used for gender and ethnicity. **Multivariable analysis on ethnicity and race
was condensed to 3 groups – Asian, White (non-Hispanic), and Other (Mixed, Prefer not to Answer,
American Indian, Paci�c Islander, and Black (non-Hispanic).
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Hispanic 7 (1.49%) 0 (0%) 2 (2.7%) 4 (1.44%) 13
(1.4%)

Mixed 38 (8.1%) 6 (5.56%) 10
(13.51%)

15 (5.42%) 69
(7.44%)

Prefer Not To
Answer

11 (2.35%) 0 (0%) 1 (1.35%) 4 (1.44%) 16
(1.72%)

Total 469 (100%) 108 (100%) 74
(99.99%)

277 (100%) 928
(100%)

*Comparisons among the 4 groups are all signi�cant with p < 0.001. ANOVA test was used for age;
and Chi-square test was used for gender and ethnicity. **Multivariable analysis on ethnicity and race
was condensed to 3 groups – Asian, White (non-Hispanic), and Other (Mixed, Prefer not to Answer,
American Indian, Paci�c Islander, and Black (non-Hispanic).

The overall cohort was divided into four inhalant groups: non-smokers/non-vapers (51%), conventional
tobacco smokers (12%), e-cigarette users (8%), and dual users of e-cigarettes and conventional tobacco
(30%; Table 1). This again highlights the fact that many adults in the general population use both e-
cigarette and conventional tobacco. There were signi�cant differences in age across inhalant groups (p < 
0.001). Conventional tobacco users had the highest mean age (35 years, SD = 11.8), while e-cigarette
users had the lowest mean age (18 years, SD = 3.9; Table 1). For dual users, the percentage of Caucasian
respondents was highest at 73%, followed by Asian at 10%, and Asian Indian at 6%. E-cigarette users had
a lower percentage of Caucasian respondents (50%) and higher mixed race at 14%. The racial ethnicity
self-identi�cation in the conventional tobacco user group was similar to dual users; however, non-
smokers/ non-vapers had a lower percentage of Caucasian respondents (55%) and a higher percentage
of Asian respondents (26%). There was a low response rate of Alaska Native, Paci�c Islander, Middle
Eastern, Hispanic, African American and mixed ethnicities.

Presence of Cough is Associated with Poorer Sleep Quality and Dual Inhalant Use

Analysis of PSQI scores by presence of cough revealed that subjects with a cough had higher PSQI
scores (7.64, SD = 3.661), indicating worsened sleep quality, compared to those without a cough (6.88,
SD = 3.648; p = 0.002). These data suggest that cough may have a direct adverse impact on sleep quality
in this cohort. However, we didn’t �nd a signi�cant association between the inhalant groups and PSQI
scores (Table 2). There was also no evidence of interaction between inhalant groups and gender on PSQI
scores (p = 0.89). When gender was assessed as a variable, males were found to have lower PSQI scores
(better sleep quality) relative to females (mean difference of -0.87, 95%CI: -1.36 to -0.39, p < 0.001).
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Table 2
Linear Regression Model to assess the association between inhalant groups and PSQI scores

Pairwise Group Comparisons Mean Difference 95% CI Raw

p-value

Adjusted

p-value

Dual vs Nonsmoker 0.30 (-0.28, 0.88) 0.314 0.471

Dual vs E-cig 0.07 (-0.92, 1.06) 0.888 0.888

Dual vs Conventional 0.81 (-0.19, 1.65) 0.056 0.336

E-cig vs Nonsmoker 0.23 (-0.69, 1.41) 0.627 0.752

E-cig vs Conventional 0.74 (-0.40, 1.41) 0.203 0.428

Conventional vs Nonsmoker -0.52 (-1.33, 1.89) 0.214 0.428

Model adjusted for age (mean difference = 0.001 per year increase, 95%CI: (-0.02, 0.02), p = 0.95),
gender (Male vs Female mean difference=-0.87, 95%CI: (-1.36, -0.39), p < 0.001), Race (Asian vs White
mean difference =-0.03 (-0.63, 0.58); Other vs White mean difference = 0.31 (-0.46, 1.09); p = 0.703),
and Ethnicity (Hispanic vs Non-Hispanic mean difference =-0.690 (-1.51, 0.13); Unknown vs Non-
Hispanic mean difference =-0.92 (-2.53, 0.69), p = 0.16).

Inhalant use was associated with higher reporting of cough. Dual users had the highest reporting of
cough in the last 30 days (48%), with e-cigarette users having the lowest reporting of cough of all inhalant
users (24%). Logistic regression model adjusting for age and gender showed dual users had a higher
presence of cough compared to non-smokers/non-vapers (OR = 1.50, 95% CI: 1.09 to 2.07, raw p = 0.012,
adjusted p = 0.034) and e-cigarette users (OR = 3.00, 95% CI: 1.64 to 5.48, raw and adjusted p < 0.001). E-
cigarette users reported a lower presence of cough than non-smokers/ non-vapers (OR = 0.50, 95% CI:
0.29 to 0.89, raw p = 0.017, adjusted p = 0.034) (Table 4). There is no interaction between gender and
inhalant groups on reported incidence of cough (p = 0.85).

Dual Use and Female Gender are Associated with Longer Sleep Latency

Sleep latency was associated with inhalant type, with dual users having longer sleep latency compared to
non-smoking/non-vaping subjects (mean difference of 4.7; 95% CI: 1.75 to 7.65, raw p = 0.002, adjusted p 
= 0.012) (Table 3). Gender was also independently associated with sleep latency, with males having
shorter sleep latency compared to females (mean difference of -2.86, 95% CI: -5.35 to -0.37, p = 0.024),
such that males in this cohort were found to fall asleep faster than females. There was no signi�cant
interaction effect between gender and inhalant groups on sleep latency (p = 0.41), with both male and
female dual users reporting longer sleep latency (4.25 minutes longer relative to non-smoking/non-vaping
subjects for males, and 4.82 minutes for females).
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Table 3
Linear Regression Model to assess the association between inhalant groups and sleep latency

Pairwise Group Comparisons Mean Difference 95% CI Raw

p-value

Adjusted

p-value

Dual vs Nonsmoker 4.10 (1.14, 7.06) 0.007 0.042

Dual vs E-cig 4.73 (-0.31, 9.78) 0.066 0.194

Dual vs Conventional 3.67 (-0.67, 8.01) 0.097 0.194

E-cig vs Nonsmoker -0.63 (-5.29, 4.02) 0.789 0.843

E-cig vs Conventional -1.06 (-6.96, 4.84) 0.724 0.843

Conventional vs Nonsmoker 0.43 (-3.82, 4.68) 0.843 0.843

Model adjusted for age (mean difference = 0.04 per year increase, 95%CI: (-0.07, 0.15), p = 0.522) and
gender (Male vs Female mean difference=-2.88, 95%CI: (-5.36, -0.39), p = 0.023), Race (Asian vs White
mean difference =-3.83 (-6.93,-0.74); Other vs White mean difference=-0.13 (-4.08, 3.83), p = 0.05), and
Ethnicity (Hispanic vs Non-Hispanic mean difference = -4.38 (-8.27, -0.12); Unknown vs Non-Hispanic
mean difference=-4.71 (-13.25, 3.84), p = 0.09 ).

Table 4
Logistic Regression Model to assess the association between inhalant groups and presence of cough in

the past 30 days
Pairwise Group Comparisons OR 95% CI Raw

p-value

Adjusted

p-value

Dual vs Nonsmoker 1.47 (1.06, 2.04) 0.019 0.038

Dual vs E-cig 3.03 (1.65, 5.56) < 0.001 < 0.001

Dual vs Conventional 1.54 (0.96, 2.46) 0.073 0.088

E-cig vs Nonsmoker 0.49 (0.28, 0.86) 0.013 0.038

E-cig vs Conventional 0.51 (0.25, 1.01) 0.055 0.083

Conventional vs Nonsmoker 0.96 (0.61, 1.52) 0.855 0.855

Model adjusted for age (OR = 0.99 per year increase, 95%CI: (0.97, 1.00), p = 0.019) and gender (Male
vs Female OR = 1.29, 95%CI: (0.98, 1.70), p = 0.01), Race (Asian vs White mean difference = 0.83 (0.59,
1.17); Other vs White mean difference = 0.96 (0.62, 1.49), p = 0.55), and Ethnicity (Hispanic vs Non-
Hispanic mean difference = 0.55 (0.34, 0.89); Unknown vs Non-Hispanic mean difference = 0.29 (0.09,
0.87), p = 0.07).

Dual Users of E-cigarettes and Conventional Tobacco have Greater Drug Use

Cross-tabulation was used to compare drug use across inhalant use groups. Regardless of gender, more
dual users (42%) and e-cigarette users (45%) reported marijuana use relative to non-smokers/non-vapers
(5%) and conventional tobacco users (19%; p < 0.001) (Fig. 3A). Additionally, more dual users (10%)
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reported use of cocaine than non-smokers/non vapers (0.4%), conventional users (5%), and e-cigarette
users (0%; p < 0.001) (Fig. 3B). E-cigarette users (4%) and dual users (4%) had higher methamphetamine
use than conventional tobacco smokers (2%) and non-smokers/non-vapers (0.4%; p = 0.007). More dual
users (4%) reported use of N,N-dimethyltryptamine (DMT) than non-smokers/non vapers (0.2%),
conventional tobacco smokers (1%), and e-cigarette users (1%). Two participants reported
heroin/morphine/fentanyl use, and both were dual users. Seven participants reported using prescription
tablet opiates, 4 reported using recreational opiates, and 2 reported using PCP, with a majority of these
being dual users.

Discussion
These data demonstrate that dual use of e-cigarettes with conventional tobacco is associated with
increased cough as well as increased sleep latency. Historically, conventional tobacco is well known to
cause both cough and increased sleep latency (20, 21). As dual users have been found to have higher
levels of nicotine exposure relative to use of either inhalant alone (22), the increased time to fall asleep
may be directly due to the activating effects of nicotine in the central nervous system (CNS). It is also
possible that the higher incidence of bothersome cough may itself result in longer sleep latency. More
studies are needed to better de�ne the health impacts of e-cigarettes and dual use, and the mechanisms
underlying them.

Because impaired sleep or sleep disturbance have been associated with worse outcomes across disease
states, determining that the largest group of adult e-cigarette users (dual users) have altered sleep is of
particular concern. Studies have found that sleep disruption adversely impacts outcomes in
cardiovascular disease, cancer, and infectious disease. Thus, the data presented here suggest that dual
users of conventional tobacco products with e-cigarettes may also have poorer outcomes across disease
states.

As dual users reported the highest use of drugs such as cocaine and methamphetamine relative to all
other groups, the gateway hypothesis may be a possible explanation. Dual use of both e-cigarettes and
conventional tobacco may serve as a gateway to additional drug use, as users may have an increased
desire to consume other drugs (23). It is possible that dual users believe that other drugs are either less
risky or more pleasurable than e-cigarettes and conventional tobacco. Further studies are needed to
explain the causal mechanism of dual use of e-cigarettes and conventional tobacco leading to other drug
use.

Our study has several limitations. First, we prospectively recruited our cohort through social media
platforms such that there is potential participation bias, limiting our conclusions to the population
studied. Second, survey research relies on self-report, such that some inaccuracy is likely, but
misclassi�cation should be random and bias towards the null hypothesis. Third, the low response
percentage from underrepresented minorities including, Alaska Native, Paci�c Islander, Middle Eastern,
Hispanic, African American and Mixed ethnicities, means that the results of our study may not be
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applicable to these groups. However, while this study has limitations, our �ndings validate those of our
smaller pilot study in 2018, con�rming that dual usage affects sleep latency (8).

This work suggests that dual usage of e-cigarettes with conventional tobacco is associated with adverse
effects on sleep, including increasing the amount of time it takes to fall asleep. Because dual use was
also associated with increased cough, it is possible that cough is the primary contributor to increased
sleep latency. Finally, dual use was associated with the highest use of cocaine, marijuana, DMT and
opiates across inhalant users. Further studies are needed to determine the mechanisms underlying these
�ndings.
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Figures

Figure 1

Flow chart of subjects whom participated in the online survey and the surveys excluded for analysis due
to incomplete or invalid responses – those with unrelated or uninterpretable responses to the question(s).
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Figure 2

Responses were collected from 47 countries across 6 continents. Locations of the 1198 survey
responders, by IP address. The size of the symbol is directly proportional to the number of responses
received from the region. For reference, the number of survey responses from US = 897 , Brazil = 9, United
Kingdom = 175, Egypt = 1, New Zealand = 2. Note: The designations employed and the presentation of
the material on this map do not imply the expression of any opinion whatsoever on the part of Research
Square concerning the legal status of any country, territory, city or area or of its authorities, or concerning
the delimitation of its frontiers or boundaries. This map has been provided by the authors.
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Figure 3

Dual users have high rates of other drug use, including marijuana. A. Marijuana Usage across Inhalant
groups. Dual users reported more marijuana usage when compared to non-smokers. B. Cocaine usage
across Inhalant groups. Dual users reported higher cocaine usage than non-smokers and e-cigarette
users. *** p < 0.001


