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Abstract

Background: Electronic cigarettes (e-cigarettes) use was reported associated with sleep disturbances, and
marijuana was a double-edged sword to sleep. Literature about their dual use is limited. This study aimed
to investigate the association between dual use of e-cigarettes and marijuana and sleep duration among
US adults.

Methods: This cross-sectional study included 6,573 participants aged 18-64 years from 2015 to 2018.
Data were obtained from the National Health and Nutrition Examination Survey database. The chi-square
test and analysis of variance were used for analyses of binary and continuous variables, respectively.
Multinomial logistic regression models were used for univariate and multivariate analyses of e-cigarettes,
marijuana use, and sleep duration. Sensitivity analyses were conducted in populations with dual e-
cigarette and traditional cigarette use and those with dual marijuana and traditional cigarette use.

Results: Dual e-cigarette and marijuana users had significantly higher odds of not having the
recommended sleep duration than those who were using neither (short sleep duration: odds ratio [OR],
2.34; 95% confidence interval [CI], 1.19-4.61; P = 0.014; long sleep duration: OR, 2.09; 95% Cl, 1.53-2.87;
P<0.001, respectively) and short sleep duration than only e-cigarette users (OR, 4.24; 95% Cl, 1.75-4.60;
P<0.001) in the adjusted model. Dual traditional cigarette and marijuana users had significantly higher
odds of long sleep duration than neither users.

Conclusions: The study suggested that the dual use of tobacco products and marijuana was associated
with sleep duration, which is not recommended, and results differ based on the type of tobacco products.
Since the maijority of tobacco users use not only one kind of tobacco product, it is important to conduct
longitudinal RCTs to explore the joint effect of dual tobacco use on human health.

Background

Sleep disturbances have been a public health issue for years. However, the problem has plagued nearly a
quarter of the world’s population and has become a subject of greater concern in recent years. These
disturbances include sleep apnea, insomnia, restless leg syndrome, sleepwalking, and poor sleep quality,
which may all lead to abnormal sleep duration. Smoking cigarettes has been heavily implicated as the
cause of these sleep problems [1-10] and has also been reported to be associated with sleep duration
[11,12], which itself is a risk factor for some chronic conditions such as obesity, depression, diabetes, and
cardiovascular diseases [13]. These chronic conditions can also lead to poor sleep quality [14-18] and are
likely exacerbated by cigarettes smoking [19]. Many people, especially young adults, choose electronic
nicotine delivery systems or e-cigarettes over traditional cigarettes nowadays. A nationwide study in the
United States examined the characteristics of individuals who used e-cigarettes [20]. The results showed
that 27.0% of former e-cigarette users were current users, of which 45.3% were regular e-cigarette users. E-
cigarettes are widely promoted as a safer alternative to smoking [21]. However, an increasing number of
studies have shown that e-cigarettes are harmless [22,23] and reported to be associated with sleep health
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[24-31]. Similar concerns have been raised regarding the use of marijuana, which is also popular among
young Americans. The use of cannabinoids is a double-edged sword because they induce both adverse
and therapeutic properties. Evidence shows that chronic cannabis administration could disrupt circadian
rhythms and reduce the duration of the deepest phase (stage N3) of non-rapid eye movement sleep [32].
However, the effects of cannabinoids on the sleep-wake cycle are inconsistent [33,34]. Given the high rate
of cannabis use in Americans, it is crucial to study its effect as well as the combined effect with tobacco
products on sleep health. Therefore, this study observed the association between dual use of e-cigarette-
marijuana, and sleep duration over an extensive age range (18-64 years) in the US.

Methods
Study population

The data in this study were obtained from the National Health and Nutrition Examination Survey
(NHANES) 2015-2018 cycle. NHANES is a nationwide cross-sectional survey in which participants are
selected using a stratified multistage probability design, and it is thus representative of the US
population. NHANES is unique because it combines interviews and physical examinations. The interviews
included demographic, dietary, and health-related questions. The examination component consisted of
medical, dental, and physiological measurements as well as laboratory tests administered by highly
trained medical personnel [35] (more details via http://www.cdc.gov/nchs/nhanes.htm). Figure 1 shows
the flowchart for selecting the study participants in the current analysis. Adults aged 18-64 years who
participated in the 2015-2018 NHANES surveys and had complete data on sleep duration, e-cigarette
use, and marijuana use were included in the analysis. The NCHS Research Ethics Review Board approved
this study. The approval number is Continuation of Protocol #2011-17 for the 2015-2018 cycle. All the
methods were carried out in accordance with relevant guidelines and regulation.

Study procedure

Sleep duration was assessed through household interviews using a computer-assisted personal
interviewing system. Participants were asked, “How much sleep (in hours) do you usually get at night, on
weekdays, or workdays?” According to the National Sleep Foundation, the recommended sleep duration
for people aged 18—-64 years was 7-9 h; thus, we categorized weekday sleep duration as <7,7-9 h
(reference group), and >9 h per night, which we defined as short, normal, and long sleep durations,
respectively.

E-cigarette users were asked, “Have you ever used an e-cigarette, even once?” and “During the past 30
days, how many days did you use e-cigarettes?” Participants who had never used an e-cigarette even
once were defined as “never users”; those who had used e-cigarettes before but had not them in the last
30 days were defined as “former users,” whereas those who had used e-cigarettes in the last 30 days were
termed “current users.”
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Marijuana users were defined using the questions: “Have you ever, even once, used marijuana or
hashish?” and "How long has it been since you last used marijuana or hashish?” Participants who had
not used marijuana or hashish even once were defined as “never users”; those who had used marijuana
or hashish before but had not in the last 30 days were defined as “former users,” whereas those who had
used marijuana or hashish in the last 30 days were termed “current users.”

Cigarette users were asked: “Have you smoked at least 100 cigarettes in your entire life?” and “Do you
currently smoke cigarettes?”. Participants who had not smoked at least 100 cigarettes in their entire lives
were “never users.” Participants who had smoked at least 100 cigarettes in their lives, but did not smoke
now, were defined as “former users,” in contrast, those who still smoked were “current cigarette
smokers.” Smoking status was categorized as “never users”, “former users” and “current users” of e-
cigarette or traditional cigarette depends on the model.

“Dual use of e-cigarette and marijuana " refers to participants who had used both e-cigarettes and
marijuana in the last 30 days. Participants who did not use e-cigarettes or marijuana in the last 30 days
were defined as “neither users”; “e-cigarette only users” were those who used e-cigarettes but not
marijuana, whereas “marijuana only users” were participants who used marijuana but not e-cigarettes in

the last 30 days.

Overweight/obese was defined when the body mass index was =25. Snoring or difficulty in breathing
was a symptom of sleep disorders. Participants were asked, “In the past 12 months, how often did
{you/SP} snort, gasp, or stop breathing while {you were/s/he was} asleep?” Individuals were categorized
as “never,” “1-4 nights/week,” or “=5 nights/week” according to the frequency of occurrence. Depression
severity was calculated using the Physical Health Questionnaire (PHQ) score. PHQ score <10 classified as
minimal to mild depression, PHQ score 10-15 as moderate depression, and PHQ score =15 as severe
depression. Chronic diseases such as diabetes, cardiovascular diseases, and asthma also affected sleep
duration and were considered [36-40].

Statistical analysis

The chi-square test and analysis of variance were used for analyses of binary and continuous variables,
respectively. Multinomial logistic regression models were used for univariate and multivariate analyses of
e-cigarettes, marijuana use, and sleep duration. All multivariable models were adjusted for age, sex,
race/ethnicity (non-Hispanic white, non-Hispanic black, Mexican American, other Hispanic, and others),
annual household income (<$20,000 vs. >=$20,000), overweight/obese, serum cotinine level, cigarette use
(current user and former user vs. never user), education (more than high school and high school graduate
vs. less than high school), marital status (married/living together and divorced/separated vs.
widowed/never married), the severity of depression (severe and moderate depression vs. minimal to mild
depression), occupation (with a job vs. jobless/looking for a job), snoring or difficulty breathing
(frequently, occasionally, and rarely vs. never), and chronic diseases (yes vs. no). A two-tailed Pvalue
<0.05 indicated a statistically significant difference. The R Program version 3.6.2 (The R Foundation for

Statistical Computer, Vienna, Austria; www.r-project.org) was used for all analyses.
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Results

Among all the participants, 80.77% were aged 26—64 years, while the rest were aged 19-25 years. And
70.16% were overweight/obese. Only 11.58% had an annual household income <§20,000. 20.39% of the
participants were former e-cigarette users, 7.71% were current e-cigarette users, 28.58% were marijuana
current users (data not shown), 4.22% were dual e-cigarette-marijuana current users (Table 1), 4.01% were
current dual e-cigarette-traditional cigarette users, and 9.27% were current dual marijuana-traditional
cigarette users (See Supplementary Table 1, Additional File 1). Figure 2 shows that there are 119
participant who used both e-cigarette and marijuana in cycle 2015-2016, and the number increased to
153 in cycle 2017-2018. However, the number of those who dual used e-cigarette and traditional cigarette
or traditional cigarette and marijuana decreased by years.

Compared with 3,956 participants with normal sleep duration, 1,186 participants with short sleep duration
were more likely to be current cigarette users and dual tobacco products current users. Meanwhile,

they are also more likely to be older, male, overweight/obese, non-Hispanic black, other Hispanic,
widowed or divorced, frequent snorer or who stops breathing at night, to have an education level less than
high school or high school graduate, no job or looking for a job, moderate to severe depression, an annual
household income <$20,000, chronic diseases, and higher serum cotinine level. Participants with long
sleep duration almost yielded the same results, except they were more likely to be younger, female, not
overweight/obese, but not snoring or having difficulty breathing at night (See Table 2 and Supplementary
Table 2, Additional File 1).

In Table 3, we found that current marijuana only users had 1.49 times significantly higher odds of long
sleep duration than neither users. Dual e-cigarette-marijuana users had 2.26 times higher odds of short
sleep duration and 2.56 times higher odds of long sleep duration than those who did not use e-cigarettes
or marijuana currently. Similar results were observed when analyzing the association between dual e-
cigarette-traditional cigarette use or traditional cigarette-marijuana use and sleep duration (See
Supplementary Table 3 & 4, Additional File 1). Meanwhile, traditional cigarette only users had
significantly higher odds of both short and long sleep duration than neither users. After adjusting for
confounders (including age, sex, race, annual household income, overweight/obese, smoking status,
cotinine level, education level, marital status, occupation, depression severity, snort or stop breathing, and
chronic diseases), dual e-cigarette-marijuana users had 2.34 and 2.09 times significantly higher odds
than those who used neither in the groups with short and long sleep durations, respectively. At the same
time, dual e-cigarette-marijuana users had 4.24 times significantly higher odds than those who used only
e-cigarette in the groups with short sleep duration (Table 4). In addition, it was found that dual traditional
cigarette-marijuana users had 1.98 times significantly higher odds of long sleep duration than neither
users (See Supplementary Table 5, Additional File 1). However, no significant differences were observed
between dual e-cigarette-traditional cigarette use and sleep duration (See Supplementary Table 6,
Additional File 1).

Discussion
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In a cross-sectional survey study of 6,573 participants aged 18—-64 years in the US, 3.84% were current e-
cigarette only users, 24.36% were current marijuana only users, 4.22% were current dual e-cigarette-
marijuana users, 4.01% were current dual e-cigarette-traditional cigarette users, and 9.27% were current
dual marijuana-traditional cigarette users. And the number of participants who dual used e-cigarette and
marijuana increased by year. We also found that former or current e-cigarette users, current marijuana
users, dual e-cigarette-marijuana current users, and current traditional cigarette users were more likely to
have sleep duration, which is not recommended according to National Sleep Foundation.

Tobacco products use was reported to be associated with sleep disturbance in many recent research [4-
12,19,26-31]. And cannabis is often perceived as providing benefits as a sleep aid [41-44]. However, few
reported the association between dual use tobacco products and marijuana, especially e-cigarette and
marijuana dual use. Kang et al. conducted a study to examine between-group differences in depression
and sleep quality based on smoking/vaping status among Korean adults, and showed that e-cigarette
and traditional cigarette dual users had significantly higher depression scores (PHQ-9) and significantly
lower sleep quality (PSQI-K), respectively, than did cigarette users and non-users [45], Abafalvi et al.
reported that dual users of e-cigarette and traditional cigarette were significantly more likely to report
adverse effects of vaping than e-cigarette only users (26.2% vs. 11.8%, p < 0.001) [46]. Lee et al. were the
first to report that dual users of cigarettes and traditional cigarettes had a higher prevalence of
depression and suicidality among South Korean adolescents [47]. Berlin et al. Found that dual e-cigarette
users in France may have higher nicotine intake overall than exclusive e-cigarette users. Still, they may
take in less nicotine from their e-cigarettes [48]. A study conducted by Advani et al. demonstrates that
dual use of e-cigarettes and the traditional cigarette was associated with longer sleep latency, and the
shared component of nicotine may be a driver [49]. This study found that current traditional cigarette use
was significantly associated with not recommended sleep duration (both short and

long); however, no significant association of dual e-cigarette-traditional cigarette use was observed with
recommended sleep duration (See Supplementary Table 5, Additional File 1). We suppose that it

may be because of the decline in the use of traditional cigarettes while using e-cigarettes simultaneously.

Meanwhile, the main purpose of this study is to explore the association between e-cigarette-marijuana
dual use and sleep duration, which hasn't been reported before. We found that dual e-cigarette-marijuana
use was significantly associated with not recommended sleep duration. However, there was no
association between e-cigarette or marijuana only use and sleep duration. The effect of e-cigarette use on
sleep health remains unclear. Several studies showed that e-cigarette use was associated with sleep
duration [24-31]. For example, Wiener RC et al. reported that participants who currently used e-cigarettes
were 1.82 times more likely not to get their recommended sleep duration compared with participants who
never used e-cigarettes [26], which was consistent with our results. Marijuana has been reported to

be associated with short or long sleep duration in previous studies [41-44,50-53]. Schwenk et al. found
that recent cannabis users had greater adjusted odds of reporting both short (adjusted odds ratio (aOR)
1.34,95% CI: 1.12 to 1.59) and long sleep (aOR 1.56, 95% Cl: 1.25 to 1.96). Heavy users, who were those
using cannabis for at least 20 of the past 30 days, were even more likely to report sleep durations at the

extreme ends of the range [53]. From a sample of approximately 146 million adults in the USA, recent
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cannabis use was associated with the extremes of nightly sleep duration, suggesting a dose-response
relationship [43]. We didn’t observe any significant association between only marijuana or e-cigarette use
and short or long sleep duration. But there was a significant association between dual e-cigarette-
marijuana use and both short and long sleep duration. And compared to e-cigarette only use,

dual use had 4.24 times higher odds of short sleep duration. The results indicate that dual e-cigarette-
marijuana users are more likely to have short sleep duration than single tobacco users, and both do not
recommend sleep duration than neither users. However, we couldn’t confirm the causal relationship
between them. Further longitudinal randomized controlled trials (RCTs) are needed to support our
results. Unlike dual e-cigarette-marijuana use, dual traditional cigarette-marijuana use was associated
with only a long sleep duration.

This study has some limitations. The study lacked information on the weekday sleep hours of the
participants. It also lacked data on sleep behavior, such as restless leg syndrome and polysomnography
results, to better describe the sleep conditions. Although our study suggested that dual e-cigarette and
marijuana use was associated with a sleep duration outside the recommended range, we could not
confirm the causal association between them. Furthermore, because all interview data were collected by
questionnaires, such as smoking status, recall bias could not be avoided.

Conclusions

Our study suggested that dual e-cigarette-marijuana use was associated with both short and long sleep
duration, short sleep duration compared to neither use and e-cigarette only use, respectively. Dual
traditional cigarette-marijuana use was associated with long sleep duration compared to neither use.
Since most tobacco users use not only one kind of tobacco product, it is important to conduct
longitudinal RCTs to explore the joint effect of dual tobacco use on human health. Sleep health has
increasingly attracted considerable attention. As doctors in a children’s hospital in China, we are also
concerned about the impact of smoking or secondhand smoke on children’s sleep. This is a future
research direction that should be considered in local areas.
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Tables

Table 1

Main characteristics of all participants (n = 6,573), NHANES 2015-2018, 18—-64 years.
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Number  Weighted percentage

Age
18-25y 1,375 19.23
26-64y 5198 80.77
Sex,male 3,157 49.83
Race
Non-Hispanic White 2,032 59.52
Mexican American 1,142 10.97
Other Hispanic 704 7.45
Non-Hispanic black 1,473 12.00
Other 1,222 10.07
Annual household income<$20,000 1,511 11.58
Overweight/obeseyes 4,576 70.16

Dual e-cigarette - marijuana use

Neither user 4,592 67.93
E-cigarette only user 208 3.48
Marijuana only user 1,501 24.36
Dual user 272 4.22

Traditional cigarette use

Never user 4,175 60.25
former user 1,052 190.78
Current user 1,344 19.97

Education level

Less than high school 1,209 12.02
High school graduate 1,603 24.30
More than high school 3,760 63.68

Marriage status
Windowed/never married 1,628 25.02
Divorced/separated 759 11.38
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Married/living together 3,698 63.60

Occupation
No job/looking for a job 1,817 22.10
Already have a job 4,749 77.90

Depression (PHQ score)

Minimal to mild 6,130 93.80
Moderate 290 4.37
Severe 142 1.83

Chronic diseases (CVD, asthma, etc.),yes 1,189 0.19

Snort or stop breathing

Never 4,768 75.98
1-4 nights/week 1,207 19.49
5 or more nights/week 3,12 4.53

Sleep duration

<7h 1,186 16.02

7-9h 4,667 75.20

>0 h 720 8.78
Table 2

The main characteristics stratified by sleep duration, and the findings regarding sleep duration and
electronic cigarette-marijuana dual use, NHANES 2015-2018, 18—64 years.
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Age,y

Sex, male

Race
Non-Hispanic White
Mexican American
Other Hispanic

Non-Hispanic black

Other

Annual household income

<$20,000

Overweight/obese, yes

Dual e-cigarette-marijuana use

Neither user
E-cigarette only user
Marijuana only user
Dual user

Traditional cigarette use

Never user
former user
Current user

Serum cotinine, pg/mL

Education level

Less than high school
High school graduate

More than high school

Sleep duration

Short (<7 h)

(n=1,186)

40.79 £ 0.46

668 (59.40)

282 (49.88)
175 (11.01)
141 (9.62)
409 (20.75)
179 (8.74)
279 (12.17)

898 (75.04)

797 (63.57)
37 (3.16)
283 (26.13)
69 (7.14)

671 (50.59)
187 (20.07)
328 (29.34)

0.094 +
0.0070

237 (15.05)
315 (30.06)
634 (54.89)

Normal (7-9 h
(n=4,667)
38.82 £ 0.29

2,205 (49.00)

1,534 (62.52)
833 (10.60)
487 (6.91)
886 (9.61)
927 (10.36)
999 (9.84)

3,229 (69.60)

3,335 (69.90)
141 (3.41)
1,037 (23.41)
154 (3.28)

3,050 (62.44)
782 (20.52)
833 (17.04)
0.052 + 0.0039

789 (10.20)
1,047 (21.75)
2,830 (68.05)
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33.82+0.64

284 (39.53)

216 (51.41)
134 (14.05)
76 (8.04)

178 (16.48)
116 (10.02)
233 (25.39)

449 (65.99)

460 (59.07)
30 (4.69)
181 (29.24)
49 (7.00)

454 (59.10)
83 (12.98)
183 (27.92)

0.067
0.0073

183 (22.12)
241 (35.63)
296 (42.25)

P-value

K%k

<0.001

*kk

<0.001

*k%k

<0.001

*k%k

<0.001

0.00012™

*k%k

<0.001

*kk

<0.001

KKk

<0.001

*kk

<0.001



Marriage status

Windowed/never married
Divorced/separated
Married/living together

Occupation

No job/looking for a job
Already have a job

Snort or stop breathing

Never
1-4 nights/week
5 or more nights/week

Depression severity (PHQ score)

Minimal to mild
Moderate
Severe

Chronic diseases (CVD, asthma,
etc.)

No

Yes

*P<0.05 "P<0.01

KKk

P<0.001.

306 (24.80)
165 (13.52)
665 (61.68)

278 (20.28)
908 (79.72)

791 (69.63)
235 (22.94)
92(7.43)

1,077 (90.36)
68 (6.20)
39 (3.44)

814 (78.93)
261 (21.07)

1,108 (23.95)
513 (10.66)
2,734 (65.39)

1152(19.04)
3509(80.96)

3,440 (77.21)
838 (18.77)
197 (4.02)

4,413(95.01)
173(3.71)
74(1.28)

3,357 (82.73)
766 (17.27)

214 (35.54)
81(13.82)
299 (50.64)

387 (51.62)
332(48.38)

537 (76.78)
134 (19.44)
23 (3.78)

640 (89.75)
49 (6.63)
29 (3.62)

410 (74.41)
162 (25.59)

*kk

<0.001

*kk

<0.001

*kk

<0.001

*k%k

<0.001

0.0018™

Values are presented as numbers (%) or mean (mean * standard deviation). The numbers may vary

because of missing data.

Table 3

Association between sleep duration and dual use of e-cigarette and marijuana, NHANES 2015-2018,
18-64 years (univariate).
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Dual E-cigarette - marijuana
use

E-cigarette only vs. neither

Marijuana only vs. neither

Dual vs. neither

Marijuana only vs. e-
cigarette only

Dual vs. E-cigarette only

Dual vs. marijuana only

*kk

*P<0.05 "P<0.01

The model was unadjusted.

Sleep duration

Short (<7 h) (n=1,186)

OR (95% Cl)

1.06 (0.65,
1,75)

1.20 (0.88,
1.64)

2.26 (1.47,
3.47)

1.15 (0.64,
2.07)

2.14 (1.45,
3.14)

1.86 (1.10,
3.14)

P<0.001.

P-value

0.80

0.24

0.00020™"

0.64

<0.001™

0.021

Table 4

Normal (7-

9h)
(n=4,667)

Ref.

Long (>9 h) (n=720)

OR (95% Cl)

1.60 (0.68,
3.73)

1.49 (1.27,
1.75)

2.56 (1.95
,3.35)

0.91 (0.43,
1.92)

1.57 (0.72,
3.44)

1.73 (1.35,
2.24)

P-value

0.28

*kk

<0.001

KKk

<0.001

0.80

0.26

*kk

<0.001

Association between sleep duration and dual use of e-cigarette and marijuana, NHANES 2015-2018, 18—
64 years (multivariate).
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Sleep duration

Short (<7 h) (n=1,186)

Normal (7-9 h)

Long (>9 h) (n=720)

(n=4,667)
OF)( (95% P-value OR(95% CI)  P-value
Cl
Dual e-cigarette - Ref.
marijuana use
E-cigarette only vs. 0.85 (0.45, 0.61 0.85 (0.29, 0.76
neither 1.59) 2.44)
Marijuana only vs. 1.12 (0.78, 0.53 1.46 (0.95, 0.08
neither 1.61) 2.25)
Dual vs. neither 2.34 (1.19, * 2.09 (1.53, ek
451) 0.014 287) <0.001
Marijuana only vs. e- 0.84 (0.67, 0.40 0.99 (0.61, 0.32
cigarette only 2.77) 4.73)
Dual vs. Ecigaretteonly ~ 4.24 (1.75, <9 go1™ 1.67 (0.86,  0.095
4.60) 6.68)
Dual vs. marijuana only 1.88 (0.97, 0.060 1.20 (0.80, 0.23
4.51) 2.53)

*kk

*P<0.05 "P<0.01 P<0.001. The model was adjusted for age, sex, race, annual household income,
overweight/obese, smoking status (traditional cigarette), cotinine level, education level, marital status,
occupation, depression severity, snort or stop breathing, and chronic diseases. PHQ: Patient health
questionnaire. CVD: Cardiovascular diseases. Ref: reference. OR: Odds ratio. Cl: Confidence interval.

Figures
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Participants who were both interviewed and
examined in the mobile examination center
(MEC) in NHANES, 2015-2018(n=19,225)

Participants who had missing ‘

information on sleep duration a l
(n=6,818)

Participants who had no missing information on

sleep duration (n=12.407)

Participants who had missing

information on e-cigarette and

.. %
marijuana use;
Participants who were aged \d
<18 years or =65 years. .. i C . :
}; 834 =02y Participants with no missing information on
n=>3, : .
( ' ) e-cigarette and marijuana use and were 18—64
years old (n = 6,573)
Figure 1

Flowchart for the selection of study participants in the current analysis. NHANES, National Health and
Nutrition Examination Survey.
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Figure 2

Number of participants who dual use of tobacco products and marijuana in different cycles (2015-2016
and 2017-2018).
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