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Abstract

Significance: Cannabis use is increasing among cigarette smokers. If cannabis use is 

associated with cigarette dependence, a barrier to smoking cessation, this could have public 

health implications for tobacco control. The current study estimated the prevalence of cigarette 

dependence among United States (US) individuals who smoke cigarettes by cannabis use status, 

and investigated trends in cigarette dependence from 2002 to 2019 among cigarette smokers by 

cannabis use status and cigarette consumption (i.e., cigarettes per day, CPD).

Methods: Data were drawn from the 2002–2019 annual National Survey on Drug Use and 

Health (NSDUH) and included US individuals ages 12+ who used cigarettes at least once in 

the past month (n=231,572). Logistic regression was used to estimate the prevalence of cigarette 

dependence, measured as Time to First Cigarette (TTFC) <30 minutes, by past-month cannabis 

use (no use, non-daily use, daily use), and to estimate trends in cigarette dependence from 2002 

to 2019 overall, and stratified by cannabis use and smoking level (light, 1–5 CPD; moderate, 6–15 

CPD; heavy, 16+ CPD).
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Results: Across all levels of cigarette use, cigarette dependence was significantly more common 

among individuals with daily cannabis use compared with those with non-daily or no cannabis 

use. From 2002 to 2019, cigarette dependence increased among cigarette smokers with non-daily 

cannabis use, and among light and moderate cigarette smokers with no cannabis use.

Conclusions: US individuals who use both cigarettes and cannabis report a higher prevalence 

of cigarette dependence relative to individuals who use cigarettes and do not use cannabis at 

virtually all levels of cigarette consumption. Further, cigarette dependence is increasing in the US 

both among those who use and do not use cannabis. Given the increase in cannabis use among 

those using cigarettes, efforts to elucidate the nature of the association of cannabis and cigarette 

dependence are needed.
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INTRODUCTION

Despite declines in cigarette use, tobacco-related disease remains the leading cause of 

preventable disease and premature mortality in the United States (US) and a leading 

cause globally [1–3]. While cigarette use continues to decrease in many countries [2, 4], 

including the US (e.g., decrease from 22.5% in 2002 to 14.0% in 2019 [5, 6]), cannabis 

use is increasing globally [7] and in the US (e.g., increase in use from 10.4% in 2002 to 

15.3% in 2017 and daily use from 1.9% in 2002 to 4.2% in 2017 [8]). Cigarette use is 

associated with increased likelihood of cannabis use and more frequent cannabis use [9–11]. 

Conversely, cannabis use is associated with greater likelihood of cigarette use [12–14] and 

heavier cigarette use [15], and cannabis use is associated with increased risk of cigarette 

initiation, lower cigarette quit rates, and increased risk of cigarette relapse [16–18]. The 

well-documented health risks associated with cigarette use [1, 19] appear to be intensified 

with use of both cigarettes and cannabis compared to use of cigarettes alone [20, 21].

Recent findings indicate that cigarette quit rates are lower among US individuals who use 

versus do not use cannabis [17]. The reasons underlying the lower quitting among those 

using cigarettes and cannabis are not yet clear. One possibility is that there is a link between 

cannabis use and smoking-related factors such as cigarette dependence which occurs among 

a subgroup of those using cigarettes and is often characterized by intense cravings and 

withdrawal symptoms [22]. Cigarette dependence is widely considered to be the primary 

barrier to smoking cessation [23, 24]. The use of cannabis may contribute to cigarette 

dependence through any number of direct (e.g., endocannabinoid system) or indirect (e.g., 

greater use of tobacco products leading to increased nicotine exposure) pathways among 

persons who use both cannabis and cigarettes, compared with those using cigarettes alone. 

As such, it is conceivable that cigarettes and cannabis co-use may increase levels of cigarette 

dependence relative to those who use cigarettes and not cannabis.

Few studies have directly investigated the relationship between cannabis use and cigarette 

dependence. Available evidence has been inconsistent with several, but not all [15], studies 

suggesting cannabis use is associated with higher levels of cigarette dependence [25–27]. 
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Time to First Cigarette (TTFC), an item from the Fagerström Test for Nicotine Dependence 

(FTND)[28], later renamed the Fagerström Test for Cigarette Dependence (FTCD)[29], 

assesses how long an individual goes before having the first cigarette of the day [28]. Shorter 

TTFC (i.e., a shorter number of minutes to the first cigarette) is associated with greater 

cigarette exposure and poorer smoking cessation outcomes [30, 31] as well as smoking-

related health consequences [31–35]. The TTFC demonstrated the strongest predictive 

validity related to cessation outcomes among the items of the FTCD suggesting that it is 

a useful one-item measure of cigarette dependence [36].

To date, prior studies have not examined the relationship between cannabis use and cigarette 

dependence by level of cigarette consumption (i.e., cigarettes per day (CPD)). Since level 

of nicotine exposure is directly related to likelihood of cigarette dependence, if people who 

use cannabis also have greater cigarette consumption, then the association between cannabis 

use and cigarette dependence may be attributable to a higher level of nicotine use, not 

with cannabis specifically. Examining differences in the relationship between cannabis use 

and cigarette dependence by smoking level can help clarify whether a relationship between 

cannabis use and cigarette dependence is driven by heavier smoking levels, or whether 

cannabis use is associated with elevated cigarette dependence across levels of low and high 

cigarette use.

The overall goal of this study was to investigate whether cannabis use is associated with 

cigarette dependence overall and further to estimate the degree to which these relationships 

are modified by level of cigarette consumption (assessed with CPD) and cannabis use 

frequency (assessed by days/month of use). The first aim was to examine, among US 

individuals ages 12 and older who smoke cigarettes, whether cigarette dependence (assessed 

as <30 minutes TTFC) was more common among those who use cannabis versus do not use 

cannabis, and whether this relationship varies by cannabis use frequency (daily vs. non-daily 

vs. none) and/or level of smoking (i.e., CPD), using combined data from 2002 to 2019. 

The second aim of the study was to estimate, among US individuals ages 12 or older who 

smoke cigarettes, whether the prevalence of cigarette dependence changed differentially over 

time from 2002 to 2019 by cannabis use status, and whether these trends varied by level of 

cigarette smoking (i.e., CPD) or cannabis use frequency (daily vs. non-daily vs. none).

METHODS

Data source and study population

Data came from the National Survey on Drug Use and Health (NSDUH; [37, 38]). The 

NSDUH collects yearly cross-sectional data from non-institutionalized civilians ages 12 

and older in each of the 50 US states and the District of Columbia. The current analyses 

were conducted on data from 2002 to 2019 extracted from the public data portal (http://

datafiles.samhsa.gov/). The analytic sample included respondents who reported cigarette use 

in the past month (combined sample 2002–2019, n=231,572). This study used de-identified 

epidemiologic data that were available in a public, open access repository and was not 

subject to IRB review.
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Measures

Cannabis use.—Respondents were asked how long it had been since their last cannabis 

use. Individuals reporting using cannabis “within the past 30 days” were categorized as 

having past-month cannabis use while individuals who did not report using cannabis “within 

the past 30 days” were classified has having no past-month cannabis use. Respondents 

with past-month cannabis use were further classified into two mutually exclusive groups: 

daily cannabis use (reported using cannabis 30 days out of the past 30 days) and non-daily 

cannabis use (reported using cannabis 29 or fewer days out of the past 30 days).

Cigarette use.—All respondents in the analytic sample had to report past-month cigarette 

use (i.e., using cigarettes “within the past 30 days”). Respondents were asked how many 

CPD they consumed on average and were classified into three mutually exclusive groups 

based on their level of daily cigarette consumption: 1–5 CPD (light), 6–15 CPD (moderate), 

16 or more CPD (heavy), consistent with other research.[39]

TTFC.—Cigarette dependence was assessed using the TTFC, an item from the FTCD, that 

assesses how long, in minutes, an individual goes before having the first cigarette of the day 

[28]. For this study, cigarette dependence was indicated by report of having the first cigarette 

of the day in less than 30 minutes (TTFC <30 minutes) similar to past research.[35, 39, 40]

Sociodemographics.—Sociodemographics included age (12–17, 18–25, 26–34, 35 

and older), gender (male, female), race/ethnicity (non-Hispanic (NH) White, NH Black, 

Hispanic, NH Other (i.e., all other races, more than one race)), and total annual family 

income (<$20,000, $20,000-$74,999, ≥$75,000).

Statistical analysis

To examine the first aim of our study, descriptive statistics were generated showing the 

prevalence of cigarette dependence by cannabis use status overall and stratified by level 

of cigarette smoking for the combined 2002–2019 data. Logistic regression models were 

used to estimate odds ratios and 95% confidence intervals comparing the prevalence of 

cigarette dependence based on cannabis use status (daily cannabis use vs. non-daily use; 

daily cannabis use vs. no use; and non-daily cannabis use vs. no use), unadjusted and 

adjusted for sociodemographic covariates (i.e., age, gender, race/ethnicity, income) and 

survey year.

To examine the second aim of our study, the prevalence of cigarette dependence among 

those using cigarettes by CPD from 2002 and 2019 were calculated and linear trends of 

cigarette dependence by CPD were tested by crude and adjusted logistic regressions with 

year included as a continuous predictor. To determine the differential time trend between 

different cannabis use groups, logistic regression models with continuous year as predictor 

were used to test for the interactions and F-test results were generated. Next, the prevalence 

of cigarette dependence among those using cigarettes by CPD stratified by current cannabis 

use status over time were generated and the rate of change in the cigarette dependence 

among smokers by CPD stratified by current cannabis use status were examined through 

crude and adjusted logistic regressions with year included as a continuous predictor. To 
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determine the differential time trend between different CPD groups stratified by cannabis 

use status, logistic regression models with continuous year as predictor were used to test 

for the interactions and F-test results were generated. The rate of change in cigarette 

dependence prevalence among those with current cannabis use and current cigarette use 

were examined by multivariable logistic regression. Analyses were run unadjusted and 

adjusted for sociodemographic covariates (i.e., age, gender, race/ethnicity, income). All 

analyses used appropriate sample weights to correct for the differences in the probability of 

selection and adjusted for survey design effects to obtain accurate standard errors via SAS 

(Version 9.4) survey procedures.

RESULTS

Sample characteristics

Just over half of the analytic sample identified as male (54.0%) while over two-thirds 

identified their race/ethnicity as NH White (70.5%; NH Black, 12.0%; Hispanic, 12.1%; 

NH Other, 5.4%). Over half of the sample were ages 35 or older (57.4%; 12–17 years old, 

3.4%; 18–25 years old, 19.0%; 26–34 years old, 20.3%) and over half of the sample reported 

a total annual family income of $20,000 to $74,999 (53.0%; <$20,000, 25.5%; ≥$75,000, 

21.5%). Regarding past-month cannabis use, 80.7% of respondents reported no cannabis 

use, 15.0% reported non-daily cannabis use, and 4.3% reported daily cannabis use. A total 

of 40.8% of respondents reported using 1–5 CPD, 27.7% reported 6–15 CPD, and 31.6% 

reported 16 or more CPD.

Cigarette dependence by cannabis use (combined 2002–2019 data)

Table 1 presents the association between past-month cannabis use status and cigarette 

dependence overall and by cigarettes smoked per day. Those with current cigarette smoking 

and cannabis use were significantly more likely to report cigarette dependence compared 

with those with current cigarette smoking and no cannabis use or non-daily cannabis use. 

In unadjusted analyses, cigarette dependence was significantly more common among current 

cigarette smokers with no current cannabis use compared with current cigarette smokers 

with non-daily cannabis use. In adjusted analyses, this effect was reversed whereby the 

prevalence of cigarette dependence was higher among those with cigarette smoking and 

non-daily cannabis use than among those with cigarette smoking and no cannabis use. When 

the association between cannabis use and cigarette dependence was stratified by CPD, daily 

cannabis users reported higher rates of cigarette dependence at every level of smoking, 

compared with non-daily cannabis users and those not using cannabis. Further, non-daily 

cannabis users showed higher rates of cigarette dependence than those not using cannabis 

for those with moderate (6–15 CPD) and heavy (16+ CPD) cigarette smoking, but not light 

(1–5 CPD) smoking.

Trends in cigarette dependence by cannabis use, 2002 to 2019

Figure 1 and Supplemental Table 1 present the prevalence of cigarette dependence among 

those with current cigarette smoking stratified by CPD from 2002 to 2019. Cigarette 

dependence increased from 2002 to 2019 among those with light and moderate smoking 

(1–5 and 6–15 CPD), with no change among those with heavier smoking (16+ CPD).
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Figure 2 and Supplemental Table 2 present the prevalence of cigarette dependence among 

those with current cigarette smoking stratified by both CPD and cannabis use status 

from 2002 to 2019. Among daily cannabis users, the linear trend over time for cigarette 

dependence was not significant for any level of CPD. Among non-daily cannabis users, 

cigarette dependence increased among those with light (1–5 CPD), moderate (6–15 CPD) 

and heavy (16+CPD) smoking, with no significant differences in the rate of increase 

among CPD groups. The prevalence of cigarette dependence increased among those with no 

cannabis use and light (1–5 CPD) or moderate (6–15 CPD) smoking, and the rate of increase 

did not differ for these two groups, while there was no significant change in cigarette 

dependence over time for those with no cannabis use and heavy (16+CPD) smoking.

DISCUSSION

The study has a number of important findings. First, among US individuals, cigarette 

dependence was significantly more common among cigarette smokers who use cannabis 

daily (58.5%), compared with non-daily cannabis use (44.9%) and no cannabis use 

(49.6%). The elevated prevalence was consistent across light, moderate, and heavy cigarette 

consumption levels. Second, a dose-response relationship was evident whereby at each CPD 

level, cigarette dependence was higher among those who use cannabis compared with those 

who do not use cannabis. Third, over time, the prevalence of cigarette dependence did 

not change among those with daily cannabis use across all cigarette consumption levels. 

Fourth, over time, cigarette dependence increased among those with non-daily cannabis use 

across cigarette consumption levels. Fifth, cigarette dependence also increased among those 

who did not use cannabis across all cigarette consumption levels over time, except among 

the heaviest smokers among whom cigarette dependence remained stable. The increase 

in cigarette dependence among those with light and moderate smoking is consistent with 

previous findings through 2015 [39] and extends those findings by showing this trend 

through 2019.

While cannabis was associated with a higher prevalence of cigarette dependence, the 

increase in cigarette dependence over time among those both with and without cannabis use 

raises questions about whether there could be other factors, beyond cannabis, contributing 

to this rise in cigarette dependence in the population. These may be factors that are related 

to cannabis use or factors that are unrelated to cannabis use directly (i.e., impact those 

who both do and do not use cannabis) but occur more frequently among those who use 

cannabis (e.g., use of alternative, newer tobacco products; smoking-related behaviors such 

as frequency of smoking; mental health problems such as depression) [41–44]. For example, 

the measure of cigarette smoking included both daily and non-daily cigarette use. Non-daily 

cigarette smokers are becoming a larger proportion of the smoking population, demonstrate 

different patterns of cigarette dependence (e.g., past daily smoking versus no past daily 

smoking [45]), and are more likely to report use of non-cigarette tobacco products (e.g., 

hookah, cigars [46]). Future research can work to identify these factors and examine their 

role in the increases seen in cigarette dependence. In addition, it may be useful examine 

cigarette dependence and cigarette consumption separately among those who use fewer 

cigarettes per day (e.g., concurrent use of other tobacco products; cutting down to a small 
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number of CPD and then augmenting with other tobacco products; using cannabis to try to 

decrease CPD) [39], and among those at higher levels of cigarette consumption.

Though it is not possible to identify the reasons that cigarette dependence would be 

increasing over time from these data alone, there are several potential biological/genetic, 

environmental/social, and drug-related factors that may underlie the relationship between 

cannabis use and cigarette dependence (see [47–50] for reviews). With regard to biological 

factors, preclinical research [48] has demonstrated that the endocannabinoid system is 

involved in nicotine-related reward so that cannabis use may be linked with experiencing 

greater reward and reinforcement for nicotine use. Perkins and colleagues [51] found that 

young adults with a self-reported lifetime history of cannabis use reported greater reward 

from nicotine nasal spray compared to those without lifetime cannabis use in a laboratory 

study of 131 US adults age 21 to 39, but more human research is needed. Common genetic 

factors related to both disinhibition and sensation seeking have been identified; and cannabis 

and cigarette use are both strongly predicted by these behaviors as well as by drug-related 

positive reinforcement. Environmental/social factors may include peer influences (e.g., peer 

use of both cannabis and cigarettes, living with those using cigarettes and/or cannabis) and 

availability of drugs (e.g., greater accessibility to cannabis).

Drug-related factors, where exposure to cannabis may increase exposure to nicotine, may 

also play a role in the relationship of cannabis and cigarette use. Exposure to nicotine for 

those using cannabis can happen in a number of intentional or unintentional ways. The 

most common route of administration is smoking for both cannabis and cigarettes. Cannabis 

administration can occur through joints that only include cannabis, by mixing tobacco in 

with cannabis to create spliffs (also known as mulled cigarettes), or by adding cannabis to 

a hollowed out cigar to create blunts.[52] In several studies, the majority of participants 

reporting cannabis use reported spliff/mulled cigarette or blunt use (e.g., 81.7% of 881 Swiss 

adolescents [53]; 64.4% of 340 US adults in substance use disorder treatment in California 

[54]). While those who use blunts likely have lower exposure to nicotine [55] than those 

who mix tobacco and cannabis together directly, the nicotine content of cigar wrappers is 

1.2–6.0mg [56] and so those using blunts are exposed to some level of nicotine and more 

than if they used cannabis alone.

Little is known about the relationship between modes of tobacco and cannabis co-use (e.g., 

blunts, spliffs) and cigarette dependence, but one study found that higher interrelatedness of 

cigarette and cannabis use (assessed using an author-developed scale that examined factors 

such as the concurrent or sequential use of both substances and use of one substance to 

increase effects of the other substance) was associated with higher cigarette dependence, 

measured by the FTCD, compared with lower interrelatedness [57]. Notably, this sample 

included US individuals and fewer individuals who use cannabis in American countries 

report using tobacco and cannabis together such as through blunts or spliffs (e.g., 4.4% 

in the US, 6.9% in Mexico, 16.0% in Canada) compared to individuals who use cannabis 

in other countries (e.g., 51.6% in Australia, 77.0–77.2% in the United Kingdom, 94% in 

Italy, see [58, 59]). More research is needed to understand the relationship between cigarette 

dependence among those who co-administer tobacco and cannabis simultaneously versus 

other types of tobacco-cannabis co-use (e.g., not co-administered).
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The relationship between cannabis use and cigarette dependence could have critical clinical 

and public health implications. First, dependence is the primary barrier to quitting cigarettes 

[23], so an increase in cigarette dependence among smokers may suggest that a larger 

proportion of smokers will have a difficult time quitting smoking. Cessation of both tobacco 

and cannabis may lead to the best outcomes for both substances and there is evidence for the 

feasibility and acceptability of treatments that target both cigarettes and cannabis [60–64] 

and preliminary evidence for resulting decreases in tobacco use or cigarette dependence [60, 

61, 63, 65]. Second, as cannabis use continues to increase and increasingly legalized, it 

may be beneficial to consider cannabis in tobacco control efforts. For instance, Quitlines, 

available in every US state, could assess for cannabis use and incorporate information about 

cannabis use when working with callers to quit cigarette use. Similarly, public service 

announcements related to tobacco could include information for community members about 

higher levels of cigarette dependence associated with cannabis use. It may also be useful 

for cannabis-related policy to consider the relationship between cannabis and cigarette 

dependence (e.g., policies to prohibit sales of tobacco and cannabis in the same location).

While the current study was conducted in the US, cannabis use is increasing globally 

[7], so the relationship between cannabis and cigarette dependence may be an important 

consideration in a range of countries trying to reduce the burden and consequences of 

cigarette use. There are differences among countries in the prevalence of cigarette smoking 

(e.g., 13.1% in the US versus 20.9%−24.2% in Europe and 4.7–13.6% in Africa [66]) and 

cannabis use (e.g., 12.4% in North America versus 5.2% in Europe and 7.5% in Africa [66]) 

as well as differences in norms/attitudes about and legalization of cannabis (e.g., [67, 68]). 

Future research should examine both the relationships between cannabis use and cigarette 

dependence and the role of cannabis-related attitudes and legalization [69] in the relationship 

of cannabis use and cigarette dependence across a range of countries.

Limitations should be noted. First, these results may not generalize to those outside 

of the US or US individuals not eligible for the NSDUH study (e.g., institutionalized 

individuals). Relatedly, this study focused on cigarette dependence and results may not 

apply to dependence on other nicotine/tobacco products. A number of recently emerging 

tobacco products have seen rapid increases in popularity (e.g., e-cigarettes, heated tobacco 

products; e.g., [41–44]) and provide new methods for cannabis use (e.g., vaping, [70, 71]). 

Future research should examine the relationship of cannabis use to dependence on a range 

of tobacco products and consider a range of methods for using tobacco and cannabis. 

Further, cigarette dependence and cannabis use were self-reported and self-report may be 

vulnerable to responding biases, memory errors, and underreporting especially related to 

illegal behaviors (e.g., adolescent use of cannabis).

A number of cannabis-related variables should be examined more closely in future research. 

For example, “nondaily cannabis use” included individuals with more and less frequent 

use and future analyses should more closely examine the frequency of cannabis use (e.g., 

more frequent non-daily use versus less frequent non-daily use, amount of cannabis used 

per day, frequency of use during the day) in relation to cigarette dependence. Further, 

co-use of cannabis and cigarettes is more prevalent in states with versus without legalization 

of cannabis for medical use [27]. As more US states and countries legalize cannabis for 
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medical and/or recreational use, the reasons for cannabis use may multiply and must 

be carefully measured and taken into account in the context of the relationship between 

cannabis use and cigarette dependence.

Finally, the waves of data in the NSDUH were cross-sectional and so we could not follow 

patterns of cigarette dependence and cannabis use longitudinally over time (e.g., to examine 

changes in cannabis use in relation to changes in cigarette dependence). In addition, past 

studies of cannabis use and smoking transitions (e.g., smoking initiation, smoking relapse; 

[16, 18, 72, 73]) did not examine the role of cigarette dependence in these relationships and 

this would be another important area for future research with longitudinal data.

Conclusions

US individuals with cigarette-cannabis co-use reported a higher prevalence of cigarette 

dependence relative to those who use cigarettes and do not use cannabis at virtually all 

levels of cigarette use. Next steps are needed to understand the multiple pathways that may 

underlie or impact this association including the factors described above such as biological/

genetic factors, other individual-level factors (e.g., other substance use, mental health), use 

of other nicotine-containing products (e.g., e-cigarettes), and aspects of other products (e.g., 

e-cigarette flavors) due to the rapidly changing tobacco marketplace.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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WHAT THIS PAPER ADDS

• It is not known whether and to what degree cannabis use may be linked with 

increased cigarette dependence nationally among adolescents and adults who 

use cigarettes.

• US adolescents and adults who use both cigarettes and cannabis have higher 

levels of cigarette dependence, relative to those who use cigarettes and do not 

use cannabis.

• The prevalence of cigarette dependence increased from 2002 to 2019 both 

among those with non-daily cannabis use and those with no cannabis use 

across nearly all cigarette consumption levels.

• The prevalence of cigarette dependence did not change appreciably from 2002 

to 2019 among those who use cannabis daily across all cigarette consumption 

levels.
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Figure 1. Prevalence of cigarette dependence stratified by cigarettes per day (CPD), NSDUH 
2002–2019
Notes. Adjusted for age (12–17, 18–25, 26–34, 35 and older), gender (male, female) 

and race (non-Hispanic (NH) White, NH Black, Hispanic, NH Other) and family income 

(<$20,000, $20,000–$74.999, >$75,000). Cigarette dependence was defined as self-report of 

having the first cigarette of the day in less than 30 minutes.
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Figure 2. Prevalence of cigarette dependence stralified by cigarette per day (CPD) and cannabis 
use status, NSDUH 2002–2019
Notes. Adjusted for age (12–17, 18–25, 26–34, 35 and older), gender (male, female) 

and race (non-Hispanic (NH) White, NH Black, Hispanic, NH Other) and family income 

(<$20,000, $20,000-$74,999, >$75,000), Cigarette dependence was defined as self-report of 

having the first cigarette of the day in less than 30 minutes.
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