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The 2009 Family Smoking Prevention and 
Tobacco Control Act gave the Food and 
Drug Administration (FDA) regulatory 

authority to reduce the nicotine content in ciga-
rettes.1 A growing body of research indicates that 
reducing the nicotine content in cigarettes to mini-
mally addictive levels has the potential for tremen-

dous beneficial impact on public health.2 Indeed, 
lowering the nicotine content of cigarettes signifi-
cantly decreases smoking rate, dependence severity, 
and toxicant exposure when used over extended 
periods of time.3-7 Until recently, however, research 
with reduced nicotine content cigarettes (RNCC) 
generally has been limited to healthy smokers.8-10 
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Objective: We estimated whether recent cannabis use moderates response to cigarettes varying 
in nicotine content (0.4, 2.4, 5.2, 15.8 mg/g) among smokers with concurrent affective disor-
ders, opioid dependence, or socioeconomic disadvantage. Methods: We conducted a secondary 
analysis of a multi-site, double-blind, laboratory study examining acute response to reduced 
nicotine content cigarettes (RNCC) in 169 adult smokers with co-morbid conditions. Participants 
positive for recent cannabis use or self-reported past 30-day cannabis use at baseline were cat-
egorized as current cannabis users (N = 63). Repeated measures analysis of variance tests as-
sessed whether baseline cannabis use moderated cigarette reinforcement, tobacco withdrawal, 
craving, smoking topography, or carbon monoxide boost. Results: Cannabis users were young-
er, less educated, and had more depression and anxiety than non-users (p < .05). Cannabis use 
status did not moderate the effects of nicotine dose on concurrent choice testing, subjective 
effects of RNCCs, or smoking topography. After adjusting for sociodemographic characteristics, 
cannabis users had higher ratings on Smoking Satisfaction, Enjoyment of Respiratory Tract Sen-
sations, and Craving Reduction across all nicotine doses. Cannabis users reported longer with-
drawal symptom duration and more rapid decline of carbon monoxide boost than non-users. 
Conclusions: Findings suggest RNCCs decrease the addiction potential of cigarettes in vulner-
able populations independent of cannabis use status.
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There have been efforts to examine effects of ciga-
rettes varying in nicotine content among cigarette 
smokers with co-morbid psychiatric conditions or 
socioeconomic disadvantage.8-12 Because these pop-
ulations have higher prevalence of smoking and nic-
otine dependence, they are important populations 
to consider when examining the potential impact 
of a national nicotine reduction policy.13-15 So far, 
evidence from acute- and extended-exposure stud-
ies suggest that RNCCs have lower abuse potential, 
lower toxicant exposure, and do not produce com-
pensatory smoking or untoward craving or with-
drawal among these vulnerable populations.8-11,16

Given the shifting legal landscape and growing 
prevalence of cannabis use,17 individuals who co-use 
tobacco and cannabis are of interest when examin-
ing the effects of nicotine reduction on smoking. In 
the general population, cigarette smokers are more 
likely to use cannabis and use it daily.18 A number of 
genetic, environmental, and pharmacological factors 
also suggest potential interactions between these 2 
drugs.19 Additionally, rates and severity of cannabis 
use are often greater among populations with psychi-
atric disorders or socioeconomic disadvantage.20-22 
Given the unique risks associated with tobacco and 
cannabis use among vulnerable populations, it is im-
portant to examine whether cannabis use status may 
moderate response to RNCCs in these smokers.

We know of only one prior study examining the 
influence of cannabis use on response to RNCCs, 
in which there was no association between canna-
bis use status and RNCC effects among healthy 
smokers over a 6-week period.11 Whereas these re-
sults are promising, further research is needed to 
assess effects of cannabis use status among smokers 
who have concurrent vulnerabilities to smoking, 
and thus, may be uniquely influenced by co-use of 
cannabis. In this secondary analysis we compared 
acute response to RNCCs among vulnerable smok-
ers who do versus do not use cannabis.

METHODS
Participants and Procedures

Participants in this double-blind, multi-site 
study included 169 adult daily smokers (56 with 
affective disorders as an exemplar of smokers with 
mental illness, 60 with opioid dependence as an ex-
emplar of smokers with co-morbid substance use 
disorders, 53 women of reproductive age with less 

than an associate’s degree as an exemplar of smok-
ers with socioeconomic disadvantage) who provid-
ed written informed consent. Additional details on 
participant selection and other study methods can 
be found in the previously published report of the 
parent study.8

Cannabis use was measured at study intake via 
self-report (“How many days did you use marijua-
na in the past 30 days?”) and urine toxicology (ie, 
tetrahydrocannabinol [THC] positive). Those who 
tested positive for THC or self-reported past 30-day 
cannabis use were classified as current cannabis users 
(N = 63). Non-users did not test positive for THC 
or self-report past 30-day cannabis use (N = 106).

Briefly, participants completed 14 experimental 
sessions organized into 3 phases. All sessions were 
conducted following brief smoking abstinence 
(<50% baseline breath carbon monoxide (CO) lev-
el); participants were also instructed to refrain from 
cannabis use as this could affect breath CO ratings. 
During Phase 1 (Sessions 2-5), participants sam-
pled one of 4 research cigarettes varying in nicotine 
content (15.8, 5.2, 2.4, 0.4mg/g) in separate ses-
sions. Participants smoked the research cigarettes 
ad lib through a Clinical Research Support System 
(CReSS) desktop smoking topography device.23 
Breath CO samples were collected immediately 
before smoking and every 15 minutes for 60 min-
utes after smoking the assigned cigarette. CO boost 
was calculated by subtracting pre-smoking from 
post-smoking CO values.24 Participants also com-
pleted a behavioral economic simulation task, the 
Cigarette Purchase Task (CPT), and the modified 
Cigarette Evaluation Questionnaire (mCEQ) im-
mediately after smoking as well as the Minnesota 
Tobacco Withdrawal Scale (MTWS)25 and Ques-
tionnaire of Smoking Urges-Brief (QSU-Brief )26 
prior to and every 15 minutes for 60 minutes after 
smoking. The QSU-Brief has 2 factors. Factor 1 
measures craving for positive reinforcing effects of 
smoking and Factor 2 measures craving to reduce 
abstinence-related negative affect.26

In Phase 2 (Sessions 6-11), the relative reinforc-
ing effects of each nicotine dose cigarette were 
evaluated by allowing participants to choose which 
cigarette they preferred to smoke when each dose-
pair combination was available at an equal response 
cost of 10 mouse clicks. One dose pair was tested 
per session.27,28 Phase 3 (Sessions 12-14) compared 
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only the lowest and highest dose cigarettes using a 
similar arrangement to Phase 2 but placing access 
to the high dose on a progressive ratio schedule; 
secondary analyses on Phase 3 results will be re-
ported elsewhere.

Data Analysis
Repeated-measures analysis of variance, using a 

general linear mixed model adapted for use in a 
crossover study, examined the effects of baseline 
cannabis use on study outcomes. From Phase 1, 
overall effects on the CPT, mCEQ, MTWS, QSU-
Brief, and CO boost were assessed using nicotine 
dose and time (when appropriate) as within-partic-
ipant factors. All analyses included random effects 
adjusting for study site and research-cigarette se-
quence. Population differences were not examined 
because there were minimal differences between 
those with concurrent affective disorders, opioid 
dependence, or socioeconomic disadvantage in the 
parent study. Additional details on the data analysis 
plan are provided in that report.8 Dose-by-cannabis 
use interactions examined whether effects differed 
by dose and cannabis use, and dose-by-time-by-
cannabis interactions tested whether effects differed 
by dose and cannabis use status over time. First, 
unadjusted models were run, followed by models 
controlling for covariates that differed at baseline 
(ie, age (continuous), education, Beck Depression 
Inventory (BDI) and Overall Anxiety and Sever-
ity Impairment Scale (OASIS) scores, and sex). 
Interaction terms that were not statistically signifi-
cant were deleted and the analyses were repeated. 
For the CPT, all demand indices were empirically 
quantified from observed values. Maximal expen-
diture, maximal price, breakpoint, and alpha val-
ues were log10 transformed to correct for skewness. 
For Phase 2, differences in dose-pair preferences 
were estimated using repeated-measures analysis of 
variance in a similar manner, with each dose-pair 
combination as the within-participant factor. All 
p-values < .05 were considered statistically signifi-
cant. Significant effects were followed by post hoc 
testing using the Bonferroni correction. Analyses 
were conducted using SAS software version 9.4.29

RESULTS
Baseline Characteristics

At baseline, 37.3% of participants were charac-

terized as cannabis users (N = 63). Of these, 58.7% 
(N = 37) reported cannabis use and provided a 
THC-positive urine specimen at study intake, 
36.5% (N = 23) reported recent cannabis use but 
tested negative for THC, and 4.8% (N = 3) tested 
positive for THC but did not report use. Current 
cannabis users reported using cannabis an average 
of 12.5 (SD = 12.4) days during the past month. 
Relative to non-users, cannabis users were more 
likely to be younger (t(167) = 3.45; p < .001), less 
educated (χ2 (3, N = 169) = 7.94; p = .047), and 
have higher BDI (t(167) = -3.47; p < .001) and 
OASIS scores (t(166) = -2.98; p = .003) (Table 1).

Relative Reinforcing Effects
There were no statistically significant effects of 

cannabis use status on concurrent choice between 
cigarette pairs (F(1,113) = 0.37; p = .55). Overall 
significant effects were seen among the dose pairs 
(F(5,831) = 6.58; p < .001), with participants pre-
ferring higher over lower nicotine doses across all 
dose pairs (ts > 3.45; p < .02). Cannabis use status 
did not interact with that relationship (F(5,826) = 
0.82; p = .53). On the behavioral economic simu-
lation task, there were statistically significant dose 
differences across each CPT index (all Fs (3, 446) 
> 5.07; p < .01), with more intense/persistent de-
mand at higher doses. However, dose did not inter-
act with cannabis use status (all Fs < 2.38; ps > .05).

mCEQ Subscales
Cannabis users reported higher ratings than 

non-users on 3 of the 5 mCEQ subscales (Figure 
1): Smoking Satisfaction (F(1,159) = 9.62; p = 
.002), Enjoyment of Respiratory Tract Sensations 
(F(1,159) = 4.68; p = .03), and Craving Reduction 
(F(1,157) = 6.63; p = .01). Mean mCEQ subscale 
scores changed as an orderly function of dose (p < 
.001), but those effects did not interact with can-
nabis use status (Fs < 0.89, ps > .05).

Withdrawal and Craving 
The time-course of MTWS Total Scores differed 

significantly between cannabis users and non-us-
ers, with scores returning to baseline sooner (by 60 
minutes) among non-cannabis compared to canna-
bis users (cannabis-by-time-interaction; F(4,665) 
= 5.83; p < .001). There was also a dose-by-time 
interaction, with effects of higher doses having 
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longer duration (F(12,2002) = 2.77; p < .001); no 
cannabis-by-dose-by-time interaction was noted 
(F(12,1991) = 0.80; p = .65).

Regarding the single MTWS ‘Desire to Smoke’ 

item, cannabis users reported greater tobacco 
craving than non-users across all doses and times 
(F(1,159) = 5.20; p = .024). Whereas each of the 
doses reduced ratings post-smoking, the dura-

Table 1
Participant Characteristics

All participants
(N = 169)

Cannabis users
(N = 63)

Non-users
(N = 106)

p-
value

Age, Mean (SD), Years 35.6 (11.4) 31.8 (9.5) 37.8 (11.8) < .001

Female 120 (71.0%) 44 (69.8%) 76 (71.7%) .797

Race/Ethnicity .113
   Non-Hispanic White 127 (75.2%) 52 (82.5%) 75 (70.8%)
   Non-Hispanic Black 23 (13.6%) 3 (4.8%) 20 (18.9%)
   Other 19 (11.2%) 8 (12.7%) 11 (10.4%)
Education .047
   College Graduate 10 (5.9%) 5 (7.9%) 5 (4.7%)
   Some College 74 (43.8%) 28 (44.4%) 46 (43.4%)
   High-School Graduate 58 (34.3%) 26 (41.3%) 32 (30.2%)
   Some High-School 27 (16.0%) 4 (6.3%) 23 (21.7%)
Marital Status .384
   Never Married 103 (60.9%) 42 (66.7%) 61 (57.5%)
   Married for the First Time 27 (16.0%) 10 (15.9%) 17 (16.0%)
   Divorced 39 (23.1%) 11 (17.5%) 28 (26.4%)
Age Started Smoking Regularly, Mean (SD), Years 16.3 (4.3) 15.7 (2.9) 16.6 (4.9) .135

Primary Menthol Smoker 61 (36.1%) 17 (27.0%) 44 (41.5%) .069

Cigarettes per Day, Mean (SD) 15.8 (7.5) 16.3 (8.6) 15.5 (6.7) .549

Nicotine Dependence, FTND Total, Mean (SD) 5.0 (2.2) 4.8 (2.1) 5.2 (2.2) .289

Baseline Carbon Monoxide (CO), Mean (SD) 22.7 (11.8) 24.7 (13.3) 21.5 (10.8) .090 

Beck Depression Inventory (BDI) Score 12.6 (11.6) 16.4 (12.6) 10.3 (10.3) < .001

Overall Anxiety Severity and Impairment Scale (OASIS) Score 5.7 (5.3) 7.2 (5.4) 4.8 (5.0) .003

Opioid Dependent 60 (35.5%) 19 (30.2%) 41 (38.7%) .263

Note.
Unless otherwise indicated, data are expressed as number (%) of participants. Cannabis users were defined as either 
positive urine or reporting use in the past 30 days at screening. 
FTND = Fagerström Test for Nicotine Dependence
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tion of effects was greater for the 15.8 mg/g dose 
(t(2237) = 4.66; p = <0.001). That relation did not 
interact with cannabis use status (F(12,1990) = 
0.74; p = .71).

No statistically significant effects of cannabis use 
status were noted on the QSU-Brief Factor 1 or 
2 scales (p = .06 and .40 for Factors 1 and 2, re-
spectively) nor interactions of cannabis use status, 
dose, and time (Fs > 1.74; ps > .05). All cigarette 
doses reduced pre- to post-smoking ratings on the 
QSU-Brief Factors 1 and 2 (ts > 2.96 and 3.71, 
respectively; p < .001).

Smoking Topography and CO Boost
There were no statistically significant effects of 

cannabis use status on smoking topography (Fs < 
3.51; ps > .05). However, there were effects of dose 
on 3 of the 6 measures (total puff volume, mean 
maximum flow rate, puff number; Fs > 3.46; p < 
.02), with participants taking larger, more intense, 
and a greater number of puffs with the highest nic-
otine dose.

CO boost among cannabis users declined more 
rapidly compared to non-users even after adjust-
ing for baseline CO levels during the 60-minute 
observation period (cannabis-by-time interaction; 
F(3,498) = 3.41; p = .02; Supplemental Figure 1). 
There were no statistically significant effects of dose 
or interactions of dose and cannabis use status.

DISCUSSION
In this secondary analysis, we compared acute 

response to cigarettes varying in nicotine content 
among smokers with psychiatric comorbidity (ie, 
opioid dependence, affective disorders) or low so-
cioeconomic status who were versus were not cur-
rent cannabis users. This study provides evidence 
that reducing the nicotine content of cigarettes de-
creases the addiction potential of smoking in these 
vulnerable smokers independent of whether they 
are current cannabis users consistent with results 
reported previously on this question in healthier 
smokers.11 Whereas cannabis users reported sig-
nificantly greater positive subjective effects from 
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smoking than non-users on several mCEQ sub-
scales, those differences did not interact with the 
effect of dose reduction on those subscales or any 
of the other measures of addiction potential, with-
drawal, craving, or smoking topography. This is an 
important observation as prevalence of cannabis is 
elevated among smokers and vulnerable popula-
tions20,22 and one might anticipate an increase in 
cannabis use as laws governing cannabis are further 
liberalized.30 Knowing that cannabis users are not 
adversely or differentially impacted by nicotine 
reductions in cigarettes is important for tobacco 
regulatory policy as decriminalization of cannabis 
will likely continue to expand.

That cannabis users might differ on some subjec-
tive effects of cigarette smoking is not surprising as 
these are self-selecting cannabis users who may use 
substances because of enhanced subjective effects.31 
Despite this, there was no evidence that RNCC 
use in these smokers was associated with increased 
withdrawal or craving.5 Furthermore, findings in-
dicate cannabis users are not engaging in compen-
satory smoking, as cannabis co-users did not differ 
from non-users on the smoking topography mea-
sures examined.

Study strengths include double-blind research 
cigarette testing, the highly controlled laboratory 
model, extensive battery of dependent measures, 
direct testing of relative reinforcing effects that are 
central to an assessment of addiction potential,32,33 
and the multi-site design with a diverse population 
of vulnerable smokers. Cannabis user status was 
determined with both self-report and biochemical 
verification. Limitations include the fact that self-
reported past-month cannabis use or positive toxi-
cology screen may not indicate typical cannabis use 
or cannabis use disorders. In addition, our socio-
economically disadvantaged group only included 
women of reproductive age leaving older women 
and men unexamined.

IMPLICATIONS FOR TOBACCO 
REGULATION

In summary, these data suggest that reducing 
the nicotine content of cigarettes reduces the ad-
diction potential of smoking among vulnerable 
smokers with concurrent cannabis use. A national 
regulatory policy that reduces nicotine product 
standards has the potential to benefit smokers 

from vulnerable populations independent of their 
use of cannabis.

Human Subjects Statement
The Institutional Review Boards at the University 

of Vermont, Brown University, and Johns Hopkins 
University School of Medicine approved the study. 
Clinical Trials Identifier: NCT02250534.

Conflicts of Interest Statement
None declared.

Acknowledgements
This study was supported by the Tobacco Centers 

of Regulatory Science award P50DA036114 from 
the National Institute on Drug Abuse (NIDA) 
and the US Food and Drug Administration, 
Center of Biomedical Research Excellence award 
P20GM103644 from the National Institute of 
General Medical Sciences and NIDA Institutional 
Training Grant T32DA007242. Support for JWT 
was also provided by U54DA031659. The content 
herein is solely the responsibility of the authors and 
does not necessarily represent the official views of 
the National Institutes of Health or the US Food 
and Drug Administration.

References
  1. United States Congress. Family Smoking Prevention and 

Tobacco Control Act; 2009. Available at: https://www.fda.
gov/tobaccoproducts/labeling/rulesregulationsguidance/
ucm237092.htm. Accessed March 26, 2018.

  2. Apelberg BJ, Feirman SP, Salazar E, et al. Potential pub-
lic health effects of reducing nicotine levels in cigarettes 
in the United States. N Engl J Med. 2018;378(18):1725-
1733.

  3. Benowitz NL, Dains KM, Hall SM, et al. Smoking behav-
ior and exposure to tobacco toxicants during 6 months 
of smoking progressively reduced nicotine content ciga-
rettes. Cancer Epidemiol Prev Biomark. 2012;21(5):761-
769.

  4. Benowitz NL, Hall SM, Stewart S, et al. Nicotine and 
carcinogen exposure with smoking of progressively re-
duced nicotine content cigarette. Cancer Epidemiol Prev 
Biomark. 2007;16(11):2479-2485.

  5. Donny EC, Denlinger RL, Tidey JW, et al. Randomized 
trial of reduced-nicotine standards for cigarettes. N Engl J 
Med. 2015;373(14):1340-1349.

  6. Hatsukami DK, Kotlyar M, Hertsgaard LA, et al. Reduced 
nicotine content cigarettes: effects on toxicant exposure, 
dependence and cessation. Addiction. 2010;105(2):343-
355.

  7. Hatsukami DK, Luo X, Dick L, et al. Reduced nicotine 

http://dx.doi.org/https://doi.org/10.18001/TRS.4.5.8
http://dx.doi.org/https://doi.org/10.18001/TRS.4.5.8
http://www.fda.gov/tobaccoproducts/labeling/rulesregulationsguidance/ucm237092.htm
http://www.fda.gov/tobaccoproducts/labeling/rulesregulationsguidance/ucm237092.htm
http://www.fda.gov/tobaccoproducts/labeling/rulesregulationsguidance/ucm237092.htm


Reduced Nicotine Content Cigarettes and Cannabis Use in Vulnerable Populations

90

content cigarettes and use of alternative nicotine prod-
ucts: exploratory trial. Addiction. 2016;112(1):156-167.

  8. Higgins ST, Heil SH, Sigmon SC, et al. Addiction po-
tential of cigarettes with reduced nicotine content in 
populations with psychiatric disorders and other vul-
nerabilities to tobacco addiction. JAMA Psychiatry. 
2017;74(10):1056-1064.

  9. Higgins ST, Heil SH, Sigmon SC, et al. Response to 
varying the nicotine content of cigarettes in vulnerable 
populations: an initial experimental examination of acute 
effects. Psychopharmacology (Berl). 2017;234(1):89-98.

10. Tidey JW, Cassidy RN, Miller ME. Smoking topog-
raphy characteristics of very low nicotine content ciga-
rettes, with and without nicotine replacement, in smok-
ers with schizophrenia and controls. Nicotine Tob Res. 
2016;18(9):1807-1812.

11. Pacek LR, Vandrey R, Dermody SS, et al. Evaluation of 
a reduced nicotine product standard: Moderating effects 
of and impact on cannabis use. Drug Alcohol Depend. 
2016;167:228-232.

12. Tidey JW, Pacek LR, Koopmeiners JS, et al. Effects of 
6-week use of reduced-nicotine content cigarettes in 
smokers with and without elevated depressive symptoms. 
Nicotine Tob Res. 2017;19(1):59-67.

13. Hser Y-I, Hoffman V, Grella CE, Anglin MD. A 33-
year follow-up of narcotics addicts. Arch Gen Psychiatry. 
2001;58(5):503-508.

14. Lasser K, Boyd JW, Woolhandler S, et al. Smoking and 
mental illness: a population-based prevalence study. 
JAMA. 2000;284(20):2606-2610.

15. Schroeder SA. American health improvement depends 
upon addressing class disparities. Prev Med. 2016;92:6-
15.

16. Faulkner P, Ghahremani DG, Tyndale RF, et al. Reduced-
nicotine cigarettes in young smokers: impact of nicotine 
metabolism on nicotine dose effects. Neuropsychopharma-
cology. 2017;42(8):1610-1618.

17. Azofeifa A, Mattson ME, Schauer G, et al. National esti-
mates of marijuana use and related indicators – National 
Survey on Drug Use and Health, United States, 2002-
2014. MMWR Surveill Summ. 2016;65(11):1-25.

18. Goodwin RD, Pacek LR, Copeland J, et al. Trends in dai-
ly cannabis use among cigarette smokers: United States, 
2002–2014. Am J Public Health. 2017;108(1):137-142.

19. Agrawal A, Budney AJ, Lynskey MT. The co-occurring 
use and misuse of cannabis and tobacco: a review. Addic-
tion. 2012;107(7):1221-1233.

20. Kerridge BT, Mauro PM, Chou SP, et al. Predictors of 

treatment utilization and barriers to treatment utilization 
among individuals with lifetime cannabis use disorder in 
the United States. Drug Alcohol Depend. 2017;181:223-
228.

21. Hasin DS. US epidemiology of cannabis use and associat-
ed problems. Neuropsychopharmacology. 2018;43(1):195-
212.

22. Kerridge BT, Pickering R, Chou P, et al. DSM-5 canna-
bis use disorder in the National Epidemiologic Survey on 
Alcohol and Related Conditions-III: gender-specific pro-
files. Addict Behav. 2018;76:52-60.

23. Lee EM, Malson JL, Waters AJ, et al. Smoking topogra-
phy: reliability and validity in dependent smokers. Nico-
tine Tob Res. 2003;5(5):673-679.

24. Strasser AA, Ashare RL, Kozlowski LT, Pickworth WB. 
The effect of filter vent blocking and smoking topogra-
phy on carbon monoxide levels in smokers. Pharmacol 
Biochem Behav. 2005;82(2):320-329.

25. Hughes JR, Hatsukami D. Signs and symptoms of tobac-
co withdrawal. Arch Gen Psychiatry. 1986;43(3):289-294.

26. Cox LS, Tiffany ST, Christen AG. Evaluation of the brief 
questionnaire of smoking urges (QSU-brief ) in laborato-
ry and clinical settings. Nicotine Tob Res. 2001;3(1):7-16.

27. Lussier JP, Higgins ST, Badger GJ. Influence of the 
duration of abstinence on the relative reinforcing ef-
fects of cigarette smoking. Psychopharmacology (Berl). 
2005;181(3):486-495.

28. Johnson MW, Bickel WK, Kirshenbaum AP. Substitutes 
for tobacco smoking: a behavioral economic analysis of 
nicotine gum, denicotinized cigarettes, and nicotine-con-
taining cigarettes. Drug Alcohol Depend. 2004;74(3):253-
264.

29. SAS. SAS Software. Cary, NC: SAS Institute Inc; 2013.
30. Wang JB, Ramo DE, Lisha NE, Cataldo JK. Medi-

cal marijuana legalization and cigarette and marijuana 
co-use in adolescents and adults. Drug Alcohol Depend. 
2016;166:32-38.

31. Zeiger JS, Haberstick BC, Corley RP, et al. Subjective ef-
fects for alcohol, tobacco, and marjiuana association with 
cross-drug outcomes. Drug Alcohol Depend. 2012;123(0 
1):S52-S58.

32. Griffiths RR, Bigelow GE, Ator NA. Principles of initial 
experimental drug abuse liability assessment in humans. 
Drug Alcohol Depend. 2003;70(3 Suppl):S41-S54.

33. Balster RL, Bigelow GE. Guidelines and methodological 
reviews concerning drug abuse liability assessment. Drug 
Alcohol Depend. 2003;70(3):S13-S40.

Janice Y. Bunn, Research Associate, Department of Medical Biostatistics, Vermont Center on Tobacco Regulatory Science, University of Vermont, Burl-
ington, VT. Diann E. Galeema, Assistant Professor, Department of Psychiatry, Vermont Center on Tobacco Regulatory Science, University of Vermont, 
Burlington, VT. Danielle R. Davis, Predoctoral Fellow, Department of Psychological Science, Vermont Center on Tobacco Regulatory Science, Uni-
versity of Vermont, Burlington, VT. Anthony J. Barrows, Research Assistant, Vermont Center on Tobacco Regulatory Science, University of Vermont, 
Burlington, VT. Stacey C. Sigmon, Associate Professor, Departments of Psychiatry & Psychological Science, Vermont Center on Tobacco Regulatory 
Science, University of Vermont, Burlington, VT. Jennifer W. Tidey, Associate Professor, Department of Psychiatry & Human Behavior, Brown Uni-
versity, Providence, RI. Sarah H. Heil, Professor, Departments of Psychiatry & Psychological Science, Vermont Center on Tobacco Regulatory Science, 
University of Vermont, Burlington, VT. Stephen T. Higgins, Professor, Departments of Psychiatry & Psychological Science, Vermont Center on Tobacco 
Regulatory Science, University of Vermont, Burlington, VT.

Remaining co-authors:



Parker et al

Tob Regul Sci.™ 2018;4(5):84-91 91 DOI:   https://doi.org/10.18001/TRS.4.5.8

 

 

3.5

4

4.5

5

5.5

6

6.5

7

7.5

15 30 45 60

M
ea

n 
Br

ea
th

 C
O

 B
oo

st

Time (minutes)

Cannabis users Non-users

Supplemental Figure 1
Carbon monoxide (CO) Boost by Cannabis Use Status

Note.
Mean CO Boost scores (+95% Confidence Intervals) are shown across all research cigarette doses.
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