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Abstract

A national nicotine reduction policy has the potential to reduce cigarette smoking and associated 

adverse health impacts among vulnerable populations. However, possible unanticipated adverse 

effects of reducing nicotine content in cigarettes, such as increasing the use of alcohol or 

other abused substances, must be examined. The purpose of this study was to evaluate the 

effects of exposure to varying doses of nicotine in cigarettes on use of other substances. This 

was a secondary analysis (n = 753) of three simultaneous, multisite, double-blind, randomized-

controlled trials examining 12 weeks of exposure to study cigarettes varying in nicotine content 

(0.4, 2.4, 15.8 mg nicotine/g tobacco) among daily smokers from three vulnerable populations: 

individuals with affective disorders (n = 251), individuals with opioid use disorder (n = 256), and 

socioeconomically-disadvantaged women of reproductive age (n = 246). Effect of study cigarette 

assignment on urine toxicology screens (performed weekly) and responses to drug and alcohol 

use questionnaires (completed at study weeks 6 and 12) were examined using negative binomial 

regression, logistic regression, or repeated measures analysis of variance, controlling for sex, 

age, and menthol status. The most common substances identified using urine toxicology included 
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tetrahydrocannabinol (THC; 44.8%), cocaine (9.2%), benzodiazepine (8.6%), and amphetamines 

(8.0%), with 57.2% of participants testing positive at least once for substance use (27.3% if 

excluding THC). No significant main effects of nicotine dose were found on any of the examined 

outcomes. These results suggest that reducing nicotine content does not systematically increase 

use of other substances, even among individuals at increased risk of substance use.
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Tobacco-related morbidity and mortality remain a significant public health burden in 

the U.S., driven primarily by use of cigarettes and other combustible products (United 

States Department of Health and Human Services, 2014; Wang et al., 2017). Nicotine is 

the addictive tobacco constituent that promotes repeated use of cigarettes upon smoking 

initiation, and reduction of nicotine content in cigarettes should reduce use and dependence 

risk (Benowitz, 1988, 2010). The 2009 Family Smoking Prevention and Tobacco Control 

Act (Tobacco Control Act) gave the U.S. Food and Drug Administration (FDA) authority to 

regulate tobacco products in the interest of public health (Family Smoking Prevention and 

Tobacco Control Act, 2009) including broad regulatory authority over the manufacturing, 

sale, and distribution of tobacco products (U.S. Food and Drug Administration, 2020). 

While the Tobacco Control Act explicitly denies FDA regulatory authority to require 

that nicotine content in tobacco products be reduced to zero (U.S. Food and Drug 

Administration, 2020), it gives FDA the authority to enact product standards including 

reducing the nicotine content of cigarettes to levels unlikely to create or maintain 

dependence.

An important research question is whether such a nicotine-reduction policy may have 

unanticipated adverse consequences. Previous investigations have assessed the effects of 

reducing the nicotine content of combustible cigarettes on various aspects of smoking. 

Investigations in general populations have shown that those who are randomized to 

receive reduced nicotine content cigarettes generally show reductions in total cigarette 

consumption, toxin exposure, and dependence severity, without evidence of potential 

negative consequences, such as compensatory smoking (i.e., increasing smoking rate or 

altering smoking topography to sustain desired nicotine blood levels) or increases in 

depressive symptoms (Donny et al., 2015; Hatsukami et al., 2018).

However, effects of such a policy must be carefully considered in vulnerable populations. 

That is, in populations in which smoking is overrepresented and who are at increased risk 

of the adverse health impacts of smoking. Some examples of vulnerable populations include 

those who are socioeconomically-disadvantaged or have comorbid psychiatric disorders 

(National Cancer Institute, 2017; United States Department of Health and Human Services, 

2014). As these populations make up the majority of adults who smoke currently (United 

States Department of Health and Human Services, 2014), it is imperative to look at 

outcomes of a reduced-nicotine standard in these groups.
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Research conducted thus far in vulnerable groups is consistent with research in the 

general population of those who smoke. Participants from vulnerable populations who 

are randomly assigned to reduced nicotine content cigarettes also show reductions in 

cigarette consumption and dependence severity, without evidence of compensatory smoking 

or increases or exacerbation in co-morbid conditions (e.g., depressive symptoms) (Gaalema 

et al., 2019; Higgins et al., 2017, 2020; Tidey et al., 2016, 2019). Despite these promising 

findings, there is need for continued vigilance regarding whether a reduced nicotine policy 

might result in unintended adverse consequences (Gottlieb and Zeller, 2017).

One potential consequence that should be examined is the use of other substances. 

Vulnerable populations, such as adults with affective or opioid use disorders, may be 

more likely than the general population to be susceptible to co-use of tobacco, alcohol, 

and/or cannabis (Degenhardt and Hall, 2001; Parker and Villanti, 2021), underscoring the 

need to evaluate whether tobacco users who use other substances exhibit a cross substance 
coping response (i.e. nicotine reduction could increase urges to drink alcohol) or cross 
substance cue reactivity (i.e. reduction in urges to smoke due to reduced nicotine exposure 

may also reduce urges to use alcohol if both substances are conditioned stimuli) (Cooney 

et al., 2007). There is mixed evidence supporting each hypothesis (Cooney et al., 2007) 

and the extent to which nicotine reduction may influence other substance use depends on 

whether they serve as economic substitutes or complements for one another. If substances 

are functioning as economic substitutes (i.e. reduction in the use of one substance results in 

an increase in use of another) then a decrease in nicotine content of cigarettes and associated 

reductions in smoking rate could lead to an increase in use of other substances (e.g. alcohol 

or other drugs). Among studies assessing the substitutability of nicotine and other drugs, 

the literature suggests that smoking and THC may in fact serve as economic complements, 

where a reduction in use of one leads to a reduction in use of the other (e.g. Agrawal et 

al., 2012) and a similar pattern can be seen with smoking and alcohol use (Tauchmann et 

al., 2013). However, the substitutability of nicotine and other drugs remains understudied, 

especially among populations most vulnerable to dependence on nicotine and other drugs.

Three studies have examined effects of reduced nicotine-content cigarettes on substance use, 

although these studies were in the general population of people who smoke. Two secondary 

analyses examined substance use outcomes in a large clinical trial of adults, who smoked 

daily, who were randomized to receive cigarettes varying in nicotine content for 6 weeks 

(Donny et al., 2015). Nicotine content had no effect on prevalence or frequency of using 

cannabis (Pacek et al., 2016) or alcohol (Dermody et al., 2016). Likewise, in a secondary 

analysis of a trial that compared the effects of immediate versus gradual reductions in 

cigarette nicotine content in adults who smoked daily (Hatsukami et al., 2018), there were 

no negative effects of nicotine reduction. Instead, among those with a history of alcohol use, 

assignment to reduced nicotine content cigarettes was associated with reductions in alcohol 

use and binge drinking (Dermody et al., 2021).

While these initial results in the general population are promising, it is important that 

these outcomes also be examined in vulnerable populations and across a wider range of 

substances. Vulnerable populations are more likely to use other substances and engage 

in problematic drinking (Conway et al., 2017; Hiscock et al., 2012; Substance Abuse 
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and Mental Health Services Administration;, 2019) so examining other substance use as 

a potential consequence of a nicotine reduction policy in these vulnerable populations is 

crucial. As such, the purpose of the present study is to examine the potential consequences 

of a nicotine reduction policy on use of substances, other than tobacco, in samples drawn 

from vulnerable populations.

1. Methods

1.1. Study sample

Data for this secondary analysis are from three multi-site clinical trials conducted 

from October 2016 to September 2019. Details of the parent trials have been reported 

previously (Higgins et al., 2020). Briefly, the trial consisted of three multisite, double-blind, 

randomized controlled trials examining 12 weeks of exposure to study cigarettes varying 

in nicotine content (0.4, 2.4, or 15.8 mg nicotine/g tobacco) among adults who smoke 

daily from three vulnerable populations (individuals with a current affective disorders (n 
= 258), individuals enrolled in medication treatment for opioid use disorder (OUD) (n = 

260) and socioeconomically-disadvantaged women of reproductive age (n = 257). Eligibility 

was determined at a screening visit conducted prior to any study procedures. The study was 

inclusive of adults who smoked at least 5 cigarettes per day, used primarily combustible 

cigarettes within the past 30 days (fewer than 9 days of other tobacco product use), and who 

had experienced no significant negative health changes in the previous 90 days. Exclusion 

criteria included plans to quit smoking within the next 30 days, and 3 or more days of 

smoking abstinence in the past 30 days. Individuals with a positive urine test for illicit drugs, 

excluding THC were considered ineligible, although they were allowed to rescreen at a later 

date. Of particular relevance to these analyses, those in the OUD sample had to be on a 

stable dose of either methadone or buprenorphine and have multiple recent drug screens 

negative for illicit substances prior to study enrollment. We required a negative urine screen 

prior to enrollment as an effort to recruit a fairly stable sample, that could be expected to be 

retained over a 12-week study. All participants completed informed consent as part of these 

trials.

Participants completed questionnaires during screening and baseline sessions concerning 

their tobacco use, nicotine dependence, and sociodemographic and household 

characteristics. During the baseline visits, nicotine dependence and tobacco use were 

assessed using the Fagerstrom Test of Nicotine Dependence (FTND) (Sato et al., 2012), 

and the Heaviness of Smoking Index (HSI) (Borland et al., 2010). Measures associated with 

dependence and tobacco use were also assessed at baseline, including nicotine metabolite 

ratio (NMR), cotinine, and expired breath carbon monoxide (CO).

Objective substance-use outcomes were based on the results of weekly urine toxicology 

testing for recent drug use using the Instant Drug Test Cup/Card II (IDTC II, Advin 

Biotech Inc). These test cards are sensitive to recent use of 12 substances: amphetamines, 

barbiturates, buprenorphine, benzodiazepines, cocaine, methylenedioxymethamphetamine 

(MDMA), methamphetamine, methadone, opiates, oxycodone, phencyclidine (PCP), and 

tetrahydrocannabinol (THC). Following the urine test done at screening, these tests were 

also conducted at the two baseline visits, prior to participants being given the cigarettes 
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varying in nicotine content, as well as at the weekly study visits. Participants were aware 

of the results of these tests and cautioned that repeated illicit use could jeopardize their 

continued participation in the study. However, no participant was withdrawn based on 

positive tests. These weekly urine screens were conducted to characterize substance use, as 

several of the substances tested for have known interactive effects with nicotine and we were 

seeking to measure, and if needed, control for, those potential effects.

Self-reported drug use was assessed twice during the study (Weeks 6 and 12) using 

questionnaires that asked participants whether they had used each of 16 substances in the 

past 30 days and, if so, on how many days. Substances included in the questionnaire were 

amphetamines, benzodiazepines, barbiturates, club drugs, cocaine, hallucinogens, heroin, 

inhalants, marijuana, methamphetamines, other opiates, other tranquilizers, PCP, synthetic 

cannabinoids, synthetic stimulants, and other drugs.

Self-reported alcohol-use was also assessed at Weeks 6 and 12; the alcohol-use 

questionnaire asked participants to indicate how long it had been since they used alcohol 

(if ever) and how frequently they consumed alcohol within the past 30 days, how many 

drinks they consumed on a typical day, and how frequently they engaged in binge drinking 

(i.e., ≥5 drinks for males, ≥4 drinks for females within a two-hour period).

Participants with no urine toxicology results during the course of the study (n = 22) 

were excluded from the analyses resulting in a final sample of 753 participants, including 

251 with affective disorders, 256 with opioid-use disorder, and 246 socioeconomically 

disadvantaged women of reproductive age. Given the differences between self-report and 

urine measurements in: the frequency of collection, the time frame covered (subjective 

was past 30 days, objective measures are dependent on the half-life of metabolites of the 

substances), and the substances queried, results from objective and subjective measures were 

examined separately.

1.2. Statistical analyses

Drug-use outcomes included 1) the proportion of participants ever testing positive on 

a weekly urine screen and 2) the number of positive urine tox screens for 1 or more 

substances. Effect of nicotine dose assignment on urine toxicology screens (performed 

weekly) and responses to drug use questionnaires (completed at study weeks 6 and 12) 

were examined using negative binomial regression or logistic regression. Negative binomial 

regression models estimating the number of weeks an individual tested positive (range: 

0–12) included covariates representing whether a participant tested positive for one or more 

substances on at least one of the two baseline urine toxicology screens (which occur prior 

to participants being given the cigarettes varying in nicotine levels, coded as testing positive 

on at least one versus no positive tests), menthol status, sex, age, and vulnerable population. 

Logistic regression models estimating the proportion of participants ever testing positive 

(“Yes” for any positive test versus “No” for no positive tests) were adjusted for the same 

covariates described above. Similar logistic regression models examined participant-reported 

drug use at study weeks 6 or 12. Methadone and buprenorphine were not included as 

outcomes for those with OUD, as they were required to be taking one of these medications. 

Accordingly, for these participants results for buprenorphine and methadone are not reported 
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in the tables, nor used in the summary measure of any substance use, nor are they used in 

the nicotine dose analyses. Methadone and buprenorphine are included in analyses for the 

other two groups (those with affective disorders and lower-SES women). Tests results were 

not differentiated by source (e.g. if a participant reported/did not report a prescription for a 

substance). An insufficient number of participants tested positive for some of the compounds 

included in the toxicology screens to allow for analysis (i.e., MDMA, barbiturates).

Alcohol-use was examined in those who reported using alcohol in the last 12 months at 

study intake. Alcohol-use outcomes included 1) mean number of drinks per month at Week 

6 and Week 12 assessments, and 2) the proportion of participants reporting one or more 

episodes of binge drinking in the past 30 days at the Week 6 and Week 12 assessments. 

We used negative binomial regression to model the probability of reporting binge drinking 

(Never, at one time point, at both time points), adjusting for covariates including self-

reported binge drinking at screening, menthol status, sex, and age. We also modelled 

variation in mean total number of drinks per month (using a square root transformation 

to improve normality) at Weeks 6 and 12, using repeated measures analysis of variance. 

Among the 529 participants who indicated using alcohol at least once in the previous 12 

months, 23 (4.4%) provided responses at either Weeks 6 or 12 that were discordant (e.g. 

reporting a number of drinks consumed on a typical day that was higher than the number 

reported on their highest drinking day) and were subsequently removed from alcohol use 

analyses.

All analyses included a vulnerable population-by-dose interaction or vulnerable population-

by-dose-by-time interaction term; however, the interaction terms were dropped from models 

in which they were not statistically significant (alpha≥0.05). We tested the sensitivity of our 

results to the number of weeks of urine testing data available per participant as well as to the 

extent the participant reported use of non-study cigarettes. Neither of these sets of analyses 

changed the results. All analyses were performed using SAS 9.4 (SAS Institute, Inc., Cary, 

NC).

2. Results

Participant characteristics can be seen in Table 1 broken down by vulnerable population. 

There were no characteristics that differed by nicotine dose condition in the parent trials, 

except menthol status, which was included as a covariate in all analyses. Study completion 

also did not differ by nicotine dose condition. The majority of study participants were 

female (due to one of the three trials including only women) (71.2%), identified race and 

ethnicity as Non-Latinx white (81.8%), were never married (59.0%), and indicated that 

they had achieved a high school degree or some college (73.4%). A majority (70.8%) 

reported having consumed alcohol in the prior year. The majority of participants preferred 

non-menthol cigarettes (54.6%), smoked an average of 18 cigarettes per day (CPD), and 

started smoking regularly in adolescence (16.2 years of age). Across vulnerable populations, 

adults with OUD exhibited higher levels of daily smoking than the disadvantaged women 

and those with affective disorders (22.5 versus 15.3 and 15.9 CPD), as well as higher breath 

CO (19.5 versus 16.2 and 18.6 ppm), and higher FTND (6.6 versus 4.9 and 5.3) and HSI 

scores (4.2 versus 3.1 and 3.2).
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2.1. Any use of substances

Summary of urine testing results can be seen in Table 2. Over half (57.2%) of participants 

tested positive at least once for any substance (27.3% if THC is excluded). The most 

commonly identified substances included THC (44.8%), cocaine (9.2%), benzodiazepine 

(8.6%), and amphetamines (8.0%). Within the 70.3% reporting past-year alcohol use, 41.4% 

reported binge drinking at least once during the study (Supplemental Table 1).

2.2. Differences by vulnerable population

Differences in urine toxicology by vulnerable population can be seen in Tables 2 and 3. 

When looking at ever use during the study (Table 2), fewer positives were seen in the 

lower-SES women than the other two populations for benzodiazepines, cocaine, and the 

summary measure of the use of any substance (excluding THC). A similar pattern was seen 

for benzodiazepines and cocaine when looking at the mean number of weeks testing positive 

(Table 3). When looking at self-reported alcohol use (Supplemental Table 1), participants 

with OUD reported lower levels of alcohol consumption, both as measured by mean number 

of drinks per month and binge drinking.

2.3. Effects of nicotine dose

There was no main effect of nicotine dose on use of any of the substances examined through 

urine testing, either in terms of the percent who ever tested positive or the mean number of 

weeks with a positive test (Fig. 1). There was also no main effect of nicotine dose for any of 

the self-reported substance use measures (Supplemental Tables 2 and 3).

2.4. Interactions

We saw no significant dose-by-population interactions on urine screens or on self-

report measures. There was one significant population-dose-time interaction regarding 

self-reported alcohol use. Examination of the comparisons of interest suggested that the 

alcohol intake for those with OUD was significantly lower than that reported among those 

individuals with affective disorders at 6 weeks (differences observed among those assigned 

to the 2.4 mg and 15.8 mg dose, but not the 0.4 mg dose) and at 12 weeks (differences 

observed among those assigned to the 0.4 mg and 2.4 mg doses but not the 15.8 mg dose). 

While the differences in alcohol intake between these two groups in the 0.4 mg dose at 6 

weeks were similar to the differences seen at 12 weeks, and the differences at 12 weeks 

in the 15.8 mg dose were similar to those seen at 6 weeks, they were not statistically 

significant. As the direction of effects of vulnerable population, nicotine dose, or time point 

within the interaction were largely in a single direction and differed only with respect to 

minor variations in magnitude, this interaction and all non-significant two-way interactions 

were removed from the model and alcohol results are reported collapsed across dose and 

time point.

3. Discussion

The results of the current study suggest that reducing the nicotine content in cigarettes 

during double-blind testing does not increase use of other substances in a sample drawn 

from vulnerable populations. These findings are encouraging in the context of a nicotine 
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reduction policy as they suggest that reducing nicotine content in cigarettes should not lead 

to increases in use of other substances, even among vulnerable populations, which are at 

increased risk for substance use. However, it should be noted that these participants had to 

screen negative for illicit substances at least once to enter the study.

The lack of a nicotine dose effect on substance use in this vulnerable sample is consistent 

with the extant literature within the general population of those who smoke that was 

described above. Three studies examining effects of nicotine content on substance use within 

a general population found nicotine dose to have no systematic negative effect on prevalence 

or frequency of using cannabis (Pacek et al., 2016) or alcohol (Dermody et al., 2016; 

Dermody et al., 2021). Results from the current study extend these findings to vulnerable 

populations and to use of a broader range of substances.

This lack of a negative effect of reducing the nicotine content in cigarettes is also consistent 

with studies examining the effects of quitting smoking. Results from smoking cessation 

studies and naturalistic observations of the relationships between quitting smoking and 

substance use have generally either found no increase, or a decrease, in use of other 

substances following smoking cessation (Dunn et al., 2009; Baca and Yahne, 2009; Gaalema 

et al., 2013; Kohn et al., 2003; McKelvey et al., 2017).

Our findings are also consistent with existing research that suggests a nicotine-reduction 

policy would have minimal adverse consequences more broadly. Cigarettes with lower 

nicotine content have been shown to reduce smoking rate, toxin exposure, and nicotine 

dependence severity, without evidence of many concerning adverse consequences such as 

compensatory smoking in a general population (Donny et al., 2015; Hatsukami et al., 2018). 

However, unexpected consequences should continue to be examined as, for example, weight 

gain has been demonstrated as an outcome of use of reduced nicotine content cigarettes 

(Rupprecht et al., 2017). Overall, these benefits, and general lack of adverse consequences, 

have been shown to extend to vulnerable populations such as those with psychiatric or 

substance use disorders or those of lower-socioeconomic status (Higgins et al., 2017, 2020; 

Tidey et al., 2016, 2019; Krebs et al., 2021). The current results suggest that the consistent 

findings between general and vulnerable populations in lack of most negative consequences 

extends to substance use.

Several limitations of this study should be noted. This was a secondary analysis, meaning 

that the parent trials were not designed specifically to test effects of reductions in nicotine 

content in cigarettes on use of other substances. Thus, we may be underpowered to detect 

statistically-significant effects of nicotine dose on other substance use. People with regular 

drug use were screened out in the parent trials, as all participants had to have at least one 

negative urine screen for substances other than THC prior to enrollment. This may limit the 

extent to which our results may generalize to smokers from these vulnerable populations. 

There were also instances of non-adherence with use of the reduced nicotine content 

cigarettes, which could have affected nicotine intake and possibly mitigated the effects of 

nicotine reduction on substance use. Additionally, the analyses did not differentiate between 

prescribed and illicit use of substances, results from objective and subjective measurements 

of substance use could not be combined, and participants may have been less likely to 
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use substances given weekly urine screens. However, the strengths of this study include 

random assignment to nicotine dose, double-blind nicotine dosing, objective measures of 

substance use, and the inclusion of a large sample of participants from three vulnerable 

populations. Overall, findings from the current examination, as well as existing literature, 

provide no evidence that a nicotine reduction policy would lead to an increase in use of other 

substances, even among vulnerable populations. Further research of this important topic 

especially among those with recent histories of problematic drug use would be helpful.
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Fig. 1. 
Urine test results by assigned cigarette nicotine content for selected substances.

*Any substance includes testing positive for any of the substances listed in Table 2. For 

the opioid-use disorder group methadone and buprenorphine are not included in these 

analyses. Results are presented for the most common substance combinations and individual 

substances.
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Table 1

Participant characteristics.

Participant groups

All (n = 753) Lower-SES women (n = 
246)

Opioid-use disorder (n = 
256)

Affective disorders (n = 
251)

Age (M ± SD) 35.8 (11.1) 31.1 (7.0) 38.6 (10.4) 37.6 (13.3)

Gender (% women) 536 (71.2%) 246 (100.0%) 142 (55.5%) 148 (59.0%)

Race

 Non-Latinx black 68 (9.1%) 33 (13.5%) 22 (8.7%) 13 (5.2%)

 Non-Latinx white 610 (81.8%) 193 (79.1%) 208 (82.5%) 209 (83.6%)

 Latinx 22 (3.0%) 3 (1.2%) 6 (2.4%) 13 (5.2%)

 Non-Latinx other 46 (6.2%) 15 (6.2%) 16 (6.4%) 15 (6.0%)

Education

 Some high school 101 (13.4%) 36 (14.6%) 48 (18.8%) 17 (0.1%)

 High school grad, some college 553 (73.4%) 209 (85.0%) 185 (72.3% 159 (63.4%)

 Associate’s degree 38 (5.1%) 1 (0.4%) 12 (4.7%) 25 (10.0%)

 College graduate or more 61 (8.1%) 0 (0.0%) 11 (4.3%) 50 (19.9%)

Marital status

 Never married 444 (59.0%) 139 (56.5%) 159 (62.1%) 146 58.2%)

 Married 111 (14.7%) 51 (20.7%) 27 (10.6%) 33 (13.2%)

 Divorced, separated 198 (26.3%) 56 (22.8%) 70 (27.3%) 72 (28.7%)

Menthol status

 Menthol 342 (45.4%) 115 (46.8%) 116 (45.3%) 111 (44.2%)

 Non-menthol 411 (54.6%) 131 (53.3%) 140 (54.7%) 140 (55.8%)

CPD (M ± SD) 18.0 (9.2) 15.3 (7.5) 22.5 (9.8) 15.9 (8.4)

CO (M ± SD) 18.1 (9.9) 16.2 (8.2) 19.5 (9.8) 18.6 (11.2)

Cotinine (M ± SD) 4925.4 (3747.8) 5059.8 (3592.0) 5341.3 (3744.9) 4381.1 (3834.2)

Age started smoking reg (M ± SD) 16.2 (4.0) 16.1 (3.0) 15.7 (4.1) 16.8 (4.7)

FTND (M ± SD) 5.6 (2.3) 4.9 (2.2) 6.6 (2.0) 5.3 (2.4)

HSI (M ± SD) 3.5 (1.5) 3.1 (1.4) 4.2 (1.3) 3.2 (1.6)

% reporting alcohol use in last year 529 (70.3%) 215 (87.4%) 116 (45.3%) 198 (78.9%)

Abbreviations: CPD - cigarettes per day, CO - carbon monoxide, FTND - Fagerstrom Test for Nicotine Dependence, HSI - Heaviness of Smoking 
Index.
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Table 2

Distribution of positive urine screens for other substance use.

Participant groups

All (n = 753) Lower-SES women (n = 
246)

Opioid-use disorder (n = 
256)

Affective disorders (n = 
251)

p

Urine screens n (%)

 Amphetamines 60 (8.0%) 15 (6.1%) 23 (9.0%) 22 (8.8%) 0.30

 Barbiturates 3 (0.4%) 0 (0.0%) 2 (0.8%) 1 (0.4%) 0.99

 Buprenorphine 8 (1.6%) 4 (1.6%) - 4 (1.6%) 0.50

 Benzodiazepines 65 (8.6%) 13 (5.3%)a 16 (6.3%)ab 36 (14.3%)b 0.03

 Cocaine 69 (9.2%) 10 (4.1%)a 35 (13.7%)b 24 (9.6%)ab 0.01

 MDMA* 5 (0.7%) 3 (1.2%) 0 (0.0%) 2 (0.8%) 0.17

 Methamphetamine 16 (2.1%) 3 (1.2%) 6 (2.3%) 7 (2.8%) 0.39

 Methadone 2 (0.4%) 1 (0.4%) - 1 (0.4%) 0.99

 Opiates 35 (4.6%) 11 (4.5%) 10 (3.9%) 14 (5.6%) 0.72

 Oxycodone 28 (3.7%) 14 (5.7%) 6 (2.3%) 8 (3.2%) 0.12

 Phencyclidine** 1 (0.1%) 0 (0.0%) 0 (0.0%) 1 (0.4%) -

 THC 337 (44.8%) 103 (41.9%) 108 (42.2%) 126 (50.2%) 0.73

 Any substance*** 433 (57.2%) 127 (51.6%) 142 (55.5%) 164 (65.3%) 0.65

 Any substance*** 207 51 72 84 0.04

 w/o THC (27.3%) (20.7%)a (28.1%)ab (33.5%)b

Notes: Results reported for urine screens represent the % ever positive during the 12-week study period. Groups that are not equivalent in post-hoc 
comparisons are denoted by different superscript letters.

*
Number of positive test results was too small to conduct the logistic regression, P-value is computed from a Fisher’s Exact Test.

**
Number of positive test results was too small to conduct analysis.

***
Excluding buprenorphine and methadone for the opioid-use disorder group. THC = Tetrahydrocannabinol; MDMA = 

Methylenedioxymethamphetamine.
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Table 3

Mean number of weeks with positive urine screen.

Participant groups

All (n = 753) Lower-SES women (n = 
246)

Opioid-use disorder (n = 
256)

Affective disorders (n = 251) p

Urine screens (M ± SD)

Amphetamines 0.39 (1.72) 0.37 (1.81) 0.33 (1.33) 0.47 (1.97) 0.23

Barbiturates* 0.02 (0.38) 0.00 (0.00) 0.02 (0.20) 0.04 (0.63) 0.38

Buprenorphine* 0.04 (0.47) 0.03 (0.34) - 0.05 (0.58) 0.98

Benzodiazepines 0.39 (1.75) 0.15 (0.94)a 0.18 (1.05)ab 0.86 (2.63)b 0.005

Cocaine 0.17 (0.69) 0.05 (0.27)a 0.29 (0.90)b 0.17 (0.71)b <0.001

MDMA* 0.01 (0.10) 0.02 (0.16) 0.00 (0.00) 0.01 (0.09) 0.23

Methamphetamine 0.04 (0.45) 0.02 (0.16) 0.03 (0.19) 0.08 (0.75) 0.37

Methadone* 0.01 (0.10) 0.01 (0.13) - 0.00 (0.06) 0.99

Opiates 0.08 (0.47) 0.07 (0.36) 0.08 (0.50) 0.10 (0.54) 0.65

Oxycodone 0.08 (0.55) 0.15 (0.85) 0.04 (0.30) 0.05 (0.32) 0.09

Phencyclidine 0.00 (0.04) 0.00 (0.00) 0.00 (0.00) 0.00 (0.06) 0.37

THC 3.08 (4.42) 2.91 (4.39) 2.76 (4.27) 3.57 (4.57) 0.54

Any substance** 3.73 (4.53) 3.23 (4.41) 3.36 (4.31) 4.58 (4.75) 0.50

Any substance** 1.07 0.74 0.82 1.64 0.75

w/o THC (2.54) (2.16) (1.89) (3.27)

Notes: Results reported for urine screens represent the mean number of weeks testing positive during the 12-week study period. Groups that are not 
equivalent in post-hoc comparisons are denoted by different superscript letters.

*
Number of positive test results was too small to conduct the negative binomial regression, P- value is computed from a Wilcoxon Sign Rank Test.

**
Excluding buprenorphine and methadone for the opioid-use disorder group. THC = Tetrahydrocannabinol; MDMA = 

Methylenedioxymethamphetamine.
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