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Abstract

Background: The FDA recently acquired regulatory authority over tobacco products, leading to 
renewed interest in whether reducing the nicotine content of cigarettes would reduce tobacco 
dependence in the United States. Given the association between depressive symptoms and ciga-
rette smoking, it is important to consider whether smokers with elevated depressive symptoms 
experience unique benefits or negative consequences of nicotine reduction.
Methods: In this secondary analysis of a randomized clinical trial that examined the effects of 
cigarettes varying in nicotine content over a 6-week period in non-treatment-seeking smokers, 
we used linear regression to examine whether baseline depressive symptom severity (scores 
on the Center for Epidemiologic Studies Depression Scale [CES-D]) moderated the effects of 
reduced-nicotine content (RNC) cigarettes, relative to normal-nicotine content (NNC) cigarettes, 
on smoking rates, depressive symptom severity, and related subjective and physiological 
measures.
Results: Of the 717 participants included in this analysis, 109 (15.2%) had CES-D scores ≥ 16, indica-
tive of possible clinical depression. Relative to NNC cigarettes, RNC cigarettes reduced smoking 
rates, nicotine dependence, and cigarette craving, and these effects were not significantly moder-
ated by baseline CES-D score. A significant interaction between baseline CES-D score and cigarette 
condition on week 6 CES-D score was observed (p < .05); among those with CES-D scores ≥ 16 at 
baseline, those assigned to RNC cigarettes had lower week 6 CES-D scores than those assigned to 
NNC cigarettes. Among those in the lowest nicotine content conditions, biochemically confirmed 
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compliance with the RNC cigarettes was associated with an increase in CES-D score for those with 
baseline CES-D scores < 16 and no change in CES-D score for those with baseline CES-D scores ≥ 16.
Conclusions: These findings provide initial evidence that a reduced-nicotine standard for cigarettes 
may reduce smoking, without worsening depressive symptoms, among smokers with elevated 
depressive symptoms.
Implications: This secondary analysis of a recent clinical trial examined whether depressive symp-
tom severity moderated the effects of reduced-nicotine cigarettes on smoking and depressive 
symptoms. Results indicate that, regardless of baseline depressive symptoms, participants rand-
omized to reduced-nicotine cigarettes had lower smoking rates, nicotine intake, nicotine depend-
ence, and craving at week 6 post-randomization than those assigned to normal-nicotine cigarettes. 
In participants with higher baseline depressive symptoms, those assigned to reduced-nicotine cig-
arettes had lower week 6 depressive symptoms than those assigned to normal-nicotine cigarettes. 
These results suggest that a nicotine reduction policy could have beneficial effects for smokers, 
regardless of depressive symptom severity.

Introduction

In the United States, 8% of adults have current depression, and the 
prevalence of smoking among these adults is significantly higher than 
that of adults without a current mental health condition (40% vs. 
15.5%).1 The elevated risk of smoking among people with depres-
sion is due to both a higher likelihood of becoming tobacco depend-
ent and a lower likelihood of smoking cessation.1,2 Not surprisingly, 
depression is associated with elevated risks for tobacco-related dis-
ease and death.3–5

Moreover, elevated depressive symptoms in general are asso-
ciated with smoking progression and persistence.6–12 Barriers to 
cessation in smokers with elevated depressive symptoms include 
high levels of cigarette craving and withdrawal-related negative 
affect, along with beliefs that smoking improves negative affect.13,14 
Although smoking reduces withdrawal-related negative affect, 
smoking cessation is associated with improvement, rather than 
worsening, in depressive symptoms over time.15 Nevertheless, the 
perception that smoking improves depressive symptoms may con-
tribute to smoking persistence in this population. Finding effec-
tive methods of improving smoking cessation rates among smokers 
with elevated depressive symptoms and others with psychiatric dis-
orders is critical to reducing tobacco-related deaths in the United 
States.16

In 2009, the US Food and Drug Administration (FDA) acquired 
regulatory authority over tobacco products, including the author-
ity to reduce, although not eliminate, the nicotine content of ciga-
rettes.17 Reducing the nicotine content of cigarettes to a level below 
that which sustains dependence may help established smokers quit 
and prevent new smokers from becoming dependent.18–20 A  large 
clinical trial21 recently confirmed the results of previous smaller 
studies22–25 by finding that smokers who were switched to reduced-
nicotine content (RNC) cigarettes (ie, those containing ≤2.4 mg nico-
tine per gram tobacco) smoked fewer cigarettes, were less nicotine 
dependent, and had less abstinence-induced craving after 6 weeks 
of cigarette use than those randomized to normal-nicotine content 
(NNC; 15.8 mg/g) cigarettes. Furthermore, although participants 
were not trying to quit at the time of enrollment, those who had 
used cigarettes with 0.4 mg/g nicotine during the study made more 
quit attempts after the active intervention than those who had used 
NNC cigarettes, suggesting that a nicotine reduction policy might 
help smokers benefit from other tobacco public health strategies and 
cessation treatment approaches.

However, a nicotine reduction policy could also have unintended 
negative consequences for smokers with elevated depressive symp-
toms. These smokers might experience transient or longer increases 
in depressive symptoms, due to elevated withdrawal symptoms and 
inadequate resources for coping with these experiences. If so, these 
smokers might increase their cigarette or smoke intake (ie, engage 
in compensatory smoking) because of expectancies that smoking 
improves mood.26 Unlike “light” cigarettes, RNC cigarettes are 
associated with minimal compensation,21 but smokers with elevated 
depressive symptoms may be more likely to attempt to compensate 
for the reduction in nicotine. Likewise, RNC cigarette studies have 
shown few effects on mood to date,27 but no large-scale studies of 
RNC cigarettes have focused on smokers with elevated depressive 
symptoms. These smokers might also increase their alcohol or other 
drug intake in an attempt to cope with negative affect during nicotine 
withdrawal.28 This seems unlikely based on the weight of evidence 
showing that smoking cessation treatment does not increase alcohol 
use,29 but effects of extended RNC use on drinking in people with 
elevated depressive symptoms have not yet been reported. Due to 
the over-representation of depressive symptoms and related mental 
health conditions among current smokers, understanding how these 
smokers respond to RNC cigarettes is essential to consider when 
determining how to best implement a nicotine reduction policy.30,31

The current study is a secondary analysis of the recent large clini-
cal trial of RNC cigarettes21 and aimed to examine how baseline 
depressive symptom severity affected responses to RNC cigarettes. 
Based on the poorer responses of smokers with elevated depressive 
symptoms to smoking cessation treatments, we hypothesized that 
participants with elevated depressive symptoms who were assigned 
to RNC cigarette use during the study would be less likely than those 
with lower depressive symptoms to experience reductions in ciga-
rettes per day, nicotine exposure, nicotine dependence, and cigarette 
craving, would be less compliant with RNC cigarettes, and would be 
less likely to make a quit attempt after the study.

Methods

Participants
Participants were recruited at 10 sites across the United States, using 
community-based advertisements. Participants were required to be at 
least 18 years of age, to smoke at least 5 cigarettes per day, and to have 
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breath carbon monoxide (CO) levels of at least 8 ppm or urinary coti-
nine levels of at least 100 ng/mL. Potential participants were excluded 
if they were pregnant or breastfeeding, had a positive toxicology 
screen for illicit drugs other than cannabis, intended to quit smok-
ing within the next 30 days, exclusively used roll-your-own cigarettes, 
had used tobacco products other than machine-made cigarettes on 
more than 9 of the past 30 days, reported alcohol binge drinking (>4/5 
drinks within 2 hours for women/men) on more than 9 of the past 
30 days, or had significant unstable medical or psychiatric conditions. 
Those with psychiatric disorders other than schizophrenia or schizoaf-
fective disorder were eligible to enroll if they had not experienced a 
significant change in psychiatric symptoms or psychiatric medication 
in the past 3 months and had not experienced suicidal ideation in the 
past month or had made a suicide attempt in the past 10 years.

Procedure
After a 2-week baseline assessment period during which partici-
pants smoked their usual cigarette brand, they were randomized to 
either their usual brand or to one of 6 investigational cigarette con-
ditions. Research cigarettes, produced for the National Institute on 
Drug Abuse (NIDA) by 22nd Century Group, Inc, had the following 
nicotine contents, expressed as mg nicotine per gram tobacco: 15.8, 
5.2, 2.4, 1.3, and 0.4 (regular tar) and 0.4 (high tar). Tar yields were 
8–10 mg in all conditions except for the 0.4 mg/g (high tar) condition, 
in which tar yield was 13 ± 2 mg. Participants received menthol or non-
menthol cigarettes according to their preference. Investigators, staff, 
and participants were blind to condition assignment other than for the 
usual brand condition. Each week throughout the 6-week intervention 
period, participants received free study cigarettes, were instructed to 
smoke only these cigarettes, and received study cigarette compliance 
monitoring and counseling. Subjective, behavioral, and physiologi-
cal measures, described below, were collected weekly throughout the 
baseline and intervention periods. At post-randomization week 6, par-
ticipants were asked to complete an additional session after abstain-
ing from smoking overnight. Those who reported not having smoked 
since the previous day and met the abstinence criterion (CO < 50% of 
the previous day’s CO, or < 6 ppm) received additional compensation 
and completed measures of craving and withdrawal. Participants were 
recontacted by telephone 30  days after their last session and were 
asked if they had made a quit attempt since the last visit. The total 
possible compensation for completing study procedures was $835.

Measures
Subjective Measures
Depressive symptoms were measured at baseline using the Center for 
Epidemiologic Studies Depression Scale (CES-D).32 The CES-D con-
sists of 20 items scored from 0 to 3, yielding total scores ranging from 
0 to 60, with scores ≥16 indicating possible clinical depression.33 The 
scale includes four factors: Depressed Affect (eg, sad, lonely), Positive 
Affect (eg, happy, enjoyed life; negatively scored), Somatic Symptoms 
(eg, poor appetite), and Interpersonal Problems (eg, people dislike 
me). Other questionnaires administered at baseline included the 
Fagerström Test for Nicotine Dependence (FTND),34 the 37-item 
Wisconsin Index of Smoking Dependence Motives (WISDM),35 and 
the 20-item Positive and Negative Affect Scale (PANAS),36 a ques-
tionnaire that yields two factors, one representing positive affect and 
the other negative affect. Cigarette craving was measured using the 
10-item Questionnaire on Smoking Urges-brief scale (QSU),37 which 
has two factors: Factor 1, a measure of craving for positive reinforcing 
effects, and Factor 2, a measure of craving to reduce negative affect 

related to abstinence. Nicotine withdrawal symptoms were measured 
using the Minnesota Nicotine Withdrawal Scale (MNWS).38 At base-
line, the QSU and MNWS were administered under non-abstinence 
conditions. The QSU and MNWS were re-administered weekly dur-
ing the intervention period, the FTND and PANAS were re-admin-
istered at post-randomization weeks 2 and 6, and the CES-D and 
WISDM were re-administered at post-randomization week 6. All of 
the subjective measures had high internal consistency (Cronbach’s 
α = 0.82–0.96), with the exception of the FTND, which had marginal 
internal consistency (Cronbach’s α = 0.66 in the CES-D < 16 group 
and 0.69 in the CES-D ≥ 16 group).

Behavioral and Physiological Measures
Throughout the baseline and intervention periods, participants used an 
interactive voice response (IVR) system to report the number of ciga-
rettes smoked (study-provided and non-study, reported separately) on 
the previous day. Noncompliance was defined as any self-reported non-
study cigarette use. Total cigarette puff volume (ie, sum of the volumes 
for all puffs smoked in a single cigarette) was collected in the labora-
tory using Clinical Research Support System (CReSS) Pocket topog-
raphy measurement instruments (Borgwaldt KC, Richmond, VA). At 
baseline, participants smoked one of their usual brand cigarettes, and 
at weeks 2 and 6, participants smoked one of their assigned study ciga-
rettes. Breath CO levels (Bedfont Scientific, Ltd) were collected weekly 
during the baseline and intervention periods. First-void urine samples 
were collected at baseline and at post-randomization weeks 2 and 6 for 
assessment of total nicotine equivalents (TNE), a measure of nicotine 
exposure. TNE, adjusted for creatinine, was computed as the sum of 
nicotine, cotinine, trans-3′-hydroxycotinine, and their glucuronides.39 
Nicotine metabolite ratio, an indicator of CYP2A6 enzyme activity,40 
was computed as the ratio of 3′-hydroxycotinine to cotinine from 
saliva samples collected at baseline. Daily alcohol intake and cannabis 
use were collected at each visit using timeline followback interviews.41 
Participants were defined as cannabis users at baseline if they reported 
having used cannabis in the past 30 days or if their baseline urine sam-
ple tested positive for tetrahydrocannabinol (THC).

Statistical Analyses
Group comparisons of measures collected at baseline were con-
ducted using t tests for continuous variables and chi-square tests for 
categorical variables. To maximize statistical power to detect interac-
tions between CES-D score and nicotine content, the two NNC con-
ditions (usual brand, 15.8 mg/g) were combined and compared with 
the combined four RNC conditions (2.4-0.4 mg/g), as these condi-
tions had similar effects on cigarettes per day and nicotine exposure 
in the overall sample.21 The 5.2 mg/g condition was excluded from 
the analysis because it had mixed effects in the overall sample.21

Linear regression was used to examine the effects of cigarette 
nicotine content (NNC vs. RNC) and baseline CES-D score (CES-D 
< 16 vs. ≥ 16) on outcome measures collected at post-randomization 
week 6, first controlling only for baseline levels of each variable 
(unadjusted), and then after also adjusting for age, race, gender, edu-
cation, and nicotine metabolite ratio. A  similar analytic approach 
was used to examine interactions between baseline CES-D score and 
cigarette nicotine content on craving and withdrawal symptoms dur-
ing the abstinence session. As a secondary approach, CES-D score 
was entered into the statistical models as a continuous measure. Most 
outcomes are expressed in the tables as differences between the RNC 
and NNC conditions, with negative values indicating that those in 
the RNC condition reported a reduction in this measure relative to 
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those in the NNC condition. The association between nicotine con-
tent and TNE was summarized by the ratio of the geometric mean 
TNE from the RNC condition relative to the geometric mean TNE 
from the NNC condition. The association between nicotine content 
and noncompliance (ie, any non-study cigarette use) was summa-
rized by the odds ratios (ORs) for self-reported noncompliance at 
post-randomization week 6 for the RNC condition relative to the 
NNC condition. Similarly, cannabis use was summarized as ORs for 
self-report of any use at week 6 for the RNC condition relative to 
the NNC condition. Quit attempts were treated as a binary variable 
for whether or not the subject made a quit attempt between the post-
randomization week 6 visit and the follow-up assessment and were 
analyzed following the same approach as noncompliance. Daily 
alcohol intake (drinks per day) was analyzed using quantile regres-
sion on the 75th percentile.42 The 75th percentile was considered 
because slightly more than half of the respondents reported 0 drinks 
per day, and the 75th percentile represented the center of the distri-
bution among subjects that reported some drinking, which maxi-
mizes our ability to detect an effect of condition on this variable.

As noncompliance with the RNC cigarettes could lead to an 
underestimate of their disruptive effects on depressive symptoms, 
biochemically confirmed compliance with the 0.4 mg/g cigarettes was 
explored as a moderator of the effect of baseline CES-D score on week 
6 CES-D score, adjusting for the same covariates described above. 
Compliance status was dichotomized according to a preestablished 
urinary TNE cutoff of 6.41  nmol/mL.43 Biochemical confirmation 
of compliance was not conducted in the other cigarette conditions 

because individual differences in nicotine intake from these cigarettes 
could result in overlap in the distribution of TNE levels.

Tests were considered significant at α = 0.05, two-tailed. Since 
this research focused on examining the potential unintended nega-
tive consequences of nicotine reduction in smokers with elevated 
depressive symptoms, we considered it more important to avoid 
Type II error than Type I error. Therefore, we did not correct for the 
multiple statistical tests. For the same reason, effect sizes (Cohen’s d) 
are reported for the effects of cigarette nicotine content in the CES-D 
< 16 and ≥ 16 groups, with d = 0.2 considered a small, 0.5 a medium, 
and 0.8 a large effect size.44

Results

Participant Characteristics
Characteristics of the overall sample have been reported.21 Of the 
717 participants included in the current analyses, 109 (15.2%) had 
CES-D scores ≥ 16 and 608 (84.8%) had CES-D scores < 16. As 
shown in Table 1, those with CES-D scores < 16 versus ≥ 16 did 
not differ on age, gender, race, Hispanic ethnicity, education, men-
thol preference, drinks per day, cannabis use, cigarettes per day, 
TNE, breath CO level, FTND score, or total cigarette puff volume. 
By definition, the high CES-D group had significantly higher base-
line CES-D scores, and significant between-groups differences were 
found on all four CES-D factors. In addition, those with CES-D 
scores ≥ 16 reported higher scores on the WISDM, QSU, and MNWS 
(all ps ≤ .001).

Table 1. Baseline Demographic and Smoking Characteristics of Participants With CES-D Scores < 16 vs. ≥ 16

CES-D < 16 CES-D ≥ 16 

pn = 608 (84.8%) n = 109 (15.2%)

Age (mean [SD]) 41.5 (13.3) 42.1 (13.3) .67
Gender (% male) 57.6% 57.8% 1
Race
  White 51.3% 53.2% .59
  African American 38.3% 33.9%
  Other 10.4% 12.8%
Hispanic ethnicity 4.6% 5.5% .84
Education (% ≤ 12 y) 43.4% 45.0% .85
Menthol preference 57.1% 60.6% .57
Drinks per day (75th percentile) 0.71 (0, 4.43) 0.5 (0, 2.19) .27
Cannabis past 30 days (%) 28.6% 30.3% .81
Cigarettes per day 15.5 (7.5) 15.2 (8.0) .69
TNE (nmol/mL)a 42.2 (46.3) 39.9 (37.7) .52
Breath CO (ppm) 15.1 (7.9) 15.1 (8.4) .99
FTND 5.1 (2.2) 5.3 (2.2) .31
Total cigarette puff volume 749 (310) 799 (327) .16
CES-D score 6.6 (4.1) 21.5 (5.4) <.001
  Depressed Affect 0.9 (1.4) 6.3 (2.9) <.001
  Positive Affect 9.6 (2.2) 6.5 (2.4) <.001
  Somatic Symptoms 3.0 (2.2) 8.2 (2.9) <.001
  Interpersonal Problems 0.3 (0.7) 1.5 (1.4) <.001
WISDM total 40.6 (12.4) 47.1 (12.8) <.001
QSU Factor 1 19.0 (9.2) 22.4 (9.3) .001
QSU Factor 2 10.1 (5.9) 13.5 (9.1) <.001
MNWS 6.0 (4.5) 10.7 (5.8) <.001

Bold values are statistically significant. CES-D = Center for Epidemiologic Studies Depression Scale; CO = carbon monoxide; FTND = Fagerström Test of Nicotine 
Dependence; MNWS = Minnesota Nicotine Withdrawal Scale; QSU = Questionnaire on Smoking Urges; TNE = total nicotine equivalents; WISDM = Wisconsin 
Inventory of Smoking Dependence Motives.
aGeometric mean (interquartile range) are presented for TNE.
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Moderating Effects of Baseline Depressive 
Symptoms on Responses to Study Cigarettes
p Values for tests of interactions between baseline CES-D score (<16 
vs. ≥16) and cigarette nicotine content (RNC vs. NNC) at the week 
6 post-randomization visit are shown in Table 2, along with mean 
differences between the RNC and NNC conditions at this visit. 
Those assigned to RNC cigarettes had significantly lower week 6 
cigarettes per day, TNE levels, FTND scores, and QSU scores, as 
previously reported,21 and these effects were not moderated by base-
line depressive symptom severity. Effect sizes (d) for the effects of 
cigarette nicotine content on these measures were 0.31–0.84 in the 
CES-D < 16 group and 0.54–0.77 in the CES-D ≥ 16 group. No 
effects of RNC cigarettes were observed on week 6 drinks per day, 
cannabis use, breath CO levels, MNWS scores, or PANAS Positive 
Affect scores in either group, with effect sizes of 0.08–0.13 in the 
CES-D < 16 group and 0.03–0.32 in the CES-D ≥ 16 group. Among 
participants with baseline CES-D scores < 16, those assigned to RNC 
had lower WISDM scores and made more quit attempts, as was seen 
in the overall sample21; effects of RNC cigarettes on these variables 
in participants with baseline CES-D scores ≥ 16 were similar but not 
statistically significant (d  = 0.34 for WISDM score and OR = 2.9 
for quit attempts). In addition, RNC cigarettes decreased total puff 
volumes at week 6 in those with baseline CES-D scores < 16 (p < 
.001, d = 0.49) and did not change total puff volumes in those with 
baseline CES-D ≥ 16 (d = 0.02), although this interaction was not 
significant (p = .1).

The only significant interactions between baseline CES-D score 
and cigarette nicotine content were on week 6 CES-D Total scores, 
CES-D Depressed Affect scores, and CES-D Somatic Symptoms 
scores (ps < .05). Difference scores indicated that, in participants 
with CES-D scores ≥ 16 at baseline, week 6 CES-D scores were lower 
among those assigned to RNC cigarettes than those assigned to 
NNC cigarettes (d = 0.51–0.62), whereas in participants with CES-D 
scores < 16 at baseline, week 6 CES-D scores were not affected by 
cigarette nicotine content (d  =  0.01–0.08). A  similar trend was 
observed with week 6 PANAS Negative Affect scores, but this inter-
action was not significant (p = .06), with effect sizes of d = 0 in the 
CES-D < 16 group and 0.49 in the CES-D ≥ 16 group.

Participants with baseline CES-D scores < 16 also had signifi-
cantly increased ORs for self-reported cigarette noncompliance. 
This increase was driven by higher self-reported noncompliance 
with NNC cigarettes among those with baseline CES-D scores ≥ 16 
(29.0% vs. 17.1%); self-reported noncompliance with RNC ciga-
rettes was not affected by CES-D score (42.1% vs. 39.1%).

When CES-D was entered into the statistical models as a continu-
ous measure, interaction p values were similar, with two exceptions: 
first, the interactions between baseline CES-D score and cigarette 
nicotine content on week 6 CES-D Total and Depressed Affect scores 
were no longer significant (ps for the adjusted models  =  .20 and 
.21, respectively), and second, the interaction between CES-D score 
and cigarette nicotine content on cigarette noncompliance became 
significant (p = .01).

Impact of Biochemically Verified Compliance in the 
0.4 mg/g Nicotine Conditions
The effect of biochemically conformed compliance on week 6 CES-D 
score was explored in those randomized to the 0.4 mg/g nicotine con-
ditions. Of the 242 participants assigned to one of these conditions, 
week 6 TNE levels were available from 220 participants. Of these 

participants, 184 participants had baseline CES-D scores < 16 and 
47 of these participants (25.5%) met the TNE compliance criterion, 
whereas 36 participants had baseline CES-D scores ≥ 16 and nine of 
these participants (25%) met the compliance criterion (NS). Among 
those with baseline CES-D scores < 16, participants who were com-
pliant with the 0.4 mg/g cigarettes had 4.8-point higher (95% con-
fidence interval: 1.8, 7.7) CES-D scores at week 6 relative to those 
who were not compliant (p = .002, d = 0.57). Among participants 
with baseline CES-D scores ≥ 16, those who were compliant with 
the 0.4 mg/g cigarettes had 2.3-point lower (−9.6, 5) CES-D scores 
at week 6 relative to those who were not compliant, but this effect 
was not significant (p  =  .546, d  =  0.27). The interaction between 
baseline CES-D score and compliance on week 6 CES-D score was 
significant when CES-D score was entered as a continuous measure 
but not when it was entered as a categorical measure (ps = .003 and 
.183, respectively). Similar results were obtained when change in 
CES-D score was used as the outcome measure rather than week 6 
CES-D score, but the interaction between baseline CES-D score and 
compliance was significant whether baseline CES-D was entered as a 
continuous or categorical measure (ps = .003 and .013, respectively).

Moderating Effects of Baseline Depressive 
Symptoms on Abstinence From Study Cigarettes
p Values for tests of interactions between baseline CES-D score (<16 
vs. ≥16) and cigarette nicotine content on QSU and MNWS scores 
after overnight abstinence are shown in Table 3, along with mean 
differences between the RNC and NNC conditions on these scores. 
Overall, those randomized to RNC cigarettes had less craving and 
withdrawal after overnight abstinence than those randomized to 
NNC cigarettes. CES-D score at baseline did not moderate these 
effects. Interaction test p values were similar when CES-D score was 
entered in the analyses as a continuous measure.

Discussion

Reducing the nicotine content of cigarettes to a minimally addic-
tive level has been proposed as a regulatory approach to reducing 
tobacco dependence and may improve the responses of smokers to 
other public health and smoking cessation treatment approaches.19 
Results from our recent clinical trial support this hypothesis, by indi-
cating that participants who were switched to RNC cigarettes for a 
6-week period had lower smoking rates, nicotine dependence, absti-
nence-induced craving, and higher post-intervention quit attempts 
than those who used NNC cigarettes.21 As smokers with elevated 
depressive symptoms have relatively poor responses to smoking 
cessation treatments, concerns have been raised that these smok-
ers could experience unintended negative consequences if the FDA 
were to institute a nicotine reduction policy.30,31 Thus, examining the 
responses of smokers with elevated depressive symptoms to RNC 
cigarettes is important for informing the FDA about the potential 
impact of this regulatory policy on public health.

Although this study did not focus on smokers with a diagnosis of 
depression, the results of the current study indicate that the effects 
of RNC cigarettes in smokers with elevated depressive symptoms 
are similar to those with lower depressive symptoms. Specifically, 
those randomized to the RNC condition experienced reductions 
in smoking rates, nicotine intake, nicotine dependence, and crav-
ing, regardless of CES-D score at baseline. No effects of RNC cig-
arettes were observed on alcohol or cannabis use in either group. 
Smoking RNC cigarettes did not lead to deeper smoke inhalation in 
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either group: RNC cigarettes reduced total puff volumes relative to 
NNC cigarettes in the CES-D < 16 group and did not change total 
puff volumes relative to NNC cigarettes in the CES-D ≥ 16 group. 
Furthermore, those with higher depressive symptom severity at base-
line who were assigned to RNC cigarettes had lower CES-D scores 
at week 6 than those assigned to NNC cigarettes. We examined the 
effect of study cigarette compliance as a moderator of this effect 
given that noncompliance would be expected to lead to an underes-
timate of the disruptive effects of nicotine reduction on CES-D score. 
Those with lower CES-D scores at baseline who were compliant with 
the 0.4 mg/g nicotine cigarettes had 4.8-point higher week 6 CES-D 
scores than those who were non-compliant; however, the average 
week 6 CES-D score among compliant participants were still indica-
tive of low levels of depression. Conversely, those with higher CES-D 
scores at baseline who were compliant with the 0.4 mg/g nicotine 
cigarettes had 2.3-point lower week 6 CES-D scores than those who 
were non-compliant, but this effect was not significant. In light of 
the small sample sizes in these exploratory analyses, however, these 
findings are considered preliminary. As reported previously, adverse 
events related to depression were rare during the study and unrelated 
to cigarette condition.21 Thus, the current results suggest that a nico-
tine reduction policy could have broad beneficial effects for smokers, 
regardless of depressive symptom severity.

Few studies have investigated the effects of RNC cigarettes in 
people with elevated depressive symptoms or clinical depression. 
One study found that RNC cigarettes were less effective than NNC 
cigarettes at increasing positive affect in response to a positive mood 
induction procedure among smokers with anhedonia (low positive 
mood).45 In a second study, among smokers with current or past 
depression, RNC cigarettes were less effective than NNC cigarettes 
at increasing positive mood and reducing negative mood during 
positive mood induction, but NNC cigarettes also exacerbated the 
effects of negative mood induction on negative mood.46 Another 
study found that smokers with a history of depression smoked more 
NNC and RNC cigarette puffs during either neutral or negative 
mood induction, suggesting that they experience stronger acute rein-
forcing effects of smoking in general, regardless of nicotine content 
or mood.47 To our knowledge, the current study is the first to exam-
ine the effects of an extended period of RNC cigarette use among 
people with elevated depressive symptoms, and the first to assess 
multiple behavioral, subjective, and physiological measures relevant 
to estimating the potential effects of a nicotine reduction policy in 
these smokers.

This study has several limitations that must be acknowledged. 
First, although the CES-D is a reliable and valid measure of depression 

symptomatology, with CES-D scores ≥ 16 considered indicative of 
possible clinical depression,32,33 participants were not clinically diag-
nosed with depression. Moreover, the average CES-D score in the 
CES-D ≥ 16 group was in the mild-to-moderate range. Therefore, it 
is possible that the results of this study may not generalize to peo-
ple with major depressive disorder. Second, despite the large size of 
the overall sample, analytic power was limited because only 15% 
of the sample reported elevated depressive symptoms at baseline 
(consistent with the national rate of depression among smokers48). 
We attempted to maximize statistical power by combining the four 
RNC conditions and two NNC conditions that had similar effects 
on cigarettes per day and nicotine exposure in the overall sample21 
and by conducting secondary analyses with baseline CES-D score 
entered as a continuous measure. Nevertheless, power was limited to 
detect significant interactions between depressive symptom severity 
and cigarette nicotine content. While our negative findings should be 
interpreted cautiously in view of the power limitation, the pattern of 
reduction in smoking rates and depressive symptoms among those 
assigned to RNC cigarettes in the high CES-D group mitigates this 
concern.

A third limitation is that, although participants were provided 
with free study cigarettes and were counseled to use only these 
cigarettes, non-study cigarette use was frequent during the trial. 
Furthermore, biochemically confirmed rates of compliance with 
RNC cigarettes are known to be lower than those reported by par-
ticipants.49 The application of a strict biochemical abstinence crite-
rion to participants in the 0.4 mg/g nicotine conditions revealed that 
nicotine reduction had a disruptive effect on week 6 CES-D scores 
in those with lower baseline CES-D scores, which was not initially 
evident when compliance was not included as a moderator; likewise, 
noncompliance with RNC cigarettes could also lead to a minimiza-
tion of their beneficial effects on smoking rates. Thus, studies that 
model the effects of a nicotine reduction must attempt to maximize 
study cigarette compliance and consider the effect of compliance as 
a moderator. A fourth limitation is that the duration of the trial was 
only 6 weeks, which may have reduced effects of RNC cigarettes 
on smoking rates and dependence. Longer trials of RNC cigarettes 
in smokers with affective disorders are underway (https://clinicaltri-
als.gov/ct2/show/NCT01928758, https://clinicaltrials.gov/ct2/show/
NCT02232737) and will address some of these limitations.

Notwithstanding these limitations, the results of this study pro-
vide no indication that a nicotine reduction policy would increase 
smoking, nicotine or CO exposure, or depressive symptoms among 
smokers with elevated depressive symptoms. In fact, use of RNC cig-
arettes significantly decreased smoking rates, dependence, cigarette 

Table 3. Mean Differences Between the RNC and NNC Conditions at the Abstinence Visit in Patients With CES-D Scores < 16 vs. ≥ 16

Outcome

Interaction tests CES-D < 16 CES-D ≥ 16 

Unadjusted 
modela

Adjusted  
modela

Unadjusted  
modela

Adjusted  
modelb

Unadjusted  
Modela

Adjusted  
Modelb

p p Mean difference p Mean difference p Mean difference p Mean difference p

QSU Factor 1 .52 .44 −9.8 (−11.8, −7.9) <.001 −9.9 (−11.9, −8) <.001 −7.4 (−12.9, −1.9) .01 −7.8 (−13.3, −2.3) .01
QSU Factor 2 .83 .85 −5.1 (−6.5, −3.7) <.001 −5.2 (−6.6, −3.7) <.001 −5.2 (−9.1, −1.2) .01 −5.9 (−10, −1.9) .01
MNWS .49 .56 −2.4 (−3.6, −1.2) <.001 −2.5 (−3.6, −1.3) <.001 −1.3 (−4.7, 2) .44 −1.5 (−5.1, 2) .40

Bold values are statistically significant. CES-D = Center for Epidemiologic Studies Depression Scale; MNWS = Minnesota Nicotine Withdrawal Scale; NNC = nor-
mal-nicotine content; QSU = Questionnaire on Smoking Urges; RNC = reduced-nicotine content.
aAdjusted for baseline value only.
bAdjusted for age, race (white, African American, other), sex, education (≤12 vs. >12 y), and nicotine metabolite ratio, along with baseline value.

https://clinicaltrials.gov/ct2/show/NCT01928758
https://clinicaltrials.gov/ct2/show/NCT01928758
https://clinicaltrials.gov/ct2/show/NCT02232737
https://clinicaltrials.gov/ct2/show/NCT02232737
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craving, negative affect, and CES-D scores among those with ele-
vated baseline CES-D scores. While all smokers should be unambig-
uously advised to quit smoking completely, smoking cessation rates 
are exceedingly low among smokers with elevated depressive symp-
toms.6 Reducing the nicotine content of cigarettes below an addic-
tion threshold appears to be a potential avenue for reducing cigarette 
dependence, which may improve responses of these smokers to other 
public health approaches and smoking cessation treatments.

Funding
The research reported in this paper was supported by the National Institute 
on Drug Abuse and the Food and Drug Administration Center for Tobacco 
Products (U54DA031659). Salary support for JWT during the preparation 
of this paper was also provided by P50DA036114. The content is solely the 
responsibility of the authors and does not necessarily represent the official 
views of the National Institutes of Health or Food and Drug Administration. 
Portions of these data were presented at meetings of the College on Problems 
of Drug Dependence and the Society for Research on Nicotine and Tobacco.

Declaration of Interests
None declared.

Acknowledgments
The authors appreciate the important contributions of Paul Cinciripini, Steve 
Hecht, Joni Jensen, Tonya Lane, Joseph McClernon, Sharon Murphy, Jason 
Robinson, Maxine Stitzer, Andrew Strasser, Hilary Tindle, and all the students, 
fellows, and staff involved in the Center for the Evaluation of Nicotine in 
Cigarettes.

References
	1.	 Smith PH, Mazure CM, McKee SA. Smoking and mental illness in the 

US population. Tob Control. 2014;23(e2):e147–e153. doi:10.1136/
tobaccocontrol-2013-051466

	2.	 Lasser K, Boyd JW, Woolhandler S, Himmelstein DU, McCormick D, Bor 
DH. Smoking and mental illness: a population-based prevalence study. 
JAMA. 2000;284(20):2606–2610. doi:10.1001/jama.284.20.2606

	3.	 Callaghan RC, Veldhuizen S, Jeysingh T, et al. Patterns of tobacco-related 
mortality among individuals diagnosed with schizophrenia, bipolar disor-
der, or depression. J Psychiatr Res. 2014;48(1):102–110. doi:10.1016/j.
jpsychires.2013.09.014

	4.	 Goodwin RD, Lavoie KL, Lemeshow AR, Jenkins E, Brown ES, Fedoronko 
DA. Depression, anxiety, and COPD: the unexamined role of nicotine depend-
ence. Nicotine Tob Res. 2012;14(2):176–183. doi:10.1093/ntr/ntr165

	5.	 Kawachi I, Colditz GA, Stampfer MJ, et  al. Smoking cessation and 
time course of decreased risks of coronary heart disease in middle-
aged women. Arch Intern Med. 1994;154(2):169–175. doi:10.1001/
archinte.1994.00420020075009

	6.	 Ameringer KJ, Leventhal AM. Applying the tripartite model of anxiety and 
depression to cigarette smoking: an integrative review. Nicotine Tob Res. 
2010;12(12):1183–1194. doi:10.1093/ntr/ntq174

	7.	 Audrain-McGovern J, Lerman C, Wileyto EP, Rodriguez D, Shields PG. 
Interacting effects of genetic predisposition and depression on adoles-
cent smoking progression. Am J Psychiatry. 2004;161(7):1224–1230. 
doi:10.1176/appi.ajp.161.7.1224

	8.	 Escobedo LG, Reddy M, Giovino GA. The relationship between depres-
sive symptoms and cigarette smoking in US adolescents. Addiction. 
1998;93(3):433–440. doi:10.1046/j.1360-0443.1998.93343311.x

	9.	 Berlin I, Covey LS. Pre-cessation depressive mood predicts failure to 
quit smoking: the role of coping and personality traits. Addiction. 
2006;101(12):1814–1821. doi:10.1111/j.1360-0443.2006.01616.x

	10.	Cinciripini PM, Wetter DW, Fouladi RT, et al. The effects of depressed mood 
on smoking cessation: mediation by postcessation self-efficacy. J Consult 
Clin Psychol. 2003;71(2):292–301. doi:10.1037/0022-006X.71.2.292

	11.	Lukowski AV, Morris CD, Young SE, Tinkelman D. Quitline outcomes for 
smokers in 6 states: rates of successful quitting vary by mental health sta-
tus. Nicotine Tob Res. 2015;17(8):924–930. doi:10.1093/ntr/ntu252

	12.	Shiffman S, Paty JA, Gnys M, Kassel JA, Hickcox M. First lapses to smok-
ing: within-subjects analysis of real-time reports. J Consult Clin Psychol. 
1996;64(2):366–379. doi:10.1037/0022-006X.64.2.366

	13.	Leventhal AM, Greenberg JB, Trujillo MA, et  al. Positive and negative 
affect as predictors of urge to smoke: temporal factors and mediational 
pathways. Psychol Addict Behav. 2013;27(1):262–267. doi:10.1037/
a0031579

	14.	Pang RD, Khoddam R, Guillot CR, Leventhal AM. Depression and anxi-
ety symptoms moderate the relation between negative reinforcement 
smoking outcome expectancies and nicotine dependence. J Stud Alcohol 
Drugs. 2014;75(5):775–780. doi:10.15288/jsad.2014.75.775

	15.	Taylor G, McNeill A, Girling A, Farley A, Lindson-Hawley N, Aveyard P. 
Change in mental health after smoking cessation: systematic review and 
meta-analysis. BMJ. 2014;348:g1151. doi:10.1136/bmj.g1151

	16.	Schroeder SA, Morris CD. Confronting a neglected epidemic: tobacco 
cessation for persons with mental illnesses and substance abuse prob-
lems. Annu Rev Public Health. 2010;31:297–314. doi:10.1146/annurev.
publhealth.012809.103701

	17.	US Congress. Family Smoking Prevention and Tobacco Control Act (H.R. 
1256). Washington, DC: U.S. G.P.O.; 2009.

	18.	Benowitz NL, Henningfield JE. Establishing a nicotine threshold for 
addiction. The implications for tobacco regulation. N Engl J Med. 
1994;331(2):123–125. doi:10.1056/NEJM199407143310212

	19.	Benowitz NL, Henningfield JE. Reducing the nicotine content to make cig-
arettes less addictive. Tob Control. 2013;22(suppl 1):i14–i17. doi:10.1136/
tobaccocontrol-2012-050860

	20.	Hatsukami DK, Perkins KA, Lesage MG, et al. Nicotine reduction revis-
ited: science and future directions. Tob Control. 2010;19(5):e1–e10. 
doi:10.1136/tc.2009.035584

	21.	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. doi:10.1056/NEJMsa1502403

	22.	Donny EC, Houtsmuller E, Stitzer ML. Smoking in the absence of nicotine: 
behavioral, subjective and physiological effects over 11 days. Addiction. 
2007;102(2):324–334. doi:10.1111/j.1360-0443.2006.01670.x

	23.	Benowitz NL, Dains KM, Hall SM, et  al. Smoking behavior and expo-
sure to tobacco toxicants during 6  months of smoking progressively 
reduced nicotine content cigarettes. Cancer Epidemiol Biomarkers Prev. 
2012;21(5):761–769. doi:10.1158/1055-9965.EPI-11-0644

	24.	Benowitz NL, Hall SM, Stewart S, Wilson M, Dempsey D, Jacob P 
III. Nicotine and carcinogen exposure with smoking of progressively 
reduced nicotine content cigarette. Cancer Epidemiol Biomarkers Prev. 
2007;16(11):2479–2485. doi:10.1158/1055-9965.EPI-07-0393

	25.	Hatsukami DK, Kotlyar M, Hertsgaard LA, et al. Reduced nicotine con-
tent cigarettes: effects on toxicant exposure, dependence and cessation. 
Addiction. 2010;105(2):343–355. doi:10.1111/j.1360-0443.2009.02780.x

	26.	Weinberger AH, George TP, McKee SA. Differences in smoking expectan-
cies in smokers with and without a history of major depression. Addict 
Behav. 2011;36(4):434–437. doi:10.1016/j.addbeh.2010.12.024

	27.	Gaalema DE, Miller ME, Tidey JW. Predicted impact of nicotine reduction 
on smokers with affective disorders. Tob Regul Sci. 2015;1(2):154–165. 
doi:10.18001/TRS.1.2.5

	28.	Dermody SS, Donny EC. The predicted impact of reducing the nicotine 
content in cigarettes on alcohol use. Nicotine Tob Res. 2014;16(8):1033–
1044. doi:10.1093/ntr/ntu037

	29.	Kalman D, Kim S, DiGirolamo G, Smelson D, Ziedonis D. Addressing 
tobacco use disorder in smokers in early remission from alcohol depend-
ence: the case for integrating smoking cessation services in substance 
use disorder treatment programs. Clin Psychol Rev. 2010;30(1):12–24. 
doi:10.1016/j.cpr.2009.08.009



Nicotine & Tobacco Research, 2017, Vol. 19, No. 1 67

	30.	Donny EC, Hatsukami DK, Benowitz NL, Sved AF, Tidey JW, Cassidy 
RN. Reduced nicotine product standards for combustible tobacco: build-
ing an empirical basis for effective regulation. Prev Med. 2014;68:17–22. 
doi:10.1016/j.ypmed.2014.06.020

	31.	Hatsukami DK, Benowitz NL, Donny E, Henningfield J, Zeller M. Nicotine 
reduction: strategic research plan. Nicotine Tob Res. 2013;15(6):1003–
1013. doi:10.1093/ntr/nts214

	32.	Radloff LS. The CES-D Scale: a self-report depression scale for research 
in the general population. Appl Psychol Meas. 1977;1(3):385–401. 
doi:10.1177/014662167700100306

	33.	Lewinsohn PM, Seeley JR, Roberts RE, Allen NB. Center for Epidemiologic 
Studies Depression Scale (CES-D) as a screening instrument for depression 
among community-residing older adults. Psychol Aging. 1997;12(2):277–
287. doi:10.1037/0882-7974.12.2.277

	34.	Heatherton TF, Kozlowski LT, Frecker RC, Fagerström KO. The 
Fagerström Test for Nicotine Dependence: a revision of the Fagerström 
Tolerance Questionnaire. Br J Addict. 1991;86(9):1119–1127.

	35.	Smith SS, Piper ME, Bolt DM, et al. Development of the Brief Wisconsin 
Inventory of Smoking Dependence Motives. Nicotine Tob Res. 
2010;12(5):489–499. doi:10.1093/ntr/ntq032

	36.	Watson D, Clark LA, Tellegen A. Development and validation of brief 
measures of positive and negative affect: the PANAS scales. J Pers Soc 
Psychol. 1988;54(6):1063–1070. doi:10.1037/0022-3514.54.6.1063

	37.	Cox LS, Tiffany ST, Christen AG. Evaluation of the brief questionnaire of 
smoking urges (QSU-brief) in laboratory and clinical settings. Nicotine 
Tob Res. 2001;3(1):7–16. doi:10.1080/14622200020032051

	38.	Hughes JR, Hatsukami D. Signs and symptoms of tobacco with-
drawal. Arch Gen Psychiatry. 1986;43(3):289–294. doi:10.1001/
archpsyc.1986.01800030107013

	39.	Scherer G, Engl J, Urban M, Gilch G, Janket D, Riedel K. Relationship 
between machine-derived smoke yields and biomarkers in cigarette 
smokers in Germany. Regul Toxicol Pharmacol. 2007;47(2):171–183. 
doi:10.1016/j.yrtph.2006.09.001

	40.	Hukkanen J, Jacob P III, Benowitz NL. Metabolism and disposition 
kinetics of nicotine. Pharmacol Rev. 2005;57(1):79–115. doi:10.1124/
pr.57.1.3

	41.	Sobell LC, Sobell MB. Timeline follow-back: a technique for assessing 
self-reported ethanol consumption. In: Allen J, Litten RZ, eds. Measuring 
Alcohol Consumption: Psychosocial and Biological Methods. Totowa, NJ: 
Humana Press; 1992:41–72.

	42.	Koenker, R. W. Quantile Regression. New York, NY: Cambridge University 
Press; 2005.

	43.	Denlinger RL, Smith TT, Murphy SE, et al. Nicotine and anatabine expo-
sure from very low nicotine content cigarettes. Tob Reg Sci. 2016;2(2):186–
203. doi:10.18001/TRS.2.2.9

	44.	Cohen J. Statistical Power Analysis for the Behavioral Sciences. 2nd ed. 
Hillsdale, NJ: L. Erlbaum Associates; 1988.

	45.	Cook JW, Spring B, McChargue D. Influence of nicotine on positive affect 
in anhedonic smokers. Psychopharmacology (Berl). 2007;192(1):87–95. 
doi:10.1007/s00213-006-0688-5

	46.	Spring B, Cook JW, Appelhans B, et  al. Nicotine effects on affective 
response in depression-prone smokers. Psychopharmacology (Berl). 
2008;196(3):461–471. doi:10.1007/s00213-007-0977-7

	47.	Perkins KA, Karelitz JL, Giedgowd GE, Conklin CA, Sayette MA. 
Differences in negative mood-induced smoking reinforcement due 
to distress tolerance, anxiety sensitivity, and depression history. 
Psychopharmacology (Berl). 2010;210(1):25–34. doi:10.1007/s00213- 
010-1811-1

	48.	Goodwin RD, Wall MM, Choo T, et  al. Changes in the prevalence of 
mood and anxiety disorders among male and female current smokers 
in the United States: 1990–2001. Ann Epidemiol. 2014;24(7):493–497. 
doi:10.1016/j.annepidem.2014.01.014

	49.	Benowitz NL, Nardone N, Hatsukami DK, Donny EC. Biochemical esti-
mation of noncompliance with smoking of very low nicotine content 
cigarettes. Cancer Epidemiol Biomarkers Prev. 2015;24(2):331–335. 
doi:10.1158/1055-9965


