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A B S T R A C T

Individuals with chronic health conditions persist in smoking despite the presence of smoking-related illness.
The aim of this study was to examine whether chronic health conditions moderate response to reduced nicotine
content cigarettes (0.4, 2.4, 5.2, 15.8mg/g of tobacco). This is a secondary analysis of a controlled clinical
laboratory study that examined the acute effects of cigarettes varying in nicotine content among individuals
especially vulnerable to smoking and tobacco dependence. Participants in the present study were categorized as
having 0, 1–2, or ≥3 smoking-related chronic health conditions (i.e., chronic condition severity, CCS).
Repeated-measures analysis of variance was used to examine whether CCS moderated response to cigarettes
across measures of addiction potential (i.e., concurrent choice testing between nicotine dose pairs, Cigarette
Purchase Task (CPT) performance, positive subjective effects), tobacco withdrawal, cigarette craving, and
smoking topography. No main effects of CCS or interactions of CCS and nicotine dose were observed for con-
current choice testing, positive subjective effects, tobacco withdrawal, or smoking topography. Main effects of
CCS were noted on the CPT with greater CCS being associated with less persistent demand. There was an in-
teraction of CCS and nicotine dose on Factor 1 of the Questionnaire on Smoking Urges with the effects of dose
significant only among those with 1–2 chronic conditions. Overall, we see minimal evidence that chronic con-
dition severity affects response to reduced nicotine content cigarettes. A policy that reduces the nicotine content
of cigarettes to minimally addictive levels may benefit smokers already experiencing smoking-related chronic
conditions.

1. Introduction

Chronic health conditions represent the leading causes of death in
the U.S. and a substantial economic burden in terms of direct medical
costs and lost productivity (CDC, 2013; Vogeli et al., 2007). Cigarette
smoking is associated with the onset and progression of many chronic
health conditions including site-specific cancers, coronary heart dis-
ease, diabetes, and respiratory diseases (U.S. Department of Health and
Human Services, 2014). For example, there is evidence of a dose-re-
sponse relationship between cigarette smoking rate and incidence of
diabetes, and smoking has been linked with poorer asthma control
among asthmatics (McLeish and Zvolensky, 2010; Willi et al., 2007).

Several recent studies have examined cigarette smoking and other
tobacco use among those with and without chronic health conditions.

Individuals with chronic conditions have higher prevalence of smoking
and non-cigarette tobacco use, and have not exhibited the same de-
clines in smoking prevalence over time as those without chronic con-
ditions (Keith et al., 2017; Stanton et al., 2016). However, there is
promising evidence to suggest that individuals with chronic health
conditions attempt to quit smoking at higher rates than those without
these conditions and may also have greater motivation to quit (Duffy
et al., 2011; Gaalema et al., 2018; Kalkhoran et al., 2018). Regarding
quit success, the literature is mixed. While some studies have suggested
that smokers with chronic health conditions achieve higher rates of
abstinence compared to those without chronic conditions (Holm et al.,
2017; Lando et al., 2003; Streck et al., 2018; Yang et al., 2015), others
have demonstrated poorer cessation outcomes in this group (Kalkhoran
et al., 2018; Holm et al., 2017; Nair et al., 2018). There is some
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evidence to suggest that cigarette smokers with medical conditions may
be more likely to concurrently use tobacco and electronic cigarettes
(Kruse et al., 2017; Rigotti et al., 2015), which may lead to increased
nicotine intake, exposure to additional toxins, and potentially more
difficulty quitting, though more conclusive research is needed on this
topic (National Academies of Sciences Engineering and Medicine,
2018).

Reducing the burden of cigarette smoking among smokers with
chronic health conditions and other vulnerabilities will require tobacco
control and regulatory policies that are more effective at changing
behavior. In 2009, with the passage of the Family Smoking Prevention
and Tobacco Control Act (FSPTCA), the FDA was granted regulatory
authority over cigarettes, including authority to establish a standard to
limit the maximal nicotine content of cigarettes if doing so benefits
public health (111th Congress, 2009). In response, research on this
topic is growing, including a recent multi-site clinical laboratory ex-
periment that examined acute response to cigarettes varying in nicotine
content among three vulnerable populations: individuals with affective
disorders, opioid dependence, and economically disadvantaged women
(Higgins et al., 2017). This study also collected information on the
presence of co-morbid other chronic health conditions, which is the
focus of the current report.

To our knowledge, no studies have reported examining potential
moderating effects of chronic health conditions on response to cigar-
ettes varying in nicotine content. This is a particularly important and
timely question to examine as the U.S. FDA's Center for Tobacco
Products deemed smokers with “mental health or medical-comorbid-
ities” a specific vulnerable population on whom more research is
needed to inform the regulation of tobacco products to protect public
health (Department of Health and Human Services, 2017). Considering
that individuals with chronic conditions persist in smoking despite the
presence of serious smoking-related illness (Stanton et al., 2016), they
could be at risk for attempting to sustain their usual nicotine exposure
levels through compensatory smoking or for experiencing untoward
levels of craving or withdrawal should those levels be reduced. Against
this background, the aim of the present study was to examine whether
the presence and severity of co-morbid chronic health conditions may
moderate response to reduced nicotine content cigarettes using a bat-
tery of dependent measures designed to assess the addiction potential of
smoking, craving and withdrawal, and compensatory smoking.

2. Methods

2.1. Sample

Participants were 169 adult daily smokers enrolled in a three-site
(University of Vermont, Brown University, Johns Hopkins University
School of Medicine) randomized controlled trial. Study methods have
been described in detail previously (Higgins et al., 2017). Briefly, par-
ticipants were recruited though advertisements placed on Facebook,
community bulletin boards, buses and local newspapers from March 23,
2015 to April 25, 2016. Participants were recruited from three vul-
nerable populations: individuals with affective disorders (n=56) as an

exemplar of smokers with mental illness, individuals with opioid de-
pendence as an exemplar of smokers with other substance use disorders
(n= 60), and women of reproductive age with low educational at-
tainment as an exemplar of smokers with socioeconomic disadvantage
(n= 53). All participants provided written informed consent and pro-
cedures were approved by institutional review boards at each study
site.

2.2. Chronic health conditions

Chronic health conditions were assessed at intake using an in-
vestigator-developed Medical History Questionnaire. Using an inter-
view format, participants were asked, “Have you ever been diagnosed
with or experienced symptoms of [insert chronic condition].”.
Participants were also asked additional details about each self-reported
medical condition including the start and end date of each condition if
relevant, medications used for treatment, and whether the participant
was seeing a doctor for the condition. The present study examines
chronic health conditions associated with smoking, including high
blood pressure, heart disease or stroke, cardiac arrhythmia, blood clots,
ulcers, asthma or breathing problems, epilepsy/seizures/convulsions,
other neurological problems, diabetes, hyperthyroidism, headaches,
episodes of dizziness, overwhelming fatigue, chest pain, and kidney or
bladder problems (U.S. Department of Health and Human Services,
2014). For the purposes of this secondary analysis, participants were
categorized into three chronic condition severity (CCS) groups based on
the number of chronic health conditions endorsed: 0, 1–2, or 3 or more
chronic health conditions. This method of measuring the presence and
number of chronic conditions is supported by prior publications on this
topic (Stanton et al., 2016; Duffy et al., 2011; Kruse et al., 2017).

2.3. Research cigarettes

Spectrum research cigarettes manufactured by 22nd Century Group
(Clarence, NY) were obtained from the National Institute on Drug
Abuse for use in the trial. The study used four nicotine doses, 0.4, 2.4,
5.2, 15.8 mg of nicotine per gram of tobacco (mg/g), and cigarettes
were available in assignment to menthol or non-menthol flavors based
on participant's usual brand cigarette type. The 15.8mg/g dose is si-
milar to the nicotine content of commercially available cigarettes and
functioned as a control condition. All experimental sessions using study
cigarettes were conducted under double-blind conditions.

2.4. Procedure

Participants presented for a study-intake assessment where we as-
sessed demographic and smoking characteristics (i.e., age, gender, race,
education level, employment status, annual income, marital status, ci-
garettes per day, menthol status, years smoked regularly, level of ni-
cotine dependence) and determined study eligibility (Higgins et al.,
2017). Eligible participants completed a three-phase study with 14
experimental sessions using a within-subjects design (Fig. 1). Prior to all
experimental sessions, participants presented to the laboratory having

Fig. 1. Overview of study design.
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abstained from smoking 6–8 h, operationalized as ≥50% reduction in
baseline breath carbon monoxide (CO) levels. Session 1 served as a
protocol-orientation session where participants smoked their usual
brand cigarette according to Phase I procedures (described below).

In Phase 1 (Sessions 2–5), participants sampled each research ci-
garette dose (one cigarette per session) under double-blind conditions
and in randomized order. Cigarettes were smoked ad libitum (i.e., ci-
garettes smoked as participants desired and as they would smoke their
own brand cigarette) using a CReSS Smoking device (Clinical Research
Support System, CReSS) (Lee et al., 2003) which recorded measures of
smoking topography. Smoking topography measures how a participant
smokes a cigarette and records indices such as number of puffs, dura-
tion of puffs etc. Before and every 15min for an hour after smoking
each cigarette, participants completed the Minnesota Tobacco With-
drawal Scale (MTWS) (Hughes and Hatsukami, 1986) and the Ques-
tionnaire of Smoking Urges-Brief (QSU-B) (Cox et al., 2001) to assess
tobacco withdrawal and cigarette craving, respectively. Additionally,
after smoking each research cigarette, participants completed the
modified Cigarette Evaluation Questionnaire (mCEQ) (Arger et al.,
2017; Cappelleri et al., 2007), which assesses the positive and negative
subjective effects of smoking. They also completed the Cigarette Pur-
chase Task (CPT) (Jacobs and Bickel, 1999; MacKillop et al., 2008)
following smoking, which is a behavioral economic simulation task in
which participants estimate the number of cigarettes they would pur-
chase to smoke within a 24-hour period across a range of cigarette
prices. In the CPT, the following indices are modeled: Intensity: daily
cigarette smoking rate at no or minimal cost; Omax: maximum total
expenditure on smoking in a 24-h period (e.g., $5.00); Pmax: the price
at which maximum expenditure occurs and smoking rate begins de-
creasing corresponding to increasing price (e.g., $0.50/cigarette for a
person smoking 10 cigarettes/day); Breakpoint: the price at which one
would quit smoking rather than incur the cost (e.g., $1.00/cigarette);
Elasticity: overall sensitivity of demand to increasing price.

Phase 2 (Sessions 6–11) and Phase 3 (Sessions 12–14) directly tested
the reinforcing effects of all of the six possible cigarette dose pairs by
giving participants the opportunity to choose which cigarette dose they
preferred to smoke during 3-hour concurrent choice test sessions. In
Phase 2, both cigarettes were always available at an equal response cost
of 10 mouse clicks (Fixed-ratio 10). Specifically, participants had to
click the computer mouse 10 times in order to receive two puffs of a
cigarette. They could make as many choices as they wanted during this
3-hour period. In Phase 3, only the highest and lowest dose pair was
compared with the highest dose cigarette available on a progressive
ratio schedule. One dose pair was presented per session in Phases 2 and
3. Phase 3 results are not included in this report.

2.5. Statistical methods

We analyzed data from all participants reported in our parent study
(N=169; Higgins et al., 2017). The first step in creating the chronic
condition severity (CCS) group variable was summing the chronic
conditions for each participant. The distribution of the chronic condi-
tion sums was highly right-skewed and on an ordinal scale, thus CCS
was treated as a categorical variable in all analyses. Categorizing par-
ticipants with 0 and 1 or 2 conditions produced groups of similar size
ensuring sufficient statistical power for comparisons between these two
groups. The third group was comprised of the remaining participants
with 3 or more conditions, which also provided sufficient statistical
power for between-group comparisons.

Group comparisons (0, 1–2, ≥3 CCS) of demographic and other
characteristics collected at baseline were conducted using Wilcoxon
Rank Sum tests and Chi-Square tests. Analyses of Phase 1 results ex-
amined whether CCS moderated the effects of dose on CPT, mCEQ and
smoking topography using repeated-measures analysis of covariance
(ANCOVAs), with nicotine dose as the within-participant factor and
CCS as a fixed effect with three levels. As there were differences

between CCS groups in gender, and the proportion of participants from
the three parent trial vulnerable populations (i.e., affective disorders,
opioid-dependence, socioeconomically disadvantaged women), these
variables were included as covariates. The MTWS and QSU-B were
examined similarly using mixed-factor ANCOVAs with time added as an
additional within-participant factor. Analyses also included fixed effects
for session and the three parent study populations who were studied in
independent parallel research protocols and combined for analysis in
the original and this secondary study. Time-by-dose and CCS-by-dose
interactions were included to test whether subjective effects before and
after smoking differed by dose and to test for differential effects of CCS
by dose; when not significant, interaction effects were dropped from
models. An additional random effect was included to account for the
three study sites.

In analyzing Phase 1 aggregate-level cigarette demand in the CPT,
demand curves were fit to mean reported consumption at each price
across participants, doses, and CCS groups. To quantify participant-
level CPT demand elasticity, a demand curve was fit to individual
consumption at each price for each dose. When fitting demand curves,
we constrained demand intensity to the participants' reported con-
sumption at $0.00 to leave elasticity as the only fitted parameter.
Elasticity values> 1.00 were winsorized to 1.00 prior to statistical
analysis (22 of 845 cases). All other demand indices were empirically
quantified from observed values. Omax, Pmax, Breakpoint, and
Elasticity were log10 transformed to correct for skewness. We reviewed
CPT results and found systematic patterns in 92.7% of demand curves.
One data point for elasticity was an extremely small value (~1 E−20)
where the consumption values at all prices were the same. This data
point was excluded from analyses. In cases where participants reported
zero consumption across all prices (54 of 845 cases), curve fitting was
not possible, so elasticity was not analyzed and other demand indices
were quantified as 0.

Analyses of Phase 2 results on preference among all possible dose
pairs were examined using repeated-measures analysis of variance, with
each pairwise combination as the within-participant factor, CCS as a
fixed effect, and population and gender as covariates.

Across all tests, statistical significance was defined a priori as
p < 0.05 (2-tailed). Significant main or interaction effects were fol-
lowed by post-hoc testing using Bonferroni corrections, dividing the
critical value (p < 0.05) by the number of comparisons to derive a
more conservative Type I error rate. All analyses were conducted using
SAS 9.4 (SAS Institute, Cary, NC) and GraphPad Prism (GraphPad
Software, La Jolla, CA).

3. Results

3.1. Participant characteristics

Demographic and smoking characteristics across the three CCS ca-
tegories are reported in Table 1, with 41% of the sample endorsing 0
chronic conditions, 44% 1–2 conditions, and 15% reporting ≥3 con-
ditions. Only two significant differences in baseline characteristics were
noted between CCS categories, with the proportion of males (χ2

(2)= 5.91, p=0.05) and the proportion of participants with affective
disorders in a severity category (χ2(4)= 36.79, p < 0.0001) in-
creasing as CCS increased.

3.2. Reinforcing effects of smoking via direct testing and simulation

3.2.1. Direct testing in phase 2 choice paradigm
No significant differences by CCS were observed in how participants

chose between different dose pairs. Participants consistently chose the
higher nicotine dose cigarette at greater than chance levels across all six
dose pairs (F(5,825)= 4.86, p=0.0002), and no interactions between
CCS and nicotine dose were observed (Table 2).
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3.2.2. Cigarette purchase task
Main effects of CCS were observed on Omax (F(2,163)= 3.16,

p=0.04), Pmax (F(2,163)= 4.02, p= 0.02), and Breakpoint (F
(2,163)= 3.48, p=0.03), with individuals with no chronic health
conditions showing more persistent demand (Fig. 2, Panels A, B, C).
Stated another way, individuals with more chronic conditions generally
evidenced lower maximum daily expenditure on smoking, began
showing decreases in smoking rate at a lower price/cigarette, and
ceased purchasing cigarettes (i.e., quit) rather than incurred the

increasing cost of smoking at a lower price than those without chronic
conditions. No main effects of medication use were noted on these three
CPT indices when we replaced CCS with medication use in the models
or included both (ps > 0.05). However, when examining medication
use and CCS together in the models, CCS was no longer a significant
predictor of Omax, Pmax, or Breakpoint (ps= 0.08, 0.08, and 0.16,
respectively) demonstrating modest redundancy between these two
independent variables. Across all five indices of demand, main effects of
nicotine dose were noted, with more intense and persistent demand

Table 1
Participant characteristics by number of chronic health conditions.

All
(N= 169)

Chronic condition severity (CSS) p value

0
(n= 70)

1–2
(n= 74)

3+
(n=25)

Age (M ± SD) 35.6 ± 11.4 33.1 ± 9.4 36.6 ± 11.4 39.6 ± 14.7 0.13
Gender (% Female) 120 (71.1) 56 (80.0) 50 (67.6) 14 (56.0) 0.05
Study population < 0.0001
Affective disorders 56 9 (12.9) 30 (40.5) 17 (68.0)
Opioid dependent 60 25 (35.7) 28 (37.8) 7 (28.0)
Low SES women 53 36 (51.4) 16 (21.6) 1 (4.0)

Race/ethnicity 0.84
White 123 (72.8) 49 (70.0) 53 (71.6) 21 (84.0)
Native American/Alaskan Native 0 (0) 0 (0) 0 (0) 0 (0)
Asian 1 (0.6) 1 (1.4) 0 (0) 0 (0)
Black/African-American 23 (13.6) 12 (17.1) 9 (12.2) 2 (8.0)
Native Hawaiian/Pacific-Islander 1 (0.6) 0 (0) 1 (1.4) 0 (0)
Other or > 1 race 15 (8.9) 6 (8.6) 8 (10.1) 1 (4.0)
Hispanic/Latino 6 (3.5) 2 (2.9) 3 (4.1) 1 (4.0)

Education 0.07
8th grade or less 4 (2.4) 2 (2.9) 2 (2.7) 0 (0)
Some high school 23 (13.6) 9 (12.9) 10 (13.5) 4 (16.0)
High school graduate/equivalent 58 (34.3) 21 (30.0) 26 (35.1) 11 (44.0)
Some college 64 (37.9) 36 (51.4) 21 (28.4) 7 (28.0)
2-Year Associate's Degree 10 (5.9) 1 (1.4) 7 (9.5) 2 (8.0)
College graduate/4-year degree 6 (3.5) 0 (0) 6 (8.1) 0 (0)
Graduate or professional degree 4 (2.4) 1 (1.4) 2 (2.7) 1 (4.0)

Employment status 0.10
Full-time 41 (24.3) 18 (25.7) 19 (25.7) 4 (16.0)
Part-time 36 (21.3) 19 (27.1) 14 (18.9) 3 (12.0)
Unemployed 46 (27.2) 20 (28.6) 23 (31.1) 3 (12.0)
Disability 30 (17.8) 7 (10) 13 (17.6) 10 (40)
Retired/other 16 (9.5) 6 (8.6) 5 (6.8) 5 (20.0)

Annual Household Income (M ± SD) 24,766.7 ± 20,711.1 25,305.2 ± 17,550.7 25,855.0 ± 25,907.4 20,481.3 ± 13,245.3 0.47
Marital status 0.36
Married 27 (16.0) 14 (20.0) 8 (10.8) 5 (20.0)
Never married 103 (60.9) 44 (62.9) 48 (64.9) 11 (44.0)
Divorced/separated 35 (20.7) 11 (15.7) 16 (21.6) 8 (32.0)
Widowed 4 (2.4) 1 (1.4) 2 (2.7) 1 (4.0)

Cigarettes per day (M ± SD) 15.8 ± 7.5 15.3 ± 6.6 15.2 ± 6.7 19.1 ± 10.9 0.33
Primary menthol smoker 61 (36.1) 26 (37.1) 29 (39.2) 6 (24.0) 0.38
Breath CO (ppm) (M ± SD) 22.4 ± 12.0 21.2 ± 9.5 23.6 ± 14.8 22.3 ± 8.1 0.71
Age started smoking regularly (M years ± SD) 16.3 ± 4.3 16.3 ± 3.7 16.4 ± 4.4 15.8 ± 5.5 0.27
Fagerström test for nicotine dependence (Fagerstrom and

Schneider, 1989) (M ± SD)
5.0 ± 2.2 4.9 ± 2.3 5.0 ± 2.0 5.4 ± 2.3 0.82

Note. Cells represent n (%) unless otherwise indicated.
Bolded values represent p≤ 0.05.

Table 2
Mean ± SEM proportion of choices for the higher dose in Phase 2 fixed ratio testing by nicotine content and chronic condition severity (CCS).

Phase 2 - Fixed ratio 10 schedule

15.8 v 0.4 mg/g 15.8 v 2.4mg/g 15.8 v 5.2 mg/g 5.2 v 0.4 mg/g 5.2 v 2.4mg/g 2.4 v 0.4mg/g

Overall 68.91 ± 3.33* 65.58 ± 3.33* 61.14 ± 3.33* 59.86 ± 3.33* 54.84 ± 3.33 55.70 ± 3.33
0 Chronic conditions 73.77 ± 4.35 70.94 ± 4.35 63.51 ± 4.35 57.59 ± 4.35 61.37 ± 4.35 52.49 ± 4.36
1–2 Chronic conditions 70.46 ± 4.44 64.29 ± 4.44 61.71 ± 4.45 64.49 ± 4.44 54.04 ± 4.44 63.64 ± 4.44
3+ Chronic conditions 58.93 ± 6.89 62.57 ± 6.89 61.07 ± 6.89 60.81 ± 6.89 47.07 ± 6.88 49.38 ± 6.89

Note. Tabled values represent least square means ± SEM. Overall ratings collapsed across all subjects and by CCS are displayed by dose. Significant differences in
choice for the higher dose over the lower dose are displayed for each dose pair in the overall data with an asterisk. There were no significant differences by CCS, so no
post hoc testing between CCS groups were conducted.
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seen at higher nicotine doses (Intensity (F(3,495)= 3.26, p= 0.02);
Omax (F(3,495)= 6.97, p=0.0001); Pmax (F(3,495)= 7.41,
p < 0.0001); Elasticity (F(3,447)= 4.13, p=0.01); Breakpoint (F
(3,495)= 8.39, p < 0.0001) (Fig. 2, Panels A, B, C).

3.3. Subjective effects

3.3.1. Modified cigarette evaluation questionnaire
There were no main effects of CCS on mCEQ ratings. Significant

main effects of dose were observed across each of the five mCEQ sub-
scales (Satisfaction (F(3,495)= 27.65, p < 0.0001); Psychological
Reward (F(3,495)= 17.17, p < 0.0001); Aversion (F(3,495)= 5.13,
p=0.002); Enjoyment of Respiratory Tract Sensations (F
(3,495)= 22.42, p < 0.0001); Craving Reduction (F(3,495)= 14.44,
p < 0.0001), with generally higher positive ratings of smoking re-
ported at higher doses. No significant interactions of CCS and dose were
noted on the mCEQ (Table 3).

3.3.2. Minnesota tobacco withdrawal scale
No significant main effects of CCS were noted on the MTWS total

scores or the individual ‘Desire to Smoke’ MTWS item. Significant in-
teractions between nicotine dose and time were observed for total
scores (F(12,1286)= 2.42, p=0.004) and Desire to Smoke (F
(12,1331)= 6.62, p < 0.0001); each of the doses decreased with-
drawal below pre-smoking baseline levels, with the 15.8mg/g dose
producing longer duration effects (Table 4, only total scores shown to
conserve space).

3.3.3. Questionnaire on smoking urges-brief
No main effects of CCS were noted on QSU Factor 1 or 2 subscales.

Significant nicotine dose by time interactions were noted on the QSU
Factor 1 (F(3,2014)= 9.04, p < 0.0001) and Factor 2 (F

(12,2014)= 5.22, p < 0.0001) subscales, where the effect of the
15.8mg/g dose produced longer duration effects (Table 5, only QSU
Factor 2 shown to conserve space). There was a significant interaction
of CCS and nicotine dose on QSU Factor 1 (F(6,495)= 2.24, p= 0.04),
with the effect of dose significant among those with 1–2 chronic con-
ditions (p < 0.0001) but not in the other two CCS categories (Fig. 3).
This interaction remained significant when medication use was added
to the model with CCS (p=0.04). There was no main effect of medi-
cation use on QSU Factor 1 when it was examined in the model in place
of CCS or when both were included (p > 0.05).

3.4. Smoking topography

There were no significant main effects of CCS on smoking topo-
graphy. Main effects of nicotine dose were noted for three smoking
topography indices (Total Puff Volume (F(3,481)= 3.87, p=0.01);
Mean Maximum Flow Rate (F(3,482)= 2.73, p=0.04); Maximum
Number of Puffs (F(3,480)= 11.86, p < 0.0001), with more intense
rates of smoking observed at the higher vs. lower dose cigar-
ettes—effects opposite of those associated with compensatory smoking.
No significant interactions of CCS and nicotine dose were observed
across any of the smoking topography measures (Table 6).

4. Discussion

To our knowledge, this is the first study to directly examine re-
sponse to reduced-nicotine content cigarettes among individuals al-
ready suffering with smoking-related chronic health conditions. This is
a timely and important topic to examine in light of the FDA's Center for
Tobacco Products having (a) identified smokers with medical co-
morbidities as a population on whom more research is needed to inform
the regulation of tobacco products (Department of Health and Human
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Fig. 2. Results from three indices of the Cigarette Purchase Task (CPT) simulating demand for each cigarette varying in nicotine content across escalating prices by
chronic condition severity.
Note. White filled circles represent individuals with no chronic conditions, gray filled circles represent individuals with 1–2 conditions, and black filled circles
represent those with 3 or more conditions. Omax: Maximum daily expenditure that one is willing to incur for daily smoking; Pmax: The price at which smoking rate
becomes elastic and begins decreasing corresponding to increasing price, or in other words, the price at which Omax occurs; Breakpoint: The price at which one
would quit smoking rather than incur the cost of cigarettes. There were main effects of chronic condition severity for Omax, Pmax, and Breakpoint. All means
presented are least square means and error bars represent SEM.

J.M. Streck et al. Preventive Medicine Reports 12 (2018) 321–329

325



Services, 2017) and, (b) recently announced a comprehensive tobacco
regulatory plan that includes a potential national policy to lower the
nicotine content of cigarettes to minimally addictive levels (Gottlieb
and Zeller, 2017).

Overall, we found scant evidence that CCS has a substantive influ-
ence on acute response to reduced nicotine content cigarettes. More
specifically, no main effects of CCS nor interactions between CCS and
nicotine dose were observed on relative reinforcing effects measured by
concurrent choice testing, positive subjective effects, measures of to-
bacco withdrawal, and smoking topography. Main effects of CCS were
noted on CPT indices assessing hypothetical demand for the varying

dose cigarettes, but those effects suggested an inverse relationship
where greater CCS was associated with less persistent demand. A
modest degree of that inverse relationship between CCS and demand
appears to be attributable to greater medication use among those with
greater CCS. The only interaction of CCS and nicotine dose was on
craving for the positive reinforcing effects of smoking (QSU-B Factor 1),
with significant dose effects being limited to those with 1–2 conditions.
That association was independent of medication use. None of these
effects suggest that individuals with greater CCS would respond un-
favorably to reduced nicotine content cigarettes. If anything, they
suggest that those with greater CCS may benefit more, which is

Table 3
Mean ± SEM scores on subscales of the Modified Cigarette Evaluation Questionnaire by nicotine content and chronic condition severity (CCS).

Overall 0 Chronic
conditions

1–2 Chronic
conditions

3+ Chronic
conditions

Overall 0 Chronic
conditions

1–2 Chronic
conditions

3+ Chronic
conditions

0.4mg/g 2.4 mg/g

Satisfaction 3.23 ± 0.15a 3.47 ± 0.21 2.63 ± 0.20 3.61 ± 0.34 3.54 ± 0.15be 3.64 ± 0.21 3.55 ± 0.20 3.45 ± 0.34
Psychological reward 2.69 ± 0.14a 2.84 ± 0.19 2.18 ± 0.18 3.05 ± 0.30 2.75 ± 0.14ab 2.86 ± 0.19 2.66 ± 0.18 2.72 ± 0.30
Aversion 1.48 ± 0.15a 1.47 ± 0.16 1.53 ± 0.18 1.45 ± 0.23 1.52 ± 0.15a 1.55 ± 0.16 1.53 ± 0.18 1.48 ± 0.23
Enjoyment of

Respiratory tract
sensations

2.85 ± 0.16a 3.29 ± 0.22 2.41 ± 0.21 2.85 ± 0.37 2.99 ± 0.16b 3.39 ± 0.22 2.98 ± 0.21 2.61 ± 0.36

Craving reduction 3.33 ± 0.29a 3.47 ± 0.33 2.85 ± 0.34 3.67 ± 0.46 3.52 ± 0.29ab 3.54 ± 0.33 3.55 ± 0.34 3.47 ± 0.46

Overall 0 Chronic
conditions

1–2 Chronic
conditions

3+ Chronic
conditions

Overall 0 Chronic
conditions

1–2 Chronic
conditions

3+ Chronic
conditions

5.2mg/g 15.8mg/g

Satisfaction 3.81 ± 0.15ce 4.07 ± 0.21 3.59 ± 0.20 3.76 ± 0.34 4.55 ± 0.15 d 4.83 ± 0.21 4.41 ± 0.20 4.43 ± 0.34
Psychological reward 3.02 ± 0.14b 3.11 ± 0.19 2.77 ± 0.18 3.19 ± 0.30 3.44 ± 0.14c 3.47 ± 0.19 3.09 ± 0.18 3.77 ± 0.30
Aversion 1.51 ± 0.15a 1.46 ± 0.16 1.62 ± 0.18 1.44 ± 0.23 1.75 ± 0.15b 1.77 ± 0.16 1.81 ± 0.18 1.66 ± 0.23
Enjoyment of

respiratory tract
sensations

3.49 ± 0.16c 3.79 ± 0.22 3.23 ± 0.21 3.47 ± 0.37 4.07 ± 0.16d 4.28 ± 0.22 3.90 ± 0.21 4.04 ± 0.37

Craving reduction 3.81 ± 0.29b 3.92 ± 0.33 3.73 ± 0.34 3.79 ± 0.46 4.41 ± 0.29c 4.41 ± 0.33 4.38 ± 0.34 4.43 ± 0.46

Note. Tabled values represent least square means ± SEM. Overall ratings collapsed across all subjects and by CCS are displayed by dose. Post-hoc testing is shown on
subscales within the overall group where there were main effects of dose; data points not sharing a superscript letter differed significantly after Bonferroni correction.
There were no significant differences by CCS, so no post hoc testing between CCS groups were conducted.

Table 4
Mean ± SEM total scores on the Minnesota tobacco withdrawal scale by time and nicotine content and chronic condition severity (CCS).

Overall 0 Chronic
conditions

1–2 Chronic
conditions

3+ Chronic
conditions

Overall 0 Chronic
conditions

1–2 Chronic
conditions

3+ Chronic
conditions

0.4 mg/g 2.4 mg/g

Pre-smoking
baseline

1.06 ± 0.12a⁎ 0.90 ± 0.12 1.15 ± 0.13 1.11 ± 0.19 1.03 ± 0.11a⁎ 0.83 ± 0.12 1.12 ± 0.13 1.19 ± 0.19

15min 0.70 ± 0.12b⁎ 0.55 ± 0.12 0.79 ± 0.13 0.77 ± 0.19 0.66 ± 0.11b⁎ 0.57 ± 0.12 0.67 ± 0.13 0.76 ± 0.19
30min 0.81 ± 0.12b⁎ 0.66 ± 0.12 0.86 ± 0.13 0.95 ± 0.19 0.80 ± 0.11c⁎ 0.73 ± 0.12 0.75 ± 0.13 1.00 ± 0.19
45min 0.95 ± 0.12a⁎ 0.78 ± 0.12 1.01 ± 0.13 1.10 ± 0.19 0.93 ± 0.11a⁎ 0.87 ± 0.12 0.88 ± 0.13 1.14 ± 0.19
60min 1.03 ± 0.12a⁎ 0.92 ± 0.12 1.09 ± 0.13 1.09 ± 0.19 0.97 ± 0.11a⁎ 0.89 ± 0.12 0.96 ± 0.13 1.13 ± 0.19

Overall 0 Chronic
conditions

1–2 Chronic
conditions

3+ Chronic
conditions

Overall 0 Chronic
conditions

1–2 Chronic
conditions

3+ Chronic
conditions

5.2mg/g 15.8mg/g

Pre-smoking
baseline

1.08 ± 0.11ab⁎ 0.86 ± 0.12 1.15 ± 0.13 1.34 ± 0.19 1.08 ± 0.12 a⁎ 0.94 ± 0.12 1.06 ± 0.13 1.41 ± 0.19

15min 0.67 ± 0.11c⁎ 0.58 ± 0.12 0.64 ± 0.13 0.86 ± 0.19 0.59 ± 0.12 b⁎ 0.44 ± 0.12 0.61 ± 0.13 0.81 ± 0.19
30min 0.83 ± 0.11d⁎ 0.70 ± 0.12 0.82 ± 0.13 1.09 ± 0.19 0.69 ± 0.12 c⁎ 0.58 ± 0.12 0.68 ± 0.13 0.90 ± 0.19
45min 0.95 ± 0.11b⁎ 0.85 ± 0.12 0.96 ± 0.13 1.11 ± 0.19 0.83 ± 0.12 a⁎ 0.72 ± 0.12 0.81 ± 0.13 1.08 ± 0.19
60min 1.07 ± 0.11a⁎ 0.97 ± 0.12 1.07 ± 0.13 1.21 ± 0.19 0.92 ± 0.12 a⁎ 0.85 ± 0.12 0.89 ± 0.13 1.11 ± 0.19

Note. Tabled values represent least square means± SEM. Overall ratings collapsed across all subjects and by CCS are displayed by dose. Post-hoc testing is shown on
subscales within the overall group for the dose by time interaction; data points not sharing a superscript letter differed significantly after Bonferroni correction within
each dose pair; data points not sharing a superscript symbol within each time point also differed significantly after Bonferroni correction. There were no significant
differences by CCS, so no post hoc testing between CCS groups were conducted.
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important as the number of people with multiple chronic conditions in
the U.S. is large and increasing over time (Vogeli et al., 2007; Ward and
Schiller, 2013).

It is interesting that smokers without chronic conditions evidenced
higher demand for cigarettes across all nicotine doses on the CPT. As
cigarette demand is considered to be a measure of the reinforcing ef-
fects of smoking, this may suggest that individuals with more chronic
health conditions find cigarettes less reinforcing under escalating con-
straint, and thus may be more apt to reduce or quit smoking than other
smokers. Indeed, as was mentioned above, there is a small body of

literature suggesting that individuals with smoking-related chronic
conditions may be more motivated to quit and more likely to quit and
remain abstinent from smoking (Duffy et al., 2011; Holm et al., 2017;
Lando et al., 2003; Streck et al., 2018; Yang et al., 2015). This pattern of
results is consistent with chronic health conditions increasing the sal-
ience of the potential adverse health consequences of smoking or, in
economic terms, increasing the cost of smoking. Additional studies
examining the reliability of this observation would be useful, especially
in light of the growing prevalence of chronic health conditions.

Several limitations of this study merit mention. First, our ques-
tionnaire on chronic conditions was not exhaustive and there were
certain health conditions of interest that we did not assess (e.g., cancer).
Future study of additional chronic conditions as well as the independent
contributions of specific conditions on response to reduced nicotine
cigarettes may be warranted. Additionally, our questionnaire has not
yet been tested for reliability and validity. Second, our assessment of
chronic health conditions was based on participant self-report and not
confirmed by a physician or medical record and thus may have been
influenced by recall bias or inaccurate reporting. Third, we only as-
sessed acute exposure to reduced nicotine content cigarettes and cannot
rule out that CCS may be more influential during chronic exposure. An
extended-exposure trial currently underway in these same vulnerable
populations should allow examination of this research question through
12weeks of exposure to reduced nicotine content cigarettes.

Overall, the present findings suggest that a policy that reduces the
nicotine content of cigarettes to minimally addictive levels has the
potential to benefit smokers who are already experiencing smoking-
related chronic health conditions.
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Table 5
Mean ± SEM Factor 2 scores on the Questionnaire on Smoking Urges-Brief by time and nicotine content and chronic condition severity (CCS).

Overall 0 Chronic
conditions

1–2 Chronic
conditions

3+ Chronic
conditions

Overall 0 Chronic
conditions

1–2 Chronic
conditions

3+ Chronic
conditions

0.4mg/g 2.4 mg/g

Pre-smoking
baseline

3.84 ± 0.24a⁎ 3.62 ± 0.27 3.70 ± 0.29 4.13 ± 0.40 3.81 ± 0.24a⁎ 3.64 ± 0.27 3.54 ± 0.29 4.41 ± 0.40

15min 2.97 ± 0.24b⁎ 2.73 ± 0.27 2.82 ± 0.29 3.34 ± 0.40 2.91 ± 0.24b⁎ 2.64 ± 0.27 2.77 ± 0.29 3.35 ± 0.40
30min 3.15 ± 0.24bc⁎ 2.98 ± 0.27 3.03 ± 0.29 3.26 ± 0.40 3.1 ± 0.24bc⁎† 2.91 ± 0.27 2.87 ± 0.29 3.57 ± 0.40
45min 3.38 ± 0.24cd⁎ 3.27 ± 0.27 3.24 ± 0.29 3.39 ± 0.40 3.32 ± 0.24cd⁎ 3.20 ± 0.27 3.03 ± 0.29 3.82 ± 0.40
60min 3.56 ± 0.24d⁎ 3.39 ± 0.27 3.40 ± 0.29 3.78 ± 0.40 3.55 ± 0.24ad⁎ 3.40 ± 0.27 3.32 ± 0.29 3.97 ± 0.40

Overall 0 Chronic
conditions

1–2 Chronic
conditions

3+ Chronic
conditions

Overall 0 Chronic
conditions

1–2 Chronic
conditions

3+ Chronic
conditions

5.2mg/g 15.8mg/g

Pre-smoking
baseline

3.85 ± 0.24a⁎ 3.58 ± 0.27 3.60 ± 0.29 4.62 ± 0.40 3.97 ± 0.24a⁎ 3.82 ± 0.27 3.67 ± 0.29 4.54 ± 0.40

15min 2.79 ± 0.24b⁎† 2.55 ± 0.27 2.67 ± 0.29 3.09 ± 0.40 2.56 ± 0.24b† 2.37 ± 0.27 2.33 ± 0.29 3.09 ± 0.40
30min 3.03 ± 0.24b⁎† 2.90 ± 0.27 2.81 ± 0.29 3.33 ± 0.40 2.85 ± 0.24c† 2.72 ± 0.27 2.59 ± 0.29 3.26 ± 0.40
45min 3.33 ± 0.24ce⁎ 3.15 ± 0.27 3.16 ± 0.29 3.59 ± 0.40 3.16 ± 0.24df⁎ 3.05 ± 0.27 2.89 ± 0.29 3.58 ± 0.40
60min 3.54 ± 0.24de⁎ 3.40 ± 0.27 3.33 ± 0.29 3.82 ± 0.40 3.36 ± 0.24ef⁎ 3.27 ± 0.27 3.08 ± 0.29 3.74 ± 0.40

Note. Tabled values represent least square means ± SEM. Overall ratings collapsed across all subjects and by CCS are displayed by dose. Post-hoc testing is shown on
subscales within the overall group for the dose by time interaction; data points not sharing a superscript letter differed significantly after Bonferroni correction within
each dose pair; data points not sharing a superscript symbol within each time point also differed significantly after Bonferroni correction. There were no significant
differences by CCS, so no post hoc testing between CCS groups were conducted.

Fig. 3. Results from the Questionnaire on Smoking Urges-Brief (QSU-B) Factor
1 depicting the interaction between chronic condition severity and nicotine
dose.
Note. White filled circles represent individuals with no chronic conditions, gray
filled circles represent individuals with 1–2 conditions, and black filled circles
represent those with 3 or more conditions. QSU Factor 1 average scores range
from 1 to 7 with higher scores indicating higher levels of craving. The y axis has
been restricted to allow for ease of interpretation of the interaction. There was a
significant interaction of chronic condition severity and nicotine dose on QSU
Factor 1. Means presented are least square means and error bars represent SEM.
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