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Abstract

Introduction: Tobacco chippers are light smokers with stable patterns of smoking that exhibit lower 
nicotine dependence severity than heavy smokers. Chippers may provide valuable information 
about the factors influencing drug dependence. Impulsivity and stress are two factors known to 
influence smoking. By comparing nondependent smokers (tobacco chippers, n = 25) to dependent 
smokers (heavy smokers, n = 23) and nonsmokers (n = 25), this study examines the relationship 
between nicotine dependence, impulsivity, chronic stress, and stress reactivity.
Methods: A total of 73 adult participants completed a study visit that included questionnaires 
to measure nicotine dependence, chronic stress, personality, affect, withdrawal, and craving. 
Impulsivity was measured with the delay discounting task and the flanker task. Stress reactivity 
was assessed by monitoring respiration, heart rate, and salivary cortisol during performance of a 
titrated Stroop task. Effects of acute stress on affect and craving were examined.
Results: Tobacco chippers were as impulsive as heavy smokers on the delay discounting task but 
no different from nonsmokers on the flanker task. Heavy smokers reported higher perceived stress 
than chippers and nonsmokers. Perceived stress was a significant predictor of discounting only in 
heavy smokers. Acute stress induced changes in respiration, heart rate, and heart rate variability. 
Craving and negative affect increased after stress in both smoking groups, but craving was associ-
ated with affect only in chippers.
Conclusions: Tobacco chippers do not differ from heavy smokers in impulsivity, but do differ in per-
ceived stress. One’s perception and experience of stress might be associated to nicotine depend-
ence resistance and could inform smoking cessation treatments.
Implications: By examining impulsivity, chronic stress, and stress reactivity in nondependent 
smokers (tobacco chippers) compared to dependent smokers and nonsmokers, this study contrib-
utes to the understanding of nicotine addiction and informs smoking cessation programs.

http://www.oxfordjournals.org/
mailto:carimtod@ohsu.edu?subject=
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Introduction

Occasional tobacco smoking often progresses to heavy regular 
smoking and nicotine dependence. However, a fraction of smok-
ers remain as occasional smokers with stable patterns of daily or 
nondaily light smoking and lower nicotine dependence severity than 
heavy smokers.1 These smokers, also known as tobacco chippers, do 
not differ in nicotine absorption or metabolism from regular heavy 
smokers.2 Identifying physiological and/or psychological differences 
between chippers and heavy smokers might provide information 
about the factors that influence drug dependence, and hence, inform 
and improve smoking cessation treatments.2

Impulsivity and stress are two factors known to influence smok-
ing behavior.3–5 The stress-vulnerability model hypothesizes that 
stress increases risk for addiction by decreasing behavioral control 
(increasing impulsivity).6 Impulsivity is a multidimensional con-
cept that has been defined as an inability to wait, a tendency to act 
without forethought, insensitivity to consequences, and an inability 
to inhibit inappropriate behaviors.7 Studies suggest that impulsive 
decision-making (ie, choosing small immediate rewards over delayed 
larger ones) and impulsive disinhibition (ie, responding prematurely 
or failing to inhibit responding) are distinct facets of impulsivity.8–10 
A high level of impulsivity has been equated with preferences for 
immediate gratification, risky activities, novel sensations, and easier 
routes to self-gratification, as well as inability to persist at a task 
and shorter reaction times.9,11–13 Regular smokers have been found 
to be more impulsive than nonsmokers.9,14 However, there is limited 
knowledge about impulsivity in nondependent smokers.15–17 Studies 
are needed to determine if chippers are less impulsive than heavy 
smokers and, as a result, less dependent and more able to “choose” 
when and how much to smoke.

In contrast to the trait-like influence of impulsivity on smoking, 
stress is a state-like condition known to affect smoking maintenance 
and failure to quit.18,19 Physiologically, a stress response involves the 
activation of the hypothalamic-pituitary-adrenal axis (HPA) and 
consequent secretion of cortisol, as well as the stimulation of the 
sympathetic branch of the autonomic nervous system which results, 
amongst others, in an increase in cardiovascular load and breath 
rate.20,21 As with other psychoactive drugs, most smokers report 
smoking as a coping mechanism during stressful situations. In regu-
lar smokers stress triggers increases in craving, smoking amount, 
and smoking intensity.22–24 In addition, an individual’s smoking 
behavior is influenced by their subjective arousal state, presmoking 
baseline stress level/tolerance and the environment and nature of 
the stressor.25,26 However, the role of stress in maintaining a pattern 
of light smoking is still unclear. The lower dependence on nicotine 
exhibited by tobacco chippers might be in part explained by differ-
ences in the experience, perception, and/or response to stress. More 
research is needed to examine this hypothesis and better understand 
the relationship between stress and nicotine dependence.

Accordingly, to help understand drug dependence and identify 
potential factors of resistance to dependence progression, this article 
characterizes nondependent smokers in terms of impulsivity, stress 
perception, and acute stress reactivity, and investigates if they dif-
fer and how from dependent smokers and nonsmokers. In addition, 
we examine if facets of personality such as neuroticism, previously 
associated with chronic stress,27 and sensation-seeking,28 which has 
been predictive of drug use, are associated differentially in our study 
groups. Furthermore, following previous observations in our labora-
tory suggesting that the nonjudgment factor of the mindfulness trait 
scale is inversely associated to stress,27,29 we explore its association 

to nicotine dependence. Individual experiences of affect, craving and 
withdrawal are also examined.

Methods

Participants
Using online advertising, we recruited participants from the Portland, 
Oregon area between 25 and 55 years of age. Each one was classified 
to one of the following groups:

1. Nonsmokers (NS). No history of regular daily tobacco smoking, 
with less than 100 cigarettes smoked in their lifetime, and a cur-
rent breath carbon monoxide concentration under 5 ppm.

2. Nondependent smokers (chippers [CH]). Smoke 1–5 cigarettes/d 
at least 2 d/wk for at least 2  years and no history of heavy 
smoking.30 Nondependent with a Fagerstrom Test for Nicotine 
Dependence score of 4 or less.31

3. Dependent smokers (heavy smokers [HS]). Smoke at least 15 
cigarettes/d and breath carbon monoxide over 10 ppm at the 
outset of the study.30 Classified as nicotine dependent using the 
Fagerstrom Test for Nicotine Dependence (score of 5 or above).31

Exclusion criteria included: (1) unstable significant medical prob-
lems; (2) evidence suggesting significant neurologic disease; (3) a his-
tory of substance use disorder (excluding Nicotine Dependence); and 
(4) a history of serious psychiatric disorder.

Procedure
All participants provided informed consent. The visits were sched-
uled at 8.30 AM and were approximately 3 hours long. Participants 
were asked to smoke as usual preceding their study visit. They were 
given the option to smoke once during the visit (60 minutes before 
stress induction) to avoid confounding due to withdrawal from 
smoking. Among heavy smokers, 82.61% chose to smoke compared 
to 16% of chippers. Measures were collected before (baseline) and 
after (outcome) performance of a stress-inducing titrated Stroop 
task.32 Once outcome measures were completed, participants were 
compensated and dismissed.

Measures
A summary of the measures used in this study can be found in 
Table 1.

Self-Report
Participants completed self-report questionnaires to measure 
nicotine dependence (Fagerstrom Test for Nicotine Dependence, 
FTND),31 chronic stress (Perceived Stress Scale, PSS),42 personality 
traits (Neuroticism Extroversion Openness-Five Factor Inventory, 
NEO-FFI43; Sensation-Seeking Scale, SSS44; Five Factor Mindfulness 
Questionnaire, Nonjudgment factor, FFMQ-NJ45), affect (Positive 
and Negative Affect Scale, PANAS),46 withdrawal symptoms 
(Minnesota Nicotine Withdrawal Scale, MNWS),47 and cigarette 
craving (Questionnaire on Smoking Urges, QSU).48

Objective Measures
Participants performed two tasks that assessed two different facets 
of impulsivity: impulsive decision-making (delay discounting task) 
and response inhibition (flanker task). To assess stress, we moni-
tored heart rate and respiration, and obtained saliva samples for 
cortisol assay.
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1. Delay discounting task. Impulsivity was assessed based on a self-
paced computerized task.9 Participants chose between a varying 
amount of hypothetical money now or a hypothetical $10.00 
after a varying delay. The immediate money varied from $0.00 
to $10.50 in $0.50 increments. The delayed money was available 
after 0, 7, 30, 90, 180, or 365  days. Each delayed alternative 
was paired with each immediate alternative, and presented in 
a random sequence. Two main measures were determined: the 
“indifference point,” the amount of immediate money at which 
participants are indifferent between the immediate reward or the 
delayed amount for each delay period; and the “rate of discount-
ing” using the following hyperbolic equation V = M / (1 + k × D), 
where V = subjective value of delayed item, M = value of delayed 
item, D = delay length, and k = gradient of discounting function 
(rate of discounting).9

2. Flanker task. This task measures a cognitive form of response 
inhibition in which participants resolve conflicting responses due 
to interfering stimulus that, if not inhibited, lead to errors.49,50 
A computerized version of the Eriksen flanker task was used.33 
Participants pushed a left or right button depending on the ori-
entation of the central of the 5 chevrons presented at variable 
intervals. Stimuli were preceded half the time by a nonspecific 
cue. The direction of the 4 flanker chevrons was 50% congruent 
and 50% incongruent with the central chevron. For each condi-
tion, median reaction time and accuracy were used as outcome 
measures. Analysis focused on the incongruent condition, which 
required more cognitive inhibition processing. Higher reaction 
times and lower accuracy indicated less efficient inhibition.

3. Heart rate and respiration. Heart rate monitoring was per-
formed using ECG electrodes placed bilaterally and subclav-
icular. Respiration was recorded using an elastic piezoelectric 
strap (Ambu-Sleepmate, Maryland). ECG and respiration were 
recorded during an auditory vigilance task (baseline) and dur-
ing the Stroop task (outcome) using a Biosemi data acquisi-
tion system (Biosemi, Amsterdam, The Netherlands) collected 
at 1024 Hz. Data processing used Brain Vision Analyzer 2.0 
(Brain Products GmbH, Munich, Germany), Matlab r2007a, 

and Kubios HRV v 2.0 (University of Kuopio, Kuopio, Finland). 
We computed time-domain measures of HRV because they have 
been shown to be more reliable,51 and present data on pNN50 
(the proportion of NN50 divided by total number of NNs).

4. Salivary cortisol. Saliva was collected in Sarstedt Salivette tubes 
(Sarstedt, Germany) at baseline (10.30 AM to 11.00 AM) and 20 
minutes after the end of the stress-inducing task (11.00 AM to 
11.30 AM). Due to the circadian rhythm of cortisol concentra-
tion and for consistency across samples, all procedures were per-
formed in the morning.34 Participants chewed on a cotton swab 
for 2 minutes. Cortisol values were quantified by the Oregon 
Clinical and Translational Research Institute lab in duplicate 
with enzyme-linked immunoassay (Salimetrics, State College, 
PA).

Stress Induction
A titrated version of the Stroop task was used to induce acute stress.32 
Laboratory events that have novelty, unpredictability, threat to one’s 
ego, or sense of loss of control (NUTS) such as public speaking, cog-
nitive testing, problem-solving, or emotionally demanding social 
interactions, are capable of inducing a stress response.21,35–37,40 When 
applied carefully, mental stress testing induces consistent physiological 
responses with good test-retest reliability.38,39 A titrated version of the 
Stroop color-word task includes all of the NUTS features and is consid-
ered a nonspecific stressor.35,38 Participants rated how stressed they felt 
during performance of the titrated Stroop using a 5-point Likert scale.

Data Analysis
Means, medians, and standard deviations were calculated for each 
variable and values examined for outliers and normality of distribu-
tion. A  log transformation was used when necessary for statistical 
analysis. To investigate group differences at baseline, variables were 
compared between groups using analysis of variance (ANOVA). 
Nonparametric analyses (Kruskal-Wallis ANOVA) were performed 
for categorical data. To analyze the effect of stress induction on affect, 
craving, heart rate, heart rate variability, respiration, and salivary 

Table 1. Measures Used in the Present Study

Construct Instrument Baseline Outcome Cronbach’s alpha Reference

Nicotine dependence Fagerstrom Test for Nicotine 
Dependence (FTND)

x 0.829 Ref.31

Chronic stress Perceived Stress Scale (PSS) x 0.886 Ref.42

Personality traits Neuroticism Extroversion Openness- 
Five Factor Inventory (NEO-FFI)

x 0.881 Ref.43

Sensation-Seeking Scale (SSS) x 0.876 Ref.44

Five-facet Mindfulness Questionnaire 
(FFMQ), nonjudgment factor

x 0.866 Ref.45

Withdrawal Minnesota Nicotine Withdrawal Scale 
(MNWS)

x 0.688 Ref.47

Craving Questionnaire on Smoking Urges (QSU) x x 0.934 Ref.48

Affect Positive and Negative Affect Scale 
(PANAS)

x x 0.812 Ref.46

Impulsivity Delay Discounting Task x Ref.9

Flanker task x Ref.33

Physiological measures 
of stress

Respiration x x
Heart rate x x
Heart rate variability x x
Salivary cortisol x x

Internal consistency (Cronbach’s alpha) measured in our sample at baseline is shown.
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cortisol, a repeated measures ANOVA with group as a between-sub-
jects factor and time as a repeated within-subjects factor was applied. 
Bonferroni correction was applied for post hoc testing. To investigate 
the relationship between baseline measures and changes in outcome 
measures after stress, regression analyses were performed.

Missing data, due to poor signal or technological malfunctions, 
were randomly distributed and were handled by excluding partici-
pants from specific analyses. Thus, some analyses had a different n. 
All statistical analyses were performed with Stata version 11 (STATA 
Corp., Texas)

Results

Baseline Measures
Demographics and Personality Traits
After an initial online screening, 178 subjects were eligible. From these, 
73 were interested in the study visit, scheduled an appointment, were 
confirmed eligible, and after informed consent, completed participa-
tion. A summary of the demographics of the study sample is shown 
in Table  2. The majority of participants were of Caucasian origin 
(84.9%). The average age was 33 and there were slightly more females 
than males. No significant differences between groups were found for 
age, years of education, race and ethnicity, and marital status. There 
were significant differences in baseline smoking measures and no dif-
ferences in baseline measures of personality (NEO-FFI, the sensation 
seeking scale, or the nonjudgment factor of the mindfulness scale).

Impulsivity
Performance of the delay discounting task confirmed that smok-
ers behave more impulsively than nonsmokers (Figure 1). ANOVA 
with discounting rate (lnk) as dependent variable identified a 
significant effect of group [F(2, 69)  =  9.11, P < .001; NS  =  25, 
CH  =  24, HS  =  23]. Bonferroni post hoc analyses showed that 
both heavy smokers and chippers discounted significantly more 
than nonsmokers (P < .01). There was no significant effect of age 
or gender in our sample. In contrast, analysis of inhibition (as 
another measure of impulsivity) using the flanker task revealed 
no significant baseline differences between study groups in 
median reaction time [F(2, 64) = 1.26, P > .05] or accuracy [F(2, 
64) = 0.56, P > .05] during the incongruent condition (NS = 22, 
CH = 22, HS = 23).

Stress
Significant group differences were detected in baseline self-reported 
chronic stress perception [F(2, 68) = 4.06, P < .05] with heavy smok-
ers scoring significantly higher than nonsmokers (NS = 24, CH = 25, 
HS = 22). In contrast, tobacco chippers’ perception of chronic stress 
did not differ from that of nonsmokers. ANOVA using respiration 
rate (breaths/min) revealed no differences in baseline respiration 
between study groups [F(2, 66) = 1.01, P > .05; NS = 24, CH = 22, 
HS = 23]. However, significant differences were detected in average 
heart rate [F(2, 62) = 6.50, P < 0.01; NS = 21, CH = 22, HS = 22]. 
Post hoc analysis identified a significantly higher baseline average 
heart rate in heavy smokers (Table 2).

Table 2. Baseline Characteristics of the Sample Population

Nonsmokers (NS) Chippers (CH) Heavy smokers (HS) P Post hoc

Sample size (female) 25 (14) 25 (14) 23 (14)
Demographics
 Age 33.68 ± 1.61 31.38 ± 1.39 34.75 ± 1.67 .308
 Education (% >16 years) 40.0 32.0 18.2 .148
 Race/ethnicity (%)
  African American 4.0 12.5 4.2 .896
  Caucasian 92.0 75.0 87.5
  Hispanic 0 0 4.2
  Other 4.0 16.7 0
 Marital status (%)
  Never married 73.9 68.0 40.9 .777
  Married 17.4 16.0 27.3
  Separated/divorced 8.7 16.0 31.8
 BMI 27.48 ± 1.41 29.78 ± 1.75 31.69 ± 2.38 .288
 Alcohol (drinks/wk) 2.20 ± 0.63 6.04 ± 1.38 2.39 ± 0.63 .008 CH>HS, CH>NS
Smoking measures
 Cig/day 0.00 2.61 ± 0.39 17.21 ± 1.00 .000 HS>CH>NS
 FTND 0.00 0.63 ± 0.28 5.04 ± 0.36 .000 HS>CH, HS>NS
 BCO 0.00 4.27 ± 0.66 18.27 ± 2.25 .000 HS>NS, HS>CH
 Cigarette craving 44 ± 2.12 84.08 ± 5.88 137.91 ± 6.05 .000 HS>CH>NS
 Withdrawal symptoms 13.36 ± 0.66 15.88 ± 1.11 16.52 ± 0.76 .030 HS>NS
Stress measures
 Perceived Stress 14.08 ± 1.25 14.48 ± 1.31 19.04 ± 1.48 .022 HS>NS
 Respiration 14.36 ± 0.83 14.97 ± 0.78 15.91 ± 0.63 .237
 Heart rate 66.19 ± 1.67 70.94 ± 1.72 76.37 ± 2.45 .001 HS>NS
 Heart rate variability 21.61 ± 3.75 27.06 ± 3.90 8.20 ± 2.25 .003 CH>HS

BCO = breath carbon monoxide (ppm); BMI = body mass index; Cig/day = average number of cigarettes smoked in a day; FTND = Fagerstrom Test for Nicotine 
Dependence (score ranges between 0 for no dependence and 10 for high dependence); Heart rate (beats/min); HRV = heart rate variability (pNN50); Respiration 
(breaths/min). Differences between groups are represented by P values (P) calculated using analysis of variance (ANOVA) and Kruskal-Wallis test for categorical 
variables (race/ethnicity and education). P values < .05 are shown in bold. All measures represent mean ± standard error unless otherwise specified.
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Response to Stress
On average participants responded that they felt moderately stressed 
during the titrated Stroop task, with heavy smokers expressing the 
most stress (Table 3).

Smoking Urges
We limited the analysis of smoking urges to the smoking groups. 
Craving was assessed before and after acute stress induction. Because 
time since last cigarette may differentially impact heavy smokers and 
chippers, we recorded if participants smoked or not during the visit. 
We used this discrete variable as covariate in our analyses. A two-
factor repeated measures ANOVA with smoking urges as dependent 
variable and time and group as independent variables indicated that 
there was a significant effect of time [F(1, 86) = 9.81, P < .01] and 
group [F(1, 86) = 41.85, P < .0001; CH = 25; HS = 22]. There was no 
significant interaction, indicating that the effect of stress on smok-
ing urges was the same for heavy smokers as for chippers (Table 3). 
However, additional analyses showed a significant increase in crav-
ing after stress only for heavy smokers [F(1, 42) = 9.15, P < .01] but 
not for chippers [F(1, 48) = 3.43, P > .05].

Affect
Positive and negative affect were evaluated before and after stress. In 
this case analysis includes all three study groups (NS = 25; CH = 25; 
HS = 23). Using a two-factor repeated measures ANOVA an effect of 
time [F(1, 140) = 8.88, P < .01] was identified on positive affect. There 
was no significant effect of group [F(2, 140) = 3.03, P > .05] and no 
interaction. Post hoc analyses using ANOVA with positive affect as 
the dependent variable and time as the independent factor showed 
that only heavy smokers significantly decreased positive affect after 
experimental stress [F(1, 44)  =  7.21, P < .05]. An effect of group 
[F(2, 140) = 4.99, P < .01] and time [F(1, 140) = 4.91, P < .05] were 
identified for negative affect. As before, post hoc analysis showed 
that heavy smokers were the only group in which stress significantly 

Figure  1. Fitted hyperbolic functions and median indifference points for 
each study group as a result of performance of the delay discounting task 
(k, discounting rate). One-way analysis of variance detected significant 
differences in average rate of discounting (lnk, natural logarithm of k) between 
groups (NS, −5.887 ± 0.32; CH, −4.076 ± 0.39; HS, −4.036 ± 0.35; F(2,69) = 9.11, 
P < .001). NS = nonsmokers; CH = tobacco chippers; HS = heavy smokers.

Table 3. Effects of Acute Stress on Craving, Affect, and Stress-Associated Physiological Measures in Nonsmokers (NS), Chippers (CH), 
and Heavy Smokers (HS)

Baseline  
(mean ± SE)

Acute stress  
(mean ± SE) P, group P, stress P, group × stress

Smoking urges NS 44.00 ± 2.12 41.40 ± 2.52 <.001a .002a .693a

CH 84.08 ± 5.88 102.92 ± 8.29
HS 137.91 ± 6.05 162.13 ± 5.55

Positive affect NS 32.48 ± 1.57 29.88 ± 1.55 .051 .003 .784
CH 33 ± 1.31 29.56 ± 1.74
HS 30.39 ± 1.06 25.74 ± 1.37

Negative affect NS 12.56 ± 0.56 13.2 ± 0.57 .008 .028 .612
CH 14.68 ± 1.29 16.92 ± 1.36
HS 13.69 ± 0.64 16.00 ± 0.90

Self-rated acute stress NS n/a 2.72 ± 0.17 <.001 n/a n/a
CH n/a 3.28 ± 0.17
HS n/a 3.74 ± 0.15

Respiration (breaths/ 
min)

NS 14.36 ± 0.83 20.53 ± 1.11 .146 <.001 .519
CH 14.97 ± 0.78 19.27 ± 0.57
HS 15.91 ± 0.63 21.50 ± 0.99

Heart rate (beats/ 
min)

NS 66.19 ± 1.67 70.13 ± 1.64 <.001 .009 .889
CH 70.94 ± 1.72 74.89 ± 1.70
HS 76.37 ± 2.45 82.08 ± 2.97

Heart rate variability 
(pNN50)

NS 21.61 ± 3.75 15.43 ± 3.39 <.001 .013 .521
CH 27.06 ± 3.90 17.03 ± 3.02
HS 8.20 ± 2.25 5.25 ± 1.87

Salivary cortisol 
(µg/dl)

NS 0.30 ± 0.03 0.27 ± 0.03 .020 .594 .239
CH 0.29 ± 0.03 0.36 ± 0.04
HS 0.24 ± 0.02 0.25 ± 0.03

SE = standard error. P values < .05 are shown in bold.
aOnly smoking groups comparison.
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increased negative affect [F(1, 44) = 4.37, P < .05]. No significant 
interaction between group and stress effect was found (Table 3).

Respiration Rate
A repeated measures ANOVA identified an effect of stress on respi-
ration rate [F(1, 129) = 60.59, P < .0001] but no group differences 
[F(2, 129) = 1.95, P > .05; NS = 24; CH = 22; HS = 23]. Post hoc 
analyses showed a significant increase in respiration rate for all three 
groups [CH, F(1, 42) = 19.77, P < .001; HS, F(1,42) = 23.60, P < 
.0001; NS, F(1, 45) = 19.88, P < .001; Table 3].

Heart Rate
An effect of group [F(2, 126) = 13.96, P < .0001] and stress [F(1, 
126) = 7.04, P < .01] was observed on heart rate (NS = 22; CH = 23; 
HS = 22; Table 3). However, there was no interaction between group 
and stress. The effect of stress was not significant when analyzing 
groups separately (all Ps > .05). However, one-way ANOVA using 
group as independent factor indicated that heavy smokers had sig-
nificant higher heart rate than nonsmokers at baseline and this dif-
ference remained constant throughout stress induction (P < .01).

Heart Rate Variability
A repeated measures ANOVA showed a significant effect of group 
and stress on heart rate variability measured using pNN50 ([F(2, 
126) = 13.37, P < .0001] and [F(1, 126) = 6.32, P < .05], respectively; 
NS = 22; CH = 23; HS = 22). No interaction between group and 
stress was observed. At baseline and during stress, heavy smokers 
showed significantly lower heart rate variability than chippers and 
nonsmokers (P < .05). Post hoc analysis of the effect of stress by 
study group showed a statistically significant effect on chippers (P < 
.05) but not on heavy smokers or nonsmokers (Table 3).

Salivary Cortisol
We applied a repeated measures ANOVA using salivary cortisol as 
the dependent variable (NS = 25; CH = 25; HS = 23). Although the 
model was not significant (F(5, 140) = 2.24, P = .053), there was an 
effect of group [F(2, 140) = 4.02, P < .05]. There was no effect of 
stress or any interaction. Post hoc analyses using a one-way ANOVA 
confirmed the group effect with a significant difference in post 
stress salivary cortisol between chippers and heavy smokers [F(2, 
70) = 3.41, P < .05].

Variables Associated With Stress and Smoking
We performed pairwise correlation analyses using baseline one-time 
measures. As expected, there was a significant correlation between 
perceived stress and neuroticism in the whole sample, r(69) = 0.5885, 
P < .0001. This correlation was significant for heavy smokers 
[r(19) = 0.634, P < .05] and chippers [r(23) = 0.6247, P < .01] but 
not for nonsmokers. In the heavy smoker group, perceived stress was 
positively correlated with nicotine dependence [r(20) = 0.6469, P < 
.05] and negatively correlated with mindfulness trait (nonjudgment 
facet) [r(20) = −0.6344, P < .05]. None of these correlations were 
significant for chippers or nonsmokers.

We explored if perceived stress would predict performance on 
the delay discounting task. Linear regression analysis identified the 
score on the perceived stress scale as a significant predictor of rate 
of discounting in the heavy smoker group [b = 0.15, t(19) = 3.30, P 
< .01], suggesting that chronically stressed heavy smokers tend to 
discount more.

Baseline variables were also used in a regression model to iden-
tify predictors of stress effects on affect, smoking urges, heart rate 
and respiration. In our sample, neuroticism was positively associ-
ated with increase in smoking urges after stress in heavy smokers 
[b = 2.75, t(15) = 2.18, P < .05] and the number of cigarettes smoked 
each day was a significant predictor of increase in urges in chippers 
[b = 7.52, t(19) = 2.28, P < .05]. Pairwise correlation analysis was 
conducted among outcome variables (change after stress). In chip-
pers, change in positive affect was inversely correlated to change in 
smoking urges [r(23) = −0.57, P < .05], and change in negative affect 
positively correlated to change in urges [r(23) = 0.63, P < .05]. No 
significant association was found for heavy smokers.

Discussion

To examine further the differences between low-level smoking and 
heavy smoking, our study characterized and compared nicotine 
dependent smokers (heavy smokers), nondependent smokers (chip-
pers), and nonsmokers in terms of impulsivity, stress perception, and 
stress response. There is extensive literature about the relationship 
between impulsivity and nicotine addiction, and stress and smoking. 
However, the majority refers to dependent smokers as defined by the 
number of cigarettes smoked per day and high dependence scores.31 
Less is known about nondependent smokers. Our aim was to con-
tribute to the understanding of this group of smokers hypothesizing 
that differences in impulsivity, personality traits, stress perception, 
and stress reactivity might be associated to nicotine dependence 
resistance.

Impulsivity and Personality Traits
Similar to previous studies,9,41,52,53 heavy smokers in our sample 
showed greater discounting of delayed money than nonsmokers. 
Literature on delay discounting in nondependent smokers is scarce. 
Previous studies have described a significant difference in rate of dis-
counting between dependent smokers and nondependent ones and a 
relationship between degree of nicotine dependence and discounting 
of delayed rewards.15,17 Our study found no significant difference 
in rate of discounting between chippers and heavy smokers, as well 
as no significant correlation with nicotine dependence or cigarettes 
smoked daily, suggesting that nondependent smokers are as impul-
sive as dependent smokers. Several studies have documented the rela-
tionship between drinking alcohol and smoking in light smokers.54–57 
In our sample alcohol consumption was significantly higher in chip-
pers and could account for higher discounting (Table 2). However, 
after controlling for amount of alcohol, there still was no difference 
in rate of discounting between chippers and heavy smokers. No dif-
ferences were found in response inhibition with performance on the 
flanker task. Delay discounting and response inhibition load onto 
different factors to account for variance in smoking behavior.58,59 
Although some studies find response inhibition differences between 
smokers and nonsmokers,60,61 studies comparing different impulsiv-
ity measures report that delay discounting discriminates controls 
from addicts better than response inhibition.58,62,63 Our results might 
reflect that there are truly no differences in this facet of impulsiv-
ity between chippers and heavy smokers. However, alternatively, 
response inhibition tasks such as the flanker task might not be 
sensitive enough to detect differences in impulsivity in our popula-
tion. If this is the case, response inhibition might still be associated 
with chippers’ ability to maintain a pattern of long-term low level 
smoking.
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We did not find significant differences in self-reported personal-
ity traits. Previously, smokers have been characterized as high on 
facets related to impulsivity and neuroticism, low on agreeableness 
and conscientiousness,64–66 and in some older studies smokers scored 
high on extraversion.64,67,68 Sensation seeking has also been reported 
as higher in nicotine dependent smokers than in nonsmokers.9,69–71 
In our sample dependent smokers were not significantly different 
from chippers or nonsmokers in any of those traits. This discrep-
ancy might be explained by: (1) Differences in the average age of 
the sample, since our population averaged 33 years old while recent 
studies have assessed personality traits and smoking in college and 
adolescence.69,71 (2) Changes in the profile of heavy smokers asso-
ciated with cultural and environmental differences across geogra-
phy and/or time. For example, research in Europe and Japan found 
extraversion associated with cigarette smoking.67,72 Additionally, 
studies using a similar age sample to ours tend to be older studies 
that precede the impact of smoking restrictions on the profile of cur-
rent smokers.9,70

Consistent with what has been published, we confirmed the rela-
tionship between smoking and chronic stress in nicotine dependent 
smokers.23,24 Heavy smokers scored high in perceived stress, while 
chippers were undistinguishable from nonsmokers. Mindfulness 
was negatively correlated with stress only in dependent smokers. 
This association, in addition to the association between nicotine 
dependence and stress, suggests that nicotine dependence treatments 
could be improved by addressing stress, and that mindfulness based 
approaches might provide smokers with the useful skills to quit 
successfully.73,74

Neuroticism has been associated to smoking and stress.75–77 In 
our study, neuroticism was associated with higher perceived stress 
in both smoking groups but not in nonsmokers. This observation is 
consistent with the hypothesis that increased neuroticism is associ-
ated with self-medication of negative affect with nicotine and that 
decreased serotonergic activity, the neurobiological substrate of neu-
roticism, is associated with increased likelihood of smoking.76

The stress vulnerability model suggests that stress influences sub-
stance abuse through maladaptive response to the environment.78–80 
Perceived stress was significantly higher in our sample of heavy 
smokers compared to nonsmokers. Furthermore, perceived stress 
was a significant predictor of performance in the delay discounting 
task, suggesting that higher levels of stress result in a shift to a more 
immediate-oriented mindset and, subsequently, an increased proba-
bility of relapse. Accordingly, a recent meta-analysis of the literature 
on impulsivity and stress found a moderate to large effect of stress 
on impulsive decision making.81

Acute Stress Effects
Our results indicate that nicotine-dependent and nondependent 
smokers respond to acute stress with a similar increase in smok-
ing urges. Analyses of associated variables differed between smok-
ing groups. Only in chippers were increases in craving associated 
with decreases in positive affect and increases in negative affect sug-
gesting that smoking behavior is more linked to emotional state in 
nondependent smokers than in heavy regular smokers. Only heavy 
smokers showed a significant change in affect after stress. This, how-
ever, wasn’t associated to increases in craving, indicating that heavy 
smokers might be more prone to smoke regardless of context, as 
reported previously in nicotine deprived dependent smokers.82

Acute stress in all three groups increased breathing rate equiva-
lently. Thus, breathing rate might be a good physiological marker of 

acute stress. However, breathing rate does not seem to be a marker 
for chronic stress based on our sample or the literature.83 Similarly, 
stress increased heart rate in the sample as a whole. As expected,84 
heavy smokers showed elevated resting heart rate at baseline com-
pared to nonsmokers, and chippers were in between. Heart rate 
variability was also significantly lower in heavy smokers. Our obser-
vations agree with the well-established relationship between nicotine 
consumption and cardiovascular symptoms, even in occasional or 
light smokers.85–87

Limitations
While heavy smoking is relatively easy to define (usually >15 
cigarettes/d),30 there is little consensus when defining low-levels of 
cigarette smoking.88 A number of operational definitions of low-level 
smoking can be found in the literature.89–92 We based our distinction 
between tobacco chippers and heavy smokers on the Fagerstrom Test 
for Nicotine Dependence score. This score relies heavily on amount 
of cigarettes smoked, which, as smoking restrictions increase, might 
not be an accurate measure of dependence anymore.93 Future 
research might examine alternative methods of classifying smokers 
such as the measure of autonomy over smoking,94,95 the Diagnostic 
and Statistical Manual-IV (DSM-IV) nicotine dependence criteria,96 
or the Nicotine Dependence Syndrome Scale (NDSS).97

Regarding our salivary cortisol results, we cannot exclude the 
possibility of Type II error. Cortisol’s circadian rhythm and rapid 
morning decline might have masked some of the acute stress 
effects.73,74 In addition, our sample size, which was sufficient to 
detect significant effects of stress on respiration, heart rate and heart 
rate variability, might have been too small to detect changes in sali-
vary cortisol concentration. Finally, it might be worth enhancing 
some aspects of the titrated Stroop (ie, performance feedback) to 
maximize the physiological response.

Conclusions

Tobacco chippers are as impulsive as heavy smokers. However, 
chippers report less stress than heavy smokers. Smoking urges were 
associated to emotional state more in chippers than heavy smok-
ers. Autonomic activity differed between heavy smokers and con-
trols, but chippers trended between nonsmokers and heavy smokers. 
Nicotine dependence treatments could benefit from an emphasis on 
stress reduction stress coping strategies.
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