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Abstract
Tobacco use disproportionately affects lower socioeconomic status (SES) groups. Current
explanations as to why lower SES groups respond less robustly to tobacco control efforts and
tobacco dependence treatment do not fully account for this disparity. The identification of factors
that predict relapse in this population might help to clarify these differences. Good candidates for
novel prognostic factors include the constellation of behaviors associated with executive function
including self-control/impulsiveness, the propensity to delay reward, and consideration and
planning of future events. This study examined the ability of several measures of executive
function and other key clinical, psychological, and cognitive factors to predict abstinence for
highly dependent lower SES participants enrolled in intensive cognitive-behavioral treatment for
tobacco dependence. Consistent with predictions, increased discounting and impulsiveness, an
external locus of control as well as greater levels of nicotine dependence, stress, and smoking for
negative affect reduction predicted relapse. These findings suggest that these novel factors are
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clinically relevant in predicting treatment outcomes and suggest new targets for therapeutic
assessment and treatment approaches.

INTRODUCTION
Tobacco use continues to be the greatest cause of preventable death and disease in the
United States causing 438,000 deaths and incurring $157 billion in costs annually. 1, 2

Although smoking prevalence has declined, approximately one in five Americans (19.8%)
still smoke daily.3 The smoking prevalence in the United States for those with 221 incomes
<$35K (~30%) is twice that of those with incomes >$50K (~15%).3 Smokers of lower
socioeconomic status (SES) are of considerable public health interest because they respond
less robustly to tobacco control efforts, are often difficult to access, use evidence-based
tobacco dependence treatments less frequently, and are generally less successful in
achieving long-term abstinence.4–9 Current explanations of this disparity do not account for
a large proportion of these differences.6, 10, 11

Greater than 60% of smokers make at least one attempt to quit each year, but just 5% of
those who attempt remain abstinent 12 months later.5, 12 Even with intensive combination
treatment, at least 70% of smokers relapse within 12 months.5 Smokers, along with
treatment providers, close friends, and family members are often mystified as smokers
relinquish the prospects of long-term health, relationships, and monetary savings in favor of
smoking. Although substantial progress has been made in understanding how several key
factors such as dependence, stress, and negative affect levels contribute to relapse, the
identification of additional factors that influence relapse might elucidate this conundrum and
explain why lower SES smokers have more difficulty quitting as well as suggest new targets
for molecular study and lead to new or enhanced therapeutic approaches for addiction.

Good candidates for novel prognostic factors might be found in the constellation of
behaviors associated with executive function including self-control/impulsiveness, the
propensity to delay reward, and behaviors associated with consideration and planning of
future events.13–19 In other addictive disorders, relapse is correlated with compromised
executive function.20–23 Impulsiveness also interacts with stress level to produce higher
vulnerabilities for alcoholic drinking.24 Although findings are dependent upon the particular
measures used, nicotine dependence levels are generally positively correlated with
impulsiveness and contribute independently to cessation outcomes.25–27 Smoking is
associated with more impulsive decision making and a greater tendency to prefer smaller
immediate rewards over larger later rewards as measured by delayed discounting
tasks.13, 28–31 Although there is considerable variation, most individuals prefer an immediate
reward, but will wait a period of time for a larger later reward.32–34 However, smokers
discount the value of rewards received later more steeply, demonstrating an increased
preference for smaller immediate rewards.13, 28–31 The degree to which rewards are
discounted by smokers is positively related to number of cigarettes smoked, nicotine levels,
and their experience of withdrawal.31, 35, 36 Decreased discounting is also associated with an
increased likelihood of long-term abstinence from smoking in pregnant women, adolescents,
and heavy drinkers.37–39

Locus of control is the degree to which one believes that reinforcement or rewards are
contingent upon internal or external factors.40 Individuals with an internally focused locus
of control believe that reinforcement is contingent upon their own efforts. Individuals with
an externally focused locus of control believe that reinforcement is contingent upon luck,
fate, or powerful others.40 Those with an internally focused locus of control tend to be less
impulsive, more future-oriented, and discount less steeply than externally focused
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individuals.41–44 An internally focused locus of control is also linked to better performance
on measures of executive function and greater sensitivity to opioid receptor blockade-
induced reductions in delay discounting while an externally focused locus of control is
linked to the likelihood of smoking in lower SES groups.11, 45 An internally focused locus of
control and perceived control over external events are also positive prognostic factors for
abstinence from smoking.46–48

The constellation of behaviors associated with executive function are quite plausibly related
to cognitive-behavioral treatment (CBT) outcomes for tobacco dependence, the type of
counseling that has been shown to be efficacious for the treatment of tobacco dependence.5

CBT response clearly involves: (1) believing that rewards or outcomes are contingent on
factors that can be managed by self, (2) understanding the role of self and the environment
in managing self-control, (3) understanding the relationship between cues, urges, and
individual responses, and (4) planning into the future to manage high-risk situations, among
other factors. All of the above factors engage executive functions such as the ability to
manage your environment, self-regulation, and ability to choose a larger delayed reward
(reflecting internal locus of control, self/control impulsiveness, and delay discounting).

Given these putative relationships, this study examined the ability of several key clinical,
psychological, and cognitive factors to predict smoking abstinence for highly dependent
lower SES participants enrolled in intensive CBT for tobacco dependence. We hypothesized
that well-studied factors such as dependence, stress, and negative affect levels would predict
abstinence in the expected directions for this group. We also hypothesized that poorer
performance on measures of executive function, greater impulsiveness, greater discounting
of future rewards, a more externally focused locus of control, and a more present-focused
orientation would predict a lesser likelihood of abstinence after treatment.

METHOD
Participants

Participants were recruited by referral from medical center campus tobacco treatment
services, word-of-mouth, and print and radio advertisements. Criteria for participation
included: age 18 years or older; smoking 16 or more cigarettes per day; meeting criteria for
nicotine dependence from the Diagnostic and Statistical Manual for Mental Disorders-IV49;
not pregnant or lactating; not currently using medications for smoking cessation (i.e.,
bupropion, varenicline, nicotine replacement, etc.); no current psychiatric diagnosis that
would interfere with participation in assessments or treatment (ie, schizophrenia spectrum
disorders, social phobia, etc.); drinking 19 or less alcoholic drinks per week; and no plans to
move out of the area. Participants also provided a carbon monoxide (CO) breath sample of
15 parts per million (ppm) or more and passed a urine drug screen for drugs of abuse
(amphetamine, benzodiazepines, cannabis, cocaine, opioids, methadone). This study was
approved by the Institutional Review Board of the University of Arkansas for Medical
Sciences.

Procedure
Pretreatment Procedures—Participants took part in two 3-hour sessions of data
collection prior to receiving treatment. Prior to each session, participants were required to
smoke one cigarette to standardize time from the last cigarette across participants.

The Tobacco Dependence Treatment—Participants were treated with
multicomponent cognitive-behavioral therapy with relapse prevention, a well-established,
validated treatment for tobacco dependence which is considered state-of-the-art and
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consistent with the consensus statement and recommendations of the Public Health Service
Clinical Practice Guideline.5, 50 The treatment was manual-driven and delivered by certified
Tobacco Treatment Specialists (TTSs). The TTSs had either a masters degree in psychology
or a bachelors degree in social work with 1–2 years experience delivering the same
treatment in-person and over the telephone in the medical center tobacco dependence
treatment programs. They were trained by the first author in an intensive 5-day tobacco
dependence treatment training and certified by the ACT Center at the University of
Mississippi Medical Center. The approach consisted of six structured, 60-minute, closed-
group sessions of content utilized elsewhere.51–54 An overview of the biopsychosocial
underpinnings of tobacco dependence was presented in lay language addressing the
physiological components (eg, tolerance and withdrawal symptoms) and learning
components (eg, triggers or cues and tobacco use as reinforcement) of tobacco addiction, as
well as the use of tobacco to cope with nicotine-related (eg, lowered plasma nicotine levels)
and nicotine-unrelated (eg, managing stress) events. A variety of cognitive-behavioral
components were employed, including self-monitoring, stimulus control, problem-solving,
conflict management, cigarette refusal training, enhancing social support, goal setting,
relapse prevention, and stress management. Participants attended sessions once per week for
6 weeks. The quit date was the day of the third treatment session. No medications were
provided to participants and participants agreed not to use any medications for cessation for
the duration of the study. All treatment sessions were reviewed in weekly supervision
meetings with a psychologist (CES) as well as randomly recorded and reviewed for
consistency.

Measures
Demographic Measures—Standard demographic measures were collected including sex,
race, age, years of education, marital status, income, and employment status.

Tobacco-Related Clinical Factors—Fagerström Test for Nicotine Dependence
(FTND). The FTND is a widely used six-item questionnaire assessing dependence level in
smokers with extensive data attesting to its reliability and validity. Scores range from 0 to 10
with greater values indicating greater dependence levels and a lesser likelihood of
abstinence.55, 56

Motivation and Self-efficacy. Motivation and self-efficacy were measured on a scale of 0–
10 with 0 = “not at all” and 10 = “the most ever” using the questions: “How much do you
want to quit smoking?” and “How confident are you that you can quit using tobacco and
stay quit for good?” These items are utilized elsewhere to briefly assess motivation and self-
efficacy with greater values predicting a greater likelihood of abstinence.51, 57, 58

Perceived Stress Scale (PSS). The PSS is a widely used 14-item questionnaire assessing
stress level. Scores range from 0 to 56 with greater values indicating greater stress levels and
predicting a lesser likelihood of abstinence.59–62

Smoking Consequences Questionnaire-Adult (SCQ-A). The SCQ-A is a 55-item
questionnaire assessing the expected utility of smoking in adults. Because negative affect is
associated with relapse, only the nine items from the Negative Affect Reduction subscale
were included.61, 63, 64 Scores on this subscale range from 9 to 81 with greater scores
indicating a greater expectation that smoking will result in the reduction of negative affect.
This scale is highly internally consistent with greater values predicting a lesser likelihood of
abstinence.64, 65

Beck Depression Inventory-II (BDI-II). The BDI-II is a well-established 21-item
questionnaire assessing depressive symptomatology.66 Scores range from 0 to 63 with

Sheffer et al. Page 4

Am J Addict. Author manuscript; available in PMC 2013 February 08.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



greater values indicating greater dysphoric/depressed mood. Increased dysphoric/depressed
mood is associated with a lesser likelihood of abstinence.61

Positive and Negative Affect Scales (PANAS). The PANAS is a 20-item questionnaire with
two 10-item subscales: Positive Affect and Negative Affect. Scores on each subscale range
from 10 to 50 with greater values indicating greater affect intensity. The two subscales are
internally consistent, largely uncorrelated, and stable over a period of 8 weeks.67 Greater
values on the Negative Affect subscale are associated with a lesser likelihood of
abstinence.61

Executive Function and Impulsiveness—Balloon Analogue Risk Task (BART). The
BART is a computerized task assessing risky decision making that is highly correlated with
measures of impulsiveness and lowered behavioral constraint.68 Smokers tend to make more
risky decisions using the BART than nonsmokers.68 For each trial, an uninflated balloon
appears on the monitor along with a pump. The participant can choose to inflate the balloon
one unit and earn 5 cents. The money is collected in a temporary reserve shown on the
screen. The participant can also choose to end the trial (and the ability to earn money) by
emptying the sum in the temporary reserve to a permanent bank where it cannot be lost. If
the participant chooses to continue inflating the balloon (and adding money to the temporary
reserve) and the balloon bursts, the participant will lose the amount in the temporary reserve.
There is an increasing probability that the balloon will burst with each successive set of
pumps (1/128 for 30 trials, 1/32 for 30 trials, and 1/8 for 30 trials [90 trials total]). Each
probability is associated with a different color balloon. The first 30 trials present the
balloons in a random mix of colors. The next 60 trials present the balloons in 20 trial blocks
of the same color (counterbalanced between subjects). Results include three measures: the
total amount of money collected in the permanent bank, the total number of pumps on which
the balloon did not burst, and the mean number of pumps per trial.

Barratt Impulsiveness Scale 11 (BIS). The BIS is a 30-item questionnaire that yields a total
score and three subscale scores for motor impulsiveness (acting without thinking), cognitive
impulsiveness (making quick cognitive decisions), and nonplanning impulsiveness (lack of
concern about the future). Only the subscale scores were included. The measure is internally
consistent and stable over a period of 8 weeks.69, 70 Greater values indicate more
impulsiveness.

Delay Discounting Tasks. The delay discounting tasks assess the degree to which rewards
are modulated by the delay to their receipt.34 Participants completed three tasks: $100
reward in real money, $100 reward in hypothetical money, and $1,000 reward in
hypothetical money. For each task, a series of choices were presented for each of seven
delays: 1 day, 1 week, 1 month, 6 months, 1 year, 5 years, and 25 years. Smaller,
immediately available rewards were offered against the larger constant delayed amount. The
first choice was always between the larger delayed reward and half of the delayed reward
available immediately. Subsequent choice adjusts the immediate choice according to
whether the participant chose the immediate or delayed reward. The final value at the end of
the series is the indifference point for that delay. An indifference point is the value of the
immediate reward, expressed as a proportion, subjectively deemed equivalent to the larger,
delayed reward. The results for each task are expressed as the natural logarithm of k in
Mazur’s hyperbolic discounting model, with k increasing as the magnitude of the
participant’s preference for the smaller, sooner reward increases.71 The results from each
task were also averaged to produce a mean delay discounting score. Data from existing
published studies indicate values for log k range from about −12.00 to 4.00.
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Eysenck Impulsiveness Scale (EIS). The EIS is a 54-item questionnaire with three subscales:
Impulsiveness, Venture-someness (ie, sensation-seeking), and Empathy. Because the
Empathy subscale is unrelated to risky decision making, it was not administered. The
subscales are internally consistent with good test-retest reliability and convergence with
other measures of impulsiveness.72–74

Frontal Systems Behavior Scale (FrSBe). The FrSBe, a 46-item behavior rating scale
intended to measure behavior associated with damage to the frontal systems of the brain, is
regarded as one of the most valid and reliable measures of the behavioral aspects of frontal
lobe dysfunction.75 The FrSBe measures behavior at the present time and before the illness
or injury. Only the present time scales were applicable and included in this analysis. The
present time scales yield a total score and scores for the subscales of Apathy, Disinhibition,
and Executive Dysfunction. Individual subscale scores are highly internally consistent and
stable over 12 weeks.76–78 Values are scaled according to reference group norms and
reported in T-scores. Scores above 65 are considered clinically significant.

Go/No-Go Task. The Go/No-Go Task assesses inhibitory control by developing a prepotent
response to one stimulus while requiring inhibition of a different, but similar stimulus. Go/
No-Go Tasks have identified inhibitory control impairments in individuals with addictive
disorders. 79–81 The participant learns by trial and error to respond to four of eight two-
number pairs (positive stimuli) and not respond to four other two-number pairs (negative
stimuli).82 When participants correctly respond to a positive stimuli, they gain a point; when
they correctly respond to a negative stimuli, no point is lost; when they incorrectly respond
to any stimuli, a point is lost. Participants begin the task with 32 points and can earn up to a
total of 64 points. Results are presented as a Plus score that reflects the speed with which
one correctly responds to positive stimuli, a Minus score that reflects the speed with which
one incorrectly responds to negative stimuli, and a total score that reflects the total number
of points earned.

Microcog™: Assessment of Cognitive Functioning. This computer-administrated battery of
subtests generates composite scores across five cognitive domains: Attention/ Mental
Control, Memory, Reasoning/Calculation, Spatial Processing, and Reaction Time. Two
factors assessing Information Processing Speed and Accuracy are derived from the speed
and accuracy scores of the subtests. The two information processing calculations are used to
produce a General Cognitive Functioning score, in which speed and accuracy are given
equal weight, and a General Cognitive Proficiency score, in which accuracy is given more
weight than speed. Values are scaled according to reference group norms provided by the
manufacturer with a mean of 100, a standard deviation of 15.83

Rotter’s Locus of Control Scale (LOCS). The LOCS is a 29-item questionnaire assessing the
extent to which individuals believe they can control events.40 Scores range from 0 to 29 with
greater values indicating a more externally focused locus of control.40 An internally focused
locus of control is associated with less impulsiveness, more future-orientation, the
propensity to choose larger later rewards, and better performance on measures of executive
function.44, 45

Stanford Time Perception Inventory (STPI). The STPI is a 38-item measure used to assess
four aspects of time perspective: Present-Hedonistic, Present-Fatalistic, Future- Oriented,
and Past-Oriented.84 Greater values indicate greater endorsement of the particular time
perspective. The STPI is correlated with insensitivity to future consequences in heroin
addicts and pathological gambling symptoms in gamblers.85, 86
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Tuckman Procrastination Scale (TPS). The TPS is a 16-item measure used to assess the
tendency to procrastinate.87 Scores range from 16 to 64 with greater values indicating a
greater propensity to procrastinate.

Outcome Assessment—Point prevalence abstinence was confirmed by exhaled CO
level of 8 ppm or less using a Bedfont Smokelyzer (Bedfont Scientific Ltd, Kent,
England).88 Outcomes assessments were conducted 1, 2, 3, 4, 8, 12, and 28 weeks after the
quit day.

Data Analysis
Descriptive statistics (means, standard deviations, medians, interquartile ranges, IQRs [25th
and 75th percentile values], frequencies) were used to characterize participants.
Demographic differences between those who attended treatment and those who did not
attend treatment were assessed with tests of significance (t-tests, Mann- Whitney tests, and
chi-square tests where appropriate).

Similar to other addiction treatment studies, this study incorporated repeated measurements
over time, which are often correlated, as well as included a number of missing data points.
Generalized estimating equations (GEE) is a set of methods used for modeling correlated or
repeated measures in longitudinal designs, but is not often utilized by addiction
researchers.89 The oft-used classic proportional methods of analysis such as logistic
regression can only incorporate one outcome data point in a model, do not recognize
correlations among measures and can thus produce incorrect standard errors resulting in
invalid hypothesis tests and confidence intervals, and are naïve to the effects of time. Classic
proportional methods also handle missing outcome data by requiring penalized imputation
(ie, imputing missing outcome data as smoking) or elimination of missing cases. GEE can
be thought of as an extension of logistic regression that incorporates all outcome data points
in one model, corrects standard errors of estimates by using a working correlational structure
based on observed data, and incorporates the effects of time. GEE also handles missing
outcome data without penalized imputation or case elimination. Missing data are simply
entered as missing. Nonetheless, at least one outcome data point was required for a
participant to be included in the models and if a participant was missing a particular baseline
predictor, his or her data could not be included in the model for that predictor. See Lee et al.
and Hall et al. for more information. 90, 91 Each baseline predictor was individually entered
alongside time in a GEE model that included all outcome assessment data points. On the
basis of previous studies examining the candidate variables we made a priori hypotheses
about the direction of each measure’s predictive utility and used one-tailed, p < .05-level
tests of significance in our GEE models.20–23, 37–39, 46–48, 56, 61, 79, 92–96 The GLIMMIX
procedure in SAS® Version 9.2 was used in fitting the GEE models.

RESULTS
Participants

The participants (n = 97) were 41% male and primarily lower SES with a mean age of 48.16
(SD = 11.62). The median household income was $17,750 (IQR: $10,000–$25,500) and the
mean number of years of education was 13.14 (SD 1.84). Sixty-one percent self-identified as
white and 51% were unemployed. These participants include a number of notable
characteristics: They were highly dependent with a mean FTND score of 6.43 (SD
1.75).They were highly motivated to quit smoking with a median response of 10 on a scale
of 0–10 (IQR: 8–10), but reported clinically significant levels of apathy on the FrSBe and
relatively high levels of Negative Affect on the PANAS—Negative Affect scale, nearly
double those found in other samples.67 See Table 1 for details.
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Eighty (82%) of the 97 participants attended treatment. Among these, treatment adherence
was high with the median number of treatment sessions attended being five out of a possible
six sessions (IQR: 3.5–6). Those participants who attended treatment were slightly older
(49.2 vs. 43.1 years; t[95] = 1.97, p = .052) and had more education (13.3 vs. 12.4 years;
t[95] = 1.91, p = .059) than those who enrolled but did not attend treatment. Thirty-seven
percent of the total number of participants (n = 97) attended the 6- month follow-up
assessment. Using penalized imputation (ie, imputing missing data as smoking), the
abstinence rate for participants who attended treatment (n = 80) was 27% on the quit date,
10% four weeks after the quit date, and 7% six months after the quit date. The GEE model
estimated abstinence rates were 39.5% on the quit day, 35.1% four weeks after the quit, and
12% six months after the quit day.

Predictors of Treatment Response
In all instances, the effect of time was significant so it will not be reported separately.
Measures that significantly predicted abstinence are listed in Table 2. As hypothesized,
greater dependence (FTND) and stress (PSS) levels, and greater levels of smoking in
response to negative affect (SCQ-Negative affect reduction scale) predicted a lesser
likelihood of abstinence. Three different measures of delay discounting predicted abstinence
with those participants who discounted more steeply being less likely to be abstinent, as
expected. An externally focused locus of control also predicted a lesser likelihood of
abstinence. Finally, greater impulsiveness as measured by the BIS 11 cognitive
impulsiveness scale predicted a lesser likelihood of abstinence. Note: Table 2 reflects odds
ratios an increase of one standard deviation for each measure. For example, every increase
in one standard deviation (1.75 points) on the FTND decreased the odds of abstinence by
about 40%.

Interrelationships among Predictors
Because the measures were modeled individually, questions arose as to the relatedness of
the measures found to be significant. An exploratory correlational analysis was then
conducted. The three delay discounting measures were highly and positively correlated.
Stress level was positively correlated with impulsiveness, a more externally focused locus of
control, and smoking to reduce negative affect, but negatively correlated to generalized
negative affect (PANAS—Negative Affect scale). Impulsiveness was positively correlated
with a more externally focused locus of control as well as smoking in response to Negative
Affect, but negatively correlated with the PANAS—Negative Affect scale. See Table 3 for
details.

DISCUSSION
These findings confirm the predictive role of several key clinical, psychological, and
cognitive factors in predicting abstinence for this highly dependent lower SES group of
smokers. These findings suggest that this population typically manages high levels of
negative affect, dependence, and stress levels, and in this context smoking to reduce
negative affect plays a significant role in reducing the likelihood of achieving abstinence.
This is one of the few studies that demonstrate that an externally focused locus of control,
steeper delay discounting, and greater cognitive impulsiveness independently predict a lesser
likelihood of abstinence and suggests that these factors play a role in treatment outcomes for
lower SES groups.

Externally focused individuals appear to experience greater levels of stress and be less likely
to achieve abstinence from smoking after treatment. The positive correlation between locus
of control and stress level is unsurprising given that the two constructs are both conceptually
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related to perceived control over external events. Greater stress levels are consistently
associated with less perceived control over external events.97 Several items on the PSS
assess perceived control (ie, “How often have you felt that you were unable to control the
important things in your life?”).59 Because externally focused individuals attribute
reinforcement as under the control of external agents such as luck, chance, fate, or powerful
others, they are likely to perceive less control over important events in their lives and thus
are likely to experience greater levels of stress. Although not a finding here, greater stress
levels have also been associated with higher dependence levels and poorer treatment
outcomes.60, 98 These findings suggest that research is needed to further explicate the
relationship between locus of control, stress, and perceived control in order to better
understand how to assess and address these important prognostic factors. This might be
particularly important for lower SES smokers as they appear to endorse a more externally
focused locus of control which may be reinforced by cultural factors.11 Additionally, the
cognitive and physiological ramifications of externally focused individuals chronically
experiencing higher levels of stress have the potential to be far-reaching.

Baseline measures of delay discounting were strong predictors of abstinence after treatment.
Three different delay discounting measures predicted abstinence including hypothetical
discounting of $100 and $1,000 and the mean discounting rate of hypothetical $100, $1,000,
and real $100. (Note: The estimated effect of the discounting rate for real $100 [OR = .887,
one-sided p = .069] was nearly as strong as the others, but the reduced variance of real $100
discounting rates [relative to the other three] might have prevented it from reaching
statistical significance.) These results support previous findings that indicate increased
discounting predicts less success with abstinence.37–39 Given the strong relationships
between delay discounting and smoking status in cross-sectional studies, previous studies
have questioned whether individuals who, at baseline, discount more steeply (ie, have strong
preferences for smaller, sooner rewards) are simply less successful at achieving abstinence,
or if individuals who stop using tobacco begin to discount less steeply over time. If the latter
statement were true, we would be unable to predict abstinence from the natural variability in
discounting rates. Lower discounting rates would emerge from the process of quitting or
being quit. If the former statement were true, the natural variability in baseline discounting
rates would predict treatment success, as was the case in this study.

These findings suggest that delay discounting is clinically relevant in predicting abstinence
outcomes from CBT for tobacco dependence. Delay discounting might be a productive
target for new assessment and therapeutic approaches. These findings also suggest that
various measures of discounting future rewards (ie, hypothetical and real, $100 and $1,000)
are similarly effective in predicting treatment outcomes. The propensity to more steeply
discount delayed rewards has the potential to become a behavioral marker alerting clinicians
that these individuals might have more difficulty quitting and might need additional or
special attention. Discounting rates could be evaluated during the initial assessment along
with dependence and stress levels as well as the propensity to smoke in response to negative
affect, and other factors. More research is needed to determine the levels of discounting that
place a smoker at higher risk for relapse after treatment. More research is also needed to
discover the manner in which clinicians might tailor treatment for individuals who discount
more steeply. Similar to highly dependent smokers, more intensive and longer treatment,
including combination drug therapies might be required for better treatment outcomes for
steep discounters. Alternatively, similar to highly stressed smokers or smokers prone to
dysphoria, CBT that targets cognitive errors and/or reframes cognitions involved with
impulsiveness, the propensity to prefer smaller, sooner rewards, and the perceived
contingencies on rewards might be required for better treatment outcomes for steep
discounters.
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Increased impulsiveness and the propensity to delay reward are also associated with
decreased activity in the prefrontal cortex relative to the limbic areas, while the preference
for immediate rewards is associated with a relative increase in activity in the limbic system
relative to the prefrontal cortex.13 Because there are distinct areas of brain activity
associated with immediate versus delayed rewards in delay discounting tasks and delay
discounting tasks predict abstinence, these findings also suggest that abstinence might be
associated with these distinct areas of brain activity as well. If so, then increasing or
decreasing activity in these specific areas might also lead to new assessment and therapeutic
approaches. Increasing activity in the prefrontal cortex using direct stimulation or repetitive
transcranial magnetic stimulation has been shown to temporarily reduce risky or impulsive
decision making,99 and in one case actually reduced the number of cigarettes smoked in the
hours after stimulation.100 Similar to the way that our current repertoire of approved
cessation medications assist with cessation by attenuating the experience of withdrawal,
these findings suggest that we might be able to augment treatment by attenuating the
propensity to make impulsive decisions by increasing activity in the prefrontal cortex.

This study has a number of strengths and limitations. Among the strengths are that this study
provided a highly intensive behavioral treatment with a full range of evidence based
components in the absence of medications. This allowed us to evaluate the response to
cognitive-behavioral therapy alone without confounding the treatment response with
response to medications, which might have produced physiological changes that would have
confounded our results. Furthermore, if steep discounters are similar to highly dependent
individuals and simply respond better to more intensive, combination treatment, the addition
of medications might have attenuated the predictive utility of the delay discounting tasks. A
further strength of this approach was its ecological validity, as minority and lower income
smokers are less likely to use nicotine replacement or other medications for
cessation.5, 101–106 Moreover, a minority of publicly funded treatment programs consistently
offer free or low-cost medications; only about one-third of quitlines in the United States
provide free or low-cost medications and then only to eligible participants.107 Nonetheless,
our participants were characterized by factors strongly associated with more difficulty
achieving abstinence (ie, high dependence, negative affect, and stress levels and lower SES)
and only a small number of participants achieved long-term abstinence. In all likelihood,
more participants would have achieved abstinence if medications were included. A larger
group of abstinent smokers would have increased our ability to detect statistical significance
and would have allowed us more freedom in our choice of analyses.

Additional limitations include the number of participants who were lost to follow-up. While
very little dropout occurred during treatment, a smaller group of participants regularly
attended the follow-up assessments .As with many lower SES groups, many participants
were highly mobile, depended upon pay-as-you-go forms of communication, and were
difficult to track. Given that 51% of participants were unemployed at baseline, it is
unsurprising that some participants needed to relocate over the course of 6 months to find
work. Use of GEE analyses helped to minimize the effects of missing data on the outcomes,
but missing outcome data were nonetheless a limitation that must be considered when
interpreting these findings. Another consideration is that the study did not examine the
effects of SES level. As such, the findings cannot directly address the extent to which these
factors are associated with treatment outcomes for individuals of middle and higher SES;
however, given the importance of identifying successful treatment strategies for lower SES
individuals, this study verifies that these prognostic factors, both established and novel, are
indeed important determinants and are potentially important targets for tailoring
interventions for this population. Finally, although the use of CBT without pharmacotherapy
in this study is a strength in some ways, it is also a limitation. The current findings may
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generalize to lower SES smokers receiving pharmacotherapy, but the current data cannot
speak to that question directly.

Future research needs to elucidate relationships among delay discounting, impulsiveness,
stress, locus of control, SES, and ability to achieve abstinence for tobacco users with and
without the use of CBT and medications. These interrelationships are particularly important
in light of the fact that some of the largest effect sizes observed in this study were for stress
and discounting, and there is evidence that powerful state factors make discounting more
impulsive. This may also be the case for stress. Certainly this sample was characterized by
high levels of dependence and were thus subject to high levels of nicotine withdrawal which
have both been shown to make discounting more impulsive.31, 36, 108 Moreover, these
smokers also reported high levels of stress which has been shown to interact with
impulsiveness to increase the vulnerability for another addictive substance, alcohol.24 Thus,
for lower SES smokers, high levels of nicotine dependence, impulsiveness, and the financial
stresses of daily life may interact to create adverse intrapersonal conditions for smoking
cessation. Paradoxically, there are clear environmental factors to motivate lower SES
smokers to quit, such as the associated cost, that need to also be taken into account. Finally,
future studies will be necessary to develop and test assessment methods and cut-off scores
for use by clinicians for delay discounting, locus of control, and impulsiveness measures as
well as the efficacy of new strategies to address impulsiveness, the propensity to discount
the value of future rewards, and to reframe an externally focused locus of control. These
strategies include both cognitive-behavioral strategies and novel approaches such as
neurocognitive training.109 Progress in these domains will be essential for clarifying the
present findings and translating them into improved smoking cessation outcomes for lower
SES smokers.
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TABLE 1

Characteristics of the participants

Category Measure Mean (SD)
Median

(interquartile range)*

Tobacco-related
  clinical factors

Fagerström Test for Nicotine Dependence 6.43(1.75) 6(5, 8)

Motivation 8.89(1.52) 10(8, 10)

Self-efficacy 7.42(2.54) 8(6, 10)

Perceived Stress Scale 22.16(8.07) 21(17,27)

Beck Depression Inventory II 11.58(10.56) 9(3,16)

Smoking Consequences Questionnaire Negative affect
   reduction scale

55.10(18.53) 59(40.5,70)

Positive and Negative Positive affect scale 16.96(6.88) 15(12,20)

   Affect Scales Negative affect scale 30.96(8.04) 31.5(25, 37)

Executive function Balloon Analogue Money earned 23.29(4.58) 24(21, 27)

   Risk Task Pumps 601.32(233.04) 649(456,781)

Mean pumps 28.76(16.26) 27.56(17.89,38.48)

Barratt Motor impulsiveness 11.43(4.32) 11(8, 14)

   Impulsiveness Cognitive impulsiveness 9.51(3.16) 9(7,12)

   Scale Nonplanning impulsiveness 16.82(4.08) 17(14, 20)

Delay discounting
   tasks

$100 real gain −4.62(2.88) −4.92(−6.80, −2.48)

$100 hypothetical gain −4.77(3.28) −4.59(−6.29, −2.67)

$1,000 hypothetical gain −5.86(3.42) −6.08(−7.75, −3.18)

Mean of $100 real and $100 and
  $1,000 hypothetical gains

−5.55(2.93) −5.68(−7.28, −3.46)

Eysenck Impulsiveness 8.65(4.49) 7(5, 12)

   Impulsiveness Scale Venturesomeness 5.75(3.23) 5(3, 8)

Frontal Systems Executive dysfunction 61.20(14.76) 60(49, 72)

   Behavior Scales Apathy 65.76(15.93) 63(52, 76)

Disinhibition 60.98(16.26) 61(48, 71)

Total 65.18(16.06) 65(52, 75)

Go/No-Go Task Plus milliseconds to respond
  correctly

416.9(188.5) 423.2(279.5, 558.2)

Minus milliseconds to respond
  incorrectly

542.6(204.6) 569.2(481.1, 660.5)

Total points 37.6(6.9) 37(32, 43)

Microcog™ Attention/mental control 80.77(39.29) 96.5(73.5, 107)

Memory 82.39(39.78) 99(79, 108.5)

Spatial processing 81.18(37.76) 95(76.5, 105.5)

Reasoning/calculation 82.18(39.80) 95(80, 107)

Reaction time 84.86(41.06) 102(93, 109)

Information processing accuracy 74.51(36.25) 87(71.5, 99)

Information processing speed 85.65(41.46) 103.5(81, 112.5)

Cognitive functioning 88.01(44.40) 98(75, 119)

Cognitive proficiency 76.60(37.56) 85(75, 100)
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Category Measure Mean (SD)
Median

(interquartile range)*

Stanford Time Present-hedonistic 22.16(4.18) 22(19, 25)

   Perception Present-fatalistic 21.80(4.74) 22(18, 25)

   Inventory Future-oriented 46.52(7.62) 47(40, 53)

Past-oriented 16.36(3.05) 16(15, 18)

Rotter’s Locus of Control Scale 8.14(3.50) 8(5, 11)

Tuckman Procrastination Scale 42.70(13.26) 45(37, 50)

*
Interquartile range: first value = 25th percentile and second value 75th percentile.
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TABLE 2

Significant results from the generalized estimating equations models applied to each measure individually*

Odds ratio for
one SD increase

95% CI
upper bound p-Value

Fagerström Test for Nicotine Dependence (SD = 1.75) .607 .863 .010

Perceived Stress Scale (SD = 8.07) .571 .878 .017

Delay discounting mean baseline log k of real $100 and
hypothetical $100 and $1,000 gains (SD = 2.93)

.623 .912 .021

Delay discounting $100 hypothetical gains (SD = 3.28) .662 .942 .027

Delay discounting $1,000 hypothetical gains (SD = 3.42) .684 .966 .035

Barratt Impulsiveness Scale Cognitive impulsiveness (SD = 3.16) .680 .966 .035

Rotter’s Locus of Control Scale (SD = 3.50) .681 .972 .038

Smoking Consequences Questionnaire Negative affect
reduction scale (SD = 8.04)

.864 .992 .042

*
All tests were one-tailed.
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