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Abstract

Introduction—Behavioral economic measurement of the relative value of tobacco (Cigarette 

Purchase Task; CPT) is used to examine individual differences in motivation for tobacco under 

certain contexts. Smokers with psychopathology, relative to those without, may demonstrate 

stronger demand for tobacco following a period of smoking deprivation, which could account for 

disparate rates of smoking and cessation among this subgroup.

Method—Participants (n = 111) were community-recruited adult daily smokers who completed 

the CPT after a deprivation period of approximately 60 minutes. Presence of psychopathology was 

assessed via clinical interview; 40.5% (n = 45) of the sample met criteria for past-year 

psychological diagnosis. Specifically, 31.5% (n = 35) had an emotional disorder (anxiety/
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depressive disorder), 17.1% (n = 19) had a substance use disorder, and 19.1% of the sample had 

more than one disorder.

Results—Smokers with any psychopathology showed significantly higher intensity (demand at 

unrestricted cost; $0) and Omax (peak expenditure for a drug) relative to smokers with no 

psychopathology. Intensity was significantly higher among smokers with an emotional disorder 

compared to those without. Smokers with a substance use disorder showed significantly higher 

intensity and Omax, and lower elasticity, reflecting greater insensitivity to price increases. Having 

≥ 2 disorders was associated with higher intensity relative to having 1 or no disorders.

Discussion—Findings suggest that presence of psychopathology may be associated with greater 

and more persistent motivation to smoke. Future work is needed to explore the mechanism linking 

psychopathology to tobacco demand.

Keywords

cigarette purchase task; behavioral economics; psychopathology; tobacco; relative value; 
comorbidity

1. Introduction

Although population-based smoking rates have declined over the past several decades (US 

Department of Health and Human Services [USDHHS], 2014), cigarette use remains high 

among those with psychopathology relative to those without (34.3% vs. 16.7%; Centers for 

Disease Control and Prevention [CDCP], 2013; Morris et al., 2014). It is estimated that 

30.9% of all cigarettes smoked by adults between 2009 and 2011 were by individuals with a 

history of a psychiatric disorder (CDCP, 2013). Smokers with a history of psychopathology 

are also significantly less likely to quit smoking successfully relative to those with no such 

history (34.7% vs. 53.4% quit rate; CDCP, 2013). Various psychiatric disorders are linked to 

poor smoking cessation outcomes, including depressive disorders (Hitsman et al., 2003; 

Zvolensky et al., 2015), schizophrenia (Lasser et al., 2000), anxiety disorders (Piper et al., 

2010, 2011), posttraumatic stress disorder (Beckham et al., 2013; Zvolensky et al., 2008), 

and co-morbid substance use problems (Goodwin et al., 2014; Humfleet et al., 1999). 

Additionally, the prevalence of several anxiety disorders and dysthymia among current 

smokers appears to have increased over the past decade (Goodwin et al., 2014). Therefore, 

understanding smoking maintenance factors among individuals with psychopathology is a 

pressing public health priority (Aubin et al., 2012).

Behavioral economic theories and principles provide a useful framework for examining the 

appeal of a given substance, or the relative value, despite negative consequences of use 

(Bickel et al., 2014). The relative reinforcing value of, or demand for, a given drug has been 

assessed via self-reported hypothetical purchase tasks wherein participants indicate how 

much of a drug they would purchase at a range of prices (MacKillop et al., 2008; Murphy 

and MacKillop, 2006). These tasks yield data indicating the strength of motivation to obtain 

the drug, and can provide meaningful information about individual differences in 

motivational salience for drugs (i.e., the extent to which an individual values a drug under 

certain contexts). Five key behavioral economic indices of substance demand can be 
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obtained from assessment of purchase task performance: intensity (amount of drug 

consumed at zero cost), Pmax (price at maximum expenditure for a drug), Omax (peak 

expenditure for a drug), breakpoint (cost whereby drug consumption is suppressed to zero), 

and elasticity of demand (the degree to which consumption decreases with increasing price). 

Purchase tasks have been used successfully to assess demand for several substances 

including tobacco (Acker and MacKillop, 2013; MacKillop, Brown, et al., 2012; MacKillop 

et al., 2008; MacKillop, Few, et al., 2012; MacKillop and Tidey, 2011), alcohol (Amlung et 

al., 2012; Mackillop et al., 2014; MacKillop et al., 2010; MacKillop and Murphy, 2007; 

Murphy et al., 2013; Murphy and MacKillop, 2006), and marijuana (Aston et al., 2015; 

Collins et al., 2014; Metrik et al., 2016). Data generally indicate that purchase behavior 

reflects an inverted U-shaped curve, such that expenditures for hypothetical substances are 

low when price value is low, increased with moderate prices, and is suppressed at high prices 

(Hursh and Silberberg, 2008; Jacobs and Bickel, 1999; Murphy et al., 2011). Specific to the 

cigarette purchase task, tobacco demand indices generally tend to be associated with 

indicators of nicotine dependence and smoking rate (MacKillop et al., 2008; Murphy et al., 

2011) and are sensitive to nicotine deprivation and cue-induced craving (MacKillop et al., 

2012), and certain demand indices are associated with lower motivation for smoking 

cessation (Murphy et al., 2011).

Limited work to date has examined tobacco demand as a function of psychopathology. 

Theoretically, smokers with emotional disorders (e.g., anxiety and mood disorders, 

posttraumatic stress disorder), which are largely characterized by high levels of negative 

affect, dysregulated mood states, and avoidance, may expect a reduction in distress states 

following consumption of cigarettes (McCarthy et al., 2010). Negative reinforcement 

smoking may, in turn, increase demand for tobacco for these individuals. For example, one 

study found that among trauma-exposed heavy drinkers, more severe posttraumatic stress 

symptoms were associated with demand intensity, greater peak expenditure for alcohol, 

(Omax), and lower sensitivity to increasing price of alcohol (elasticity; Murphy et al., 2013). 

Moreover, intensity and elasticity of alcohol demand explained, in part, the link between 

posttraumatic stress symptoms and consequences related to drinking (Tripp et al., 2015). 

Laboratory-based studies have also found that regular drinkers respond with greater alcohol 

demand (intensity, Omax, Pmax) following acute stress induction (Amlung and MacKillop, 

2013), a finding also observed among heavy drinkers (Owens et al., 2015).

It is also possible that smokers with comorbid substance use disorders, relative to those 

without, may demonstrate stronger and more persistent motivation to consume cigarettes. 

One study of heavy drinking college students found cigarette smokers, relative to non-

smokers, reported greater intensity, Omax, Pmax, and lower sensitivity to increasing price of 

alcohol (Yurasek et al., 2013). Impulsivity, a dispositional individual difference factor 

associated with behavioral externalizing behavior and disorders, has also been associated 

with greater alcohol demand among college student drinkers (Amlung et al., 2013) and 

cigarette smokers who also reported past-year alcohol use (Gray and MacKillop, 2013).

The bulk of the existing data to date on psychopathology and substance demand has been 

specific to alcohol, as reviewed above (e.g., Murphy et al., 2013; Tripp et al., 2015). We are 

aware of only one existing published study of psychopathology and tobacco demand, which 
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found that smokers with schizophrenia, relative to healthy controls, had higher intensity of 

demand (MacKillop and Tidey, 2011). This work has not yet been extended to broader forms 

of psychopathology which is important given (a) heterogeneity in psychopathology and (b) 

differences in smoking lapse behavior across different disorder groups (e.g., anxiety versus 

substance use disorders; Piper et al., 2010). Additionally, given that comorbid 

psychopathology is associated with poorer smoking cessation outcomes (Cougle et al., 2010; 

Piper et al., 2010), it is important to understand how tobacco demand may differ as a 

function of number of diagnoses.

Thus, the current study examined the association between various forms of psychopathology 

and situational tobacco demand in a sample of community-recruited daily smokers. We 

examined the effect of having any past-year, relative to not, in terms of tobacco demand, as 

indexed via performance on a state-version of the Cigarette Purchase Task (CPT; MacKillop 

et al., 2008) following approximately 60 minutes of smoking deprivation. This assessment 

window allowed for the onset of tobacco craving, which can occur within 30 minutes of not 

smoking (Hendricks et al., 2006). Additionally, we tested the unique patterning of effects of 

having an emotional disorder (anxiety/depressive disorder), comorbid (non-tobacco) 

substance use disorder, and the number of psychological diagnoses in terms of CPT 

performance. It was hypothesized that smokers with any psychopathology, relative to none, 

would demonstrate greater tobacco demand following deprivation, and that these differences 

would be present in smokers with emotional disorders and those with substance use 

disorders. It was also hypothesized that smokers with more disorders (having two or more 

diagnoses) would demonstrate greater tobacco demand relative to individuals with one or no 

diagnosis.

2. Material and methods

2.1 Participants

Non-treatment seeking adult daily smokers were recruited for an experimental study on 

anxiety and smoking behavior (Farris and Zvolensky, 2016). Community-recruited 

individuals who were between 18-65 years of age, reported smoking 10 or more cigarettes 

per day for at least one year, and smoked within the first 30 minutes of waking in the 

morning, were invited for a baseline assessment to determine eligibility for the experimental 

study (described in Farris and Zvolensky, 2016). Participants were excluded from 

participation during an initial telephone screen if they reported heavy/frequent drinking (≥ 9 

standard drinks/week), illicit drug use (≥ 3 days/week), unstable medical conditions, or 

current psychotic symptoms. The current study is a secondary analysis of data from 

participants who completed the baseline assessment including the CPT (n = 126), regardless 

of whether or not they were deemed eligible for the experimental phase of the study. Several 

cases (n = 11) showed evidence of inconsistent responding across prices (i.e., had ≥3 

reversals), and 4 cases exhibited constant demand, suggesting low effort during this task; 

these cases were excluded from subsequent analysis.

Participants (n = 111; Mage = 43.8; SD = 9.8; 55.8% male) identified race as Black/African-

American (59.5%), white (33.3%), American Indian/Alaska Native (1.8%), Asian (1.0%), or 

other (4.5%), and 5.4% of participants identified ethnicity as Hispanic. Approximately half 
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of the sample completed at least some college (57.5%). Participants were single (47.7%), 

divorced/separated (35.1%), married/co-habituating (12.6%), and widowed (4.5%). 

Employment status was reported as unemployed (38.7%), employed full time (24.3%), 

employed part time (23.3%), student (3.6%), disabled (7.2%), retired (1.8%), and 

homemaker (0.9%). Of those who reported income (n = 46), 63.0% of participants reported 

annual household income < $25,000.

2.2 Measures

The Financial Strain Questionnaire (FSQ; Pearlin et al., 1981), which was adapted from an 

economic strain measure, was used as a proxy for income due to missing data on annual 

household income for 58.6% of the sample. The FSQ, is an 8-item self-reported measure 

that assesses perceived difficulty affording clothes, leisure activities, car, furniture, and other 

necessities (i.e., medical care, housing). Items that are rated on a scale from 1 to 3 (e.g., “I 

have enough money”, “I have somewhat enough money”, “I don’t have enough money”). 

Monetary status at the end of the month is also assessed using a similar scaling (1 = some 
money left over, 3 = no money left over). Items are summed to derive a total financial strain 

index, with higher scores indicating greater strain.

The Smoking History Questionnaire (SHQ; Brown et al., 2002), a 30-item self-report 

measure, was used to gather information about smoking history in order to establish pattern 

of cigarette use per eligibility criteria (e.g., daily use). A Carbon Monoxide (CO) Analysis, 

using the Vitalograph Breath Co carbon monoxide monitor, was conducted to measure the 

amount of CO (in parts per million [ppm]) in an expired breath sample. The Timeline 
Follow-Back Interview (TLFB; Sobell and Sobell, 1992) is a calendar-based assessment of 

substance use, which was used to document frequency, quantity, and patterns of tobacco, 

alcohol, and illicit drug use in the past 30 days. The Fagerström Test for Nicotine 
Dependence (FTND; Heatherton et al., 1991), a 6-item scale that assesses gradations in 

tobacco dependence, was used to assess the level of physiological dependence on tobacco 

(range 0-10, with higher scores reflecting higher levels of dependence). The FTND has 

adequate internal consistency, positive relations with key smoking variables (e.g., saliva 

cotinine), and high test-retest reliability (Heatherton et al., 1991; Pomerleau et al., 1994). 

Internal consistency of FTND items was low in the current sample (α = .42), likely based on 

low item count.

The Structured Clinical Interview for DSM-IV Disorders-Non-Patient Version (SCID-I/NP; 

First et al., 2007), a clinician-administered semi-structured diagnostic assessment, was used 

to assess the presence of past-year psychopathology based on the DSM-IV-TR diagnostic 

guidelines. Diagnostic assessments were conducted by highly-trained post-baccalaureate 

research assistants. In the current study, all diagnostic assessments were audio-recorded and 

100% of cases were supervised by the first author for diagnostic accuracy. A random 20% of 

recordings were subjected to blinded inter-rater reliability review by a doctoral-level clinical 

psychology graduate student. No cases of diagnostic disagreement were noted. Of note, 

despite telephone screening for frequent substance use, many participants met criteria for 

current (past-year) substance use disorder. See results section for details.
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The Cigarette Purchase Task (CPT; MacKillop et al., 2008) was used to assess the relative 

value of tobacco. The CPT is based on progressive-ratio operant schedules wherein 

participants self-report their cigarette consumption under various levels of price, which has 

been validated in several studies (e.g., Mackillop et al., 2008; Murphy et al., 2011). A state 

version of the CPT (Hitsman et al., 2008) was used in the current study. Participants were 

provided with the following task instructions: “Imagine that you could smoke RIGHT NOW. 
The following questions ask how many cigarettes you would consume if they cost various 
amounts of money. Assume the available cigarettes are your favorite brand. Assume that you 
have the same income/savings that you have now and NO ACCESS to any cigarettes or 
nicotine products other than those offered at these prices. In addition, assume that you would 
consume cigarettes that you request at this time. You cannot save or stockpile cigarettes for a 
later date. Be sure to consider each price increment carefully.” The CPT was completed 

approximately 60 minutes post-smoking, and was administered on the computer where each 

of the 22 questions/prices were presented one at a time, and read: “How many cigarettes 
would you smoke RIGHT NOW if they were: Free [$0/pack], 1¢ each [20¢/pack], 5¢ each 
[$1/pack], 10¢ each [$2/pack], 20¢ each [$4/pack], 30¢ each [$6/pack], 40¢ each [$8/pack], 
50¢ each [$10/pack], 60¢ each [$12/pack], 70¢ each [$14/pack], 80¢ each [$16/pack], 90¢ 
each [$18/pack], $1 each [$20/pack], $2 each [$40/pack], $3 each [$60/pack], $4 each [$80/
pack], $5 each [$100/pack], $6 each [$120/pack], $7 each [$140/pack], $8 each [$160/pack], 
$9 each [$180/pack], $10 each [$200/pack] ?”

2.3 Procedure

Participants completed an initial telephone assessment to determine potential eligibility. 

Potentially eligible individuals were scheduled for an in-person appointment and instructed 

to bring their usual brand of cigarettes to the appointment. All participants provided written, 

informed consent prior to initiation of any study procedures, and this study protocol was 

approved by the Institutional Review Board where the data were collected. Upon arrival, 

participants completed a diagnostic assessment (per the SCID-I/NP), smoking history 

measures, and provided a carbon monoxide sample of expired breath to verify smoking 

status. At a standardized point during the baseline assessment, participants were told they 

could have a ‘smoke break’. The experimenter accompanied the participant outdoors, 

alongside the laboratory, and informed the participant that he/she had the opportunity to 

smoke one cigarette (all participants smoked). The participants were told to smoke as usual, 

and were given as much time as desired. Next, the participants returned inside the laboratory 

and completed approximately 60 minutes of computerized self-report assessments, which 

were broken up by two scheduled snack/water breaks (no smoking or caffeine was 

permitted). The CPT was the last measure completed during the assessment period. All 

participants were compensated $25 for completing the baseline assessment.

2.4 Data Analytic Procedures

Calculations of demand indices were obtained using the following methods. Price elasticity 

values were generated by fitting individual curves in GraphPad Prism using the Koffarnus 

exponentiated demand equation (Koffarnus et al., 2015), Q = Q0 × 10k(e-aQ
0
C-1), where Q = 

quantity consumed, Q0 = derived intensity, k = a constant across individuals that denotes the 

range of the dependent variable (tobacco cigarettes), C = the cost of the commodity, and α = 
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elasticity or the rate constant determining the rate of decline in consumption based on 

increases in price (i.e., essential value). This is a modification to the Hursh and Silberberg 

(2008) exponential demand equation that does not require eliminating or substituting for 

consumption values of zero. The appropriate k value was determined by subtracting the 

log10-transformed average consumption at the highest price ($10.00) from the log10-

transformed average consumption at the lowest price used in curve fitting ($0.01). The k 
value used in analyses was 1.757. An R2 value was generated to reflect percentage of 

variance accounted for by the demand equation (i.e., the adequacy of the fit of the model to 

the data).

Raw CPT data were examined for outliers using standard scores, with a criterion of Z = 3.29 

to retain maximum data. A small number of outliers were detected (1.3%). The outliers were 

determined to be legitimate high-magnitude values and were recoded as one unit higher than 

the next lowest non-outlying value (Tabachnick and Fidell, 2000). Five metrics of tobacco 

demand were obtained from the CPT: (a) intensity of demand (i.e., the amount of drug 

consumed at zero cost), (b) Omax (i.e., peak expenditure for a drug), (c) Pmax (i.e., price at 

maximum expenditure), (d) breakpoint (i.e., cost at which consumption is suppressed to 

zero), and (e) elasticity of demand (i.e., the sensitivity of tobacco consumption to increases 

in cost). Observed values for intensity, Omax, Pmax, and breakpoint were estimated by 

directly examining CPT performance. Elasticity of demand was empirically derived using 

values generated from a modified exponential demand equation (Koffarnus et al., 2015). 

Next, all data were examined for distribution normality using histograms. All tobacco 

demand variables were non-normally distributed. A square root transformation was used for 

intensity, log10 transformation was used for Omax, and cube root transformation was used for 

Pmax, breakpoint, and elasticity of demand; all transformations improved the distribution 

substantially.

The sample was split according to the presence or absence of any psychopathology, 

emotional disorders, and substance use disorders and examined in terms mean differences in 

each of the five smoking demand indices. A trichotomously coded variable (0 = no disorder, 

1 = presence of one disorder, 2 = presence of two or more disorders) was utilized to examine 

differences in demand indices by presence of comorbid disorders. Analysis of covariance 

(ANCOVA) was utilized to examine group differences after adjusting for participant gender, 

age, race (white/non-white), and financial strain.

3. Results

3.1 Sample Characteristics

The sample averaged smoking 16.8 (SD = 8.61) cigarettes per day, initiated smoking at age 

16.0 (SD = 6.5) years, and smoked for an average of 23.6 years (SD = 11.1). Moderate levels 

of tobacco dependence were reported per the FTND (M = 4.7; SD = 1.5), 55.0% of 

participants reported smoking their first cigarette of the day within 5 minutes of waking, and 

average expired CO levels at baseline were 23.3 ppm (SD = 11.6). Slightly more than half of 

the sample reported smoking menthol cigarettes (59.5%).
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Regarding past-year (12-month) psychopathology, 40.5% (n = 45) of the sample To. 

Approximately one-third of the sample had past-year emotional disorder (31.5%) and 17.1% 

met criteria for a substance use disorder. Of those with a diagnosis, 48.9% had more than 

one diagnosis (range 1-4). See Table 1. Smokers with any past-year psychopathology, 

relative to those without, did not significantly differ in terms of age, gender, race, average 

number of cigarettes per day, level of tobacco dependence, smoking within 5 minutes of 

waking, use of menthol cigarettes, or perceived health. Financial strain was significantly 

higher among smokers with psychopathology (M = 18.4, SD = 4.9) relative to those without 

psychopathology (M = 16.1, SD = 5.1; t[109] = -2.43, p = .017).

3.2 Tobacco Demand Results

3.2.1 Overview—As expected, cigarette consumption decreased as a function of increasing 

price. Figure 2 depicts the expenditure associated with each price. The modified exponential 

demand equation (Koffarnus et al., 2015) provided an excellent fit to the overall demand 

data (R2 = .969) and a good fit to the individual data (median R2 = .851, interquartile range 

= .763 - .905). The untransformed indices of tobacco demand for the total sample are 

presented in Table 2 in addition to the inter-correlations between demand indices and other 

sample characteristics. None of the demand indices were significantly associated with age, 

gender, race (white/non-white), financial strain, or perceived health. Tobacco dependence 

per the FTND and average cigarettes per day were significantly correlated with intensity and 

Omax. Of note, while not displayed in Table 2, use of menthol cigarettes relative to non-

menthol, was not associated with any difference in demand indices (consistent with 

O’Connor et al., 2012).

3.2.2. Psychological Diagnoses—See Table 3 for the adjusted means, standard error of 

measurement and significance tests reflecting group differences in demand indices by 

psychopathology status. Smokers with any psychopathology, relative to those without, 

purchased more cigarettes at zero cost (higher intensity of demand) and displayed higher 

peak expenditure for cigarettes (Omax). Similarly, smokers with an emotional disorder 

specifically, relative to those without, displayed significantly higher intensity of demand. 

Among smokers with an alcohol/substance use disorder, CPT performance showed 

significantly higher intensity of demand, higher peak expenditure for cigarettes (Omax), and 

more inelastic demand (insensitivity to price increase), relative to smokers without a 

substance use disorder. See Figure 1 for depiction of demand curves by psychopathology 

status.

3.2.3. Psychiatric Comorbidity—Tobacco demand was examined as a function of 

psychiatric comorbidity: no diagnosis (n = 66), 1 diagnosis (n = 23), ≥ 2 diagnoses (n = 22). 

See Table 4 for CPT metrics stratified by number of diagnoses. The ANCOVA results 

indicated group differences in terms of intensity of demand. Post-hoc comparisons indicated 

that smokers with ≥ 2 diagnoses purchased significantly more cigarettes at zero cost relative 

to smokers with no diagnoses or 1 diagnosis (p = .022). There were no other significant 

differences in demand indices across the groups.
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4. Discussion

Assessment of tobacco demand provides insight into the motivation for tobacco use under 

certain contexts. In the current sample of non-treatment seeking community smokers, 

individuals with any past-year psychopathology, relative to those without, demonstrated 

significantly higher intensity and Omax, following approximately a 60-minute period of 

smoking deprivation. Specifically, smokers with psychopathology, versus those without, 

reported they would smoke almost twice as many cigarettes when they were free ($0; M = 

12.7 versus M = 7.3 cigarettes). Smokers with past-year psychopathology were also willing 

to spend a significantly higher amount on cigarettes ($11.18) after approximately 60 minutes 

of smoking deprivation relative to smokers with no past-year psychiatric history ($5.79). 

These data suggest that psychological symptoms and/or disorders are related to a higher 

demand for tobacco. The current pattern of results and magnitude of effects are broadly 

consistent with a prior study of general tobacco demand among smokers with schizophrenia 

relative to healthy controls (MacKillop and Tidey, 2011). Collectively, psychopathology 

appears to most consistently relate to amplitude of demand (i.e., how many cigarettes an 

individual would consume and how much would be spent; MacKillop et al., 2009) in the 

context of acute craving. In contrast, tobacco demand over the course of escalating price 

(i.e., persistence of demand) does not appear to be influenced by general psychopathology 

(non-disorder specific). That is, smokers with psychopathology (a) demonstrate volumetric 

differences in demand, which may demarcate heavy use, especially in response to 

deprivation/craving, and (b) do not differ in terms of sensitivity to price of cigarettes, which 

tends to represent likelihood of changing patterns of drug use (e.g., MacKillop and Murphy, 

2007). It is worth noting that, like other studies, tobacco dependence (per the FTND) was 

significantly associated with tobacco demand indices (MacKillop et al., 2008; Murphy et al., 

2011), in particular indices that reflect volumetric consumption (e.g., intensity, Omax).

Smoking intensity was significantly higher among those with an emotional disorder (anxiety, 

depressive) compared to those without an emotional disorder (M = 13.8 versus M = 7.5 

cigarettes purchased). These results complement existing data from the alcohol demand 

literature, which has found that posttraumatic stress symptoms and laboratory-induced stress 

are associated with greater trait alcohol demand (Amlung and MacKillop, 2013; Murphy et 

al., 2013; Owens et al., 2015; Tripp et al., 2015). The magnitude of our observed effects in 

tobacco demand intensity observed in this study is larger than mean values reported in 

changes in alcohol demand following laboratory-induced stress (Amlung and MacKillop, 

2013). These findings uniquely indicate that in the context of rising craving/smoking 

deprivation, smokers with emotional disorders (relative to those without) appear to view 

tobacco as particularly incentivizing.

Additionally, unique differences in tobacco demand indices emerged among smokers with 

substance use disorders. Here, smokers with a comorbid substance use disorder (relative to 

those without) had significantly higher intensity of demand when cost was unrestricted (M = 

16.2 versus M = 8.1 cigarettes purchased) and higher Omax, which corresponded to an 

average peak expenditure of $11.18 versus $7.31 for cigarettes. The magnitude of these 

effects is larger than previously reported differences in alcohol demand among those with 

and without comorbid tobacco use (Yurasek et al., 2013) and impulsivity’s effect on alcohol 

Farris et al. Page 9

Drug Alcohol Depend. Author manuscript; available in PMC 2018 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



demand (Amlung et al., 2013; Grey and MacKillop, 2014), even after adjusting for relative 

factors including tobacco dependence. Moreover, smokers with comorbid substance use 

disorders also had significantly lower elasticity, reflecting greater insensitivity to price 

increases. It is worth noting that inelastic tobacco demand was unique to smokers with 

substance use disorder, but not emotional disorders. Accordingly, smokers with substance 

use disorders may be at high risk for persistent tobacco demand during smoking deprivation, 

which could contribute to poorer smoking cessation outcomes (Rohsenow et al., 2015). This 

unique set of findings warrants replication and further examination, however preliminarily 

suggests that there may be unique motivational processes underlying persistent smoking that 

distinguish between externalizing (substance use) and internalizing (emotional) disorders.

Finally, the number of comorbid disorders appears to be related to the intensity of tobacco 

demand. Specifically, smokers with ≥ 2 diagnoses demonstrated the highest tobacco demand 

when price was unrestricted (M = 15.1 cigarettes purchased), relative to smokers with only 1 

diagnosis (M = 10.7 cigarettes) and those with no diagnosis (M = 7.2 cigarettes). Thus, the 

motivation for tobacco during smoking deprivation appears to be higher among smokers 

with comorbid disorders, relative to those without, which may in part contribute to poor 

smoking cessation outcomes in this subgroup of smokers (Piper et al., 2010).

It is worth noting that the patterning of observed effects by psychopathology status remained 

significant after adjusting for common demographic factors (age, gender, race), economic 

strain, and level of tobacco dependence. Thus, psychopathology appears to be incrementally 

related to tobacco demand. Explicit reasons for higher demand among smokers with 

psychopathology were not tested here, although there are several potential explanations 

which may or may not be unique to specific forms of psychopathology. For example, 

smokers with psychopathology may rely on nicotine for stress dampening properties 

(whether perceived or actual; Kassel et al., 2003). Environmental factors, including stressful/

unstable living conditions, or lack of access to cessation treatments (e.g., Fagerström and 

Aubin, 2009; Schroeder and Morris, 2010), or neurobiological factors (e.g., antipsychotic-

like and dopamine-releasing effects; Dome et al., 2010) could also account for, or contribute 

to, elevated tobacco demand. Among smokers with emotional disorders, some of the most 

consistent evidence indicates that cognitive-affective vulnerabilities related to negative-

reinforcement (e.g., sensitivity to and intolerance of psychological/ physiological distress 

states) and positive-reinforcement (e.g., anhedonia) underlie the link between emotional 

disorders and smoking (Leventhal and Zvolensky, 2015). Elevated demand for tobacco 

among smokers with comorbid alcohol/substance use disorders may be potentially related to 

cross-tolerance or enhanced drug effects (Clark et al., 2001; Kouri et al., 2004), or 

psychological vulnerability factors associated with behavioral disinhibition (e.g., greater 

impulsivity, sensation-seeking; Amlung et al., 2014; Gray and MacKillop, 2013) especially 

in the context of increasing craving. Low tolerance of nicotine withdrawal symptoms among 

smokers with comorbid substance use disorders is linked to poorer smoking cessation 

outcomes (Rohsenow et al., 2015), and may also maintain high tobacco demand through 

negative-reinforcement motivational processes (i.e., avoidance of withdrawal distress 

regardless of increasing cigarette cost). These and other mechanisms that may explain higher 

motivation for tobacco use among psychologically-vulnerable smokers should be explored in 

future investigations.
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There are several study limitations that are important to address. First, the study is cross-

sectional in nature, thus inferences about causal associations between psychopathology and 

situational tobacco demand cannot be made. Second, past (lifetime) psychopathology that 

was successfully treated or remitted was not included in the categorization of past-year 

psychopathology. It is also possible that by assessing psychopathology in the past-year, 

some smokers may have remitted or partially-remitted disorders (i.e., that are not present in 

the past-month). Naturally remitting psychopathology or lifetime psychopathology (versus 

current) might differentially affect aspects of smoking and cessation likelihood (Piper et al., 

2010). Third, the presence of comorbid substance use disorders was low in the current 

sample, based on the exclusion of individuals who self-reported frequent drinking (≥ 9 

standard drinks/week) and/or illicit drug use (≥ 3 days/week) during an initial telephone pre-

screening. Additionally, callers who reported active psychotic symptoms during the 

telephone screening were also excluded, thus the presence of psychotic-spectrum 

psychopathology among the sample of smokers who completed the in-person assessment 

was low, as designed (n = 2; 1.8%) Thus, it is important to consider the extent to which these 

findings generalize to all forms of psychopathology, including serious mental illness. Fourth, 

the sample size did not permit examination of the associations between tobacco demand and 

specific forms of psychopathology, which may limit the specificity of the current findings 

based on the heterogeneity of psychological disorders. Fifth, while menthol cigarette use 

was not associated with CPT performance, a large percentage of the sample reported use of 

mentholated cigarettes (59.5%), which may not be representative of the general population 

of smokers (8.2%; SAMHSA, 2011). Sixth, with respect to the CPT, the instructions used in 

the current investigation prompted the participants to assume that the cigarettes for purchase 

were their “favorite brand.” However, this brand may vary from what they typically smoke, 

due to availability/price. Thus, if individuals believed that the available cigarettes to 

purchase during the CPT were of higher quality than their typical brand, this could have 

resulted in increased tobacco demand, as has been shown with marijuana (e.g., Collins et al., 

2016). Seventh, baseline (trait) CPT performance was not assessed in the current 

investigation. Thus, although we assessed state tobacco demand following acute deprivation 

(60 minutes post-smoking), we are unable to make conclusions about situational factors that 

exacerbate tobacco demand. Finally, a typical pattern of responding on the CPT is evidenced 

by decreasing purchase of cigarettes as cost increases. Therefore, we excluded data from 

cases where participants displayed ≥ 3 reversals (n = 11), potentially reflecting invalid 

responding. Reversals may have occurred from misunderstanding directions or limited 

cognitive ability (e.g., MacKillop and Tidey, 2011), or could have been an artifact of how the 

CPT items were administered -- items were presented one at a time on a screen rather than 

all at once, thus upcoming prices were unknown.

The current study offers novel information about differences in tobacco demand among 

smokers with and without psychopathology. Based on elevated volumetric demand in 

smokers with psychopathology, this subgroup of smokers may require more intensive and 

multi-faceted smoking cessation treatment to adequately address high motivation for 

tobacco, even after only a short period of deprivation. This may be particularly important for 

smokers with multiple psychiatric diagnoses and smokers with substance use disorders. 
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More work is needed to understand aspects of tobacco demand across various forms of 

specific forms of psychopathology.
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Figure 1. Hypothetical consumption by psychopathology status
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Table 1
Psychopathology in sample

Past-Year (12-Month) Diagnosis Full Sample (n = 111) With Diagnosis (n = 45)

Emotional Disorder 31.5% 77.8%

 Major depressive disorder, single episode 2.7% 6.7%

 Major depressive disorder, recurrent 6.3% 15.6%

 Bipolar Disorder I 1.8% 4.4%

 Bipolar Disorder II 1.8% 4.4%

 Dysthymic Disorder 4.5% 11.1%

 Panic Disorder w/ Agoraphobia 2.7% 6.7%

 Panic Disorder w/o Agoraphobia 1.8% 4.4%

 Social anxiety disorder 6.3% 15.6%

 Specific phobia 8.1% 20.0%

 Obsessive-compulsive disorder 0.9% 2.2%

 Posttraumatic stress disorder 11.7% 28.9%

 Generalized anxiety disorder 1.8% 4.4%

Substance Use Disorder 17.1% 42.2%

 Alcohol Abuse 0.9% 2.2%

 Alcohol Dependence 5.4% 13.3%

 Cannabis Abuse 1.8% 4.4%

 Cannabis Dependence 1.8% 4.4%

 Cocaine Abuse 0.9% 2.2%

 Cocaine Dependence 1.8% 4.4%

 Opioid Abuse 0.9% 2.2%

 Opioid Dependence 3.6% 8.9%

 Sedative, Hypnotic, Anxiolytic Dependence 0.9% 2.2%

 Other Substance Dependence 0.9% 2.2%

Other Disorder 4.5% 11.1%

 Psychotic Disorder NOS 1.8% 4.4%

 Bulimia Nervosa 0.9% 2.2%

 Eating Disorder NOS 1.8% 4.4%

Note: NOS = Not otherwise specified
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