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Abstract

Delay discounting is the process by which a commodity loses value as the delay to its receipt 

increases. Rapid discounting predicts various maladaptive behaviors including tobacco use. 

Typically, delay discounting of different outcomes has been compared between cigarette smokers 

and nonsmokers. To better understand the relationship of delay discounting to different modes of 

tobacco use, we examined the differences in delay discounting of different outcomes between 

cigarette smokers, smokeless tobacco users, e-cigarette users, and non-tobacco users. In the 

present study, all participants completed 8 titrating delay-discounting tasks: $100 gain, $500 gain, 

$500 loss, alcohol, entertainment, food, a temporary health gain, and a temporary cure from a 

disease. Non-tobacco users discounted most outcomes less than tobacco users overall; however, 

there were no differences in discounting among the different types of tobacco users. These results 

suggest that nicotine consumption of any kind is associated with a higher degree of impulsivity 

compared to non-tobacco users. Adoption of tobacco products that have been perceived as less 

harmful (e.g., e-cigarettes) is not associated with a baseline difference or decrease in delay 

discounting if adopted after a history of cigarette use.
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The personal and societal consequences of cigarette smoking are staggering. Despite historic 

decreases, cigarette smoking is the leading cause of preventable mortality, causing more than 

480,000 deaths each year in the U.S. (CDC, 2017; Mokdad et al., 2005). Evidence suggests 

that acquisition and maintenance of cigarette smoking is not from lack of knowledge 

regarding the probable health consequences (Oncken et al., 2005). Instead, a behavioral 
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process, delay discounting, has frequently been associated with cigarette smoking and may 

play an etiological role (Audrain-McGovern et al., 2009).

Delay discounting is the process by which an outcome loses value as the delay to its receipt 

increases, and encompasses choice between immediate and delayed outcomes (Odum, 

2011a). Delay discounting has been referred to as a transdisease process (Bickel et al., 

2019), because it underlies multiple maladaptive behaviors (Amlung et al., 2017; MacKillop 

et al., 2011; Snider et al., 2019) including cigarette smoking (Bickel et al., 1999), alcohol 

abuse (Strickland et al., 2019), and opioid abuse (Karakula et al., 2016; Madden et al., 

1997). Delay discounting also predicts engagement in a range of other health behaviors 

including tanning (Sheffer et al., 2018), seatbelt use (Daugherty & Brase, 2010), texting 

while driving, and financial decision-making (Snider et al., 2019).

Cigarette smoking can be conceptualized, in part, as choosing between the immediate 

psychophysical effects of nicotine and the delayed consequences of consuming combustible 

tobacco. A large body of research has demonstrated that cigarette smokers discount delayed 

outcomes more than nonsmokers do (e.g., Bickel et al., 1999; Mitchell, 2004). Delay 

discounting can also differentiate the severity of nicotine dependence (Sweitzer et al., 2008) 

and predict relapse (González-Roz et al., 2019). This relative insensitivity to delayed 

consequences in cigarette smokers has also been observed for a variety of outcomes 

including money, food (Friedel et al., 2014), and non-consumable outcomes such as health 

(Friedel et al., 2016).

Over the past decade, the tobacco product marketplace has become increasingly complex as 

the popularity of electronic cigarettes has grown (McMillen et al., 2014). Białaszek et al. 

(2017) compared monetary delay discounting between cigarette smokers, e-cigarette users, 

and non-tobacco users. Cigarette smokers and e-cigarette users discounted similarly, and 

both groups showed steeper discounting than non-tobacco users. Weidberg, Gonzalez-Roz, 

Martinez-Loredo et al. (2017) found the same ordinal relationship between discounting of 

money in cigarette smokers, e-cigarette users, and nonsmokers, though the differences were 

not statistically significant (possibly due to a low sample size).

What is particularly unclear is if the observed differences between e-cigarette users and non-

tobacco users generalize to other outcomes, such as food or health outcomes, in a similar 

way as the observed differences between cigarette smokers and non-tobacco users (Friedel et 

al. 2014; Friedel et al. 2016). That is, do e-cigarette users discount a variety of outcomes 

more steeply than do nonsmokers? Such a finding would suggest that nicotine consumption, 

and not necessarily the associated risk of cigarette consumption, is associated with elevated 

delay discounting. Moreover, no research has examined other methods of nicotine 

consumption such as smokeless tobacco use.

The purpose of this study was to expand our understanding of the role of nicotine 

consumption in delay discounting by comparing delay discounting between four groups: 

cigarette smokers, e-cigarette users, smokeless tobacco users, and non-tobacco users. We 

hypothesized that tobacco consumption, regardless of vehicle, would be associated with 

higher delay discounting rates across most outcomes tested. An additional goal was to 
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replicate and extend previous findings that smokers discount monetary and nonmonetary 

outcomes more steeply than non-nicotine users, given the importance of replication in the 

behavioral sciences (e.g., Open Science Collaboration, 2015; Wingen et al., 2020).

Method

Participants

The Utah State University Institutional Review Board approved all procedures and written 

informed consent was obtained for all participants. Participants were recruited through a 

combination of newspaper and radio advertisements, flyers, and word of mouth referrals. 

Potential participants first completed a telephone screen to determine initial eligibility. 

Participants younger than 21 years old or that reported no alcohol use were disqualified. 

Participants were asked whether they smoked cigarettes (and if so, how many per day), 

whether they used smokeless tobacco, and whether they used e-cigarettes. Participants were 

classified as “nonusers” if they did not use smokeless tobacco or e-cigarettes and had 

smoked less than 100 cigarettes in their lifetime. Participants were classified as “smokeless 

tobacco users” if they reported daily use of smokeless tobacco, no use of cigarettes within 

the previous year, and no past cigarette use exceeding two tobacco cigarettes a day. These 

criteria were chosen because exclusive smokeless tobacco use is uncommon (Sung et al., 

2016; Cheng et al., 2017). Participants were classified as “smokers” if they reported 

smoking 10 or more cigarettes per day. Participants were classified as “e-cigarette users” if 

they reported daily use of e-cigarettes but no use of cigarettes or smokeless tobacco. E-

cigarette users were included if they were ex-smokers (i.e., had quit smoking cigarettes at 

least 1 year ago). All of the included e-cigarette users were ex-smokers. Qualifying 

participants were invited to the laboratory for additional screening and testing. A total of 30 

nonusers, 37 smokers, 20 smokeless tobacco users, and 15 e-cigarette users completed the 

study, making the total sample size 102. A power analysis (α = .05, power = .8, f = 0.15) 

indicated that a total sample size of 64 participants would be needed to detect a small-

medium effect. In order to detect a large effect (f = 0.40), a total sample size of 12 

participants would be needed.

Procedure

Data collection occurred in a quiet, private office with no windows. Participants completed 

all tasks within a single session while seated at a desk with a computer. Participants were 

compensated $30 for completing the approximately 1-hr session. After the informed consent 

was signed, two biological samples were collected. The first sample, administered through 

the FC 10 Breathalyzer (Lifeloc), measured recent alcohol consumption. Any participant 

with a blood-alcohol level above 0.000 was not included in the study (one participant was 

excluded). The second sample, administered with a Micro+ Smokerlyzer (Bedfont Scientific 

LTD.), measured carbon monoxide (CO) as an indication of recent cigarette use. Reported 

smokers had to measure a CO level of 6 ppm or higher (Bedfont Scientific n.d.) to qualify. 

All smokers met this criterion. Additionally, e-cigarette users were asked to show their e-

cigarette and the e-cigarette’s model and voltage were recorded.
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Delay Discounting Tasks—Participants then read instructions on the computer similar to 

those described in Odum et al. (2006) prior to completing eight different delay discounting 

tasks. The delay discounting tasks were separated into two blocks of four tasks. In each 

block, participants first completed a 10-question practice block with money. Block 1 

contained monetary gain ($100), food, entertainment, and alcohol delay discounting tasks, 

and Block 2 contained monetary gain ($500), monetary loss ($500), temporary health boost, 

and temporary health cure delay discounting tasks. The presentation of each Block was 

randomized with a 5-min break in between. The order of presentation of each delay 

discounting task within each block was also randomized for each individual. For each delay-

discounting task, six indifference points (the point at which a quantity of the immediate 

outcome was subjectively equivalent to the larger–delayed outcome) were obtained for each 

individual.

These amounts and outcomes were chosen for two reasons. First, we sought to extend and 

replicate previous research by Friedel et al. (2014) and Friedel et al. (2016) in which $100 of 

consumable outcomes and $500 of health outcomes were used, respectively. Second, we 

wanted to ensure that each outcome amount was presented in meaningful amounts. For 

example, $100 of healthcare may not be a particularly large amount relative to typical 

healthcare costs in the U.S.A. For that reason, we choose the larger but still modest amount 

of $500. Likewise, for food and alcohol, we chose the smaller amount of $100 to present 

more feasible servings of those outcomes.

Monetary Gain ($100).: In the monetary gain ($100) task, indifference points were 

obtained at six different delays to the larger–later reward, presented in the following order: 1 

week, 2 weeks, 1 month, 6 months, 5 years, and 25 years. For this task, the first question 

was, “Would you prefer $50 now or $100 in (delay)?” The positioning of the immediate and 

delayed options alternated randomly across the right and left positions of the computer 

screen. Participants used the mouse to choose one of the two options. After each question, 

the amount of the immediate reward was adjusted according to the titration procedure 

outlined by Du et al. (2002) and Frye et al. (2015). If the smaller–sooner reward was 

selected (or forgone), the amount of that reward was decreased (or increased) by $25 in the 

next choice trial. Subsequent adjustments to the immediate reward were 50% of the 

preceding adjustment. The amount of the immediate reward following the 10th choice trial 

was used as the indifference point for that delay. At each subsequent delay, this process was 

repeated. All values displayed to participants were rounded to the nearest penny ($0.01).

Food.: As with money, the indifference point in the delay discounting tasks for food was 

determined by a 10-trial titration procedure and all values were rounded to the nearest 100th. 

For these tasks, the participant was asked to name their favorite food and how much it cost. 

The reported cost was then divided into $100, and the quotient served as the larger–later 

reward amount throughout that discounting task, similar to the procedure first used by Odum 

and Rainaud (2003). The initial amount of the smaller–sooner reward was half the amount of 

the larger–later. For example, if a participant indicated that their favorite food was a 

hamburger and that it cost $5, their first question would read “Would you prefer 10 

hamburgers now or 20 hamburgers in 1 week?” From there, the titration procedure outlined 
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above was used to obtain indifference points for that commodity at each delay. Across 

outcomes, all indifference points were scaled by the amount of the larger, later outcome so 

that all indifference points reported are standardized between 0 and 1.

Entertainment.: The procedure for the entertainment task was identical to the food task, 

except that participants were asked to report their favorite form of entertainment (e.g., 

MP3s) and the cost, and subsequent questions were based on those responses.

Alcohol.: The procedure for the alcohol task was identical to the food and entertainment 

tasks, except that participants were asked to report their favorite alcoholic beverage (e.g., 

beer) and the cost, and subsequent questions were based on those responses.

Monetary Gain ($500).: All procedural details for the monetary gain ($500) task were the 

same as the monetary gain ($100) task, except that the larger–later reward was always $500 

instead of $100, and the starting amount for the smaller–sooner reward was $250.

Monetary Loss ($500).: The discounting task for a monetary loss was identical to the 

monetary gain tasks, but the phrase “to lose” was inserted before each option (e.g., “Would 

you prefer to lose $250 now or to lose $500 in 1 year?”). The amount of the immediate loss 

was then adjusted similarly to monetary gain tasks.

Health Boost.: For the health boost delay discounting task, participants read the following 

vignette (Friedel et al., 2014; Odum et al., 2002):

I want you to think about your health over the past month. Now I want you to 

imagine that you have a choice between receiving some amount of money and 

temporarily feeling 10% better. That means you would feel more alert, have more 

energy, be physically stronger, have less body fat, and be less likely to become sick. 

However, this 10% increase in your health would only be temporary and then you 

would return to your current state of health. Receiving $500 right now would be 

just as attractive as experiencing how much time of 10% better health?

In other words, participants were asked to report how much of a temporary health boost 

would be equal to $500. Participants then typed a number and a unit of time (e.g., days, 

weeks, months, years). After the selection was confirmed, the procedure was identical to the 

previous tasks. For example, if the participant reported that a 6-month health boost would be 

equivalent to $500, the first question presented would be, “Would you prefer a 3-month 

health boost now or a 6-month health boost in one week?” The delay progression and 

titration procedures were the same as in previous tasks.

Health Cure.: For the health cure delay discounting task, participants read the following 

vignette (Friedel et al., 2014; Odum et al., 2002):

For the last 2 years, you have been ill because at some time in the past you had 

unprotected sex with someone you found very attractive, but whom you did not 

know. Thus, for the past 2 years, you have come down with a lot of colds and other 

ailments, some of which have required hospitalization. You have lost a lot of weight 
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and are getting increasingly thin. Some friends do not come to see you anymore 

because of your disorder and those that do feel uncomfortable being with you. 

Imagine that without treatment you will feel this way for the rest of your life and 

that you will not die during any of the time periods described here. Receiving $500 

right now would be just as attractive as experiencing how much time of a cure?

As in the health boost task, participants reported the duration of a cure that would be equal 

to $500. Other details were as in the health boost task.

Questionnaires—At the end of the session, participants completed a series of 

questionnaires and tasks on the computer. Questionnaires and tasks were programmed using 

E-Prime 2.0® computing software. Participants completed the South Oaks Gambling Screen 

(SOGS; Lesieur and Blume 1987), which is a 36-item questionnaire that measures gambling 

behavior (scores range from 0–20). The Alcohol Use Disorders Identification Test (AUDIT; 

Saunders et al., 1993) was also completed, and is a 25-item questionnaire that identifies 

alcohol abuse in respondents using “yes” or “no” questions (scores range from 0–53). The 

Information Inventory (II; Moon and Gorsuch, 1988) was also administered and is a 13-item 

IQ questionnaire that asks a variety of questions ranging from events in history to 

vocabulary (scores can range from 0 to 30). Participants also provided demographic 

information including age, ethnicity, gender, marital status, income, and education.

Analysis

Demographic variables were compared across groups with Chi-Square or one-way 

ANOVAs, depending on the nature of the data. If there were significant differences across 

the groups in demographic variables (i.e., a main effect of group membership), we 

conducted post hoc comparisons using Tukey’s method. Any statistically significant 

differences in the demographic variables were included as covariates in the model to 

compare the degree of discounting (described below).

To compare the degree of discounting across both group and outcome type we used a 

Generalized Estimating Equation (GEE; Friedel et al., 2019; Hanley et al., 2003). A GEE is 

a statistical model designed to account for potentially autocorrelated data that exist in 

clusters. A GEE is similar to a mixed-effects model, but the focus of a GEE is on different 

population-level effects whereas the focus of a mixed-effects model is explaining how each 

cluster is different. For this reason, the results of our GEE model can be treated as similar to 

a mixed-effects ANOVA. A GEE was also selected because it is more robust for data with 

unbalanced group sizes. To summarize the effects of the categorical differences (i.e., group 

membership, outcome type) we calculated Wald statistics which are similar to the main 

effects and interaction effects of an ANOVA. We separately conducted post hoc comparisons 

on mean indifference points (adjusted for the covariates) across group and across outcome 

type. Importantly, preliminary analysis did not identify any differences in discounting 

between the different tobacco-use groups. Therefore, to increase the power of our statistical 

analyses, these groups were combined into one tobacco-users group that was then compared 

to non-tobacco users.

DeHart et al. Page 6

J Exp Anal Behav. Author manuscript; available in PMC 2021 July 09.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



We also calculated correlation coefficients using the mean indifference point for each 

participant and outcome type (i.e., eight mean indifference points per participant). The 

distribution of mean indifference points appeared normal based on skew, kurtosis, and visual 

inspection of Q-Q plots. Therefore, we report Pearson’s r.

Finally, we applied an algorithm for identifying nonsystematic delay-discounting data 

(Johnson & Bickel, 2008). The first criterion identifies data sets in which there is at least one 

indifference point that is larger than the previous indifference point by 20% of the larger, 

later amount. The second criterion identifies data sets in which the final indifference point is 

not 10% of the larger, later amount lower than the first indifference point. The average 

percentage of task results failing either criterion was 22%. For the monetary outcomes, 19% 

of the $500 loss task results failed the second criterion (the highest percentage for all 

monetary tasks for both criteria). For the nonmonetary outcomes, 37% of the food task 

results failed the second criterion (the highest percentage for all nonmonetary tasks for both 

criteria). We elected not to remove participant data from the final analyses, however, as in 

Friedel et al. (2014), due to the within-subjects nature of the experimental design. 

Otherwise, if a participant met exclusion criteria for one outcome, all of their data would 

need to be excluded, which would result in substantial loss of systematic data. The pattern of 

results was the same regardless of whether data from participants with unsystematic data 

were included or excluded.

Results

Demographic characteristics and questionnaire scores for nonusers, smokers, smokeless 

tobacco users, and e-cigarette users are reported in Table 1. A Chi-square test did not reveal 

differences in the distribution of sex or race across the groups. Separate one-way ANOVAs 

did reveal differences in age (F(3,98) = 5.47, p = .002), AUDIT scores (F(3,98) = 3.61, p 
= .016), and carbon monoxide readings (F(3,97) = 45.99, p < .001). For age, Tukey’s test 

indicated e-cigarette users were significantly younger than cigarette smokers (MD = −14.27, 

p = .001), smokeless tobacco users (MD = −13.32, p = .008), and nonusers (MD = −11.97, p 
= .011). The post-hoc analysis indicated there were no differences in age across cigarette 

smokers, smokeless tobacco users, and nonusers. For AUDIT scores, Tukey’s test revealed 

that AUDIT scores were only different between cigarette smokers and nonusers (MD = 4.15, 

p = .318). For CO readings, Tukey’s test revealed that cigarette smokers had significantly 

higher CO readings than nonusers (MD = 9.42, p < .001), smokeless tobacco users (MD = 

6.19, p < .001), and e-cigarette users (MD = 7.12, p < .001). There were no significant 

differences in CO readings between nonusers, smokeless tobacco users, and e-cigarette 

users. For our statistical analyses, age and AUDIT scores were included in the models as 

covariates.

We identified differences in indifference points across groups and outcomes using a GEE 

analysis. We used an autoregressive correlation matrix for the GEE because of an observed 

trend of decreased correlation in indifference points as time between indifference points 

increased. An exploratory model included age and AUDIT scores as main effects, but these 

variables did not significantly affect indifference points. To report the most parsimonious 

DeHart et al. Page 7

J Exp Anal Behav. Author manuscript; available in PMC 2021 July 09.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



model, we removed age and AUDIT scores from the GEE analysis but we retained them as 

covariates for pairwise comparisons.

Both type of nicotine use (non-, smoking, e-cigarette, and smokeless) and the delayed 

outcome affected indifference points (Fig. 1; see online Supplemental Table for means, SDs, 

and SEMs of all indifference points for each task and group). As both nicotine use and 

delayed outcome type were nominal variables, direct interpretation of the β coefficients from 

the GEE is complicated because all of the coefficients describe differences between the 

factor of interest and an arbitrarily designated reference group. For a summary of the whole 

GEE model, we calculated Wald statistics for the GEE model (R ANOVA function). The 

Wald statistics can be considered to determine if a main effect is present for the coefficients 

associated with a nominal variable (i.e., nicotine use, outcome type). In other words, the 

Wald statistics were used to determine if type of nicotine use as a whole and delayed 

outcome type as a whole affected indifference points (e.g., a main effect of nicotine on 

indifference points). We found that nicotine use affected indifference points (χ2(3) = 15.87, 

p = .001) and that the delayed outcome affected indifference points (χ2(7) = 191.64, p 
< .001). This analysis also revealed that delay significantly affected indifference points 

χ2(1) = 446.75, p < .001). The analysis did not detect a significant omnibus interaction 

between type of nicotine use and delayed outcome type on indifference points. However, the 

χ2 values should be interpreted with caution, as they only indicate that type of nicotine use, 

delayed outcome type, and delay significantly affected indifference points. To determine the 

degree and sign of the differences across these factors we used pairwise comparisons.

Table 2 contains the differences in the mean adjusted-indifference points for each pairwise 

group. The mean adjusted-indifference points were aggregated across all eight of the 

different delayed outcomes. Therefore, the values in Table 2 represent the pairwise 

differences in the mean (adjusted) indifference point averaged across all of the outcomes. 

For example, the upper-left cell contains the mean adjusted-indifference points for nonusers 

minus the mean adjusted-indifference points for cigarette smokers. Across all eight 

outcomes, nonusers had indifference points that were, on average, 0.15 higher than cigarette 

smokers. Mean adjusted-indifference points for nonusers were significantly higher than 

mean adjusted-indifference points for cigarette smokers (MD = 0.14, p = .020), smokeless 

tobacco users (MD = 0.15, p = .019), and e-cigarette users (MD = 0.15, p = .025). For the 

pairwise comparisons between the different groups of nicotine users, there were no 

significant differences in mean adjusted-indifference points. Therefore, the significant Wald 

statistic for nicotine use was caused by the nonusers having mean adjusted indifference 

points that were significantly higher than the nicotine users. Because we did not find a 

difference in discounting between the three nicotine groups, subsequent analyses report the 

comparisons between nonusers and the collapsed nicotine users group.

Table 3 contains the differences in the mean adjusted-indifference points for each relevant 

pairwise delayed outcome. The relevant comparisons were 1) pairwise comparisons between 

$100, alcohol, entertainment, and food; 2) pairwise comparisons between $500, $500 loss, 

temporary health boosts, and temporary cures, and finally 3) a comparison of mean adjusted-

indifference points between $100 and $500. Across the groups, mean adjusted-indifference 

points for $100 were higher than mean adjusted-indifference points for alcohol (MD = 0.18, 
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p < .001), entertainment (MD = 0.16, p = .002), and food (MD = 0.19, p < .001). Across 

each pairwise combinations of alcohol, entertainment, and food, there were no significant 

differences in mean adjusted-indifference points. For the second set of relevant comparisons, 

adjusted-indifference points were lower for temporary cures than for a $500 loss (MD = 

−0.09, p = .041). Across the other relevant pairwise comparisons, there were no significant 

differences in adjusted-indifference points. Finally, indifference points for $100 were 

significantly lower than indifference points for $500 (MD = −0.17, p < .001).

We also conducted a second GEE with the cigarette smokers, smokeless tobacco users, and 

e-cigarette users collapsed into a single “nicotine user” group, because there were no 

significant differences in the mean indifference points for each nicotine using group, and 

there were significant differences in the mean indifference points between each respective 

group and the nonuser group (Table 2). Across outcome types, indifference points for 

nonusers were significantly higher than indifference points for nicotine users (MD = 0.147, 

p = .002). Table 4 displays the mean differences between nicotine users and nonusers for 

each outcome type and Figure 1 displays the median indifference points. Nonusers had 

significantly higher indifference points for $100 (Panel a), entertainment (Panel c), and food 

(Panel d). There were no significant differences between the groups for alcohol (Panel b). 

Nonusers had significantly higher indifference points for $500 (Panel e), the temporary 

boost in health (Panel h), and the temporary relief from a debilitating disease (Panel g). 

There were no significant differences between the groups for the $500 loss (Panel f).

Table 5 displays the Pearson’s correlation coefficients between the mean indifference points 

for each outcome type. In general, there were strong positive correlations in the degree of 

discounting across outcome types. These correlations indicate that a person who more 

steeply discounts one outcome type is likely to more steeply discount other outcome types. 

The opposite is also true: a person who more shallowly discounts one outcome type is more 

likely to more shallowly discount other outcome types. Out of the 28 pairwise combinations 

of correlations, the only correlations in mean indifference point that were not statistically 

significant were 1) alcohol and entertainment, 2) a loss of $500 and entertainment, and 3) a 

loss of $500 and a temporary boost in health. The correlations that were not statistically 

significant were all small, positive (in the same direction as the statistically significant ones), 

and likely capture relatively smaller effects (see Cohen, 1992).

Discussion

We assessed delay discounting across various outcomes for nicotine users and nonusers. For 

money, food, entertainment, and health, delay-discounting rates were greater for nicotine 

users than nonusers. In other words, nicotine users were more likely to choose the smaller–

sooner outcome over the larger–later outcome across each of these outcomes. This effect 

was apparent across participants who smoked cigarettes, used e-cigarettes, and used 

smokeless tobacco. The initial purpose of this study was to investigate differences in delay 

discounting among different tobacco product users. However, the similarities in discounting 

across groups of participants who used tobacco indicate that the mode of nicotine delivery 

may not be strongly related to the degree of delay discounting. Instead, the relevant factor 

seems to be tobacco use in any form; those who use tobacco tend to discount various 
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delayed outcomes more steeply than nonusers. These data do not speak to whether this 

relation is causal. Delay discounting may play an etiological role in smoking acquisition 

(e.g., Audrain-McGovern et al., 2009). It is also possible that nicotine use itself contributes 

to steeper delay discounting, such that any nicotine use elevates discounting.

The finding that participants who use nicotine discount delayed outcomes more steeply than 

participants who do not replicates and extends previous research, which is important in itself 

given concerns regarding replicability in behavioral science (Open Science Collaboration, 

2015; Shrout & Rodgers, 2018). Several studies have shown that cigarette smokers discount 

delayed outcomes more steeply than nonsmokers for money (e.g., Bickel et al., 1999; 

Mitchell, 2004), food and entertainment (Friedel et al., 2014), and health (Friedel et al., 

2016). Our data are consistent with these prior studies including previous work 

demonstrating that e-cigarette users discount money more than nonnicotine users (Białaszek 

et al., 2017). Importantly, we extended these differences between e-cigarette users and non-

nicotine users to different nonmonetary outcomes. We also expanded the scope of the 

relation between nicotine consumption to delay discounting to include smokeless tobacco 

users. We found no differences in discounting across groups for alcohol or monetary loss, 

which replicates previous research (Friedel et al., 2014; 2016). E-cigarette users and 

smokeless tobacco users resemble cigarette smokers in terms of relatively steep delay 

discounting of a variety of outcomes compared to nonusers. Importantly, despite the limited 

sample size of those three groups, our results justify their collapse into a single “nicotine” 

group. Given the obtained effect size of the interaction of nicotine product type (e.g., smoker 

vs. e-cigarette vs. smokeless) and delay discounting outcome (η2 = 0.011), a sample size of 

over 9,000 participants would be needed to detect a statistically significant interaction and 

show that the nicotine groups differ. The lack of difference in delay discounting among 

different tobacco product users may reflect a general tendency to engage in risky behaviors 

(e.g., nicotine consumption of any form). Further research is needed to better understand the 

homogeneity of discounting among tobacco users reported here.

Indirectly, these results speak to the value of null findings to inform our understanding of 

basic behavioral processes (Ferguson & Heene, 2012). Psychology and science as a whole 

have primarily focused on the publishing of “positive” results. Our “null” results of the same 

degree of delay discounting among different types of tobacco users contribute to our 

understanding of the role of delay discounting in tobacco consumption and maladaptive 

decision making in general.

One limitation of this study is that it is possible that the sample is not representative. This 

sample of participants were all residents in Utah, which has the lowest rate of cigarette use 

in the US (CDC, 2018). Additionally, all electronic cigarette users in the current study 

reported a tobacco smoking history. This may be a limitation of our study because the 

features of the groups may have some overlap. Previous research has demonstrated a 

difference in discounting between ex-smokers and current smokers, but no difference 

between ex-smokers and never smokers (e.g., Bickel et al., 1999). In the current study, 

however, ex-smokers who currently use electronic cigarettes discounted to a greater degree 

than nonusers and did not discount differently from individuals who use other types of 

nicotine delivery systems. This finding suggests that ex-smokers who no longer use nicotine 
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may differ from ex-smokers using electronic cigarettes or other nicotine delivery systems, 

confirming previous findings (Weidberg, Gonzalez-Roz, & Secades-Villa, 2017). It could be 

that complete cessation of nicotine use is associated with a decrease in delay discounting, or 

it could be that only people with a low degree of discounting are able to completely cease 

using nicotine. To help clarify this issue, a future study that recruits a more nationally 

representative sample would be illuminating. Furthermore, a study that compares 

discounting across different commodities in never-users, ex-users/nonusers, current cigarette 

smokers who have not used electronic cigarettes, and current electronic cigarette users who 

have never smoked cigarettes would be beneficial.

A second limitation is the need to better differentiate between different types of nicotine 

users. In the present study, we used breath CO and required e-cigarette users to show their e-

cigarette device. In addition, the screening survey did not present “right” or “wrong” 

answers, so we feel confident that our groups were accurately divided. However, additional 

measures such as salivary cotinine (a metabolite of nicotine) would increase the confidence 

in the accuracy of group membership.

A final limitation is the selection of $500 as the outcome for the monetary loss condition 

even though the nonmonetary outcomes were derived from $100. There were several factors 

that affected our decision. First, we were most interested in comparing monetary losses to 

monetary gains, and not necessarily in comparing monetary losses to nonmonetary outcome 

gains. Second, we also wanted to increase the variety in the task amounts to avoid 

“response-set” like responding. Finally, there are realistic magnitude differences in the 

practical amounts of the nonmonetary outcomes. That is, $500 would have been a very large 

amount of food and $100 of health would not be very much (in the US system at least), and 

thus finding a single value that was a practical amount of the nonmonetary outcomes was not 

possible. Future research should consider, a priori, the comparisons of most interest and 

select magnitudes and outcomes accordingly.

In addition to the differences in delay discounting across participants based on nicotine use, 

we can also examine differences in delay discounting across the outcomes. Previous research 

has found consumable outcomes, such as food, alcohol, and entertainment, are discounted 

more steeply than money across participants, regardless of nicotine use (e.g., Baker et al., 

2003; Friedel et al., 2014; Odum & Rainaud, 2003). We replicated this finding in the present 

study, showing that all groups discounted consumable outcomes more steeply than money. 

However, our results with monetary gains and losses, as well as health outcomes, are more 

complex. Although previous research has shown that monetary losses are discounted less 

steeply than gains (e.g., Friedel et al., 2016; Johnson et al., 2007; Ohmura et al., 2005), we 

were unable to detect that difference in the present study. However, this finding may be due 

to the magnitude of the gain–loss comparison ($500 instead of $100). Larger quantities are 

discounted less than small quantities (Baker et al., 2003) and comparing $500 gains and 

losses may have reduced previously reported differential discounting of gains and losses. 

Conversely, a $100 loss condition may have provided a better comparison to replicate 

previous research on gain–loss asymmetry. A $100 loss condition would have also allowed 

us to investigate the magnitude effect in losses. In addition, previous research has shown that 

a temporary health boost is discounted less steeply than a temporary health cure (Friedel et 
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al., 2016), but we detected no difference. Lastly, our results suggest that monetary losses are 

discounted less steeply than a temporary health cure, but previous research found no 

difference (Friedel et al., 2016). Future research should be conducted to examine these 

outcomes more closely, perhaps with a larger sample size.

Finally, the degree of discounting for 90% of the pairwise combinations of outcomes were 

significantly correlated, and all correlations were positive. This finding replicates previous 

work (e.g., Friedel et al., 2016; see Odum et al., 2020) demonstrating that how an individual 

discounts one outcome is predictive of how they discount other outcomes. Our results further 

support the assertion that delay discounting has trait-like qualities (Odum, 2011b) and is a 

transdisease process (Bickel et al., 2019) that underlies many maladaptive behaviors.

Our results support delay discounting as a behavioral marker of addiction. Nicotine 

consumption of any kind was associated with a higher degree of delay discounting (e.g., 

impulsivity) compared to non-tobacco users. There were also indications of trait-like 

characteristics of discounting. Specifically, discounting of any given outcome was positively 

correlated with the discounting of the other outcomes. Combined with the elevated delay 

discounting of tobacco users, our results support delay discounting as a key behavioral 

process for understanding addiction and other maladaptive behaviors. In addition, adoption 

of tobacco products that have been perceived as less harmful (e.g., e-cigarettes) was not 

associated with a lower degree of delay discounting when adopted after a history of cigarette 

use.
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Figure 1. 
Median Indifference Points for Each Group by Outcome Connected by Straight Lines
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Table 2

Differences in Mean Adjusted-Indifference Points by Group

Mean Difference

Non-user E-Cigarette User Smokeless Tobacco User

Cigarette Smoker 0.14* −0.01
−0.00

a

Smokeless Tobacco User 0.15*
−0.00

a

E-Cigarette User 0.15*

a
Differences between the groups rounded to zero but were negative values.

*
p < .05,

**
p < .01,

***
p < .001,

p-values were corrected with the Benajamini-Hochberg procedure to have a constant false discovery rate. All values are the mean adjusted-
indifference point of the column minus the mean adjusted-indifference point of the row.
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Table 3

Differences in Mean Adjusted-Indifference Points by Outcome Type

Mean Difference

$100 Gain Food Entertainment

Alcohol 0.18*** −0.01 −0.01

Entertainment 0.16*** −0.03

Food 0.19***

$500 Gain Cure Boost

$500 Loss −0.05 −0.09* −0.07

Boost 0.01 −0.03

Cure 0.04

$100 Gain

$500 gain −0.17***

*
p < .05,

**
p < .01,

***
p < .001,

p-values were corrected with the Benajamini-Hochberg procedure to have a constant false discovery rate. All values are the mean adjusted-
indifference point of the column minus the mean adjusted-indifference point of the row.
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Table 4

Differences in Mean Adjusted-Indifference Points between Nicotine Non-Users and Users

Outcome Type Mean Difference Sig.

$100 Gain 0.158 *

Alcohol 0.060 -

Entertainment 0.186 *

Food 0.172 *

$500 Gain 0.155 **

$500 Loss 0.099 -

Boost 0.245 ***

Cure 0.154 **

*
p < .05,

**
p < .01,

***
p < .001,

p-values were corrected with the Benajamini-Hochberg procedure to have a constant false discovery rate. All values are the mean indifference point 
for the non-users minus the mean indifference point for the nicotine users.
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