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Abstract

People with drug addiction show steeper discounting of drugs of abuse than money. One suggestion is that this effect is related to withdrawal
processes in drug dependence. We investigated whether it could be related to the fact that drugs are directly consumable, whereas money is not.
We determined whether regular cigarette smokers discount food (another consumable outcome) less steeply than cigarettes, both of which were
predicted to be discounted more steeply than money. Cigarette smokers (N =20) indicated preferences for immediate and delayed outcomes in
a titration procedure that determined indifference points at various delays. In three separate conditions, the choices involved food, cigarettes, or
money. The value of the delayed option was always US$ 10 or US$ 10 worth of the outcome. Cigarette smokers discounted both cigarettes and
food more steeply than money. Most importantly, cigarettes and food were discounted to a similar degree. Cigarettes may be steeply discounted in

part due to their consumable nature, rather than solely due to withdrawal-related processes.

© 2007 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction

Cigarette smoking is the leading cause of preventable death
in the United States (Centers for Disease Control and Pre-
vention; CDC, 2002) and has well-documented and publicized
detrimental effects. In the US, packets of cigarettes bear grim
health-related warnings, yet nearly 21% of the population
smokes (CDC, 2005). Why do people begin and persist in smok-
ing when it is clearly so harmful?

Cigarette smoking no doubt is multiply determined (e.g. Li,
2006). One influence may be the degree to which a person dis-
counts future consequences. If future outcomes have little impact
on current behavior, then people would not act with respect
to relatively far off and probabilistic results of their actions
(e.g. emphysema; CDC, 2004), but would instead be influenced
mainly by the short-term reinforcing effects of smoking (e.g.
‘satisfaction’; Cappelleri et al., 2007). One way to assess delay
discounting (the degree to which the present value of an outcome
is degraded by delay to its receipt; Mazur, 1987), is to arrange
a series of questions about preferences between an immediate
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option and options offered at several delays (e.g. Rachlin et al.,
1991). For example, the value of a smaller immediate outcome
can be adjusted until an indifference point is obtained which
represents the present, discounted value of a larger delayed out-
come. Outcomes tested are usually hypothetical, but the results
appear to be similar with actual outcomes (e.g. Johnson and
Bickel, 2002; Lagorio and Madden, 2005).

People with drug abuse problems show steep discounting of
delayed hypothetical money (see e.g. Bickel and Marsch, 2001;
Reynolds, 2006 for review). Steep discounting has been found
with regular cigarette smokers (e.g. Bickel et al., 1999; Mitchell,
1999), opioid users (e.g. Madden et al., 1997; Odum et al.,
2000), problem alcohol drinkers (e.g. Petry, 2001; Vuchinich
and Simpson, 1998), and cocaine users (Coffey et al., 2003;
Heil et al., 2006). Furthermore, these groups show particu-
larly steep discounting of their drug of abuse (e.g. Bickel et
al., 1999; Coffey et al., 2003; Madden et al., 1997; Petry,
2001).

Steep discounting of abused drugs may be related to with-
drawal syndromes (e.g. Bickel et al., 1999; Madden et al., 1997)
as part of a process by which negative reinforcers (i.e. escape
from withdrawal) may be discounted more steeply than pos-
itive reinforcers (Navarick, 1982). While persuasive in some
cases, this explanation does not seem to capture the scope
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of all results, though. Non-problematic drinkers of alcohol,
who do not experience withdrawal, also show steep discount-
ing of alcohol (Field et al., 2007; Odum and Rainaud, 2003;
Petry, 2001). Social drinkers also discount food as steeply as
they discount alcohol (Estle et al., 2007; Odum and Rainaud,
2003).

These results suggest that steep discounting of drugs of abuse
may be in part related to a larger process by which consumable
outcomes (e.g. food, drugs) are discounted more steeply than
money, which is not directly consumed (Estle et al., 2007; Odum
and Rainaud, 2003; Odum et al., 2006). What remains to be
seen is whether people with drug dependence discount abused
drugs more steeply than other consumable outcomes (Estle et
al., 2007). The present study compared delay discounting of
money, cigarettes, and food in regular cigarette smokers. The
goal was to examine whether smokers would show steeper dis-
counting of cigarettes than food, both of which were expected
to be discounted more steeply than money.

2. Methods
2.1. Participants

Twenty participants were recruited through campus and community fliers.
They were at least 18 years old, smoked 10 or more cigarettes per day, and
scored less than 25 on the Eating Disturbance Scale (EDS-5; Rosenvinge et
al., 2001). They completed the EDS-5 and described their favorite food and
brand of cigarettes (type and price) during a telephone screen. All partici-
pants earned US$ 10.00 compensation. They were tested individually in a small
room. The Institutional Review Board of Utah State University approved this
study.

2.2. Procedure

Participants gave informed consent and completed a demographic question-
naire. Index cards were used to give participants examples of scenarios they
would encounter in the delay discounting assessment, which was then completed
on the computer using a program written in Visual Basic.Net 2003. The instruc-
tions were similar to those used previously (e.g. Du et al., 2002; Odum et al.,
2006) and indicated there were no right or wrong answers. Finally, participants
completed the Fagestrom Test for Nicotine Dependence (FTND; Heatherton et
al., 1991). Total testing took approximately 45 min.

For the delay discounting assessment, participants answered questions about
three outcomes: money, cigarettes, and food. They indicated their choices using
the computer mouse. Money was tested first, after which participants were
randomly assigned to be tested with cigarettes or food second. On each trial, par-
ticipants made choices between immediate and delayed outcomes. The delays
were 1 day, 2 days, 1 week, 2 weeks, 1 month, 2 months, and 6 years, in this
order. For each delay, participants completed 10 trials using a simple adjusting
method (Du et al., 2002; Estle et al., 2007). The value on the first trial was
always US$ 10.00 delayed versus US$ 5.00 now, or the equivalent in food or
cigarettes based on the participant’s stated price (e.g. 2 plates of pasta delayed
versus 1 plate now; 2.5 packs of Marlboro Lights® delayed versus 1.25 packs
of Marlboro Lights® now). For subsequent choices, the immediate amount was
adjusted based on the response. If a participant chose the immediate outcome,
the value of the next immediate outcome decreased. If the participant chose the
delayed outcome, the value of the next immediate outcome increased. On the
first trial, the adjustment was half of the difference between the immediate and
delayed amounts (e.g. (US$ 10.00 — US$ 5.00)/2=US$ 2.50 or the equivalent
in the non-monetary outcome). For the rest of the trials, the size of the adjust-
ment was always half of the previous adjustment. The indifference point was
the midpoint between the last immediate amount chosen and the first immediate
amount rejected.

Table 1
Average demographic and participant characteristics

Variable Result (N=20)
Gender (% male) 90

Age (years) 23.15 (0.85)
Ethnicity (% White) 85

Marital status (% single) 90

Education (years) 14.23 (0.44)
Income (US$ monthly) 699.50 (143.10)
Number of cigarettes/day (reported during phone screen) 16.60 (1.29)
EDS-5 10.00 (0.92)
FTND 3.70 (0.47)

The number in the parentheses indicates the standard error.

2.3. Data analysis

The area under the curve (AUC; Myerson et al., 2001) was calculated for
each outcome type for each participant. The AUC is an atheoretical measure
that is normally distributed and has been used as a measure of discounting for
money, drugs, and other consumable outcomes (e.g. Estle et al., 2007; Field et
al., 2006, 2007; Odum and Rainaud, 2003; Odum et al., 2006). To calculate the
AUC, the delays and the indifference points are first normalized, and then the
area under the curve is computed (see Myerson et al., 2001, for details). The
AUC ranges from 1 to 0 (larger values indicate less discounting). Pearson’s r
was used to assess the correlation between AUCs for different outcomes.

3. Results

Demographic characteristic of the participants are in Table 1.
Fig. 1 shows the mean AUC for cigarettes and food was
smaller (indicating steeper discounting) than for money. An
ANOVA revealed a significant effect of outcome type, F(2,
59)=15.79, P<0.001. Bonferroni’s Multiple Comparison test
showed a significant difference between the AUC for money
and cigarettes (#(19)=5.17, P<0.001) and between the AUC
for money and food (#(19)=4.49, P<0.001). The difference
between the AUC for food and cigarettes was not significant
(t(19)=0.67, P>0.25).

These differences in AUCs were robust at the individual as
well as the group level. The AUC for money was greater (show-
ing less discounting) than for food for 19 of 20 participants
(P <0.0005 on a sign test). The AUC for money was also greater
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Fig. 1. Mean area under the curve for money, food, and cigarettes. Vertical lines
show one standard error above and below the means. The mean of the condition
marked with the letter ‘a’ is significantly different from the means of conditions
marked with the letter ‘b’. The means of conditions marked with letter ‘b’ are
not significantly different from each other.
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than for cigarettes for 19 of 20 participants. The AUC for food,
however, was greater than for cigarettes for 12 of 20 participants
(P>0.5). The AUC for money was positively but not signifi-
cantly correlated with the AUC for cigarettes (r=0.36, P=0.11)
or food (r=0.35, P=0.13). The AUC for cigarettes and food was
significantly positively correlated (r=0.71, P =0.0004).

4. Discussion

This study replicated two findings from previous research:
cigarette smokers discounted cigarettes more steeply than
money (e.g. Bickel et al., 1999), and food was discounted more
steeply than money (Estle et al., 2007; Odum and Rainaud, 2003;
Odum et al., 2006). This study is the first to suggest that cigarette
smokers may discount another consumable outcome, food, as
steeply as cigarettes. The mean score on the EDS-5 (a measure
of disordered eating) in the present study was 10.0, similar to a
population norm estimate of 9.47 (Rosenvinge et al., 2001), so
it seems unlikely that co-morbid food-related problems could
explain this outcome.

Cigarette smokers (Bickel et al., 1999, the present study),
and people with problems with alcohol (Petry, 2001), cocaine
(Coffey et al., 2003) and opiates (Madden et al., 1997; Odum
et al., 2000) show steeper discounting of their drug of abuse
than money. One possible reason for this finding is that drug
abuse may be maintained at least in part by negative reinforce-
ment (relief of withdrawal symptoms; see Bickel et al., 1999;
Madden et al., 1997; Petry, 2001). Indeed, opioid-dependent
outpatients discount money and heroin more steeply under
deprivation than satiation (Giordano et al., 2002). Deprivation
also increases smokers’ discounting of cigarettes (Field et al.,
2006) and increases the choice of immediate cigarettes over
delayed money (Mitchell, 2004). The effects of withdrawal from
cigarettes on delay discounting of money are so far inconsistent,
though (Field et al., 2006; Mitchell, 2004).

Regardless, recent evidence suggests that while withdrawal
may certainly be a part of steep discounting of abused drugs, it
does not seem to explain the effect entirely. Both normal social
drinkers and people with problematic drinking show steeper dis-
counting of alcohol than money (Estle et al., 2007; Field et
al., 2007; Odum and Rainaud, 2003; Petry, 2001). To account
for these results, we have suggested that drugs of abuse may
be discounted more steeply than money as part of a general
process by which consumable outcomes are discounted more
than non-consumable outcomes (Odum and Rainaud, 2003).
This proposition has been supported by findings that peo-
ple discount food and other beverages as steeply as alcohol,
and more steeply than money (Estle et al., 2007; Odum and
Rainaud, 2003). The present study adds an important piece
of information by suggesting that cigarette smokers may dis-
count food as steeply as cigarettes and more steeply than
money.

There are several possibilities that could explain the simi-
lar discounting of food and cigarettes in the present study. The
average score on the Fagerstrom Test for Nicotine Dependence
(FTND; Heatherton et al., 1991) was not high in the present study
(3.70), although it is similar to the mean for smokers in recently

published discounting studies (e.g. 3.57 in Field et al., 2006)
and to estimates of the population values in smokers in several
countries (Fagerstrom et al., 1996). More dependent smokers
may show steeper discounting of cigarettes than food. Smokers
in the present study with an FTND of 6 or higher (n=4; ‘highly
dependent’ smokers; Fagerstrom et al., 1996) had a mean AUC
for cigarettes (0.028) greater than for food (0.017), which is not
in the expected direction if more dependent smokers discount
cigarettes more steeply than food. Future studies could assess
this possibility prospectively with more participants who score
higher on the FTND.

Another possibility is the discounting shown for cigarettes
and food was so steep that it precluded finding a difference.
This possibility could be evaluated by examining discounting
of larger amounts of the outcomes, which are in general dis-
counted less steeply (see Green and Myerson, 2004 for review).
We chose relatively small amounts in the present study because
USS$ 10 worth of cigarettes or food at a time arguably has more
face validity than larger amounts. The procedure was at least
sensitive to differences in discounting between money and food
and cigarettes, though, showing that the amount used was not
too small to find any differences.

A final possibility is that cigarettes and food may have been
discounted similarly because they are consumable and so the
degree of discounting is in fact equal. There are a number of
possibly overlapping reasons that consumable outcomes may
be discounted more steeply than non-consumable outcomes
(see Estle et al., 2007; Odum and Rainaud, 2003). Estle et
al. (2007) proposed that directly consumable outcomes might
lose value quickly with delay because of the ‘inconstancy of
desire’ for a specific thing over time. Money, however, can be
exchanged for a variety of things, and so whatever is most val-
ued at the time may be obtained. More research is needed to
determine why consumable outcomes appear to be so steeply
discounted.

This study does have a number of limitations. First, the
deprivation level for food and cigarettes was not controlled.
Participants were given no instructions regarding their eating
and smoking, and no measures of recent consumption were
obtained. Future studies should control for or at least have mea-
sures of recent intake of the consumable outcomes. Second, we
did not obtain measures of discounting of food in non-smoking
participants. Previous research has established that smokers
show steeper discounting of money than non-smokers do (e.g.
Bickel et al., 1999). It would be interesting and important to
know whether cigarette smokers also show steeper discount-
ing of food, and other consumable outcomes, compared to
non-smokers. Perhaps people with drug addiction discount a
wide variety of outcomes more steeply than people without
addiction.

Further research is required to determine the factors that pro-
duce steep discounting of consumable outcomes. More research
is also needed to determine the generality of this effect and its
relation to addiction. The present results do suggest, however,
that people may discount drugs of abuse steeply because of a
general process related to consumable outcomes, rather than
solely due to withdrawal-related addictive processes.



296 A.L. Odum, A.A.L. Baumann / Drug and Alcohol Dependence 91 (2007) 293-296

References

Bickel, W.K., Marsch, L.A., 2001. Toward a behavioral economic understanding
of drug dependence: delay discounting processes. Addiction 96, 73-86.
Bickel, W.K., Odum, A.L., Madden, G.J., 1999. Impulsivity and cigarette
smoking: delay discounting in current, never, and ex-smokers. Psychophar-

macology 146, 447-454.

Cappelleri, J.C., Bushmakin, A.G., Baker, C.L., Merikle, E., Olufade, A.O.,
Gilbert, D.G., 2007. Confirmatory factor analyses and reliability of the
modified cigarette evaluation questionnaire. Addict. Behav. 32, 912-923.

Centers for Disease Control and Prevention, 2002. Annual smoking-attributable
mortality, years of potential life lost, and economic costs—United States,
1995-1999. Morbidity and Mortality Weekly Report [serial online],
vol. 51. Available from: http://www.cdc.gov/mmwr/preview/mmwrhtml/
mm5114a2.htm.

Centers for Disease Control and Prevention, 2004. The health consequences
of smoking: a report of the surgeon general. U.S. Department of Health
and Human Services, Centers for Disease Control and Prevention, Office on
Smoking and Health, Atlanta. Available from: http://www.cdc.gov/tobacco/
data_statistics/sgr/sgr-2004/index.htm.

Centers for Disease Control and Prevention, 2005. Annual smoking-
attributable mortality, years of potential life lost, and productivity
losses—United States, 1997-2001. Morbidity and Mortality Weekly
Report [serial online], vol. 54. Available from: http://www.cdc.gov/mmwr/
preview/mmwrhtml/mm5425al.htm.

Coffey, S.F., Gudleski, G.D., Saladin, M.E., Brady, K.T., 2003. Impulsivity
and rapid discounting of delayed hypothetical rewards in cocaine-dependent
individuals. Exp. Clin. Psychopharmacol. 11, 18-25.

Du, W., Green, L., Myerson, J., 2002. Cross-cultural comparisons of discounting
delayed and probabilistic rewards. Psychol. Rec. 54, 479—-492.

Estle, S.J., Green, L., Myerson, J., Holt, D.D., 2007. Discounting of monetary
and directly consumable rewards. Psychol. Sci. 18, 58-63.

Fagerstrom, K.O., Kunze, M., Schoberberger, R., Breslau, N., Hughes, J.R.,
Hurt, R.D., Puska, P., Ramstrom, L., Zatonski, W., 1996. Nicotine depen-
dence versus smoking prevalence: comparisons among countries and
categories of smokers. Tob. Control 5, 52-56.

Field, M., Christiansen, P., Cole, J., Goudie, A., 2007. Delay discounting and
the alcohol stroop in heavy drinking adolescents. Addiction 102, 579-586.

Field, M., Santarcangelo, M., Sumnall, H., Goudie, A., Cole, J., 2006. Delay dis-
counting and the behavioural economics of cigarette purchases in smokers:
the effects of nicotine deprivation. Psychopharmacology 186, 255-263.

Giordano, L.A., Bickel, W.K., Loewenstein, G., Jacobs, E.A., Marsch, L.,
Badger, G.J., 2002. Mild opioid deprivation increases the degree that
opioid-dependent outpatients discount delayed heroin and money. Psy-
chopharmacology 163, 174—182.

Green, L., Myerson, J., 2004. A discounting framework for choice with delayed
and probabilistic rewards. Psychol. Bull. 130, 769-792.

Heatherton, T.F., Kozlowski, L.T., Frecker, R.C., Fagerstrom, K.O., 1991. The
Fagerstrom test for nicotine dependence: a revision of the Fagerstrom toler-
ance questionnaire. Br. J. Addict. 86, 1119-1127.

Heil, S.H., Johnson, M.W., Higgins, S.T., Bickel, W.K., 2006. Delay discounting
in currently using and currently abstinent cocaine-dependent outpatients and
non-drug-using matched controls. Addict. Behav. 31, 1290-1294.

Johnson, M.W., Bickel, W.K., 2002. Within-subject comparison of real and
hypothetical money rewards in delay discounting. J. Exp. Anal. Behav. 77,
129-146.

Lagorio, C.H., Madden, G.J., 2005. Delay discounting of real and hypotheti-
cal rewards III: steady-state assessments, forced-choice trials, and all real
rewards. Behav. Process. 69, 173-187.

Li, M.D., 2006. The genetics of nicotine dependence. Curr. Psychiatry Rep. 8,
158-164.

Madden, G.J., Petry, N.M., Badger, G.J., Bickel, W.K., 1997. Impulsive and self-
control choices in opioid-dependent patients and non-drug-using control
participants: drug and monetary rewards. Exp. Clin. Psychopharmacol. 5,
256-262.

Mazur, J.E., 1987. An adjusting procedure for studying delayed reinforcement.
In: Commons, M.L., Mazur, J.E., Nevin, J.A., Rachlin, H. (Eds.), Quantita-
tive Analysis of Behavior: The Effect of Delay and of Intervening Events on
Reinforcement Value, vol. 5. Erlbaum, Hillsdale, NJ, pp. 55-73.

Mitchell, S.H., 1999. Measures of impulsivity in cigarette smokers and non-
smokers. Psychopharmacology 146, 455-464.

Mitchell, S.H., 2004. Effects of short-term nicotine deprivation on decision-
making: delay, uncertainty and effort discounting. Nicotine Tob. Res. 6,
819-828.

Myerson, J., Green, L., Warusawitharana, M., 2001. Area under the curve as a
measure of discounting. J. Exp. Anal. Behav. 76, 235-243.

Navarick, D.J., 1982. Negative reinforcement and choice in humans. Learn.
Motiv. 13, 361-377.

Odum, A.L., Baumann, A.A.L., Rimington, D.D., 2006. Discounting of delayed
hypothetical money and food: effects of amount. Behav. Process. 73,
278-284.

Odum, A.L., Madden, G.J., Badger, G.J., Bickel, W.K., 2000. Needle sharing
in opioid-dependent outpatients: psychological processes underlying risk.
Drug Alcohol Depend. 60, 259-266.

Odum, A.L., Rainaud, C.P., 2003. Discounting of delayed alcohol, food, and
money. Behav. Process. 64, 305-313.

Petry, N.M., 2001. Delay discounting of money and alcohol in actively using
alcoholics, currently abstinent alcoholics, and controls. Psychopharmacol-
ogy 154, 243-250.

Rachlin, H., Raineri, A., Cross, D., 1991. Subjective probability and delay. J.
Exp. Anal. Behav. 55, 233-244.

Reynolds, B., 2006. A review of delay-discounting research with humans: rela-
tions to drug use and gambling. Behav. Pharmacol. 17, 651-667.

Rosenvinge, J.H., Perry, J.A., Bjgrgum, L., Bergersen, T.D., Silvera, D.H., Holte,
A.,2001. A new instrument for measuring disturbed eating patterns in com-
munity populations: development and initial validation of a five-item scale
(EDS-5). Eur. Eat. Disord. Rev. 9, 123-132.

Vuchinich, R.E., Simpson, C.A., 1998. Hyperbolic temporal discounting in
social drinkers and problem drinkers. Exp. Clin. Psychopharmacol. 6,
292-305.


http://www.cdc.gov/mmwr/preview/mmwrhtml/mm5114a2.htm
http://www.cdc.gov/mmwr/preview/mmwrhtml/mm5114a2.htm
http://www.cdc.gov/tobacco/data_statistics/sgr/sgr_2004/index.htm
http://www.cdc.gov/tobacco/data_statistics/sgr/sgr_2004/index.htm
http://www.cdc.gov/mmwr/preview/mmwrhtml/mm5425a1.htm
http://www.cdc.gov/mmwr/preview/mmwrhtml/mm5425a1.htm

	Cigarette smokers show steeper discounting of both food and cigarettes than money
	Introduction
	Methods
	Participants
	Procedure
	Data analysis

	Results
	Discussion
	References


