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Introduction
Overeating often occurs in the absence of true physiological 
hunger, and the sensory properties of palatable food can pro-
mote the desire to eat independent of actual energy needs (1). 
The feeding system is highly responsive to signals of palatable 
food available in the environment, and palatable food cues can 
easily overwhelm the body’s relatively weak homeostatic sati-
ety mechanisms (2). Individual differences exist in one’s degree 
of sensitivity to food reward, a term which encompasses both 
the sensory pleasure associated with eating and the degree 
to which food elicits the motivation to eat (3). Studies have 
linked food reward sensitivity to stronger food cravings (4), 
preferences for sweet and fatty foods (5), greater food intake 
in laboratory studies (6), and higher body weight in adults and 
children (5,7,8). The motivational component of food reward 
is largely mediated by the mesolimbic dopamine system, the 

brain’s “reward circuit” which also mediates the motivation 
to engage in sex, gambling, and substance use (see reviews by 
ref. 3,9). Neurobiological and genetic factors which influence 
mesolimbic dopamine signaling are associated with obesity 
(6,10,11).

Though reward sensitivity has received significant attention 
as a risk factor for overeating and obesity, evidence also sup-
ports a role for inhibitory processes in the control of palatable 
food intake. We (12) and others (13,14) have posited that the 
capacity to inhibit food intake is an example of an executive 
function governed by the prefrontal cortex (PFC). A relative 
deficiency in inhibitory control is thought to increase vulner-
ability to overeating when exposed to palatable food cues, 
which has clear implications for weight control. This notion 
is supported by neuroimaging studies showing that stronger 
neural activation of the PFC following food intake is associated 
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with lower body mass (15,16), decreased food craving (17), and 
successful weight loss (18). In another neuroimaging study, 
overweight adolescent girls performed more poorly on a task 
measuring the ability to inhibit behavioral responses to appe-
tizing food cues relative to normal weight adolescents, and also 
showed decreased activation of prefrontal regions associated 
with inhibitory control (19).

Based on findings such as those noted above, overconsump-
tion of palatable food would be most likely to occur in the 
context of greater food reward sensitivity and lower inhibitory 
control (12). Three recent studies have found direct support 
for this hypothesized interaction at the neurobiological and 
behavioral levels. Hare et al. (20) found that nonobese dieters 
who made food choices based on their perceived health bene-
fits rather than their taste showed greater PFC activation when 
making such choices, and neuroimaging revealed that the PFC 
modulated the activity of brain areas associated with reward 
processing. In a study of predominantly normal weight col-
lege students, Nederkoorn et al. (21) found that food reward 
sensitivity was prospectively associated with weight gain over 
a 1-year period only for those who performed poorly on a 
behavioral response task measuring inhibitory control. A third 
study conducted by Rollins, Dearing, and Epstein (22) found 
that the willingness of nonobese women to work for access to 
palatable food (reflecting food reward sensitivity) was predic-
tive of actual palatable food intake only among those who also 
demonstrated diminished inhibitory control on a delay dis-
counting task. Though all of the above studies have involved 
nonobese populations, these findings support the notion that 
the impact of food reward sensitivity on overeating is modu-
lated by the capacity for inhibitory control.

The current study tested the hypothesized interaction between 
food reward sensitivity and inhibitory control in predicting pal-
atable food intake in the absence of physiologic hunger among 
overweight and obese women. Inhibitory control was measured 
using a delay discounting task similar to that used by Rollins 
et al. (22). Delay discounting refers to the tendency to pre-
fer smaller immediate rewards (e.g., $60 right now) to larger 
delayed rewards (e.g., $100 next month). Delay discounting has 
been conceptualized as the result of “competition” between an 
“impulsive” neurobehavioral system that favors pursuit of imme-
diate rewards, and a “reflective” executive system that inhib-
its impulsive behavior to maximize long-term gains (23,24). 
Neuroimaging studies implicate the mesolimbic dopamine sys-
tem and PFC, respectively, as the primary components of these 
systems (25–28). Different conceptualizations of delay discount-
ing exist in the research community. In our view, the evidence 
noted above is consistent with the premise that delay discount-
ing is a facet of impulsivity that reflects inadequate inhibitory 
control of reward processes in decision making.

Though prior studies have observed greater delay discount-
ing among obese women relative to lean women (29,30), the 
interaction of food reward sensitivity and inhibitory control 
on food intake has only been examined in nonobese individu-
als. It is important to test this hypothesis among overweight 
and obese individuals because there is a greater need to engage 

inhibitory control mechanisms when confronted with palatable 
food in this population. In the current study, overweight and 
obese women completed a self-report measure of food reward 
sensitivity, and consumed a preload of bland food in order to 
eliminate the homeostatic need for energy and thereby iso-
late the impact of reward on palatable food consumption (1). 
We hypothesized that food reward sensitivity would predict 
greater palatable food intake during a bogus laboratory taste 
test only for women who demonstrated low inhibitory control 
on the delay discounting task. As consumption of bland food 
is believed to be driven by homeostatic energy needs rather 
than hedonic reward processes, we hypothesized that intake 
of bland items would be unrelated to food reward sensitivity, 
inhibitory control, and their interaction.

Methods and Procedures
Participants
Healthy overweight and obese women were recruited for a study of 
“dieting and decision making.” Study advertisements were posted as 
flyers on medical center campuses and electronically on community 
posting forums (i.e., http://www.craigslist.org). To be eligible, individu-
als had to be between ages 18 and 45 and have a BMI between 25.0 
and 39.9 kg/m2. Exclusion criteria, which were assessed in a telephone 
screening interview, included peri- or postmenopausal status; preg-
nancy or lactation in the past 6 months; adherence to any structured 
weight control diet within the past 30 days; allergies or sensitivities to 
common foods; unwillingness to consume study foods, including plain 
oatmeal; history of obesity surgery; clinically significant symptoms of 
depression, anxiety, or mania in the past 30 days; symptoms of eating 
pathology (e.g., underweight, binge eating, purging behavior) at any 
time in the past 5 years; and medical conditions or use of medications 
affecting appetite, metabolism, digestion, or cognitive functioning. Two 
individuals were excluded from participation upon arriving to the labo-
ratory when it was found that their objectively measured height and 
weight did not place them in the eligible BMI range. The final sample 
comprised 62 overweight and obese women. Participants were com-
pensated $50 (US) for their time. The institutional review boards of 
Rush University Medical Center, University of Arizona, and Arizona 
State University approved study procedures.

Procedures
The procedures described in this report occurred during the initial 
laboratory visit within a larger study of diet adherence. After midnight 
on the morning of this visit, participants were required to fast from all 
food and drink except water, and abstain from caffeine, energy drinks, 
alcohol, nonprescription medication, and strenuous physical activity. 
They were also instructed to avoid nicotine within 1 h of participation. 
Experimental sessions were scheduled to begin at 1130 h (±30 min) to 
minimize the effect of time of day on food intake and to reduce the 
duration of fasting needed to standardize energy intake prior to the ses-
sion. Height and weight were measured in light clothing upon arrival 
to the laboratory. Participants were then queried to verify their compli-
ance with the pre-session instructions listed above. Once compliance 
was confirmed, participants were offered a large bowl (~690 g after 
preparation) of warm, plain oatmeal prepared with water and asked to 
eat slowly until they were “comfortably full.” This preload was designed 
to eliminate acute physiological hunger prior to the taste test while pro-
viding only a minimal degree of orosensory pleasure. All participants 
verbally confirmed feeling comfortably full at the time they discontin-
ued eating. Following the oatmeal preload, participants completed self-
report measures and then received instructions on how to complete the 
delay discounting task described below. Participants took a 3-min break 
following the delay discounting task prior to proceeding to the labora-
tory taste test.
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Laboratory taste test. The taste test was administered ~30–45 min 
after participants had begun consuming the oatmeal preload, or ~15–
20 min after having reached “comfortable fullness”. We did not assess 
subjective hunger ratings prior to or during the taste test because 
drawing participants’ attention to their reduced hunger level would be 
expected to influence food intake during the taste test, which was spe-
cifically designed to assess the motivation to consume palatable food 
independent of hunger. Therefore, to account for individual differences 
in hunger, we relied on participants’ report of achieving satiety dur-
ing the oatmeal preload and controlled for the amount of oatmeal con-
sumed in statistical models. The laboratory taste test was introduced 
by the experimenter as a way to assess taste perception. Participants 
were asked to sample six snack foods (Table 1) and provide palatability 
ratings on a rating form. Four of the items offered were considered pal-
atable (potato chips, salted peanuts, chocolate kisses, raisins) and two 
were considered “bland” (soup crackers, regular Cheerios). Snacks were 
removed from all packaging and served on separate plates. Drinking 
water was provided and participants were invited to request additional 
food (though none did). To encourage snack intake, participants were 
told that all uneaten food would be discarded. The experimenter left 
the room for 6 min while participants ate. Upon returning, the experi-
menter asked if the participant would like more time to complete the 
taste test, and left for an additional 6 min if participants responded in 
the affirmative (n = 4). At no time were participants made aware that 
their snack intake was being measured.

Measures
Anthropometrics. Height and weight were measured in light cloth-
ing using a balance beam scale with height rod. BMI was calculated as: 
weight (kg)/height (m2).

Delay discounting. Delay discounting for monetary rewards was mea-
sured using a computerized choice task adapted from other sources 
(27). In a series of 161 choice trials, participants were asked to choose 
whether they would prefer to receive a fixed hypothetical reward of 
$100.00 at one of seven different delay intervals (1 day, 7 days, 30 days, 
90 days, 180 days, 1 years, or 5 years), or a different amount of money 
available “right now.” Twenty-three immediate monetary rewards were 
offered at each delay interval: $0.10, $2.50, $5.00, $10.00, $15.00, $20.00, 
$25.00, $30.00, $35.00, $40.00, $45.00, $50.00, $55.00, $60.00, $65.00, 
$70.00, $75.00, $80.00, $85.00, $90.00, $95.00, $100.00, $105.00. Trials 
were administered in a randomized order with respect to both delay 
interval and the value of immediate reward offered.

“Indifference points,” the amount of money at which immediate 
rewards became preferred over the delayed reward, were computed for 
each subject at each delay interval. For example, a participant who chose 
to receive $70 or more right now rather than $100 after a 30-day delay, but 

preferred the delayed reward of $100 to receiving $65 or less right now, 
would have an indifference point of $67.50 at the 30-day delay interval. 
Fifty-six percent of indifference points were discrete in that participants 
always preferred the delayed reward below a certain value of immedi-
ate reward, and preferred all higher values of immediate reward to the 
delayed reward. Similar to prior studies (31), the remaining 44% of indif-
ference points were not discrete, with preference for the delayed reward 
alternating across several values of immediate reward. In these instances, 
the indifference points were defined as the choice of a delayed reward 
over the two highest consecutive values of immediate reward, not neces-
sarily by the lowest value immediate reward chosen (31).

Participants’ indifference points were plotted at each delay interval, 
and the area under the curve (AUCDD) was calculated as a metric of delay 
discounting (32). AUCDD is an atheoretical metric of discounting that is 
normally distributed and commonly used in other studies (e.g., see refs. 
22,33,34). AUCDD values have a range from 0 (greatest possible discount-
ing) to 1 (no discounting). For descriptive purposes only, curve-fitting 
software (GraphPad Prism 5, Graphpad Software, LaJolla, CA) was used 
to fit the hyperbolic discounting function V = A/(1 + kD) to participants’ 
indifference points (Figure 1). In this function, V represents the reward 
value (i.e., the indifference point), A is the amount of the immediate 
award, D is the delay interval, and k is a constant which reflects the steep-
ness at which indifference points (the value of delayed rewards) decrease 
in value with increasing temporal delay (35).

Food reward sensitivity. The Power of Food Scale (PFS) is a mea-
sure of individual differences in the appetitive drive to consume highly 
palatable food, independent of homeostatic hunger (36,37). The scale 
has 15 items that assess the influence of food on behavior and cogni-
tion when it is available but not present, present but not tasted, and 
tasted. Participants rate their agreement with statements about their 
responses to food on a 5-point scale from “I don’t agree at all” to “I 
strongly agree.” Representative items are, “When I’m around a fatten-
ing food I love, it’s hard to stop myself from at least tasting it,” and “I 
find myself thinking about food even when I’m not physically hungry.” 
A summary score was calculated as arithmetic mean of responses to 
all 15 items. Internal consistency was excellent in the current sample 
(Cronbach α = 0.92).

Palatability. As part of the taste test, participants were asked to indicate 
how much they “like the taste” of each food consumed on a numerical 
rating scale from 0 (Not at all) to 100 (Extremely).

Food intake. Each portion of food was weighed (in grams) before 
consumption. The food remaining after the experimental session was 
weighed again, and the difference between the pre-session and post-
session food weight was calculated and then converted from grams to 
kilocalories using nutrition information from food labels.

Table 1 C haracteristics of study foods

Amount 
presented  

g/kcal

Energy  
density  
(kcal/g)

Palatability, 
mean (s.d.)

Palatable items

  Potato chips 50.0/268.0 5.4 68.0 (23.5)

  Salted peanuts 150.0/910.5 6.1 56.4 (27.4)

  Chocolate kisses 90.0/439.2 4.9 78.5 (18.9)

  Raisins 100.0/325.0 3.3 60.3 (26.5)

Bland items

  Soup crackers 65.0/273.0 4.2 51.8 (22.5)

  Regular Cheerios 45.0/165.6 3.7 42.4 (21.7)

Food palatability was assessed on a numerical rating scale from 0 to 100. See 
Methods and Procedures section.
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Figure 1  Hyperbolic delay discounting function fit to the mean 
indifference points in the current sample. Bars represent standard error 
of the means. This figure is shown for descriptive purposes only. All 
analyses utilized area under the curve (AUCDD) as a measure of delay 
discounting.
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Data analysis
Our primary analyses tested the hypothesis that food reward sensitiv-
ity would be predictive of food intake in the absence of hunger only 
when accompanied by deficient inhibitory control. Two separate linear 
regression models were used to predict intake of palatable and bland 
food items from PFS scores, AUCDD, and their interaction term while 
controlling for BMI and the amount of oatmeal preload consumed. All 
independent variables were centered at their mean. Significant interac-
tions were probed in accordance with recommendations from Aiken 
and West (38). Briefly, following the identification of a significant inter-
action, the simple slopes of PFS on food intake were tested for signifi-
cance at both 1 s.d. above and 1 s.d. below the mean of AUCDD. This 
required the formation of two additional models which include PFS 
scores, conditional values of AUCDD at either 1 s.d. above or 1 s.d. below 
the variable mean, the interaction of PFS and the conditional values of 

AUCDD, and the same control variables from the original model. The 
coefficients associated with PFS score in these models reflect the sim-
ple slopes of PFS on energy intake at 1 s.d. above and 1 s.d. below the 
mean of AUCDD. Eta-squared (η2), representing the percentage of total 
variance in the dependent variable explained by a predictor variable, is 
reported as a measure of effect size.

Results
Preliminary analyses
Sample characteristics are shown in Table 2. Participants were 
generally well educated and ethnically diverse, with 62.9% of 
the sample self-identifying as an ethnic minority group and 
over half possessing a 4-year college degree or higher. Delay 
discounting data were lost for one participant due to a com-
puter error, and energy intake data for one participant were 
excluded due to experimenter error in administering the taste 
task (certain food items were not presented). Altogether, data 
from 60 out of 62 participants were included in final models.

Pearson correlations tested the associations among key study 
variables (Table 3). Higher education level was associated with 
both higher PFS score (r(62) = 0.27, P = 0.03) and reduced dis-
counting of delayed rewards (AUCDD: r(61) = 0.32, P = 0.01; k: 
r(61) = −0.29, P = 0.02), but was not associated with intake of 
either palatable or bland foods. Including education level in 
statistical models did not alter the significance of our findings, 
so results from models excluding education level are reported 
for simplicity. Household income level was not associated with 
delay discounting, PFS scores, or food intake. Higher BMI was 
correlated with greater intake of palatable food (r(61) = 0.34, P 
< 0.01), but not with intake of bland food, PFS scores, or delay 
discounting.

Participants consumed an average of 164.7 g (s.d. = 109.7 g) 
of oatmeal preload, which corresponds to roughly 73.0 kcal 
(s.d.  =  47.5 kcal). Total energy intake during the labora-
tory taste test ranged from 40.7 kcal to 665.5 kcal (mean 
(M) = 249.0, s.d. = 125.3), with 89.7% of the total energy con-
sumed coming from the four palatable items (M = 223.0 kcal, 
s.d.=121.5 kcal). As shown in Table 1, palatability ratings for 
the four palatable items (M = 65.8) were substantially higher 
than those for the two bland items (M = 47.1), which sup-
ports the decision to analyze these foods separately. As would 
be expected, palatability ratings of foods collected during the 
taste test were positively correlated with intake of the respec-
tive food item (r’s between 0.22 and 0.66). However, none 
of the palatability ratings were associated with BMI, PFS, or 
AUCDD (all r’s < |0.20|), so palatability ratings were not con-
trolled for in subsequent analyses.

Primary analyses
Palatable food intake. Results of regression models are sum-
marized in Table 4. The interaction term between PFS and 
AUCDD emerged as a significant predictor in a model predict-
ing palatable food intake while adjusting for BMI and oatmeal 
preload consumed (β = −0.28, t(54) = −2.06, P = 0.04, η2 = 0.04; 
Figure 2). The simple effects of PFS on palatable food intake 
at 1 s.d. above and below the mean of AUCDD were then tested. 
At 1 s.d. above the mean of AUCDD, which represents reduced 

Table 2 S ample characteristics (N = 62)

Mean s.d.

Age (years) 31.0 7.7

BMI 31.5 3.4

AUCDD 0.306 0.245

k 0.022 0.057

Power of Food Scale (1–5 scale) 2.5 0.9

Food intake (kcal)

  Oatmeal preload 73.0 47.5

  Palatable items 223.0 121.5

  Bland items 26.1 28.4

  Total test meal intake 249.0 125.3

N %

Ethnicity

  Asian 3 4.8

  Black/African-American 20 32.3

  Hispanic 13 21.0

  Non-Hispanic, White 23 37.1

  Other/multi-ethnic 3 4.8

Education level

  High school or equivalent 2 3.2

  Some college 16 25.8

  2-Year degree or technical degree 11 17.7

  4-Year degree 25 40.3

  Masters degree 5 8.1

  Doctorate, legal, professional degree 3 4.8

Household income (US $)

  $0–$14,999 8 12.9

  $15,000–$29,999 11 17.7

  $30,000–$44,999 14 22.6

  $45,000–$59,999 11 17.7

  $60,000–$74,999 6 9.7

  $75,000–$89,999 6 9.7

  $90,000 and above 6 9.7

AUCDD, area under the delay discounting curve; k, constant from hyperbolic delay 
discounting function.
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discounting of delayed rewards and higher inhibitory con-
trol, PFS showed no association with palatable food intake 
(β = −0.07, t(54) = −0.44, P = 0.66, η2 = 0.00). However, at 1 s.d. 
below the mean of AUCDD, which indicates steeper discount-
ing of delayed rewards and reduced inhibitory control, PFS 
was positively associated with palatable food intake (β = 0.46, 
t(54) = 2.58, P = 0.01, η2 = 0.07). As mentioned previously, find-
ings were unchanged when controlling for education level in 
these models.

We also performed an exploratory analysis to determine 
whether the interactive effect of PFS and AUCDD on palatable 
food intake varied across the range of body mass in this sam-
ple. In a regression model containing all lower-order terms 
and the covariates from the previous analyses, the three-way 

interaction between PFS, AUCDD, and BMI was found to be a 
nonsignificant predictor of palatable food intake (t(50) = −1.14, 
P = 0.26). The current sample size provided very limited statis-
tical power to detect even a large three-way interaction effect 
in this sample.

Bland food intake. It was expected that food reward sensitivity 
and inhibitory control would be predictive of intake of palatable 
foods, but not bland foods. To test this hypothesis, a model was 
formed predicting intake of bland foods which was structurally 
identical to the one formed for palatable food intake. None of 
the predictors in this model, including BMI and the amount of 
oatmeal preload consumed, were predictive of bland food intake 
(all P’s > 0.40, all η2’s ≤ 0.01).

Table 3  Pearson correlations among key variables

2 3 4 5 6 7 8

1. BMI −0.17 −0.13 0.20 −0.04 −0.04 0.34** −0.01

2. PFS — 0.14 −0.07 0.27* −0.10 0.12 −0.04

3. AUCDD — −0.38** 0.32* 0.00 0.01 −0.02

4. k — −0.29* −0.19 −0.18 −0.13

5. Education level — 0.07 0.04 −0.14

6. Household income — −0.09 −0.22

7. Palatable food intake — 0.02

8. Bland food intake —

AUCDD, area under the delay discounting curve; k, constant from hyperbolic delay discounting function; PFS, Power of Food Scale. *P < 0.05; **P < 0.01.

Table 4 R esults of regression analyses predicting palatable food intake

β t df P η2

Model 1: Overall model

  BMI 0.50 3.85 54 <0.001 0.16

  Oatmeal preload 0.41 3.44 54 0.001 0.12

  PFS 0.19 1.67 54 0.10 0.03

  AUCDD 0.05 0.45 54 0.65 0.00

  PFS X AUCDD −0.28 −2.06 54 0.04 0.04

Model 2: Simple effect of PFS at 1 s.d. above mean of AUCDD(high inhibitory control)

  BMI 0.50 3.85 54 <0.001 0.16

  Oatmeal preload 0.41 3.44 54 0.001 0.12

  PFS −0.07 −0.44 54 0.66 0.00

  AUCDD (at 1 s.d. above mean) 0.05 0.45 54 0.65 0.00

  PFS X AUCDD (1 s.d. above) −0.38 −2.06 54 0.04 0.04

Model 3: Simple effect of PFS at 1 s.d. below mean of AUCDD(low inhibitory control)

  BMI 0.50 3.85 54 <0.001 0.16

  Oatmeal preload 0.41 3.44 54 0.001 0.12

  PFS 0.46 2.58 54 0.01 0.07

  AUCDD (at 1 SD below mean) 0.05 0.45 54 0.65 0.00

  PFS X AUCDD (1 SD below) −0.38 −2.06 54 0.04 0.04

AUCDD, area under the delay discounting curve; PFS, Power of Food Scale; η2, percentage of total variance. Model 1 shows the overall interaction between PFS and 
AUCDD predicting palatable food intake. Model 2 shows no effect of PFS (P = 0.66) at high levels of inhibitory control (1 s.d. above the mean of AUCDD). In model 3, higher 
PFS was associated with greater palatable food intake (P = 0.01) at low levels of inhibitory control (1 s.d. below the mean of AUCDD). Models 2 and 3 provide estimates 
of the effect of PFS (bold face) when inhibitory control is fixed at specific values, so only the parameter estimates for PFS differ between models.
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Discussion
This study tested the hypothesis that palatable food intake 
among overweight and obese women is influenced by an inter-
action between food reward sensitivity and inhibitory control. 
Consistent with this hypothesis, it was found that greater food 
reward sensitivity was associated with increased palatable 
food intake only among those who demonstrated diminished 
inhibitory control on the delay discounting task. There was 
no association between food reward sensitivity and palat-
able food intake in the context of adequate inhibitory control. 
Importantly, food intake was assessed after participants had 
consumed a bland preload of plain oatmeal, so the observed 
findings can be presumed to be independent of homeostatic 
energy needs (1). In addition, there was no evidence of an 
interaction or main effect of food reward or inhibitory con-
trol when examining intake of bland foods. This study lends 
further support for the potential involvement of inhibitory 
control of reward-driven eating in weight maintenance (12), 
and extends prior research that has supported this model in 
nonobese populations (20–22).

Inhibitory control may be relevant to several other behav-
ioral processes relevant to obesity. For example, Nederkoorn 
et al. (39) found that physiological (homeostatic) hunger was 
associated with both greater snack intake in a laboratory taste 
test and greater purchasing of calories from snack foods in a 
virtual food shopping task, but only when coupled with inef-
fective inhibitory control. A similar interaction with inhibitory 
control would be expected with reward-driven, “hedonic hun-
ger.” Inhibitory control of food reward may also predict weight 
gain. Among predominantly normal weight university stu-
dents, greater food reward sensitivity was associated with more 
weight gain over 1 year, but only among those who showed 
diminished inhibitory control on a behavioral response inhibi-
tion task (21). No association was observed between inhibitory 

control of food reward and subsequent weight gain in a sam-
ple of overweight adolescent girls (N = 29), but this study did 
not have adequate statistical power to detect medium or small 
effects (19).

Limitations
A general limitation of the delay discounting task is that it only 
reflects inhibitory control in relation to the rewards offered, 
which potentially limits its value as a general measure of 
inhibitory control. Like most prior studies of delay discount-
ing in humans (40), the task used in this study assessed inhibi-
tory control with respect to monetary rewards. Money can be 
exchanged for virtually any desired reward in modern society 
(with only a few exceptions). Therefore, in most populations, 
money is relatively uniform in terms of its reward value across 
individuals and delay discounting tasks involving monetary 
rewards probably provide a relatively general measure of inhibi-
tory control across individuals (33). It is important to note that 
in the present study, potential influences on the reward value of 
money were either found to be unrelated to delay discounting 
(household income) or were controlled for in statistical mod-
els (education level). Accordingly, we interpret our findings as 
reflecting an interaction between food reward sensitivity and 
a relatively general capacity for inhibitory control in predict-
ing palatable food intake. However, there is clearly a need to 
develop tasks which specifically measure inhibitory control in 
the context of food rewards. One such task, which required par-
ticipants to inhibit behavioral responses (button presses) when 
presented with appetizing food cues, was recently described 
by Batterink et al. (19). Tasks assessing discounting of delayed 
food rewards have been developed (33,34), but the fact that 
such tasks can feature only one particular class of food reward 
at a time (e.g., “juice,” “candy,” “your favorite dish”) limits their 
ability to provide a general measure of inhibitory control with 
respect to all palatable food rewards.

An additional limitation associated with the delay discount-
ing task used in this study was that it featured hypothetical, 
rather than actual, monetary rewards. Most delay discounting 
studies with humans utilize hypothetical rewards, and studies 
have shown that comparable estimates of delay discounting are 
obtained with actual and hypothetical rewards (40).

The measure of sensitivity to food reward used in this study, 
the Power of Food Scale, was recently developed and has been 
subjected to only a few validation studies (e.g., see refs. 36,37). 
These studies have demonstrated acceptable convergence 
between the PFS and relevant measures of eating behavior, but 
associations between PFS and general measures of reward sen-
sitivity have not yet been tested. Such tests are needed to estab-
lish that the PFS reflects an aspect of eating behavior associated 
with reward processing.

Another limitation of the current study is that our sample 
was restricted to women with a BMI between 25 and 39.9 kg/
m2, which limits the generalization of findings to women with a 
BMI over 40 kg/m2 and men. Also, the food items offered dur-
ing the taste test were limited in number and variety and may 
not represent the foods that are commonly over consumed in 
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Figure 2  Interaction between food reward sensitivity and inhibitory 
control. Predicted values for palatable food intake are plotted against 
food reward sensitivity at 1 s.d. above and below the mean of area under 
the delay discounting curve (AUCDD). Lower AUCDD reflects greater 
discounting of delayed rewards and lower inhibitory control. Food reward 
sensitivity was measured with the Power of Food Scale.
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naturalistic settings. Though there are also methodological 
drawbacks to studying intake of participants’ self-identified 
preferred foods, which can vary substantially in both palatabil-
ity and energy density, it is important to replicate the current 
findings using naturalistic measures of food intake.

Future directions
The current findings suggest several interesting areas for future 
study. For example, multicomponent interventions which 
simultaneously reduce sensitivity to food reward and increase 
inhibitory control might be more effective than interventions 
targeting either of these factors alone. Similar proposals have 
been made regarding new treatments for drug addiction (24). 
Research is also needed to identify novel situational factors 
that produce transient vulnerability to overeating by reducing 
inhibitory control or increasing food reward. Similarly, future 
studies should investigate whether the effects of known “dis-
inhibitors” on eating (e.g., stress) are mediated by changes in 
the balance between reward sensitivity and inhibitory control. 
Finally, it would be valuable to identify the neural mechanisms 
underlying the interaction between food reward and inhibitory 
control. This knowledge could provide additional insight into 
the interaction between reward and inhibition at the behavio-
ral level and identify novel targets for pharmacological obesity 
treatments.

The results of the current study indicate that food reward 
sensitivity is associated with vulnerability to overconsuming 
palatable food only when coupled with ineffective inhibitory 
control. If findings are replicated, the role of inhibitory con-
trol of reward should be incorporated into existing models of 
vulnerability to weight gain, which have primarily emphasized 
individual differences in food reward processing and the abun-
dance of highly palatable food in the environment.
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