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Differential effects of daily snack food intake on the reinforcing value of
food in obese and nonobese women1–3
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ABSTRACT
Background: Food reinforcement, ie, motivation to obtain food, is
associated with energy intake and obesity. Finding ways to decrease
the reinforcing value of unhealthy foods may help with adherence to
diets and maintenance of weight loss. Our previous study in non-
obese adults showed that daily consumption of the same snack food
(food consumed apart from meals) for 14 d significantly decreased
its reinforcing value.
Objectives: The aims of this study were to replicate and extend
these findings to obese individuals and to examine the effects of
different portion sizes of snack foods on food reinforcement.
Design: Food reinforcement and liking were tested in 31 obese and
27 nonobese women at baseline and after 2 wk of daily consumption
of 0, 100, or 300 kcal/d of the same snack food.
Results: We found a significant interaction of phase, portion size,
and body mass index on the pattern of operant responding for food.
Obese women had a significant increase in food reinforcement after
consuming the 300-kcal portion of food for 2 wk, whereas nonobese
women had the opposite response. No significant differences were
found on the reinforcing value with the 0- and 100-kcal portion-size
conditions. Women in the 300-kcal group (obese and nonobese)
reported a significant decrease in snack food liking from baseline
to after daily intake.
Conclusions: These findings suggest that obese and nonobesewomen
respond differently to the daily intake of a snack food and that this
may not be a viable mechanism for reducing food reinforcement in
obese women. This trial was registered at www.clinicaltrials.gov as
NCT00837694. Am J Clin Nutr 2009;90:304–13.

INTRODUCTION

As obesity rates increase in the United States and other de-
veloped countries, it is imperative to develop novel and effective
treatment strategies. The first-line treatment of overweight and
obesity is energy restriction and/or increased physical activity
(1). Research suggests that ,10% of individuals who attempt to
lose weight by making lifestyle changes will maintain weight
loss after 3–5 y (2–4). One potential reason for this low success
rate is that traditional diets combine energy restriction with re-
striction of highly liked, highly preferred snack foods. This may
increase the motivation to eat restricted foods and, eventually,
lead to disinhibited eating and poor weight-loss outcomes (5–7).

Food is a strong reinforcer that can be used to shape animal and
human behavior (8). Studies show that food reinforcement is an
empirical index of motivation to eat. The reinforcing value of
food is related to energy intake, with higher food reinforcement

associated with increased energy intake both in the laboratory (9,
10) and in free-living situations (10, 11). Food reinforcement also
differs as a function of weight status, with obese individuals
having higher levels of food reinforcement than their nonobese
peers (9, 10). The reinforcing efficacy of a stimulus depends on
several factors, including recent experience with the stimulus,
deprivation from the stimulus, and availability of alternative
reinforcers (12). These ideas are supported by studies on food
reinforcement showing that food deprivation increases food re-
inforcement and recent consumption of a food decreases its
reinforcing value (5, 7).

Some specific predictions follow from reinforcement theory
about the effects of snack food variety and intake on food re-
inforcement. For example, restricting preferred snack foods in the
diet may lead to increased reinforcing value and eventual relapse
into poor eating habits. By contrast, eating a highly preferred
snack food on a regular basis may lead to reinforcer satiation or
monotony which, in turn, may decrease food reinforcement and
help to maintain dietary adherence. In a previous study, we
showed that daily intake of a 300 kcal portion of a snack food for
2 wk significantly reduced both food reinforcement and self-
reported food liking in nonobese men and women (13). How-
ever, obese individuals, in general, consume a greater variety and
larger portions of snack foods (14). Therefore, consuming a por-
tion of the same snack food daily for 2 wk may not have an effect
on food reinforcement if obese individuals are consuming a va-
riety of other snack foods as well. In addition, because obese
individuals find food more reinforcing than their lean peers
(10, 15), it is possible that obese individuals are relatively more
resistant to monotony and, therefore, food reinforcement will
remain unchanged after daily snack food intake. Conversely,
because studies with a variety of stimuli, including food, have
shown increased responding after repeated exposure (a process
known as sensitization), it is also possible that food reinforcement
will increase in obese individuals after repeated consumption of

1 From the Departments of Exercise and Nutrition Sciences (JLT), Psy-

chology (AMB, RLB, NK, and SM), and Pediatrics (LHE), University at

Buffalo, Buffalo, NY.
2 Supported in part by National Institutes of Health grant number R01

DA024883 (to LHE). JLT’s salary was supported by National Institute of

Drug Abuse grant number KO1-DA021759.
3 Address correspondence to JLTemple, 3435 Main Street, 15 Farber Hall

University at Buffalo, Buffalo, NY 14214. E-mail: jltemple@buffalo.edu.

Received November 26, 2008. Accepted for publication April 17, 2009.

First published online May 20, 2009; doi: 10.3945/ajcn.2008.27283.

304 Am J Clin Nutr 2009;90:304–13. Printed in USA. � 2009 American Society for Nutrition



the same snack food. The purpose of the current study was to
compare the effects of daily snack food intake, in the absence of
changes in total energy intake, in nonobese and obese women
using several snack food portion sizes. We hypothesized that
obesewomen would maintain higher levels of food reinforcement
than nonobese women after daily snack food consumption and
that the effects would depend on portion size.

SUBJECTS AND METHODS

Participants

Participants were obese [body mass index (BMI; in kg/m2)
�30; n = 27] or nonobese (BMI , 30; n = 31) women between
the ages of 18 and 50 y recruited from flyers posted on the
University at Buffalo campus. Additional exclusionary criteria
included the following: smoking, self-reported current dieting,
indications of dietary restraint (see Screening procedures),
a liking of ,5 on a 7-point scale for all potential study foods,
concurrent scores of .27 on the Binge Eating Scale (16) and
a binge-eating disorder indication on the Questionnaire of Eat-
ing and Weight Patterns (17), any medications that might affect
appetite (eg, methylphenidate), and any digestive, endocrine, or
nervous system disorder that may limit eating.

Screening procedures

Potential participants were first screened by phone to collect
demographic and basic medical information (eg, height, weight,
and current medications used or illnesses). To reduce the vari-
ability that may be introduced by participants with extreme levels
of dietary restraint, 14 questions modified from the restraint scale
of the Three-Factor Eating Questionnaire (TFEQ; 18) were asked
to get a general indication of dietary restraint. Participants were
not eligible if they answered yes to.5 of the 14 questions. Once
determined to be eligible, potential participants were given a list
of 19 high-energy-density foods and rated each one on a 7-point
scale for liking (1 = “do not like at all” and 7 = “like very
much”), number of times consumed each week, perceived dif-
ficulty restricting for 2 wk and difficulty consuming daily for 2
wk (1 = “extremely easy” and 7 = “extremely difficult”). The list
of foods included potato chips, Doritos (Frito Lay; Dallas, TX),
tortilla chips, pretzels, popcorn, ice cream, M&Ms (Mars Inc,
Chicago, IL), Twix (Mars Inc), Butterfinger (Nestle, Glendale,
CA), other candy bars, Oreos (Nabisco, East Hanover, NJ),
Chips Ahoy (Nabisco), other cookies, muffins, donuts, cupcakes,
cake, brownies, and French fries. In addition, participants were
asked if there were other snack foods that they enjoy eating that
were not mentioned on this list; however, we were always able
to find a food on our list that could be used for each participant.
The target food to be used for testing was selected based on
the liking score and the number of times consumed per week.
All target foods were liked to at least a 5 on the 7-point scale
and were consumed 1–4 times/wk. If several items met the
criteria, one item was selected based on ease of portioning and
packaging.

Laboratory environment

The laboratory used for these experiments was specifically
constructed for eating experiments. It is equipped with an air-

delivery system that circulates new air through each room ’10
times/h. The laboratory rooms are also equipped with HEPA air
purifiers containing a CPZ (carbon, permanganate, zeolite) filter
to remove airborne odorants.

Procedures

All laboratory procedures were conducted in accordance with
National Institutes of Health guidelines for the use of human
subjects and with the approval of the University at Buffalo Social
and Behavioral Sciences Institutional Review Board. Participants
visited the laboratory on 3 separate occasions, each separated by
2 wk. Experimental sessions were run during a typical lunch
period (1100–1400), and participants were �3 h postprandial. If
a participant reported eating in the past 3 h, their appointment
was rescheduled. Participants were told to consume their usual
breakfast and were provided with a 150-kcal preload (Kellogg
Smart Start Bar; 18% fat, 17% protein, and 65% carbohydrate;
Kellogg Co, Battle Creek, MI) to minimize the effects of hunger
on food reinforcement (19). During the first session, participants
read and signed informed consent documents, completed a de-
mographics questionnaire, and completed 3 dietary habits
questionnaires (described below). The consent form stated that
the purpose of the study was to “see if eating a single, highly
liked snack food every day can alter its reinforcing value.”
Participants were also interviewed about their food and beverage
intakes the previous day by using a 5-step, multipass interview
style (20). Participants were then trained to record all food and
beverage intakes as well as physical activity in a habit book
every day for the 4-wk duration of the experiment. In addition,
participants completed three 24-h dietary recalls over the phone
each week. These procedures are described in more detail below.

Food reinforcement task

The reinforcing value of food was determined by measuring
the number of responses the participants made for food or food
alternatives on progressive variable ratio (VR) schedules of re-
inforcement (65%). The experimental environment included 2
computer stations, a table designated for reading, and a table
designated for eating. At one station was a computer on which
participants could earn points for food. The other station had
a different computer on which subjects could work for time to
spend reading Time and Newsweek magazines. Although our
primary interest was in the participant’s responses for food, we
provided the opportunity to work for a nonfood-related activity
to reduce the likelihood that subjects would engage in re-
sponding just for the sake of responding. The food used for this
task was the target food described above. The portion of food
used as the reinforcer was 80–100 kcal (Table 1).

Participants were instructed on the use of the computer-
generated task to earn points toward the foodor time spent reading.
The task was similar to a slot machine, with 3 boxes containing
different shapes that were different colors and arranged in dif-
ferent orientations. When the left button on the mouse was
pressed, the shapes rotated and changed color. When all of the
shapes matched, the participant earned one point. After 5 points
were earned, the subject received either a portion of their pre-
ferred snack food (brought into the room by the experimenter) or
2 min of reading time. The schedules of reinforcement were

DAILY SNACK FOOD INTAKE AND FOOD REINFORCEMENT 305



progressiveVRscheduleswith response requirements ofVR4, 8,
16, 32, 64, 128, 256, 512, 1024, etc, for eachpoint. In otherwords,
participants were able to earn 1 point after approximately 4
responses on thefirst trial, and a portionof food after 20 responses
(5 points), with the response requirements doubling after each
portion of food was earned. The computers recorded the par-
ticipants’ points earned throughout the session as well as the rate
of responding. Subjectswere instructed to performone activity at
a time (ie, play the computer, eat, or read) and that the session
would endwhen they no longerwished to earn points for access to
food or time to spend reading. This design, based on previous
studies using this methodology (9, 13), was meant to ensure that
the participant felt free to work for as little or as much food as
desired. The participant could communicate with the experi-
menter through an intercom system. A pitcher of filtered water
was left on the table where the food was presented along with
a cup. Participants were told they could drink water ad libitum.
After providing the instructions, the experimenter left the room
and the participant began the task.

Experimental groups and daily snack food intake
procedures

The final 2 wk of the experiment was the daily intake phase.
After completion of the food reinforcement task, participantswere
randomly assigned to 1 of 3 snack food conditions. Participants in
the 100- and 300-kcal groups were provided with 14 portions of

their target food and told to consume one each day until they
returned to the laboratory for the final testing session. Participants
were not given any additional instructions about how and when to
consume the food, so some participants may have chosen to eat
smaller portions throughout the day, whereas others consumed the
food in a single sitting. In addition, participants were instructed to
consume their normal diet and incorporate the foods provided as
part of their daily snack food intake. Our goal was to alter snack
food monotonywithout changing total energy intake. Participants
in the 0-kcal group were not provided with any snack food nor
were they given any instructions about snack food consumption,
other than to try and keep food and beverage consumption the
same as it had been for the baseline phase of the experiment. All
participants were given a phone number to call every day stating
that they recorded in their habit book for that day (all participants)
and that they consumed their target food (100- and 300-kcal
groups only). These daily telephone calls served as our primary
measure of study compliance. As an incentive to comply with
telephone call instructions, the participants were given $1.00 for
each phone call and a $5.00 bonus if all phone calls were com-
pleted during the 2-wkperiod. Theywere also given $2.00 for each
24-h dietary recall completed and an $8.00 bonus if all 6 dietary
recalls were completed within the 2-wk period. After the daily
intake phase, the participant returned to the laboratory and
completed the food reinforcement task for the target food.

Debriefing and subject payment

On completion of both phases, the participants had their height
and weight measured, were told the purpose of the study, and
were given a debriefing form highlighting the theoretical ratio-
nale behind these experiments as well as background literature.
They were compensated in the form of a check based on ad-
herence to the protocol. The maximum amount of money that
could have been earned was $91.00.

Dietary recalls and habit books

To determine usual energy intake, 24-h dietary recalls were
conducted at the beginning of each testing session as well as 3
times (2 weekdays and 1 weekend day) each week over the
telephone (20, 21). The experimenter guided the subject through
the recall process using a 5-step, multipass interview style (20).
Briefly, the first pass included asking the participant to make
a quick, uninterrupted list of all foods and beverages consumed.
The second pass was a review of the quick list. For the third pass,
the experimenter returned to the beginning of the list and asked
for the times that foods and beverages were consumed and for
portion sizes. The fourth pass was a review of the detailed in-
formation. During the final pass, the participant was asked to
recall any other foods that they may have forgotten, such as foods
that were eaten in small amounts. During laboratory visits,
measuring cups and spoons, rulers, and pictures of portions of
food were provided to help the participants estimate portion sizes.
The total number of calories consumed was calculated for
the recall based on manufacturers’ labels and from the Food
Works database (http://www.nutritionco.com/FoodWorks.htm;
The Nutrition Company, 2008).

We also provided the participants with weekly habit books in
which to record all food and beverage intake and physical activity

TABLE 1

Descriptive characteristics of the study participants as a function of weight

status1

Descriptive

characteristics

Obese

(n = 31)

Nonobese

(n = 27)

Age (y) 36.1 6 1.82,3 27.6 6 1.8

BMI (kg/m2) 37.4 6 0.93 23.2 6 0.6

Three-Factor Eating Questionnaire,

restraint

9.3 6 0.9 11.1 6 1.0

Three-Factor Eating Questionnaire,

disinhibition

9.9 6 0.63 7.9 6 0.7

Three-Factor Eating Questionnaire,

hunger

7.1 6 0.6 6.5 6 0.7

Binge Eating Scale 17.3 6 1.33 7.4 6 1.4

Race [n (%)]

White 19 (61.3) 24 (88.9)

African American 9 (29.0)3 0 (0)

Asian 1 (3.2) 1 (3.7)

Other or mixed race 1 (3.2) 2 (7.4)

Income [n (%)]

�$9999 8 (25.8) 16 (59.3)

$10,000–$29,999 13 (41.9) 2 (7.4)

�$30,000 10 (32.3) 9 (33.3)

Education [n (%)]

High school 15 (48.4) 14 (51.9)

Completed college 16 (51.6) 13 (48.1)

Current student 11 (35.5) 20 (74.1)

1 Potential differences in baseline characteristics were compared by

ANOVA with weight status (obese or nonobese) as the between-subjects

factor. Categorical variables such as race, income, and education were com-

pared by using chi-square tests.
2 Mean 6 SD (all such values).
3 Significantly different from the nonobese participants, P , 0.05.
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for the 4 wk of the study to assess typical snack food con-
sumption. There were 2 books for the baseline period and 2 books
for the period after daily intake. Habit books were cross-checked
with 24-h dietary recalls, and discrepancies were probed by the
experimenter. In addition, habit books were used to calculate
snack food variety. Briefly, unhealthy snack foods were divided
into the following categories: French fries, chips, crackers,
popcorn/pretzels, cake/pie/brownies, ice cream, cookies, candy,
and other. We included an “other” category because there were
some foods that did not fit into the above categories (eg, honey
roasted nuts, pudding, and flavored gelatin). The number of snack
food categories from which foods were consumed each day and
the total number of snack food portions consumed each day were
recorded by a trained staff member and cross-checked by another
trained staff member to use as a measure of snack variety. These
measures included both self-selected snack foods and the snack
foods that we provided. Interrater reliability was 95.1% for snack
food categories and 93.1% for snack food portions.

We chose to use both habit books and telephone dietary recalls
for 2 reasons. First, per our past experience, self-recording of
dietary intake data are often incomplete. The telephone recalls
allowed us to collect some data on food intake in case the habit
book recording was not reliable. Second, we have found in the
past that regular telephone contact with participants increases
compliance and reduces attrition.

Demographic and anthropometric characteristics

A general demographics questionnaire was used to assess
education status, annual income, race, and ethnicity. Height (cm)
and weight (lb) were measured by using a Digi-Kit digital sta-
diometer (North Bend, WA) and a Tanita digital weight scale
(Arlington Heights, IL) and used to calculate BMI. Individuals
were considered obese if their BMI was �30 and nonobese if
their BMI was ,30 (22).

Eating questionnaires

At the end of the first session, participants completed 3 eating
questionnaires: the TFEQ (18), the Questionnaire of Eating and
Weight Patterns (QEWP; 17), and the Binge Eating Scale (BES;
16). The TFEQ has 3 subscales that assess dietary restraint,
hunger, and disinhibition. The QEWP and BES were used to rule
out binge-eating disorder.

Food liking, hunger, and fullness

Before and after the food-reinforcement task, participants
rated how hungry and how full they felt on 100-mm visual analog
scales. The scales were anchored by “not hungry/full at all” and
“extremely hungry/full.” They were also asked to rate how much
they liked the target food on a 100-mm visual analog scale
anchored by “not like at all” and “like very much.”

Analytic plan

Potential differences in baseline characteristics were compared
by using a 2-factor analysis of variance (ANOVA) with weight
status (obese or nonobese) and portion-size group (0, 100, or 300
kcal)as thebetween-subjects factors.Categoricalvariables, suchas
race, income, and education, were compared by using chi-square

tests. Participant compliance, based on the total amount of money
earned, was compared by using a 2-factor ANOVAwith weight-
status and experimental group as the between-subjects factors. The
experiment was divided into 2 phases. The first 2 wk were con-
sidered the baseline phase, duringwhich no foodwas provided and
we collected food and beverage intake data to establish typical
consumptionpatterns.Thesecond2wkwerereferred toas thedaily
intake phase, during which we continued to collect food and
beverage intake data, but snack food portions were provided for
daily consumption to the 100-kcal and 300-kcal groups. Between-
session changes (from baseline to the after daily intake phase) in
body weight, energy presented during the experimental session,
energy consumed (as assessed by 24-h dietary recalls), and snack
foodvarietywerecomparedbyusingamixedanalysisofcovariance
(ANCOVA) with weight status and portion-size group as the be-
tween-subjects factors,phaseas thewithin-subjects factor, andage,
BES score, minority status, and TFEQ-disinhibition score as
covariates. Within- (before and after session) and between-
(baselineandafter daily intake) sessionchanges inhunger and food
liking were compared by using a 4-factor mixed ANCOVAwith
weight status and portion-size group as the between-subjects
factors, before/after andphase (baseline to after daily intake) as the
within-subjects factors, and age, BES score, minority status, and
TFEQ-disinhibitionscoreascovariates.Posthoccomparisonswere
made by using linear contrasts, and Bonferroni corrections were
applied to control formultiple comparisons. To determinewhether
daily consumption of the snack food decreased liking, planned
comparisons of before-session food likingwith phase and portion-
size group as between-subjects factors were also conducted.

Changes in the pattern of operant responding for food as
a function of phase (baseline compared with after daily intake)
were compared by using mixed-effects regression models
(MRMs) (23). MRMs can be modeled based on the pattern of the
data. Because responding on progressive ratio schedules of re-
inforcement to assess reinforcer efficacyusually shows an increase
followed by a late-session decrease in responding (24), theMRMs
includedboth linear andquadratic components. Improvement infit
of the quadratic plus linear trendswas tested by using a 2-tailed log
likelihood test with 2 df. The MRM compared the pattern of
operant responses for food with BMI and portion-size group as
time-invariant predictors, the schedule of reinforcement and ex-
perimental phase as the time-variant predictors, and age, minority
status, and scores on the BES and the disinhibition subscale of the
TFEQ as covariates. Each of the covariates was also tested as
a moderator of responding by interacting it with phase and
schedule of reinforcement (2). Because none of the participants in
any condition responded on the final schedule of reinforcement
(which required 1024 responses for each point), this schedule was
excluded from the analysis. Interactions from the primary MRM
analysis were probed by using separate MRM analyses on each
phase, weight status group, and portion-size group using the linear
and quadratic trends where appropriate. All analyses were con-
ducted using SYSTAT 11.0 (Systat Software Inc, Chicago, IL).

RESULTS

Descriptive statistics

Descriptive characteristics of the participants are shown in
Table 1. Compared with the nonobese women, the obese women
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had significantly higher BMI values (F1,56 = 175.91, P ,
0.0001), were significantly older (F1,56 = 10.48, P = 0.002),
scored significantly higher on the disinhibition subscale of the
TFEQ (F1,56 = 5.30, P = 0.03), scored significantly higher on the
BES (F1, 56 = 6.98, P , 0.01), and had a higher percentage of
minorities (v21 = 5.12, P = 0.02). There were no differences by
weight status for income, education, compliance with experi-
mental procedures, or TFEQ restraint or hunger subscales (all
P . 0.05). There were no differences in any of the participant
characteristics as a function of portion-size group nor were there
any interactions between weight status and portion-size group
(all P . 0.05; data not shown).

Food liking and hunger

There was a main effect of before-session (39.0 6 3.4) com-
pared with after-session (22.4 6 2.9) on hunger (F1,208 = 25.08,
P, 0.0001) but no effect of phase, weight status, or portion-size
group and no interactions among these factors (all P . 0.05).
There was a main effect of before-session compared with after-
session (F1,208 = 13.09, P , 0.0001) and phase (F1,208 = 18.23,
P , 0.0001) and an interaction of weight status and portion-size
group (F2,208 = 4.49, P = 0.012) on food liking. When before-
session liking was compared across phase and portion-size and
weight-status groups, there was a main effect of phase (F1,56 =
25.58, P, 0.001) and an interaction between portion-size group
and phase (F2,52 = 4.31, P = 0.02; Figure 1). Linear contrasts
showed that there was a significant decrease in preexperimental
food liking from baseline to after the daily intake phase in the 300-
kcal group.

Energy consumption and snack food variety from dietary
recalls

There was a main effect of weight status on self-reported
energy intake, assessed by 24-h dietary recalls, (F1,52 = 7.2, P =
0.01; Table 2) with obese women reporting significantly more
energy intake than nonobese women (2276 6 114 compared
with 1900 6 93 kcal). However, when these results were cor-
rected for body weight, the obese women reported significantly
less energy intake per pound of body weight (22.95 6 1.1 kcal/
kg) than did the nonobese women (30.8 6 1.4 kcal/kg; P ,
0.0001; Table 2). There were no significant differences in self-
reported energy intake across the different phases of the ex-
periment (F2,52 = 0.85, P = 0.36) and or in portion-size group
(F2,52 = 0.98, P = 0.38) and no significant interactions between
weight status and portion-size group (F2,52 = 1.80, P = 0.17;
Table 2).

There was a significant interaction of portion-size condition
and phase (baseline compared with daily intake) on both the
number of categories from which snack foods were consumed
(F2,47 = 5.31, P = 0.008) and the number of snack food portions
consumed (F2,47 = 2.58, P = 0.001). Linear contrasts showed
that both the number of snack food categories and number of
snack food portions increased from baseline to the daily intake
phase in the 100- and 300-kcal groups as compared with the 0-
kcal group, with no difference as a function of weight status for
either comparison (F1,47 = 0.39, P = 0.51 and F1,47 = 1.81, P =
0.18; Figure 2).

Operant responding for food

The MRM showed that there was a significant interaction of
BMI, phase, and portion-size group on the pattern of responding

FIGURE 1. Mean (6SEM) values for self-reported food liking in
nonobese (n = 31) and obese (n = 27) participants at baseline and after 2
wk of daily intake of different portions (0, 100, or 300 kcal) of the same
snack food (post daily intake). Liking was reported on a 100-mm visual
analog scale anchored by “do not like” at 0 mm and “like a lot” at 100
mm. Within- (before and after session) and between- (baseline and after
daily intake) session changes in food liking were compared by using a 4-
factor mixed ANOVA with weight-status and portion-size group as the
between-subjects factors and before session/after session and phase
(baseline to after daily intake) as the within-subjects factors. Post hoc
comparisons were made by using linear contrasts, and Bonferroni
corrections were applied to control for multiple comparisons. When
before-session liking was compared across phase and portion-size and
weight-status groups, there was a main effect of phase (F1,56 = 25.58, P ,
0.001) and an interaction between portion-size group and phase (F2,52 =
4.31, P = 0.02). Significant reductions were observed in before-session
snack food liking from baseline to the after daily intake phase only in the
300-kcal group. *Significantly different from baseline, P = 0.015.
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across schedules of reinforcement for the linear (P , 0.001) and
quadratic (P , 0.001) trends, with control for age, hunger,
scores on the 3 subscales of the TFEQ (dietary restraint, disin-
hibition, and hunger), minority status, and BES score. The
quadratic function improved the model fit over the linear trend
(v22 = 13.89, P , 0.001). This relation was further explored by
conducting separate MRM analyses within each portion-size
condition. The 300-kcal group, but not the 0-kcal or the 100-kcal
group showed a significant interaction of BMI and time on op-
erant responding for both the linear (P , 0.001) and the qua-
dratic (P , 0.001) trends. The quadratic function improved the
model fit over the linear (v21 = 4.77, P , 0.05). None of the
variables served as moderators of the changes from baseline to
the daily intake phase for any of the analyses. The separate
MRM analyses of the baseline and daily intake phases showed
that there were no differences in the pattern of operant re-
sponding as a function of BMI (P = 0.80) or group (P = 0.66) at
baseline, but after the daily intake phase there was a significant
interaction of reinforcement schedule, experimental group, and
BMI (P , 0.0001) and reinforcement schedule and group (P =
0.01). Analysis of each weight-status group separately showed
that there was a significant interaction of experimental phase and
portion-size group in the nonobese women for both the linear
(P = 0.01) and the quadratic (P = 0.01) trends and for the linear
trend in the obese women (P , 0.0001; Figure 3).

DISCUSSION

The results showed that daily consumption of a 300-kcal snack
for 2 wk resulted in a bidirectional shift in food reinforcement,
with nonobese women decreasing and obese women increasing
food reinforcement. This occurred despite the fact that there was
a significant reduction in self-reported food liking in both the
nonobese and obese women in the 300-kcal portion-size group.
There was no difference in food reinforcement as a function of

weight status, experimental phase, or portion-size condition for
either the 0-kcal or the 100-kcal group. Food liking did not
change in the 0-kcal group, and only the obese women in the 100-
kcal group showed a significant reduction in food liking. These
results indicate that obese and nonobese women have differential
changes in food reinforcement after repeated intake of the same
snack food, whereas food liking decreases after repeated con-
sumption regardless of weight status.

There are several potential explanations for the increase in
food reinforcement in obese women. First, common neurobio-
logical pathways underlie overeating and drug abuse (25, 26).
Therefore, as with drug responses, there could be an inverted U-
shaped curve for snack food reinforcement. It is possible that the
300-kcal portion of food was on the descending limb of the curve
for nonobese participants (reinforcer satiation); thus, when they
returned to the laboratory after 2 wk of daily consumption, this
snack food was at a low level of reinforcement. In contrast, the
300-kcal portion could have been optimal, or at the peak of the
curve, for obese women and when they returned to the laboratory
they found this food very reinforcing. If this is the case, an even
larger daily portion size would be required for reinforcer satiation
and a decrease in food reinforcement in obese individuals in
a similar manner as seen for the 300-kcal portion in the nonobese
individuals (13). Similarly, the 100-kcal portion may have been
too small to exert any effects on food reinforcement, which
supports the hypothesis that there is an “optimal dose” or portion
size. Another possibility is that daily intake of snack food led to
incentive sensitization to the snack food in obese women. In-
centive sensitization is an increase in the incentive motivational
properties of a stimulus after repeated exposure (27–30). Re-
search has shown increased motivated responding for food after
initial exposure to food cues (31, 32). These studies were con-
ducted within a single experimental session, and, to our
knowledge, there has been no research on the incentive sensi-
tization to food over days or weeks of exposure. In the present

TABLE 2

Energy intake (raw and adjusted for body weight) in the laboratory and outside of the laboratory during the baseline and daily intake phases by weight status

and portion-size group1

Baseline After daily intake

0 kcal 100 kcal 300 kcal 0 kcal 100 kcal 300 kcal

Nonobese women

Laboratory, unadjusted 227.8 6 43.8 225.9 6 47.8 227.8 6 43.8 168.9 6 47.4 125.6 6 38.2 168.9 6 47.4

Laboratory, adjusted 2.5 6 1.5 3.8 6 0.8 3.4 6 0.7 2.3 6 1.0 2.2 6 0.7 2.7 6 0.8

Home, unadjusted 1675 6 118 1895 6 117 2148 6 151 1598 6 188 1862 6 148 2240 6 182

Home, adjusted 26.8 6 2.3 32.7 6 2.5 32.2 6 2.2 25.5 6 3.2 32.8 6 3.6 33.7 6 2.7

Obese women

Laboratory, unadjusted 218.9 6 37.4 242.3 6 46.4 212.1 6 74.9 221.5 6 24.3 145.9 6 50.7 229.7 6 104.1

Laboratory, adjusted 2.1 6 0.4 2.4 6 0.4 2.2 6 0.8 2.1 6 0.3 1.5 6 0.4 2.3 6 1.0

Home, unadjusted 2442 6 126 2255 6 250 2276 6 244 2279 6 125 2148 6 227 2271 6 181

Home, adjusted 22.4 6 1.1 23.1 6 2.4 23.4 6 1.9 20.9 6 1.0 22.0 6 2.2 23.5 6 1.2

1 All values are means 6 SEs. Between-session changes (from baseline to after daily intake phase) in energy consumed during the experimental session

(kcal consumed in the laboratory) and energy consumed as assessed by 24-h dietary recalls (kcal consumed at home) were compared by using a mixed

ANOVAwith weight-status and portion-size group as the between-subjects factors and phase as the within-subjects factor. The data were compared by using

the raw values as well as the values adjusted for body weight (kcal/kg). Post hoc comparisons were made by using linear contrasts. There was a main effect of

weight status on energy intake from 24-h dietary recalls for the uncorrected data, with obese women consuming more energy than the nonobese women. After

the data were adjusted for body weight, there was still a main effect of weight status (F1,52 = 21.98, P , 0.0001), but it was in the opposite direction, with

nonobese participants consuming more kcal/kg than obese individuals. There was no effect of weight status or group on laboratory energy intake (adjusted or

unadjusted), but there was a significant main effect of phase (F1,52 = 4.88, P = 0.03) with a decrease in laboratory energy intake from baseline to the daily

intake phase.
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study, only the obese participants showed sensitization, which is
consistent with incentive sensitization theory, which states that
sensitization will occur after repeated stimulation in susceptible
individuals under specific circumstances (28). Perhaps obesity is
a risk factor for sensitization to food stimuli. If this is the case, the

question becomes whether chronic overeating leads to suscep-
tibility to sensitization to food or if susceptibility to sensitization
is a risk factor for overeating and obesity.

In contrast with the effects of daily snack food on food re-
inforcement, obese and nonobese women reported a significant
decrease in food liking after daily consumption of the 300-kcal
food portion. This finding is similar to studies on monotony in
which hedonic ratings of eaten and uneaten food are examined
after days or weeks of consumption. Raynor and Wing (33)
showed that 4 d of consumption of the same snack food under
controlled laboratory conditions resulted in a significant decrease
in hedonic ratings for that food, relative to individuals who
consumed a different snack food on each of the 4 test days. These
effects are not specific to snack foods, because meal foods
consumed once a week for 10 wk (34) or every day for 5 d (35)
showed a reduction in pleasantness compared with free-choice
and variety control foods. Hetherington et al (36) examined
monotony for chocolate and for bread and butter after daily
consumption for 22 d. They found that liking of chocolate de-
creased, but liking of bread and butter remained stable. This
suggests that some foods that are consumed frequently may be
resistant to monotony. In addition, although liking of chocolate
decreased significantly over time, the ad libitum consumption of
chocolate increased, lending support to the hypothesis that
“liking” and “wanting” are separable processes.

Studies that have concurrently examined motivation for
a stimulus (wanting) and hedonic ratings of a stimulus (liking)
have consistently shown that for a number of stimuli, including
food (9, 37–40) and drugs (28–30), the effects of exposure on
liking can be dissociated from the effects on wanting or moti-
vation to obtain. For example, a recent study by Finlayson et al
(40) showed that subjective liking and wanting for a savory food
were similar when participants were hungry but diverged after
consumption of a savory meal, with liking for savory foods
increasing and wanting of savory foods decreasing. In the same
study, when participants were hungry, liking of sweet foods was
high, but wanting of sweet foods was low. However, after a savory
meal was consumed, wanting and liking of sweet foods con-
verged and were equal. This study suggests that wanting and
liking are dissociable and are sensitive to different factors related
to food intake.What is unique about our current findings is that all
participants were exposed to the same experimental treatment
and had a similar decrease in before-session food liking from
baseline to after daily intake, but the decrease in food liking was
associated with an increase in food reinforcement only in obese
individuals in the 300-kcal portion-size group. This is consistent
with other literature showing that there are not differences in
baseline food liking or in changes in liking of eaten foods relative
to uneaten foods (sensory specific satiation) as a function of
weight status (41), but that food “wanting” or motivation to
obtain food increases as a function of body weight (9, 10).

This study was not without limitations. First, we relied on self-
report for daily snack food and energy intakes. It is possible that
everyone did not consume all of the snacks, even though the
participants in the 100-kcal and 300-kcal groups reported con-
suming the provided snack foods each day. This potential vari-
ability in snack food intake could have influenced our results.
Second, only women were included in this study. In the past we
have found that men and women respond differently to snack
food administration (13); therefore, we chose to focus on women.

FIGURE 2. Mean (6SEM) number of daily snack food servings
consumed (A) and the number of different snack food categories from
which daily snacks were selected (B) in women in each of the portion-
size conditions (0, 100, and 300 kcal) during the baseline and daily intake
phases. The data were compared by using a mixed ANOVA with
experimental phase (baseline and after daily intake) as the within-subjects
factor and weight-status and portion-size condition as the between-subjects
factors. Post hoc comparisons were made by using linear contrasts. There
was a significant interaction of portion-size condition and phase on both the
number of categories from which snack foods were consumed (F2,48 = 4.88,
P = 0.01) and the number of snack food portions consumed (F2,48 = 8.02, P =
0.001). Linear contrasts showed that both the number of snack food
categories and the number of snack food portions increased from baseline
to the daily intake phase in the 100- and 300-kcal groups as compared with
the 0-kcal group, with no difference as a function of weight status for either
comparison (F1,48 = 0.39, P = 0.51, and F1,48 = 1.81, P = 0.18).
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This limits the generalization of our findings to men and elim-
inates the study of sex as a moderator or differential responding to
daily snack food intake. Third, we did not measure ad libitum
water consumption. It is possible that the volume of water
consumed could have influenced motivation towork for food and/
or energy intake. Finally, previous research has shown greater

food reinforcement for obese than for nonobese peers (9–11).
However, in the current study, no differences in food re-
inforcement as a function of weight status were observed at
baseline; this difference only emerged after the daily intake
phase. One possible reason for this is that, in the current study, we
had extensive contact focused on food intake, in the form of

FIGURE 3. Mean (6SEM) number of operant responses for food in nonobese (n = 31) and obese (n = 27) participants in the 300-, 100-, and 0-kcal groups
at baseline and after daily intake across different schedules of reinforcement. Changes in the pattern of operant responding for food as a function of phase
(baseline compared with after daily intake) were compared by using mixed-effects regression models (MRMs) (23). The MRMs compared the pattern of
operant responses for food after the daily intake phase to responses for food at baseline, with BMI and portion-size group as time-invariant predictors, the
schedule of reinforcement as the time-variant predictor, and age, hunger, and scores on the Binge Eating Scale and the 3 subscales of the Three-Factor Eating
Questionnaire (dietary restraint, disinhibition, and hunger) as covariates. Each of the covariates was also tested as a moderator of responding by interacting it
with phase and schedule of reinforcement. Because none of the participants in any condition responded on the 1024 schedule, this schedule was excluded from
the analysis. Interactions from the primary MRM analysis were probed using separate MRM analyses for each phase, weight-status group, and portion-size
group by using the linear and quadratic trends where appropriate. There was a significant group · weight status · reinforcement schedule effect (P , 0.0001).
Further probing of this analysis showed that obese individuals in the 300-kcal group responded significantly more for food after the daily intake phase than at
baseline (P , 0.0001), and nonobese individuals in the 300-kcal group responded less for food after the daily intake phase than at baseline (P = 0.01). There
were no differences in the 0- or 100-kcal groups (all P . 0.05).
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participant daily food and beverage recording and telephone
dietary recalls, before testing food reinforcement. This may have
increased the participants’ awareness of their food and energy
intakes and influenced their responding for food. It is also
possible that other methodologic or sampling differences (eg, we
focused on women who were low in dietary restraint) may have
accounted for the discrepancies in our results. Even if we had
observed differences in food reinforcement between the obese
and nonobese groups at baseline, we do not believe this would
have changed our results. The primary finding was that obese
women increased and nonobese women decreased their food
reinforcement after the daily intake phase. If the obese women
had higher food reinforcement at baseline, they may have had less
room to increase responding after the daily intake phase; how-
ever, we believe that their pattern of responding would have
remained the same.

In summary, we showed that obese and nonobese women
shifted food reinforcement in response to 2 wk of daily intake of
a 300-kcal portion of a snack food compared with daily intakes of
0 or 100 kcal, with obese women increasing food reinforcement
and nonobese women decreasing food reinforcement. These
effects were not attributable to differences in snack food liking or
to differences in food reinforcement between the obese and
nonobese women at baseline. Future studies will focus on de-
termining whether these effects are specific to unhealthy snack
foods or if we get the same response to healthy snacks as well. In
addition, we will measure the stimulus specificity of these effects
by determining whether the changes in food reinforcement after
consuming one food will generalize to similar classes of foods.
When taken together, our study suggests that daily intake of the
same snack food is not a viable strategy to decrease food re-
inforcement in obese individuals without other manipulations of
food or energy intake.
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