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ARTICLE INFO ABSTRACT

Findings of a few recent studies suggest that obesity is characterized by deficits in appetitive learning about food
cues. This could point towards an increased tendency in obese individuals to overgeneralize appetitive re-
sponding to stimuli that resemble the conditioned food cue — possibly explaining frequent eating desires and
overeating in obesity. The current study aimed to investigate whether obese individuals 1) indeed exhibit ap-
petitive learning deficits and 2) show overgeneralization of conditioned appetitive responses. Obese and mat-
ched healthy-weight females (N = 85) completed a differential appetitive conditioning task using food as re-
wards. First, appetitive responding to a novel stimulus was learned (acquisition phase), after which stimuli with
varying resemblance to the food-associated stimulus were presented (generalization phase). Cue-elicited eating
expectancies, eating desires, stimulus evaluations, and actual food intake were examined. Results indicated
successful acquisition of appetitive responding across all outcome measures. The acquired responses also gen-
eralized, indicating that generalization can function as an additional mechanism by which learned food cues can
promote food consumption. The data further suggested that overweight and obesity are not characterized by
appetitive learning deficits nor by overgeneralization, but that a subgroup of obese individuals (those high in
trait anxiety) may be more prone to overgeneralization of appetitive responding.
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1. Introduction

Obesity prevalence remains high, with over 36% of U.S adults
currently being obese (Ogden et al., 2016). It is thought that our
‘obesogenic’ environment — which offers an abundance of tasty, cheap,
and high-calorie food - is the main driver of overconsumption and
weight gain (Swinburn, Egger, & Raza, 1999). Specifically, food-asso-
ciated cues (e.g., the smell of freshly baked pizza, the sight of one's
favourite snack bar, etc) within this environment elicit ‘food cue re-
activity’ such as heightened eating desires or cravings, and stimulate
(over)eating (Boswell & Kober, 2016; Jansen, Schyns, Bongers, & van
den Akker, 2016; Nederkoorn, Smulders, & Jansen, 2000). Yet, not
everybody becomes obese in this environment, suggesting the presence
of some underlying characteristics in obese individuals that contribute
to (food cue-elicited) overeating and weight gain.

Learning models of food cue reactivity propose that food cues are
conditioned stimuli (CSs) that have once become associated with intake
(unconditioned stimulus or US) through repeated CS — US pairings, and

as a consequence, elicit conditioned appetitive responses (CRs, food cue
reactivity) (Bouton, 2011; Jansen, 1998; Jansen, Schyns, Bongers, &
Akker, 2016). In line with this idea, studies have shown that after re-
peated pairings between an arbitrary stimulus (e.g., a geometric shape;
CS+) and food intake (e.g., eating a piece of chocolate), this stimulus
elicits conditioned responses including increased eating desires, eating
expectancies, more positive evaluations, and physiological and neural
activity, compared with a stimulus never associated with eating (CS—)
(Blechert, Testa, Georgii, Klimesch, & Wilhelm, 2016; van den Akker,
Jansen, Frentz, & Havermans, 2013; van den Akker, Schyns, & Jansen,
2018; Van Gucht, Vansteenwegen, Van den Bergh, & Beckers, 2008;
Wardle, Lopez-Gamundi, & Flagel, 2018).

Might inter-individual differences in appetitive learning about food
cues account for individual differences in overeating and weight?
Recent studies have begun to examine this question by comparing
overweight/obese and healthy weight individuals in the learning (ac-
quisition) of appetitive responses to a food-associated CS + vs. a CS—.
Interestingly, some studies have reported evidence for worse appetitive
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learning in overweight/obese individuals, as reflected by a reduced
discriminative (CS + vs. CS—) learning of US (eating) expectancies, US
(eating) desires, and CS evaluations/preferences (van den Akker,
Schyns, & Jansen, 2017; Coppin, Nolan-Poupart, Jones-Gotman, &
Small, 2014; Zhang, Manson, Schiller, & Levy, 2014; see also; Kube
et al., 2017). Of note, this finding has not been consistently replicated,
with data of some studies suggesting a stronger acquisition in over-
weight/obese individuals (Meemken, Kube, Wickner, & Horstmann,
2018; Meyer, Risbrough, Liang, & Boutelle, 2015).

Findings suggesting that obesity is associated with a discriminative
learning deficit are counterintuitive, and raise the question how such a
deficit might be causally linked to overeating. One intriguing possibility
is that reduced discrimination learning translates to overgeneralization
(van den Akker et al., 2017). Overgeneralization occurs when one
generalizes old experiences to too many new situations (Hermans,
Baeyens, & Vervliet, 2013). For example, an individual who usually eats
crisps (US) in the evening while watching television in his or her living
room (CS) might learn that this specific situation predicts crisp eating —
resulting in reactivity to this specific context. In contrast, over-
generalization could result in reactivity to a wider range of stimuli
perceptually or conceptually related to the original CS — such as to other
people's living rooms, to other ‘relaxing’ contexts such as a holiday, or
to ‘evening time’ in general. A person who overgeneralizes will thus
have many reactivity-eliciting stimuli in his or her environment, pro-
moting frequent food desires and (over)eating — essentially, the en-
vironment is more ‘obesogenic’ for individuals who overgeneralize than
for individuals who do not overgeneralize. Such overgeneralization in
obesity is in line with the more frequently experienced food cravings in
obese individuals compared to healthy weight people (Chao, Grilo,
White, & Sinha, 2014). Further, the discriminative learning deficits in
obesity reported in prior studies might point towards over-
generalization since a reduced ability to distinguish predictive and non-
predictive cues can be considered a central characteristic of over-
generalization (Hermans et al., 2013). This idea is supported by the
finding that the reduced discriminative learning between a CS+ and a
CS— in previous studies was (partially) driven by increased responding
to the CS —, which can be a consequence of overgeneralization from the
CS + to the CS— (van den Akker et al., 2017; Zhang et al., 2014). To
date, no study has directly examined whether obese and healthy weight
individuals show differences in generalization.

In addition to weight status, other individual characteristics may
exist that are associated with worse acquisition and greater general-
ization. For example, some fear conditioning studies have found trait
anxiety (a tendency to experience anxiety/negative affect in general) to
be related to deficient fear acquisition and overgeneralization of fear
(Gazendam, Kamphuis, & Kindt, 2013; Haddad, Pritchett, Lissek, & Lau,
2012; Lonsdorf & Merz, 2017; Wong & Lovibond, 2018), and some
evidence suggests that similar relationships might exist for state anxiety
(one's current anxiety/negative affect level) (Kuhn, Mertens, &
Lonsdorf, 2016; Vriends et al., 2011). Trait and state anxiety could
potentially moderate acquisition and generalization of appetitive re-
sponses as well, if they are associated with a more general (rather than
fear-specific) predisposition to reduced acquisition/increased general-
ization (Eaton, Rodriguez-Seijas, Carragher, & Krueger, 2015; Laufer,
Israeli, & Paz, 2016). This might also be in line with the frequently seen
co-morbidities between anxiety disorders and obesity (Gariepy, Nitka,
& Schmitz, 2010).

The main aims of this study are to test whether obesity is char-
acterized by 1) a discriminative appetitive learning deficit, and 2)
overgeneralization of learned appetitive responding. To this end, obese
and healthy weight individuals are compared on a differential

! Thus, in the current study, generalization is conceptualized as increased
responding to stimuli that resemble the original CS+. Of note, responding may
also spread to irrelevant stimuli (Lissek & van Meurs, 2015).
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appetitive conditioning task including an acquisition and generalization
phase. As secondary aims, it is examined whether inter-individual dif-
ferences in acquisition and generalization patterns are associated with
(1) the frequency in which eating desires are experienced in daily life
(as a possible real-life index of generalized appetitive responding) and
(2) the level of trait and state anxiety. It is hypothesized that obese vs.
healthy weight individuals will show reduced differential learning as
well as greater generalization across the outcome measures (US ex-
pectancies, US desires, CS evaluations, and actual cue-elicited food in-
take). Further, it is expected that higher reported desire frequencies and
greater levels of trait and state anxiety will be related to a worse ac-
quisition and more generalization.

2. Methods and materials
2.1. Participants

Eighty-five women took part in the study (obese [OB]: n = 45;
healthy weight [HW]: n = 40). An a priori sample size analysis using
differences in post-acquisition differential (CS + vs CS-) eating desires
between overweight and healthy weight females (Cohen's d = 0.62)
obtained in a prior study (van den Akker et al., 2017)? showed that 84
participants would be needed (alpha = 0.05, power = 0.80). The two
groups were recruited from the community and matched on age and
education level. Participants were screened on inclusion and exclusion
criteria during a phone interview. Inclusion criteria were: age 18-60,
BMI > 30 (OB) or 18.5-24 (HW) and indicating a liking for one of the
USs. Exclusion criteria were: self-reported pregnancy, prior bariatric
surgery, current severe physical illness, current use of psychotropic
medication, and current or prior (< 5 years) diagnosis of psychotic
disorder. The HW group was additionally required to report no current
or recent (< 5 years) diagnosed mental disorder and no recent con-
siderable weight loss (> 5 kg over 6 months). Seven participants in the
OB group reported one or more current or prior (< 5 years) diagnosed
co-morbid conditions, including eating disorders (n = 2), drug abuse
(n = 1), anxiety disorders (n = 5), depressive disorders (n = 5), and
personality disorders (n = 2). All participants were instructed to have a
small meal (e.g., a sandwich) 2h prior to the start of the study. Parti-
cipants received a monetary compensation for participation. The study
was approved by the local ethical committee. For participant char-
acteristics, see Table 1.

2.2. Overview of the study

Participants completed a differential appetitive conditioning para-
digm including two phases: acquisition and generalization. During ac-
quisition, presentation of a (e.g., large) circle (CS+) was repeatedly
followed by US intake. Another (e.g., small) circle (CS—) was never
followed by food intake. During generalization, the CS+, CS—, and
generalization stimuli (GS; circles of intermediary sizes) were re-
peatedly presented. US expectancies, US desires, CS evaluations, and
CS/GS-elicited ad libitum food intake functioned as outcome measures.

2.3. Measures

Ratings: computerized Visual Analogue Scales (VASs) were used to
measure US expectancies (‘To what extent do you expect to receive cho-
colate/crisps right now?), US desires (‘When looking at this picture, how
strong is your desire for chocolate/crisps right now?‘), and CS evaluations
(‘How pleasant do you find this picture?). Anchors ranged from 0 (cer-
tainly not expect to receive chocolate/crisps/no desire at all/not pleasant at

2In this prior study, the post-acquisition CS + vs CS- differentiation in eating
desires was 3.24 ( + 10.81) for the overweight group and 11.21 ( + 14.44) for
the healthy weight group.
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Table 1
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Participant characteristics and baseline measurements per group; means/n with standard deviations/percentages in parentheses. HW: healthy weight; OB: obese;
BMI: Body Mass Index; US: unconditioned stimulus; STAI: State and Trait Anxiety Inventory; EDE-Q: Eating Disorder Examination Questionnaire (global score).

HW OB tor x2 (df)* p
n 40 45
BMI 21.98 (1.86) 35.79 (3.22) 23.80 (83) <.001
Age 43.38 (12.17) 44.02 (10.25) 0.27 (83) .79
Highest education [n(%)] 0.96 (3) .81
Lower 5 (12.50) 5(11.11)
Intermediate 19 (47.50) 24 (53.33)
Higher 11 (27.50) 13 (28.89)
University 5 (12.50) 3 (6.67)
Non-psychotropic med use"” [n (%)] 7 (17.50) 23 (51.11)
Baseline hunger 36.78 (25.15) 41.04 (27.73) 0.74 (83) .46
Minutes since food intake 145.75 (50.78) 140.30 (50.35) 0.49 (82) .62
US choice [n (%)] 1.47 (1) .23
Chocolate 29 (72.50) 27 (60.00)
Crisps 11 (27.50) 18 (40.00)
US liking 71.38 (24.57) 67.31 (22.71) 0.79 (83) .43
STAI-S 28.08 (6.33) 29.33 (8.18) 0.79 (83) .43
STAI-T 31.48 (6.50) 35.33 (10.57) 2.05 (74.22) .04
EDE-Q 0.90 (0.73) 2.75 (1.24) 8.53 (72.69) <.001

* Degrees of freedom vary due to missing data and violation of Levene's test for equality of variances.
** One obese participant unexpectedly reported using psychotropic medication (antidepressants) after participation. Excluding her data did not change the results

and therefore, the reported analyses include this participant.

all) to 100 (certainly expect to receive chocolate/crisps/very strong desire/
very pleasant). Contingency awareness was assessed with an open
question (“You sometimes received a piece of chocolate/a crisp during the
computer task. When did you receive this?“).

Food intake: ad libitum food intake was measured during a 10-min
bogus taste test. Three white cubes (approximately 14 cm in height/
width/depth) were positioned next to each other on the table in front of
the participant, with a generously filled bowl (containing the partici-
pant's US) placed on top of each of the cubes. The CS+, the CS—, and a
GS were each depicted on one of the cubes on the side facing the par-
ticipant. The circle sizes of the CS+ and CS— precisely matched the
circle sizes presented on the computer screen. The size of the GS was the
average of the two most intermediate circles (8.51 cm). The position
(left, right, or in the middle) of each cube (depicting the CS+, CS—, or
GS) was counterbalanced across participants, so that each stimulus was
placed left, in the middle, or right for an approximately equal number
of participants in each group, to control for possible order effects on
intake (participants may, for example, have a general tendency to
consume most of a bowl placed in the middle). Participants were in-
formed that the three types of chocolate/crisps presented on the cubes
were from the same factory, but that there would be small differences in
their taste. They were also told that they had to answer questions about
these supposed differences and were allowed to taste as much or as little
as they wanted from each food. The bowls were weighed before and
after the session to calculate kcal consumption.

Hunger and US liking: VASs were used to measure hunger (‘How
hungry are you right now?) and US liking (‘How much did you like the
chocolate/crisps?‘), with anchors ranging from 0 (not hungry at all/did
not like it at all) to 100 (very hungry/liked it very much).

State-Trait Anxiety Questionnaire (STAL Spielberger & Gorsuch,
1983): the STAI is a 40-item self-report questionnaire with two sub-
scales (trait and state anxiety, 20 items each). Items are scored on a
four-point Likert scale ranging from 1 (not at all) to 4 (very much),
higher total scores indicating higher levels of anxiety. Studies have
demonstrated the reliability and (convergent) validity of both subscales
of the STAI (Spielberger & Gorsuch, 1983; Novy et al., 1993).

Eating desire frequency: frequency of eating desires was assessed by
the question “How often during a day do you usually experience desires for
food?“. Response options were: 0 (never), 1 (rarely), 2 (sometimes), 3
(often), and 4 (almost all the time/all the time).

Eating Disorder Examination — Questionnaire (EDE-Q; Fairburn &

Beglin, 1994): the EDE-Q is a 28-item questionnaire and is considered a
valid and reliable self-report measure to assess eating psychopathology
(Luce & Crowther, 1999; Wilfley, Schwartz, Spurrell, & Fairburn, 1997).
Items are scored on a seven-point Likert scale ranging from 0 (never) to
6 (every day). The EDE-Q has four subscales (eating concerns, shape
concerns, weight concerns, and eating restraint), and a global score can
be calculated. Higher scores reflect greater levels of eating psycho-
pathology. The EDE-Q is a considered a valid and reliable self-report
measure for assessing eating psychopathology.

2.4. Stimuli

CSs: a small (5.08 cm) and a large (11.94) circle functioned as CSs
(Lissek et al., 2008). Which circle functioned as the CS + or CS— was
counterbalanced across participants.

GSs: eight intermediately sized circles functioned as the GSs, with
the first GS having a 15% larger diameter than the smallest circle, the
second GS having a 30% larger diameter than the smallest circle, etc
(Lissek et al., 2008). This resulted in circle diameters of 5.84, 6.60,
7.38, 8.13, 8.89, 9.65, 10.41, and 11.18 cm.

USs: the US was either a small piece of milk chocolate (approxi-
mately 1g) or a small crisp (approximately 0.5g), depending on the
preference of the participant. Participants could choose between two
brands of chocolate (Tony Chocoloneley and Cote d'or) and two brands
and three flavours of crisps (Lay's and Croky; salty, paprika, and bo-
lognese).

2.5. Acquisition and generalization task

The acquisition and generalization paradigms were adapted from
Lissek et al., 2008.

Acquisition consisted of twelve CS+ and twelve CS— trials. Ten of
the CS + trials were followed by a US. Trials were presented in a
random order except that no more than two consecutive trials were of
the same trial type. A trial proceeded as follows: the CS was presented
for 10 s, after which the expectancy VAS appeared under the CS. After
completion, the desire VAS was presented. After this, if applicable, the
US was provided, which was placed in front of the participant by an
experimenter sitting behind a screen. The inter-trial interval was 15 s.
After acquisition, CS liking was assessed by presenting each CS once
with a CS evaluation VAS.
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Generalization comprised three blocks that each included two
CS + trials (one followed by a US), two CS— trials, and one trial for
each GS (never reinforced by a US). Within each block, trials were
presented in a random order, and a trial proceeded the same way as in
acquisition. After the three blocks, all CSs and GSs were presented once
(in a random order) accompanied by a CS evaluation VAS.

2.6. Procedure

Participants were individually seen between 12 p.m. and 7 p.m.
After arrival, the participant gave written consent and completed a
hunger VAS. She was then structed that she would see pictures, answer
questions, and sometimes receive something to eat. She was not told
about the CS—US contingency but instructed that she might learn to
predict when she could taste something if she attends to the figures.
Next, the acquisition and then the generalization task was completed.
After this, the participant completed the US liking VAS, the bogus taste
test, the contingency awareness question, the desire frequency ques-
tion, a question about her idea of study's hypothesis, the STAI, the EDE-
Q, demographic questions, and the time of pre-experimental food in-
take. Finally, the participants' height and weight were measured, she
was thanked and compensated for participation.

2.7. Data reduction and statistical analyses

The twelve acquisition trials per CS—type were averaged into six
blocks. The eight generalization stimuli were averaged into four classes
(with class 1 resembling the CS— more and class 4 resembling the
CS + more) with responses being averaged over generalization blocks,
when applicable. Acquisition of US expectancies and eating desires was
analyzed using 2 (CS—type: CS + vs. CS—) X 6 (Block) x 2 (Group:
HW vs. OB) repeated-measures ANOVAs, with CS—type and Block as
within-subjects factors and Group as between-subjects factors.
Acquisition of conditioned evaluations was also examined using a re-
peated-measures ANOVA, with CS—type as within-subjects and Group
as between-subjects factors. Group differences in contingency aware-
ness (defined as having correctly indicated the CS—US contingency in
the open question) were analyzed using a Pearson's chi-square test.
Generalization of US expectancies, eating desires, and CS evaluations
was examined using 6 (Stimulus-type: CS—, class 1, class 2, class 3,
class 4, CS+) X 2 (Group: HW vs. OB) repeated-measures ANOVAs,
with Stimulus-type and Group as between-subjects factors. Food intake
was also analyzed using a repeated-measures ANOVA, with stimulus-
type (CS+, GS, CS—) as within-subject factor and Group as between
subjects factor. Desire frequency was coded as either low (never, rarely,
or sometimes, n = 44) or high (often or all the time, n = 41),% and
included as between-subjects factor in the main analyses (instead of
Group). Greenhouse-Geisser epsilon corrections are reported for re-
peated measures ANOVAs when sphericity was violated.

Finally, to examine whether trait and state anxiety scores were re-
lated to individual differences in responding, easy-to-interpret acquisi-
tion and generalization indexes were calculated for US expectancies, US
desires and CS evaluations. Acquisition indexes were calculated by
subtracting mean CS — responding from mean CS + responding during
acquisition (US expectancies and US desires) or post acquisition (CS
evaluations) (Winkelmann et al., 2016). As generalization indexes, a
linear deviation score was calculated for each dependent variable by
subtracting averaged CS+ and CS— responding from (averaged) GS
responding (Kaczkurkin et al., 2017); this score thus reflects the de-
viation of the generalization gradient from the linear midpoint, with
more positive scores indicating more generalization.” Correlations were

3 Almost all participants either answered “sometimes” (n = 41) or “often”
(n = 40).
4 One may argue that individuals prone to overgeneralization would exhibit
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computed between the acquisition and generalization indexes and an-
xiety scores.

3. Results
3.1. Acquisition

US expectancies and contingency learning: participants successfully
acquired differential US expectancies, as indicated by a significant CS-
type X Block interaction, F (3.47, 288.20) =83.17, p < .001,
npz = 0.50 (see Fig. 1, upper panel). This resulted in a significant
CS + vs. CS— differentiation on the last acquisition block, F (1,
83) = 286.19, p < .001, npz = 0.78. However, no significant group
differences were found in the course of acquisition nor in the last block,
CS-type x Trial X Group: F (3.47, 288.20) = 1.21,p = .31, np2 = 0.01,
main effect of Group: F (1, 83) = 3.52, p = .06, np2 = 0.04; last block:
CS-type X Group and main effect of Group: Fs < 1. In line with this,
groups did not differ in contingency awareness as assessed in the open
question (HW: n = 32 or 80% contingency aware; OB: n = 35 or 78%),
x? (1, N = 85) = 0.06, p = .80, Cramer's phi = .03.

US desires: differential US desires were successfully acquired (CS-
type X Block), F (2.77, 229.78) = 9.07, p < .001, ﬂp2 = 0.10, re-
sulting in significantly heightened desires to the CS + vs. CS— on the
last block, F (1, 83) = 24.43, p < .001, npz = 0.23 (see Fig. 1, lower
panel). No significant differences across groups were found, CS-
type X Trial X Group: F (2.77, 229.78) = 1.60, p = .19, npz = 0.02,
main effect of Group: F < 1; CS-type X Group and main effect of
Group on the last block: Fs < 1.

CS evaluations: after acquisition, participants evaluated the
CS + more positively than the CS—, F (1, 83) = 8.63, p = .004,
np2 = 0.09, again with no differences across the groups, CS-
type X Group and main effect of Group: Fs < 1 (HW CS+: M = 57.10,
SD = 25.16; HW CS—: 45.55, SD = 26.12; OB CS+: 58.16,
SD = 31.09; OB CS—: M = 40.22, SD = 31.17).

3.2. Generalization

Because acquisition is a prerequisite for generalization (Ahmed &
Lovibond, 2015; Lenaert, van de Ven, Kaas, & Vlaeyen, 2016), parti-
cipants who did not acquire differential US expectancies (differentia-
tion last block < 20), US desires (differentiation last block < 5) and
CS evaluations (post-acquisition differentiation < 5) were excluded
from the respective analyses. For the US expectancies and CS evalua-
tions analyses, one vs. two additional participants were excluded who
suddenly shifted their responses to the CS+ and CS— during general-
ization. The analyses are based on the remaining sample (US ex-
pectancies: OB n = 35, HW n = 35; US desires: OB n = 18, HW
n = 16; CS evaluations: OB n = 22, HW n = 16). However, when
including the entire sample, the outcomes of the analyses were largely
similar; when this was not the case this is indicated below. Finally,
because individual differences might be especially pronounced when
GSs are first presented (i.e., in the first block) due to extinction of
generalized responding, analyses were repeated for the first block only,
when applicable. Outcomes of these analyses were similar to those in-
cluding averaged scores; therefore, only the latter are reported.

US expectancies: a main effect of Stimulus-type was found, F(2.73,
185.85) = 236.89, p < .001, n,> = 0.78. Within-subjects contrasts

(footnote continued)

(more) generalization to the CS-, which would result, ceteris paribus, in a lower
generalization score. However, theory predicts that responding (over)gen-
eralizes as a function of stimulus similarity, and this is also reflected in GS
responding; therefore, a tendency to overgeneralize should have considerably
more impact on more similar GSs than on the dissimilar CS-, hence resulting in
a positive score.
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Fig. 1. Acquisition of US expectancies and US desires across groups, CS — type, and acquisition block (+SEM). HW: healthy weight; OB: obese; US: unconditioned
stimulus; CS+: stimulus paired with the US; CS—: stimulus not paired with the US.

showed linear and quadratic trends of this effect, F(1, 68) = 650.95,
p < .001, n,2 =0.91; F(1, 68) = 56.42, p < .001, n,> = 0.45, in-
dicating linear and quadratic increases in US expectancies to stimuli
with greater similarity to the CS+ (see Fig. 2, upper panel). However,
the Group X Stimulus-type interaction was not significant, F < 1
(main effect of Group: F < 1). Thus, these findings suggest that US
expectancies generalize as a function of stimulus similarity, but that
healthy weight vs. obese individuals do not differ in generalization.

US desires: a main effect of stimulus-type was found, F(1.70,
54.50) = 33.88, p < .001, n,? = 0.51, with linear and quadratic in-
creases in desires to stimuli with increasing CS + similarity, F(1,
32) = 45.87, p < .001, n,”>=0.58; F(1, 32)=1508, p < .001,
ny> = 0.32 (see Fig. 2, middle panel). The Group X Stimulus-type in-
teraction and the main effect of Group were not significant, Fs < 1.

CS evaluations: again, analyses revealed a main effect of Stimulus-
type, F(2.40, 86.52) = 81.35, p < .001, npz = 0.69, and significant
linear and quadratic trends of this effect, F(1, 36) = 138.58,p < .001,
0,2 = 0.79, F(1, 36) = 16.02, p < .001, 1,%> = 0.31 (quadratic trend
entire sample: F(1, 83) = 3.62, p = .06, npz = 0.04) (see Fig. 2, lower
panel). The Group X Stimulus-type interaction and the main effect of
Group were not significant, Fs < 1.

3.3. Ad libitum food intake

As expected, a main effect of stimulus-type was found, F(1.72,
142.39) = 8.30, p = .001, np2 = 0.09 (entire sample), with follow-up
analyses indicating that both CS+, F(1, 83) = 12.38, p =.001,
n,> = 0.13, and GS intake, F(1, 83) = 8.03, p = .006, n,> = 0.09, was
significantly higher than CS— intake (CS + vs. GS: F(1, 83) = 3.19,
p = .08, 1,°> = 0.04) (see Fig. 3). The main effect of Group and its in-
teraction with Stimulus-type were not significant, F(1, 83) = 2.88,
p = .09, n,2 = 0.03, F(1.72, 142.39) = 1.70, p = .19, n,> = 0.02, re-
spectively. Thus, these data demonstrate that 1) the food-associated
stimulus (CS+) stimulated food intake compared with the CS—, and 2)
this potentiation was (at least partly) transferred to a stimulus that
resembled the CS+ (i.e., the GS).

3.4. Moderators

Desire frequency: obese vs. healthy weight individuals were about
twice as likely to report a high frequency of eating desires in their daily
life (HW: n=13 or 32.50%; OB: n=28 or 62.22%), x2 1,
N =85) = 7.49, p =.006, Cramer's Phi = .30. However, including
desire frequency as a between-subjects factor in the repeated-measures
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Fig. 2. Generalization gradients of US expectancies, US desires, and CS evaluations across groups, and stimulus-type (4 SEM). Left panels: entire sample (N = 85).
Right panels: subsample of participants who showed successful acquisition of responding (see section ‘Generalization’ for details). HW: healthy weight; OB: obese; US:
unconditioned stimulus; CS+: stimulus paired with the US; GC: generalization stimulus (class); CS—: stimulus not paired with the US.

ANOVAs showed that reporting a low vs. high desire frequency was not
related to differences in acquisition nor generalization of US ex-
pectancies [differentiation last acquisition block: F(1, 83) = 1.18,
p = .28, n,> = 0.01, all other Fs < 1], US desires [all Fs < 1], CS
evaluations [acquisition: F(1, 83) = 1.45, p = .23, np2 = 0.02, gen-
eralization: F < 1], or cued food intake [F < 1].

State and trait anxiety: in line with the hypotheses, the correlation
between trait anxiety scores and generalization of CS evaluations was
marginally significant, r = 0.32, p = .054. Exploratory analyses sug-
gested that this correlation was specific for the obese group, r = .43,
p =.046 (HW: r = 0.07, p = .79). No other correlations were found
between state or trait anxiety scores and the acquisition (largest
r=0.18, smallest p=.09) and generalization indexes (largest
r = 0.30, smallest p = .09). Including the entire sample in the analyses
revealed no significant correlations. See Table 1 for mean trait and state
anxiety scores per group.

4. Discussion

The main aim of this study was to examine whether obese vs.
healthy weight females show 1) worse discrimination learning and 2)
greater generalization of appetitive responding. In addition, it was in-
vestigated whether increased self-reported daily desire frequency and
trait and state anxiety are associated with a worse acquisition and
greater generalization. Results showed successful acquisition across all
outcome measures, as reflected by heightened US expectancies, desires
to eat, evaluations, and ad libitum food intake to the CS + vs. CS—. The
acquired appetitive responses also generalized: participants showed
stronger responding to stimuli (GSs) that were more similar to the CS+.
However, no evidence was found for differences in responding as a
function of weight status or desire frequency. Trait anxiety was asso-
ciated with more generalization of acquired CS evaluations.

The finding that human appetitive responding can generalize is
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Fig. 3. Total kcal intake across groups and stimulus type (+SEM). HW: healthy weight; OB: obese; US: unconditioned stimulus; CS +: stimulus paired with the US;

GS: generalization stimulus; CS —: stimulus not paired with the US.

interesting in its own right: it shows that stimuli that resemble original
CS + s but that were never actually paired with eating are able to sti-
mulate appetitive responding including actual food consumption in
humans.” This provides an additional mechanism by which learned
cues can promote appetitive responding and (over)eating in real-life,
i.e., by increasing the number of cues that elicit appetitive reactivity. For
example, generalization may cause a person who learned to eat when
feeling sad (CS+) to also exhibit appetitive responding to other nega-
tive emotions (e.g., feeling stressed or bored), a person who always eats
crisps when watching a movie at home (CS+) to experience appetitive
reactivity when watching a movie at the cinema, and a person who
learns to eat a cookie with their afternoon tea (CS +) to show reactivity
when consuming any hot beverage. Weight loss interventions may ul-
timately benefit from insights into the role of generalization processes
in (over)eating. For example, interventions aimed at the extinction of
appetitive responding (cue exposure therapy, e.g., Boutelle et al., 2014;
Jansen, Van Den Hout, De Loof, Zandbergen, & Griez, 1989; Jansen,
1998; Schyns, van den Akker, Roefs, Hilberath, & Jansen, 2018; Schyns,
Roefs, Smulders, & Jansen, 2018; Schyns, Roefs, Mulkens, & Jansen,
2016) can, theoretically, be optimized by carefully identifying the
CS + s originally associated with food intake and including these
during therapy: extinction of the original CS + s can be expected to
effectively diminish GS-elicited responding as well (Vervoort, Vervliet,
Bennett, & Baeyens, 2014).

We hypothesized that obese individuals, and individuals who ex-
perience frequent eating desires, would exhibit a greater generalization
of appetitive responding. No evidence was found for this, which sug-
gests that inter-individual differences in the generalization process do
not strongly account for individual differences in desire frequency,
overeating and weight. At the same time, the present study provided
initial evidence that overgeneralization might be a characteristic only
of a certain subgroup of obese individuals, i.e., those high in trait an-
xiety. This could be in line with findings of a recent study showing that
anxiety patients (vs. healthy controls) overgeneralized after appetitive
conditioning with monetary rewards (Laufer et al., 2016).° Together,
these interesting findings could suggest that (vulnerability to) anxiety is
not a specific risk factor for overgeneralization of fear, but may instead

5 A recent appetitive conditioning study provided evidence for generalization
in a healthy student sample with regards to US expectancies and valence, and to
some extent, startle responses (Andreatta & Pauli, 2019).

6 Perhaps relatedly, a prior study suggested that acute stress promotes over-
generalization of appetitive responding (Kruse, Ledn, Stalder, Stark, & Klucken,
2018).

reflect a more general predisposition towards overgeneralization across
aversive and appetitive domains. Given the sparse amount of research
on this topic however, and that the anxiety-generalization relationship
was restricted to a single outcome measure in the current study (and to
individuals who showed successful acquisition), additional research is
necessary to determine if and how obesity, anxiety, and generalization
are related.

As outlined in the Introduction, prior findings have suggested that
overweight and obesity are characterized by appetitive learning deficits
(van den Akker et al., 2017; Coppin et al., 2014; Zhang et al., 2014),
whereas other findings suggested better learning in overweight/obesity
(Meemken et al., 2018; Meyer et al., 2015). The current study adds a
third possibility by suggesting that obese and healthy-weight in-
dividuals do not differ in appetitive learning. This mixed pattern of
findings across studies could indicate that whether, and in which di-
rection, overweight/obese individuals show altered appetitive learning
depends on certain (to date unidentified) factors.” Unfortunately, any
comparisons between the current and prior studies that might shed
light on these factors are complicated by their large diversity in the
paradigm that was used (e.g., how the US was provided, how many
trials were given, the rate of reinforcement, what was measured, and
which instructions the participants received) as well as sample selection
(e.g., how the sample was recruited and if and how groups were mat-
ched). However, more generally, mixed outcomes of studies examining
reactivity to the sight and/or smell of food (i.e., food cues) in over-
weight/obese vs. healthy weight individuals are actually quite common
(Boswell & Kober, 2016; Ziauddeen, Farooqi, & Fletcher, 2012). It has
recently been argued that these inconsistencies may be explained by
food cue processing not being a static process, but being heavily in-
fluenced by cognitive factors such as one's current focus of attention
(e.g., health vs. pleasure) or cognitive regulation strategies (e.g., sup-
pression) (Roefs, Franssen, & Jansen, 2018). For example, in one study,
neural food cue reactivity was increased in overweight (vs. healthy
weight) individuals when participants were instructed to focus on taste
aspects of food; in contrast, when no additional instructions were given
overweight individuals showed reduced food cue reactivity (Frankort
et al., 2012). Presumably, due to their strong ambivalence towards food
cues, overweight individuals focused predominantly on health aspects
in the latter case, resulting in reduced reward processing (Frankort
et al,, 2012). Perhaps the inconsistent findings across appetitive

7 Importantly, this rests on the assumption that all studies contain replicable
findings, and are not due to, for example, limited sample size.
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conditioning studies examining weight status can be similarly ac-
counted for by such cognitive factors, which were not manipulated nor
held constant in any of the studies. This remains an interesting open
question for future research.

Finally, individuals consumed significantly more food (crisps or
chocolate) from bowls that depicted the food-associated stimulus (CS
+) vs. control stimulus (CS —). Given that human conditioning studies
rarely examine actual food intake, this finding is important: it provides
among the first evidence that conditioned cues not only elicit psycho-
logical and physiological reactivity in humans but can, crucially, also
alter actual food intake (Birch, McPhee, Sullivan, & Johnson, 1989;
Ridley-Siegert, Crombag, & Yeomans, 2015; van den Akker et al.,
2013).% This is in line with predictions of learning models of eating
behaviour, and underlines the importance of associative learning me-
chanisms in human eating behaviour (Bouton, 2011; Jansen, 1998; van
den Akker et al., 2018).

In sum, the current findings indicate that conditioned cues elicit
heightened appetitive responding including food intake, and that ap-
petitive responding generalizes to stimuli that resemble the conditioned
food cue. The findings also show no differences in acquisition and
generalization as a function of weight status (healthy weight vs obese)
or self-reported desire frequency, but provide initial evidence for
overgeneralization to be a characteristic only of a subgroup of obese
individuals that scores high on trait anxiety. Future research should
focus on identifying factors that underlie the inconsistent findings with
regard to differences between healthy weight and obese individuals in
appetitive conditioning.
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