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Cardiac responses to appetitive stimuli have been studied as indices of motivational

states and attentional processes, the former being associated with cardiac acceleration

and latter deceleration. Very few studies have examined heart rate changes in appetitive

classical conditioning in humans. The current study describes the development and

pilot testing of a classical conditioning task to assess cardiac responses to appetitive

stimuli and cues that reliably precede them. Data from 18 adults were examined. They

were shown initially neutral visual stimuli (putative CS) on a computer screen followed

by pictures of high-caloric food (US). Phasic cardiac deceleration to food images was

observed, consistent with an orienting response to motivationally significant stimuli.

Similar responses were observed to non-appetitive stimuli when they were preceded

by the cue associated with the food images, suggesting that attentional processes

were engaged by conditioned stimuli. These autonomic changes provide significant

information about classical conditioning effects in humans.

Keywords: appetitive conditioning, cardiac deceleration, orienting response, attention, motivation

HIGHLIGHTS

- A classical conditioning task assessed cardiac responses to appetitive US and CS
- Phasic cardiac deceleration to food images was observed
- Phasic cardiac deceleration to the US likely represents an orienting response
- Cardiac deceleration to the neutral stimuli was observed when preceded by CS+

INTRODUCTION

Cardiac responses have been studied as indices of both motivational/emotional states and
attentional processes (Hunt and Campbell, 1997; Bradley, 2009). Heart rate has been shown to
accelerate in the presence of rewarding stimuli, such as monetary incentives during a motor task
(Fowles et al., 1982), a plate of preferred food being available to look at, smell and then eat
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(Nederkoorn et al., 2000), repeated presentations of positive
food images (Kuoppa et al., 2016), and anticipating the
opportunity to perform a task to earn money (Rakover and
Levita, 1973). Such acceleration is thought to reflect autonomic
arousal and a heightened emotional state triggered by the
presence of motivationally significant stimuli and mediated by
sympathetic nervous system activation (Fowles et al., 1982;
Richter, 2012). In contrast, deceleration of heart rate is observed
in response to sensory stimuli (Graham and Clifton, 1966), and
this is exaggerated when the stimuli are novel (Tuber et al.,
1985; Gianaros and Quigley, 2001; Bradley, 2009) and have
motivational or emotional significance (Abercrombie et al., 2008;
Bradley et al., 2012). Such deceleration responses are thought to
indicate cardiac orienting responses (Binder et al., 2005; Bradley,
2009), reflective of the organisms’ attention to environmental
stimuli and mediated by the parasympathetic system (Graham
and Clifton, 1966; Barry, 1983).

To further examine the relationship between cardiac
responses and behavior, recent human experimental studies have
measured heart rate changes in response to reward or feedback
during learning and decision making tasks (Somsen et al., 2000;
Drobes et al., 2001; Crone et al., 2004; Groen et al., 2007; Luman
et al., 2007; Kube et al., 2016; Kastner et al., 2017). The majority
of these studies show cardiac deceleration to anticipation or
receipt of incentives, pleasant stimuli, or positive feedback. In
some studies, the deceleration occurred after the presentation
of cues predicting reward/feedback (Kube et al., 2016; Kastner
et al., 2017), in others immediately before (Jennings et al., 1992;
Crone et al., 2004; Veen et al., 2004; Groen et al., 2007; Luman
et al., 2007) and/or after (Somsen et al., 2000; Drobes et al., 2001;
Luman et al., 2007) the reward/feedback onset. These responses
have variously been hypothesized to represent reward/feedback
expectancy, processing or evaluation. However, it is difficult to
determine the extent to which these heart rate changes represent
a motivational response. Heart rate changes have also been
observed in response to task difficulty (Eubanks et al., 2002),
attentional demands (Somsen et al., 2000), and motor response
preparation (Rakover and Levita, 1973).

In these human studies, the involvement of the central
nervous system is inferred in the observed cardiac deceleration
responses. In parallel with the peripheral indications of
attention, the central nervous system shows changes related
to orientation. The central states, and corresponding orienting
responses, however, are influenced by a number of factors,
such as the context in which stimuli are presented, sensory
features of stimuli, ongoing motor activity and affective state
(Gianaros and Quigley, 2001). In addition to the direct
autonomic control of cardiac functions, the basal state of
the autonomic nervous system as well as its responses to
stimuli affect the central nervous system inputs to heart
rate changes. Similar challenges in identifying the origins
of physiological responses have been encountered in human
neuroimaging studies that examined the neural correlates of
reward and feedback. To measure reward-related blood-oxygen-
level-dependent (BOLD) responses unconfounded by motor
responses or complex cognitive processes, researchers have
employed classical conditioning paradigms (Bray andO’Doherty,

2007; Prévost et al., 2013; Furukawa et al., 2014, 2020; Klucken
et al., 2016).

Classical conditioning refers to a process where previously
neutral stimuli acquire motivational significance [becomes
a conditioned stimulus (CS)] when paired repeatedly with
a pleasant/rewarding stimulus or aversive stimulus [i.e.,
unconditioned stimulus (US)]. The CS then comes to elicit
physiological and behavioral responses [conditioned responses
(CR)] (Cartoni et al., 2016). The CR may be similar to the
response [unconditioned response (UR)] elicited by appetitive
or aversive stimuli (US), but this is not necessarily the case
(Bourne, 1990). In appetitive conditioning, the US used is a
pleasant/rewarding stimulus, a CS+ signals the occurrence of
an appetitive US. To date, there have been very few studies
examining heart rate changes in appetitive classical conditioning
in humans. One study demonstrated cardiac acceleration to a
tone after being repeatedly paired with delivery of a glucose
solution to infants (Clifton, 1974). Another study with adult
subjects reported cardiac deceleration in response to an abstract
image that was repeatedly paired with display and receipt
of preferred snacks (Prévost et al., 2012). Variation in the
direction of heart rate change, as a CR, may reflect differences
in cognitive development or autonomic system maturity. The
acceleration in infants may reflect autonomic arousal triggered
by CS+. Cardiac deceleration in adults may indicate cognitive
awareness that reward will follow the CS+, leading to an
orienting response.

A number of animal studies have measured phasic heart
rate changes during appetitive classical conditioning paradigms
(e.g., Harris and Brady, 1974; Cohen and Obrist, 1975; Randall
et al., 1985; Kalin et al., 1996; Hunt and Campbell, 1997).
The direction of heart rate changes in these studies has been
mixed. Several studies showed cardiac acceleration in response
to CS+ (Goldstein et al., 1970; Powell and Milligan, 1975;
Randall et al., 1985; Boivin, 1986; McLaughlin and Powell,
1999). This acceleration was interpreted as a CR (Randall et al.,
1985; Hunt and Campbell, 1997). Other studies showed cardiac
deceleration in response to appetitive CS (Powell and Milligan,
1975; Campbell and Ampuero, 1985; Hunt and Campbell, 1997;
McLaughlin and Powell, 1999), which was interpreted as a
learned attentional/orienting response (Powell and Kazis, 1976;
Campbell and Ampuero, 1985; Kapp et al., 1992). These varied
outcomes have been attributed to paradigm differences, including
reward type, as well as species differences in how sympathetic
and parasympathetic nervous systems are activated (Hunt and
Campbell, 1997; Roberts and Clarke, 2019).

Clearly, further human studies are needed to clarify the
nature of cardiac responses to appetitive US and CS+ during
classical conditioning. Procedural constraints have likely limited
research to date, especially difficulties surrounding the use of
food or liquid outcomes and deprivation requirements to ensure
their continued salience during conditioning (Freeman et al.,
2015; Manglani et al., 2017; Schad et al., 2019a). An appetitive
classical conditioning paradigm that does not require food/liquid
consumption would expand the opportunities to study heart
rate changes to appetitive US and CS across a wide range
of populations.
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In this pilot study, we developed an appetitive classical
conditioning task to assess (1) phasic heart rate responses to
an US during a training and a subsequent test phase, and (2)
phasic heart rate responses to the CS during the test phase
when conditioning was expected to have taken place. In the task,
participants were shown initially neutral visual stimuli (intended
CS+) on a computer screen followed by pictures of high-caloric
food (US). Pictures of food have been used as positive stimuli
that elicit cardiac changes (Beaver et al., 2006; Pursey et al., 2014;
Kuoppa et al., 2016).

We hypothesized heart rate changes in response to the US
during the training phase. If the food pictures evoke a positive
motivational state, heart rate acceleration would be expected.
Pleasant and rewarding stimuli are associated with increases in
sympathetic activity (Pribram and McGuinness, 1975; Braesicke
et al., 2005; Critchley, 2009; Rudebeck et al., 2014) as well as
behavioral activation (Schad et al., 2019b; Watson et al., 2019; da
Costa et al., 2020). On the other hand, if the heart rate changes
in response to food pictures are reflective of attentional/orienting
responses, then deceleration would be expected.

During the test phase, after establishment of the CS-US
association (conditioning), we hypothesized that the phasic heart
rate changes would be observed in response to the CS. If the CS
has acquired the motivational significance of the US, we would
expect an acceleration of heart rate. Heart rate changes to the US
may not be as pronounced during this phase. In animals, striatal
dopamine responses to CS after conditioning are accompanied by
diminished responses to US (Schultz et al., 1997; Pan et al., 2005).
If the CS triggers the engagement of attentional processes, the
heart rate deceleration to the CS would be expected. It is unclear
whether the deceleration after the US onset would continue to be
observed. Responses reflective of reward prediction errors may
be observed when the US is not consistent with the CS preceded
it (Kamin, 1967; Rescorla and Wagner, 1972).

MATERIALS AND METHODS

The study was approved by the ethics committee of the teaching
hospital of the State University of Rio de Janeiro (UERJ) in
Rio de Janeiro, Brazil. All participants were volunteers who
provided written informed consent. At the beginning of each
session, participants were informed that their heart rate would
be recorded at rest and while they viewed some pictures.

Subjects
Participants were 19 students attending UERJ, aged between 22
and 46 years. The inclusion criteria were normal or corrected
vision, and no history of: psychiatric disorders; neurological
diseases; cardiovascular diseases, including thoracic surgery or
current use of cardiovascular medication; diabetes; obesity,
defined as a BMI over 30 kg/m2. This information, together with
demographic data, were collected via questionnaire. Following
preliminary data analysis, one participant was excluded as an
outlier, i.e., having significantly slower heart rate, compared to

TABLE 1 | Participant characteristics.

N = 18 Mean SD Range

Age (years) 31.17 7.11 21–46

Weight (kg) 72.82 13.45 49–102

Height (cm) 168.88 8.59 154–185

Males n (%) 8 (44.4%)

other participants. The final sample included data from eighteen
participants1 (Table 1).

Experimental Task
The appetitive classical conditioning task (Figure 1) was
programmed using Delphi. Task stimuli were displayed on a
19-inch monitor screen (Dell 1901N). Each trial began with
a fixation cross presented for 1 s followed by a 0.5 s black
screen. One of two initially neutral stimuli (two Japanese
hiragana characters unfamiliar to participants; Cue 1 or 2)
was presented on a computer screen for 4 s followed by a
blank screen for 0.5 s. After this, an appetitive unconditioned
stimulus (US) or a neutral stimulus (NS) was presented for
4 s. The US were pictures of high-caloric food (e.g., brownies,
pizza). These pictures have previously been rated by adults, of
similar demographic backgrounds to the current participants,
as significantly more likable than images of everyday objects
(Furukawa et al., unpublished). The NS was an image of a
gray square. Each US and NS was followed by a variable inter-
trial-interval (3, 5, or 7 s), to reduce the temporal predictability
of the next trial. No motor responses were required during
the task.

The training and test phases of the task were programmed
separately. During both phases, Cue 1 (CS+ after conditioning)
was followed by the US 66% of the time and the NS 33% of the
time. Cue 2 (CS- after conditioning) was always followed by the
neutral stimulus. The training phase included 16 trials of Cue
1 followed by a US, 8 trials of Cue 1 followed by the neutral
stimulus, and 24 trials of Cue 2 followed by the neutral stimulus.
The test phase was implemented after completion of the training
phase. This phase included six trials of Cue 1 followed by a US,
three trials of Cue 1 followed by the neutral stimulus, and nine
trials of Cue 2 followed by the neutral stimulus.

The number of presentations of Cue 1 and 2 was the same
within each phase to ensure similar levels of habituation to the
stimuli. The presentation order of the cues and US (22 different
food images) and neutral stimuli were randomly scheduled and
unique for each participant.

ECG Recording
Prior to the experiment, two disposable adhesive
electrocardiogram (ECG) electrodes were placed on participants’
chest; one electrode on the left side of the sternum around the
5th intercostal space, and the other electrode near the right

1A total of 23 trials from eight participants were excluded due to unclear recordings
(undefined peaks). Details available upon request.
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FIGURE 1 | (A) Classical conditioning task and (B) trial timeline.

sternal border, around the 2nd intercostal space. The ECG
signals were recorded on a Windows-based computer, with a
Labview script, biopotential amplifier, sampling rate of 400Hz,
notch filter (60Hz), high-pass filter cutoff set at 0.3Hz, and
low pass filter cutoff at 25Hz. Before the experimental task
began, baseline cardiac activity was recorded for 5min at rest.
The ECG recording was restarted and synchronized with the
start of the experimental task. Testing was carried out in a
quiet room. The experimenter was present for the duration of
the experiment.

Data Analysis
Data was extracted into and processed in Matlab. Phasic heart
rate responses were estimated using R-R intervals. The R-R
interval is the time between successive heartbeats.

To address normal heart rate variability within and across
participants, the mean of the four R-R intervals preceding
the start of each trial (before presentation of fixation point)
was calculated to provide a measure of pre-trial R-R interval2

2Four intervals were used as most participants’ heart rate responses consistently
had at least four intervals during the ITI. There was no significant difference in the
resulting iHs when using two, three, or four intervals to calculate the pre-trial R-R
interval. In addition, the pre-trial means were compared for the 3, 5, and 7 s ITI
trials; no significant difference was observed.

(Figure 1). The changes from this pre-trial R-R interval, i.e.,
“heart index” (iH), were then obtained by dividing each target
R-R interval by the pre-trial R-R interval + the target R-R
interval. For example, the interval between the first R peak
and second R peak immediately following the US, divided
by the pre-trial R-R interval plus the interval of the first
and second R peaks, was the first post-US iH. An iH =

0.5 would indicate no change from the pre-trial heart rate.
An iH value >0.5 would indicate cardiac deceleration (larger
interval length), while iH value smaller than 0.5 would indicate
cardiac acceleration (smaller interval length). The absolute
values of iH indicated the magnitude of the phasic heart
rate changes.

The dependent variables were heart rate responses to the
US/NS as well as to the cues that predicted them. The iH
values were calculated for the first, second, third, and fourth R-
R intervals following the US/NS presentation (interval +1, +2,
+3, +4 after US/NS in Figure 2). As heart rate changes may
be observed in anticipation of the stimulus presentation (Groen
et al., 2007; Poli et al., 2007), the iH values were also calculated
for a period before the US/NS presentation. The interval between
the two R peaks immediately before the US/NS is the first
pre-US/NS iH and so on (intervals −1, −2, −3, −4 before
US in Figure 2). Similar procedures were followed to examine
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FIGURE 2 | The mean iH values and within-subject standard errors for the first through fourth interval before US onset [separated by preceding cue type: Cue 1/CS+

(blue) and Cue 2/CS– (orange)], and the first through fourth interval after US onset [separated by the cue and US type; Food/US preceded by Cue 1/CS+ (light blue),

Square/NS preceded by Cue 2/CS+ (green), and Square/NS preceded by Cue 2/CS– (yellow)] during the (A) training and (B) test phase.

Frontiers in Behavioral Neuroscience | www.frontiersin.org 5 April 2021 | Volume 15 | Article 639372

https://www.frontiersin.org/journals/behavioral-neuroscience
https://www.frontiersin.org
https://www.frontiersin.org/journals/behavioral-neuroscience#articles


Sayão et al. Cardiac Responses to Appetitive Stimuli

FIGURE 3 | The mean iH values and within-subject standard errors for the first and second interval after a cue onset [Cue 1/CS+ (blue) or Cue 2/CS– (orange)] during

the (A) training and (B) test phase.

heart rate responses to cues, the iH values for the two intervals
following Cue 1 and 2 were evaluated (interval +1, +2 after cue
in Figure 3)3.

For each of the post-cue and pre-US/NS intervals, average
iH values were obtained for each participant separately for two
trial types: those following a Cue 1/CS+ presentation, and those
following a Cue 2/CS– presentation. For each of the post-US/NS
intervals, average iH values were obtained for three trial types:
those following US preceded by Cue 1/CS+, those following the
NS preceded by Cue 1/CS+, and those following the NS preceded
by Cue 2/CS–.

Two-way repeated measures linear effects of time, US/NS
and cue type on the iH values were examined using GLM. To
explore the timing of the heart rate changes, one-sample tests
were conducted to examine whether the iH value for each interval
was significantly different from 0.5. All statistical analyses were
undertaken with SPSS.

As tonic heart rate is reported to change in the presence of
rewarding stimuli (Rakover and Levita, 1973; Fowles et al., 1982;
Blanchard et al., 2000; Nederkoorn et al., 2000; Starcke et al.,
2018), we undertook a series of exploratory analyses to test for
these effects in our data. Tonic heart rate changes (bpm; beats
per minute) and heart rate variability (RMSSD; the root mean
square of successive differences between heart beats) during the
rest period before the experimental task began and during the
training and test phase were examined.

3In most participants, there were 4–6 R-R intervals between the cue and US/NS.
Thus, for some participants, the four pre-US/NS intervals and two post-cue
intervals overlapped.

RESULTS

The participants’ ratings of the food pictures, on a 4-point scale,
completed after the experimental task, showed a similar level of
likability (M = 3.28, SD = 0.75) as previously identified (M =

2.78, SD= 0.43) (Furukawa et al., unpublished).

Motivational vs. Orienting Effects of US on
Cardiac Responses
Heart rate changes after US (vs. neutral stimulus [NS]) were
evaluated to examine whether the changes are reflective of
motivational state (cardiac acceleration) or orienting responses
(cardiac deceleration). This was done separately for the training
and test phases.

Two-way repeated measures linear effects of time (four
intervals), US/NS type (US, NS preceded by Cue 1/CS+, and
NS preceded by Cue 2/CS-) and the interaction, were examined
using GLM. During the training phase, there was a significant
time∗US/NS type interaction [F(1,17) = 6.58, p = 0.020] and a
significant main effect of time [F(1,17) = 8.87, p = 0.008]. Post-
hoc pairwise comparisons indicated that the mean iH values for
the +1 and +2 intervals were significantly different from those
of +3 and +4 intervals. Visual inspection of the data suggest
that the significant effect of time is driven by heart rate changes
following the US and NS preceded by Cue 1/CS+, while the iH
values following the NS preceded by Cue 2/ CS– remained stable
across the four intervals. During the test phase, no significant
effects were observed.

Given the significant interaction effect observed in the GLM
during the training phase, one-sample t-tests were conducted
to examine for which intervals iH values were different from
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pre-trial R-R interval (i.e., different from 0.5) following the
presentation of US and NS. Following the US, the significant
effects were observed for +4 [t(17) = 2.16, p = 0.046] interval,
indicating cardiac deceleration. Differential results were obtained
for the iH values following the NS depending on the preceding
cue type. When the NS was preceded by Cue 1/CS+, the iH
values after the NS were also significantly different from the pre-
trial R-R interval for the +4 [t(17) = 2.35, p = 0.031] interval,
indicating deceleration. In contrast, when the NS was preceded
by Cue 2/CS–, the iH values were not significantly different from
the pre-trial heart rate.

While no significant effect was observed in the GLM for the
test phase, to explore whether the pattern of heart rate changes
observed during the test phase were consistent with that of the
training phase, one-sample t-tests were conducted also for the
iH values for the intervals during the test phase. One-sample t-
tests showed that following the US presentation, the iH values
were significantly different from the pre-trial R-R interval for
the +2 [t(17) = 2.34, p = 0.032], and +3 [t(17) = 2.29, p =

0.035] intervals, indicating cardiac deceleration. Following the
NS preceded by Cue 1/CS+, the iH values showed a trend toward
deceleration for the +1 [t(17) = 1.87, p = 0.079] and +2 [t(17) =
1.93, p = 0.070] intervals. As in the training phase, the iH values
following the NS preceded by Cue 2/CS– were not significantly
different from the pre-trial R-R interval.

Analysis of the pre-US heart rate, during both the training
and test phases, showed that no effect of time or preceding CS
type, or the interaction. The iH values immediately prior to the
US or NS presentation following Cue 1/CS+ (anticipation of
a positive outcome) were not significantly different from the
pre-trial R-R interval across all four intervals. Similarly, the iH
values immediately prior to the NS presentation following Cue
2/CS– (anticipation of a negative outcome) were not significantly
different from the pre-trial across all four intervals.

Cardiac Responses to the Cues
The iH values for the two intervals following Cue 1/CS+ and Cue
2/CS– were evaluated during both the training and test phases.
This was done to assess if similar cardiac responses to the US
would occur in response to the cues predicting the US.

GLM yielded no significant effect of time, CS type, or the
interaction. During the training and test phase, none of the
iH values for the two intervals following the cue stimuli were
significantly different from the pre-trial R-R interval.

Tonic Heart Rate and Heart Rate Variability
at Rest and During the Task
Repeated measures ANOVA indicated that bpm and RMSSD
during the rest, training, and test phases were not different from
each other, indicating no significant changes in the tonic heart
rate or heart rate variability.

DISCUSSION

The current study describes the development and pilot testing
of an appetitive classical conditioning task to assess heart
rate responses to appetitive stimuli and cues preceding them

in humans. Cardiac deceleration to US (food images with
high likability ratings) was observed, consistent with an
orienting response to motivationally significant stimuli. Similar
cardiac responses were observed to the neutral stimuli (gray
square) when participants were expecting the food images, i.e.,
following the cue typically associated with these images. Tonic
heart rate and heart rate variability were not influenced by
the task.

Significant changes in the heart rate responses following the
US onset were observed during the training phase. Cardiac
deceleration was observed for the fourth R-R interval, but not
for the first through third intervals, following the stimulus
presentation. Heart rate responses during the four intervals
following the US onset did not change significantly during the
test phase. Exploratory analyses showed that cardiac deceleration
occurred earlier during the test phase, i.e., for the second and
third R-R intervals, with effect beginning in the first interval. The
effects of the cue might be seen in the latency of these cardiac
responses from the US onset for the training vs. test phases.
The cue proceeding the food images had developed predictive
power and become a CS+, i.e., participants expected the food
images following the cue presentation, which led to earlier heart
rate changes.

Consistent with this hypothesis, the participants showed an
orienting response to the neutral stimulus when it was preceded
by the purported CS+, but not when it was preceded by the CS–.
This may be taken as evidence that the cue had come to serve as
a predictor of food pictures, a CS+, and therefore participants
attended to the US regardless of its value. Alternatively, the
uncertainty surrounding the CS+ maintained the salience of
the stimuli that followed. The heart rate responses may be
reflective of the prediction error (Kamin, 1967; Rescorla and
Wagner, 1972), as the CS+ was predictive of the US only 66%
of the time, whereas for the CS– was always associated with the
neutral stimulus.

We hypothesized that increased sympathetic activity, and
therefore heart rate acceleration, might be observed in response
to the US (Pribram and McGuinness, 1975; Braesicke et al., 2005;
Critchley, 2009). Increased autonomic arousal has been shown to
be associated with positive motivational states in the presence of
rewarding stimuli (Fowles et al., 1982; Richter, 2012). The results
of the current study however showed clear cardiac deceleration
to the presented appetitive stimuli. Food images were used
as the US. The parasympathetic nervous system is activated
when organisms digest food, which is accompanied by heart
rate deceleration (Woods, 1972). This could explain the cardiac
deceleration to the food images observed. Interestingly, other
studies using non-classical conditioning tasks, such as learning
and decision-making tasks, show phasic cardiac deceleration
to non-food appetitive stimuli, such as monetary incentives,
positive feedback, and pleasant pictures (Tuber et al., 1985;
Somsen et al., 2000; Drobes et al., 2001). Heart rate deceleration
is also seen in response to a range of aversive stimuli (Somsen
et al., 2000; Drobes et al., 2001; Veen et al., 2004; Kuoppa et al.,
2016; Kastner et al., 2017). These findings suggest that heart rate
deceleration to the US observed in the current study is likely
an attentional/orienting response. Heart rate deceleration assists
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organisms to attend selectively to stimuli important for survival
(Hunt and Campbell, 1997).

Expectations created by the CS+ influenced heart rate
responses to the US and the neutral stimuli in the current study.
During the test phase, heart rate changes were observed with
shorter latency from the US onset. When the neutral stimulus
followed the CS+, cardiac deceleration was also observed.
Together these results offer some evidence that the CS+ was
eliciting the cardiac deceleration. Heart rate changes after
feedback have also been suggested to reflect expectation errors
(Somsen et al., 2000; Luman et al., 2007). The CS+ established an
expectation that a positive stimulus would follow. However, the
CS+ was not always followed by US. Under such conditions of
uncertainty, the US itself provides meaningful feedback, eliciting
orienting responses. In humans, cardiac responses may be linked
to the cognitive processes of attending as well as to the valence
of the stimulus (McLaughlin and Powell, 1999). It is interesting
that the only human classical conditioning study demonstrating
cardiac acceleration to a CS+ was with infants, whose cognitive
skills are less developed (Clifton, 1974). In animal studies, the
direction of the heart rate changes to the CS+ is mixed (Hunt
and Campbell, 1997), with some reporting bi-phasic responses
with initial orienting deceleration to the CS+ onset then cardiac
acceleration closer to the time of US delivery (Holland, 1979).

The current task, together with the data processing and
analysis methods, provide reliable measurements of heart
rate responses during appetitive classical conditioning in
humans. These reflect important developments toward a new
methodology. Differential effects of US vs. neutral stimuli on
heart rate were observed, and the data reflected awareness of
the purported CS+ vs. CS–. As the task was simple and no
behavioral responses were required, these cardiac responses were
likely elicited by these stimuli, unconfounded by task difficulty
(Richter, 2010; Fairclough and Ewing, 2017) or action/action
preparation (Cooke et al., 2014; Rösler and Gamer, 2019).
The data offer new information on adult human responses to
appetitive stimuli and cues that predict them.

Despite the promise of this new methodology and the
interesting findings obtained, the current study is not without
limitations. As a pilot study, the sample size is relatively
small, possibly impacting statistical significance of findings.
The total number of trials may need to be expanded in
future studies, during both training and testing to better detect
effects. More trials/stronger associations would help clarify the
importance of these trends. As presentation of trial type was
randomized, each participant received trials in a unique order.
This prevented us from examining the time course of the heart
rate changes within the training and test phases. Moving forward
we would recommend using the same trial order presentation
across participants. It would also be helpful to present the
US repeatedly without cues to examine whether the shorter
latency between the US onset and the heart rate responses
reflect participants becoming desensitized after the repeated
US presentations; however, such desensitization would likely
be associated with reduced heart rate changes. We would also
consider including longer intervals, i.e., more heart beats, before
and after presentation of the US to further clarify the nature of

cardiac changes and their timing. There is some evidence that
anticipatory heart rate changes are bi- or tri-phasic, responses
following the CS changing as the time gets closer to the US onset
(Rakover and Levita, 1973; Bohlin and Kjellberg, 1979). While
food images are often used experimentally in human studies, we
question if they served as strong appetitive stimuli in this study.
Furthermore, we did not control for participants’ hunger levels.
In non-human studies, animals are usually food/liquid deprived,
with mixed findings attributed to differing stimulus saliency
(Hunt and Campbell, 1997; McLaughlin and Powell, 1999). The
use of consumable stimuli and/or food/liquid restriction, as well
as other types of appetitive stimuli, in future studies with the
current task should be considered. If similar results are obtained
using other appetitive stimuli, it would support the suggestion
that the heart rate responses seen in the current study are
reflective of appetitive conditioning rather than other forms
of associative learning. If using consumable US, however, the
effects of the act of consuming the food or drink on heart rate
responses would need to be carefully considered. In any studies,
in addition to the motivational and attentional processes, other
factors that could affect heart rate, such as motor responses,
stimulus type, presentation and timing, should be taken into
account in hypothesis generation, task development and the
interpretation of results. A final consideration for future studies
is the extent to which the CS+ is predictive of the US. A task
containing only CS+ trials may lead to different tonic heart rates
during the rest, training, and test phases and show gradual heart
rate acceleration with time.

Evaluating and monitoring autonomic changes during
appetitive classical conditioning is important to understanding
how predictive cues exert control over human behaviors. In this
pilot study, a cue that typically preceded food images led to
cardiac orienting responses. These data suggest that attentional
processes can be engaged or disengaged by conditioned stimuli.
Heart rate changes are relatively easily measured physiological
responses that can be assessed across settings and populations.
The study also generated helpful future considerations. Further
studies employing larger samples of typically developing adults
and children would clarify whether these responses are consistent
across the life span. Individuals with clinical conditions may
demonstrate different cardiac response patterns to cues and
appetitive stimuli. If such differences can be relatively easily
identified, i.e., using the current task and analytical methods,
this information can be used to better understand the underlying
nature of these disorders and potentially their management.

DATA AVAILABILITY STATEMENT

The data supporting the conclusion of this study are available
upon reasonable request to the corresponding author.

ETHICS STATEMENT

This study was reviewed and approved by Comissão de
Ética em Pesquisa (Coep)—UERJ. The patients/participants

Frontiers in Behavioral Neuroscience | www.frontiersin.org 8 April 2021 | Volume 15 | Article 639372

https://www.frontiersin.org/journals/behavioral-neuroscience
https://www.frontiersin.org
https://www.frontiersin.org/journals/behavioral-neuroscience#articles


Sayão et al. Cardiac Responses to Appetitive Stimuli

provided their written informed consent to participate in
this study.

AUTHOR CONTRIBUTIONS

AS, HA, and EC-D: participated in study conceptualization,
data collection, and data analysis. EF and TSW: participated
in study conceptualization and data analysis. MC: participated
in experimental task development. SG-A: participated in

data analysis. GT: participated in study conceptualization.
All authors contributed to the article and approved the
submitted version.

FUNDING

This study was supported by a joint research agreement
between OKinawa Institute of Science and Technology Graduate
University and UERJ.

REFERENCES

Abercrombie, H. C., Chambers, A. S., Greischar, L., and Monticelli, R. M. (2008).
Orienting, emotion, and memory: phasic and tonic variation in heart rate
predicts memory for emotional pictures in men. Neurobiol. Learn. Mem. 90,
644–650. doi: 10.1016/j.nlm.2008.08.001

Barry, R. J. (1983). Primary bradycardia and the evoked cardiac response in the OR
context. Physiol. Psychol. 11, 135–140. doi: 10.3758/BF03326784

Beaver, J. D., Lawrence, A. D., van Ditzhuijzen, J., Davis, M. H., Woods,
A., and Calder, A. J. (2006). Individual differences in reward drive
predict neural responses to images of food. J. Neurosci. 26, 5160–5166.
doi: 10.1523/JNEUROSCI.0350-06.2006

Binder, M., Barry, R. J., and Kaiser, J. (2005). Sensitivity of primary phasic heart
rate deceleration to stimulus repetition in an habituation procedure: influence
of a subjective measure of activation/arousal on the evoked cardiac response.
Int. J. Psychophysiol. 55, 61–72. doi: 10.1016/j.ijpsycho.2004.06.003

Blanchard, E. B., Wulfert, E., Freidenberg, B. M., and Malta, L. S. (2000).
Psychophysiological assessment of compulsive gamblers’ arousal to
gambling cues: a pilot study. Appl. Psychophysiol. Biofeedback 25, 155–165.
doi: 10.1023/A:1009550724836

Bohlin, G., and Kjellberg, A. (1979). “Orienting activity in two stimulus paradigms
as reflected in heart rate,” in The Orienting Reflex in Humans, eds. H. D.
Kimmel, E. H. van Olst, and J. F. Orlebeke (New York, NY: Lawrence
Erlbaum Associates), 169–197.

Boivin, M. J. (1986). The effects of Appetitive Stimulation on the
Heart Rate Response of the Rabbit. J. Gen. Psychol. 113, 243–249.
doi: 10.1080/00221309.1986.9711035

Bourne, M. J. (1990). Compound conditioning of separately pretrained
conditioned stimuli evoking dissimilar conditioned responses. Bull. Psychon.
Soc. 28, 451–454. doi: 10.3758/BF03334065

Bradley, M. M. (2009). Natural selective attention: orienting and emotion.
Psychophysiology 46, 1–11. doi: 10.1111/j.1469-8986.2008.00702.x

Bradley, M. M., Keil, A., and Lang, P. J. (2012). Orienting and emotional
perception: facilitation, attenuation, and interference. Front. Psychol. 3:493.
doi: 10.3389/fpsyg.2012.00493

Braesicke, K., Parkinson, J. A., Reekie, Y., Man, M.-S., Hopewell, L., Pears,
A., et al. (2005). Autonomic arousal in an appetitive context in primates:
a behavioural and neural analysis. Eur. J. Neurosci. 21, 1733–1740.
doi: 10.1111/j.1460-9568.2005.03987.x

Bray, S., and O’Doherty, J. (2007). Neural coding of reward-prediction error
signals during classical conditioning with attractive faces. J. Neurophysiol. 97,
3036–3045. doi: 10.1152/jn.01211.2006

Campbell, B. A., and Ampuero, M. X. (1985). Conditioned orienting and
defensive responses in the developing rat. Infant Behav. Dev. 8, 425–434.
doi: 10.1016/0163-6383(85)90006-2

Cartoni, E., Balleine, B., and Baldassarre, G. (2016). Appetitive Pavlovian-
instrumental Transfer: a review. Neurosci. Biobehav. Rev. 71, 829–848.
doi: 10.1016/j.neubiorev.2016.09.020

Clifton, R. K. (1974). Heart rate conditioning in the newborn infant. J. Exp. Child
Psychol. 18, 9–21. doi: 10.1016/0022-0965(74)90084-8

Cohen, D. H., and Obrist, P. A. (1975). Interactions between behavior and the
cardiovascular system. Circ. Res. 37, 693–706. doi: 10.1161/01.RES.37.6.693

Cooke, A., Kavussanu, M., Gallicchio, G., Willoughby, A., McIntyre, D., and Ring,
C. (2014). Preparation for action: psychophysiological activity preceding a

motor skill as a function of expertise, performance outcome, and psychological
pressure. Psychophysiology 51, 374–384. doi: 10.1111/psyp.12182

Critchley, H. D. (2009). Psychophysiology of neural, cognitive and affective
integration: fMRI and autonomic indicants. Int. J. Psychophysiol. 73, 88–94.
doi: 10.1016/j.ijpsycho.2009.01.012

Crone, E. A., Jennings, J. R., and Van der Molen, M. W. (2004). Developmental
change in feedback processing as reflected by phasic heart rate changes. Dev.
Psychol. 40, 1228–1238. doi: 10.1037/0012-1649.40.6.1228

da Costa, R. Q. M., Furukawa, E., Hoefle, S., Moll, J., Tripp, G., and
Mattos, P. (2020). An Adaptation of Pavlovian-to-Instrumental Transfer (PIT)
methodology to examine the energizing effects of reward-predicting cues on
behavior in young adults. Front. Psychol. 11:195. doi: 10.3389/fpsyg.2020.00195

Drobes, D. J., Miller, E. J., Hillman, C. H., Bradley, M. M., Cuthbert, B.
N., and Lang, P. J. (2001). Food deprivation and emotional reactions to
food cues: implications for eating disorders. Biol. Psychol. 57, 153–177.
doi: 10.1016/S0301-0511(01)00093-X

Eubanks, L., Wright, R. A., and Williams, B. J. (2002). Reward influence on the
heart: cardiovascular response as a function of incentive value at five levels of
task demand.Motiv. Emot. 26, 139–152. doi: 10.1023/A:1019863318803

Fairclough, S. H., and Ewing, K. (2017). The effect of task demand and incentive on
neurophysiological and cardiovascular markers of effort. Int. J. Psychophysiol.
119, 58–66. doi: 10.1016/j.ijpsycho.2017.01.007

Fowles, D. C., Fisher, A. E., and Tranel, D. T. (1982). The heart beats to reward:
the effect of monetary incentive on heart rate. Psychophysiology. 19, 506–513.
doi: 10.1111/j.1469-8986.1982.tb02577.x

Freeman, S. M., Alvernaz, D., Tonnesen, A., Linderman, D., and Aron,
A. R. (2015). Suppressing a motivationally-triggered action tendency
engages a response control mechanism that prevents future provocation.
Neuropsychologia 68, 218–231. doi: 10.1016/j.neuropsychologia.2015.
01.016

Furukawa, E., Bado, P., da Costa, R. Q. M., Peixoto, I., Raphael, B., Basilio, R., et al.
(unpublished). Striatal BOLD responses to cues predicting affiliative and food
reward in ADHD and Binge Eating Disorder.

Furukawa, E., Bado, P., Tripp, G., Mattos, P., Wickens, J. R., Bramati, I. E., et al.
(2014). Abnormal striatal BOLD responses to reward anticipation and reward
delivery in ADHD. PLoS One 9:e89129. doi: 10.1371/journal.pone.0089129

Furukawa, E., da Costa, R. Q. M., Bado, P., Hoefle, S., Vigne, P., Monteiro,
M., et al. (2020). Methylphenidate modifies reward cue responses in
adults with ADHD: an fMRI study. Neuropharmacology 162:107833.
doi: 10.1016/j.neuropharm.2019.107833

Gianaros, P. J., and Quigley, K. S. (2001). Autonomic origins of a nonsignal
stimulus-elicited bradycardia and its habituation in humans. Psychophysiology
38, 540–547. doi: 10.1017/S004857720100004X

Goldstein, R., Beideman, L. R., and Stern, J. A. (1970). Effect of water
deprivation and saline-induced thirst on the conditioned heart rate
response of the rat. Physiol. Behav. 5, 583–587. doi: 10.1016/0031-9384(70)
90084-3

Graham, F. K., and Clifton, R. K. (1966). Heart-rate change as a component
of the orienting response. Psychol. Bull. 65, 305–320. doi: 10.1037/
h0023258

Groen, Y., Wijers, A. A., Mulder, L. J. M., Minderaa, R. B., and Althaus, M. (2007).
Physiological correlates of learning by performance feedback in children: a
study of EEG event-related potentials and evoked heart rate. Biol. Psychol. 76,
174–187. doi: 10.1016/j.biopsycho.2007.07.006

Frontiers in Behavioral Neuroscience | www.frontiersin.org 9 April 2021 | Volume 15 | Article 639372

https://doi.org/10.1016/j.nlm.2008.08.001
https://doi.org/10.3758/BF03326784
https://doi.org/10.1523/JNEUROSCI.0350-06.2006
https://doi.org/10.1016/j.ijpsycho.2004.06.003
https://doi.org/10.1023/A:1009550724836
https://doi.org/10.1080/00221309.1986.9711035
https://doi.org/10.3758/BF03334065
https://doi.org/10.1111/j.1469-8986.2008.00702.x
https://doi.org/10.3389/fpsyg.2012.00493
https://doi.org/10.1111/j.1460-9568.2005.03987.x
https://doi.org/10.1152/jn.01211.2006
https://doi.org/10.1016/0163-6383(85)90006-2
https://doi.org/10.1016/j.neubiorev.2016.09.020
https://doi.org/10.1016/0022-0965(74)90084-8
https://doi.org/10.1161/01.RES.37.6.693
https://doi.org/10.1111/psyp.12182
https://doi.org/10.1016/j.ijpsycho.2009.01.012
https://doi.org/10.1037/0012-1649.40.6.1228
https://doi.org/10.3389/fpsyg.2020.00195
https://doi.org/10.1016/S0301-0511(01)00093-X
https://doi.org/10.1023/A:1019863318803
https://doi.org/10.1016/j.ijpsycho.2017.01.007
https://doi.org/10.1111/j.1469-8986.1982.tb02577.x
https://doi.org/10.1016/j.neuropsychologia.2015.01.016
https://doi.org/10.1371/journal.pone.0089129
https://doi.org/10.1016/j.neuropharm.2019.107833
https://doi.org/10.1017/S004857720100004X
https://doi.org/10.1016/0031-9384(70)90084-3
https://doi.org/10.1037/h0023258
https://doi.org/10.1016/j.biopsycho.2007.07.006
https://www.frontiersin.org/journals/behavioral-neuroscience
https://www.frontiersin.org
https://www.frontiersin.org/journals/behavioral-neuroscience#articles


Sayão et al. Cardiac Responses to Appetitive Stimuli

Harris, A. H., and Brady, J. V. (1974). Animal learning. Visceral
and autonomic conditioning. Annu. Rev. Psychol. 25, 107–133.
doi: 10.1146/annurev.ps.25.020174.000543

Holland, P. C. (1979). The effects of qualitative and quantitative variation in the
US on individual components of Pavlovian appetitive conditioned behavior in
rats. Anim. Learn. Behav. 7, 424–432. doi: 10.3758/BF03209696

Hunt, P. S., and Campbell, B. A. (1997). Autonomic and behavioral
correlates of appetitive conditioning in rats. Behav. Neurosci. 111, 494–502.
doi: 10.1037/0735-7044.111.3.494

Jennings, J. R., van der Molen, M. W., Brock, K., and Somsen, R. J. (1992).
On the synchrony of stopping motor responses and delaying heartbeats. J.
Exp. Psychol. Hum. Percept. Perform. 18, 422–436. doi: 10.1037/0096-1523.
18.2.422

Kalin, N. H., Shelton, S. E., Davidson, R. J., and Lynn, D. E. (1996).
A new method for aversive Pavlovian conditioning of heart rate in
rhesus monkeys. Physiol. Behav. 60, 1043–1046. doi: 10.1016/0031-9384(96)
00145-X

Kamin, L. J. (1967). “Predictability, surprise, attention, and conditioning,” in
Punishment and Aversive Behavior, eds. B. A. Campbell and R. N. Church (New
York, NY: Appleton-Century-Crofts), 279–96.

Kapp, B. S., Whalen, P. J., Supple, W. F., and Pascoe, J. P. (1992). “Amygdaloid
contributions to conditioned arousal and sensory information processing,”
in The Amygdala: Neurobiological Aspects of Emotion, Memory, and Mental

Dysfunction, ed. J. P. Aggleton (New York, NY: Wiley-Liss), 229–254. Available
online at: https://psycnet.apa.org/fulltext/1992-97763-004.pdf.

Kastner, L., Kube, J., Villringer, A., and Neumann, J. (2017). Cardiac
concomitants of feedback and prediction error processing in
reinforcement learning. Front. Neurosci. 11:598. doi: 10.3389/fnins.2017.
00598

Klucken, T., Wehrum-Osinsky, S., Schweckendiek, J., Kruse, O., and Stark,
R. (2016). Altered appetitive conditioning and neural connectivity in
subjects with compulsive sexual behavior. J. Sex. Med. 13, 627–636.
doi: 10.1016/j.jsxm.2016.01.013

Kube, J., Schrimpf, A., García-García, I., Villringer, A., Neumann, J., and
Horstmann, A. (2016). Differential heart rate responses to social and
monetary reinforcement in women with obesity. Psychophysiology 53, 868–879.
doi: 10.1111/psyp.12624

Kuoppa, P., Tarvainen, M. P., Karhunen, L., and Narvainen, J. (2016). Heart
rate reactivity associated to positive and negative food and non-food visual
stimuli. Annu. Int. Conf. IEEE Eng. Med. Biol. Soc. 2016, 5279–5282.
doi: 10.1109/EMBC.2016.7591918

Luman, M., Oosterlaan, J., Hyde, C., van Meel, C. S., and Sergeant,
J. A. (2007). Heart rate and reinforcement sensitivity in ADHD. J.

Child Psychol. Psychiatry 48, 890–898. doi: 10.1111/j.1469-7610.2007.
01769.x

Manglani, H. R., Lewis, A. H., Wilson, S. J., and Delgado, M. R. (2017).
Pavlovian-to-instrumental transfer of nicotine and food cues in deprived
cigarette smokers. Nicotine Tob. Res. 19, 670–676. doi: 10.1093/ntr/
ntx007

McLaughlin, J., and Powell, D. A. (1999). Pavlovian heart rate and jaw movement
conditioning in the rabbit: effects of medial prefrontal lesions.Neurobiol. Learn.
Mem. 71, 150–166. doi: 10.1006/nlme.1998.3870

Nederkoorn, C., Smulders, F. T., and Jansen, A. (2000). Cephalic phase
responses, craving and food intake in normal subjects. Appetite 35, 45–55.
doi: 10.1006/appe.2000.0328

Pan, W. X., Schmidt, R., Wickens, J. R., and Hyland, B. I. (2005). Dopamine
cells respond to predicted events during classical conditioning: evidence for
eligibility traces in the reward-learning network. J. Neurosci. 25, 6235–6242.
doi: 10.1523/JNEUROSCI.1478-05.2005

Poli, S., Sarlo, M., Bortoletto, M., Buodo, G., and Palomba, D. (2007). Stimulus-
Preceding Negativity and heart rate changes in anticipation of affective pictures.
Int. J. Psychophysiol. 65, 32–39. doi: 10.1016/j.ijpsycho.2007.02.008

Powell, D. A., and Kazis, E. (1976). Blood pressure and heart
rate changes accompanying classical eyeblink conditioning in
the rabbit (Oryctolagus cuniculus). Psychophysiology 13, 441–448.
doi: 10.1111/j.1469-8986.1976.tb00858.x

Powell, D. A., and Milligan, W. L. (1975). Effects of partial and continuous
reinforcement on conditioned heart rate and corneoretinal potential

responses in the rabbit (Oryctolagus cuniculus). Psychol. Rec. 25, 419–426.
doi: 10.1007/BF03394332

Prévost, C., Liljeholm, M., Tyszka, J. M., and O’Doherty, J. P. (2012). Neural
correlates of specific and general Pavlovian-to-Instrumental Transfer within
human amygdalar subregions: a high-resolution fMRI study. J. Neurosci. 32,
8383–8390. doi: 10.1523/JNEUROSCI.6237-11.2012

Prévost, C., McNamee, D., Jessup, R. K., Bossaerts, P., and O’Doherty,
J. P. (2013). Evidence for model-based computations in the human
amygdala during Pavlovian conditioning. PLoS Comput. Biol. 9:e1002918.
doi: 10.1371/journal.pcbi.1002918

Pribram, K. H., and McGuinness, D. (1975). Arousal, activation, and effort
in the control of attention. Psychol. Rev. 82, 116–149. doi: 10.1037/h00
76780

Pursey, K. M., Stanwell, P., Callister, R. J., Brain, K., Collins, C. E.,
and Burrows, T. L. (2014). Neural responses to visual food cues
according to weight status: a systematic review of functional magnetic
resonance imaging studies. Front. Nutr. 1:7. doi: 10.3389/fnut.2014.
00007

Rakover, S. S., and Levita, Z. (1973). Heart rate acceleration as a function of
anticipation time for task performance and reward. J. Pers. Soc. Psychol. 28,
39–43. doi: 10.1037/h0035526

Randall, D. C., Skinner, T. L., and Billman, G. E. (1985). A comparison
of the autonomic nervous control of the heart during classical aversive
vs appetitive conditioning in dog. J. Auton. Nerv. Syst. 13, 125–136.
doi: 10.1016/0165-1838(85)90029-3

Rescorla, R. A., and Wagner, A. R. (1972). “A theory of Pavlovian conditioning:
variations in the effectiveness of reinforcement and nonreinforcement,” in
Classical conditioning II: Current Research and Theory, eds A. H. Black and W.
F. Prokasy (New York, NY: Appleton), 64–99.

Richter, M. (2010). Pay attention to your manipulation checks! Reward impact
on cardiac reactivity is moderated by task context. Biol. Psychol. 84, 279–289.
doi: 10.1016/j.biopsycho.2010.02.014

Richter, M. (2012). “Cardiovascular response to reward,” in How Motivation

Affects Cardiovascular Response: Mechanisms and Applications, ed. R.
A. Wright (Washington, DC: American Psychological Association, xiv),
79–91.

Roberts, A. C., and Clarke, H. F. (2019). Why we need nonhuman primates to
study the role of ventromedial prefrontal cortex in the regulation of threat-
and reward-elicited responses. Proc. Natl. Acad. Sci. U.S.A. 116:26897–26304.
doi: 10.1073/pnas.1902288116

Rösler, L., and Gamer, M. (2019). Freezing of gaze during action preparation
under threat imminence. Sci. Rep. 9:17215. doi: 10.1038/s41598-019-
53683-4

Rudebeck, P. H., Putnam, P. T., Daniels, T. E., Yang, T., Mitz, A. R., Rhodes,
S. E. V., et al. (2014). A role for primate subgenual cingulate cortex in
sustaining autonomic arousal. Proc. Natl. Acad. Sci. U.S.A. 111, 5391–5396.
doi: 10.1073/pnas.1317695111

Schad, D. J., Garbusow, M., Friedel, E., Sommer, C., Sebold, M., Hägele, C., et al.
(2019a). Neural correlates of instrumental responding in the context of alcohol-
related cues index disorder severity and relapse risk. Eur. Arch. Psychiatry Clin.
Neurosci. 269, 295–308. doi: 10.1007/s00406-017-0860-4

Schad, D. J., Rapp, M. A., Garbusow, M., Nebe, S., Sebold, M., Obst, E., et al.
(2019b). Dissociating neural learning signals in human sign- and goal-trackers.
Nat Hum Behav. 4:201–214. doi: 10.1038/s41562-019-0765-5

Schultz, W., Dayan, P., and Montague, P. R. (1997). A neural
substrate of prediction and reward. Science 275, 1593–1599.
doi: 10.1126/science.275.5306.1593

Somsen, R. J., Van der Molen, M. W., Jennings, J. R., and van Beek,
B. (2000). Wisconsin Card Sorting in adolescents: analysis of
performance, response times and heart rate. Acta Psychol. 104, 227–257.
doi: 10.1016/S0001-6918(00)00030-5

Starcke, K., Antons, S., Trotzke, P., and Brand, M. (2018). Cue-reactivity in
behavioral addictions: a meta-analysis and methodological considerations. J.
Behav. Addict. 7, 227–238. doi: 10.1556/2006.7.2018.39

Tuber, D. S., Ronca, A. E., Berntson, G. G., Boysen, S. T., and Leland,
H. (1985). Heart rate reactivity, habituation, and associative learning in
developmentally disabled preschool children. Physiol. Psychol. 13, 95–102.
doi: 10.3758/BF03326504

Frontiers in Behavioral Neuroscience | www.frontiersin.org 10 April 2021 | Volume 15 | Article 639372

https://doi.org/10.1146/annurev.ps.25.020174.000543
https://doi.org/10.3758/BF03209696
https://doi.org/10.1037/0735-7044.111.3.494
https://doi.org/10.1037/0096-1523.18.2.422
https://doi.org/10.1016/0031-9384(96)00145-X
https://psycnet.apa.org/fulltext/1992-97763-004.pdf
https://doi.org/10.3389/fnins.2017.00598
https://doi.org/10.1016/j.jsxm.2016.01.013
https://doi.org/10.1111/psyp.12624
https://doi.org/10.1109/EMBC.2016.7591918
https://doi.org/10.1111/j.1469-7610.2007.01769.x
https://doi.org/10.1093/ntr/ntx007
https://doi.org/10.1006/nlme.1998.3870
https://doi.org/10.1006/appe.2000.0328
https://doi.org/10.1523/JNEUROSCI.1478-05.2005
https://doi.org/10.1016/j.ijpsycho.2007.02.008
https://doi.org/10.1111/j.1469-8986.1976.tb00858.x
https://doi.org/10.1007/BF03394332
https://doi.org/10.1523/JNEUROSCI.6237-11.2012
https://doi.org/10.1371/journal.pcbi.1002918
https://doi.org/10.1037/h0076780
https://doi.org/10.3389/fnut.2014.00007
https://doi.org/10.1037/h0035526
https://doi.org/10.1016/0165-1838(85)90029-3
https://doi.org/10.1016/j.biopsycho.2010.02.014
https://doi.org/10.1073/pnas.1902288116
https://doi.org/10.1038/s41598-019-53683-4
https://doi.org/10.1073/pnas.1317695111
https://doi.org/10.1007/s00406-017-0860-4
https://doi.org/10.1038/s41562-019-0765-5
https://doi.org/10.1126/science.275.5306.1593
https://doi.org/10.1016/S0001-6918(00)00030-5
https://doi.org/10.1556/2006.7.2018.39
https://doi.org/10.3758/BF03326504
https://www.frontiersin.org/journals/behavioral-neuroscience
https://www.frontiersin.org
https://www.frontiersin.org/journals/behavioral-neuroscience#articles


Sayão et al. Cardiac Responses to Appetitive Stimuli

Veen, F. M., van der, van der Veen, F. M., van der Molen, M. W., Crone, E. A.,
and Richard Jennings, J. (2004). Phasic heart rate responses to performance
feedback in a time production task: effects of information versus valence. Biol.
Psychol. 65, 147–161. doi: 10.1016/j.biopsycho.2003.07.003

Watson, P., Pearson, D., Wiers, R. W., and Le Pelley, M. E. (2019).
Prioritizing pleasure and pain: attentional capture by reward-related
and punishment-related stimuli. Curr. Opin. Behav. Sci. 26, 107–113.
doi: 10.1016/j.cobeha.2018.12.002

Woods, S. C. (1972). Conditioned hypoglycemia: effect of vagotomy
and pharmacological blockade. Am. J. Physiol. 223, 1424–1427.
doi: 10.1152/ajplegacy.1972.223.6.1424

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2021 Sayão, Alves, Furukawa, Schultz Wenk, Cagy, Gutierrez-Arango,

Tripp and Caparelli-Dáquer. This is an open-access article distributed under the

terms of the Creative Commons Attribution License (CC BY). The use, distribution

or reproduction in other forums is permitted, provided the original author(s) and

the copyright owner(s) are credited and that the original publication in this journal

is cited, in accordance with accepted academic practice. No use, distribution or

reproduction is permitted which does not comply with these terms.

Frontiers in Behavioral Neuroscience | www.frontiersin.org 11 April 2021 | Volume 15 | Article 639372

https://doi.org/10.1016/j.biopsycho.2003.07.003
https://doi.org/10.1016/j.cobeha.2018.12.002
https://doi.org/10.1152/ajplegacy.1972.223.6.1424
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/behavioral-neuroscience
https://www.frontiersin.org
https://www.frontiersin.org/journals/behavioral-neuroscience#articles

	Development of a Classical Conditioning Task for Humans Examining Phasic Heart Rate Responses to Signaled Appetitive Stimuli: A Pilot Study
	Highlights
	Introduction
	Materials and Methods
	Subjects
	Experimental Task
	ECG Recording
	Data Analysis

	Results
	Motivational vs. Orienting Effects of US on Cardiac Responses
	Cardiac Responses to the Cues
	Tonic Heart Rate and Heart Rate Variability at Rest and During the Task

	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	References


