Taylor &Francis
STR Ess Stress

The International Journal on the Biology of Stress

ISSN: (Print) (Online) Journal homepage: https://www.tandfonline.com/loi/ists20

Reward anticipation buffers neuroendocrine and
cardiovascular responses to acute psychosocial
stress in healthy young adults

Weiyu Hu & Juan Yang

To cite this article: Weiyu Hu & Juan Yang (2021): Reward anticipation buffers neuroendocrine
and cardiovascular responses to acute psychosocial stress in healthy young adults, Stress, DOI:
10.1080/10253890.2021.1923690

To link to this article: https://doi.org/10.1080/10253890.2021.1923690

ﬁ Published online: 10 May 2021.

N
[:J/ Submit your article to this journal &

A
& View related articles &'

@ View Crossmark data (&'

CrossMark

Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalinformation?journalCode=ists20


https://www.tandfonline.com/action/journalInformation?journalCode=ists20
https://www.tandfonline.com/loi/ists20
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/10253890.2021.1923690
https://doi.org/10.1080/10253890.2021.1923690
https://www.tandfonline.com/action/authorSubmission?journalCode=ists20&show=instructions
https://www.tandfonline.com/action/authorSubmission?journalCode=ists20&show=instructions
https://www.tandfonline.com/doi/mlt/10.1080/10253890.2021.1923690
https://www.tandfonline.com/doi/mlt/10.1080/10253890.2021.1923690
http://crossmark.crossref.org/dialog/?doi=10.1080/10253890.2021.1923690&domain=pdf&date_stamp=2021-05-10
http://crossmark.crossref.org/dialog/?doi=10.1080/10253890.2021.1923690&domain=pdf&date_stamp=2021-05-10

STRESS
https://doi.org/10.1080/10253890.2021.1923690

Taylor & Francis
Taylor &Francis Group

ORIGINAL RESEARCH REPORT

‘ W) Check for updates

Reward anticipation buffers neuroendocrine and cardiovascular responses to
acute psychosocial stress in healthy young adults

Weiyu Hu®® and Juan Yang®®

®Faculty of Psychology, Southwest University, Chongging, China; PKey Laboratory of Cognition and Personality, Southwest University,

Chongging, China

ABSTRACT

Research over the last 10years suggests that the brain’s reward system plays a crucial role in stress
resilience. Notably, reward processing includes both an anticipatory (cue-triggered “wanting”) phase
and a consummatory (“liking”) phase. However, previous studies manipulated rewards via direct reward
administration, which makes it difficult to isolate the buffering effect of anticipating the reward stimu-
lus. In the current study, we designed a paradigm to manipulate participants into generating reward
anticipation or not and investigated whether reward anticipation can buffer psychological, neuroendo-
crine, and cardiovascular responses to psychosocial stress. A sample of 78 healthy young adults under-
went the Trier Social Stress Test or placebo-Trier Social Stress Test after a reward anticipation task.
Results showed that reward anticipation relieved subjective stress feelings, as well as the overall corti-
sol secretion and the increased heart rate induced by psychosocial stress. Taken together, these find-
ings expanded our understanding of the role the reward system plays in stress resilience, and the
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possible psychological mechanism of the buffering effect for future stress study was also discussed.

HIGHLIGHTS

Reward processing includes both an anticipatory and consummatory phases
The buffering effect of anticipating the reward stimulus requires elucidation

Reward anticipation relieved subjective stress, cortisol secretion, and heart rate

]
o
e We examined if said anticipation buffers varied responses to psychosocial stress
]
L)

We clarified the role of the reward system in stress resilience

1. Introduction

Acute stress can leave people in a state of anxiety and trig-
ger multiple biological reactions (Taverniers et al., 2010). The
hypothalamic pituitary adrenal (HPA) axis is the major stress
response and control system, and its final product—cortisol
secreted from the adrenal cortex—is a biological marker of
stress (Foley & Kirschbaum, 2010). Moreover, the sympatho-
medullary system coordinates the release of catecholamines
during stress, triggering increases in heart rate (Carroll et al.,
2011). Notably, stress is implicated in the development and
progression of a broad array of pathological conditions;
therefore, reducing the stress response can protect individu-
als from negative physical and mental health impacts
(Creswell & Lindsay, 2014).

Research over the last 10years suggests that the brain’s
reward system plays a crucial role in stress resilience, and
activating the reward system through reward stimulation
reduces stress physiology and behavior (Dutcher & Creswell,
2018). Predecessors have obtained convincing experimental
evidence in animals and humans. Animal studies have shown
that rats who regularly receive food and drink rewards
exhibit reduced stress behavior (such as reduced painful

vocalisation) and increased adaptive behavior (such as
increased exploration of new environments) compared to
those who do not receive the rewards (MacKay et al., 2017;
Ulrich-Lai et al., 2010). In addition to primary rewards such as
food, secondary rewards including positive social experiences
that promote human development also show similar effects
(Berridge & Robinson, 2003). For example, human neuroimag-
ing studies have found that thinking about self-worth
increases reward-related neural activity in the ventral striatum
(VS; Dutcher et al., 2016) and also relieves neuroendocrine
and behavioral responses to stress (Dutcher & Creswell,
2018). Moreover, recall of pleasant autobiographical memo-
ries also activated reward system and decreased cortisol
responsiveness to stressors (Speer & Delgado, 2017).

Notably, reward processing is not a homogenous phenom-
enon, as it includes an anticipatory (cue-triggered “wanting”)
phase and a consummatory (“liking”) phase (Berridge et al.,
2009). “Wanting” refers to the drive toward a reward and is
associated with approach motivation and anticipatory pleas-
ure; whereas “liking” refers to the initial responsiveness to a
reward associated with hedonic experience (Berridge et al.,
2009). Animal and human studies indicate anatomical and
neurochemical substrates were distinctly engaged in these
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phases (Dillon et al., 2008). However, previous studies manip-
ulated rewards by administrating them directly (e.g. consum-
ing a sweet drink or recalling pleasant memories) (e.g. Ulrich-
Lai et al, 2010)—making it difficult to isolate the separate
effects of the different reward processes. Thus, it remains
unclear whether reward anticipation can buffer the acute
psychosocial stress response.

Moreover, with regard to psychosocial stress, stimulation
with risk of injury happens in unpredictable or uncontrollable
situations (Dickerson & Kemeny, 2004), meaning that people
cannot typically get an immediate reward when faced with
real-life stressors. For example, to keep mental health and
upward mood in the context of being criticized by the super-
ior, people need to rely on their internal coping resources,
rather than reward consumption to alleviate the stress
response instantly (Gross, 2002). However, these strategies
are not as effective and satisfying as a direct reward (Raio
et al,, 2013). Further, the pressured environment of real life
often lacks reward stimuli, making it difficult to obtain direct
reward stimulation to promote post stress recovery. For
example, a traumatic childhood environment characterized
by emotional or physical neglect makes it difficult for individ-
uals to easily get warmth and rewards from their parents
(Dennison et al., 2016). In this case, reward anticipation may
be an effective way for them to foster stress resilience.
Therefore, because we couldn’t get reward consumption
immediately under acute stress or special circumstances, it is
important to investigate whether reward anticipation can
buffer stress response.

In the current study, we explored the buffering effect of
reward anticipation on acute stress. Previous empirical studies
found that anticipation of a beneficial outcome (such as better
clinical efficacy for a patient) can have several therapeutic ben-
efits, including alleviating anxiety as well as physical pain, and
reducing heart rate response (e.g. Colloca et al, 2004; Kam-
Hansen et al., 2014). For instance, inducing the anticipation of
recovery in patients with irritable bowel syndrome can pro-
mote relief of symptoms and initiate overall improvement
(Kaptchuk et al, 2008). Other researchers believed these
effects to be closely related to reward anticipation (Liu, 2017).
Therefore, we hypothesized that reward anticipation would
buffer individuals’ overall psychosocial stress response—both
in psychological and physiological aspects.

2. Material and methods
2.1. Participants

We used G*Power to estimate the sample size for F tests
with «=0.05 and power (1—f) = 0.8 (Faul et al., 2009), and

Table 1. Descriptive data of study variables and covariates.

so arrived at a sample size of n=280. Eighty participants from
a local University in China were recruited via advertisements.
Two participants (both women) were excluded owing to their
statistics on area in the curve for increase (AUC) cortisol
being outside the range of three standard deviations (SDs).
The final sample consisted of 78 participants (54 women and
24 men) aged 18-23years (Mean = 20.08, SD = 1.15). We
ascertained eligibility, their current health status, and health
behavior using potential participants’ self-reports. Exclusion
criteria were acute or chronic psychiatric or somatic diseases,
intake of psychotropic or glucocorticoid medication, alcohol/
drug abuse, and enrollment in another Trier Social Stress Test
(TSST) study. Participants were informed that the study was
designed to investigate social cognitive function and that it
would last about 1h 30min. Participants were randomly
assigned to the Trier Social Stress Test in the reward anticipa-
tion group (TSST-RA), the TSST in the control group (TSST-
NA), the placebo-TSST in the reward anticipation group
(pTSST-RA), or the placebo-TSST in the control group (pTSST-
NA). Demographic data for each group are presented in
Table 1.

Participants were asked not to smoke on the day of their
appointment, and not to engage in strenuous exercise, drink
alcohol or caffeine, eat or brush their teeth 1 hour before the
session. This study was approved by the Research Ethics
Committee of the Southwest University of China and was
performed in line with the Declaration of Helsinki. Before the
study, informed oral consent was obtained from all partici-
pants before testing. All participants received monetary com-
pensation of 40 yuan for their participation, and participants
in the reward anticipation group received a probabilistic
extra monetary reward.

2.2. Reward anticipation manipulation

Participants were instructed to draw one of two kinds of
tokens from a box: one was labeled “reward” for participants
in the reward anticipation condition and the other “none” for
participants in the control condition. The instruction for par-
ticipants in the reward anticipation condition was, “you have
a chance to enter a raffle after the experiment, and you can
get a 10- to 50-yuan extra money reward”. The instruction
for participants in the control condition was, “you did not
get a chance for the raffle draw”. After the draw, participants
returned to their seats, where they received the stress task
instructions. In the reward anticipation condition, to make
participants keep on anticipating the future reward during
the recovery period and enhance the buffering effect of
reward anticipation, a researcher showed participants the
whole experiment process including the raffle to remind

TSST-RA TSST-NA pTSST-RA pTSST-NA
Age in years, mean (SD) 20.11 (1.31) 19.60 (0.82) 20.25 (1.07) 20.00 (1.26)
Gender
Male, n 6 6 6 6
Female, n 12 14 14 14
Years of education, mean (SD) 15.06 (1.16) 14.40 (0.94) 15.15 (0.99) 14.85 (1.31)

SD: standard deviation. RA: reward anticipation condition; NA: no reward anticipation (control) condition; TSST: Trier Social Stress Test; pTSST: placebo-Trier Social

Stress Test.
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them of the chance for a raffle they got every 10 min after
the stress task. And participants in the control condition
were shown the experiment process without the lottery activ-
ity at the same time.

2.3. Stress and control treatment

The TSST is a standardized psychosocial stress test used to
induce acute stress responses in laboratory research
(Kirschbaum et al., 1993). It can effectively activate HPA axis
responses (Dickerson & Kemeny, 2004). In the TSST condition,
we set up two “interviewers” of different sexes, one camera,
and one microphone. Participants were asked to prepare for
a mock job interview, which required them to give a 5-min
application speech in front of two interviewers, which would
be video recorded. The interviewers remained impassive
throughout the interview. After finishing the interview, partic-
ipants were then asked to complete a 5-min continuous ver-
bal subtraction task, such as subtracting 13 from 1022, as
quickly and accurately as possible. If they made a mistake,
the interviewer would interrupt them and ask them to
start again.

We also employed a pTSST for the control group. The
pTSST was set to be as similar to the TSST as possible in
time course and activity, but not stressful (Het et al.,, 2009).
Participants were asked to choose a topic they liked to talk
about during the 10-min preparation period and speak for
five minutes in an empty room. Next, participants were asked
to complete a simple mental arithmetic task for five min.

2.4. Reward manipulation check

2.4.1. Positive and negative affects assessment

Before and after the reward anticipation tasks, participants’
moods were measured using the positive and negative affect
schedule (PANAS) (Watson et al.,, 1988). PANAS is a 20-item
scale, containing items measuring both positive and negative
affects. Participants indicate how they currently feel using a
5-point Likert scale for each adjective: 1 (very slightly or not
at all) to 7 (very much). And we calculated the total score of
the positive and negative sub-scales respectively. Positive
affect descriptors include “interested,” “excited,” “strong,”
“enthusiastic,” “proud,” “alert,” “inspired,” “determined,”
“attentive,” and “active”. Negative affect descriptors include
“distressed,” “upset,” “guilty,” “scared,” "hostile,” “irritable,”
“ashamed,” “nervous,” “jittery,” and “afraid”.

nou

2.4.2. Reward anticipation assessment

At the end of the complete session, participants were asked
to indicate on a 7-point scale, “how much are you looking
forward to the raffle during the whole experiment after the
reward anticipation task?” to examine the perceived level of
reward anticipation.

STRESS @ 3

2.5, Stress response measurement

2.5.1. Psychological assessment

Participants were asked to indicate their subjective stress
level during the stress task on a 7-point Likert scale: 1 (not
stressful) to 7 (very stressful).

2.5.2. Biological measures

Salivary cortisol was collected as the neuroendocrine indica-
tor of the stress response. A saliva collector (salivate
SARSTEDT, Germany) was used to store samples. Participants
were asked to put cotton buds into their mouth, chew for
1min, and spit them back into the sampler. We reminded
participants not to touch the cotton buds with their hands or
other objects during this process to avoid contaminating the
sample. All samples were kept in a refrigerator at —20°C
until subsequent analysis. Finally, the concentrations of corti-
sol in saliva samples were analyzed by an enzyme-linked
immunosorbent assay (IBL-Hamburg, Germany) following the
manufacturer’s instructions. The sensitivity of the cortisol
assay was 0.005ug/dl. The inter and intra assay coefficients
of variation for the cortisol assay were 3.1% and 6.4%
respectively.

Heart rate was monitored continuously at a sampling rate
of 1kHz using a Biopac MP150 system and analyzed with the
AcgKnowledge software package (Biopac Systems, Goleta,
CA). Specifically, participants’ cardiovascular activity was
recorded using the electrocardiogram amplifier module and
three disposable electrodes positioned on the chest, left arm-
pit, and abdomen, visually inspected for artifacts. Abnormal
or biologically implausible data were excluded. Heart rate
was reported in beats per minute.

2.6. Procedure

Experiments were conducted between 2:30 pm and 5:00 pm
to control for the diurnal rhythm of cortisol. Figure 1 outlines
the experimental procedure. The experiment was conducted
in a quiet room and participants were asked to rest for at
least 30 min upon arrival (while completing a questionnaire).
Following the acclimation period, participants provided a
baseline saliva sample for the assessment of cortisol levels.
Participants then completed the reward anticipation task and
evaluated their emotions before and after the task using the
PANAS. Next, participants prepared for the stress task. Ten
minutes later, the stress experiment officially began, and par-
ticipants were sent to the testing room to complete the TSST
or pTSST. After finishing the test, participants were instructed
to go back to the waiting room and rest. In our experiment,
participants were free to withdraw at any time.

During the entire experiment, the physiological and psy-
chological data were collected eight times (Figure 1): TO =
—20min (baseline measurement), T1 = —15min (reward
anticipation task end), T2=0min (TSST/pTSST start),
T3 =5min (mental arithmetic start), T4 =10min (TSST/pTSST
end), T5 = +20min (Rest 1), T6 = +30min (Rest 2), T7 =
+40min (recovery end). Specifically, saliva samples were
obtained three times: TO, T5, and T7; subjective stress
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end

Arrival
Baseline
Anticipation task

TSST start

Mental arithmetic
start
_Departure

TSST end
Rest 1
Rest 2

Recovery end

Questionnaire »» Questionnaire

-50 -20 -1 5
T0 ™ T2

AA A A A

T3 T4 T5 TB 17

Time (minutes)

Figure 1. Experimental procedure. TSST: Trier Social Stress Test; T: time.

reportswere collected seven times: TO, T1, T2, T4, T5, T6, and
T7; and heart rate was collected continuously and computed
at all points.

2.7. Statistical analyses

Analysis of demographic, psychometric, and physiological
variables was performed using SPSS Statistics 20 (IBM,
Armonk, NY, USA). All variables were examined for distribu-
tional properties and cases were deleted for univariate out-
liers. The area under the curve with respect to increases from
baseline (AUC)) was used to analyze overall stress responses
which including salivary cortisol levels, heart rates, and sub-
jective stress levels in the whole experiment (Pruessner et al.,
2003). We selected AUC, as our measure because it takes into
account both time-related changes and overall intensity of
the stress response (Fekedulegn et al., 2007). To examine the
buffering effect of reward anticipation on psychosocial stress
response, analyses of variance were used with stress (TSST/
pTSST) and reward (reward anticipation/control) as between-
participant variables. We also included demographic variables
as covariates in our analyses, including age and gender.

3. Results
3.1. Manipulation Check

Participants’ reward anticipation and mood are listed in Table
2. Independent-sample t-tests showed that people in the
reward (vs. non-reward) anticipation group reported a higher
level of reward anticipation (Mgy = 4.61, SD=0.86; Myy =
1.25, SD=0.44; t(1,76) = 21.96, p <0.001, d=4.97, 95% Cl:
4,08-5.87) and greater positive feeling (Mgy = 25.63,
SD=3.26; Mya = 23.28, SD=3.00; t(1,76) = 3.33, p=0.001,
d=0.75, 95% Cl: 0.29-1.21) after the reward anticipation task,
regardless of whether they experienced the stress task.
However, the two groups did not show any significant differ-
ence in positive feelings before the reward anticipation task
(Mpa = 23.74, SD=2.32; My,s = 24.20, SD=245; t(1,76) =
0.86, p=0.395, d = —0.19, 95% Cl: —0.64-0.25) or negative
feelings both before (Mzq = 15.58, SD=2.90; My, = 15.93,

Table 2. Descriptive data of study variables and covariates.

TSST-RA TSST-NA pTSST-RA pTSST-NA
Reward anticipation, 4.56 (0.86) 1.20 (0.41) 4.65 (0.88) 1.25 (0.44)
mean (SD)
Positive emotion
Before, mean (SD) 23.94 (1.92) 24.20 (2.76) 23.55 (2.67) 24.20 (2.17)
After, mean (SD) 26.61 (2.17) 23.30 (3.48) 24.75 (3.84) 23.25 (2.51)
Negative emotion
Before, mean (SD) 16.22 (3.15) 15.95 (2.56) 15.00 (2.60) 15.90 (2.75)
After, mean (SD) 1533 (2.72) 14.70 (2.41) 14.70 (2.58) 15.85 (1.95)

SD: standard deviation. RA: reward anticipation condition; NA: no reward
anticipation (control) condition; TSST: Trier Social Stress Test; pTSST: placebo-
Trier Social Stress Test.

0.5+
-®- TSST-RA
0.4 -4~ TSST-NA
& -&- pTSST-RA
~¥- pTSST-NA
S 0.3-
2
s
]
£ 0.2
o
0.1
0.0 . , . .

Baseline Rest1 Recovery

end

Figure 2. Neuroendocrine responses to psychosocial stress. Cortisol concentra-
tions at all time points in the reward anticipation and control conditions of indi-
viduals in TSST and pTSST groups. RA: reward anticipation condition; NA: no
reward anticipation (control) condition; TSST: Trier Social Stress Test; pTSST: pla-
cebo-Trier Social Stress Test.

SD=2.63; t(1,76) = 0.55, p=0582, d = —0.12, 95% CI:
—0.57-0.32) or after the reward anticipation task (Mzs =
15.00, SD=2.63; Myy = 15.28, SD=2.24, t(1,76) = 0.50,
p=0.620, d = —0.11, 95% Cl: —0.56-0.33).

3.2. Stress reactivity

3.2.1. Salivary cortisol
The cortisol concentration levels during the complete experi-
ment are illustrated in Figure 2. Results suggested a



significant main effect of stress (F(1,72) = 21.05, p < 0.001,
’7p2 = 0.23), indicating the AUC, of cortisol in TSST groups
was higher than that in the pTSST groups. We also found a
significant interaction effect (F(1,72) = 7.81, p=0.007, npz =
0.10). The simple effect analysis revealed that the AUC, of
cortisol in the TSST-RA group was lower than that in the
TSST-NA group (Mgs = 0.18, SD=0.16; My, = 0.32, SD=0.26;
F(1,72) = 6.19, p=0.015, 1,> = 0.08); however, the AUC, of
cortisol did not differ between the pTSST-RA and pTSST-NA
groups (Mgs = 0.10, SD=0.17; Mys = 0.01, SD=0.14; F(1,72)
= 191, p=0.171, n,f = 0.03). Moreover, we did not find a
significant main effect of reward anticipation (F(1,72) = 0.74,
p=0.394, n,° = 0.01).

3.2.2. Heart rates

Participants’ heart rates during the whole experiment are
illustrated in Figure 3. Results suggested a significant main
0.05),

effect of stress (F(1,72) = 4.15, p=0.045, 1,° =

STRESS @ 5

indicating the AUC, of heart rates in the TSST groups was
higher than that in the pTSST groups. Results also suggested
a significant main effect of reward anticipation (F(1,72) =
21.13, p<0.001, 5,> = 0.23), indicating that the AUC, of heart
rates in the reward anticipation condition was lower than
that in control condition. Moreover, we found a significant
interaction effect (F(1,72) = 5.47, p=0.022, 1,° = 0.07); post-
hoc analysis revealed that the AUC, of heart rates in the
TSST-RA group was lower than that in the TSST-NA group
(Mga = 3.45, SD=31.37; My = 56.69, SD=34.58; F(1,72) =
22.78, p < 0.001, 11,,2 = 0.24); however, the AUC, of heart rates
did not differ between the pTSST-RA and pTSST-NA groups
(Mpa = 4.26, SD=148.94; My, = 22.49, SD=43.52; F(1,72) =
2.92, p=0.092, 1,° = 0.04).

3.2.3. Subjective stress report
The subjective stress levels during the whole experiment are
illustrated in Figure 4. Results suggested a significant main

-®-+ TSST-RA
-Ak— TSST-NA
100 =@+ pTSST-RA
~¥= PpTSST-NA
s
o
@ 90+
@
<
£
©
]
T
80
70 . .
Baseline Anticipation TSST  Arithmetic TSST Rest1 Rest2 Recovery
taskend start start end end

Figure 3. Cardiovascular responses to psychosocial stress. Heart rates at all time points in the reward anticipation and control conditions of individuals in TSST and
pTSST groups. BPM: Beat Per Minute; RA: reward anticipation condition; NA: no reward anticipation (control) condition; TSST: Trier Social Stress Test; pTSST: placebo-

Trier Social Stress Test.

6
-®- TSST-RA
-4— TSST-NA
=@+« pTSST-RA
=¥= pTSST-NA
)
=
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o
k7
[
2
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0 2+
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(7]
0 . .
Baseline Anticipation  TSST TSST Rest 1 Rest 2 Recovery
task end start end end

Figure 4. Psychological responses to psychosocial stress. Subjective stress ratings at all time points in the reward anticipation and control conditions of individuals
in TSST and pTSST groups. RA: reward anticipation condition; NA: no reward anticipation (control) condition; TSST: Trier Social Stress Test; pTSST: placebo-Trier

Social Stress Test.
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effect of stress (F(1,72) =18.40, p < 0.001, 11,,2 = 0.20), indicat-
ing the AUC, of subjective stress levels in the TSST groups
was higher than that in pTSST groups. We also found a sig-
nificant interaction effect (F(1,72) = 17.01, p<0.001, np2 =
0.19); the simple effect analysis revealed that the AUC, of
subjective stress levels in the TSST-RA group was lower than
that in the TSST-NA group (Mgs = 1.47, SD=5.15; Mys =
6.95, SD=15.99; F(1,72) = 8.94, p=0.004, 1,°> = 0.11), and the
AUC, of subjective stress levels in the pTSST-RA group was
higher than that in the pTSST-NA group Mgy = 1.13,
SD=4.06; Mny = —2.98, SD=4.17; F(1,72) = 7.68, p=0.007,
;1,,2 = 0.10). Moreover, we did not find a significant main
effect of reward anticipation (F(1,72) = 0.08, p=0.780, r]pz
= 0.001).

4. Discussion

Many studies have shown that being given primary reward
stimuli and performing secondary reward tasks can both
effectively buffer the acute stress response induced in a
laboratory scenario (Dutcher & Creswell, 2018). Based on pre-
vious studies, the present study provides the evidence that
reward anticipation can also effectively buffer subjective
stress feelings, as well as the neuroendocrine and cardiovas-
cular responses to psychosocial stress. Specifically, individuals
who anticipated future rewards showed a dampened rise in
cortisol levels and heart rates as well as reduced subjective
stress levels brought on by psychosocial stressors in the
whole experimental process. By contrast, the control group
under stress showed evidence of heightened cortisol, heart
rates, and subjective stress levels that mirrored an acute
stress response.

Consistent with our hypotheses, our results indicated that
reward anticipation can significantly reduce individuals’ stress
response. Firstly, anticipation of a future reward arouses
pleasant feelings (Berridge & Robinson, 2003; Heller et al.,
2009; Kringelbach & Berridge, 2009), and the enhancement of
positive emotions after the reward anticipation task was also
found in the present study. Positive emotions have significant
adaptational functions in stress resilience (Folkman &
Moskowitz, 2000). For example, positive emotions can pro-
mote the regulation of emotional responses to stressors and
involve meaning-based stress coping (Folkman & Moskowitz,
2000; Waugh, 2020). Furthermore, the state of positive emo-
tions will build psychological resources, such as optimism
and ego resilience (Fredrickson, 2001; Speer & Delgado, 2017;
Utsey et al., 2008), which has been shown to offset the
potentially damaging psychological concomitants of negative
effects, such as social-evaluative threat which is a crucial fac-
tor behind the social-psychological stress response (Dickerson
& Kemeny, 2004; Trope & Pomerantz, 1998). In addition to
positive emotions, a recent review suggested the motiv-
ational component in the reward-related processes may play
an important role in the development of perceived control
(Fu & Depue, 2019; Ly et al., 2019). And the enhancement of
controllability could facilitate adaptive stress coping which
can relieve excessive psychological and physical stress
responses (Folkman et al., 1986; Sinha et al., 2016).

Another possible explanation may come from the perspec-
tive of cognitive reappraisal. When someone is in a state of
stress, expecting good things to happen in the future can
broaden their cognitive perspective and cause them to make
positive reappraisals (Aldwin et al., 1994; Nicolson et al,
2020; Pierce et al, 1992), Additionally, the behavioral activa-
tion system activated by reward anticipation also has a posi-
tive direct effect on stress appraisal and alleviating
detrimental effects (Espedido & Searle, 2020). According to
the transactional stress model, the subject’s reaction to stres-
sors is determined, in part, by their appraisal of the stressor
(Delawalla, 2011), and cognitive appraisal processes are not
only crucial for comprehending the stressors (Gaab et al.,
2005; Lazarus & Folkman, 1984), they also modulate the
extent that HPA axis reactivity to stress is habituated.
Previous studies suggest that changing healthy individuals’
cognitive appraisal of stress can reduce the neuroendocrine
stress response to an acute stressor (Gaab et al.,, 2003). For
example, research among community samples has revealed
that subjects feel less stressed if they perceive a stressor as a
challenge, rather than as a threat (Delawalla, 2011). In this
case, they are more likely to adopt a kind of active coping
strategy and have more coping resources, which are related
to faster recovery after stress (Folkman & Moskowitz, 2000;
Sinha et al., 2016).

Interestingly, our results showed that reward anticipation
increased participants’ subjective stress levels in the pTSST
groups. Although seeming counterintuitive at first glance, the
increased subjective stress ratings reflected awareness of
stress signals and interoceptive experience, which are con-
scious steps toward regaining perceived and emotional con-
trol over stress (Gross & John, 2003). And the mechanism
could be similar to using mindfulness for increasing per-
ceived control over stress, pain, and other stress-related con-
ditions (Segal & Walsh, 2016; Teasdale et al., 2002). In the
present study, pTSST was regarded as a “low stress” control
condition (e.g. Morris et al., 2012). On the one hand, the posi-
tive emotion aroused by reward anticipation may help indi-
viduals to detect the threat cues in the “low stress”
environment by broadening the scope of attention
(Fredrickson & Branigan, 2005). On the other hand, a previous
study indicated that increased self-reported stress feeling ori-
ginated from internal awareness which has been found posi-
tively related to active stress coping (Sinha et al., 2016). And
we speculated reward anticipation could drive detection of
internal state by promoting resilient coping.

It should be noted that the buffering effect may be influ-
enced by the severity of acute stressors. Some studies sug-
gested that acute stress is linked to increases in “incentive-
triggered motivation” (Kumar et al., 2014; Lemos et al.,, 2012).
Neurobiologically, the corticotropin-releasing factor (CRF), a
neuropeptide released in response to acute stressors, causes
dopamine release through co-activation of the receptors
CRFR1 and CRFR2, which, in turn, facilitates “cue-triggered
motivation” (Lemos et al., 2012). However, one study indi-
cated that severe stress selectively abolishes the ability of
CRF to modulate dopamine levels, specifically in the Nucleus
accumbens (NAc), and it is thought to switch “cue-triggered
appetitive motivation” into “aversive motivation” (Lemos
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et al,, 2012). As approach motivation is a crucial factor in the
processing of reward anticipation which is affected oppos-
itely by stressors of different severity (Berridge & Robinson,
2003), the buffering effect of reward anticipation could be
weakened by severe stress and enhanced by mild stress. The
TSST paradigm used in this study was a relatively moderate
stressor and we found reward anticipation had a good buf-
fering effect, future research should examine the buffering
effect of reward anticipation on severe acute stress for pro-
moting individuals’ resilience under distinct kinds of
stress conditions.

Our study had a few limitations. First, we failed to investi-
gate the possible psychological/neurological path of these
effects, which is very important for understanding the mech-
anism of reward anticipation on the stress response. Second,
cortisol was collected at only three time-points. Although
previous studies have found that this is enough to support
the buffering effect of the reward system (Speer & Delgado,
2017), the limitations of sample collection prevented us from
analyzing the effect of reward anticipation on neuroendo-
crine responses in different stress periods. Some studies sug-
gested that further identifying the temporal dynamics within
cortisol levels (i.e. anticipatory and reactive hormone surges)
is important (e.g. Dickerson & Kemeny, 2004). For example,
anticipatory stress cortisol interacted with a history of depres-
sive episodes to predict depression trajectories (Morris et al.,
2012). In future studies, more cortisol data at multiple time
points can be collected to analyze the effect of reward antici-
pation on HPA axis response to anticipatory stress—espe-
cially for adolescents, whose cortisol response shifted from
speech delivery toward anticipation (van den Bos et al,
2014). Third, the effectiveness of reward anticipation was
only checked through a single item measurement. Although
previous empirical studies have found that anticipation of
therapeutic reward generated by simple manipulation can
relieve physiological and psychological symptoms of patients
(e.g. Colloca et al., 2004; Kam-Hansen et al., 2014), further
study of direct manipulation of reward anticipation is
required to provide more compelling evidence.

5. Conclusion

Previous studies have not examined the effect of the antici-
patory phase of reward processing on stress response. By
designing an experimental paradigm, the present study
revealed the buffering effects of reward anticipation on sub-
jective, cardiovascular, and neuroendocrine aspects of acute
psychosocial stress responses in young adults. In sum, the
findings elucidate the role that the reward system plays in
stress resilience by demonstrating the important buffering
effect of reward anticipation on acute psychosocial
stress response.
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