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Abstract
Background Depression is a major global health challenge, affecting over 300 million people worldwide. Current 
pharmacological and psychotherapeutic interventions have limited efficacy, underscoring the need for novel 
approaches. Emerging evidence suggests that peak emotional experiences characterized by awe, transcendence, 
and meaning hold promise for rapidly shifting maladaptive cognitive patterns in depression. Aesthetic chills, a peak 
positive emotion characterized by physical sensations such as shivers and goosebumps, may influence reward-related 
neural pathways and hold promise for modifying core maladaptive beliefs rooted in early adverse experiences.

Methods We enrolled 96 patients diagnosed with major depressive disorder. A validated database of multimedia 
known to elicit chills responses (ChillsDB) was used for stimulus presentation. Participants’ emotional responses were 
assessed using the Emotional Breakthrough Inventory (EBI), while shifts in self-schema were measured via the Young 
Positive Schema Questionnaire (YSPQ).

Results The study found that chill-inducing stimuli have the potential to positively influence the core schema of 
individuals with depression, impacting areas of self-related beliefs. The associated phenomenology triggered by 
chills appears to share similarities with the altered states of consciousness induced by psychedelic substances like 
psilocybin.

Conclusions These preliminary results suggest that the biological processes involved in aesthetic chills could be 
harnessed as a non-pharmacological intervention for depression. However, further investigation is necessary to 
comprehensively understand the neurophysiological responses to chills and to evaluate the practicality, effectiveness, 
and safety of utilizing aesthetic chills as a preventive measure in mental health care.
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Introduction
Depression is a debilitating mental illness characterized 
by emotional numbness and a generalized lack of moti-
vation or pleasure in life [1, 2]. Depressed patients often 
exhibit patterns of constant negative rumination about 
themselves and others, as well as social isolation [1–3]. 
Depression is associated with dysregulation in the brain’s 
mesocortical and mesolimbic reward pathways, particu-
larly in areas like the ventral tegmental area (VTA) and 
the nucleus accumbens (NAc) [4, 5]. These areas, rich 
in dopaminergic neurons, are crucial for experiencing 
pleasure and motivation [4, 6]. Such neural changes can 
diminish a patient’s ability to experience pleasure and 
contribute to core aspects of depressive symptomatol-
ogy, such as feelings of worthlessness, hopelessness, and 
an inability to envision a positive future [6, 7]. Psycho-
therapy for these patient populations typically attempts 
to stop the self-reinforcing cycle of negative emotions by 
addressing the patient’s core maladaptive beliefs, a pro-
cess known as cognitive restructuring [8–10]. Specifi-
cally, evidence shows that schema related to self-image 
play an essential role in depression and should be the 
main focus of intervention [9, 11]. In recent years, there 
has been considerable interest in psychedelic compounds 
(e.g., psilocybin, lysergic acid diethylamide [LSD]) and 
their extraordinary phenomenology as a means to induce 
flexibility in such core beliefs [12], sometimes leading 
to considerable transformation and behavioral change 
[13, 14]. Evidence indicates that psychedelics allevi-
ate the symptoms of depression, including in long-term 
treatment-resistant patients [15–17]. Crucially, subjec-
tive experience has been found to be a major predictor of 
long-term therapeutic outcomes and patient well-being 
[18, 19]. However, these peak experiences typically 
require years of psychotherapeutic support and are dif-
ficult to reproduce in the absence of psychotomimetic 
drugs, which may carry contraindications and potential 
side effects.

Here, we investigated whether the peak experience of 
aesthetic chills could mimic some of these effects and 
thereby induce changes in deep-seated models of the self 
to mitigate shame (i.e., foster self-acceptance) in patients 
with a depressed mood. Aesthetic chills (thereafter 
“chills”) are a peak emotional response induced by pow-
erful, sometimes life-changing stimuli [20–23]. They are 
characterized by a specific bodily response of thermo-
regulatory mechanisms such as shivers and goosebumps 
[21, 24–26] and discrete neural correlates associated 
with reward and well-being [21, 24–27]. Stimuli known 
to induce chills include music [28], film [29], speech 
[30], as well as secular and religious rituals [20]. Nota-
bly, preliminary evidence suggests that musical chills 
may induce psychological insight [31], a core phenom-
enological component of psychedelic experiences and 

psychotherapeutic work [19, 32]. As a strong hedonic 
response to emotional stimuli engaging the brain reward 
system [21, 27], chills may hold scientific and clinical 
potential for reward-related or dopaminergic illnesses 
such as depression [33, 34]. However, not much is known 
about chills and psychopathology [35]. The goal of this 
study is to examine the effects of chills stimulation on 
maladaptive cognitions in subjects clinically diagnosed 
with depression. We investigated whether (1) chill-induc-
ing content may affect the core schema of depressed 
patients (specifically shame and self-acceptance) and (2) 
the mechanism at play during the chills response may 
resemble the form of experience induced by the psyche-
delic and psychotherapeutic experience, leading to simi-
lar positive outcomes for affective disorders patients. To 
measure the psychedelic phenomenology we used the 
recently developed Emotional Breakthrough Inventory 
which typically predicts long-term therapeutic outcomes 
in psychedelic-assisted psychotherapy [18], and to assess 
positive belief change after the exposure we used Young 
Positive Schema Questionnaire (YSPQ) [36].

To test the effects of chills videos on depression and 
self-schema, we used two stimuli from ChillsDB, a 
recently constituted chills stimuli database [22]: one 
motivational video specifically targeting self-schema 
through emotional invectives to the listener and a viral 
commercial video targeting pro-social feelings and 
known to elicit chills and tears. Both have been shown in 
past studies to elicit chills in 80% of subjects as well as 
powerful emotional reactions [37]. To estimate the sub-
jective effects of chills and assess to what extent they may 
resemble psychedelic or psychotherapeutic experiences, 
we used the recently constituted Emotional Breakthrough 
Inventory (EBI; [18]). To assess positive belief change 
after exposure, we used the Young Positive Schema 
Questionnaire (YSPQ; [36]). We hypothesized that (a) 
chill-inducing stimuli will increase self-acceptance and 
decrease shame in depressed individuals, as measured 
by the self-acceptance schema on the YSPQ and (b) the 
experience of chills will correlate with greater emotional 
breakthrough on the EBI. Testing these hypotheses will 
provide initial evidence on the effects of aesthetic chills 
on maladaptive cognition in depression, and determine if 
the chills mechanisms can potentially mimic psychedelic-
assisted psychotherapy to modify entrenched negative 
self-schemas.

Methods
Participants
This study recruited a cohort of 96 participants (52 
females; mean age = 37 years, SD = 14) through an online 
platform with comprehensive pre-screening features 
commonly used to recruit participants (Prolific). Pro-
lific is a specialized online platform designed to connect 
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researchers with a diverse global pool of participants for 
research studies, offering tailored participant recruit-
ment through a range of pre-screening tools including 
mental health diagnoses, medication, age, gender iden-
tity, nationality, and employment status [38]. All partici-
pants reported a prior physician-diagnosed depression. 
Among them, 90.7% were currently undergoing therapy 
(N = 78), and 97.7% were on medication (selective sero-
tonin reuptake inhibitor), N = 84. To ensure sample 
homogeneity and confirm that all participants were 
experiencing depression at the time of the intervention, 
we excluded 10 individuals who reported that they were 
neither undergoing treatment nor taking medication cur-
rently. Additionally, to ensure clarity in communication 
and reliability of responses, participants were screened 
for native-level English proficiency.

Procedure
After being informed about the experiment and signing 
the consent form, participants were randomly assigned 
to one of the two experimental conditions (Stimulus 1 
vs. Stimulus 2). Participants were first asked to answer 
questions about demographics (age, gender, national-
ity, ethnicity), and questions from 5 YSPQ schemas: 
Self-acceptance, Trust, Social Belonging, Self-reliance/
competence, and Emotional Fulfillment. Following the 
circumplex model of emotion [39], participants were 
asked to report their current mood in feeling “Extremely 
Unpleasant” to “Extremely Pleasant” for the valence 
rating, “Extremely Calm” to “Extremely Excited” for 
the arousal rating before exposure to the stimulus 
on a 10 point Likert scale. Immediately after watch-
ing the entirety of the stimulus, the participants were 
asked about their emotional valence and arousal, and 
some phenomenological questions about the experi-
ence (see the self-report subsection). Participants were 

asked whether they experienced chills, as well as the 
intensity, frequency, and duration of chills, whether the 
video reminded them of any personal experience, and to 
describe the content of the video that generated chills. 
Participants then answered the EBI and took the same 5 
schemas from the YPSQ in a randomized order. Partici-
pants were provided with a contact for any further infor-
mation. The experiment lasted about 15 min.

Materials
Stimuli
To identify the stimuli, we used ChillsDB, an open-source 
database of validated audiovisual stimuli that are known 
to elicit aesthetic chills (goosebumps, psychogenic shiv-
ers) in a US population [22]. The database consists of 204 
chills-eliciting videos in three categories: music, film, and 
speech (see Fig. 1), which were validated across 600 + par-
ticipants. ChillsDB was built using an ecologically valid 
method for harnessing chills stimuli “in the wild” by 
searching for mentions of somatic markers in user com-
ments using algorithms to parse social media platforms 
(YouTube and Reddit). Two stimuli were extracted from 
the top six validated videos. Both stimuli have a prob-
ability ≥ 0.8 of eliciting chills in a US population. Stimu-
lus 1: “Giving” (Thailand, 2013, 3 min) is a three-minute 
Thai TV commercial by the TrueMove mobile company. 
Stimulus 2: The Dream stimulus (6 min 19 s) was selected 
specifically for its ability to affect the self-image of sub-
jects. It is a medley of motivational speeches by speakers 
such as Les Brown, Eric Thomas, and Will Smith, accom-
panied by emotional music.

Measures

a. Emotional Breakthrough Inventory (EBI)

Fig. 1 On the left, differences in emotional breakthrough across the chills and non chills conditions. On the right, chills intensity positively correlated 
with the emotional breakthrough
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The EBI was developed using an Internet survey of those 
who reported using a psychedelic [18]. It is a reliable and 
validated scale that is positively associated with increases 
in well-being after a psychedelic experience [18]. The EBI 
consists of eight statements such as “I felt able to explore 
challenging emotions and memories” and asks about 
“emotional release”, “closure”, “emotional breakthrough” 
and “resolution of conflict”. Participants rated the extent 
to which they agreed with each statement on a 0–10 scale 
(with 0 being “No, not more than usual” and 10 being 
“Yes, entirely or completely”).

b. Young Positive Schema Questionnaire (YPSQ)

The Young Positive Schema Questionnaire (YPSQ; [36]) 
is a 56-item self-report measure designed to assess 14 
positive schema factors: Emotional Deprivation, Aban-
donment, Mistrust/Abuse, Social Isolation, Defec-
tiveness, Failure, Dependence, Vulnerability to Harm, 
Enmeshment, Subjugation, Self-Sacrifice, Emotional 
Inhibition, Unrelenting Standards, and Entitlement. The 
YPSQ was developed to complement the Young Schema 
Questionnaire 3 Short Form (YSQ-S3; [10]) which mea-
sures early maladaptive or negative schemas. Participants 
respond to YPSQ items on a 6-point Likert scale ranging 
from 1 (completely untrue of me) to 6 (describes me per-
fectly). Scale scores are calculated by summing the items 
for each subscale. Higher scores indicate greater endorse-
ment of the positive schema. For this study, we measured 
the schema most often associated with depression [8, 9, 
11]. These are Self-acceptance/lovability schema (equiv-
alent to the Shame/effectiveness schema in the origi-
nal early maladaptive schema (EMS)), the Trust schema 
(equivalent to Mistrust/abuse in EMS), Social Belonging 
(Social Isolation and Belonging), Self-reliance/compe-
tence (Dependence / Incompetence), Emotional Fulfill-
ment (Emotional Deprivation).

c. Chills Self-Report

Chills were self-reported by the participants through a 
series of questions regarding their emotional and physi-
ological responses to the stimulus. They responded to 
binary (Yes/No) questions such as “Did you experience 
chills?” and “Did you experience goosebumps?“, as well 
as questions rated on a 0–10 Likert scale, including fre-
quency and intensity. Additionally, a qualitative compo-
nent involved open-ended responses, asking participants 
to describe their experience during the video, their 
description of what caused the chills in the video, and 
whether the video reminded them of a personal experi-
ence, providing a deeper insight into their emotional 
engagement with the content.

Ethics
The experiment complied with the Helsinki Declara-
tion and was approved by the Committee on the Use 
of Humans as Experimental Subjects at the Massachu-
setts Institute of Technology (MIT). All participants 
gave their voluntary informed consent and we followed 
the Ethics Code of the American Psychological Associa-
tion. All participants were informed about the purpose 
of the research, their right to decline to participate and 
to withdraw from the experiment, and the limits of con-
fidentiality. We also provided them with a contact for any 
questions concerning the research and with the oppor-
tunity to ask any questions regarding the phenomenon 
under study (aesthetic chills) and receive appropriate 
answers. All participants reacted positively to the experi-
ment and were thankful for the opportunity to learn 
about the phenomenon.

Data analysis
We employed descriptive statistics to calculate means 
and standard deviations for variables like emotional 
breakthrough and arousal ratings [40]. Following assump-
tion checks, we used the Mann-Whitney U test for infer-
ential analysis, suitable for non-normally distributed data 
[41], to compare the experiences of participants with and 
without chills. Additionally, we applied Spearman’s rank 
correlation coefficient to assess the relationship between 
chill intensity and emotional breakthrough, a method 
effective for non-parametric data [42]. This combination 
of descriptive and inferential statistical approaches aimed 
to provide a robust analysis of the potential impact of aes-
thetic chills on depression symptoms. Following the stan-
dard reviewer disclosure request endorsed by the Center 
for Open Science [43], we confirm to have reported all 
measures, conditions, data exclusions, and how we deter-
mined our sample sizes.

Results
In total, 50 participants reported to have experienced 
chills (31 in the Giving stimulus, 19 in the Dream stim-
ulus). The Shapiro-Wilk tests indicated non-normality 
for all variables of interests: Chills Intensity (W = 0.846, 
p < 0.001), Emotional Breakthrough (W = 0.925, p < 0.001), 
Valence Drift (W = 0.943, p < 0.001), and Arousal Drift 
(W = 0.968, p = 0.030), indicating the need to use non-
parametric tests for subsequent analyses. We found 
that participants who experienced chills reported a 
more important emotional breakthrough (MEBI=3.91, 
SD = 2.35) than those who did not (MEBI=1.73, SD = 1.85). 
A Mann Whitney U revealed that this difference is statis-
tically significant (U = 416, p < 0.001). The reported inten-
sity of the chills positively correlated with the emotional 
breakthrough (r(94) = 0.542, p < 0.001).
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We then proceeded to test for differences in valence 
and arousal in subjects who experienced chills compared 
to those who did not. We did not find any significant dif-
ference (U = 793, p = 0.345) of pre-exposure arousal rat-
ings between subsequently those who reported chills 
(MArousal pre=3.92, SD = 1.99) and those who did not 
(MArousal pre=3.44, SD = 1.73). Similarly, we did not find 
any significant difference (U = 852, p = 0.674) of pre-expo-
sure -valence ratings between those who experienced 
chills (MValence pre=5.88, SD = 1.99) and those who did not 
(MValence pre=5.69, SD = 1.72), indicating independence 
between pre exposure emotional state on propensity of 
getting chills.

Participants who reported chills also reported 
greater valence (MValence=7.30, SD = 2.22) and arousal 
ratings (MArousal=5.72; SD = 2.08) after the stimu-
lus than those who did not (MValence=5.64, SD = 1.93; 
MArousal=4.08; SD = 2.20) (Fig.  2). Both differences were 
significant across chills exposure conditions for both 
valence (U = 493, p < 0.001) and arousal ratings (U = 534, 
p = 0.001). We found that an increase in chills inten-
sity correlates with an increase in valence (Spearman’s 
rho 0.543, < 0.001) and arousal (Spearman’s rho 0.384, 
< 0.001). Mediation analysis revealed that the intensity 
of chills significantly predicted the change in valence 
(total effect = 0.239, SE = 0.0622, Z = 3.84, p < 0.001), medi-
ated by emotional breakthrough (indirect effect = 0.122, 
SE = 0.0430, Z = 2.84, p = 0.005).

Finally, upon examining the impact of chills on YPSQ, 
we applied a Bonferroni correction to account for 

multiple comparisons across 5 tests, setting the signifi-
cance threshold at p = 0.01. In this analysis, participants 
who experienced chills demonstrated a statistically signif-
icant improvement in self-acceptance (U = 570, p = 0.003). 
Notably, this significant result was not observed in the 
other five tests, speaking to the specific impact of chills 
on self-acceptance.

Discussion and conclusion
In this exploratory study, we tested the effect of two 
chills stimulations on depressed subjects. We found that 
the subjects who reported chills displayed significantly 
greater self-acceptance (i.e., less shame), as measured 
by YPSQ, and compared to the subjects who did not 
experience chills. Furthermore, we found that partici-
pants who reported chills reported a greater emotional 
breakthrough, a measure commonly used in psychedelic 
research to assess the patient’s propensity to experience 
difficult emotions during the session. Similar to prior 
studies [37], we also found that chills were significantly 
correlated with a change in valence and arousal, a posi-
tive outcome for depressed patients who ordinarily strug-
gle with anhedonia and lower reward sensitivity [44, 45]. 
Interestingly, the change in valence score was mediated 
by the level of emotional breakthrough.

These results suggest that chill-inducing stimuli 
may have the potential to affect the core schema of 
depressed patients, specifically in terms of shame and 
self-acceptance. Core maladaptive beliefs can typically 
be traced back to adverse childhood experiences (e.g., 

Fig. 2 Emotional drift in valence and arousal in chills and no chills conditions. The chills participants reported a greater drift in emotional valence and 
arousal, and a change from a bottom quadrant to a top quadrant, whereas the participants who did not experience chills remained in the same emotional 
space

 



Page 6 of 8Schoeller et al. BMC Psychiatry           (2024) 24:40 

rape, neglect, abuse) and are often met with considerable 
resistance by the patient due to the installment of a deep 
sense of shame and self-deprecation, where the patient 
perceives himself as inherently defective [46, 47]. The 
main challenge of psychotherapy is to address these dys-
functional patterns of thoughts and feelings learned early 
in childhood during states of heightened brain plasticity 
[48]. Aesthetic chills may potentiate cognitive restructur-
ing through the release of dopamine, and a temporary 
enhancement of synaptic plasticity, critical for learning 
and cognitive change [49]. Dopamine’s role in reward 
prediction error processing is essential for adapting and 
relearning emotional responses [50], particularly in the 
context of positive experiences [51] with increased dopa-
mine levels associated with positive affect and enhanced 
cognitive flexibility [52]. The potent dopaminergic 
response elicited by aesthetic chills could interrupt nega-
tive thought patterns, providing a unique opportunity for 
positive cognitive and emotional relearning [34, 53, 54], 
especially with regards to orienting to the semantic con-
tent of the stimulus.

Interestingly, we did not find any difference in arousal 
scores beforehand for participants who reported chills 
compared to those who did not, contrary to the results 
of [55], where the statistical difference in arousal score 
before exposure can be used to predict for the subse-
quent occurrence of chills in healthy participants. Per-
haps, the medication is damping the response.

The mechanism of action during the chills response is 
not well understood, but our results suggest that it may 
resemble the form of problem resolution induced by the 
psychedelic and psychotherapeutic experience [13]. This 
finding is intriguing, as it suggests that aesthetic chills 
may be able to mimic some of the therapeutic effects of 
psychedelics without the use of psychoactive drugs. This 
may be particularly useful for individuals who are unable 
or unwilling to use psychedelics for various reasons, 
such as legal restrictions, safety concerns, or personal 
preferences.

However, our study has several limitations. First, as an 
exploratory study, our sample size is limited and may not 
be representative of the general population. Second, this 
study lacked formal diagnostic assessment by a clinician 
at intervention time. Hence, a follow-up study should 
include detailed clinician interviews (e.g., using the MINI 
International Neuropsychiatric Interview) for a more 
robust validation of these preliminary findings. Third, we 
used a self-report measure to assess the effects of chills 
on shame and self-acceptance, which may be subject to 
some bias. Future research should aim to address these 
limitations and provide more robust evidence for the 
effects of chills on depression and other mental health 
conditions. This could be done through larger, more 
diverse samples, more objective measures of emotional 

response (e.g., neurophysiological), and more controlled 
experimental designs. Additionally, research should 
explore the underlying biological mechanisms of the 
chills response in the context of depression and its poten-
tial therapeutic applications, as well as the potential risks 
and drawbacks of using aesthetic chills as a therapeutic 
intervention.

Conclusion
Aesthetic chills may be a promising avenue for future 
therapeutic interventions and offer a non-pharmaco-
logical and easily accessible means to induce psycho-
plastogenic states. This preliminary study suggests that 
chill-inducing stimuli may have the potential to affect the 
core schema of depressed patients, specifically in terms 
of shame and self-acceptance. The mechanism of action 
during the chills response may resemble the form of 
insight induced by the psychedelic and psychotherapeu-
tic experience, leading to similar positive outcomes for 
the subject. However, further research is needed to fully 
understand the immediate and long-term effects of chills 
on depression and other reward-related or dopaminergic 
illnesses.

Author contributions
FS and AJ conceptualized the study and collected and analyzed the data. VA, 
NR, and PM contributed to the manuscript and theoretical framework.

Funding
This research was partially financed by a Joy Ventures Research Grant and Tiny 
Blue Dot Foundation.
'Open Access funding provided by the MIT Libraries'

Data availability
The data for this study is available on the FigShare repository:
Schoeller, F., Jain, A., Adrien, V., Maes, P., & Reggente, N. (2023). Aesthetic Chills 
Mitigate Maladaptive Cognition In Depression (Version 1). figshare. https://doi.
org/10.6084/m9.figshare.24815574.v1.

Declarations

Ethics approval and consent to participate
This study was approved by the Committee on the Use of Humans as 
Experimental Subjects at the Massachusetts Institute of Technology (MIT). All 
participants gave their voluntary informed consent to participate.

Consent for publication
Not applicable.

Competing interests
This research was partially financed by a Joy Ventures Research Grant and 
Tiny Blue Dot Foundation. In the past years, FS co-founded and received 
compensation from BeSound SAS and Nested Minds LLC.

Received: 9 November 2023 / Accepted: 23 December 2023

References
1. Malhi GS, Mann JJ, Depression. Lancet [Internet]. 2018;392(10161):2299–312. 

https://doi.org/10.1016/S0140-6736(18)31948-2.

https://doi.org/10.6084/m9.figshare.24815574.v1
https://doi.org/10.6084/m9.figshare.24815574.v1
https://doi.org/10.1016/S0140-6736(18)31948-2


Page 7 of 8Schoeller et al. BMC Psychiatry           (2024) 24:40 

2. Martin G. Diagnostic and Statistical Manual of Mental Disorders: DSM-5 
(5th edition). Reference Reviews [Internet]. 2014;28(3):36–7. https://doi.
org/10.1108/RR-10-2013-0256.

3. Badcock PB, Davey CG, Whittle S, Allen NB, Friston KJ. The Depressed Brain: An 
Evolutionary Systems Theory. Trends Cogn Sci [Internet]. 2017;21(3):182–94. 
https://doi.org/10.1016/j.tics.2017.01.005.

4. Nestler EJ, Carlezon WA Jr. The mesolimbic dopamine reward circuit in 
depression. Biol Psychiatry [Internet]. 2006;59(12):1151–9. https://doi.
org/10.1016/j.biopsych.2005.09.018.

5. Belujon P, Grace AA. Dopamine System Dysregulation in Major Depressive 
Disorders. Int J Neuropsychopharmacol [Internet]. 2017;20(12):1036–46. 
https://doi.org/10.1093/ijnp/pyx056.

6. Russo SJ, Nestler EJ. The brain reward circuitry in mood disorders. Nat Rev 
Neurosci [Internet]. 2013;14(9):609–25. https://doi.org/10.1038/nrn3381.

7. Treadway MT, Zald DH. Reconsidering anhedonia in depression: lessons from 
translational neuroscience. Neurosci Biobehav Rev [Internet]. 2011;35(3):537–
55. https://doi.org/10.1016/j.neubiorev.2010.06.006.

8. Tariq A, Reid C, Chan SWY. A meta-analysis of the relationship between 
early maladaptive schemas and depression in adolescence and young 
adulthood. Psychol Med [Internet]. 2021;1–16. https://doi.org/10.1017/
S0033291721001458.

9. Bishop A, Younan R, Low J, Pilkington PD. Early maladaptive schemas and 
depression in adulthood: A systematic review and meta-analysis. Clin Psychol 
Psychother [Internet]. 2022;29(1):111–30. https://doi.org/10.1002/cpp.2630.

10. Chodkiewicz J, Wydrzyński M, Talarowska MJ. Young’s Early Maladaptive Sche-
mas and Symptoms of Male Depression. Life [Internet]. 2022;12(2). https://
doi.org/10.3390/life12020167.

11. Wei M, Shaffer PA, Young SK, Zakalik RA. Adult Attachment, Shame, Depres-
sion, and Loneliness: The Mediation Role of Basic Psychological Needs 
Satisfaction. J Couns Psychol [Internet]. 2005;52(4):591–601. Available from: 
https://psycnet.apa.org/fulltext/2005-13343-017.pdf.

12. Kuypers KP. Psychedelics for depression: from neurobiology to treatment. Eur 
Psychiatry [Internet]. 2023 Mar [cited 2023 Dec 19];66(S1):S18–S18. Available 
from: https://www.cambridge.org/core/journals/european-psychiatry/
article/psychedelics-for-depression-from-neurobiology-to-treatment/
F9BC5CCD9155895F42C0A1D1CF8759C2.

13. Carhart-Harris RL, Friston KJ. REBUS and the Anarchic Brain: Toward a Uni-
fied Model of the Brain Action of Psychedelics. Pharmacol Rev [Internet]. 
2019;71(3):316–44. https://doi.org/10.1124/pr.118.017160.

14. Raison CL, Jain R, Penn AD, Cole SP, Jain S. Effects of Naturalistic Psychedelic 
Use on Depression, Anxiety, and Well-Being: Associations With Patterns of 
Use, Reported Harms, and Transformative Mental States. Front Psychiatry 
[Internet]. 2022;13:831092. https://doi.org/10.3389/fpsyt.2022.831092.

15. Iacobucci G. Psilocybin reduces symptoms in treatment resistant depression, 
trial results show. BMJ [Internet]. 2022;379:o2623. https://doi.org/10.1136/
bmj.o2623.

16. Shukuroglou M, Roseman L, Wall M, Nutt D, Kaelen M, Carhart-Harris R. 
Changes in music-evoked emotion and ventral striatal functional connectiv-
ity after psilocybin therapy for depression. J Psychopharmacol [Internet]. 
2022;2698811221125354. https://doi.org/10.1177/02698811221125354.

17. Mans K, Kettner H, Erritzoe D, Haijen ECHM, Kaelen M, Carhart-Harris RL, 
Sustained. Multifaceted Improvements in Mental Well-Being Following Psy-
chedelic Experiences in a Prospective Opportunity Sample. Front Psychiatry 
[Internet]. 2021;12:647909. https://doi.org/10.3389/fpsyt.2021.647909.

18. Roseman L, Haijen E, Idialu-Ikato K, Kaelen M, Watts R, Carhart-Harris R. 
Emotional breakthrough and psychedelics: Validation of the Emotional 
Breakthrough Inventory. J Psychopharmacol [Internet]. 2019;33(9):1076–87. 
https://doi.org/10.1177/0269881119855974.

19. Davis AK, Barrett FS, So S, Gukasyan N, Swift TC, Griffiths RR. Development 
of the Psychological Insight Questionnaire among a sample of people 
who have consumed psilocybin or LSD. J Psychopharmacol [Internet]. 
2021;35(4):437–46. https://doi.org/10.1177/0269881120967878.

20. Schoeller F. The shivers of knowledge. Hum Soc Stud [Internet]. 2015;4(3):26–
41. https://doi.org/10.1515/hssr-2015-0022.

21. Blood AJ, Zatorre RJ. Intensely pleasurable responses to music correlate 
with activity in brain regions implicated in reward and emotion. Proc Natl 
Acad Sci U S A [Internet]. 2001;98(20):11818–23. https://doi.org/10.1073/
pnas.191355898.

22. Schoeller F, Jain A, Horowitz AH, Yan G, Hu X, Maes P et al. ChillsDB, a gold 
standard for aesthetic chills stimuli [Internet]. 2022. Available from: psyarxiv.
com/9wrmq.

23. Christov-Moore L, Schoeller F, Lynch C, Sacchet M, Reggente N. Self-
Transcendence Accompanies Aesthetic Chills [Internet]. 2023. https://doi.
org/10.31234/osf.io/tsrve.

24. McCrae RR. Aesthetic chills as a universal marker of openness to experience. 
Motiv Emot [Internet]. 2007;31(1):5–11. Available from: https://psycnet.apa.
org/fulltext/2007-16550-002.pdf.

25. Schoeller F. Knowledge, curiosity, and aesthetic chills. Front Psychol [Internet]. 
2015;6:1546. https://doi.org/10.3389/fpsyg.2015.01546.

26. Chabin T, Gabriel D, Chansophonkul T, Michelant L, Joucla C, Haffen E et al. 
Cortical Patterns of Pleasurable Musical Chills Revealed by High-Density 
EEG. Front Neurosci [Internet]. 2020;14:565815. https://doi.org/10.3389/
fnins.2020.565815.

27. Salimpoor VN, Benovoy M, Larcher K, Dagher A, Zatorre RJ. Anatomically dis-
tinct dopamine release during anticipation and experience of peak emotion 
to music. Nat Neurosci [Internet]. 2011;14(2):257–62. https://doi.org/10.1038/
nn.2726.

28. Mori K, Iwanaga M. Resting physiological arousal is associated with the expe-
rience of music-induced chills. Int J Psychophysiol [Internet]. 2014;93(2):220–
6. https://doi.org/10.1016/j.ijpsycho.2014.05.001.

29. Schoeller F, Perlovsky L. Aesthetic Chills: Knowledge-Acquisition, Meaning-
Making, and Aesthetic Emotions. Front Psychol [Internet]. 2016;7:1093. 
https://doi.org/10.3389/fpsyg.2016.01093.

30. Wassiliwizky E, Koelsch S, Wagner V, Jacobsen T, Menninghaus W. The emo-
tional power of poetry: neural circuitry, psychophysiology and compositional 
principles. Soc Cogn Affect Neurosci [Internet]. 2017;12(8):1229–40. https://
doi.org/10.1093/scan/nsx069.

31. Schoeller F, Jain A, Christov-Moore L, Reggente N. Musical chills induce 
psychological insight [Internet]. 2023. https://doi.org/10.31234/osf.io/m9ea5.

32. Jennissen S, Huber J, Ehrenthal JC, Schauenburg H, Dinger U. Association 
Between Insight and Outcome of Psychotherapy: Systematic Review and 
Meta-Analysis. Am J Psychiatry [Internet]. 2018;175(10):961–9. https://doi.
org/10.1176/appi.ajp.2018.17080847.

33. Jain A, Schoeller F, Esfand S, Duda J, Null K, Reggente N et al. Aesthetic Chills 
Modulate Reward Learning in Anhedonic Depression [Internet]. 2023. https://
doi.org/10.31234/osf.io/3pzsj.

34. Schoeller F, Jain A, Pizzagalli DA, Reggente N. Aesthetic Chills: How Do 
Bodily Sensations Shape Conscious Feelings? [Internet]. 2023. https://doi.
org/10.31234/osf.io/7ru6m.

35. Schoeller F, Krishnakumar A. Investigating the role of psychogenic shivers in 
mental health [Internet]. 2019. Available from: psyarxiv.com/8tzh5.

36. Louis JP, Wood AM, Lockwood G, Ho MHR, Ferguson E. Positive clinical psy-
chology and Schema Therapy (ST): The development of the Young Positive 
Schema Questionnaire (YPSQ) to complement the Young Schema Question-
naire 3 Short Form (YSQ-S3). Psychol Assess [Internet]. 2018;30(9):1199–213. 
https://doi.org/10.1037/pas0000567.

37. Jain A, Schoeller F, Horowitz AH, Yan G, Hu X, Salomon D, Roy et al. Aesthetic 
chills cause an emotional drift in valence and arousal [Internet]. 2022. Avail-
able from: psyarxiv.com/7fxh4.

38. Palan S, Schitter C. Prolific.ac—A subject pool for online experiments. 
Journal of Behavioral and Experimental Finance [Internet]. 2018;17:22–7. 
Available from: https://www.sciencedirect.com/science/article/pii/
S2214635017300989.

39. Russell JA. A circumplex model of affect. J Pers Soc Psychol [Internet]. 
1980;39(6):1161. Available from: https://psycnet.apa.org/journals/
psp/39/6/1161/.

40. Kapoor K, Austin A, Quazza J. Portfolio Manager: Tanimaa Mehra Content 
Producer [Internet]. [cited 2023 Dec 19]. Available from: https://www.pear-
sonhighered.com/assets/preface/0/1/3/4/0134790545.pdf.

41. McKnight PE, Najab J, Mann-Whitney U, Test. Corsini Encycl Psychol. 2010.
42. Hauke J, Kossowski T. Comparison of values of Pearson’s and Spearman’s 

Correlation Coefficients on the Same Sets of data. Quaest Geogr [Internet]. 
2011;30(2):87–93. Available from: https://sciendo.com/downloadpdf/jour-
nals/quageo/30/2/article-p87.pdf.

43. Nosek BA, Ebersole CR, DeHaven AC, Mellor DT. The preregistration revolu-
tion. Proc Natl Acad Sci U S A [Internet]. 2018;115(11):2600–6. https://doi.
org/10.1073/pnas.1708274114.

44. Pizzagalli DA. Depression, stress, and anhedonia: toward a synthesis and 
integrated model. Annu Rev Clin Psychol [Internet]. 2014;10:393–423. https://
doi.org/10.1146/annurev-clinpsy-050212-185606.

45. Pizzagalli DA. Toward a Better Understanding of the Mechanisms and Patho-
physiology of Anhedonia: Are We Ready for Translation? Am J Psychiatry 
[Internet]. 2022;179(7):458–69. https://doi.org/10.1176/appi.ajp.20220423.

https://doi.org/10.1108/RR-10-2013-0256
https://doi.org/10.1108/RR-10-2013-0256
https://doi.org/10.1016/j.tics.2017.01.005
https://doi.org/10.1016/j.biopsych.2005.09.018
https://doi.org/10.1016/j.biopsych.2005.09.018
https://doi.org/10.1093/ijnp/pyx056
https://doi.org/10.1038/nrn3381
https://doi.org/10.1016/j.neubiorev.2010.06.006
https://doi.org/10.1017/S0033291721001458
https://doi.org/10.1017/S0033291721001458
https://doi.org/10.1002/cpp.2630
https://doi.org/10.3390/life12020167
https://doi.org/10.3390/life12020167
https://psycnet.apa.org/fulltext/2005-13343-017.pdf
https://www.cambridge.org/core/journals/european-psychiatry/article/psychedelics-for-depression-from-neurobiology-to-treatment/F9BC5CCD
https://www.cambridge.org/core/journals/european-psychiatry/article/psychedelics-for-depression-from-neurobiology-to-treatment/F9BC5CCD
https://www.cambridge.org/core/journals/european-psychiatry/article/psychedelics-for-depression-from-neurobiology-to-treatment/F9BC5CCD
https://doi.org/10.1124/pr.118.017160
https://doi.org/10.3389/fpsyt.2022.831092
https://doi.org/10.1136/bmj.o2623
https://doi.org/10.1136/bmj.o2623
https://doi.org/10.1177/02698811221125354
https://doi.org/10.3389/fpsyt.2021.647909
https://doi.org/10.1177/0269881119855974
https://doi.org/10.1177/0269881120967878
https://doi.org/10.1515/hssr-2015-0022
https://doi.org/10.1073/pnas.191355898
https://doi.org/10.1073/pnas.191355898
https://doi.org/10.31234/osf.io/tsrve
https://doi.org/10.31234/osf.io/tsrve
https://psycnet.apa.org/fulltext/2007-16550-002.pdf
https://psycnet.apa.org/fulltext/2007-16550-002.pdf
https://doi.org/10.3389/fpsyg.2015.01546
https://doi.org/10.3389/fnins.2020.565815
https://doi.org/10.3389/fnins.2020.565815
https://doi.org/10.1038/nn.2726
https://doi.org/10.1038/nn.2726
https://doi.org/10.1016/j.ijpsycho.2014.05.001
https://doi.org/10.3389/fpsyg.2016.01093
https://doi.org/10.1093/scan/nsx069
https://doi.org/10.1093/scan/nsx069
https://doi.org/10.31234/osf.io/m9ea5
https://doi.org/10.1176/appi.ajp.2018.17080847
https://doi.org/10.1176/appi.ajp.2018.17080847
https://doi.org/10.31234/osf.io/3pzsj
https://doi.org/10.31234/osf.io/3pzsj
https://doi.org/10.31234/osf.io/7ru6m
https://doi.org/10.31234/osf.io/7ru6m
http://psyarxiv.com/8tzh5
https://doi.org/10.1037/pas0000567
https://www.sciencedirect.com/science/article/pii/S2214635017300989
https://www.sciencedirect.com/science/article/pii/S2214635017300989
https://psycnet.apa.org/journals/psp/39/6/1161/
https://psycnet.apa.org/journals/psp/39/6/1161/
https://www.pearsonhighered.com/assets/preface/0/1/3/4/0134790545.pdf
https://www.pearsonhighered.com/assets/preface/0/1/3/4/0134790545.pdf
https://sciendo.com/downloadpdf/journals/quageo/30/2/article-p87.pdf
https://sciendo.com/downloadpdf/journals/quageo/30/2/article-p87.pdf
https://doi.org/10.1073/pnas.1708274114
https://doi.org/10.1073/pnas.1708274114
https://doi.org/10.1146/annurev-clinpsy-050212-185606
https://doi.org/10.1146/annurev-clinpsy-050212-185606
https://doi.org/10.1176/appi.ajp.20220423


Page 8 of 8Schoeller et al. BMC Psychiatry           (2024) 24:40 

46. Talarowska M, Wysiadecki G, Chodkiewicz J. Affective Neuroscience Personal-
ity Scales and Early Maladaptive Schemas in Depressive Disorders. Int J 
Environ Res Public Health [Internet]. 2022;19(13). https://doi.org/10.3390/
ijerph19138062.

47. Cormier A, Jourda B, Laros C, Walburg V, Callahan S. [Influence between early 
maladaptive schemas and depression]. Encephale [Internet]. 2011;37(4):293–
8. https://doi.org/10.1016/j.encep.2011.01.001.

48. Lockwood G, Perris P. A new look at core emotional needs. The Wiley-
Blackwell handbook of schema therapy: Theory, research, and practice 
[Internet]. 2012;647:41–66. Available from: https://psycnet.apa.org/full-
text/2012-16318-003.pdf.

49. Yagishita S, Hayashi-Takagi A, Ellis-Davies GCR, Urakubo H, Ishii S, Kasai H. 
A critical time window for dopamine actions on the structural plasticity of 
dendritic spines. Science [Internet]. 2014;345(6204):1616–20. https://doi.
org/10.1126/science.1255514.

50. Schultz W. Dopamine neurons and their role in reward mechanisms. 
Curr Opin Neurobiol [Internet]. 1997;7(2):191–7. https://doi.org/10.1016/
s0959-4388(97)80007-4.

51. Goschke T, Bolte A. Emotional modulation of control dilemmas: the role of 
positive affect, reward, and dopamine in cognitive stability and flexibility. 

Neuropsychologia [Internet]. 2014;62:403–23. https://doi.org/10.1016/j.
neuropsychologia.2014.07.015.

52. Nieoullon A. Dopamine and the regulation of cognition and attention. 
Prog Neurobiol [Internet]. 2002;67(1):53–83. https://doi.org/10.1016/
s0301-0082(02)00011-4.

53. Schoeller F. Primary states of consciousness: A review of historical and 
contemporary developments. Conscious Cogn [Internet]. 2023;113:103536. 
https://doi.org/10.1016/j.concog.2023.103536.

54. Sarasso P, Neppi-Modona M, Sacco K, Ronga I. Stopping for knowledge: 
The sense of beauty in the perception-action cycle. Neurosci Biobehav Rev 
[Internet]. 2020;118:723–38. Available from: https://www.sciencedirect.com/
science/article/pii/S0149763420305625.

55. Schoeller F, Christov-Moore L, Lynch C, Diot T, Reggente N. Latent Vari-
ables Determine Peak Emotional Responses [Internet]. 2023. https://doi.
org/10.31234/osf.io/crbz8.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.

https://doi.org/10.3390/ijerph19138062
https://doi.org/10.3390/ijerph19138062
https://doi.org/10.1016/j.encep.2011.01.001
https://psycnet.apa.org/fulltext/2012-16318-003.pdf
https://psycnet.apa.org/fulltext/2012-16318-003.pdf
https://doi.org/10.1126/science.1255514
https://doi.org/10.1126/science.1255514
https://doi.org/10.1016/s0959-4388(97)80007-4
https://doi.org/10.1016/s0959-4388(97)80007-4
https://doi.org/10.1016/j.neuropsychologia.2014.07.015
https://doi.org/10.1016/j.neuropsychologia.2014.07.015
https://doi.org/10.1016/s0301-0082(02)00011-4
https://doi.org/10.1016/s0301-0082(02)00011-4
https://doi.org/10.1016/j.concog.2023.103536
https://www.sciencedirect.com/science/article/pii/S0149763420305625
https://www.sciencedirect.com/science/article/pii/S0149763420305625
https://doi.org/10.31234/osf.io/crbz8
https://doi.org/10.31234/osf.io/crbz8

	Aesthetic chills mitigate maladaptive cognition in depression
	Abstract
	Introduction
	Methods
	Participants
	Procedure
	Materials
	Stimuli
	Measures


	Ethics
	Data analysis
	Results
	Discussion and conclusion
	Conclusion
	References


