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MEDLINE via PubMed:
("mental pain"[TW]) OR ("psychic pain" [TW]) OR ("psychache*"[TW]) OR ("psychological pain"[TW]) OR ("spiritual pain"[TW]) OR ("social pain"[TW]) OR ("emotional pain"[TW]) OR ("soul pain"[TW]) OR ("psychalg*"[TW]) OR ("painful feeling*"[TW]) OR ("hurt feeling*"[TW]) OR ("mental suffer*" [TW]) OR ("emotional suffer*" [TW]) OR ("psychological suffer*" [TW]) OR ("social distress" [TW])

EMBASE via embase.com:
('mental pain':ti,ab,kw OR 'psychalg*':ti,ab,kw OR 'psychache*':ti,ab,kw OR 'psychic pain':ti,ab,kw OR 'soul pain':ti,ab,kw OR 'painful feeling*':ti,ab,kw OR 'psychological pain':ti,ab,kw OR 'spiritual pain':ti,ab,kw OR 'social pain':ti,ab,kw OR 'emotional pain':ti,ab,kw OR 'hurt feeling*':ti,ab,kw OR 'psychological suffer*':ti,ab,kw OR 'mental suffer*':ti,ab,kw OR 'emotional suffer*':ti,ab,kw OR 'social distress':ti,ab,kw) AND [embase]/lim

Web Of Science via Clarivate:
TS=("mental pain") OR TS=("psychological pain") OR TS=("psychic pain") OR TS=("psychache*") OR TS=("social pain") OR TS=("emotional pain")OR TS=("spiritual pain") OR TS=("soul pain") OR TS=("psychalg*")  OR TS=("painful feeling*") OR TS=("hurt feeling*") OR TS=("psychological suffer*") OR TS=("emotional suffer*") OR TS=("mental suffer*") OR TS=("social distress")
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We screened the references of 7 meta-analyses and systematic reviews identified by our search strategy. Through this screening, we did not identify supplemental studies to be included in our study.

1. Cacioppo S, Frum C, Asp E, Weiss RM, Lewis JW, Cacioppo JT. A Quantitative Meta-Analysis of Functional Imaging Studies of Social Rejection. Sci Rep. 2013 Jun 19;3(1):2027.
2. Colino L, Herranz-Herrer J, Gil-Benito E, Ponte-Lopez T, Del Sol-Calderon P, Rodrigo-Yanguas M, et al. Cannabinoid Receptors, Mental Pain and Suicidal Behavior: a Systematic Review. Curr Psychiatry Rep. 2018 Mar 15;20(3):19.
3. Ducasse D, Courtet P, Olié E. Physical and Social Pains in Borderline Disorder and Neuroanatomical Correlates: A Systematic Review. Curr Psychiatry Rep. 2014;
4. Meerwijk EL, Ford JM, Weiss SJ. Brain regions associated with psychological pain: implications for a neural network and its relationship to physical pain. Brain Imaging and Behavior. 2013 Mar;7(1):1–14.
5. Mwilambwe-Tshilobo L, Spreng RN. Social exclusion reliably engages the default network: A meta-analysis of Cyberball. Neuroimage. 2021 Feb 15;227:117666.
6. Rotge JY, Lemogne C, Hinfray S, Huguet P, Grynszpan O, Tartour E, et al. A meta-analysis of the anterior cingulate contribution to social pain. Soc Cogn Affect Neurosci. 2015 Jan;10(1):19–27.
7. Tan H, Duan Q, Liu Y, Qiao X, Luo S. Does losing money truly hurt? The shared neural bases of monetary loss and pain. Hum Brain Mapp. 2022 Jul;43(10):3153–63.




[bookmark: _Toc169701758]Supplementary material 4: Categories of biomarkers investigated by human studies
Data extraction from the retrieved sample of studies by the systematic review identified 297 unique biomarkers. As explained in the method section we develop inductively a list of 14 categories entailing 104 unique biomarkers, leaving the 193 other biomarkers in a 15th category named "Other".

1. “Organic compounds (amino-acids, amino-acids derivative, peptides, antioxydants)”: "ascorbate"; "aspartate”; "creatine”; "glutamate”; "glutamine”; "glutathione”; "glycine”; "n-acetylaspartate"; "n-acetylaspartylglutamate"; "taurine"
2. “Cardiac activity”: “cardiac deceleration”; “heart rate”; “heart rate variability”
3. “Cingulate cortex”: "acc"; "anterior cingulate gyrus"; "anterior middle cingulate cortex"; "cingulate gyrus"; "dorsal acc”; "dorsal posterior cingulate cortex"; "middle acc”; "middle cingulate cortex"; "middle cingulate gyrus"; "perigenual acc"; "posterior cingulate cortex"; "posterior cingulate gyrus"; "posterior middle cingulate cortex"; "pregenual acc"; "rostral acc"; "rostral cingulate cortex"; "subgenual gacc"; "ventral acc"
4. “Motor frontal areas”: "premotor area”; “premotor cortex”; “primary motor cortex”;  "sma”
5. “Hippocampus and related areas”: "hippocampus"; "parahippocampal gyrus"
6. “Inflammatory or immune response”: “crp”; “il-1beta”; “il-2”; “il-6” ; “tnf-alpha”
7. “Insula”: “anterior insula”; "insula"; “posterior insula”
8. “Occipital cortex”: "calcarine”;"cuneus"; "inferior occipital gyrus”; "middle occipital cortex" ; "middle occipital gyrus" ; "occipital cortex" ; "posterior occipital cortex" ; "superior occipital gyrus" ; "visual cortex"
9. “Parietal lobe”: "inferior parietal cortex"; "inferior parietal gyrus”; "inferior parietal lobule"; "medial parietal cortex”; "parietal lobe"; "postcentral gyrus"; "precuneus"; "somatosensory area"; "somatosensory cortex"; "superior parietal gyrus"; "superior parietal lobule"
10. “Prefrontal cortex” (PFC): "apfc"; "caudal middle frontal gyrus"; "dlpfc"; "dmpfc"; "dpfc"; "inferior frontal gyrus"; "inferior ofc"; "lateral orbitofrontal gyrus"; "medial frontal gyrus" ; "medial orbitofrontal cortex"; "middle frontal gyrus"; "mpfc”; "ofc"; "pfc"; "precentral gyrus" ; "rostral middle frontal gyrus" ; "superior frontal gyrus"; "superior medial frontal gyrus"; "superior orbitofrontal cortex"; "vlpfc"; "vmpfc"; "vpfc" 
11. “Pupil”: “pupil dilatation”; “pupil size change”
12. “Sugars”: “myo-inositol”; “scyllo-inositol”
13. “Temporal lobe”: "inferior temporal gyrus"; "inferior temporal sulcus"; "left midtemporal"; "middle temporal gyrus"; "posterior superior temporal sulcus"; “superior temporal gyrus”; “superior temporal sulcus”; "temporal cortex"; "temporal pole"; “temporal superior gyrus”
14. “Thalamus”: “medial thalamus”; “midline thalamus”; “thalamus

Of note, we categorized the hippocampus and related regions as distinct from other temporal areas. Furthermore, the followings biomarkers were classified in the 'other' category because they overlapped different categories (e.g., concerned multiple brain regions, etc.):
“parietal opercular/insular cortex (i.e., s2)"; “temporoparietal junction”; “occipitotemporal cortex”; Groups of brain areas referred to as “network” (e.g., “salience network”, etc.); Groups of brain areas referred to as “cluster” (e.g., "inferior temporal brain cluster", etc.); Lingual gyrus; Fusiform gyrus


[bookmark: _Toc169701759]Supplementary material 5: Biomarkers investigated by human studies 
Table A presents the most investigated categories of biomarkers, ranked by frequency, according to our inductive classification in 14 categories (Supplementary material 4). Table B presents the most investigated biomarkers, ranked by frequency

	Experimental studies
N=68
n (%)
	Observational studies
N=24
n (%)
	All studies
N=92
n (%)

	Prefrontal cortex 
36 (52.9)
	Prefrontal cortex 
8 (33.3)
	Prefrontal cortex
44 (47.8)

	Cingulate cortex
33 (48.5)
	Cardiac activity
6 (25)
	Cingulate cortex
37 (40.2)

	Insula
28 (41.2)
	Cingulate cortex
4 (16.7)
Inflammatory or immune response
4 (16.7)
Parietal areas
4 (16.7)
Temporal areas
4 (16.7)
	Insula
31 (33.7)

	Parietal areas
16 (23.5)
	Insula
3 (12.5)
Thalamus
3 (12.5)
	Parietal areas
20 (21.7)

	Temporal areas
12 (17.6)
	Hippocampus and related areas
2 (8.3)
Occipital areas
2 (8.3)
	Temporal areas
16 (17.4)

	Occipital areas
11 (16.2)
	Organic compounds
1 (4.2)
Sugars
1 (4.2)
	Occipital areas
13 (14.1)

	Thalamus
9 (13.2)
	
	Thalamus
12 (13)

	Motor frontal areas
8 (11.8)
	
	Cardiac activity
9 (9.8)
Hippocampus and related areas
9 (9.8)


Table A: Most frequent categories of biomarkers investigated by human studies (n=92) Categories of biomarkers are ranked from the most frequent (first line) to the less. Some studies investigated multiple candidate biomarkers categories with non-physical pain.


	Experimental studies 
N=68
n (%)
	Observational studies
N=24
n (%)
	All studies
N=92
n (%)

	Dorsal anterior cingulate cortex
23 (33.8)
	Resting state blood pressure
4 (16.7)
Inferior frontal gyrus
4 (16.7)
Precuneus
4 (16.7)
Superior frontal gyrus
4 (16.7)
	Dorsal anterior cingulate cortex
24 (26.1)

	Anterior insula
17 (25.0)
	Anterior cingulate cortex 
3 (12.5)
Heart rate variability
3 (12.5)
Angular gyrus
3 (12.5)
Dorso-lateral prefrontal cortex
3 (12.5)
CRP
3 (12.5)
Heart rate
3 (12.5)
Heart rate variability
3 (12.5)
Supramarginal gyrus
3 (12.5)

	Anterior insula
18 (19.6)

	Ventro-lateral prefrontal cortex
16 (23.5)
	
	Ventro-lateral prefrontal cortex
16 (17.4)

	Insula 
12 (17.6)
	
	Insula 
14 (15.2)
Precuneus
14 (15.2)

	Cerebellum
10 (14.7)
Dorso-lateral prefrontal cortex
10 (14.7)
Precuneus
10 (14.7)
	
	Dorso-lateral prefrontal cortex
13 (14.1)

	Inferior frontal gyrus
8 (11.8)
Inferior parietal lobule
8 (11.8)
	
	Inferior frontal gyrus
12 (13)

	Anterior cingulate cortex 
7 (10.3)
Amygdala
7 (10.3)
Fusiform gyrus
7 (10.3)
Middle temporal gyrus
7 (10.3)
Posterior insula
7 (10.3)
Superior frontal gyrus
7 (10.3)
	
	Cerebellum
11 (12)
Superior frontal gyrus
11 (12)

	
	
	Anterior cingulate cortex 
10 (10.9)


Table B: Most frequent biomarkers investigated by human studies (n=92)
Some studies investigated multiple biomarkers


[bookmark: _Toc169701760]Supplementary material 6: Categories of methods of investigation of the biomarkers used in human studies

Data extraction from the retrieved sample of studies by the systematic review identified 28 unique methods of investigation. As explained in the method section, we develop inductively a list of 6 categories entailing 16 unique investigation methods and leaving 12 investigations in the category “Other”.

1.  “Protein expression and kinetic assays”: "enzyme immunoassays" ; "immunoassay kit"; "kinetic assay kit for amylasis"; "elisa kit"
2. “Magnetic resonance spectroscopy (MRS)”: "dpfc levels via proton magnetic resonance spectroscopty" ; " magnetic resonance spectroscopy (mrs)" 
3. “SNP genotyping”:"snp analysis with pcr-amplification and mass spectrometry"; "snp genotyping method via malfi-tof" ; "snp genotyping with a 5 'nuclease assay"
4. “EEG”: "eeg"; "lpp [late positive potential] amplitudes measured via eeg signal after rtms manipulation"; "lpp [late positive potential] amplitudes measured via eeg signal after tms manipulation" ; "theta band activity via intracranial eeg"
5. “TMS or rTMS”: "rtms manipulation"; "tms manipulation" 
6. “PET or SPECT” : "spect"; "mu opioid receptors binding potential via pet imaging with use of a radiotracer"


	Experimental studies
N=68
n (%)
	Observational studies
N=24
n (%)
	All studies
N=92
n (%)

	fMRI
32 (47.1)
	fMRI
6 (25)
	fMRI
38 (41.3)

	EEG
14 (20.6)
	Protein expression and kinetic assays
5 (20.8)
	EEG
17 (18.5)

	TMS or rTMS
6 (8.8)
	Blood pressure device
4 (16.7)
	Protein expression and kinetic assays
10 (10.9)

	Protein expression and kinetic assays
5 (7.4)
Pupillometry
5 (7.4)
	EEG
3 (12.5)
	TMS or rTMS
6 (6.5)
Blood pressure device
6 (6.5)

	NIRS
4 (5.9)
	﻿ SNP genotyping
2 (8.3)
ECG
2 (8.3)
	ECG
5 (5.4)
Pupillometry
5 (5.4)

	ECG
3 (4.4)
	Magnetic resonance spectroscopty
1 (4.2)
PECT or SPECT
1 (4.2)
DNA methylation analysis
1 (4.2)
Genomic bacterial DNA extraction
1 (4.2)
Heart rate monitor paired with wristwatch
1 (4.2)
Anatomical MRI
1 (4.2)
Peripheral gene expression
1 (4.2)
	SNP genotyping
4 (4.3)
NIRS
4 (4.3)

	SNP genotyping
2 (2.9)
	
	PECT or SPECT
3 (3.3)

	PET or SPECT
2 (2.9)
Blood pressure device
2 (2.9)
	
	Magnetic resonance spectroscopty
2 (2.2)


[bookmark: _Toc169701761]Supplementary material 7: Methods of investigation of the biomarkers
Methods of investigation of the biomarkers used in human studies (n=92), ranked by frequency 
Some studies investigated multiple investigation methods. Investigation methods are grouped by categories and displayed alone if uncategorized.
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Table A presents the terms used to refer to non-physical pain, ranked by frequency, across the 86 human publications. Table B presents the number of publications using 1, 2, 3 and 4 or above different terms to refer to non-physical pain across the 86 human publications. Table C present the 22 themes retrieved by the qualitative content analysis of the 36 definitions of non-physical pain identified across the 86 human publications.


	Experimental publications
(N=64)*
n (%)
	Observational publications
(N=21)*
n (%)
	All publications
(N=86)∆*
n (%)

	Social pain
55 (85.9)
	Psychological pain
15 (71.4)
	Social pain
61 (70.9)

	Social distress
22 (34.4)
	Mental pain
6 (28.6)
	Psychological pain
25 (29.1)

	Psychological pain
10 (15.6)
	Social pain
5 (23.8)
	Social distress
23 (26.7)

	Painful feelings
8 (12.5)
	Emotional pain
4 (19)
	Painful feelings
10 (11.6)

	Hurt feelings
7 (10.9)
	Psychache
3 (14.3)
	Emotional pain
9 (10.5)
Mental pain
9 (10.5)

	Emotional pain
5 (7.8)
	Spiritual pain
1 (4.8)
Painful feelings
1 (4.8)
Psychological suffering
1 (4.8)
	

	Mental pain
3 (4.7)
Psychache
3 (4.7)
	
	Hurt feelings
8 (9.3)

	
	
	Psychache
6 (7)

	Psychic pain
1 (1.6)
	
	Spiritual pain
1 (1.2)
Psychic pain
1 (1.2)
Psychological suffering
1 (1.2)


Table A: Terms used to refer to non-physical pain across the 86 human publications
*Some publications used different terms
∆One publication entailed one observational study and one experimental study: we only counted it in the ‘all publications’ column.


	Number of different terms used to refer to non-physical pain within each study
	Experimental publications
(N=64)
n (%)
	Observational publications
(N=21)
n (%)
	All publications (N=86)∆
n (%)

	1
	25 (29.1)
	11 (12.8)
	36 (41.9)

	2
	31 (36)
	7 (8.1)
	38 (44.2)

	3
	7 (8.1)
	2 (2.3)
	9 (10.5)

	4 or above
	1 (1.2)
	1 (1.2)
	3 (3.5)


Table B: Heterogeneity of the terms used to refer to non-physical pain within each human publication (n= 86) For instance, 31 experimental publications used 2 different terms to mean refer to a pain not primarily felt in the body
∆One publication entailed one observational study and one experimental study: we only counted it in the ‘all publications’ column.



	Themes
	All definitions (N=36)
n (%)

	Negative emotion or unpleasant feeling
	32 (88.9)

	Caused by an objective social disconnection or rejection or exclusion
	25 (69.4)

	Caused by the subjective perception of being abandoned/rejected
	12 (33.3)

	Caused by objective social devaluation
	9 (25)

	Internal response / introspective experience
	7 (19.4)

	Caused by unmet or frustrated fundamental/core needs
	7 (19.4)

	Linked/correlated with suicide
	5 (13.9)

	Unbearable / intolerable
	4 (11.1)

	Caused by a perception of the self as being deficient
	4 (11.1)

	Involves same brain regions as physical pain
	3 (8.3)

	Used terms associated with physical pain
	2 (5.6)

	Alarm system
	1 (2.8)

	Leads to mental problems
	1 (2.8)

	Duration (takes time to resolve)
	1 (2.8)

	Intensity (can vary quickly)
	1 (2.8)

	Duration (acute)
	1 (2.8)

	Experience is similar to physical pain
	1 (2.8)

	Internal conflict between spiritual beliefs and reality
	1 (2.8)

	Transcends one biological nature
	1 (2.8)

	Pain in the soul that is not physical
	1 (2.8)

	Caused by traumatic memories
	1 (2.8)

	Motivates to attempt suicide
	1 (2.8)


Table C: Thematic contents of the definitions of non-physical pain in human publications (n=86)
The qualitative content analysis of the 36 definitions of non-physical pain in human publications retrieved 22 themes. For instance, the theme “Negative emotion or unpleasant feeling” was present in 32 of the definitions (88.9% of the 36 definitions).
