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Abstract

Introduction: Suicide is a global health concern accounting for over 700,000 deaths each year worldwide. Suicide capability
— including heightened pain tolerance and fearlessness about death — may explain the progression from suicidal ideation to a
suicide attempt. Thus, investigating the neural circuitry associated with pain, fear, and suicide risk presents a unique
opportunity to identify biomarkers of suicide capability and contribute to our understanding of the transition from suicidal
ideation to suicide attempt.

Methods: A total of 90 adults aged 18 to 65 will be recruited from Toronto, Canada. Participants will either be 1) patients
with current suicidal ideation but no previous suicide attempt (ideators; n=30), 2) patients with current suicidal ideation and a
suicide attempt within the past six months (attempters; n=30), or 3) healthy controls (n=30). Participants will complete self-
report measures and magnetic resonance imaging tasks measuring pain tolerance and fearlessness about death.

Results: It is expected that those who have attempted suicide will exhibit significantly higher pain tolerance and fearlessness
about death than suicide ideators or healthy controls. It is also predicted that self-reported suicide capability will be

negatively associated with pain- and fear-related neural activation.

Discussion: Findings of the present study may contribute to the validation of ideation-to-action models of suicide by
providing neurobiological evidence supporting the distinction between suicide ideators and attempters.

Conclusion: By examining the neural underpinnings of suicide capability, this work contributes to the understanding of

biomarkers indicating those at greatest risk of suicide.

Keywords: suicide; suicide attempt; suicide capability; pain tolerance; fearlessness about death; biomarkers; magnetic

resonance imaging

Introduction

Suicide is a global health concern that takes the lives of
over 700,000 people each year [1]. The majority of people
who experience suicidal ideation will never attempt suicide
[2]. However, the mechanisms underlying the transition
from suicidal ideation (SI) to a suicide attempt (SA) are not
widely understood. Understanding the distinct mechanisms
involved in this transition is critical for developing targeted
prevention and intervention strategies for those at the
highest risk.

Suicide Capability

According to two leading theories on suicide, the
Interpersonal Theory of Suicide [3,4] and the Three-Step
Theory of Suicide [5], the progression from Sl to SA is
contingent on an individual’s suicide capability. In these
ideation-to-action models of suicide, SI and SA have
distinct pathways. While suicide desire arises from feelings
of thwarted belonginess (i.e., a lack of belonging and
isolation), perceived burdensomeness, and a sense of
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hopelessness, it is proposed that an individual will only
attempt suicide if they have acquired suicide capability
[3, 4]. Indeed, recent work has highlighted the role of
suicide capability, particularly when combined with
heightened arousal, in predicting suicide death [6].

Suicide capability comprises two core components;
1) heightened pain tolerance (PT) and 2) fearlessness about
death (FAD) [3, 4]. An individual’s PT refers to the
maximum level of pain they can tolerate, while FAD
represents a decreased fear of dying. Joiner (2005) suggests
that these components increase during the lifespan in
response to painful and provocative events. As individuals
become habituated to the pain and fear associated with
dying, they become capable of carrying out a potentially
lethal self-injurious act [3,4]. Accordingly, elevated PT has
been observed in individuals with a history of SA [7,8], and
evidence suggests that FAD is higher in suicide attempters
than ideators [7,9]. Thus, suicide capability (i.e., an
increased PT and FAD) may be a key factor in the
progression from Sl to SA.
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Pain Tolerance and Suicide Risk

Repeated exposure to pain can result in heightened
pain tolerance, thereby increasing suicide capability [3,4].
As such, existing functional and structural neuroimaging
studies indicate a significant overlap in the neural circuitry
associated with both pain and suicide (see Figure 1) [10].
Pain has been consistently associated with activation in
brain regions such as the anterior cingulate cortex (ACC),
prefrontal cortex (PFC), insular cortex (IC), somatosensory
cortex (SC), thalamus, and amygdala [11,12,13]. While few
studies have examined the neurobiology of suicide, some
evidence suggests that suicide risk may be reflected in brain
areas related to stress, emotion regulation, cognitive
control, and pain [14,15]. Particularly, abnormalities in the
ACC, PFC, IC, and amygdala may be associated with a
greater risk for suicide [14,15]. Impaired structural and
functional connectivity between the PFC and amygdala is
associated with low inhibitory control and difficulties in
emotion regulation [14]. To our knowledge, only one study
(2016) to date has examined the neurobiology of suicide
capability [16]. Deshpande and colleagues (2016) used
magnetic resonance imaging (MRI) technology to identify
the ACC, IC, and striatum as brain regions underlying
suicide capability [16].

Fearlessness About Death and Suicide Risk

FAD may increase suicide risk as individuals who are
less frightened of the factors associated with dying (e.g.,
pain of death, existential uncertainty, leaving loved ones
behind) are more capable of carrying out a lethal SA [3,4].

/,

Studies examining FAD have primarily used the Acquired
Capability for Suicide Scale — Fearlessness About Death
[17]. However, the validity of this measure has come into
question. Notably, a meta-analysis by Chu and colleagues
(2017) has called for future work to improve measures of
suicide capability and its components as few assessments
have been empirically validated and few studies have
evaluated the psychometric properties of capability
measures across populations [18]. Neurobiological
measures may more accurately capture underlying
constructs of FAD, such as a diminished fear response
toward death and suicide-related stimuli [18]. As fear
responses — including those related to death and suicide —
have a neural basis, measures of neural activation and
functional connectivity can provide a more direct link to the
underlying constructs [19]. If fear response is altered in
individuals at risk of suicide, then these alterations should
be reflected in the brain. However, no studies to date have
explored the use of brain imaging techniques to measure
FAD directly.

Activation in brain regions such as the PFC, amygdala,
and hypothalamus (HT) is associated with fear and
emotional responses [19]. Interestingly, there seems to be
considerable overlap between brain regions associated with
pain and fear processing as well as suicide risk
(see Figure 1). While no work to date has explored this
area, investigating the neurocircuitry and activation of brain
areas related to pain, fear, and suicide risk presents a
unique opportunity to identify biomarkers of suicide
capability.

Figure 1. Brain regions associated with pain are in grey and regions associated with fear are represented by shaded grey
lines. Areas relevant to suicide risk are highlighted in blue. This image was created using BioRender software.
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Study Objectives
The main objective of the study is to examine the

neural basis of two main components of the Interpersonal
Theory of Suicide that theoretically increase suicide
capability: PT and FAD. Specifically, the study aims to:

1. Explore differences in PT (i.e., self-reported PT
and pain-related neural activation and functional
connectivity) between healthy controls, suicide
ideators, and attempters.

2. Investigate differences in FAD (i.e., self-reported
FAD and fear-related neural activation and
functional connectivity) between healthy controls,
suicide ideators, and attempters.

3. Examine associations between pain-related neural
activation and self-reported PT.

4. Assess associations between fear-related neural
activation and self-reported FAD.

Hypotheses
1. Suicide attempters will demonstrate higher self-

reported PT and decreased neural activation and
impaired connectivity in pain-related brain regions
during a PT task, compared to suicide ideators and
healthy controls.

2. Suicide attempters will exhibit higher self-reported
FAD and decreased neural activation and impaired
connectivity in fear-related regions during an FAD
task, compared to suicide ideators and healthy
controls.

3. Pain-related neural activation will be negatively
associated with self-reported PT.

4. Fear-related neural activation will be negatively
associated with self-reported FAD.

Methods
Participants

A total of 90 adults aged 18 to 65 will be recruited
from Toronto, Canada. Recruitment will take place over
multiple sites in Toronto, and will be monitored and
adjusted accordingly to maximize the sample’s diversity.
The study will recruit patients with current SI but no
previous SA (n=30), patients with current SI and an SA
within the last six months (n=30), and healthy controls
(n=30).
Inclusion criteria for patients:

e Beck Scale for Suicidal Ideation total score equal
to or greater than 1 (ranges from 0 to 40)

e SA group only: Positive history of at least one
suicide attempt within the last six months, as
confirmed by a clinician

Exclusion criteria:

e Taking medication for chronic pain

e Have a medical condition requiring immediate
investigation or treatment

e Have a recent history of drug use or dependence
(excluding caffeine or nicotine)
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e HC group only: Lifetime history of mental
disorders

Measures

Acquired Capability for Suicide Scale (ACSS) [20]:
The ACSS is a 20-item self-report questionnaire measuring
components of suicide capability. The ACSS will be used
to assess participants’ PT and FAD. Sample items include,
“I can tolerate a lot more pain than most people” and “The
fact that I am going to die does not scare me.” Items are
answered on a 5-point Likert scale where 0 = Not at all like
me and 4 = Very much like me where cumulative scores
range from 0 to 80. Scores on the PT items will be summed
together, while accounting for reverse coded items, to
provide a total score of PT. Scores from the FAD items will
also be summed together, while accounting for reverse
coded items, to provide a total score of FAD. Higher sums
of scores indicate higher PT and FAD. The ACSS has been
found to have high internal consistency reliability in a
diversity of samples [21].

MRI pressure pain task: Pressure pain assessments
involve applying pressure to specific points on the body
using a pressure algometer. The point at which painful
sensation can no longer be tolerated is recorded as a
subject’s PT [22]. During the task, controlled pressure will
be applied at one time to a participant’s left calf while brain
activity is recorded. Participants will be instructed to press
a button when they can no longer tolerate the pain. At this
point, a member of the study team will turn off the pressure
pain. This task has been validated and implemented in
neuroimaging studies of chronic pain [23].

MRI suicide image viewing task: The novel MRI
suicide image viewing task has been designed to measure
FAD by recording brain activation in fear-related brain
regions while participants view neutral and suicide-related
images. This task adopts similar methodology from eye
tracking tasks measuring gaze behaviour toward suicide
images [24]. Each participant will view a set of 10 neutral
images, followed by a set of 10 suicide-related images,
summing to 20 trials. Images will be presented for 10
seconds, preceded by a one-second fixation cross, and
followed by a one-second blank screen. To ensure the
relevance and validity of the images, the stimuli have been
selected based on prior validation in a study conducted by
Li and colleagues [24].

Procedure

At the study visit, participants will review the letter of
information with a member of the study team and provide
written and verbal informed consent. Mental health
resources will be available to participants and listed on the
consent form. Participants will first complete an online
questionnaire on Qualtrics collecting demographic and
clinical information as well as scores on the ACSS. In rare
cases, concerning information (e.g., imminent suicide risk)
will be flagged and an on-site psychiatrist will be present to
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intervene. An MRI scan will then be conducted to collect
the neuroimaging data. The scanning session will consist of
a structural MRI and task-based functional MRI protocol
comprising: 1) a whole-brain T1-weighted anatomical scan
at 1mm?3 resolution, 2) an event-related BOLD series during
a pressure pain task, and 3) an event-related BOLD series
during a suicide image task. Functional magnetic resonance
will be acquired using a 2D spin echo EPI sequence 30, 4
mm thick slices over a 200 mm field of view. TR / TE are
2000 ms and 30 ms respectively, 70 degree flip angle
encoding 64x64 pixels at 2298 Hz / pixel to produce
3.1.x3.1x4 mm voxels.

Statistical Analysis

All MRI data will first undergo preprocessing,
involving standard motion and physiological correction,
spatial normalization, and smoothing. Next, a whole brain
analysis will be conducted using FMRIB Software Library
to explore patterns of activation associated with the PT and
FAD tasks [25]. Region of interest (ROI) analyses (see
Figure 1) will assess brain activity and functional
connectivity in regions related to PT and FAD. Due to the
exploratory nature of the study, group differences between
suicide ideators and suicide attempters, suicide ideators and
HC, suicide attempters and HC, and ideators and attempters
versus HC will be examined. Independent t-tests will be
performed to assess group differences in PT and FAD as
assessed by self-report measures and MRI tasks. Pearson
simple linear correlations will be conducted to examine
associations between self-report and MRI measures of PT
and FAD. Demographic variables (e.g., gender,
socioeconomic status) will be included in all analyses as
covariates to control for any potential effects. Statistical
analyses will be performed using SPSS v.28 [26].

Results
Pain Tolerance and Suicide Risk

It is anticipated that suicide attempters will exhibit
statistically significantly higher self-reported PT compared
to suicide ideators and healthy controls, aligning with
previous findings [7,8]. Neuroimaging results are expected
to show statistically significantly lower neural activation
and impaired functional connectivity in pain-related brain
regions, including the ACC, PFC, IC, thalamus, amygdala
and SC during the PT task in suicide attempters compared
to ideators or healthy controls supporting findings from
previous work [10]. A statistically significant negative
association between self-reported PT and pain-related
neural activation is predicted.

Fearlessness About Death and Suicide Risk

Higher levels of self-reported FAD in suicide
attempters compared to ideators is expected, in line with
previous work [7,9]. It is predicted that suicide attempters
will exhibit statistically significantly less activity and
impaired functional connectivity in fear-related brain
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regions, including the PFC, amygdala, and hypothalamus
compared to ideators or healthy controls. A statistically
significant negative association between self-reported FAD
and fear-related neural activation is predicted.

Discussion

The findings of the proposed study may contribute to the
validation of ideation-to-action models of suicide by
providing neurobiological evidence supporting the distinction
between suicide ideators and attempters. ldentifying specific
brain regions associated with suicide capability could provide
a biomarker to indicate treatment efficacy and outcomes.
This knowledge has the potential to inform therapeutic
strategies, such as repetitive transcranial magnetic
stimulation or deep brain stimulation, by pinpointing specific
brain regions that could be targeted for intervention.

Limitations

While the study seeks to minimize limitations, several
exist despite these efforts. First, demographic
characteristics of participants, such as sex, gender, age, and
socioeconomic status, may limit the generalizability of
findings. Particularly, while more women attempt suicide,
more men are likely to die by suicide [27]. Individuals with
lower socioeconomic status are also more likely to engage
in suicidal behaviour [28]. Second, this study used a cross-
sectional design, limiting the ability to establish causal or
temporal relationships between variables. The inability to
determine whether observed changes in brain activity and
functional connectivity precede or result from heightened
suicide risk highlights the need for longitudinal
investigations. Third, the novel MRI suicide image viewing
task employed in this study warrants further investigation
regarding its validity in measuring FAD. Fourth, the
exclusive focus on suicide attempts in the current study
neglects other self-injurious or suicidal behaviours, such as
nonsuicidal self-injury (NSSI), aborted suicide attempts,
and interrupted suicide attempts. Particularly, NSSI may be
a particularly potent event that increases one’s capability
for suicide as it habituates an individual to the pain and fear
associated with more serious self-injury [29]. Recognizing
the spectrum of suicidal behaviours is crucial for a
comprehensive understanding of suicide capability. Lastly,
findings from this study cannot discern whether differences
in the brain directly cause or precede suicidal thoughts
and/or behaviours, or whether they function bidirectionally.
Understanding the temporal relationship is essential for
establishing cause and effect; if the study could determine
that differences in neurobiology are present prior to the
onset of suicidal thoughts/behaviors, it would provide more
insight into potential risk factors for suicide.

Future Directions

Future research should strive for diverse participant
samples to ensure the broader applicability of the results to
different populations, considering the potential influence of

Page 4 of 7


https://www.urncst.com/
https://doi.org/10.26685/urncst.555

UNDERGRADUATE RESEARCH IN NATURAL AND CLINICAL SCIENCE AND TECHNOLOGY (URNCST) JOURNAL
Read more URNCST Journal articles and submit your own today at: https://www.urncst.com

sex or sociodemographic factors on suicide risk. Moreover, it
is suggested that future work employ a longitudinal design to
explore whether components of suicide capability and their
neural underpinnings possess state or trait qualities. It is
further recommended that a multi-modal research approach is
used to enhance the robustness of future studies.
Incorporating ecological momentary assessment techniques
and more objective measures of PT and FAD, such as
physiological responses or eye-tracking, could provide a
more nuanced understanding of these constructs. Future
investigations should also adopt a more inclusive approach,
considering a broader range of self-injurious and suicidal
behaviours to provide a holistic perspective on suicide risk.

Conclusions

Suicide remains a pressing public health issue and
identifying those at greatest risk is a critical challenge. This
study is the first to evaluate differences in brain regions
associated with pain, fear, and suicide, between suicide
ideators and attempters. By examining the neural
underpinnings of suicide capability, this work contributes to
the understanding of biomarkers indicating those at greatest
risk of suicide.

List of Abbreviations Used
ACC: anterior cingulate cortex
FAD: fearlessness about death
HC: healthy controls

HT: hypothalamus

IC: insular cortex

MRI: magnetic resonance imaging
NSSI: nonsuicidal self-injury
PFC: prefrontal cortex

PT: pain tolerance

ROI: region of interest

SA: suicide attempt

Sl: suicidal ideation

Conflicts of Interest
The author declares that they have no conflicts of interest.

Ethics Approval and/or Participant Consent
As this study will involve human participants, Research
Ethics Board (REB) approval will be obtained.

Authors’ Contributions

SR: made significant contributions to the design of the
study, drafted the manuscript, and gave final approval of
the version to be published.

Acknowledgements

The author would like to thank Jennifer Ma for being an
extremely  knowledgeable and supportive  mentor
throughout manuscript preparation and submission.
Additionally, the author would like to thank the
Undergraduate Research in Natural and Clinical Science

Rain | URNCST Journal (2024): Volume 8, Issue 3
DOI Link: https://doi.org/10.26685/urncst.555

and Technology Journal for the opportunity to submit a
mentored paper.

Funding
This study was not funded.

References

[1] World Health Organization [Internet]. Suicide. [cited
2023 Dec 1]. Available from: https://www.who.int/
news-room/factsheets/detail /suicide

[2] Kessler RC, Borges G & Walters EE. Prevalence of
and risk factors for lifetime suicide attempts in the
National Comorbidity Survey. Archives of General
Psychiatry. 1999 Jul;56(7):617-26. https://doi.org/
10.1001/archpsyc.56.7.617

[3] Joiner TE. Why people die by suicide. Harvard
University Press; 2005.

[4] Van Orden KA, Witte TK, Cukrowicz KC, Braithwaite
SR, Selby EA & Joiner TE. The interpersonal theory of
suicide. Psychological Review. 2010 Apr;117(2):575—
600. https://doi.org/10.1037/a0018697

[5] Klonsky ED & May AM. Differentiating suicide
attempters from suicide ideators: A critical frontier for
suicidology research. Suicide & Life-threatening
Behavior. 2013 Dec 7;44(10):1-5. https://doi.org/10.
1111/sltb.12068

[6] RibeiroJD, Yen S, Joiner TE & Siegler IC. Capability
for suicide interacts with states of heightened arousal to
predict death by suicide beyond the effects of
depression and hopelessness. Journal of Affective
Disorders. 2015 Aug 22;188:53-9. https://doi.org/
10.1016/j.jad.2015. 07.037

[7] Shahnaz A, Bauer BW, Daruwala SE & Klonsky ED.
Exploring the scope and structure of suicide capability.
Suicide and Life-Threatening Behavior. 2020 Dec;50(6):
1230-40.https://doi.org/10.1111/slth.12686

[8] Smith PN, Cukrowicz KC, Poindexter EK, Hobson V
& Cohen L M. The acquired capability for suicide: a
comparison of suicide attempters, suicide ideators, and
non-suicidal controls. Depression and Anxiety. 2010
Sep;27(9):871-7. https://doi.org/10.1002/da.20701

[9] Chu C, Buchman-Schmitt JM, Stanley IH, Hom MA,
Tucker RP, Hagan CR, Rogers ML, Podlogar MC,
Chiurliza B, Ringer FB, Michaels MS, Patros CHGG &
Joiner TE. The interpersonal theory of suicide: A
systematic review and meta-analysis of a decade of cross-
national research. Psychological Bulletin. 2017 Dec;
143(12):1313-45. https://doi.org/10.1037/bul0000123

[10]Wang S, Kennedy SH, Salomons TV, Ceniti AK,
Mclnerney SJ, Bergmans Y, Pizzagalli DA, Farb N,
Turecki G, Schweizer TA, Churchill N, Sinyor M & Rizvi
SJ. Resting-state neural mechanisms of capability for
suicide and their interaction with pain — A CAN-BIND-05
Study. Journal of Affective Disorders. 2023 Jun 1;
330:139-47. https://doi.org/10.1016/j.jad.2023.02.147

Page 5 of 7


https://www.urncst.com/
https://doi.org/10.26685/urncst.555
https://www.who.int/news-room/factsheets/detail%20/suicide
https://www.who.int/news-room/factsheets/detail%20/suicide
https://doi.org/%2010.1001/archpsyc.56.7.617
https://doi.org/%2010.1001/archpsyc.56.7.617
https://doi.org/10.1037/a0018697
https://doi.org/10.1111/sltb.12068
https://doi.org/10.1111/sltb.12068
https://doi.org/10.1016/j.jad.2015.%2007.037
https://doi.org/10.1016/j.jad.2015.%2007.037
https://doi.org/10.1111/sltb.12686
https://doi.org/10.1002/da.20701
https://doi.org/10.1037/bul0000123
https://doi.org/10.1016/j.jad.2023.02.147

UNDERGRADUATE RESEARCH IN NATURAL AND CLINICAL SCIENCE AND TECHNOLOGY (URNCST) JOURNAL
Read more URNCST Journal articles and submit your own today at: https://www.urncst.com

[11] Apkarian AV, Bushnell MC, Treede RD & Zubieta JK.
Human brain mechanisms of pain perception and
regulation in health and disease. European Journal of
Pain. 2005 Aug;9(4):463-84. https://doi.org/10.1016/
j.ejpain.2004.11.001

[12] Farrell MJ, Laird AR & Egan GF. Brain activity
associated with painfully hot stimuli applied to the upper
limb: a meta-analysis. Human Brain Mapping. 2005
May;25(1):129-39. .https://doi.org/10.1002/hbm.20125

[13]Peyron R, Laurent B & Garcia-Larrea L. Functional
imaging of brain responses to pain. A review and meta-
analysis. Clinical Neurophysiology. 2000 Oct;30(5):263—
88. https://doi.org/10.1016/s0987-7053(00)00227-6

[14] Oquendo MA, Placidi GPA, Malone KM, Campbell C,
Keilp J, Brodsky B, Kegeles LS, Cooper TB, Parsey RV,
Van Heertum RL & Mann JJ. Positron emission
tomography of regional brain metabolic responses to a
serotonergic challenge and lethality of suicide attempts in
major depression. Archives of General Psychiatry. 2003
Jan;60(1):14— 22. https://doi.org/10.1001/archpsyc.
60.1.14

[15]Wagner G, Koch K, Schachtzabel C, Schultz CC,
Sauer H, & Schlgsser RG. Structural brain alterations
in patients with major depressive disorder and high risk
for suicide: evidence for a distinct neurobiological
entity? Neurolmage. 2011 Jan 15;54(2):1607-14.
https://doi.org/10.1016/j.neuroimage.2010.08.082

[16] Deshpande G, Baxi M, Witte T & Robinson JL. A
Neural Basis for the Acquired Capability for Suicide.
Frontiers in Psychiatry. 2016;7:125. https://doi.org/
10.3389/fpsyt.2016.00125

[17]Ribeiro JD, Witte TK, Van Orden KA, Selby EA,
Gordon KH, Bender TW & Joiner TE. Fearlessness
about death: The psychometric properties and construct
validity of the revision to the acquired capability for
suicide scale. Psychological Assessment. 2014
Mar;26(1), 115-26. https://doi.org/10.1037/a0034858

[18] Chu C, Buchman-Schmitt JM, Stanley IH, Hom MA,
Tucker RP, Hagan CR, Rogers ML, Podlogar MC,
Chiurliza B, Ringer FB, Michaels MS, Patros CHG &
Joiner TE. The interpersonal theory of suicide: A
systematic review and meta-analysis of a decade of cross-
national research. Psychological Bulletin. 2017 Dec;143
(12):1313-45. https://doi.org/10.1037/bul0000123

[19] Shin LM & Liberzon I. The neurocircuitry of fear, stress,
and anxiety disorders. Neuropsychopharmacology:
Official publication of the American College of
Neuropsychopharmacology. 2010 Jan;35(1):169-91.
https://doi.org/10.1038/npp.2009.83

Rain | URNCST Journal (2024): Volume 8, Issue 3
DOI Link: https://doi.org/10.26685/urncst.555

[20] Van Orden KA, Witte TK, Gordon KH, Bender TW &
Joiner TE. Suicidal desire and the capability for suicide:
tests of the interpersonal-psychological theory of suicidal
behavior among adults. Journal of Consulting and
Clinical Psychology. 2008 Feb;76(1):72-83.
https://doi.org/10.1037/0022-006X. 76.1.72

[21]Burke TA, Ammerman BA, Knorr AC, Alloy LB &
McCloskey MS. Measuring acquired capability for
suicide within an ideation-to-action framework.
Psychology of Violence. 2018 Mar;8(2):277-86.
https://doi.org/10.1037/vio0000090

[22] Hay JL, Okkerse P, van Amerongen G & Groeneveld
GJ. Determining pain detection and tolerance
thresholds using an integrated, multi-modal pain task
battery. Journal of Visualized Experiments.
2016;(110):53800. https://doi.org/10.3791/53800

[23] Loggia ML, Berna C, Kim J, Cahalan CM, Gollub RL,
Wasan AD, Harris RE, Edwards RR & Napadow V.
Disrupted brain circuitry for pain-related
reward/punishment in fibromyalgia. Arthritis &
Rheumatology. 2014 Jan;66(1):203-12. https://doi.
0rg/10.1002/art.38191

[24]Li H, Li Z, Lyu G, Wang M, Liu B, Zhang Y, Li L &
Siegle GJ. Suicide- relevant information processing in
unipolar and bipolar depression: An eye-tracking study.
Journal of Psychopathology and Clinical Science. 2023
May;132(4):361-71. https://doi.org/10.1037/abn0000807

[25]Jenkinson M, Beckmann CF, Behrens TEJ, Woolrich
MW, Smith SM. FSL. Neurolmage. 2012;62(2):782-
90. https://doi.org/10.1016/j.neurocimage.2011.09.015

[26]1BM Corp. IBM SPSS Statistics for Windows, Version
28.0;2021. Armonk, NY:IBM Corp.

[27] Canetto SS & Sakinofsky I. The gender paradox in
suicide. Suicide & Life- Threatening Behavior.
1998;28(1):1-23. https://doi.org/10.1111/].1943-278
X.1998.tb00622.x

[28] Ndher AF, Rummel-Kluge C & Hegerl U. Associations
of suicide rates with socioeconomic status and social
isolation: Findings from longitudinal register and
census data. Frontiers in Psychiatry. 2019;10:898.
https://doi.org/10.3389/fpsyt.2019.00898

[29]Joiner TE, Ribeiro JD & Silva C. Nonsuicidal self-
injury, suicidal behavior, and their co-occurrence as
viewed through the lens of the interpersonal theory of
suicide. Current Directions in Psychological Science.
2012 Oct;21(5):342—7. https://doi.org/10.1177/096
3721412454873

Page 6 of 7


https://www.urncst.com/
https://doi.org/10.26685/urncst.555
https://doi.org/10.1016/j.ejpain.2004.11.001
https://doi.org/10.1016/j.ejpain.2004.11.001
/Users/HQ007/Library/Containers/com.microsoft.Word/Data/Downloads/.https:/doi.org/10.1002/hbm.20125
https://doi.org/10.1016/s0987-7053(00)00227-6
https://doi.org/10.1001/archpsyc.60.1.14
https://doi.org/10.1001/archpsyc.60.1.14
https://doi.org/10.1016/j.neuroimage.2010.08.082
https://doi.org/10.3389/fpsyt.2016.00125
https://doi.org/10.3389/fpsyt.2016.00125
https://doi.org/10.1037/a0034858
https://doi.org/10.1037/bul0000123
https://doi.org/10.1038/npp.2009.83
https://doi.org/10.1037/0022-006X.%2076.1.72
https://doi.org/10.1037/vio0000090
https://doi.org/10.3791/53800
https://doi.org/10.1002/art.38191
https://doi.org/10.1002/art.38191
https://doi.org/10.1037/abn0000807
https://doi.org/10.1016/j.neuroimage.2011.09.015
https://doi.org/10.1111/j.1943-278X.1998.tb00622.x
https://doi.org/10.1111/j.1943-278X.1998.tb00622.x
https://doi.org/10.3389/fpsyt.2019.00898
https://doi.org/10.1177/0963721412454873
https://doi.org/10.1177/0963721412454873

UNDERGRADUATE RESEARCH IN NATURAL AND CLINICAL SCIENCE AND TECHNOLOGY (URNCST) JOURNAL
Read more URNCST Journal articles and submit your own today at: https://www.urncst.com

Avrticle Information

Managing Editor: Jeremy Y. Ng

Peer Reviewers: Jennifer Ma, Kaden Venugopal

Avrticle Dates: Received Dec 02 23; Accepted Feb 09 24; Published Mar 21 24

Citation

Please cite this article as follows:

Rain S. Examining the neural basis of pain tolerance and fearlessness about death in suicide risk. URNCST Journal. 2024
Mar 21: 8(3). https://urncst.com/index.php/urncst/article/view/555

DOI Link: https://doi.org/10.26685/urncst.555

Copyright

© Sarina Rain. (2024). Published first in the Undergraduate Research in Natural and Clinical Science and Technology
(URNCST) Journal. This is an open access article distributed under the terms of the Creative Commons Attribution License
(https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work, first published in the Undergraduate Research in Natural and Clinical Science and Technology
(URNCST) Journal, is properly cited. The complete bibliographic information, a link to the original publication on
http://www.urncst.com, as well as this copyright and license information must be included.

URNCST Journal ~ "Ggec oY the C dm
*Research in Earnest” Of Canada ana a

Do you research in earnest? Submit your next undergraduate research article to the URNCST Journal!
| Open Access | Peer-Reviewed | Rapid Turnaround Time | International |
| Broad and Multidisciplinary | Indexed | Innovative | Social Media Promoted |
Pre-submission inquiries? Send us an email at info@urncst.com | Facebook, Twitter and LinkedIn: @URNCST
Submit YOUR manuscript today at https://www.urncst.com!

Rain | URNCST Journal (2024): Volume 8, Issue 3 Page 7 of 7
DOI Link: https://doi.org/10.26685/urncst.555



https://www.urncst.com/
https://doi.org/10.26685/urncst.555
https://urncst.com/index.php/urncst/article/view/555
https://doi.org/10.26685/urncst.555
https://creativecommons.org/licenses/by/4.0/
http://www.urncst.com/
mailto:info@urncst.com
https://www.facebook.com/urncst
https://twitter.com/urncst
https://www.linkedin.com/company/urncst
https://www.urncst.com/

	Abstract
	Introduction: Suicide is a global health concern accounting for over 700,000 deaths each year worldwide. Suicide capability – including heightened pain tolerance and fearlessness about death – may explain the progression from suicidal ideation to a su...
	Methods: A total of 90 adults aged 18 to 65 will be recruited from Toronto, Canada. Participants will either be 1) patients with current suicidal ideation but no previous suicide attempt (ideators; n=30), 2) patients with current suicidal ideation and...
	Results: It is expected that those who have attempted suicide will exhibit significantly higher pain tolerance and fearlessness about death than suicide ideators or healthy controls. It is also predicted that self-reported suicide capability will be n...
	Conclusion: By examining the neural underpinnings of suicide capability, this work contributes to the understanding of biomarkers indicating those at greatest risk of suicide.
	Keywords: suicide; suicide attempt; suicide capability; pain tolerance; fearlessness about death; biomarkers; magnetic resonance imaging
	Introduction
	Methods
	Results
	Discussion
	Conclusions
	List of Abbreviations Used
	Conflicts of Interest
	Authors' Contributions
	Acknowledgements
	Funding
	Article Information
	Citation
	Copyright

