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Social media platforms are increasingly used across many population groups not only to
communicate and consume information, but also to express symptoms of psychological
distress and suicidal thoughts. The detection of suicidal ideation (Sl) can contribute
to suicide prevention. Twitter data suggesting Sl have been associated with negative
emotions (e.g., shame, sadness) and a number of geographical and ecological variables
(e.g., geographic location, environmental stress). Other important research contributions
on Sl come from studies in neuroscience. To date, very few research studies have
been conducted that combine different disciplines (epidemiology, health geography,
neurosciences, psychology, and social media big data science), to build innovative
research directions on this topic. This article aims to offer a new interdisciplinary
perspective, that is, a Population Neuroscience perspective on Sl in order to highlight
new ways in which multiple scientific fields interact to successfully investigate emotions
and stress in social media to detect Sl in the population. We argue that a Population
Neuroscience perspective may help to better understand the mechanisms underpinning
Sl and to promote more effective strategies to prevent suicide timely and at scale.

Keywords: suicide ideation, social media, epidemiology, neuroscience, mental health, Population Neuroscience,
geography

INTRODUCTION

Worldwide, 800,000 people die by suicide every year, making suicide a public health priority
(1, 2). The suicide rate increases during adolescence, and keeps growing in early adulthood and
late life (3-5). A key aspect of prevention is addressing suicidal thoughts before they become an
accomplished act (6). Suicidal ideation (SI) is usually defined as desire for death, thoughts about
dying, and/or plans for suicide (7-9). However, these thoughts are not often and directly expressed,
and are thus difficult to detect and to measure.

More than half of the global population (62.5%) has now access to the internet (10). While
internet users spend 6.5h online each day on average, social media platforms are widely used in
the adult population, with 58% (4.62 billion) of the global population now being active social media
users worldwide (10). Indeed, social media platforms are profoundly reshaping social life and social
interactions and have a remarkable impact on how people communicate with each other (11).
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Psychological distress related to subjectively perceived stressful
life events and to circumstances that may contribute to suicidal
ideation and to suicide are increasingly expressed on social media
such as Twitter, Reddit, or Instagram (12-15). The proportion
of Twitter users who posted messages that indicate suicide risk
factors have been correlated to suicide rates (16).

By applying epidemiological approaches, Twitter messages
have been used to identify risk factors and a range of geographic
and ecological variables (e.g., geographic location, environmental
stressors) related to negative emotions, stress, and suicide (16—
20). Another important approach to this branch of research
comes from neuroscience that investigates the brain mechanisms
underlying the cognitive and emotional processes involved in SI.

Population Neuroscience, in which epidemiology and
neuroscience are combined to exploit their methodological
strengths (21), represents a new research framework that
“emphasizes an understanding of human behavior across
multiple levels of influence (e.g., from culture to social structure,
experience, behavior, genes, neural connectivity, and function
guided by a multilevel ecological model)” (22). Also, other
scholars highlighted that a Population Neuroscience perspective
would help to better understand human behavior evolution
and mental wellbeing across research disciplines (23). For
example, Paus (24, 25) argues that the Population Neuroscience
perspective will allow us to answer a new range of research
questions through the combination of different methodologies
and to reach new challenges in research between depth and
breadth, with the combined neuroscience and epidemiology
approaches, respectively. Paus also stresses that new knowledge
will become available through the application of the Population
Neuroscience approach and highlights new applications in
preventive medicine, for example.

We argue that the Population Neuroscience perspective
could be additionally promising in SI research, when combined
with large scale social media analysis. While epidemiology
focuses on the distribution and causes of disease and potential
interventions to prevent disease and improve health in the
population, neuroscience studies the brain, its mechanisms, and
its relationship with mind and behavior. Both confer crucial
knowledge on different levels, respectively at the population and
individual level. To date, very few studies (26, 27) combined these
different disciplines in the field of population mental health and
rarely any study has used a Population Neuroscience approach
combined with large scale social media data to study SI in
the population.

Our aim was (1) to describe the combined role of
epidemiology in the study of population risk factors
and neuroscience by deepening the individuality of brain
mechanisms, and (2) to explore the potential advantages offered
by this interdisciplinary approach in the context of big social
media data. We maintain that this perspective could inform the
design of programs and interventions to prevent suicide.

Sl Studied Through Social Media Streams

of Users

Wang et al. (28) pointed out that traditional methods such
as clinical interviews or administering questionnaires have the
disadvantage of not identifying suicidal thoughts in time. In

contrast, social media can provide data that can be analyzed in
real time (28). Some studies suggested that suicidal conversations
on Twitter may be related to suicide (16, 29-32). Jashinsky
et al. (16) filtered over 1.6 million tweets on Twitter using
keywords and phrases generated from suicide risk factors for
the United States and compared these with suicide rates.
Results showed a strong correlation between United States per-
state suicide data and Twitter conversations. O’Dea et al. (33)
demonstrated that it is possible to identify Twitter messages
related to SI by applying two different methods: human coders
and automated machine classifiers. They applied words or
phrases used by Jashinsky et al. (16) semantically and lexically
consistent with SI. Nonetheless, according to the authors, an
important limitation of their study was the lack of contextual
information, and consequently the difficulty of differentiating
between the messages of those who only expressed SI and those
who were about to commit suicide (33).

In general, social networks are becoming a particularly
relevant research area for suicide prevention, and approaches in
this field open new methodological avenues. For example, Vioulés
et al. (34) based their study on characteristics identified by the
American Foundation for Suicide Prevention (AFSP) for three
major individual level risk factors: (1) mental health (2) stressful
conditions and adverse life events, and (3) previous suicide
attempts and family history. For their study, the authors detected
Twitter posts that included relevant key phrases created from
two different lists, the American Psychiatric Association (APA)
risk factors and the American Association of Suicidology (AAS)
suicide warning signs. They concluded that by including not
only the content of the messages but also the analysis of distress
variables from these lists, it is possible to better discriminate
against SI tweets (34). Coppersmith et al. (35) analyzed the
messages and emotions posted by Twitter users before a suicide
attempt. Their main results indicate that in the weeks preceding a
suicide attempt, there is an increase in the expression of sadness.
Conversely, they found that in the weeks following the suicide
attempt, there is an increase in the expression of anger. This
suggests that a longitudinal design is needed to analyze the
emotions expressed in social media messages for SI.

This digital epidemiological approach (36) to assess SI risk
in the population can be further expanded, integrating spatial
epidemiology. For example, studies explored the use of geo-
referenced social media data to identify emotional responses
before, during, and after natural disasters and pandemics (18,
19, 37, 38) and in the context of a human made disaster (39).
In the context of SI, an approach that integrates digital and
spatial epidemiology can help in identifying geographic areas
of increased SI risk in the population over time and allows
exploration of locally specific exposure factors to SI. In turn,
this information can inform the location and the design of
tailored interventions to prevent suicide in specific regions
and populations.

The Neuroscience of Sl

SI has been studied for years by different disciplines such
as psychology and psychiatry, and more recently, SI has
been increasingly studied in the field of neuroscience (7, 40-
42). In the last decade, neuroscience has contributed to the
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understanding and identification of brain alterations that can
contribute to SI and suicidal acts. Schmaal et al. (43) recently
reviewed neuroimaging findings reporting the functional and
structural neural circuits associated with SI and suicidal behavior.
They identified studies that used neuroimaging methodologies
such as functional magnetic resonance imaging (fMRI) in
combination with words associated with suicide. Participants of
these studies reported symptoms in line with suicide risk factors
such as major depressive disorder, mood disorders, substance
use disorders, schizophrenia, posttraumatic stress disorder,
borderline personality disorder, bipolar disorder, and anxiety
disorders (43). The majority of studies were conducted in adults,
and only a small proportion examined adolescents, most likely
for ethical reasons. Some studies suggested relationships between
risk factors for SI, such as emotion dysregulation, anhedonia,
impulsiveness, and brain areas (43-47). For example, specific
brain areas such as the ventral prefrontal cortex (VPFC) and the
dorsal prefrontal cortex (DPFC) were involved in the regulation
of emotions (48) and impulses also in psychopathological
disorders (49-52) with abnormalities in the prefrontal cortical
region and lower neuronal density in ventral and dorsal regions
found in the brains of those who have committed suicide (53, 54).
The findings of Schmaal et al. (43) suggested that alterations in
the medial and lateral VPFC regions may play a central role in
the regulation of excessively negative and positive internal states
that may influence SI. Scholarly work by Morese and Longobardi
(7) and Longobardi et al. (55) also confirm that changes in the
medial and lateral VPFC areas play a crucial role in SI and found
that impairments of the cerebral system that involve the inferior
frontal gyrus (IFG) and DPFC implicated in the control functions
may favor suicidal behavior. Consequently, the combination of
the deficits of both the VPFC and DPFC systems may represent a
high-risk factor in which SI can be converted into lethal actions.
Examples exist to show how data and research from social
media can be combined with neuroscientific knowledge. Online
digital platforms, such as Facebook, Twitter, Reddit, or TikTok
have been introduced as digital places where people can
meet basic social needs to connect, interact, and communicate
with others (56). Meshi et al. (57) suggest that these needs
engage several specific neural systems in the brain. They
propose the use of social media data alongside neuroscience to
study similarities and dissimilarities between online and offline
behaviors, especially social-cognitive processes in individual
patients (57). An example of this may be examining friends
and acquaintances networks on social media platforms and
comparing their online behaviors in terms of similarities or
dissimilarities to those of the real world. Emotions, thoughts,
and intentions expressed on social media within these groups
can be insightful when combined with inputs from neuroscience
to predict real world behaviors of the studied individuals (57).
Furthermore, social media metrics confer important advantages
over other types of measures of people’s social behavior (57).
For example, according to Meshi et al. (57), social media data
provides information and measures with high ecological validity
by reporting indicators of people’s behavior as they interact in the
real world. These measures can be associated to people’s behaviors
to better prevent suicide. In addition, Yoo et al. (58) propose

to develop a set of designs for clinician implications, on how to
infer behavioral, cognitive, and social information from patients’
social media data. This information can represent a “diary” of the
patient’s behaviors and could substantially enrich neuroscientific
studies with variables of qualitative insights on patients.

The Population Neuroscience Perspective
Population Neuroscience is an emerging and interdisciplinary
field that combines neuroscience and epidemiology shifting the
focus from individuals to population groups (21, 24, 59). The aim
of Population Neuroscience is to pinpoint the factors that affect
the health and wellbeing of the human brain during the life cycle
by investigating large populations utilizing approaches from the
fields of epidemiology, data science, genetics, and neuroscience
with the investigation of genes and their regulation, external
and internal environmental factors, and neural mechanisms,
respectively (22, 24). To date, there are very few examples of
empirical applications of this approach. Pan et al. (26) in a
resting-state fMRI study reported that aberrant connectivity in
the ventral striatum (i.e., a brain area involved in the reward
system) may increase the risk of depressive disorder. Cirillo
et al. (59) reviewed the scientific evidence and concluded that
conducting longitudinal cohort studies in mental health research
using a Population Neuroscience strategy is possible.

We maintain that SI research will benefit from a Population
Neuroscience perspective for at least five reasons and propose an
application with social media in this context. First, neuroscientific
studies have provided evidence for the role of some brain areas
(e.g., VPEC and DPFC) involved during SI (43). However, in
neuroscientific studies using structural magnetic resonance and
fMRI brain studies, the number of participants scanned is usually
low (60). Small sample sizes limit replicability and the external
validity of findings (61-63). This limitation requires an increase
in scale to detect and better understand the neural mechanisms
of mental disorders in general and suicidal ideation in particular.
A digital epidemiological approach using a combination of
neuroscience and epidemiological methods and study designs,
in population-based, large, and fairly representative samples can
help overcome this limitation, for example using social media
to facilitate participant recruitment into large-scale. The role
of brain areas involved during SI can be intensively studied in
combination with big social media data and the language used
in text, audio, or video messages in selected individuals. As
such, emotional stress can be analyzed in social media texts in
conjunction with neurophysiological methodologies in people
who tried to commit suicide, for example, linking the texts of
those social media user timelines to MRI scans (Figure 1). Big
social media data could then be used to scale up these linkages
across large populations by investigating social media timelines
of general users to detect individuals and population groups at
risk for suicide.

Second, linking digital (online) to non-digital (offline) places
seems possible (56) (Figure2). Analyzing the digital traces
produced by social media users over time may provide contextual
information on the non-digital places in which users live, work,
or travel. For example, geo-referenced Twitter posts can be
analyzed to identify places of significance to individual users
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FIGURE 1 | Upscaling population neuroscience approaches with social media: a generic work flow example.
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FIGURE 2 | A representation of the population neuroscience perspective for detecting suicidal thoughts using a combined approach between neuroscience and
epidemiology in the context of social media based on the social ecological model (22, 64, 65). The brain areas were processed for illustrative purposes using the
MRIcron software package (65) on a standard T1 model and drawn based on a recent review (43) on suicidal thoughts and behaviors. VMPFC, ventral medial
prefrontal cortex; Amy, amygdala; Put, putamen.
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(home, employment locations) (66). Such knowledge can be
helpful to disentangle the effects of socio-ecological factors
(air, noise, water pollution, poverty, crime) on SI and neural
functioning at different places such as at home, at work, or
on the daily commute. As such, evidence for locally specific
exposure and resilience factors may be found in an Ecological
Momentary Assessment (EMA) (67). Furthermore, arguably
an EMA approach in such a setting may allow for analyzing
users’ mobility patterns as consequences of lockdowns or other
restrictions implied by authorities to contain a pandemic disease,
and in their functional relationship with mental health outcomes
and brain activity, in line with Seidel et al’s. (68) EMA and fMRI
research examining emotions and anorexia.

Third, the providers of digital platforms have strong
commercial interests and therefore develop features for their
users that aim to command the greatest possible attention and
attachment to keep users on their platforms (69). As such, it is
important to also investigate the potentially multiple influencing
factors of digital places and how these relate to brain activity.
For example, the “#StatusOfMind” report found for the UK
context, that while 91% of young adults (age 16-24 years) use
social media, these forms of communication are considered
more addictive than cigarettes and alcohol and that 7 in 10
young people experience cyberbullying (70). Negative effects of
social media use on youth health further include symptoms of
anxiety, depression, and poor sleep, possibly due to the fear of
missing out, (the so called “FoMo” syndrome) while seeing their
friends constantly posting images or status updates of seemingly
enjoyable lives (70). The report continues to describe a “compare
and despair” attitude that may be promoted by these feelings as
users compare the (curated) images and posts of their friends
to their own lives. Consequently, social media is considered to
produce unrealistic expectations and to create feelings of self-
consciousness, low self-esteem, or perfectionism that in turn
could provoke anxiety disorders, problems related to body image,
cyberbullying, and possibly SI (71, 72). The UNICEF report on
the “State of the World’s Children” further identifies at least
three possible harms related to social media, including exposure
to content (e.g., sexually explicit or discriminating), contact
with adult initiated activities (e.g., interaction with ideological
persuasion or sexual harassment), and also conduct of hostile
peer activities (e.g., cyberbullying or stalking) (73).

Fourth, applying a Population Neuroscience approach also
offers the opportunity to analyze the known potential risk factors
from digital and non-digital places at multiple levels of influence,
including individual personal, interpersonal, and community
levels (Figure 2). More specifically, by applying epidemiological
methodologies, it is possible to identify risk factors related
to SI such as anxiety (74), most frequent migration history
and/or social situation information (75), alcohol consumption
(5), or major depressive and mood disorders in individuals and
population groups (43). Schmaal et al. (43) suggest relationships
between risk factors for SI, such as emotion dysregulation,
anhedonia, impulsiveness, and the alterations in the medial and
lateral VPFC, brain area involved in the regulation of excessively
negative and positive internal states that can influence SI (7).
Applying brain imaging methods allow us to identify and to

deepen the understanding of the neural mechanism of SI, so
that also the relationship between risk factors and brain function
in SI can be better understood. Brain scan findings along with
genetic dispositions can be studied in their associations with
the individual (e.g., demographics), interpersonal (e.g., social
support), and community level (e.g., socio-economic status)
factors from non-digital and digital places, to get a deep-rooted
understanding about the drivers of SIL.

Fifth, assessing social media data in this context across
geographic space may help to identify areas, population groups,
and individuals with high suicide risk at scale. Once suicide
risk or risk factors have been detected, it is imperative that
researchers, social psychologists, school teachers, and policy
makers design, evaluate, and contribute to the implementation of
interventions for suicide prevention that promote and maintain
mental health and wellbeing. Interventions could include a
chatbot or an automated messaging service that can reach out to
individuals and population groups who used language containing
SI on social media. Guided by locally specific evidence on SI
risk factors, interventions could also involve targeted community
action plans helping prevent suicide in identified areas (76). More
research is needed in this domain to determine legal, ethical, and
effective approaches to prevent suicide once ideation has been
expressed on digital and non-digital platforms (59).

In summary, Population Neuroscience is characterized by
principles and tools useful for the study of population mental
health, opening up new avenues in research on SI in the era
of social media and can help plan for effective prevention
interventions at scale.

DISCUSSION

We presented a new point of view for research on SI applying
a perspective from Population Neuroscience, in which the
different disciplines, epidemiology and neuroscience converge
in the context of big data analytics and social media. Following
the results presented by Cirillo et al. (59), we believe that it
is essential to use this innovative approach to mental health
research, specifically SI, because risk factors are populational,
while disease is an individual experience.

A detailed understanding of individuals who have gone
through SI as reflected in their social media feeds and behaviors,
and how such behaviors may further inform differences
in functional and structural neural circuits associated with
SI and suicidal behavior remains virtually unexplored (43).
The integration between fairly small samples in Population
Neuroscience and large-scale big data on study participant
behaviors for instance, to allow such study is noteworthy. A
rare initial example of similar work is by Birnbaum et al. (77),
who used 52,815 Facebook posts of 51 participants to model the
likelihood of schizophrenia spectrum disorder psychotic episode
relapses. The authors found that by using Facebook activity alone
it was possible to predict hospitalization over a year in advance
of such events (77). In a similar study, Birnbaum et al. (78)
investigated 105 individuals and their 405,523 Google search
queries over a year (i.e., via patient data donation) to classify
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psychiatric hospitalizations, finding that search frequency and
search times already showed substantial differences of behavior
from healthy individuals. Hence integrating social media data
from online platforms with clinical information could 1 day
serve to inform clinical decision-making and inform clinical care,
while studies integrating big data from these platforms hold
tremendous promise for research, and as we argue here, for
Population Neuroscience in particular. Given for example, the
functional magnetic resonance imaging (MRI) studies (43) on
words associated with suicide, such specific linguistic features
could be used in lexicon or ontology systems to map out
their use across the content of social media messages. There
are naturally substantial ethical and privacy concerns, but as
elaborated by Chancellor et al. (79) these need to and can be
addressed carefully, in a balanced manner. Ernala et al. (80)
points out current methodological challenges in studying mental
health through social media, and their core recommendations
poignantly point out the need for “building and utilizing
shared infrastructures for data collection, and data donation
effort” and the importance of “harnessing [interdisciplinary]
partnerships between computational and clinical researchers, and
patients”.

Hence, big social media data can augment neuroscience
studies in important ways. For example, at the individual level,
additional social media data can help discover correlations with
neuroscientific studies. At the population level, social media data
may help in applying insights from individual level correlates
across populations and extrapolating neuroscientific findings at
an ecological level across populations of interest.

Equivalent to Cirillo et al. (59), we consider that Population
Neuroscience offers new challenges and opportunities for
mental health research. The interdisciplinary approach through
the interaction between epidemiology and neuroscience could
contribute to the advancement of both fields, better identifying
the risk factors at the population level and deepening our
understanding of the neural mechanisms involved in suicidal
ideation at the individual level. New standards are needed to link
knowledge about functions and structure of the human brain
in the context of social media, not only to detect SI but also
to offer effective social support to those in need, in a timely
manner (81). We presented a new point of view building upon
existing knowledge (22, 24, 25, 59). Our hope is that it can offer a

REFERENCES

1. World Health Organization. World Health Statistics 2021: Monitoring Health
for the SDGs, Sustainable Development Goals. Industry and Higher Education.
Geneva, Switzerland: World Health Organization (2021). Available online
at: https://apps.who.int/iris/handle/10665/342703 (accessed: March 31, 2022).

2. Preventing Suicide: A Global Imperative. (2022). Available online at: https://
www.who.int/publications- detail-redirect/9789241564779 (accessed March
31,2022).

3. Hawton K, Saunders KEA,
and  suicide in  adolescents.
doi: 10.1016/S0140-6736(12)60322-5

4. Klonsky ED, May AM, Saffer BY. Suicide,
and suicidal ideation. Annu Rev Clin Psychol.
doi: 10.1146/annurev-clinpsy-021815-093204

O’Connor RC.
(2012)

Self-harm
Lancet. 379:2373-82.
suicide
(2016)

attempts,
12:307-30.

new perspective, whereby epidemiology and neuroscience come
together to leverage big social media data and maximize their
potential to observe complex mental health phenomena at the
population level.

We believe that this application can contribute to the design
and implementation of innovative studies at a time when
social media are increasingly used and evolving. The analysis
of posted messages based on risk factors can be applied in
an EMA approach to detect suicidal thoughts in real time.
The application of a Population Neuroscience perspective to
the study of SI presents a promising opportunity for further
research and practice in the field of mental health. This new
perspective will invariably be confronted with challenges, but it
could open new fields of research and facilitate new prevention
programs and interventions to counter suicide based on rapidly
available data.

DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included
in the article, further inquiries can be directed to the
corresponding author.

AUTHOR CONTRIBUTIONS

RM conceived the content of the article. RM and OG wrote
the manuscript. SE, MS, MFE, and EA reviewed the manuscript.
EA in the role of principal investigator supervised the article.
All authors contributed to the article and approved the
submitted version.

FUNDING

This work has been funded by the Zurich Foundation under
the title: New technologies to improve mental health of
the population. Open access funding was provided by Universita
della Svizzera italiana.

ACKNOWLEDGMENTS

We thank Kara O’Keefe, University of Zurich, for her thoughtful
comments on the manuscript.

5. Dendup T, Zhao Y, Dorji T, Phuntsho S. Risk factors associated
with suicidal ideation and suicide attempts in Bhutan: an analysis of
the 2014 bhutan STEPS survey data. PLoS ONE. (2020) 15:e0225888.
doi: 10.1371/journal.pone.0225888

6. Mann JJ, Apter A, Bertolote J, Beautrais A, Currier D, Haas A, et al.
Suicide prevention strategies: a systematic review. JAMA. (2005) 294:2064.
doi: 10.1001/jama.294.16.2064

7. Morese R, Longobardi C. Suicidal ideation in adolescence: a perspective view
on the role of the ventromedial prefrontal cortex. Front Psychol. (2020) 11:713.
doi: 10.3389/fpsyg.2020.00713

8. Levi-Belz Y, Gavish-Marom T, Barzilay S, Apter A, Carli V, Hoven
C, et al. Psychosocial factors correlated with undisclosed suicide
attempts to significant others: findings from the adolescence SEYLE
study. Suicide Life Threat Behav. (2019) 49:759-73. doi: 10.1111/sltb.
12475

Frontiers in Psychiatry | www.frontiersin.org

April 2022 | Volume 13 | Article 652167


https://apps.who.int/iris/handle/10665/342703
https://www.who.int/publications-detail-redirect/9789241564779
https://www.who.int/publications-detail-redirect/9789241564779
https://doi.org/10.1016/S0140-6736(12)60322-5
https://doi.org/10.1146/annurev-clinpsy-021815-093204
https://doi.org/10.1371/journal.pone.0225888
https://doi.org/10.1001/jama.294.16.2064
https://doi.org/10.3389/fpsyg.2020.00713
https://doi.org/10.1111/sltb.12475
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles

Morese et al.

Population Neuroscience and Suicide Ideation

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

. Miller AB, McLaughlin KA, Busso DS, Brueck S, Peverill M, Sheridan

MA. Neural correlates of emotion regulation and adolescent suicidal
ideation. Biol Psychiatry Cogn Neurosci Neuroimaging. (2018) 3:125-32.
doi: 10.1016/j.bpsc.2017.08.008

Kemp S. Digital in 2022: Global Overview. (2022). Available online at: https://
wearesocial.com/digital-2022 (accessed February 12, 2018).

KannengiefSer S, Kubitschko S. Acting on media: influencing, shaping and
(re)configuring the fabric of everyday life. Media Commun. (2017) 5:1-4.
doi: 10.17645/mac.v5i3.1165

Elayan S, Sykora M, Shankardass K, Robertson C, Feick R, Shaughnessy
K, et al. The Stresscapes Ontology System: Detecting and Measuring Stress
on Social Media. ECSM-2020 - 7th Eur Conf Soc Media, Larnaca, Cyprus.
(2020). Available online at: https://www.researchgate.net/profile/Azian_
Muhamad_Adzmi/publication/342277981_ECSM20-Proceedings/links/5eeb
91ac299bflfaac5f4708/ECSM20-Proceedings.pdf

Kumar M, Dredze M, Coppersmith G, De Choudhury M. Detecting Changes
in Suicide Content Manifested in Social Media Following Celebrity Suicides.
In: the 26th ACM Conference. ACM Press (2015). Available online at: http://
dl.acm.org/citation.cfm?doid=2700171.2791026 (accessed March 31, 2022).
doi: 10.1145/2700171.2791026

Carlyle KE, Guidry JPD, Williams K, Tabaac A, Perrin PB. Suicide
conversations on Instagram™: contagion or caring? ] Commun Healthc.
(2018) 11:12-8. doi: 10.1080/17538068.2018.1436500

Tadesse MM, Lin H, Xu B, Yang L. Detection of suicide ideation
in social media forums using deep learning. Algorithms. (2019) 13:7.
doi: 10.3390/a13010007

Jashinsky J, Burton SH, Hanson CL, West J, Giraud-Carrier C, Barnes MD,
et al. Tracking suicide risk factors through twitter in the US. Crisis. (2014)
35:51-9. doi: 10.1027/0227-5910/a000234

Woo H, Cho Y, Shim E, Lee K, Song G. Public trauma after the sewol ferry
disaster: the role of social media in understanding the public mood. Int J
Environ Res Public Health. (2015) 12:10974-83. doi: 10.3390/ijerph120910974
Edry T, Maani N, Sykora M, Elayan S, Hswen Y, Wolf M, et al. Real-
time geospatial surveillance of localized emotional stress responses to
COVID-19: a proof of concept analysis. Health Place. (2021) 70:102598.
doi: 10.1016/j.healthplace.2021.102598

Garske SI, Elayan S, Sykora M, Edry T, Grabenhenrich LB, Galea S, et al.
Space-time dependence of emotions on twitter after a natural disaster.
Int ] Environ Res Public Health. (2021) 18:5292. doi: 10.3390/ijerph181
05292

Aebi NJ, De Ridder D, Ochoa C, Petrovic D, Fadda M, Elayan §, et al. Can big
data be used to monitor the mental health consequences of COVID-19? Int J
Public Health. (2021) 8:66. doi: 10.3389/ijph.2021.633451

Ganguli M, Albanese E, Seshadri S, Bennett DA, Lyketsos C, Kukull WA,
et al. Population neuroscience. Alzheimer Dis Assoc Disord. (2018) 32:1-9.
doi: 10.1097/WAD.0000000000000237

Falk EB, Hyde LW, Mitchell C, Faul ], Gonzalez R, Heitzeg MM,
et al. What is a representative brain? Neuroscience meets population
science. Proc Natl Acad Sci. (2013) 110:17615-22. doi: 10.1073/pnas.13101
34110

Liu S, Miiller S, Dolan R], Zhao X, Zheng JC, Heinz A. Opportunities,
risks and challenges in global mental health and population neuroscience: a
case of Sino-German cooperation. Eur Arch Psychiatry Clin Neurosci. (2021)
271:1027-34. doi: 10.1007/s00406-020-01176-1

Paus T. Population neuroscience: why and how. Hum Brain Mapp. (2010)
31:891-903. doi: 10.1002/hbm.21069

Paus T. Population Neuroscience. Berlin, Heidelberg: Springer Berlin
Heidelberg (2013). Available online at: http://link.springer.com/10.1007/978-
3-642-36450-1 (accessed March 31, 2022).

Pan PM, Sato JR, Salum GA, Rohde LA, Gadelha A, Zugman A, et al. ventral
striatum functional connectivity as a predictor of adolescent depressive
disorder in a longitudinal community-based sample. Am J Psychiatry. (2017)
174:1112-9. doi: 10.1176/appi.ajp.2017.17040430

Stringaris A, Vidal-Ribas Belil P, Artiges E, Lemaitre H, Gollier-Briant F,
Wolke S, et al. The brain’s response to reward anticipation and depression
in adolescence: dimensionality, specificity, and longitudinal predictions
in a community-based sample. Am ] Psychiatry. (2015) 172:1215-23.
doi: 10.1176/appi.ajp.2015.14101298

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

Wang J, Ploderl M, Hausermann M, Weiss MG. Understanding suicide
attempts among gay men from their self-perceived causes. ] Nerv Ment Dis.
(2015) 203:499-506. doi: 10.1097/NMD.0000000000000319

Sueki H, Ito J. Suicide prevention through online gatekeeping using
search advertising techniques: a feasibility study. Crisis. (2015) 36:267-73.
doi: 10.1027/0227-5910/a000322

De Choudhury M, Kiciman E. The language of social support in social media
and its effect on suicidal ideation risk. Proc Int AAAI Conf Weblogs Soc Media.
(2017) 2017:32-41.

Naslund JA, Bondre A, Torous J, Aschbrenner KA. Social media and mental
health: benefits, risks, and opportunities for research and practice. ] Technol
Behav Sci. (2020) 5:245-57. doi: 10.1007/s41347-020-00134-x

Gruebner O, Sykora M, Lowe SR, Shankardass K, Galea S, Subramanian SV.
Big data opportunities for social behavioral and mental health research. Soc
Sci Med. (2017) 2012:2016-8. doi: 10.1016/j.socscimed.2017.07.018

O’Dea B, Wan S, Batterham PJ, Calear AL, Paris C, Christensen
H. Detecting suicidality on Twitter. Internet Interv. (2015) 2:183-8.
doi: 10.1016/j.invent.2015.03.005

Vioules MJ, Moulahi B, Aze ], Bringay S. Detection of suicide-
related posts in Twitter data streams. IBM ] Res Dev. (2018). 7:1-7:12
doi: 10.1147/JRD.2017.2768678

Coppersmith G, Leary R, Crutchley P, Fine A. Natural language processing
of social media as screening for suicide risk. Biomed Inform Insights. (2018).
doi: 10.1177/1178222618792860

Salathé M, Bengtsson L, Bodnar TJ, Brewer DD, Brownstein JS, Buckee
C, et al. Digital epidemiology. PLOS Comput Biol. (2012) 8:e1002616.
doi: 10.1371/journal.pcbi. 1002616

Gruebner O, Lowe SR, Sykora M, Shankardass K, Subramanian S V, Galea S,
et al. novel surveillance approach for disaster mental health. PLoS ONE. (2017)
12:¢0181233. doi: 10.1371/journal.pone.0181233

Gruebner O, Lowe S, Sykora M, Shankardass K, Subramanian S, Galea S.
Spatio-temporal distribution of negative emotions in New York City after a
natural disaster as seen in social media. Int ] Environ Res Public Health. (2018)
15:2275. doi: 10.3390/ijerph15102275

Gruebner O, Sykora M, Lowe SR, Shankardass K, Trinquart L, Jackson T, et al.
Mental health surveillance after the terrorist attacks in Paris. Lancet. (2016)
387:2195-6. doi: 10.1016/50140-6736(16)30602-X

Pan E Shen Z, Jiao ], Chen J, Li S, Lu J, et al. Neuronavigation-Guided rTMS
for the treatment of depressive patients with suicidal ideation: a double-blind,
randomized, sham-controlled trial. Clin Pharmacol Ther. (2020) 108:826-32.
doi: 10.1002/cpt.1858

Brown VM, Wilson ], Hallquist MN, Szanto K, Dombrovski AY. Ventromedial
prefrontal value signals and functional connectivity during decision-making
in suicidal behavior and impulsivity. Neuropsychopharmacology. (2020)
45:1034-41. doi: 10.1038/541386-020-0632-0

Harms MB, Casement MD, Teoh JY, Ruiz S, Scott H, Wedan R, et al.
Adolescent suicide attempts and ideation are linked to brain function
during peer interactions. Psychiatry Res Neuroimaging. (2019) 289:1-9.
doi: 10.1016/j.pscychresns.2019.05.001

Schmaal L, van Harmelen A-L, Chatzi V, Lippard ETC, Toenders Y], Averill
LA, et al. Imaging suicidal thoughts and behaviors: a comprehensive review
of 2 decades of neuroimaging studies. Mol Psychiatry. (2020) 25:408-27.
doi: 10.1038/s41380-019-0587-x

Du L, Zeng J, Liu H, Tang D, Meng H, Li Y, et al. Fronto-limbic
disconnection in depressed patients with suicidal ideation: a resting-
state functional connectivity study. ] Affect Disord. (2017) 215:213-7.
doi: 10.1016/j.jad.2017.02.027

Desmyter S, van Heeringen C, Audenaert K. Structural and functional
neuroimaging studies of the suicidal brain. Prog Neuro-Psychopharmacology
Biol Psychiatry. (2011) 35:796-808. doi: 10.1016/j.pnpbp.2010.12.026

Ding Y, Lawrence N, Olié E, Cyprien F. le Bars E, Bonafé A, et al.
Prefrontal cortex markers of suicidal vulnerability in mood disorders: a
model-based structural neuroimaging study with a translational perspective.
Transl Psychiatry. (2015) 5:e516. doi: 10.1038/tp.2015.1

Gifuni AJ, Ding Y, Olié E, Lawrence N, Cyprien F Le Bars E, et al.
Subcortical nuclei volumes in suicidal behavior: nucleus accumbens may
modulate the lethality of acts. Brain Imaging Behav. (2016) 10:96-104.
doi: 10.1007/s11682-015-9369-5

Frontiers in Psychiatry | www.frontiersin.org

April 2022 | Volume 13 | Article 652167


https://doi.org/10.1016/j.bpsc.2017.08.008
https://wearesocial.com/digital-2022
https://wearesocial.com/digital-2022
https://doi.org/10.17645/mac.v5i3.1165
https://www.researchgate.net/profile/Azian_Muhamad_Adzmi/publication/342277981_ECSM20-Proceedings/links/5eeb91ac299bf1faac5f4708/ECSM20-Proceedings.pdf
http://dl.acm.org/citation.cfm?doid=2700171.2791026
http://dl.acm.org/citation.cfm?doid=2700171.2791026
https://doi.org/10.1145/2700171.2791026
https://doi.org/10.1080/17538068.2018.1436500
https://doi.org/10.3390/a13010007
https://doi.org/10.1027/0227-5910/a000234
https://doi.org/10.3390/ijerph120910974
https://doi.org/10.1016/j.healthplace.2021.102598
https://doi.org/10.3390/ijerph18105292
https://doi.org/10.3389/ijph.2021.633451
https://doi.org/10.1097/WAD.0000000000000237
https://doi.org/10.1073/pnas.1310134110
https://doi.org/10.1007/s00406-020-01176-1
https://doi.org/10.1002/hbm.21069
http://link.springer.com/10.1007/978-3-642-36450-1
http://link.springer.com/10.1007/978-3-642-36450-1
https://doi.org/10.1176/appi.ajp.2017.17040430
https://doi.org/10.1176/appi.ajp.2015.14101298
https://doi.org/10.1097/NMD.0000000000000319
https://doi.org/10.1027/0227-5910/a000322
https://doi.org/10.1007/s41347-020-00134-x
https://doi.org/10.1016/j.socscimed.2017.07.018
https://doi.org/10.1016/j.invent.2015.03.005
https://doi.org/10.1147/JRD.2017.2768678
https://doi.org/10.1177/1178222618792860
https://doi.org/10.1371/journal.pcbi.1002616
https://doi.org/10.1371/journal.pone.0181233
https://doi.org/10.3390/ijerph15102275
https://doi.org/10.1016/S0140-6736(16)30602-X
https://doi.org/10.1002/cpt.1858
https://doi.org/10.1038/s41386-020-0632-0
https://doi.org/10.1016/j.pscychresns.2019.05.001
https://doi.org/10.1038/s41380-019-0587-x
https://doi.org/10.1016/j.jad.2017.02.027
https://doi.org/10.1016/j.pnpbp.2010.12.026
https://doi.org/10.1038/tp.2015.1
https://doi.org/10.1007/s11682-015-9369-5
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles

Morese et al.

Population Neuroscience and Suicide Ideation

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

Lo Gerfo E, Gallucci A, Morese R, Vergallito A, Ottone S, Ponzano E
et al. The role of ventromedial prefrontal cortex and temporo-parietal
junction in third-party punishment behavior. Neuroimage. (2019) 200:501-10.
doi: 10.1016/j.neuroimage.2019.06.047

Bozzatello P, Morese R, Valentini MC, Rocca P, Bosco E Bellino S.
Autobiographical memories, identity disturbance and brain functioning in
patients with borderline personality disorder: an fMRI study. Heliyon. (2019)
5:¢01323. doi: 10.1016/j.heliyon.2019.e01323

Dixon ML, Thiruchselvam R, Todd R, Christoff K. Emotion and the
prefrontal cortex: An integrative review. Psychol Bull. (2017) 143:1033-81.
doi: 10.1037/bul0000096

Viviani R. Neural correlates of emotion regulation in the ventral prefrontal
cortex and the encoding of subjective value and economic utility. Front
Psychiatry. (2014) 15:5. doi: 10.3389/fpsyt.2014.00123

Hiser J, Koenigs M. The multifaceted role of the ventromedial prefrontal
cortex in emotion, decision making, social cognition, and psychopathology.
Biol Psychiatry. (2018) 83:638-47. doi: 10.1016/j.biopsych.2017.10.030
Schnieder TP, Trencevska I, Rosoklija G, Stankov A, Mann JJ, Smiley J, et al.
Microglia of prefrontal white matter in suicide. ] Neuropathol Exp Neurol.
(2014) 73:880-90. doi: 10.1097/NEN.0000000000000107

Underwood MD, Kassir SA, Bakalian MJ, Galfalvy H, Mann JJ, Arango
V. Neuron density and serotonin receptor binding in prefrontal
cortex in suicide. Int ] Neuropsychopharmacol. (2012) 15:435-47.
doi: 10.1017/51461145711000691

Longobardi C, Morese R, Fabris MA. COVID-19 emergency: social distancing
and social exclusion as risks for suicide ideation and attempts in adolescents.
Front Psychol. (2020) 11:551113. doi: 10.3389/fpsyg.2020.551113

Shankardass K, Robertson C, Shaughnessy K, Sykora M, Feick R. A unified
ecological framework for studying effects of digital places on well-being. Soc
Sci Med. (2019) 227:119-27. doi: 10.1016/j.socscimed.2018.09.022

Meshi D, Tamir DI, Heekeren HR. The emerging neuroscience of social media.
Trends Cogn Sci. (2015) 19:771-82. doi: 10.1016/j.tics.2015.09.004

Yoo DW, Birnbaum ML, Van Meter AR, Ali AE, Arenare E, Abowd GD, et al.
Designing a clinician-facing tool for using insights from patients’ social media
activity: iterative co-design approach. JMIR Ment Heal. (2020) 7:¢16969.
doi: 10.2196/16969

Cirillo A, Diniz E, Gadelha A, Asevedo E, Axelrud LK, Miguel EC,
et al. Population neuroscience: challenges and opportunities for psychiatric
research in low- and middle-income countries. Brazilian ] Psychiatry. (2020)
42:442-8. doi: 10.1590/1516-4446-2019-0761

Szucs D, Ioannidis JP. Sample size evolution in neuroimaging research:
an evaluation of highly-cited studies (1990-2012) and of latest practices
(2017-2018) in high-impact journals. Neuroimage. (2020) 221:117164.
doi: 10.1016/j.neuroimage.2020.117164

Turner BO, Paul EJ, Miller MB, Barbey AK. Small sample sizes reduce
the replicability of task-based fMRI studies. Commun Biol. (2018) 1:62.
doi: 10.1038/s42003-018-0073-z

Ingre M. Why small low-powered studies are worse than large high-
powered studies and how to protect against “trivial” findings in
research: comment on friston (2012). Neuroimage. (2013) 81:496-8.
doi: 10.1016/j.neuroimage.2013.03.030

Grady CL, Rieck JR, Nichol D, Rodrigue KM, Kennedy KM. Influence of
sample size and analytic approach on stability and interpretation of brain-
behavior correlations in task-related fMRI data. Hum Brain Mapp. (2021)
42:204-19. doi: 10.1002/hbm.25217

Stokols D. Establishing and maintaining healthy environments: Toward
a social ecology of health promotion. Am. Psychol. (1992) 47:6-22.
doi: 10.1037//0003-066x.47.1.6
Rorden C, Bonilha L, Nichols
based statistics for neuroimaging. Neuroimage.
doi: 10.1016/j.neuroimage.2006.12.043

Robertson C, Feick R, Sykora M, Shankardass K, Shaughnessy K. Personal
Activity Centres and Geosocial Data Analysis: Combining Big Data with Small
Data. (2017). Available online at: http://link.springer.com/10.1007/978-3-
319-56759-4_9 (accessed March 31, 2022).

Shaughnessy K, Reyes R, Shankardass K, Sykora M, Feick R, Lawrence
H, et al. Using geolocated social media for ecological momentary
assessments of emotion: Innovative opportunities in psychology science
and practice. Can Psychol Can. (2018) 59:47-53. doi: 10.1037/cap00
00099

TE. Rank-order versus mean
(2007) 35:1531-7.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

Seidel M, Pauligk S, Fiirtjes S, King JA, Schlief S-M, Geisler D, et al. Intact
neural and behavioral correlates of emotion processing and regulation in
weight-recovered anorexia nervosa: a combined fMRI and EMA study. Transl
Psychiatry. (2022) 12:32. doi: 10.1038/s41398-022-01797-1

Bhargava VR, Velasquez M. Ethics of the attention economy: the
problem of social media addiction. Bus Ethics Q. (2021) 31:321-59.
doi: 10.1017/beq.2020.32

Royal Society for Public Health (RSPH), Young Health Movement. Social
Media and Young People’ s Mental Health and Wellbeing. London, UK (2017).
Available online at: https://www.rsph.org.uk/our-work/policy/social- media-
and-young- people-s- mental-health-and-wellbeing.html (accessed March 31,
2022).

Engeln R, Loach R, Imundo MN, Zola A. Compared to Facebook, Instagram
use causes more appearance comparison and lower body satisfaction in college
women. Body Image. (2020) 34:38-45. doi: 10.1016/j.bodyim.2020.04.007
Fitriyah L, Rokhmawan T. “You're fat and not normal!” from body image
to decision of suicide. Indones ] Learn Educ Couns. (2019) 1:102-18.
doi: 10.31960/ijolec.v1i2.75

United Nations Childrens Fund (UNICEF). Children in a Digital World. New
York City, NY (2017).

Dombrovski AY, Szanto K, Reynolds III CF. Epidemiology and risk factors
for suicide in the elderly: 10-year update. Aging Health. (2005) 1:135-45.
doi: 10.2217/1745509X.1.1.135

Donath C, Bergmann MC, Kliem S, Hillemacher T, Baier D. Epidemiology
of suicidal ideation, suicide attempts, and direct self-injurious behavior
in adolescents with a migration background: a representative study. BMC
Pediatr. (2019) 19:45. doi: 10.1186/s12887-019-1404-z

WHO. Preventing Suicide: A Community Engagement Toolkit. World Health
Organization (2018). Available online at: https://apps.who.int/iris/handle/
10665/272860 (accessed March 31, 2022).

Birnbaum ML, Ernala SK, Rizvi AF, Arenare E, Van Meter AR, De Choudhury
M, et al. Detecting relapse in youth with psychotic disorders utilizing patient-
generated and patient-contributed digital data from Facebook. NPJ Schizophr.
(2019) 5:17. doi: 10.1038/s41537-019-0085-9

Birnbaum ML, Wen H, Van Meter A, Ernala SK, Rizvi AR
Arenare E, et al. Identifying emerging mental illness utilizing search
engine activity: a feasibility study. PLoS ONE. (2020) 15:e0240820.
doi: 10.1371/journal.pone.0240820

Chancellor S, Birnbaum ML, Caine ED, Silenzio VMB, De Choudhury M. A
Taxonomy of Ethical Tensions in Inferring Mental Health States From Social
Media: 2019 ACM Conference on Fairness, Accountability, and Transparency,
FAT* 2019. FAT* 2019 - Proc 2019 Conf Fairness, Accountability, Transpar.
(2019). Available online at: http://www.scopus.com/inward/record.url?scp=
85061824457&partnerID=8YFLogxK

Ernala SK, Birnbaum ML, Candan KA, Rizvi AF, Sterling WA, Kane JM, et al.
Methodological Gaps in Predicting Mental Health States from Social Media.
In: Proceedings of the 2019 CHI Conference on Human Factors in Computing
Systems New York, NY, USA: ACM (2019). Available online at: https://dl.acm.
org/doi/10.1145/3290605.3300364

Han M, Jiang G, Luo H, Shao Y. Neurobiological bases of social networks.
Front Psychol. (2021) 30:12. doi: 10.3389/fpsyg.2021.626337

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

Publisher’s Note: All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated organizations, or those of

the publisher, the editors and the reviewers. Any product that may be evaluated in

this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Morese, Gruebner, Sykora, Elayan, Fadda and Albanese. This is an
open-access article distributed under the terms of the Creative Commons Attribution
License (CC BY). The use, distribution or reproduction in other forums is permitted,
provided the original author(s) and the copyright owner(s) are credited and that the
original publication in this journal is cited, in accordance with accepted academic
practice. No use, distribution or reproduction is permitted which does not comply
with these terms.

Frontiers in Psychiatry | www.frontiersin.org

April 2022 | Volume 13 | Article 652167


https://doi.org/10.1016/j.neuroimage.2019.06.047
https://doi.org/10.1016/j.heliyon.2019.e01323
https://doi.org/10.1037/bul0000096
https://doi.org/10.3389/fpsyt.2014.00123
https://doi.org/10.1016/j.biopsych.2017.10.030
https://doi.org/10.1097/NEN.0000000000000107
https://doi.org/10.1017/S1461145711000691
https://doi.org/10.3389/fpsyg.2020.551113
https://doi.org/10.1016/j.socscimed.2018.09.022
https://doi.org/10.1016/j.tics.2015.09.004
https://doi.org/10.2196/16969
https://doi.org/10.1590/1516-4446-2019-0761
https://doi.org/10.1016/j.neuroimage.2020.117164
https://doi.org/10.1038/s42003-018-0073-z
https://doi.org/10.1016/j.neuroimage.2013.03.030
https://doi.org/10.1002/hbm.25217
https://doi.org/10.1037//0003-066x.47.1.6
https://doi.org/10.1016/j.neuroimage.2006.12.043
http://link.springer.com/10.1007/978-3-319-56759-4_9
http://link.springer.com/10.1007/978-3-319-56759-4_9
https://doi.org/10.1037/cap0000099
https://doi.org/10.1038/s41398-022-01797-1
https://doi.org/10.1017/beq.2020.32
https://www.rsph.org.uk/our-work/policy/social-media-and-young-people-s-mental-health-and-wellbeing.html
https://www.rsph.org.uk/our-work/policy/social-media-and-young-people-s-mental-health-and-wellbeing.html
https://doi.org/10.1016/j.bodyim.2020.04.007
https://doi.org/10.31960/ijolec.v1i2.75
https://doi.org/10.2217/1745509X.1.1.135
https://doi.org/10.1186/s12887-019-1404-z
https://apps.who.int/iris/handle/10665/272860
https://apps.who.int/iris/handle/10665/272860
https://doi.org/10.1038/s41537-019-0085-9
https://doi.org/10.1371/journal.pone.0240820
http://www.scopus.com/inward/record.url?scp=85061824457&partnerID=8YFLogxK
http://www.scopus.com/inward/record.url?scp=85061824457&partnerID=8YFLogxK
https://dl.acm.org/doi/10.1145/3290605.3300364
https://dl.acm.org/doi/10.1145/3290605.3300364
https://doi.org/10.3389/fpsyg.2021.626337
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles

	Detecting Suicide Ideation in the Era of Social Media: The Population Neuroscience Perspective
	Introduction
	SI Studied Through Social Media Streams of Users
	The Neuroscience of SI
	The Population Neuroscience Perspective

	Discussion
	Data Availability Statement
	Author Contributions
	Funding
	Acknowledgments
	References


