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Main text

The gender paradox in suicide has been described as early as 1998 (1), referring to the observation that while women demonstrated higher rates of suicide attempts, men had higher rates of death by suicide. This has prompted important epidemiological research into the gender differences in suicide, leading to consistent evidence supporting this observation. However, the biological basis for such gender differences is poorly understood, and there is increasing interest in the relationship between suicide, gender, and the underlying neurobiology. There is a pressing need to better understand both the psychosocial and neurobiological pathways of suicide, especially given the rise in suicide rates across all age groups in recent years.

This gender paradox is similarly observed in adolescents, who constitute an especially important demographic for suicide research, with suicide being a leading cause of death in this age group. Current suicide research has shown interesting but important gender-related differences in risk factors (Figure 1). Depressive symptoms and intimate partner violence are more important in female than male adolescents, the latter group is more affected by conduct problems, access to means, and drug abuse (2). Nonsuicidal self-injury, an important predictor of suicidality, similarly exhibits gender-related differences in terms of clinical characteristics and the suicide risk it confers (3).




Figure 1 | Key trends, gender-specific associations and their possible mechanisms in adolescent suicide.



That said, despite finding various predictors of suicide attempts in female adolescents, identifying risk factors predicting suicide completion in this subgroup remains a major challenge (2). While adolescent suicide rates are increasing for both genders, female adolescents experienced a disproportionate increase (4). The factors driving this observation remain unclear and are a topic of current debate. Answering this question will require a multidisciplinary approach, involving both national and international consortia, to evaluate and analyze the sociocultural, socioeconomic, and medical factors in adolescents across various countries.

Among adolescents, those of sexual and gender minorities (SGM) are at a higher risk of suicide, and they represent a particularly underserved and understudied population. Numerous studies have demonstrated that SGM adolescents, compared with their cisheterosexual counterparts, were more often subject to adverse childhood experiences (ACEs) (5). These include physical, emotional, and sexual abuse by parents, as well as being forced to conform to cisheteronormative standards and bullying by peers (5). Gender minority adolescents are most frequently affected by such ACEs, even when compared with sexual minority adolescents (5). Such ACEs can have a profound effect on their neurodevelopment and alter the biology of the brain, immune system, and the hypothalamus-pituitary-adrenal (HPA) axis (6–8), potentially explaining the exceptionally elevated suicide rates in gender minority adolescents. Sexual minority adolescents are also at higher risk of developing depressive symptoms compared with their heterosexual counterparts, starting as early as 11 years of age (9). The study’s authors found that disparities in depressive symptoms according to sexual orientation were more pronounced in girls than in boys, which they hypothesized to be a result of increased affiliative needs in girls. Lastly, SGM adolescents are more likely to experience a poorer quality of healthcare, which can be attributed to stigma, lack of awareness, and insensitivity to needs. Like female adolescents, evaluating the etiologic links underpinning the high association between SGM and suicide risk should be both a clinical and research priority.

Genetics and epigenetics could provide useful insight into the gender-based differences in suicide. Certain gene variants can intrinsically increase susceptibility to depression and suicidality through effects on neurochemistry (10), or interact with ACEs and stressful life events to result in suicidal behavior, in a gender-specific manner (7). Conversely, childhood adversities can also cause long-lasting gender-dependent epigenetic modifications both across the whole genome and specifically in the brain (6). As such, investigating gender differences in the common and rare gene variants linked to suicide, postmortem whole genome sequencing analysis of the brains in suicide deaths, and integrating them with brain-regulatory expression quantitative trait loci data will not only identify novel loci/genes but also help decipher their functional significance. Genetic and epigenetic epidemiology will be important in understanding adolescent suicide and explaining the clinically observed risk factors. Developing experimental gender-based animal “suicide” models may also unravel new pathophysiologic clues.

Neuroinflammation plays an important role in the etiopathogenesis of suicide. Higher levels of proinflammatory cytokines were observed in both suicide attempters and completers, with activation of the HPA axis and the kynurenine pathway. There is decreased production of brain-derived neurotrophic factor (BDNF) as a result, which is crucial in the modulation of neurotransmitters and neuronal plasticity. While there are limited studies on the gender-based effects on neuroinflammation, there is some evidence that at least BDNF demonstrates some gender-specific differences in adult suicide completers with depression (11). Analyzing the role of neuroinflammation in adolescents and its interaction with gender will yield helpful clues in understanding the gender paradox. Additionally, such research could also derive biomarkers for suicide risk, an idea that has been previously proposed, though their clinical utility remains to be validated.

To unravel the gender paradox puzzle among adolescents, the interactions of geographical area and specific sociocultural factors with other known suicidal risk factors should first be analyzed. Next, future studies ought to utilize comprehensive community- and family-based evaluation approaches, and systematically study potential neuroimaging and peripheral biomarkers that can predict different suicide behaviors (i.e., suicide ideation versus attempts versus completion). For example, previous research has found abnormalities in the hypothalamic-pituitary-adrenal (HPA) axis and serotonergic systems in suicide completers (12), as well as differences in prefrontal circuitry between suicide attempters and nonsuicidal patients were discovered on brain imaging (13, 14). Investigating how the stress response system (HPA axis) behaves differentially, the evolution of a growing brain in adapting to the various stressors, and the identification of authentic biomarkers that can predict suicidal behaviors can help provide further pathophysiologic clues to the intriguing gender paradox puzzle in adolescents.

Developing gender-based animal models, such as those investigating sexual dimorphisms in animal models of major depressive disorder (15), might also prove useful in investigating the relationship of biological sex and suicide. Most important is the sexual dimorphism in terms of neurochemistry, neurodevelopment (especially in the context of stresses in early life), and behavioral traits including impulsivity and aggression. Such models could potentially investigate the differences in phenotype of male versus female animal subjects when harboring the same genetic alterations or epigenetic modifications. While animal models cannot fully reproduce human conditions, comparative studies of male and female animal models can provide new pathophysiologic insights in terms of neural circuitry and humoral responses. Differences in genetics, epigenetics, and observed phenotypes can also result in varying response to certain treatments and management strategies (16). Such evidence would potentially prove useful in identifying at-risk individuals and guide treatment strategies.

In summary, the mechanisms driving the gender paradox in adolescent suicide remain to be further interrogated. Suicide risk arise from complex interactions from neurobiological factors (such as neuroendocrine, neurochemical, and inflammation) with events during development (such as ACEs and being of SGM) or in later life (such as stressful life events such as divorce, loss of loved ones, and sudden unemployment). Multi-omics and neuroimaging studies of suicide will be an important tool in studying the pathophysiology of the gender paradox and uncovering useful biomarkers. Developing gender-based animal models could assist us in understanding gender differences in traits linked with suicide, such as aggression and impulsivity. Understanding the gender paradox will guide the development and implementation of appropriate and cost-effective interventions for preventing adolescent suicide.





Author contributions

AM: Conceptualization, Project administration, Visualization, Writing – original draft, Writing – review & editing. Y-MW: Writing – original draft, Writing – review & editing. BJ-WT: Writing – original draft, Writing – review & editing. E-KT: Conceptualization, Funding acquisition, Methodology, Project administration, Supervision, Validation, Writing – original draft, Writing – review & editing.





Funding

The author(s) declare financial support was received for the research, authorship, and/or publication of this article. E-KT is supported by the National Medical Research Council (STaR and OF-LCG-000207, SPARKS II Programme).





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.





References

1. Canetto SS, Sakinofsky I. The gender paradox in suicide. Suicide Life Threat Behav. (1998) 28:1–23. doi: 10.1111/j.1943-278X.1998.tb00622.x

2. Miranda-Mendizabal A, Castellví P, Parés-Badell O, Alayo I, Almenara J, Alonso I, et al. Gender differences in suicidal behavior in adolescents and young adults: systematic review and meta-analysis of longitudinal studies. Int J Public Health. (2019) 64:265–83. doi: 10.1007/s00038-018-1196-1

3. Victor SE, Muehlenkamp JJ, Hayes NA, Lengel GJ, Styer DM, Washburn JJ. Characterizing gender differences in nonsuicidal self-injury: Evidence from a large clinical sample of adolescents and adults. Compr Psychiatry. (2018) 82:53–60. doi: 10.1016/j.comppsych.2018.01.009

4. Price JH, Khubchandani J. Childhood suicide trends in the United States, 2010–2019. J Community Health. (2022) 47:232–6. doi: 10.1007/s10900-021-01040-w

5. Schnarrs PW, Dorri AA, Yockey RA, Stone AL, Russell ST, Rosenberger JG. The sexual and gender minority adverse childhood experiences scale. Am J Prev Med. (2023) 65:1050–8. doi: 10.1016/j.amepre.2023.08.006

6. Essex MJ, Boyce WT, Hertzman C, Lam LL, Armstrong JM, Neumann SMA, et al. Epigenetic vestiges of early developmental adversity: childhood stress exposure and DNA methylation in adolescence. Child Dev. (2013) 84:58–75. doi: 10.1111/j.1467-8624.2011.01641.x

7. Roy A, Hodgkinson CA, Deluca V, Goldman D, Enoch MA. Two HPA axis genes, CRHBP and FKBP5, interact with childhood trauma to increase the risk for suicidal behavior. J Psychiatr Res. (2012) 46:72–9. doi: 10.1016/j.jpsychires.2011.09.009

8. Dionisio-García DM, Genis-Mendoza AD, González-Castro TB, Tovilla-Zárate CA, Juarez-Rojop IE, López-Narváez ML, et al. DNA methylation of genes involved in the HPA axis in presence of suicide behavior: A systematic review. Brain Sci. (2023) 13(4):584. doi: 10.3390/brainsci13040584

9. la Roi C, Kretschmer T, Dijkstra JK, Veenstra R, Oldehinkel AJ. Disparities in depressive symptoms between heterosexual and lesbian, gay, and bisexual youth in a dutch cohort: the TRAILS study. J Youth Adolesc. (2016) 45:440–56. doi: 10.1007/s10964-015-0403-0

10. Gray AL, Hyde TM, Deep-Soboslay A, Kleinman JE, Sodhi MS. Sex differences in glutamate receptor gene expression in major depression and suicide. Mol Psychiatry. (2015) 20:1057–68. doi: 10.1038/mp.2015.91

11. Hayley S, Du L, Litteljohn D, Palkovits M, Faludi G, Merali Z, et al. Gender and brain regions specific differences in brain derived neurotrophic factor protein levels of depressed individuals who died through suicide. Neurosci Lett. (2015) 600:12–6. doi: 10.1016/j.neulet.2015.05.052

12. Bach H, Arango V. Neuroanatomy of serotonergic abnormalities in suicide. In:  Dwivedi  Y, editor. The neurobiological basis of suicide. CRC Press/Taylor & Francis, Boca Raton (FL (2012).

13. Orsolini L, Latini R, Pompili M, Serafini G, Volpe U, Vellante F, et al. Understanding the complex of suicide in depression: from research to clinics. Psychiatry Investig. (2020) 17:207–21. doi: 10.30773/pi.2019.0171

14. Navarro D, Marín-Mayor M, Gasparyan A, García-Gutiérrez MS, Rubio G, Manzanares J. Molecular changes associated with suicide. Int J Mol Sci. (2023) 24(23):16726. doi: 10.3390/ijms242316726

15. Cahill B, Poelker-Wells S, Prather JF, Li Y. A glimpse into the sexual dimorphisms in major depressive disorder through epigenetic studies. Front Neural Circuits. (2021) 15:768571. doi: 10.3389/fncir.2021.768571

16. Wisłowska-Stanek A, Kołosowska K, Maciejak P. Neurobiological basis of increased risk for suicidal behaviour. Cells. (2021) 10(10):2519. doi: 10.3390/cells10102519




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 © 2024 Mai, Wan, Tan and Tan. 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.


OEBPS/Images/fpsyt-15-1386153-g001.jpg
Increasingrates of suicides in
adolescents in recent years

Sexual and gender minority
(SGM) adolescentsare at
greatest risk of suicide

KEY TRENDS

Female adolescents havea

#

disproportionately greater
increasein suicide rates

Female adolescents at higher risk
of suicidal ideation and attempts,
but male adolescents at higher risk
of suicide death

GENDER-SPECIFIC ASSOCIATIONS

SGM-specific risk factors
include familial rejection,
victimization, and intimate
partner violence

More likely to experience
poorer-quality healthcare due
to stigma, lack of awareness,
and insensitivity to needs

At higher risk of suicidal
ideation and non-fatal suicide
attempts

Female-specificrisk factors
include depressive symptoms
and intimate partner violence

No well-studied risk factor
predicting for fatal attempts

At higher risk of fatal suicide

attempts with more use of
lethal and more violent means

Male-specific risk factors
include conduct problems,
access to means, and drug
abuse

t

POSSIBLE MECHANISMS
LINKING GENDER AND SUICIDE

it
14
141

Sociocultural and socioeconomic
factors can exert gender-specific
effects on suicide risk, especially for
the SGM adolescents.

Suicidality appears to be inheritable,
with various risk-conferring gene loci
identified. These gene loci may mediate
gender-specific differences in suicide.

Epigenetic modifications can increase risk
of suicide. Childhood maltreatment, a risk
factor for suicide, result in long-lasting
epigenetic changes in the developing brain.

Gender-specific differences in brain
development and functional connectivity
has been previously shown. These may
mediate the observed gender differences
in suicide.

Hormonal differences can mediate the
differences in thought and behavior, and
hence influence suicide risk.






OEBPS/Images/fpsyt.2024.1386153_cover.jpg
’ frontiers | Frontiers in Psychiatry

Solving the gender paradox in adolescent
suicide: challenges and directions





OEBPS/Images/logo.jpg
’ frontiers ‘ Frontiers in Psychiatry





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Solving the gender paradox in adolescent suicide: challenges and directions

      

        		

          Main text

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Conflict of interest

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





