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CHAPTER 9

LEGAL EUTHANASIA OPENS DOOR TO 
NEUROBIOLOGICAL DISCOVERIES:  

ONE STEP CLOSER TO THE SILENCED  
MAJORITY OF SUICIDE

Zhang L, Denys D, Swaab DF.
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Suicide is a major global concern causing an estimated 703,000 deaths each year (WHO, 2021), 
with an additional 1.5 million people attempting suicides (Hoven et al., 2010). Every one in 
five people has experienced suicidal thoughts during their lifetime (Mind, 2017). In highly 
developed countries, over 90% of suicide completers had a psychiatric diagnosis during their 
lifetime (Bertolote and Fleischmann, 2002), which has been ranked the major risk factor for 
suicide. Clinical practice generally complies with the rule that the effects of remitted psychiatric 
disorders on suicide risks are largely determined by the co-existing mental disorders (Hoertel et 
al., 2015). However, diagnostic variability and self-concealment of suicide attempts have largely 
disrupted suicide prevention through mental care, and thus urge the development of novel 
therapeutic strategies grounded by suicide neuropathology, which is largely independent of the 
underlying mental disorders (Hogge and Blankenship, 2020; Jørgensen et al., 2023; Zhao et al., 
2019).
	 Although suicide is a serious mental health issue, a large proportion of total suicides that 
take place in developing countries are psychiatrically silenced, as the availability of, and access 
to mental health services in these regions are difficult to reach or religiously, economically, 
culturally or legally disadvantaged. Compared to high-income countries, risk factors for suicide 
in many low- or middle-income countries are generally related to a breakdown in the ability to 
address life stressors, instead of to psychiatric diagnosis. Insufficient psychiatric interventions 
have attributed to the high rate of suicide deaths in underdeveloped countries. This status 
quo will probably continue for a long period. Therefore, the key to reducing global suicides, 
eventually, is to focus research on suicidal individuals who are beyond the reach of psychiatric 
interventions. 
	 Pathological evidence concerns the study of the nature and therapeutics of suicide. The 
biological underpinnings of suicide, which are considered to be unaffected by the underlying 
mental disorders, may provide the opportunity to develop therapies, expanding the scope of 
anti-suicidal effects. In the studies to date, suicide research is hindered by three factors. Firstly, 
the attempt of suicide has been molecularly connected to two categories of genes, risk genes 
that increase the vulnerability to suicidal behaviors, and deterministic genes (pathogenic 
genes) that are unique for suicidality (Figure). So far, suicide has not been widely accepted 
as an independent disorder. In contrast to non-psychiatric suicide victims, a research cohort 
for a collection of samples from donors who had psychiatric disorders and died of suicide will 
probably result in a mixture of risk genes related to pre-existing psychiatric disorders, as well as 
deterministic genes unique to suicide. The status quo is that the former has received much more 
attention from researchers than the latter. Secondly, the molecular features underlying suicidal 
ideations and behaviors are included in samples obtained from suicide completers, ruling out 
the possibility of addressing the biological characteristics of suicidal ideations solely. Thirdly, it 
has been reported that some protein and messenger RNA rapidly degrade after death (Nagy et 
al., 2015; Zhang et al., 2022). In suicide research, particularly in omic studies, the postmortem 



Legal euthanasia opens door to biological discoveries: One step closer to the silenced majority of suicide

313

9

delay (PMD), defined as the interval between the time of death and autopsy, may thus be a 
decisive confounder. In forensic investigations, the PMDs in suicide cases are generally estimated 
values, concealing two shortcomings in human sample research: first, differentially expressed 
molecules having existed may have decomposed with prolonged PMDs. Second, correlation and 
regression analyses between key molecules and estimated PMDs can then not produce accurate 
information. 
	 In these circumstances, donors who died by legal euthanasia are helping to close the gap 
between low-income and high-income countries by providing identical biological basis of death 
ideations. In the Netherlands, legal euthanasia is the practice of intentionally ending a life to 
eliminate hopeless pain and suffering, which is performed by a doctor at the request of a patient 
according to a careful and well-controlled procedure. People who died by legal euthanasia or 
completed suicide achieved the final goal by different approaches but had strong and intense 
death ideations in common. Bio-samples from legal euthanasia donors have five main strengths 
for research. Firstly, some donors did not have a mental disorder throughout their lifetime but 
died by legal euthanasia, which can provide a specific molecular fingerprint of death ideations in 
non-psychiatric subjects. By comparing such a cohort with those who had a certain psychiatric 
disorder and died by legal euthanasia, researchers would obtain a molecular map of fatal 
suicidality exclusively linked to the underlying disorder. Secondly, by integrating these molecular 
signatures of suicide between different mental disorders, a “commonly shared” suicide targetome 
can be identified, independent of the psychiatric background (Figure). Such a targetome can 
cover the entire spectrum of molecules unique to suicide and can be used to design drugs for 
suicidal individuals, especially for those who lack access to, or are unwilling to receive mental 
health service. Thirdly, by measuring the overlap between the suicide targetome and risk genes 
in relation to certain psychiatric disorders, or other predisposing conditions – such as family 
history, early life adversity, personality traits or cognitive impairments, researchers may assess 
the risk factor for suicide under particular psychiatric circumstances. Fourthly, since the final 
and fatal self-harm acts belonging to accomplished suicide are absent, legal euthanasia specimens 
can provide an opportunity to address the neurobiological clues that are merely associated with 
death ideations, and therefore, may help unravel the therapeutic targets for relieving suicidality 
before suicidal acts take place. Fifthly, in legal euthanasia cases, the clinically documented time 
of death reveals a short and precise postmortem delay, which maximizes the detection of suicide 
biomarkers. By regression analyses, neurobiologists may calculate the gene expression as present 
in vivo. 
	 The participation of legal euthanasia applicants in suicide research has another profound 
impact. So far, neuroimaging studies are striving to construct the neurocircuits of suicidal 
ideations (Schmaal et al., 2020), but no research has yet shown a longitudinal follow-up in 
relation to the consequences of suicidality. By collecting neuroimaging data of subjects who 
subsequently died by legal euthanasia, one can possibly identify sensitive/responsive brain areas 
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and their structural and functional connectivity related to fatal suicidal intentions. Molecular 
studies that follow in these hub areas can provide subsequent evidence-based targets for anti-
suicidal therapies.
	 In combination with well-stratified clinical data and neuroimaging output, neurobiological 
evidence commonly identified between non-psychiatric euthanasia, psychiatric euthanasia 
and suicide seem to be a way out to generalize the neuropathology of suicide. Accumulating 
suicide-specific molecular targets may result in effective and affordable treatments for suicidal 
individuals in dilemma (Gibbons et al., 2022).
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Figure. Graphical metaphor and practical procedures of the suicide targetome. (A) Global suicides 
are divided into suicides with comorbid psychiatric disorders (over 90%) and non-psychiatric suicides 
(less than 10%). They have overlapping molecular traits, termed the suicide targetome. Although 
developed and underdeveloped countries have claimed clear differences in suicide risk factors, the 
lack of mental care in developing countries has probably lowered the detection of psychiatric illnesses. 
Varied risk factors form the biological vulnerability of suicide, which, however, may not be the key 
molecules that represent suicidal behaviors but only increase the likelihood of suicide development. 
(B) By addressing the molecular basis of non-psychiatric suicides and psychiatric suicides respectively, 
one may obtain suicide-specific gene expression patterns (suicide targetome) shared by psychiatric 
and control cohorts, excluding the genetic vulnerabilities resulting from suicide risk factors. 

Abbreviations: CE, control subjects who died of legal euthanasia; CN, control subjects who died of natural causes; PsyE, 
patients with psychiatric disorders who died of legal euthanasia; PsyF, patients with psychiatric disorders who had 
fatal suicidality; PsyN, patients with psychiatric disorders who died of natural causes; PsyS, patients with psychiatric 
disorders who died by suicide.
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