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Suicidality phenotypes, consisting of suicidal ideation (SI), suicide attempt (SA), and suicide death (SD), are all heritable but present
unique challenges in genome-wide association studies (GWAS) due to their individual complexity, overlap with each other and with
related self-harm phenotypes, and varying associations with psychiatric disorders. GWAS have uncovered several loci associated
with suicidality phenotypes by meta-analyzing data from multiple cohorts. However, combining datasets from many research
groups, where each group may use different study designs, phenotyping instruments, and definitions of suicidality phenotypes,
presents challenges. Heterogeneity resulting from these differences can limit genetic discovery; harmonizing phenotype definitions
to ensure consistency will greatly improve results. Here, we describe a standardized phenotyping protocol that draws on the
expertise of a subgroup of clinicians, researchers, and experts from the Psychiatric Genomics Consortium Suicide Working Group to
propose consensus definitions for SI, SA, and SD for genetic studies.
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INTRODUCTION

Suicidality phenotypes are multidimensional, representing a
range of thoughts and behaviors directed toward intentional
self-injurious acts with at least partial intent to die. Suicidality
phenotypes are defined within three major categories [1]: (1)
suicidal ideation (SI), wherein an individual contemplates ending
their own life with or without a specific plan; (2) suicide attempt
(SA), wherein an individual takes action to cause harm to
themselves with at least some intent to die; (3) suicide death
(SD), or death caused by intentional action to take one’s own
life. Consistent phenotype definitions remain a challenge in
suicide genetics, however, for several reasons. Suicidality
phenotypes lack standardized diagnostic criteria, have consider-
able overlap with other self-harm phenotypes, and are often
considered psychiatric symptoms rather than a distinct clinical
category. Several lines of evidence support the view that
suicidality phenotypes are distinct clinical categories, specifically
studies demonstrating substantial unique heritability indepen-
dent of psychiatric disorders [2, 3], recent recognition of suicidal
behavior as a standalone diagnostic code in the DSM-5-TR [4],
and the significant clinical and public health relevance of SD and
SA as leading causes of preventable death and injury. Moreover,

suicidality can be directly reduced or prevented without fully
resolving potentially underlying psychiatric conditions. For
example, clozapine and ketamine have been associated with a
reduction in suicidality that is not solely attributable to their
effects on psychotic symptoms [5, 6] or depression and anxiety
[7], respectively. These studies suggest that suicidality pheno-
types can have partially distinct mechanisms and treatment
responses, supporting their consideration as clinically mean-
ingful phenotypes in their own right.

Genome-wide association studies (GWAS) of SI, SA, and SD have
uncovered several associated genetic loci. Although the most
recent GWAS of Sl [8] and SD [9] were conducted in single cohorts,
the formation of the Psychiatric Genomics Consortium Suicide
Working Group (PGC SUI, formerly the International Suicide
Genetics Consortium (ISGC)) facilitated the first organized effort
to conduct GWAS meta-analyses of SA [3, 10], including over 43
000 cases from 22 diverse cohorts. GWAS meta-analyses are
sensitive to the heterogeneity of the contributing cohorts.
Solutions are available for handling some sources of hetero-
geneity, such as using inverse-variance weighted methods to
meta-analyze cohorts with sample size disparities and implement-
ing a standard analytic protocol to ensure that GWAS within
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Table 1. Definitions of suicidality and self-harm phenotypes.

Phenotype
(abbreviation)
Suicidal ideation (SI)
Suicide attempt (SA)

Phenotype definition

Thoughts of engaging in suicide-related behavior.

A non-fatal self-directed potentially injurious behavior
with any intent to die as a result of the behavior. A

Typical phenotyping sources

Psychiatric interviews, suicide-specific rating scales, self-
report questionnaires, International Classification of
Diseases (ICD) codes, electronic health records

suicide attempt may or may not result in injury.

Suicide death (SD)

Non-suicidal self-injury
(NSSI)
sanctioned.

Definitions are derived from Crosby et al. [1] and Cipriano et al. [18].

cohorts apply consistent data processing pipelines, statistical
models, and covariates. However, heterogeneity resulting from
inconsistent phenotype definitions remains a challenge in suicide
genetics, as for the full range of psychiatric and substance use
traits. Such heterogeneity can diminish the ability to detect
genetic variations uniquely associated with a given suicidality
phenotype [11, 12].

To best analyze suicidality data from varied cohorts, careful
consideration of phenotyping is required to maximize compar-
ability of these complex phenotypes across study samples to
ensure robust genetic analyses. Developing a protocol for
consistent suicidality phenotype definitions across cohorts in
genetic studies will, therefore, be of great value. The ideal protocol
will facilitate harmonization and ensure that phenotype defini-
tions are accurate, easy to implement, and provide guidance for
incorporating the varied phenotyping methods commonly used in
psychiatric genetics. Definitions should also be designed to allow
effective application to existing datasets and to guide the
development and inclusion of new cohorts.

To address these challenges, members of PGC SUI describe
here a set of guidelines for suggested best practices in defining
suicidality case and control phenotypes. This protocol is
implemented within PGC SUI and can be applied more broadly
to research on the genetics and biology of suicidality
phenotypes. Specifically, we make recommendations to derive
standardized phenotypes from a variety of information sources,
including clinical interviews, self-report questionnaires, suicide-
specific rating scales and electronic health records (EHR). We
also provide guidance on how to handle missing phenotype
information, co-occurring phenotypes, and time-limited mea-
sures. Utilization of these recommendations will substantially
benefit collaborative efforts by increasing participation and
statistical power, improving comparability and reproducibility,
and enhancing the overall quality of meta-analyses across
studies.

AIM AND OBJECTIVES

PGC SUI conducts large-scale genomic analyses of suicidality
phenotypes by combining data from studies worldwide. Our
current priorities are to perform separate GWAS of SI, SA, and SD,
dissect their shared and distinct genetic etiologies and quantify
the extent to which their genetic liabilities may overlap with, or be
independent from, those of co-occurring psychiatric disorders.
PGC SUI designed a phenotyping protocol to enable these
objectives by ensuring rigor and comparability of phenotype
definitions across the cohorts in our GWAS, allowing us to study
the genetics of these suicidality phenotypes both separately and
together, and control for bias that may arise from the frequent co-
occurrence of psychiatric disorders.
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Death caused by self-directed injurious behavior with
any intent to die as a result of the behavior.

The intentional self-inflicted destruction of body tissue
without suicidal intention and for purposes not socially

Coroners’ reports, medical examiners’ reports, death
registries

Similar to those for SI/SA (a detailed review is beyond the
scope of this protocol)

PROTOCOL DEVELOPMENT

The recommendations presented in this protocol reflect a
consensus reached by PGC SUI, based on literature review, expert
opinion and workgroup discussions. An initial evaluation of
phenotypes used in prior GWAS and GWAS meta-analyses of
suicidality was conducted by a smaller phenotyping task force,
comprising clinical experts in the field along with core PGC SUI
analysts. This evaluation served as the foundation for the
development of the present protocol.

Specifically, we considered GWAS meta-analyses of suicide
attempt conducted by ISGC [3, 10], as well as single-cohort GWAS
from population-based studies like MVP [8, 13, 14] and iPSYCH [15]
or cohorts specifically ascertained for suicidality, such as the
Columbia University cohort [16] and the Genetic Investigation of
Suicide and SA (GISS) cohort [17]. The phenotyping task force
assessed the strengths and weaknesses of various definitions,
ascertainment methods, and measures. We also considered how
the data generated from GWAS meta-analyses of suicidality
phenotypes may be used in downstream genetic analyses. We
incorporated insights from literature on phenotyping in genetic
research [12], with the goal of constructing phenotype definitions
that are both robust and compatible with follow-up analyses.
Leveraging all of this information, the phenotyping task force
developed a preliminary phenotyping protocol.

This protocol was then iteratively refined in close collaboration
with the broader PGC SUl working group during monthly
workgroup meetings, where feedback was actively solicited and
incorporated. Once a full draft of the protocol was completed, it
was circulated to the working group mailing list and underwent
several rounds of review and revision. All members of the working
group were encouraged to provide questions, concerns, or
suggestions. All members’ input was weighted equally and
feedback could be provided anonymously if desired. Discussions
were held on monthly working group calls to resolve differences
of opinion on specific recommendations. In cases where
consensus could not be fully reached, solutions that accounted
for multiple perspectives were adopted. The protocol was revised
until all concerns from working group members were addressed.
All named authors approved the final version of the protocol
presented here.

PHENOTYPE DEFINITIONS

Cases: Table 1 presents the current international standard
phenotype definitions for SI, SA, and SD along with non-suicidal
self-injury (NSSI) [1, 18]. The present strategy of PGC SUI is to
conduct GWAS focusing on each of the suicidality phenotypes,
rather than combining all of them into one broad suicidality
phenotype. This approach serves to maximize specificity and
minimizes heterogeneity, as substantial genetic differences exist
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Table 2. Control definitions for SA, SD, and SI GWAS.

GWAS phenotype Control inclusion criteria

(abbreviation)
Suicide attempt (SA)

is not available.
Suicide death (SD)

present.

Any living individual reporting no history of lifetime SA. A psychiatric

diagnosis may be present.

Any individual reporting no history of lifetime SA. A psychiatric
diagnosis or history of SI may be present.
Any individual without a psychiatric diagnosis even if information on SA

Any deceased individual whose cause of death was not suicide or
undetermined intent. A psychiatric diagnosis or history of SI may be

Control exclusion criteria

Evidence of SA

Evidence of SD

Psychiatric diagnosis AND missing
information on SA

Evidence of SA

Evidence of SD

Psychiatric diagnosis AND missing
information on SA

Death of undetermined intent (UDI)

Any living individual without a psychiatric diagnosis even if information

on SA is not available.

Suicidal ideation (SI)
may be present.

Any individual without a psychiatric diagnosis even if information on SI

is not available.

between these phenotypes. For example, molecular genetics
studies estimate moderate to high genetic correlations among
these four phenotypes (ry=0.53-0.84), but all are significantly
below 1 [19]. Similarly, twin studies estimate substantial but
incomplete genetic correlations between SA and SD [20] and
show differing heritability estimates among these phenotypes
[21, 22]. To further maintain specificity in GWAS analyses, we
propose that each suicidality case phenotype be directly assessed
for the phenotype of interest using validated measures, such as
clinical psychiatric interviews or self-report instruments, rather
than inferred by proxy. This study design aims to increase the
specificity of the GWAS of each suicidality phenotype by
minimizing bias that could arise from including cohorts specifically
collected for the study of a more severe suicidality phenotype. For
example, the definition of SA used here specifically describes non-
fatal acts, thus SD cases should not be considered as SA cases
unless a previous non-fatal SA is known. Similarly, when using data
from a cohort which specifically collected individuals who made a
suicide attempt or died by suicide, only individuals with
phenotypic information available indicating that they also meet
criteria for Sl should be included in an S| GWAS. Thus, all SA or SD
cohorts should not automatically be meta-analyzed with SI
cohorts. Although SI logically precedes SA and SD, this approach
avoids constructing an overly broad ‘suicidality phenotype’ that
conflates distinct clinical presentations and enriches SI samples
with SA/SD cases. However, SA and SD are not exclusion criteria
for Sl case status. If individuals meet the criteria for S| case status
outlined here, they should still be included, even if it is known that
they made a suicide attempt or died by suicide. Together, these
criteria ensure that each GWAS reflects the expected prevalence of
more severe suicidality phenotypes in these populations. Thus, for
example, an SI GWAS will proportionally reflect the full spectrum
of individuals who experience SI, such that most individuals with
Sl do not go on to attempt or die by suicide, while some do
[23, 24].

Similarly, the presence or absence of a psychiatric disorder does
not impact case status, such that the sample used in a GWAS of a
specific suicidality phenotype will accurately resemble the general
population in relation to the prevalence of psychiatric disorders in
suicidality cases. Moreover, many cohorts lack information on all
three major suicidality phenotypes or complete psychiatric
histories; therefore, requiring case phenotype definitions to
exclude individuals with a more severe suicidality phenotype or
a psychiatric disorder would likely result in a sample size that is
too small to conduct a GWAS with reasonable statistical power.
Finally, conducting separate and specific GWAS of each suicidality
phenotype still allows subsequent genetic analysis across all
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Any individual reporting no history of lifetime SI. A psychiatric diagnosis

Evidence of SI

Evidence of SA

Evidence of SD

Psychiatric diagnosis AND missing
information on Sl

suicidality phenotypes together via meta-analysis, common factor
GWAS, or similar approaches.

Controls: Controls are individuals without the case suicidality
phenotype. Table 2 describes the criteria for controls in suicidality
GWAS. All controls should be screened for the case phenotype and
any more severe suicidality phenotypes using available information,
with affected individuals being removed from the analyses. For
example, controls in a GWAS of SA should be screened for SA and
SD, but not SI. Individuals ascertained for having psychiatric disorders
should be included within the control group, however, they should
be screened for the absence of the case suicidality phenotype.
Otherwise, the higher prevalence of these phenotypes amongst
individuals with psychiatric disorders [25] could lead to a higher
possibility of misclassification of controls. For example, individuals
ascertained for psychiatric diagnoses should also be screened for SI
before inclusion as controls in a GWAS of Sl and should be screened
for SA before inclusion as controls in a GWAS of SA and GWAS of SD.
Evidence of SA is used as an additional exclusion criterion for controls
in SD GWAS, since most potential controls are living. When suicidality
screening is missing only for psychiatrically healthy individuals,
however, the likelihood of misclassification is low, and retaining these
individuals helps preserve sample size and reduce potential bias in
cohorts that do not assess suicidality in all participants. When data on
deceased controls and cause of death are available, individuals
classified as having died by undetermined intent (UDI) should be
excluded from the control group, as several studies have suggested
that a proportion of UDI deaths are SDs [26-28]. When screening
controls, any individual with a more severe phenotype should be
excluded (e.g., any individual with evidence of SA or SD should be
excluded as controls in @ GWAS of SI regardless of whether there is
evidence of SI). Individuals ascertained for having psychiatric
disorders who are missing information on the case suicidality
phenotype (e.g., they were not asked or declined to answer during
their interview) should be excluded.

TYPICAL PHENOTYPING SOURCES

SI and SA data may be available from structured psychiatric
interviews, and other forms of clinical instruments, scales, and
questionnaires. While several suicide-specific instruments exist
(e.g., the Columbia Suicide Severity Rating Scale (C-SSRS) [29]),
general psychiatric instruments (e.g., the Composite International
Diagnostic Interview [30], the Schedules for Clinical Assessment in
Neuropsychiatry [31]) also often include items that assess
suicidality phenotypes (Supplementary Tables 1-2). SI and SA
phenotypes may also be derived from EHRs in the form of
International Classification of Diseases (ICD) codes or clinical notes.

SPRINGER NATURE
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SD can be identified from coroners’ or medical examiners’ reports
and death registries (such as the U.S. National Death Index or
state-based registries). Here, we suggest guidelines for how these
different information sources can be used to define suicidality
phenotype cases and controls according to our phenotyping
definitions.

SI/SA INSTRUMENT GUIDELINES

PGC SUI has developed basic guidelines for determining whether a
particular item from an instrument should be used to define cases
and controls for Sl and SA. Most importantly, questions/items that
are acceptable for use in defining Sl should include the specification
of thoughts of suicide or death, including terminology such as
“suicidal thoughts”, “better off dead”, or “thoughts that life was not
worth living”. Questions or items that are used for identifying prior
SA should include specific language regarding the attempt and,
ideally, assess for a history of prior attempts at any time in the
individual's life. Language for suicide attempt assessment should
include phrases such as “suicide attempt”, “tried to kill yourself”,
“intent to die”, or “result in death” and avoid language that conflates
SA and NSSI, such as “harm yourself” or “injure yourself.” For both SI
and SA questions/items, only one phenotype should be included
within a question with a binary response. For example, a question
that asks whether an individual has “considered or done anything to
hurt yourself” with a binary “yes-no” response is unable to
differentiate cases of SI, SA, and NSSI.

Time frame

Additionally, caution should be exercised with questions that assess
a specified time period (e.g., the past week or past year). Although it
is reasonable to include an individual as an SA case who answered
“yes” to an attempt in the past year, another individual that
answered negatively to such a question cannot be easily ruled out
as a case, in contrast to individuals assessed with lifetime measures.
When a response to a single time-limited question may be
inconclusive, other factors such as psychiatric diagnostic status
should be considered to determine the likelihood of a false
negative. This is not to say that time-limited questions have no
utility; several studies suggest that when time-limited questions are
assessed repeatedly at multiple time points (as is often done in
longitudinal studies), the cumulative response captures mental
health conditions more accurately than a single lifetime measure-
ment which is susceptible to recall bias [32, 33]. Therefore, the use
case for time-limited questions may depend on the specific study
design and the other information available. Some instruments, for
example the C-SSRS, have both a time-limited and lifetime history
version, and in such cases, the lifetime version should be employed
at the first assessment in new cohorts ascertained for GWAS. If both
time-limited and lifetime measures are available in an existing
dataset, it is recommended that the most recent measure of lifetime
history of suicidality be used first to determine cases and controls,
and any potential missed cases can be identified using time-limited
measures or earlier assessments of lifetime measures.

Inconsistencies
Individuals positive for one item but negative for another should
be included as a case. Many valid inconsistencies often arise when
assessments are conducted at different times or measure different
periods of time. For example, a negative response at baseline but
a positive response at follow-up likely indicates suicidality during
the follow-up period and should result in the individual being
classified as a case. Similarly, endorsement of suicidality on a
lifetime assessment, but not on a time-limited (e.g., “past year”)
assessment, should warrant case status.

Importantly, inconsistencies across instruments assessing the
same time period do not necessarily indicate measurement error.
Evidence suggests that a single positive report, regardless of
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modality, likely still reflects true suicidality. For instance, one study
comparing ecological momentary assessments (EMA) of SI
collected every day over one week with retrospective ratings
from a clinician-administered interview at week’s end, showed
that individuals who reported Sl only during EMA, but not in the
interview, were no less likely to have a valid history of suicidality
than those who reported consistently [34].

A related and common issue involves inconsistencies in responses
to the same instrument across time points that cannot be explained
by the aforementioned factors. Studies have shown that 23-43% of
individuals who report a lifetime history of suicidality at baseline fail
to report the same history at follow-up [35-37]. Furthermore,
longitudinal studies show stable rates of lifetime suicidality across
waves, despite the expectation that such rates should increase within
a closed cohort over time [38]. This phenomenon is not unique to
suicidality; for example, cross-sectional studies consistently report
declining rates of lifetime depression and anxiety across age groups
[39]. These inconsistencies likely reflect recall bias, mood congruent
memory, and psychological distancing from past SI/SA, rather than
initial false endorsements.

Altogether, these findings support classifying individuals as
cases based on any credible endorsement of the suicidality
phenotype, regardless of consistency across measures or time
points. Variability in reporting across modalities or assessment
windows does not undermine the validity of a positive response.
However, when possible, inconsistencies should be periodically
reevaluated, and the reliability and validity of assessment tools
should be empirically reassessed.

Dichotomization

Several instruments, such as those which employ scales, do not
use binary “yes-no” questions. Continuous traits can yield more
powerful GWAS because they contain more information. However,
for the purposes of contributing to a consortium or participating
in a meta-analysis, it is usually best to code suicidality phenotypes
as binary variables, for consistency with most other studies. ltems
on scales should therefore be dichotomized based on any
reported evidence of a phenotype (case) and evidence of the
absence of a phenotype (control). For example, the Beck
Depression Inventory [40] assesses Sl on a scale: 0 ="l don't have
any thoughts of killing myself”, 1 =" have thoughts of killing
myself, but | would not carry them out”, 2 ="1 would like to kill
myself”, 3 ="l would kill myself if | had the chance”. In this item,
responses 1-3 indicate varying degrees of Sl, and all these scores
would be defined as Sl cases if the responses were dichotomized.
The complete absence of SI, indicated by those who responded 0,
would be used to define controls.

Minimal phenotypes

Lastly, in some scenarios, research groups may only have access to
rapid screening measures that are designed to quickly identify the
need for further evaluation and inform disposition decisions,
resulting in a “minimal” or less specific phenotype. For example,
item 9 in the popular Patient Health Questionnaire (PHQ)-9 (“Over
the last 2 weeks, how often have you been bothered by thoughts
that you would be better off dead, or of hurting yourself?”) is a
broad assessment of thoughts of self-harm that does not separate
SI from thoughts of NSSI, making it less specific than more
detailed evaluations [41, 42]. The PHQ-9 is widely used in
healthcare and research settings, meaning that this item is often
available for large cohorts such as biobanks. The use of such
“minimal” phenotypes and particularly their inclusion within larger
consortia efforts, should balance the trade-offs between sample
size, statistical power, and potential loss of specificity. Additionally,
the impact of including less-specific phenotypes can and should
be assessed in many ways. The optimal benchmarking method
will depend on the characteristics of the specific GWAS. One
common approach is to compare SNP-heritability estimates, as
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previous studies have shown that GWAS using minimal pheno-
types tend to yield lower SNP-heritability estimates than those
using more strictly defined phenotypes [11, 43]. However, this
method is best suited for large, well-powered GWAS that yield
significant SNP-heritability estimates. In the context of suicidality
GWAS, benchmarking may involve comparing SNP-heritability and
pairwise genetic correlations with previously validated GWAS,
such as the ISGC1 GWAS of SA [3], as well as with other
contributing cohorts. In cases where GWAS are underpowered due
to small sample size, the variance explained (R?) by polygenic risk
scores for the suicidality phenotype in question, trained on a
validated GWAS, can instead be compared across cohorts and
phenotype definitions. Additionally, leave-one-out and subgroup
meta-analyses, in which GWAS of minimal phenotypes are
excluded, can help evaluate changes in heterogeneity statistics,
offering insight based on the influence of minimal phenotypes on
meta-analytic results.

Although we promote initially analyzing minimal and strict
phenotype definitions separately, we encourage collecting both
so that future meta-analysis efforts can evaluate how to best use
different kinds of data to curate appropriate phenotype definitions
for their specific purposes and goals. Given the small number of
large-scale suicidality GWAS to date, our current understanding of
how these “minimal” phenotypes differ genetically from more
stringent definitions remains incomplete. For this reason, we do
not recommend the use of rigid benchmarks at this stage. Instead,
we emphasize the importance of characterizing this potential
heterogeneity as a key focus of future genetic studies of
suicidality. Critically, researchers should clearly and thoroughly
report any benchmarking and sensitivity analyses they conduct,
not only to support interpretation and discussion of their results,
but also to enable other researchers to independently evaluate
the reliability and robustness of the findings.

SI/SA instrument recommendations

We applied the above guidelines to a collection of instruments
used in psychiatric genetic studies and/or suicide research
identified by group consensus and literature review of large
meta-analyses performed by various working groups of the PGC
[3, 44-46]. Specific guidelines for all evaluated questionnaires,
including exact questions/items and acceptable responses are
provided in Supplementary Tables 1 and 2 for SA and S|,
respectively. Frequently used instruments that define a minimal
phenotype are also included. The instruments assessed do not
represent a comprehensive evaluation of every psychiatric
instrument available but rather are presented as examples of
commonly used instruments that meet the best practice guide-
lines set in this protocol and are likely to be useful in studies that
aim to construct clear and accurate definitions of SI and SA using
pre-existing phenotype collections.

For new studies that aim to collect data on suicidality
phenotypes, it is strongly recommended to use an instrument
that provides a detailed assessment of suicidality phenotypes, has
wide distribution and accessibility, offers flexible language and
licensing options (preferably validated in the languages used), and
adheres to broadly accepted phenotype definitions. In addition, it
is recommended to use versions of instruments that assess
lifetime history, whenever possible. The C-SSRS [29] meets these
criteria, and it is recommended that this or a similarly constructed
instrument be used in new datasets.

EHR DATA GUIDELINES

Currently, most genetic studies of suicidality phenotypes rely on
clinical instruments for phenotyping; however, with the advent of
large-scale, EHR-linked biobanks, it is anticipated that ICD codes
and other types of EHR data (e.g, clinical notes) will become
increasingly important in defining suicidality phenotypes. Several
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studies have compared ICD code-based definitions with natural
language processing (NLP) algorithms developed to identify
suicidality phenotypes from clinical notes in EHR data. These
show that standard SI/SA ICD codes alone perform poorly, and
phenotyping is improved by using information from both ICD
codes and clinical notes [47-51]. Efforts to develop novel ICD-9
and ICD-10 diagnostic code lists for SI and SA based on literature
review and expert consensus [52, 53] still show that ICD codes
underperform relative to instrument and clinical data. While ICD
codes are the least accurate among phenotyping sources,
abandoning their use, or EHR data altogether, would overlook
the substantial value of EHR-based studies, which offer scalable,
cost-efficient access to diverse real-world clinical populations.
Thus, it is recommended that ICD code data be coupled with data
from instruments or clinical notes when possible to enhance
phenotyping, as in previous genetic studies of suicidality using
EHR data [14, 49, 54]. For studies with ICD code data available, we
recommend the use of the ICD code lists provided by Monson
et al. [52] to define Sl and SA. While NLP algorithms have shown
promise in defining suicidality phenotypes in certain healthcare
systems [47, 55], a standard consensus on their application has not
yet been established. Thus, their use in cohorts contributing to
meta-analyses should be considered on a case-by-case basis to
ensure that they have been properly validated and adhere to the
guidelines set above, and in particular, that the NLP algorithm can
differentiate suicidality phenotypes from one another and
from NSSI.

DEATH RECORDS

Suicide is conservatively attributed as a cause of death worldwide
[56] so the possibility of false positive classification from death
records is considered minimal. However, in some cases national
death registries may serve as a more accurate source of cause of
death than local or state registries, as was shown in a previous
evaluation of the accuracy of firearm death determination [57].
Although some studies suggest that a substantial proportion of
deaths of undetermined intent (UDIs) are SDs, and genetic
epidemiology studies indicate minimal genetic differences
between SD and UDI [58], these findings have yet to be confirmed
in molecular genetic studies. Given our current preference for
conservative phenotype definitions which allow us to better
examine genetic similarities and differences among specific
suicidality phenotypes, we do not consider UDIs suitable for
inclusion in SD GWAS.

CO-OCCURRING PSYCHIATRIC DISORDERS

Psychiatric disorders are major risk factors for suicidality pheno-
types and are often comorbid with them. The prevalence of
psychiatric disorders is estimated to range between 43-52%
among S| cases, 55-66% among SA cases [25], and 60-98%
among SD cases [59, 60]. The high comorbidity of psychiatric
disorders with suicidality phenotypes can bias GWAS towards
detecting associations with psychiatric disorders if not appro-
priately controlled. Because the lifetime prevalence of psychiatric
disorders in the general population is ~30% [61], retaining
individuals with psychiatric diagnoses in the control group may
increase statistical power to detect associations specific to the
suicidality phenotype (Fig. 1A). Conversely, removing all indivi-
duals with psychiatric disorders from the control group, while
retaining individuals with psychiatric disorders in the case group
(Fig. 1C), would increase the likelihood of identifying associations
with psychiatric phenotypes generally rather than the suicidality
phenotype [12], distort estimates of variance explained [62], and
bias genetic correlations [63]. PGC SUI recommends screening for
the absence of the case suicidality phenotype and any more
severe suicidality phenotype, and retaining individuals with
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Fig. 1 Schematic of comparison between SA cases versus potential control groups with varying prevalence of psychiatric disorders. A-C
The left panels represent SA cases, and the right panels represent the control group. Amongst SA cases, the prevalence of psychiatric
disorders is 0.9. A The population control group displays psychiatric disorders at a prevalence of 0.3 and SA at a prevalence of 0.02. B The SA-
screened control group displays psychiatric disorders at a prevalence of 0.3. C The non-psychiatric control group assumes a prevalence of 0 for

both psychiatric disorders and SA.

psychiatric diagnoses in the control group (Fig. 1B). The use of
such controls, as opposed to completely unscreened controls or
only psychiatrically healthy controls, maximizes statistical power
without introducing substantial bias to the GWAS [12]. While
psychiatrically healthy controls are often used in psychiatric
genetic studies, we advise against removing controls with
psychiatric disorders in suicidality studies. Such exclusion risks
producing GWAS results that would likely measure differences
not just between individuals with and without suicidality, but
also differences between those with and without psychiatric
disorders more broadly [63]. In turn, this can inflate genetic
correlations or generate spurious associations between a target
phenotype and any secondary phenotype screened out of the
control group, as has been seen in studies on other psychiatric
phenotypes [63, 64].

LIMITATIONS

Some potential limitations of our phenotyping protocol should be
noted. As described in the Phenotype Definitions section, our case
phenotype definitions do not exclude individuals with a more
severe suicidality phenotype, a strategy used in some previous
GWAS [8]. Although this stricter exclusion approach may enhance
specificity, it is constrained by the availability of detailed
phenotypic data for all suicidality phenotypes. Most datasets lack
comprehensive information on all suicidality phenotypes, and
imposing strict exclusions would substantially reduce sample sizes
to levels that make GWAS infeasible. Our protocol was designed to
balance the ideal phenotype definitions with those that are
practical given existing data, and to provide the flexibility to
investigate the distinct and shared genetic etiology of suicidality
phenotypes. Additionally, although PGC SUI is an international
working group, the nuances in terminology and phenotype
definitions focused on in this protocol may differ or not be
relevant in specific languages, cultures, and contexts. When this
is the case, we suggest that the broad ideas of this protocol be
considered while relying primarily on the expert opinion of
clinicians and scientists familiar with the specific context. Finally,
our perspectives are based on current knowledge and best
practices in the field. As our understanding of the components
of suicidality and their phenotypic definitions continues to
evolve, these recommendations may need to be refined.
Therefore, we encourage consortia to prioritize the collection
of comprehensive phenotypic data at the individual level
whenever possible, to allow for centralized phenotype recon-
struction as needed.

SPRINGER NATURE

CONCLUSION

Here we provide the perspectives of PGC SUI on defining SI, SA,
and SD phenotypes for genetic studies and comprehensive
phenotyping protocols. Recognizing the many complexities in
these phenotypes and the sources from which they are derived,
we present proposed standard definitions and guidelines to
address these challenges and ensure consistency. By harmonizing
phenotypes across cohorts, this protocol aims to reduce hetero-
geneity, increase power in meta-analyses, and improve the
comparability and reproducibility of genetic studies. Use of this
protocol by PGC SUI and the greater suicide research community
is expected to increase collaborative research efforts and advance
understanding of the genetic underpinnings of suicidality.
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