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Abstract 

Background:  

Standardized definitions of suicidality phenotypes, including suicidal ideation (SI), 

attempt (SA), and death (SD) are a critical step towards improving understanding and 

comparison of results in suicide research. The complexity of suicidality contributes to 

heterogeneity in phenotype definitions, impeding evaluation of clinical and genetic risk factors 

across studies and efforts to combine samples within consortia. Here, we present expert and 

data-supported recommendations for defining suicidality and control phenotypes to facilitate 

merging current/legacy samples with definition variability and aid future sample creation. 

Methods:  

A subgroup of clinician researchers and experts from the Suicide Workgroup of the 

Psychiatric Genomics Consortium (PGC) reviewed existing PGC definitions for SI, SA, SD, and 

control groups and generated preliminary consensus guidelines for instrument-derived and 

international classification of disease (ICD) data. ICD lists were validated in two independent 

datasets (N = 9,151 and 12,394). 

Results:  

Recommendations are provided for evaluated instruments for SA and SI, emphasizing 

selection of lifetime measures phenotype-specific wording. Recommendations are also provided 

for defining SI and SD from ICD data. As the SA ICD definition is complex, SA code list 

recommendations were validated against instrument results with sensitivity (range = 15.4% to 

80.6%), specificity (range = 67.6% to 97.4%), and positive predictive values (range = 0.59-0.93) 

reported.  

Conclusions:  

Best-practice guidelines are presented for the use of existing information to define 

SI/SA/SD in consortia research. These proposed definitions are expected to facilitate more 
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homogeneous data aggregation for genetic and multisite studies.  Future research should 

involve refinement, improved generalizability, and validation in diverse populations. 

Introduction 

The complex nature of suicidality and non-suicidal self-harm phenotypes has contributed 

to diverse definitions that hamper comparison and reproducibility across studies. Consistent 

suicidality definitions would allow for more robust and generalizable studies. Specifically, 

suicidal ideation (SI), suicide attempt (SA) and death by suicide (SD) represent complex and 

partially overlapping phenotypes, collectively referred to as suicidality. Importantly, suicidality is 

distinct from non-suicidal self-injury (NSSI). Table 1 displays current international standard 

phenotype definitions along with aggregated phenotype names (1,2).  

Phenotypic complexity arises from shared and independent risk factors from genetic and 

environmental sources. SD and SA have an estimated heritability of 30-50% based on family 

and twin studies (3), with a portion of the heritability arising independently from that of related 

psychiatric disorders (4). SI is also heritable (estimated at 36-43% from twin and family studies) 

(5), but has less estimated independent heritability from psychiatric disorders  (6). Results of 

genome-wide association studies (GWAS) have found genetic correlation (rg ± standard error) 

between suicidality phenotypes and NSSI, but estimates of overlap have varied. For example, 

between SA and SD (rg = 0.69±0.15) (7), SI and SA  (rg = 0.71±0.09) (8), and SA and NSSI (rg = 

0.59±0.11 (9), rg = 0.99±0.16 (8)). A recent study of US Army soldiers found that polygenic risk 

score (PRS) for SA was predictive of lifetime SA but was not predictive of lifetime NSSI (10). 

Like most psychiatric disorders, much of the genetic liability for each suicidality phenotype 

arises from numerous common and rare genetic variants. The polygenic architecture means 

that hundreds of thousands of samples are required to conduct well-powered GWAS, 

necessitating the formation of consortia, such as the Psychiatric Genomics Consortium (PGC), 

to conduct meta-analyses across cohorts (4,11) . These consortia datasets also encompass a 
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wide range of ancestral diversity, facilitating the generalizability of results across global 

populations. 

Importantly, consortia combine numerous legacy cohorts with considerable variability in 

phenotype definitions. Reduction of heterogeneity from varied ascertainment allows for more 

powerful and productive comparisons. Implementing consistent phenotype definitions across 

cohorts could considerably reduce heterogeneity. Optimally, phenotype definitions should be 

focused on ease of implementation, to aid in consistency and adoption, but also be flexible 

enough to allow varied data types, including instrument and electronic health record (EHR) data. 

Such definitions would substantially benefit collaborative efforts by increased sample sizes, 

comparability, statistical power, reproducibility, and opportunities for meta-analysis across 

studies. 

Flexible phenotypes may also help overcome limitations of current diagnostic definitions 

and coding options. For example, a proposed diagnosis of “Suicidal Behavior Disorder” has 

been added within the section of the Diagnostic and Statistical Manual of Mental Health, 

revision 5  (DSM-5) (12) entitled “conditions for further study”, but is not yet formally defined. 

International Classification of Disease (ICD) (13) descriptives (such as V codes in ICD 9 and R 

and Z codes in ICD 10) e.g.  Z91.51 "personal history of suicidal behavior" can be very helpful, 

but are not frequently used (14,15). In the meantime, aligning phenotypes with ICD code lists 

that providers utilize may allow this gap to be bridged and facilitate international research. 

To address these challenges, we propose a flexible set of guidelines to represent best 

practices in defining suicidality and control phenotypes to be adopted within the Psychiatric 

Genomics Consortium Suicide Working Group and which can be implemented within the field. 

Specifically, this protocol provides recommendations for utilization of instrument, public health, 

and EHR data. While strategies for employing this protocol must take into account the primary 

study questions and goals, the utilization of these recommendations will allow for more 
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consistent study design throughout the field to improve comparability, power, and reproducibility 

of results.  

Methods and Materials 

Considerations for creating a definition of suicidality categories from instruments 

Many instruments have been developed for identifying prior SI and SA. These 

instruments are typically designed for specific target populations, environments. Instruments 

may also require evaluator training and have variable quality and validation metrics available. 

Many instruments are meant to be used for triage and prediction of future events, rather than 

research, and vary widely in performance for prediction (16–20).Therefore, selecting an 

appropriate instrument for a research study or a clinical setting can be difficult, and involves 

several considerations.  

First, the intended population and purpose of the instrument. Some instruments have 

been explicitly developed to complement research or forensic efforts. Such measures often 

consist of detailed interviews and require specialized training to administer to meet validity 

criteria. These instruments also provide varied, and sometimes limited, information for SI or SA. 

Examples include the “Composite International Diagnostic Interview” (CIDI)(21), “Diagnostic 

Interview for Genetic Studies” (DIGS)(22), and the “Structured Clinical Interview for DSM-5” 

(SCID-5)(23), among many others.   

At the other end of the spectrum, many instruments have been designed for rapid, high-

sensitivity screening in acute or routine clinical settings. Such measures often ask few and/or 

time-limited questions to evaluate acute suicide risk for triage purposes. Examples include the 

“Ask Suicide-Screening Questions” (ASQ) (24) and the “Suicidal Behavior Questionnaire - 

Revised” (SBQ-R) (25). Other rapid screeners seek to capture a broader mental health 

snapshot, such as in the widely used “Patient Health Questionnaire” (PHQ) measures (26). 

Overall, rapid screeners are not typically designed with research efforts in mind, and may obtain 
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a “minimal” phenotype. For example, item 9 in the popular PHQ-9 does not separate SI from 

non-suicidal self-injury ideation, making it less specific than more detailed evaluations (27,28).  

 Finally, consideration should be given to the time frame assessed. Instruments may 

evaluate lifetime or time-limited events and may consider other factors, including frequency, 

severity, and intent. The “Columbia Suicide Severity Rating Scale” (C-SSRS) (29), developed by 

the Columbia University group (including J.J.M), represents a widely adopted, fairly 

comprehensive evaluation. Like many instruments, the C-SSRS has multiple versions that may 

assess lifetime or limited time windows. Careful evaluation of an instrument for questions such 

as “in the past month…”, or “during your worst episode of depression” should be performed to 

be certain of the timeframe assessed and this should be accurately reported. A positive result 

from a time-limited instrument is suitable for inclusion but a negative result is not always suitable 

for exclusion. Ideally, all available sources of information on the study population should be 

leveraged to define phenotypes as precisely as possible.  

 

Considerations for Creating a definition of suicidality categories from ICD data 

Among suicide phenotypes, SD and SI are the most straightforward to define using ICD 

codes. Specifically, SD is defined using cause of death (COD) ICD codes assigned by a coroner 

or medical examiner based on available information. Evidence indicates that factors such as 

globally varying autopsy rates, inconsistent patterns of use of ICD codes by medical examiners 

or coroners, and uncertainty about the intent surrounding the death, may contribute to “missed” 

cases (30–32). However, in the absence of additional resources such as death registry data, 

psychological autopsy, or family interview data, it is recommended that researchers classify SD 

strictly according to the COD codes. For SI, only a single code is defined in both ICD-9 (V62.84) 

and ICD-10 (R45.851). These SI codes may be infrequently used, leading to missed events  

(33). However, SI codes are the only option for defining SI when other data sources, such as 

EHR data, are unavailable. 
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For SA, however, there are many ICD codes available for consideration, and there are 

many challenges to utilizing these. First, ICD codes are considerably less sensitive than 

instruments or evolving methods based on natural language processing of narrative clinical free 

text notes (34–36) , where specific events may be mentioned that are not coded. Other ICD 

complexities include: 1) lack of a uniform standard and scope of practice for clinician coding 

training; 2) variable clarity, accuracy, suicidal intent, and completeness of patient history; 3) time 

limitations of the provider; 4) insurance billing requirements and provider policies that may 

influence the use of some codes for administrative purposes; 5) differences in region, 

population, religion, and culture that influence stigma regarding SA; and 6) potential liability or 

legal implications of assigning an SA code (37). Despite these limitations, ICD codes represent 

a conservative and important source of data in large and diverse public health and population 

cohorts worldwide and may be the only data source available.  

As noted above, an effort to develop a single list of ICD codes for SA was published by 

the National Center for Health Statistics (NCHS) (38). However, some codes on this list may 

better represent NSSI. In addition, all codes that contain the qualifier “undetermined intent” or 

“accidental” for a reported injury were omitted from the NCHS SA list, although a proportion of 

these will capture SA. 

The NCHS list was used as a template, along with the considerations above, for 

generating ICD guideline lists. Two lists were generated, representing 1) an SA definition and 2) 

an SA screening list that includes NSSI and codes of uncertain intent. ICD-10 and ICD-10-CM 

(United States) code lists were obtained from https://icd.who.int/browse10/2019/en#/  and 

https://www.cdc.gov/nchs/icd/Comprehensive-Listing-of-ICD-10-CM-Files.htm, respectively. 

ICD-9 and ICD-9-CM code lists were obtained from https://apps.who.int/iris/handle/10665/39473 

and https://www.cdc.gov/nchs/icd/icd9cm.htm , respectively.  
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Suicide Attempt ICD List Validation 

The codes in the SA definition and screening lists were validated in two datasets with 

ICD and C-SSRS, or equivalent instrument data, available. The NCHS published ICD code list 

(38) was also evaluated for comparison in these data. For each of the three lists, specificity, 

sensitivity, and positive predictive value (PPV) were calculated for the detection of prior SA as 

compared with instrument responses. In addition, results were stratified by sex. 

Both of the validation cohorts have been previously described, in detail. Briefly, the 

“Cooperative Studies Program” (CSP) #572 cohort, entitled “Genetics of Functional Disability in 

Schizophrenia and Bipolar Illness Validation” was collected to evaluate genetic and other 

characteristics of veterans with severe psychiatric illness (39,40). Participants in CSP #572 (N = 

9,151, 86.2% male) universally received C-SSRS screening during the baseline diagnostic 

interview. The Vanderbilt University Medical Center (VUMC) cohort was obtained in one of two 

ways. First, through de-identified VUMC medical record data from a research-oriented data 

repository, Synthetic Derivative (41).  Synthetic Derivative cases that appeared to be enriched 

for suicidal behavior were selected for manual validation through review of electronic health 

record clinical notes (N = 1,095, 43.2% male, 56.8% female) (35). Second, via deidentified 

individuals seen at a VUMC psychiatric assessment service, all of whom received suicide risk 

screening (N = 11,299, 47.6% male, 52.4% female) (35).  All data were handled in accordance 

with oversight and given ethical approval from the Vanderbilt University Medical Center and 

Veterans Affairs Central Institutional Review Boards, as noted in the respective referenced 

works. It is also noted that all data were processed within responsible groups with only the 

presented summary data being shared. 

 

Considerations for creating a definition for control samples 

Appropriate selection of a control sample for studies examining suicide phenotypes 

should consider: 1) primary study question(s); 2) data availability, such as ICD codes or 
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instrument data; 3) sample size; and 4) ascertainment strategies and variables within control 

groups, such as population background demographics, and treatment setting. A specific issue 

that requires consideration in suicidality studies is the strong underlying association with other 

psychiatric diagnoses, present in an estimated 60-98% of cases (42). SA and SD have a low 

base rate in the general population, with an approximate annual incidence rate of 0.5% for SA 

and 0.014% for SD within the United States in 2021 (43), and worldwide SA lifetime prevalence 

of 2.7% (44).   Psychiatric diagnoses have an estimated worldwide general population 

prevalence of ~30% (45) and 90% within individuals with a history of SA (46). Therefore, 

controls with psychiatric diagnoses may assist in estimating the effects of these common 

diagnoses (Figure 1A). However, screening specifically for SI, SA, SD, and NSSI may serve to 

improve the power of comparisons without introducing significant bias (Figure 1B) (47).  

Other factors, such as ascertainment and intensity of screening, must also be 

considered. Control sample ascertainment based on voluntary response can lead to 

underestimation of adverse health outcomes and skewed demographic makeup (48). Similarly, 

intensive screening, such as screening for all psychiatric disorders, can lead to bias (Figure 1C). 

Such biases impede the parsing of results to isolate the effect of a given suicidality phenotype 

versus psychiatric illnesses and other comorbidities (49).  Such extreme comparisons may also 

limit generalizability through unintended enrichment of demographic or other sample 

differences, potentially highlighting spurious or clinically irrelevant associations (50).  Finally, in 

cases where explained variance within a population is a key measure, as in many large-scale 

genetic studies, overly-screened controls may distort this estimate (49) and also cause 

distortions in genetic correlation estimates (51).  

Fortunately, there are strategies to assess the impact of potentially biased control groups, 

as detailed in Figure 2. In scenarios where researchers have multiple control samples, 

performing multiple rounds of analysis may allow evaluation of the impact of any bias. For 

example, controls least suspected of bias are analyzed, followed by adding samples suspected 
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to have greater bias/less reliable definitions, or performing leave-one-out analyses. 

Alternatively, strategies such as inverse probability weighting can be utilized to address 

potential bias effects by weighting observations on the probability of selection to a given 

comparison group (52). Implemented strategy and all results should be clearly described  in 

published materials. 

 

Results 

Questionnaire suicidality definitions  

A total of 50 instruments, including unique versions, were assessed during the 

development of this protocol. These were specifically selected for review due to their use in one 

or more cohorts included in the PGC, and are not an exhaustive list of possible instruments. 

Items evaluated for defining SA and SI are presented within supplemental Tables S1 and S2, 

respectively. Specific factors were considered in evaluation, including clarity of language, 

whether single or multiple phenotypes were assessed in a single item, and time interval 

assessed. It is noted that several instruments have multiple versions, some of which are time-

limited, and researchers should identify the timeframe assessed by any instrument used. 

Additionally, frequently used instruments that define a minimal/less-preferred phenotype were 

also considered. 

Based on expert consensus, it is recommended that new studies strongly consider an 

instrument focused on a detailed assessment of suicidality (SI/SA/SD), wide distribution and 

language availability, and one with broadly utilized definitions. The Columbia Suicide Severity 

Rating Scale (C-SSRS) meets these criterion, and it is recommended that this or a similarly 

constructed instrument be employed. In addition, it is recommended that versions of instruments 

that assess lifetime history of suicidality be utilized, where possible.  

 

ICD Suicide Attempt definition 
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A classification system was developed by a team of international expert psychiatrists 

(Mann, Monson, Serretti, Smoller, Sokolowski, Stein) who reviewed the ICD codes with 

consideration of sensitivity, specificity, potential for misclassification and acceptable error rate. 

Given the complexity of ascribing suicidal intent to any given ICD code, two lists of classification 

were generated: the SA definition and screening lists, designed to represent more specific 

versus more sensitive models, respectively.  

The generated ICD lists are summarized in Tables 2 and 3. Complete lists of ICD codes 

are available in Tables S3 and S4. It is recommended that a single occurrence of any of the 

listed codes in a patient’s EHR be considered a positive result for SA. This is recommended on 

the basis of low prevalence of SA combined with infrequent SA coding within the clinical setting. 

Consideration was given regarding the likely intent of different coded events. 

Specifically, deliberate self-harm injury that presents for medical evaluation may represent SA 

or NSSI. NSSI is common, with prevalence estimates of 4% in the general adult population, 

20% in adult psychiatric patient populations (53), 13-17% in adolescents and young adults (54). 

NSSI is a risk factor for SA and SD, with possible increased risk in women (55) and in younger 

populations, with decreasing NSSI frequency as age increases (56).  

Phenomenological characteristics of NSSI can be used to separate it from SA. For 

example, NSSI typically involves repetitive cutaneous injuries like cutting, burning, or banging 

the head or part of the body against something hard (57,58). Specifically, arm/wrist cutting is 

less likely to predict future SA/SD (59) and open superficial wounds of the forearm are rarely 

associated with SD but frequently with NSSI (60). Stabbing and serious cutting injuries are also 

much rarer than superficial cutaneous injuries (61). Therefore, it was decided that exclusion of 

codes specific to superficial cutaneous cutting and burning injuries would be an acceptable 

tradeoff of sensitivity and specificity for the definition list. 

Other codes more frequently associated with suicidality than with NSSI include  

poisoning via carbon monoxide and hormonal, antiepileptic, pain, and psychotropic medication 
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overdose, as well as other methods like jumping from a height or in front of a train or vehicle, 

hanging, self-inflicted gunshot wound (61).  In addition, insulin overdose cases have been 

overwhelmingly observed to be related to SA (rates of 89-95%) (62,63). Overdosing on 

antidepressants, especially in combination with controlled substances, also correlates with SD 

(64). Drowning deaths may also be subject to possible misclassification in intent throughout the 

world (65). Suicidal intent in prisoners is correlated with the seriousness of injury; hanging was 

correlated with SA in 80% of the cases while cutting or striking one’s head rarely constituted SA 

(19% for superficial cuts, 21% for all cuts, and 0% for head-striking) (66). ICD codes were 

added to the definition and/or screening lists for SA considering these tendencies, noting 

sensitivity gains and limited specificity tradeoff (67). 

 

ICD Suicide Attempt Definition Validation 

Validation of SA lists in the CSP #572 and VUMC samples are provided in Table 4. Note 

that two time points were provided with the CSP #572 sample: ICD codes assigned pre and 

post study entrance. Including multiple CSP #572 time points and VUMC clinical settings allows 

evaluation of how sensitivity and specificity of ICD codes may change based on clinical setting 

and emphasis. Across all settings, the developed SA definition ICD list had similar or greater 

PPV than the existing NCHS list (Table 4). The SA screening list demonstrated consistently 

higher sensitivity compared with other definition lists, but had the lowest PPV (Table 4). Notably, 

the sensitivity of ICD codes varied considerably based on population/clinical setting and the list 

used, ranging from 15.20% to 71.09% of subjects captured by instruments. Sex-stratified 

secondary analyses in CSP #572 and VUMC found that in general, ICD sensitivity, PPV, and 

specificity values were similar between males and females within both samples (Table S5). 
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Discussion 

SI, SA, and SD are complex phenotypes that are partially overlapping, and also related 

to, but distinct from, NSSI. These phenotypes primarily differ in terms of intent, a factor that is 

often not trivial for providers to determine. Many studies utilize varied and/or aggregate 

phenotypes (e.g., “suicidality”) to study these phenomena. Together these factors have led to 

considerable heterogeneity in research phenotype definitions, which poses challenges to 

comparability, replication, and meta-analyses across studies.   

Our proposed guidelines attempt to address this issue by providing best-practice 

guidance for defining SI, SA and SD using common data sources, including ICD codes, 

instruments, and public health information. As observed in the validation of ICD codes, 

instrument responses, used as the baseline for the validation, had much greater sensitivity than 

ICD codes for SA, as anticipated. Specifically, codes captured, at best, 70% of cases and 

frequently less than 50% in the populations assessed that instruments would have captured. 

Therefore, the use of an appropriate instrument, as outlined here, is strongly recommended in 

the design of future studies to investigate SA.  

Instruments that adequately assess suicidality across the lifetime and which have been 

produced and validated in the native language of assessed individuals are strongly preferred. 

However, in some cases, rapid screening measures may be useful, as listed in the 

“acceptable/minimal” segment of Tables S1 and S2. Such inclusion of “minimal phenotypes” 

must be balanced against a potential loss of specificity and risk of drawing conclusions that may 

only apply to aggregated phenotypes, as has been described in major depression (68). Of note, 

the impact of the inclusion of less specific phenotypes or biased controls can and should be 

assessed in many ways, such as leave-one-out or inverse-weighted meta-analyses, 

examination of heritability, genetic correlation, and heterogeneity of effect sizes (69,70).  
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If instrument or EHR data are not available, the presented ICD lists give additional 

options for assessing data.The SA definition list had high PPV (0.71 - 0.92) and the SA 

screening list had higher sensitivity (17.0% - 71.1%). Therefore, the SA definition could be used 

as a primary phenotype and the SA screening as a method to screen the control sample. 

Alternatively, the SA screening tier could be used to generate a more sensitive phenotype to 

maximize sample size for a study, though with more error. The variation in performance 

between the validation cohorts likely reflects variable usage of ICD codes in differing clinical 

settings and populations, which can be hard to predict, but should be considered when 

interpreting results.  

Ultimately, the optimal strategy to define a given suicide phenotype may vary based on 

available information, sample size, and the study question. It is important to reiterate that 

instrument responses are much more sensitive than ICD codes for the screening of suicide 

phenotypes, and are of the highest value to include if constructing a new cohort. In addition, 

including consideration of other data elements, if available, including method and/or lethality of 

attempt, duration of suicidality, and age at first attempt may allow for even more strict definitions 

and evaluation of more specific phenotypes. Regardless of the strategy employed, a clear 

explanation of the rationale and design of the sample will aid future replication and meta-

analysis efforts.  

 

Study Limitations 

The defined guidelines have potential limitations. These guidelines were designed to be 

approachable to diverse researchers and are based on existing work. As such, only a selection 

of available suicidality instruments were evaluated within these guidelines. There will inevitably 

be data collected using alternative instruments and these should be evaluated using the general 

principles provided here.  
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Similarly, alternative strategies that make use of more extensive EHR data, such as 

natural language processing and manual review, are not evaluated in this work. These methods 

are not yet standardized and require more extensive access to individual records or resources 

than many studies may have. Future iterations of this protocol may include consideration of 

these strategies. 

The use of simple list definitions of individual ICD codes may also reduce the capacity to 

differentiate SA and NSSI features compared with classification models that use multiple codes 

or EHR elements  (71).  A simple design was selected intentionally to increase portability and 

usability. 

Finally, the ICD code validation was also performed only within United States samples 

due to limitations in existing non-US samples with the required data types, limiting 

generalization in international samples. Even other US samples may vary considerably due to 

variations in clinical documentation practices and systemic biases, including racial bias, in 

psychiatric diagnoses (72). 

Conclusion 

These guidelines have been designed to improve the overall consistency of phenotyping 

and sample selection for ongoing and future suicide research studies. They are intended to 

serve as a framework for the design of genetic and consortium suicidality studies, and will not 

be ideal for every study. However, the evaluation and discussion of the complexity of suicide-

related phenotypes is a crucial consideration when establishing future samples and criteria. In 

addition, it is strongly recommended that any effort exploring a suicide phenotype will provide 

clear descriptions of selection criteria and rationale for the design on the basis of the study 

question with these complexities in mind. Improving the clarity and consistency of samples will 

be critical to identify robust and interpretable risk factors for SI/SA/SD and related phenotypes, 
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in an effort to improve the identification of high-risk individuals, improve treatment modalities, 

reduce associated tangible and personal costs, and ultimately prevent these outcomes. 
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Figure Legends 

Figure 1: Schematic of comparison between SA cases versus potential control groups  

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.  

 

Figure 2: Schematic example of sample processing. Diagram representing an example 

processing of a control sample for a suicide phenotype study. Processing of the control samples 

varies based on concerns about control quality, available data, and separate control samples. 

Controls with phenotypic data should be screened for SI/SA/SD/NSSI. If multiple control sets 

are available and there are quality concerns, consider leave-one-out analyses. If some control 

sets are considered unbiased, perform tiered analyses, starting with the most reliable. For a 

single control sample with bias concerns, use inverse probability weighting based on selection 

probability for comparison groups. 
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Tables 

  

Table 1: Definitions of suicide and self-harm phenotypes 
Phenotype 
(Abbreviation) 

Phenotype Definition Aggregated Phenotype 
(Abbreviation) 

Suicidal ideation (SI) a Thoughts of engaging in suicide-related 
behavior (1). 

Suicidality/ 
Suicidal 
thoughts 

and 
behaviors 

(STBs)  

   

Suicide attempt (SA) b 

A non-fatal self-directed potentially injurious 
behavior with any intent to die as a result of the 
behavior. A suicide attempt may or may not 
result in injury (1). Suicidal 

behavior 
(SB)^ Deliberate 

self-harm 
(DSH)^ Suicide death (SD) b 

Death caused by self-directed injurious behavior 
with any intent to die as a result of the behavior 
(1). 

Non-suicidal self-
injury (NSSI) b 

The intentional self-inflicted destruction of body 
tissue without suicidal intention and for 
purposes not socially sanctioned (2) 

  

a Thoughts b Behaviors 
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Table 2: Suicide attempt (SA) definition ICD code list 
ICD 
Version 

Code_Group_Description Codes 

9_CM Attempt via poison or toxic ingestion E950.0-E950.9 
9_CM Attempt via poison or toxic Inhalation E951.0-E951.8;E952.0-952.9 
9_CM Attempt via asphyxiation or drowning E953.0-E953.9;E954 
9_CM Attempt via firearm E955.0-E955.9 

9_CM Attempt via jumping, crashing, or exposure 
E957.0-
E957.9;E958.0;E958.1;E958.3-
E958.9 

9_CM Late effects of self-inflicted injuries E959 
9_CM Undetermined intent, asphyxiation/drowning E983.0-E983.9;E984 
9_CM Undetermined intent, firearm injury E985.0-E985.5 

9_CM Undetermined intent, fall, jumping, crash, fire injury E987.0-E987.9;E988.0-
E988.1;E988.5-E988.6 

10_CM Suicide attempt T14.91;*A,*D,*S 

10_CM 
Intentional Poisoning via medications, elements, 
compounds, venom, and other ingested or applied 
agents 

T36-T65;**2,**2A,**2D,**2S 

10_CM Undetermined intent, poisoning by insulin and oral 
hypoglycemic agents T38.3;*4A,*4D,*4S 

10_CM Intentional asphyxiation T71;**2,**2A,**2D,**2S 
10_CM Undetermined intent, injury by hanging T71.16;4A,4D,4S 
10 Intentional poisoning  X60-X69 
10 Intentional asphyxiation  X70 
10_CM Intentional drowning X71;**XA,**XD,**XS 
10_CM Intentional firearm injury X72-X74;**XA,**XD,**XS 
10_CM Intentional explosive or fire injury X75-X76;**XA,**XD,**XS 
10_CM Intentional injury by knife, dagger, or sword X78.1-X78.2;*XA,*XD,*XS 

10_CM Intentional injury by jumping, crashing, electrocution, 
or exposure X80-X83;**XA,**XD,**XS 

10 Undetermined intent, hanging, drowning, 
strangulation, suffocation Y20, Y21 

10_CM Undetermined intent, drowning Y21;**XA,**XD,**XS 
10_CM Undetermined intent, firearm injury Y22-Y24;**XA,**XD,**XS 
10 Undetermined intent, firearm injury Y22-Y24 
10_CM Undetermined intent, explosives or fire injury Y25-Y26;**XA,**XD,**XS 
10 Undetermined intent, explosives or fire injury Y25-26 
10_CM Undetermined intent, falling, jumping, or crashing Y30-Y32;**XA,**XD,**XS 
10 Undetermined intent, falling, jumping, or crashing Y30-Y32 
10 Sequelae of intentional self-harm  Y87 
10_CM Personal history of suicidal behavior (attempt) Z91.51 

 . CC-BY-NC-ND 4.0 International licenseIt is made available under a 
 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. (which was not certified by peer review)

The copyright holder for this preprint this version posted July 29, 2024. ; https://doi.org/10.1101/2024.07.27.24311110doi: medRxiv preprint 

https://doi.org/10.1101/2024.07.27.24311110
http://creativecommons.org/licenses/by-nc-nd/4.0/


Key: * = wildcard placeholder for all alphanumeric values, inclusive, used in ICD-10 code 
specifiers; all ICD-10 codes presume inclusion of the base code prior to the semi-colon 
(without specifiers) 

 

Table 3: Suicide attempt (SA) screening ICD code list 
ICD 
Version 

Code_Group_Description Codes 

9_CM Attempt via poison or toxic ingestion E950.0-E950.9 
9_CM Attempt via poison or toxic Inhalation E951.0-E951.8;E952.0-952.9 

9_CM Attempt via asphyxiation or drowning E953.0-E953.9;E954 

9_CM Attempt via firearm E955.0-E955.9 

9_CM Attempt via jumping, crashing, or exposure 
E957.0-
E957.9;E958.0;E958.1;E958.3-
E958.9 

9_CM Late effects of self-inflicted injuries E959 

9_CM Undetermined intent, asphyxiation/drowning E983.0-E983.9;E984 

9_CM Undetermined intent, firearm injury E985.0-E985.7 

9_CM Undetermined intent, fall, jumping, crash, exposure 
E987.0-E987.9;E988.0-
E988.1;E988.3-E988.7 

9_CM Accidental fall from building E882 
9_CM Accidental injury from firearm E922.0-E922.9 

9_CM 
Self-inflicted injury via cutting/piercing 
instrument 

E956 

9_CM Self-inflicted injury via scald E958.2 

9_CM Undetermined intent, poisoning 
E980.0-E980.9;E981.0-
E981.8;E982.1-E982.9 

9_CM Undetermined intent, cutting E986 
9_CM Undetermined intent, scald E988.2 
9_CM Undetermined intent, other or undefined method E988.8-E988.9 
9_CM Undetermined intent, late effects of injury E989 
10_CM Nonsuicidal self-harm R45.88 
10_CM Suicide attempt T14.91;*A,*D,*S 

10_CM 
Intentional or undetermined poisoning via 
medications, elements, compounds, venom, and 
other ingested or applied agents 

T36-
T65;**2,**2A,**2D,**2S,**4A,**
4D,**4S 

10_CM Intentional or undetermined asphyxiation 
T71;**2,**2A,**2D,**2S,**4A,**
4D,**4S 

10_CM 
Undetermined and accidental intent, injury by 
hanging 

T71.16;4A, 4D, 4S, 1A,1D,1S 
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10_CM Accidental fall from building 
W13.4, W13.8, W13.9; 4**A, 
4**D, 4**S 

10_CM Accidental discharge of firearm 
W32.0, W33.0, W34.0; **A, 
**D, **S 

10 Intentional poisoning X60-X69 
10 Intentional asphyxiation X70 

10_CM Intentional drowning X71;**XA,**XD,**XS 
10_CM Intentional firearm injury X72-X74;**XA,**XD,**XS 

10_CM Intentional explosive or fire injury X75-X76;**XA,**XD,**XS 

10_CM Intentional injury by hot object/substance X77;**XA,**XD,**XS 
10_CM Intentional injury by any sharp object X78;*XA,*XD,*XS 
10_CM Intentional injury by blunt object X79;**XA,**XD,**XS 

10_CM 
Intentional injury by jumping, crashing, electrocution, 
or exposure 

X80-X83;**XA,**XD,**XS 

10 Intentional harm by unspecified means X84 
10 Poisoning, various ingested/inhaled agents Y10-Y21 
10_CM Undetermined intent, drowning Y21;**XA,**XD,**XS 

10 Undetermined intent, firearm injury Y22-Y24 
10_CM Undetermined intent, firearm injury Y22-Y24;**XA,**XD,**XS 

10 Undetermined intent, explosives or fire injury Y25-26 
10_CM Undetermined intent, explosives or fire injury Y25-Y26;**XA,**XD,**XS 

10_CM Undetermined intent, falling, jumping, or crashing Y30-Y32;**XA,**XD,**XS 
10 Sequelae of intentional self-harm Y87 

10 
Undetermined intent, injury by hot 
object/substance 

Y27 

10_CM 
Undetermined intent, injury by hot 
object/substance 

Y27;**XA,**XD,**XS 

10 Undetermined intent, injury by sharp object Y28 
10_CM Undetermined intent, injury by sharp object Y28;**XA,**XD,**XS 
10 Undetermined intent, injury by blunt object Y29 
10_CM Undetermined intent, injury by blunt object Y29;**XA,**XD,**XS 
10 Undetermined intent, falling, jumping, or crashing Y30-Y32 
10_CM Suicide attempt, alleged or ruled out Z03.89 
10_CM Personal history of self-harm Z91.5 
10_CM Personal history of suicidal behavior (attempt) Z91.51 

10_CM Personal history of nonsuicidal self-harm Z91.52 

Key: * = wildcard placeholder for alphanumeric values used in all ICD-10 code specifiers, 
inclusive; all ICD-10 codes presume inclusion of the base code prior to the semi-colon 
(without specifiers). Bolded codes are those present only in the screening tier and unbolded 
codes are included in both the definition and screening tiers. 
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Table 4: Suicide Attempt Definition and Screening List Validation Results 
Versus Instrument Responses in Two Populations 

 

ICD List Validation 
Cohort 

TP N FP N TN N FN N SN SP PPV 

NCHS List CSP572, BE 710 149 4330 3962 15.20% 96.67% 0.827
SA Definition CSP572, BE 718 165 4314 3954 15.37% 96.32% 0.813
SA Screen CSP572, BE 796 218 4261 3876 17.04% 95.13% 0.785
NCHS List CSP572, AT 1072 310 4169 3600 22.95% 93.08% 0.776
SA Definition CSP572, AT 1096 353 4126 3576 23.46% 92.12% 0.756
SA Screen CSP572, AT 1196 423 4056 3476 25.60% 90.56% 0.739
NCHS List VUMC, All 2339 979 6320 2456 48.78% 86.59% 0.705
SA Definition VUMC, All 1585 544 6755 3219 32.99% 92.55% 0.744
SA Screen VUMC, All 2740 1895 5404 2064 57.04% 74.04% 0.591
NCHS List VUMC, MSA 471 57 322 245 65.78% 84.96% 0.892
SA Definition VUMC, MSA 415 36 343 301 57.96% 90.50% 0.920
SA Screen VUMC, MSA 509 123 256 207 71.09% 67.55% 0.805
NCHS List VUMC, Clin 2035 971 6057 2236 47.65% 86.18% 0.677
SA Definition VUMC, Clin 1311 543 6485 2960 30.70% 92.27% 0.707
SA Screen VUMC, Clin 2403 1836 5192 1868 56.26% 73.88% 0.567

Key: TP = true positive; FP = false positive; TN = True negative; FN = False negative; SN = 
Sensitivity; N = counted total number of individuals; SP = Specificity; PPV = Positive Predictive 
Value; SA = Suicide attempt; NCHS List = National Center for Health Statistics published ICD 
list; BE = Before study enrollment; AT = any time (after study enrollment); VUMC = Vanderbilt 
University Medical Center; MSA = Manually selected individuals with a high enrichment of prior 
history of suicide attempt; Clin = Psychiatric urgent care clinical sample. 
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