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Objective:Amajor limitation of current suicide research is the lack of power to identify robust correlates of
suicidal thoughts or behavior. Variation in suicide risk assessment instruments used across cohorts may
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represent a limitation to pooling data in international consortia. Method: Here, we examine this issue
through two approaches: (a) an extensive literature search on the reliability and concurrent validity of the
most commonly used instruments and (b) by pooling data (N ∼ 6,000 participants) from cohorts from the
Enhancing NeuroImaging Genetics Through Meta-Analysis (ENIGMA) Major Depressive Disorder and
ENIGMA–Suicidal Thoughts and Behaviour working groups, to assess the concurrent validity of instru-
ments currently used for assessing suicidal thoughts or behavior. Results: We observed moderate-to-high
correlations between measures, consistent with the wide range (κ range: 0.15–0.97; r range: 0.21–0.94)
reported in the literature. Two commonmulti-item instruments, the Columbia Suicide Severity Rating Scale
and the Beck Scale for Suicidal Ideation were highly correlated with each other (r = 0.83). Sensitivity
analyses identified sources of heterogeneity such as the time frame of the instrument and whether it relies on
self-report or a clinical interview. Finally, construct-specific analyses suggest that suicide ideation items
from common psychiatric questionnaires are most concordant with the suicide ideation construct of multi-
item instruments. Conclusions: Our findings suggest that multi-item instruments provide valuable
information on different aspects of suicidal thoughts or behavior but share a modest core factor with
single suicidal ideation items. Retrospective, multisite collaborations including distinct instruments should
be feasible provided they harmonize across instruments or focus on specific constructs of suicidality.

Key Points
Question: To inform future suicide research in multisite international consortia, it is important to examine
how different suicide measures relate to each other and whether they can be used interchangeably.
Findings: Findings suggest that detailed instruments (such as the Columbia Suicide Severity Rating Scale
and Beck Scale for Suicidal Ideation) provide valuable information on suicidal thoughts and behavior and
share a core factor with items on suicidal ideation from depression severity rating scale (such as the
Hamilton Depression Rating Scale or the Beck Depression Inventory). Importance: Results from
international collaborations can mitigate biases by harmonizing distinct suicide risk assessment instru-
ments and items related to suicide.Next Steps: Pooling data within international suicide research consortia
may reveal novel clinical, biological, and cognitive correlates of suicidal thoughts and/or behavior.

Keywords: suicide, concurrent validity, harmonization, psychometrics, instruments
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Suicide is a leading cause of death worldwide, with an estimated
800,000 deaths by suicide occurring annually, or one person dying
by suicide every 40 s (World Health Organization [WHO], 2014).
Despite national and international efforts to prevent suicide, suicide
rates continue to rise in some countries around the world (Alicandro
et al., 2019).
To better understand and identify demographic, environmental,

psychological, cognitive, and neurobiological factors associated
with suicidal thoughts and behavior (STB), we need large samples,
as individual factors most likely explain a small proportion of
complex phenotypes as suicidal thoughts or behaviors. Large and
diverse samples additionally provide the opportunity to study the
heterogeneity in associated factors by identifying subgroups and
moderation effects. Large-scale international collaborations in con-
sortia for suicide research may provide an important step forward to
increase our understanding of STB.
Examples of these consortia include the International Suicide

Genetics Consortium (Mullins et al., 2022) and the Enhancing
NeuroImaging Genetics through Meta-Analysis Suicidal Thoughts
andBehaviour (ENIGMA-STB) consortium (vanVelzen et al., 2022).
The aim of ENIGMA-STB is to study the neural correlates of STB, by
bringing together research groups around theworld that have collected
both neuroimaging data and assessed STB in individuals with and
without mental disorders. These groups use standardized protocols to
process their neuroimaging data and then pool data in analyses that
have increased statistical power to detect relevant associations.
While these large-scale collaborations have many strengths, it has

been challenging to harmonize the different instruments employed to
assess STBs across cohorts, and the validity of the findings will
depend on the quality of STBmeasure harmonization. For instance, in
our recent large-scale analysis of cortical morphology across 18
research groups within the ENIGMA Major Depressive Disorder
(ENIGMA-MDD) consortium (Campos et al., 2020), suicide attempt
was assessed using 19 different measures, including single items on
STBs from depression severity questionnaires, items from clinical
interviews, in addition to items from comprehensive instruments
specifically focused on STBs such as the Columbia Suicide Severity
Rating Scale (C-SSRS; Posner et al., 2011).
To inform future suicide research in international consortia, it is

important to examine how these different suicide measures relate to
each other and whether they can be used interchangeably. Therefore,
the aim of this study was to examine the correlations between the 20
different assessment instruments for STBs used across 27 ENIGMA
cohorts. In the first part of this report, we provide an overview of the
literature on reliability and validity of these commonly used measures
to assess STBs and the associations between these measures (con-
current validity). In the second part, we present findings from a

meta-analysis performed using the cross-sectional measures, includ-
ing multi-item and single-item measures, collected across 27 cohorts
within the ENIGMA-MDD and ENIGMA-STB working groups.

Method

Literature Search

A literature search was conducted in PubMed (https://pubmed
.ncbi.nlm.nih.gov) for articles published before December 2021,
using the following search terms: suicid* AND (questionnaire* OR
interview OR measures) AND (validity OR convergent validity OR
discriminant validity OR reliability OR psychometric*), using
“English” and “Human” as additional filters.

Two thousand five hundred forty-nine abstracts were screened
by investigator Laura S. Van Velzen to identify studies which used
psychometric measures to assess suicidal ideation and/or suicidal
behavior that were also collected by the ENIGMA research groups.
These measures included the Beck Depression Inventory (BDI)
suicidal ideation item (Beck et al., 1961), Scale for Suicidal Ideation
(SSI; Beck et al., 1979, 1988), Children’s Depression Rating Scale
(CDRS) suicidal ideation item (Poznanski & Mokros, 1996), Com-
posite International Diagnostic Interview (CIDI) items on suicidal
ideation and behavior (WHO, 1997), C-SSRS (Posner et al., 2011),
Diagnostic Interview for Genetics Studies (DIGS) items on suicidal
ideation and behavior (Nurnberger et al., 1994), Hamilton Depression
Rating Scale (HAM-D) item on suicidal ideation (Hamilton, 1960),
Inventory of Depression and Anxiety Symptoms (IDAS-II) suicide
subscale (Watson et al., 2012), (Quick) Inventory of Depressive
Symptomatology (IDS/QIDS) suicidal ideation item (Rush et al.,
1986), Kiddie Schedule for Affective Disorders and Schizophrenia
(KSADS) suicide items (Kaufman et al., 1997), Montgomery–Asberg
Depression Rating Scale (MADRS) suicidal ideation item
(Montgomery & Asberg, 1979), Mini International Neuropsychiatric
Interview (MINI) suicidality module (Sheehan et al., 1998), Revised
Children’s Anxiety and Depression Scale (RCADS) suicidal ideation
item (Chorpita et al., 2000), Structured Clinical Interview for Diag-
nostic and Statistical Manual of Mental Disorders (SCID) suicide
questions (First, 1997), Suicidal Ideation Questionnaire (SIQ;
Reynolds, 1987), Beck’s Suicide Intent Scale (SIS; Beck et al.,
1974), Self-Injurious Thoughts and Behaviors Interview (SITBI;
Nock et al., 2007), Suicide Score Scale (SSS; Innamorati et al.,
2008), Youth Self-Report suicide item (YSR; Achenbach et al.,
1991), SIQ–Junior (SIQ-JR; Reynolds, 1987).

A total of 225 studies were identified and screened for informa-
tion on the reliability (interrater reliability, internal consistency, or
test–retest reliability) or validity (correlation with an established
instrument, e.g., concurrent validity or predictive validity) of those
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measures. For concurrent validity, we included only associations
between measures that were collected by the ENIGMA working
groups and mentioned above. Additional studies were identified by
cross-referencing.

Data Dimensionality Reduction Strategy

Our study comprised both multiple-item and single-item suicide
risk assessment instruments. Importantly, only cross-sectional data
were included. Single-item instruments such as questions from
depression severity rating scales or psychiatric interviews normally
assess recent suicidal ideation. Multi-item instruments typically cap-
ture other dimensions such as control over suicidal thoughts, protec-
tive factors, and, in the case of suicide attempt, degree of intent to die.
By extracting common factor scores for the multi-item instruments,
we are able to obtain a score of the underlying suicidal risk being
measured by the instruments while reducing the need to adjust for
slight differences between versions. The choice of dimensionality
reduction approach, common factor scores using full-information
maximum likelihood (FIML), was motivated by two reasons: (a)
this approach deals with missing data, which is common in these
questionnaires, using FIML and (b) we obtain a single factor score
capturing the main liability measured by the instrument, as opposed to
other approaches (e.g., principal component analysis) that require
nonmissing data and output several new variables. Data dimension-
ality reduction for the SSI, KSADS, IDAS, SIQ, DIGS, C-SSRS,
MINI, and SSS was performed by extracting common factor scores
using FIML factor analysis as implemented in the structural equation
modeling package umx in R (Bates, 2018; Bates et al., 2016). Notably,
dimensionality reduction included all items available for each cohort
(with any variance) of the multi-item instruments. For instance, the
C-SSRS instrument includes items on severity of suicidal ideation,
intensity of suicidal ideation, and suicidal behaviors. We did not focus
on a specific section of these items in our main analyses.

Main Analysis on ENIGMA Data

We implemented a sample size–weighted meta-analysis of cor-
relations between suicide risk assessment instruments across 27
international cohorts from the ENIGMA-MDD and ENIGMA-STB
working groups. Cohorts shared de-identified individual-level
response data to STBs assessment instruments or items on STBs
from depression symptom severity questionnaires or clinical inter-
views. All participants provided informed consent, and all projects
were approved by their respective relevant ethics committees.
Our initial analysis consisted of three steps: (a) data dimensionality
reduction for multi-item suicide risk assessment instruments (see
above); (b) within-cohort unadjusted correlations for all possible
pairs of instruments; and (c) a sample size–weighted meta-analysis,
combining the correlation coefficients for pairs of instruments for
which data were available across multiple cohorts while accounting
for cohort sample size differences. Within-cohort correlations and
the sample size–weighted meta-analysis were calculated in python
using the scipy (Virtanen et al., 2020), numpy (Harris et al., 2020),
and pandas libraries. Data were visualized using undirected graphs
with varying node and edge sizes according to the number of cohorts
and cohort pairs supporting each correlation. These were generated
from the data using python and the networkx library (Hagberg et al.,
2008). We analyzed data from two working groups of the ENIGMA

consortium, including 22 instruments across 27 cohorts worldwide.
Individual-level responses for 6,716 participants were included in
our study (Table 1). Participants were included across a range of
diagnoses including MDD, psychotic disorders, anxiety disorders,
obsessive–compulsive disorders, posttraumatic stress disorder, and
bipolar disorder, along with data from healthy controls.

Sensitivity Analyses

We performed a series of sensitivity analyses to identify sources of
heterogeneity that could explain our results. These analyses consisted
of repeating our framework but on subsets of the data. We mainly
assessed (i) whether removing items measuring protective factors
affected our results; (ii) compared lifetime and recent suicide risk
assessment as well as (iii) interview-based and self-report suicide risk
assessment; and (iv) perform construct-specific analyses to assess the
degree of concordance of construct factors (i.e., suicide attempt,
suicide ideation, and suicide intent) derived from items in multi-item
instruments and whether single-item instruments show a higher
concordance with a specific construct. For Aim iv, items of multi-
item instruments were mapped to one of three possible constructs,
suicide ideation, suicide attempt, and suicide intent (Supplemental
Table S1). Dimensionality reduction was then carried out for all
the items mapped to each of these constructs, and the analyses were
repeated using these construct factors instead of the previous
common factors. The following constructs were assessed: suicide
intent—defined as the seriousness or intensity of the wish of a person
to end their life; suicidal ideation—defined as thoughts, ideas, and the
desire to die by suicide, which can vary in severity and intensity; and
suicide attempt—defined as a behavior or act of self-harm related to
an individual intentionally seeking to end their life.

Results

Literature Review

An overview of the reliability and validity measures for the
different suicide scales and items derived from our literature review
is presented in Supplemental Tables S2 and S3, respectively. Infor-
mation on the reliability (interrater reliability, internal consistency,
and test–retest reliability) and validity (concurrent and predictive
validity) of these measures was most often available for instruments
specifically focused on STBs (e.g., SIS, SSI, C-SSRS), followed by
items on suicidal ideation from questionnaires assessing the severity
of depressive symptoms (e.g., BDI, MADRS, HAM-D). No reliabil-
ity or validity measures were identified for suicide questions from
diagnostic interviews (e.g., CIDI, SCID). The lowest concurrent
validity measure identified was between the SIS and C-SSRS scales.
Overall, mostly moderate-to-high correlation or concurrent validity
scores (κ range: 0.15–0.97; r range: 0.21–0.94) between instruments
were identified (Figure 1a). When examining the concurrent validity
between self-report measures, the correlation ranged between 0.41
and 0.69, and κ varied between 0.15 and 0.45, while for clinician-
administered measures, the correlation varied between 0.21 and 0.94
and the κ varied between 0.42 and 0.97 (Figure 1a).

With regard to reliability, as expected, the strongest test–retest
reliability was seen for instruments that assess lifetime or longer
term suicidal ideation or behavior (SIQ, SIQ-JR; r = 0.72–0.91 and
0.89, respectively), compared to varying test–retest reliability in
measures that assess short-term suicidal ideation (such as the BDI or
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Table 1
Cohorts Included, Sample Size, and Instruments Used to Assess Suicidal Thoughts and/or Behaviors

Cohort name Sample size Instruments

AFFDIS 29 Hamilton Depression Rating Scale (past week), Beck Depression Inventory (past 2
weeks), Montgomery–Asberg Depression Rating Scale (past week)

Chiba University 117 Beck Depression Inventory-I (past week), Beck Depression Inventory-II (past 2 weeks),
Mini International Neuropsychiatric Interview suicidality module (past month,
Question 6 refers to lifetime attempt)

Duke/Durham VA 190 Beck Depression Inventory (past 2 weeks), Beck Scale for Suicidal Ideation (past week)
EPISCA (Leiden adolescents) 71 Children’s Depression Inventory (past 2 weeks), Youth Self-Report (lifetime), Revised

Children’s Anxiety and Depression Scale (lifetime)
ETPB-STB 60 Hamilton Depression Rating Scale (past week), Scale for Suicidal Ideation (past week),

Beck Depression Inventory (past week), Montgomery–Asberg Depression Rating
Scale (past week)

FIDMAG 284 Hamilton Depression Rating Scale (past week), Montgomery–Asberg Depression
Rating Scale (past week)

FOR 2107 Muenster 424 Hamilton Depression Rating Scale (past week), Beck Depression Inventory (past week)
FOR 2107 Marburg 792 Hamilton Depression Rating Scale (past week), Beck Depression Inventory (past week)
Grady Trauma Project Emory University 123 Beck Depression Inventory (past 2 weeks), Columbia Suicide Severity Rating Scale

(past month)
The University of Melbourne 283 Quick Inventory of Depressive Symptoms (past week), Suicidal Ideation Questionnaire

(lifetime), Columbia Suicide Severity Rating Scale (past month and lifetime),
Montgomery–Asberg Depression Rating Scale (past week)

University of Minnesota Adolescent MDD 110 Children’s Depression Rating Scale (past week), Beck Depression Inventory (past 2
weeks), Kiddie Schedule for Affective Disorders and Schizophrenia (lifetime),
Inventory of Depression and Anxiety Symptoms (past 2 weeks)

CHU Montpellier BICS study 66 Inventory of Depressive Symptoms—Clinician rated (past week), Beck Depression
Inventory (current), Columbia Suicide Severity Rating Scale (lifetime and last month)

CHU Montpellier IMPACT study 40 Quick Inventory of Depressive Symptoms (past week), Inventory of Depressive
Symptoms—Clinician rated (past week), Columbia Suicide Severity Rating Scale
(last month)

CHU Montpellier Servier Study 120 Hamilton Depression Rating Scale (past week), Beck Depression Inventory (past week),
Scale for Suicidal Ideation (past week)

McGill University 103 Beck Depression Inventory (past 2 weeks), Suicide Intent Scale (most recent attempt
and most severe attempt), Scale for Suicidal Ideation (today and in the past 2 weeks),
Quick Inventory of Depressive Symptoms (past week), Montgomery–Asberg
Depression Rating Scale (past week), Hamilton Depression Rating Scale (past week),
Columbia Suicide Severity Rating Scale (past month and lifetime)

Moral Dilemma 62 Quick Inventory of Depressive Symptoms (past week), Montgomery–Asberg
Depression Rating Scale (past week)

Muenster Neuroimaging Cohort 1,064 Hamilton Depression Rating Scale (past week), Beck Depression Inventory (past week),
Montgomery–Asberg Depression Rating Scale (past week)

Fondazione Santa Lucia 288 Suicide Score Scale (past year), Mini International Neuropsychiatric Interview
suicidality module (past month)

San Raffaele Hospital 447 Hamilton Depression Rating Scale (past week), Beck Depression Inventory (past 2
weeks), Beck Scale for Suicidal Ideation (day of assessment)

SoCAT 179 Hamilton Depression Inventory (past week), Beck Depression Inventory (past 2 weeks)
South Africa 117 Diagnostic Interview for Genetic Studies (lifetime), Montgomery–Asberg Depression

Rating Scale (past week)
Stanford University adolescent MDD TIGER 49 Columbia Suicide Severity Rating Scale (lifetime and current [ideation in the past week,

attempt in the past month]), Self-Injurious Thoughts and Behaviors Interview
(lifetime)

Stanford University AGG/FAA 56 Structured Clinical Interview for DSM Disorders (lifetime), Hamilton Depression
Rating Scale (past week)

STRADL 1,188 Structured Clinical Interview for DSM Disorders (past month), Quick Inventory of
Depressive Symptoms (past week)

Sydney Bipolar Risk Study 225 Kiddie Schedule for Affective Disorders and Schizophrenia (lifetime), Diagnostic
Interview for Genetic Studies (lifetime), Montgomery–Asberg Depression Rating
Scale (lifetime)

UCSF Adolescent MDD 161 Beck Depression Inventory (2 weeks), Columbia Suicide Severity Scale (lifetime and
current [ideation in the past week, attempt in the past 2 weeks])

Yale School of Medicine 178 Beck Scale for Suicidal Ideation (past month and lifetime), Suicide Intent Scale (most
recent attempt, most lethal attempt), Columbia Suicide Severity Rating Scale
(lifetime and past month), Hamilton Depression Rating Scale (past week), Children’s
Depression Rating Scale (past week)

Note. VA = Veteran Affairs; STB = Suicidal Thoughts and Behaviour; CHU = Centre Hospitalier Universitaire; DSM = Diagnostic and Statistical
Manual of Mental Disorders; UCSF = University of California, San Francisco; MDD = Major Depressive Disorder.

322 CAMPOS, VAN VELZEN ET AL.



HAM-D suicidal ideation items; r = 0.35 and 0.64, respectively; see
Supplemental Table S1). In addition, test–retest reliability was lower
for more ambiguous constructs such as suicidal gestures (κ= 0.25) in
the SITBI. In general, interrater reliability for clinician-administered
measures was strong for specialized multi-item instruments, such
as the C-SSRS, SIS, SSI, and SITBI, and for clinical interviews, such
as the KSADS, but moderate for single items on recent suicidal
ideation from depression severity rating scales (such as the CDRS).
Finally, internal consistency was strong for multi-item specialized
instruments that focus on one construct (such as recent or lifetime
ideation) but varied more across studies for the C-SSRS intensity of
ideation subscale (see Supplemental Table S1).
The lowest concurrent validity measure identified was between the

SIS and C-SSRS scale. Overall, mostly moderate-to-high correlation

or concurrent validity scores (κ range: 0.15–0.97; r range: 0.21–0.94)
between instruments were identified (Figure 1a). When examining
the concurrent validity between self-report measures, the correlation
ranged between 0.41 and 0.69, and the κ varied between 0.15 and
0.45, while for clinician-administered measures, the correlation
varied between 0.21 and 0.94, and the κ varied between 0.42 and
0.97 (Figure 1a).

ENIGMA Meta-Analysis

Sample Description and Dimensionality Reduction

The average age across cohorts was 39 years (SD= 16.3). Cohorts
had on average 40% male participants. The most commonly
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Figure 1
Overview of Results

Note. (a) Literature review results. Reported instrument correlations are shown using an undirected graph. Nodes represent the instruments studied. Edges are
colored based on the average correlation across cohorts, edge width increases with the number of studies fromwhich the correlations were extracted. (b) ENIGMA
correlation results. Each node represents one of the instruments included in the study. Edge color represents the sample size–weighted average correlation
coefficient between two instruments. The thickness of the edge increases with the number of cohorts contributing to estimate the correlation. Generally speaking,
the thicker the edge the more confidence in the correlation estimate. (c) Overview of the instruments used on the enigma analyses and the amount of overlap
between them. BDI = Beck Depression Inventory suicidal ideation item; SSI = Scale for Suicidal Ideation; CDRS = Children’s Depression Rating Scale suicidal
ideation item; CIDI= Composite International Diagnostic Interview items on suicidal ideation and behavior; C-SSRS= Columbia Suicide Severity Rating Scale;
DIGS = Diagnostic Interview for Genetics Studies items on suicidal ideation and behaviour; HAM-D = Hamilton Depression Rating Scale item on suicidal
ideation; IDAS-II = Inventory of Depression and Anxiety Symptoms suicide subscale; CSSRS = Columbia Suicide Severity Rating Scale; QIDS = Quick
Inventory of Depressive Symptomatology suicidal ideation item; KSADS=Kiddie Schedule for Affective Disorders and Schizophrenia suicide items;MADRS=
Montgomery–Asberg Depression Rating Scale suicidal ideation item; MINI = Mini International Neuropsychiatric Interview suicidality module; RCADS =
Revised Children’s Anxiety and Depression Scale suicidal ideation item; SCID = Structured Clinical Interview for Diagnostic and Statistical Manual of Mental
Disorders suicide questions; SIQ= Suicidal IdeationQuestionnaire; SIS=Beck’s Suicide Intent Scale; SITBI= Self-Injurous Thoughts and Behaviours Interview;
SSS = Suicide Score Scale; YSR = Youth Self-Report suicide item; SIQ-JR = Suicidal Ideation Questionnaire–Junior; ENIGMA = Enhancing NeuroImaging
Genetics through Meta-Analysis. *For multi-item instruments, dimensionality reduction was carried out by extracting common factor scores.
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available instruments were the suicidal ideation items from the
MADRS, HAM-D, and BDI questionnaires. Multi-item items,
such as the C-SSRS, QIDS, SSI, and SCID, were available for
32.4% of the participants. The majority of instruments were admin-
istered by a clinician or trained interviewer, but some self-reported
measures were used (Table 2). For multi-item instruments,
dimensionality reduction was carried out by extracting common

factor scores using factor analysis (see Method section). Fit statistics
of these models for each multi-item instrument within each cohort are
summarized in Supplemental Table S4. These multi-item instruments
typically measure more than one suicidal construct. For example, the
C-SSRS and SSI include sections on protective factors. Thus, a single
common factor might not represent the best model underlying the
latent structure of these instruments, but it serves our purpose of
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Table 2
Instruments Used to Assess Suicidal Thoughts and/or Behavior by the Different Cohorts: Self-Report and Clinician-/Interviewer-Administered
Measures Are Presented Separately

Cohort name Self-report Clinician/interviewer administered

AFFDIS BDI-II suicidal ideation item MADRS and HAM-D suicidal ideation item
Chiba University BDI-I suicidal ideation item, BDI-II

suicidal ideation item
MINI suicide module

Duke/Durham VA BDI suicidal ideation item, Beck
Scale for Suicidal Ideation

EPISCA (Leiden adolescents) CDI suicidal ideation item, RCADS
suicidal ideation item, YSR
suicidal ideation item

ETPB-STB BDI suicidal ideation item HAM-D suicidal ideation item, MADRS suicidal ideation
item, Beck Scale for Suicidal Ideation

FIDMAG HAM-D suicidal ideation item, MADRS suicidal ideation
item

FOR 2107 Muenster BDI suicidal ideation item HAM-D suicidal ideation item
FOR 2107 Marburg BDI suicidal ideation item HAM-D suicidal ideation item
Grady Trauma Project Emory University BDI suicidal ideation item, Columbia Suicide Severity

Rating Scale
The University of Melbourne QIDS suicidal ideation item, Suicidal

Ideation Questionnaire
Columbia Suicide Severity Rating Scale, MADRS suicidal
ideation item

University of Minnesota Adolescent MDD IDAS, BDI suicidal ideation item Children’s Depression Rating Scale, KSADS suicide items
CHU Montpellier BICS study BDI suicidal ideation item IDS suicidal ideation item, Columbia Suicide Severity

Rating Scale
CHU Montpellier IMPACT study QIDS suicidal ideation item IDS suicidal ideation item, Columbia Suicide Severity

Rating Scale
CHU Montpellier Servier Study BDI suicidal ideation item HAM-D suicidal ideation item, Beck Scale for Suicidal

Ideation
McGill University BDI suicidal ideation item, QIDS

suicidal ideation item, Scale for
Suicidal Ideation

MADRS suicidal ideation item, HAM-D suicidal ideation
item, Suicide Intent Scale, Columbia Suicide Severity
Rating Scale

Moral Dilemma QIDS suicidal ideation item MADRS suicidal ideation item
Muenster Neuroimaging Cohort BDI suicidal ideation item HAM-D suicidal ideation item, MADRS suicidal ideation

item
Fondazione Santa Lucia Suicide Score Scale, Mini International Neuropsychiatric

Interview suicidality module
San Raffaele Hospital BDI suicidal ideation item, Beck

Scale for Suicidal Ideation
HAM-D suicidal ideation item

SoCAT BDI suicidal ideation item HAM-D suicidal ideation item
South Africa MADRS suicidal ideation item, DIGS suicide items
Stanford University adolescent MDD TIGER C-SSRS, SITBI
Stanford University AGG/FAA SCID suicide items, HAM-D suicidal ideation item
STRADL QIDS suicidal ideation item SCID suicide items
Sydney Bipolar Risk Study MADRS suicide item, DIGS suicide items, KSADS suicide

items
UCSF Adolescent MDD BDI-II suicidal ideation item Columbia Suicide Severity Rating Scale
Yale School of Medicine Beck Scale for Suicidal Ideation, Suicide Intent Scale,

Columbia Suicide Severity Rating Scale, Hamilton
Depression Rating Scale, Children’s Depression
Rating Scale

Note. VA = Veteran Affairs; CDI = Children’s Depression Inventory; STB = Suicidal Thoughts and Behaviour; MDD = Major Depressive Disorder;
CHU = Centre Hospitalier Universitaire; UCSF = University of California, San Francisco; BDI = Beck Depression Inventory; MADRS = Montgomery–
Asberg Depression Rating Scale; HAM-D = Hamilton Depression Rating Scale; MINI = Mini International Neuropsychiatric Interview; RCADS = Revised
Children’s Anxiety and Depression Scale; YSR = Youth Self-Report; QIDS = Quick Inventory of Depressive Symptomatology; IDAS-II = Inventory of
Depression and Anxiety Symptoms; KSADS = Kiddie Schedule for Affective Disorders and Schizophrenia; IDS = Inventory of Depressive Symptomatology;
DIGS = Diagnostic Interview for Genetics Studies; C-SSRS = Columbia Suicide Severity Rating Scale; SITBI = Self-Injurous Thoughts and Behaviors
Interview; SCID = Structured Clinical Interview for Diagnostic and Statistical Manual of Mental Disorders.
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dimensionality reduction while capturing the main underlying latent
factor related to suicidality which these instruments assess.

Correlation Analyses

Results of our correlation analyses are summarized in Figure 1b.
Full results are provided in Supplemental Table S5. As explained in
the Method section, multi-item instruments were summarized using
factor analysis for dimensionality reduction. From now on, when
referring to the multi-item instruments listed in the Method section,
we are referring to the common factor score obtained by the
dimensionality reduction approach. Overall, moderate-to-high cor-
relations (median r = 0.44) were observed among all the studied
instruments (including single item and common factor of multi-item
instruments). Nonetheless, the common factor of the SIS showed
poor correlations (median r ∼ 0.20) with most of the instruments
tested. This result is not unexpected; the SIS was applied by a single
cohort (N = 16) and assesses suicide intent during a suicide attempt
and no suicidal ideation or behavior as the other instruments do
(see Discussion section).
The instrument with the highest consistency (i.e., highest median-

weighted correlations with other instruments) was the IDS-Clinician
rated measure (median r = 0.76). However, few pairs of cohorts had
data for this instrument. The C-SSRS and SSI instrument showed a
very high concordance (r = 0.83, N = 191) with each other. In
addition, there was a strong correlation between the HAM-D
suicidal ideation item and the same item in the version of this
questionnaire for children, the CDRS, but this was supported by a
single cohort (r= 0.94,N= 20). The MADRS suicidal ideation item
showed a high correlation with the HAM-D (r = 0.67, N = 1,087)
and BDI (r= 0.74,N= 844) suicidal ideation items and with the SSI
instrument common factor (r = 0.67, N = 119). The HAM-D and
BDI suicide items showed only a moderate correlation (r = 0.41,
N = 2,555) between them. Both of these measures were moderately
correlated with the SSI (r = 0.38, N = 429 and r = 0.36, N = 350,
respectively). Moderate-to-low correlations were observed for the
group comprising child scales (YSR, RCADS, and Children’s
Depression Inventory), but these were only collected by one cohort.
The MINI and SSS common factors showed a low correlation (r =
0.12), which was also supported by a single cohort only (N = 64). A
secondary analysis excluding suicide deterrents or protective factors
before dimensionality reduction showed practically the same results
(Supplemental Figure 1).

Recent Versus Lifetime STB

Cohorts applied different instruments assessing STB with differ-
ent time frames. For example, the C-SSRS could be used to assess
lifetime, time since last assessment, and recent (past 2 weeks)
suicidal behavior information, whereas other instruments might
be worded around the past month, 2 weeks, week or even at the
time of assessment. This is a potential source of heterogeneity for
studies wishing to compare these measures. For this reason, we
repeated the analyses only focusing on measures applied to a recent
(within the past month) time frame and compared them to the results
shown above. These analyses showed similar correlations overall.
Notably, concordance between the C-SSRS and the HAM-D, as well
as C-SSRS and BDI, was higher when focusing only on recent
instruments (Figure 2a–b).

Comparing Clinician and Self-Report Scales

We gathered information on whether the distinct instruments
were administered by a clinical interview or by self-report (Table 2),
and the majority of instruments were administered by a clinician or
trained interviewer. Within interviewer-administered scales, high
correlations (r > 0.7) were observed between the SSI, C-SSRS,
MADRS, and QIDS instruments. A similar result was observed
between HAM-D and MADRS (r = 0.67). The SIS still showed a
lower consistency with most other instruments (Figure 2c). For the
self-report-based instruments, less data were available. Among the
self-reported instruments, the BDI and IDAS, as well as the SSI and
QIDS instruments showed a high concordance (Figure 2d). For
interviewer-based measures, we were able to replicate the pattern
from the main analyses: high correlations between single-item
measures and measures assessing recent suicidal ideation (HAM-
D, MADRS), strong correlations between detailed measures of STB
(C-SSRS and SSI), and low correlations between the SIS and other
measures. Nonetheless, we identified pairs of instruments such as
the HAM-D and BDI whose low correlation in the main analysis
might be explained by differences in administration (i.e., self-report
vs. interviewer).

Construct-Specific Analyses

Overall, given the small number of cohorts with multi-item
instruments, there were few instances where a comparison between
construct factors was possible. Results were consistent with the full
data analyses, for example, the SSI and C-SSRS suicide ideation
constructs showed a high correlation (r= 0.84; Supplemental Figure
2). The MADRS single item showed a high correlation with the
KSADS suicide attempt construct, but not with the C-SSRS suicide
attempt construct. Single-item instruments, on average, showed a
higher correlation with the ideation constructs of multi-item instru-
ments compared to the other constructs. Consistent with our previ-
ous results, single item showed a very poor correlation with suicide
intent constructs and moderate-to-low correlations with suicide
attempt constructs (Supplemental Figure 2).

Discussion

Our study is a comprehensive assessment of how well different
suicide risk assessment instruments relate to each other and the extent
to which they can be used interchangeably. Harmonization reduces
heterogeneity and increases power for discovery analyses, but also
enables the assessment of the generalizability of studies and opens up
the opportunity to investigate other aspects such as interactions and
individual variation analysis (van Harmelen et al., 2021). Identifica-
tion of correlates of suicide risk may be improved by increasing
sample sizes, and by pooling data across studies to detect small effect
sizes, which may result from large variance in underlying mechan-
isms. Our study aimed to examine the concurrent validity of instru-
ments commonly used to assess STBs. To this end, we compared
individual-level responses across questionnaires by pooling data from
27 cohorts belonging to the ENIGMA-MDD and ENIGMA-STB
working groups. We compared our results to a systematic literature
search across 225 studies.

A potential source of variance is the heterogeneity introduced
by using different suicide risk assessment instruments that each
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Figure 2
Sensitivity Results

Note. Undirected acyclic graph shows the results for the meta-analysis of correlations of suicide risk assessment
instruments across ENIGMA cohorts for the complete results (a); using only measures assessing recent (up to past
month) suicidal behavior (b); instruments administered via self-report (c); or using interviewer administered
instruments (d). Each node represents one of the instruments included in the study. Each edge color represents the
sample size–weighted average correlation coefficient between two instruments. The thickness of the edge increases
with the number of cohorts contributing to estimate the correlation. Generally speaking, the thicker the edge the
more confidence in the correlation estimate. *For multi-item instruments, dimensionality reduction was carried out
by extracting common factor scores. QIDS = Quick Inventory of Depressive Symptomatology suicidal ideation
item; SITBI = Self-Injurous Thoughts and Behaviors Interview; MADRS = Montgomery–Asberg Depression
Rating Scale suicidal ideation item; SSI = Scale for Suicidal Ideation; C-SSRS = Columbia Suicide Severity
Rating Scale; CDRS=Children’s Depression Rating Scale suicidal ideation item; IDAS= Inventory of Depression
and Anxiety Symptoms; SIS = Beck’s Suicide Intent Scale; SCID = Structured Clinical Interview for Diagnostic
and Statistical Manual of Mental Disorders suicide questions; BDI = Beck Depression Inventory suicidal ideation
item; SIQ = Suicidal Ideation Questionnaire; CDI = Children’s Depression Inventory; RCADS = Revised
Children’s Anxiety and Depression Scale suicidal ideation item; YSR = Youth Self-Report suicide item; DIGS =
Diagnostic Interview for Genetics Studies items on suicidal ideation and behavior; KSADS = Kiddie Schedule for
Affective Disorders and Schizophrenia; MINI=Mini International Neuropsychiatric Interview suicidality module;
SSS = Suicide Score Scale; HAM-D = Hamilton Depression Rating Scale item on suicidal ideation; ENIGMA =
Enhancing NeuroImaging Genetics through Meta-Analysis; IDS = Inventory of Depressive Symptomatology.
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measure is slightly different underlying phenomena. Both the results
of our analysis and our literature search identified moderate-to-high
correlations between the most commonly used instruments to assess
suicidal ideation, including the BDI, SSI, HAM-D, and MADRS,
and between multi-item instruments (such as the C-SSRS and SSI).
These findings are consistent with another study which showed
strong correlations between the SSI, BDI, and HAM-D (Desseilles
et al., 2012). Nonetheless, our results were consistently more
conservative than the literature (e.g., showing a lower degree of
correlation). This could be explained in several ways. This might be
evidence for publication bias whereby only positive and expected
associations are published. Heterogeneity arising from the way these
instruments are administered (i.e., time frames for suicidal behaviors
and self-report vs. interview-based) might also affect the results. We
performed sensitivity analyses testing for these factors. For exam-
ple, the low correlations between BDI and HAM-D may be ex-
plained by the fact that the BDI is a self-report measure, whereas the
HAM-D is typically administered via a clinician interview. There
are studies showing that participants are more likely to disclose
suicidal ideation in self-reported measures compared to clinical
interviews (Kaplan et al., 1994; Yigletu et al., 2004). It is unclear
whether a similar phenomenon underlies our results, given that
the discrepancy is seen across cohorts rather than in individuals.
Another example includes the correlation between the BDI and
C-SSRS common factor, which became higher when focusing on
the interview-based cohort only. Nonetheless, this explanation does
not always hold true, for example, the MADRS (also interview-
based) correlated well with the BDI.
Our unique methodology was chosen to integrate slightly differ-

ent versions of instruments (i.e., self-reported vs. interview-admin-
istered). By extracting common factor scores for the multi-item
instruments, we were able to obtain a measure of the underlying
suicidal risk being measured by the instruments while reducing the
need to adjust for slightly different wording or items between
versions. This approach might be more conservative than those
used in previous studies as it is focused on measuring suicide risk
rather than a specific construct such as attempt or ideation. As such,
instruments that mainly focused on a specific aspect of STB such
as suicidal ideation (e.g., the SIQ) are expected to show a lower
correlation with more broad instruments that assess a range of
relevant behaviors, such as the C-SSRS.
It is worth noting that suicidal constructs may share a common

liability, but they may also have partially independent etiologies.
The SIS was the only measure with overall low measures of
consistency in both our analyses and the literature search. Our
findings do not necessarily imply that the SIS (or any of the
measures studied) lacks utility, but rather that there is a lack of
concordance with other measures which could be due to assessment
of different constructs or other sources of heterogeneity. As such,
future studies specifically focused on harmonization across suicidal
measures should account for the design differences present in the
SIS or single-item instruments and assess whether their inclusion
provides valuable information. However, caution is warranted in
interpreting the SIS findings as they were based on two cohorts only.
Although our literature search identified a low concordance between
the SIS and both the SIQ and the C-SSRS, a high concordance was
reported between SIS and the K-SADS. These results are likely
explained by the fact that the SIS is a questionnaire mainly focused
on assessing intent of a past suicide attempt. This is further

complicated by the intricate relationship between suicidal ideation,
attempt, and actual suicide intent. Participants might engage in a
suicide attempt with a relatively low intent to die. In fact, previous
studies have identified that combining the SIS with other scales
increases sensitivity and specificity for predicting suicide deaths
(Stefansson et al., 2015). In a secondary analysis focusing on the
suicide intent construct of multi-item instruments, we observed a
very poor correlation between all single-item instruments and the
suicide intent factors.

Our study represents a comprehensive approach to assess the
concordance and reliability of commonly used suicide risk assess-
ment instruments. Nonetheless, some limitations need to be consid-
ered when interpreting our findings. Our literature search was as
exhaustive and systematic as was practicable; however, we cannot
rule out the possibility that some relevant studies were excluded
because they are not indexed in the databases we searched. Lan-
guage and cultural differences between cohorts might also affect
whether two instruments are concordant. Our study comprised
predominantly English-speaking participants, but some cohorts
included French-, Dutch-, and German-speaking participants. Lim-
ited research is available on whether language affects reporting of
psychiatric symptomatology (Erkoreka et al., 2020). Participants
might have undergone evaluation at different points in time in
relation to the timing of suicidal behaviors or thoughts, and recall
bias could lower the concordance between instruments. In fact, our
sensitivity analyses showed that the time frame and administration
of the scale used can affect how different measures compare with
each other and that most single-item instruments seem to correlate
better with suicide ideation constructs rather than attempt or intent
constructs. When focusing on multi-item instruments, we performed
dimensionality reduction using factor scores derived from FIML.
Our approach was based on the fact that some instruments have
multiple versions. Thus, our approach is not an exploratory or
confirmatory factor analysis of the multi-item instruments used
here. Performing such a study is outside the scope of this article
as it would require complete harmonization of the questionnaires
across cohorts and to focus solely on the multi-item instruments.
Finally, we did not compare how single-item instruments on
suicidality relate to broad depression or psychiatric interviews,
future studies could tackle questions of convergence with broader
constructs, such as depression, and of temporal stability over time,
using a similar strategy as the one we employed here.

While our sensitivity analysis only distinguished between lifetime
and recent time frames, it is possible that these effects exist even
within recent time frames such as instruments assessing current
versus past 2 week behaviors. These limitations might explain the
lower concordance identified by our analysis compared to the
literature synthesis, which studied a compendium of smaller albeit
less heterogeneous studies. Additionally, while this was a large
study, many sites had a distinct combination of measures collected
(max N ˜ 2,500); therefore, we did not have the power to perform
additional sensitivity analyses in adults or adolescents only. Future
studies should focus on addressing this, as there are clear factors
associated with suicidality (e.g., mood reactivity) that are more
prevalent during adolescence (Armey et al., 2015). We were also
unable to stratify our analyses by the type of psychiatric diagnosis,
while prior work found that the correlation between self-report and
clinician-reported suicidal thoughts may differ across disorders
(Gao et al., 2015; Kaplan et al., 1994). In addition, most sites in
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the analysis included single items from depression severity rating
scales, and detailed information from multi-item instruments was
only available for one third of the participants. Finally, in this study,
we have only included cross-sectional data, which means we are
unable to shed light on how different measures assess changes in
ideation or suicidal behavior over time. A recent study for instance
has shown that the suicide item of the Ham-D was more strongly
associated with suicidal ideation at follow-up, compared to the SSI
and C-SSRS (McCall et al., 2021). Existing longitudinal studies
suggest that suicidal ideation and suicidal behavior, measured here,
are significant, weak predictors of death by suicide. Thus, this work
may not shed light on the best tools to identify high-risk individuals
and states and, instead, is focused on convergence of existing tools.
Overall, our results suggest that the most commonly used instru-

ments show a moderate-to-high concordance. Use of different
measures of suicidality might increase heterogeneity depending
on the distinct dimensions and constructs assessed by each instru-
ment. For research studies pooling data from multiple studies and
interested in a broad suicidal risk construct, a strategy similar to ours
could enable the implementation of composite scores by weighing
more concordant measures heavily and penalizing less concordant
measures. This would enable the inclusion of data from cohorts
which have only weakly related instruments to increase power, but
at the same time prevent bias by weighing these measures accord-
ingly. In the absence of such an approach, large-scale research
collaborations could focus on strictly defined suicide constructs
such as suicidal ideation, attempt, and intent that are preferentially
defined using the most common instruments such as—among
others—the HAM-D, MADRS, SSI, C-SSRS. In the absence of a
common instrument, or when using an instrument that we found to
have low concordance, sensitivity analyses could be performed to
assess whether significant results are robust, or at least consistent,
after excluding cohorts using the least common instruments. We
strongly recommend that future studies that plan to collect data on
STBs include one or more of the instruments that showed strong
correlationswith instruments, such as theMADRS, SSI, and C-SSRS.
The moderate-to-high concordance between measures suggests

that it is possible to harmonize across instruments and pool data
from different research studies. However, it is important to acknowl-
edge that the choice for a specific measure in a clinical setting
depends on the construct that is of interest, as various instruments
assess distinct constructs, for instance, intent, ideation, or attempt.
Therefore, these measures cannot be blindly used interchangeably.
These instruments may additionally differ in terms of detail and
administration time, which may also impact which measures could
be preferred in a clinical setting. For research settings, our results
suggest that all of these factors will likely increase heterogeneity,
and statistical adjustment or sensitivity analyses, along with increas-
ing sample sizes, will be necessary for gaining insights into the
etiology of suicide.
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