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Abstract

Background

Worldwide, nearly 800,000 individuals die by suicide each year; however, longitudinal pre-
diction of suicide attempts remains a major challenge within the field of psychiatry. The
objective of the present research was to develop and evaluate an evidence-based suicide
attempt risk checklist [i.e., the Durham Risk Score (DRS)] to aid clinicians in the identifica-
tion of individuals at risk for attempting suicide in the future.

Methods and findings

Three prospective cohort studies, including a population-based study from the United States
[i.e., the National Epidemiologic Survey on Alcohol and Related Conditions (NESARC)
study] as well as 2 smaller US veteran cohorts [i.e., the Assessing and Reducing Post-
Deployment Violence Risk (REHAB) and the Veterans After-Discharge Longitudinal Regis-
try (VALOR) studies], were used to develop and validate the DRS. From a total sample size
of 35,654 participants, 17,630 participants were selected to develop the checklist, whereas
the remaining participants (N = 18,024) were used to validate it. The main outcome measure
was future suicide attempts (i.e., actual suicide attempts that occurred after the baseline
assessment during the 1- to 3-year follow-up period). Measure development began with a
review of the extant literature to identify potential variables that had substantial empirical
support as longitudinal predictors of suicide attempts and deaths. Next, receiver operating
characteristic (ROC) curve analysis was utilized to identify variables from the literature
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review that uniquely contributed to the longitudinal prediction of suicide attempts in the
development cohorts. We observed that the DRS was a robust prospective predictor of
future suicide attempts in both the combined development (area under the curve [AUC] =
0.91) and validation (AUC = 0.92) cohorts. A concentration of risk analysis found that across
all 35,654 participants, 82% of prospective suicide attempts occurred among individuals in
the top 15% of DRS scores, whereas 27% occurred in the top 1%. The DRS also performed
well among important subgroups, including women (AUC = 0.91), men (AUC = 0.93), Black
(AUC =0.92), White (AUC = 0.93), Hispanic (AUC = 0.89), veterans (AUC = 0.91), lower-
income individuals (AUC = 0.90), younger adults (AUC = 0.88), and lesbian, gay, bisexual,
transgender, and queer or questioning (LGBTQ) individuals (AUC = 0.88). The primary limi-
tation of the present study was its its reliance on secondary data analyses to develop and
validate the risk score.

Conclusions

In this study, we observed that the DRS was a strong predictor of future suicide attempts in
both the combined development (AUC = 0.91) and validation (AUC = 0.92) cohorts. It also
demonstrated good utility in many important subgroups, including women, men, Black,
White, Hispanic, veterans, lower-income individuals, younger adults, and LGBTQ individu-
als. We further observed that 82% of prospective suicide attempts occurred among individu-
als in the top 15% of DRS scores, whereas 27% occurred in the top 1%. Taken together,
these findings suggest that the DRS represents a significant advancement in suicide risk
prediction over traditional clinical assessment approaches. While more work is needed to
independently validate the DRS in prospective studies and to identify the optimal methods
to assess the constructs used to calculate the score, our findings suggest that the DRS is a
promising new tool that has the potential to significantly enhance clinicians’ ability to identify
individuals at risk for attempting suicide in the future.

Author summary

Why was this study done?

» Nearly 800,000 individuals die by suicide each year worldwide; however, longitudinal
prediction of suicide attempts remains a major challenge within the field of psychiatry.

o Current clinical risk instruments and assessments to detect risk for future suicide
attempts lack sufficient diagnostic accuracy to guide treatment decisions.

What did the researchers do and find?

o The goal of this study was to develop and evaluate a risk score (the Durham Risk Score
or DRS) to aid clinicians in identifying individuals at risk for attempting suicide.

« Secondary analyses were conducted on 3 prospective cohort studies from the US (total
sample size = 35,654 participants), including a large general population study and 2
smaller veteran cohorts.
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o The risk score was a strong predictor of future suicide attempts in both the combined
development (area under the curve [AUC] = 0.91) and validation (AUC = 0.92) cohorts.
Moreover, 82% of prospective suicide attempts occurred among individuals in the top
15% of risk scores, whereas 27% occurred among individuals scoring in the top 1% of
risk scores.

o The risk score also performed well among important subgroups, including women,
men, Black, White, Hispanic, veterans, lower-income individuals, younger adults, and
lesbian, gay, bisexual, transgender, and queer or questioning (LGBTQ) individuals.

What do these findings mean?

« Our findings suggest that the DRS is a promising new tool that has the potential to
enhance clinicians’ ability to identify individuals at risk for attempting suicide.

o The primary limitation of this work is its reliance on secondary data analyses to develop
and validate the score.

o More work is needed to independently validate the DRS in prospective studies and to
identify the optimal methods to assess each of the constructs used to calculate the score.

Introduction

Suicide accounted for 793,000 deaths worldwide in 2016 and was the second leading cause of
death among 15 to 29 year olds [1]. Moreover, within the US, age-adjusted suicide rates have
increased by 33% since 1999 [2]. Unfortunately, prospective prediction of suicidal behavior
remains a major challenge for the field of psychiatry [3]. For example, a 2017 meta-analysis of
longitudinal risk factors for suicidal behavior found the overall weighted odds ratio (OR) for
prospective predictors of suicide attempts to be 1.5 [3]. When diagnostic accuracy was exam-
ined, no risk factor category (including suicide screeners) had a weighted area under the curve
(AUC) greater than 0.61 for the prediction of future suicide attempts [3]. Similarly, a 2019
study [4] designed to prospectively evaluate several of the most commonly used suicide
attempt risk instruments in the US, including the Columbia-Suicide Severity Rating Scale
(C-SSRS [5]; a widely used suicide risk assessment instrument recommended for use in drug
trials [6]), the Self-Harm Behavior Questionnaire (SHBQ [7]), the Suicidal Behaviors Ques-
tionnaire-Revised (SBQ-R [8]), and the Beck Scale for Suicide Ideation (BSS [9]), found that
none of these instruments had an AUC above 0.67 in relation to future suicide attempts [4].
Similarly, a 2018 study by Randall and colleagues [10] also found that the C-SSRS was only
moderately accurate at predicting future attempts (AUC = 0.67) and death by suicide

(AUC =0.68) [10].

In England, Quinlivan and colleagues investigated the extent and type of suicide risk scales
utilized by emergency department clinicians and mental health staff members from a stratified
random sample of 32 hospitals and found that the most frequently used suicide risk assessment
instruments were unvalidated, locally developed scales [11]. Indeed, 22 of 32 (68.8%) English
hospitals included in this study used an unvalidated instrument to assess suicide risk, leading
the authors to conclude that there is presently little consensus among clinicians and hospital
systems regarding the best instrument to use to assess suicide risk [11]. In the remaining third
of English hospitals included in the study, the SAD PERSONS scale (SPS) [12] emerged as the
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most frequently used standardized approach to suicide risk assessment [11]. Unfortunately,
recent studies have found that the AUC for the SPS for prediction of future suicide attempts is
not better than chance (AUC = 0.51 to 0.57) [13,14]. Two other similarly structured and fre-
quently used clinical risk approaches, including the Manchester Self-Harm Rule [15] and the
ReACT Self-Harm Rule [16], performed better (AUC = 0.71 for both [13]), but still well below
the level of discrimination typically recommended for clinical decision-making (i.e., AUC
>0.90). While discouraging, these findings are consistent with a recent systematic review and
meta-analysis of currently available suicide risk instruments including (among others) the
C-SSRS [5], BSS [9], SPS [12], the Manchester Self-Harm Rule [15], and the ReACT Self-Harm
Rule [16] that concluded that there is presently “. .. no scientific support for the use of suicide
risk instruments for predicting suicidal acts” [17].

Given such findings, it is perhaps not surprising that the American Psychiatric Associa-
tion’s (APA) Practice Guideline for the Assessment and Treatment of Patients with Suicidal
Behaviors [18] recommends that psychiatrists utilize their clinical judgment to estimate
patients’ overall level of suicide risk based on a comprehensive psychiatric evaluation, rather
than relying on a standardized instrument to estimate suicide risk. The guideline further indi-
cates that psychiatrists should consider no less than 70 different risk and protective factors
when attempting to estimate patients’ suicide risk, including history of suicidal thoughts/
behaviors (5 factors), psychiatric diagnoses (8 factors), physical illnesses (12 factors), psychoso-
cial features (6 factors), childhood traumas (2 factors), genetic and familial effects (2 factors),
psychological features (12 factors), cognitive features (4 factors), demographic features (6 fac-
tors), additional features (3 factors), and protective factors (10 factors) [18].

Regrettably, there is little reason to believe that clinician prediction is more accurate at pre-
dicting future suicidal behavior than structured assessments [10,19]. For example, Randall and
colleagues [10] examined the accuracy of clinician prediction of suicide risk and found that cli-
nician assessment was also only moderately accurate at predicting future suicide attempts
(AUC = 0.73). Moreover, clinician prediction of future death by suicide was no better than
chance (AUC = 0.55; 95% confidence interval [CI]: 0.36 to 0.73) [10]. These findings are con-
sistent with a 2019 meta-analysis conducted by Woodford and colleagues [19] that evaluated
the accuracy of clinician prediction in relation to future self-harm (note that the term “self-
harm” encompasses both suicidal and nonsuicidal self-injury [NSSI]). This meta-analysis
(which did not include the study by Randall and colleagues [10] cited above) estimated sensi-
tivity for clinician prediction of future self-harm to be 0.31 [19], indicating that clinician pre-
diction in the included studies failed to identify 69% of the individuals who went on to engage
in future self-harm. While specificity (0.85) for clinician prediction of self-harm was markedly
better than sensitivity, overall classification remained poor. Woodford and colleagues [19] did
not report the AUC value for clinician prediction of future self-harm in their meta-analysis;
however, in preparation for the present work, we utilized Idrees and colleagues’ [20] approach
to calculate AUC from the classification data provided by Woodford and colleagues [19],
which included 1,685 true positives (TPs), 5,996 false positives (EPs), 1,556 false negatives
(FNs), and 13,262 true negatives (TNs). This calculation revealed that the AUC value for clini-
cian prediction for future self-harm across the 22,499 cases examined by Woodford and col-
leagues [19] was 0.60 (where AUC = (1/2) * [(TP/(TP+EN)) + (TN/(TN+FP))]. Thus, we
concur with Woodford and colleagues’ conclusion that clinician estimation of future self-
harm is too inaccurate to be clinically useful [19].

As a result of concerns over the poor diagnostic accuracy of both clinician prediction
[10,19] and existing clinical suicide risk assessments [3-17], a number of statistically driven
suicide risk algorithms based on electronic health record (EHR) data have been developed in
recent years and are already showing substantial promise [21-24]; however, such approaches
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have also been criticized for having limited practical utility [24]. In addition to problems
related to low positive predictive values (PPVs) [10], such models also have pragmatic short-
comings, such as (1) not being available for individuals outside the healthcare systems where
they were originally developed; (2) not being able to be applied to first-time patients or patients
who do not meet certain criteria (e.g., a history of mental health appointments in the EHR);
(3) being impractical for clinicians to calculate on their own; and (4) being difficult for clini-
cians to interpret because scores are often derived from machine learning approaches that rely
on hidden layers, nonlinear models, and complex higher-order interactions. Thus, while
machine learning-based algorithms derived from EHR data appear to substantially outper-
form clinician prediction and traditional clinical assessment approaches in terms of diagnostic
accuracy, they also have a number of pragmatic shortcomings that potentially limit their use-
fulness for practicing clinicians.

Thus, there remains a pressing need for a risk assessment tool capable of helping clinicians
to accurately identify individuals at risk for attempting suicide in the future. The Durham Risk
Score (DRS; Fig 1) is a suicide attempt risk checklist developed using both rational and quanti-
tative methods to meet this specific need. This report describes the initial development and
validation of the DRS, including its utility in predicting future suicide attempts over a 1- to

Durham Risk Score (DRS) Checklist, Version 1.0 *

Risk Factor Yes No Nl\‘/;tisss‘il:;/ Score

1 Has the patient attempted suicide in lifetime? ** 2 0 0
2 Has the patient experienced suicidal ideation in the past 12 months? 1 0 0
3 Has the patient experienced suicidal ideation in lifetime? 1 0 0
4 Has the patient engaged in nonsuicidal self-injury in lifetime? ** 2) 0 0
5 Has the patient been hospitalized for a psychiatric or substance use problem in the past 12 months? 1 0 0
6 Has the patient been hospitalized for a psychiatric or substance use problem in lifetime? ** 2 0 0
7 Has the patient ever met criteria for borderline personality disorder in lifetime? ** 2 0 0
8 Has the patient ever met criteria for bipolar disorder, depression, or dysthymia in lifetime? 1 0 0
9 Has the patient met criteria for posttraumatic stress disorder in the past 12 months? 1 0 0
10 Has the patient met criteria for a substance use disorder in the past 12 months? 1 0 0
11 Has the patient been binge drinking on a weekly basis for the past 12 months? 1 0 0
12 Does the patient have a history of violent behavior, or has the patient ever been incarcerated in lifetime? 1 0 0
13 Does the patient currently smoke? 1 0 0
14 Does the patient report extreme difficulty falling or staying asleep in the past few weeks? 1 0 0
15 Was the patient sexually abused or sexually assaulted as either a child or as an adult? 1 0 0
16 Was the patient physically abused before the age of 18? 1 0 0
17 Is the patient currently lower income (i.e., is the patient's annual household income below two-thirds of the national median)? 1 0 0
18 Is the patient currently unemployed? 1 0 0
19 Does the patient identify as lesbian, gay, bisexual, transgendered, queer, or questioning? 1 0 0
20 Was the patient assigned female sex at birth? 1 0 0
21 Is the patient currently under the age of 35? 1 0 0
22 Does the patient have less than a high school education? 1 0 0
23 In general, does the patient rate their health as only "fair" or "poor"? 1 0 0

Durham Suicide Risk Score Total =

Durham Suicide Risk Group Assignment =

Predicted Probability of Attempting Suicide within 3 Years =

* The Durham Risk Score (DRS) was developed by Dr. Nathan A. Kimbrel as part of his official duties for the U. S. Department of Veterans Affairs. As such, it is freely available to clinicians, administrators, and researchers for non-
commercial purposes. Please see the DRS Manual and Scoring Guidelines for recommendations on how to assess each of the 23 constructs used to calculate the score. ** Item is weighted as a "2" in the calculation of the score. All oth-

er items are weighted as a "1" in the score.

Fig 1. The DRS Checklist, Version 1.0. DRS, Durham Risk Score.

https://doi.org/10.1371/journal.pmed.1003713.g001
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3-year period across a large and diverse cohort of participants from the US [25-27]. In creating
this measure, our goal was to create a suicide risk calculator similar in nature to the well-
known Framingham Risk Score and pooled cohort equations that are widely used to screen
individuals for 10-year risk of cardiovascular disease [28]. We hypothesized that by combining
a broad array of empirically supported risk factors for suicidal behavior [3-18,21-24,26,27,29-
43] into a clinical checklist that we could significantly enhance clinicians’ ability to identify
individuals at risk for attempting suicide in the future.

Methods

Participants

National Epidemiologic Survey on Alcohol and Related Conditions study. The National
Epidemiologic Survey on Alcohol and Related Conditions (NESARC) study [25,44,45] is a large,
longitudinal general population study conducted by the National Institute on Alcohol Abuse
and Alcoholism in the US. The initial NESARC study included a nationally representative sam-
ple of 43,093 participants assessed for a wide array of psychiatric and substance use issues in
2001 to 2002 [25]. Wave 2 occurred 3 years later and included follow-up interviews with 34,653
of the participants from Wave 1 (see Grant and colleagues [25,44,45] for additional details
regarding study procedures for the NESARC project). The current analyses were restricted to
the 34,641 NESARC participants who participated in Waves 1 and 2 and had follow-up suicide
attempt data available from Wave 2. The random selection procedure from the IBM SPSS Statis-
tics 24 software package was used to generate 4 random subsets of participants from the
NESARC dataset, including 2 for development [NESARC 1 (N = 8,872) and NESARC 2
(N = 8,525)] and 2 for validation [NESARC 3 (N = 8,516) and NESARC 4 (N = 8,728), see
Table 1 for sample characteristics]. Sampling was performed without replacement to ensure that
each case was not selected more than once. Note that the 4 subsets of participants from NESARC
did not differ by rate of prospective suicide attempts, p = 0.973; lifetime suicide attempts,

p = 0.729; gender, p = 0.541; age, p = 0.448; race, p = 0.814; sexual orientation, p = 0.839; educa-
tion, p = 0.343; income, p = 0.67; or employment status, p = 0.923. See Grant and colleagues
[25,44,45] for additional details regarding study procedures for the NESARC study.

Assessing and Reducing Post-Deployment Violence Risk study. The Assessing and
Reducing Post-Deployment Violence Risk (REHAB) sample was comprised of Iraq/Afghani-
stan-era veterans from the US who participated in a 1-year longitudinal study entitled “Assess-
ing and Reducing Post-Deployment Violence Risk” that focused on examining the association
between post-traumatic stress disorder (PTSD), traumatic brain injury (TBI), and violence
[26,46].To be eligible for the present analyses, participants had to have no history of post-
deployment suicide attempts at the time of the baseline assessment as well as follow-up suicide
attempt data available for analysis. The former inclusion criteria were used to ensure that all
prospective suicide attempts reported at the 6- and 12-month follow-up assessments truly rep-
resented new instances of suicide attempts, as this study relied exclusively on self-report to
assess suicide attempts. Additional details regarding this study’s methodology can be found in
Elbogen and colleagues [46] and Adkisson and colleagues [26].

Veterans After-Discharge Longitudinal Registry study. The Veterans After-Discharge
Longitudinal Registry (VALOR) sample was comprised of US veterans who participated in the
VALOR study [27,47], a 2-year longitudinal study of Iraq/Afghanistan-era veterans. Analyses
were limited to participating veterans (N = 780) with complete baseline data and follow-up sui-
cide attempt data available for analysis. Further details regarding this study’s methodology can
be found in Rosen and colleagues [47] and Lee and colleagues [27].
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Table 1. Descriptive statistics for the longitudinal samples used to develop and validate the DRS.

NESARC 1 NESARC 2 REHAB NESARC 3 NESARC 4 VALOR
Key reference(s) Grant et al. Grant et al. Elbogen et al. [46] and Grant et al. Grant et al. Rosen et al. [47] and
[25,44-45] [25,44-45] Adkisson et al. [26] [25,44-45] [25,44-45] Lee et al. [27]
Study name/acronym NESARC NESARC REHAB NESARC NESARC VALOR
Purpose | Development Development Development Validation Validation Validation
Participants 8,872 8,525 233 8,516 8,728 780
Approximate follow-up 2-3 2-3 1 2-3 2-3 2
period in years
Age mean 46.1 459 40.4 459 46.0 36.9
Age SD 17.4 17.4 10.6 17.3 17.4 9.7
Female 5,146 (58%) 4,971 (58.3%) 39 (16.7%) 4,959 (58.2%) 5,003 (57.3%) 405 (51.9%)
White 5,233 (59%) 4,982 (58.4%) 86 (36.9%) 4,885 (57.4%) 5,063 (58%) 637 (81.7%)
Black/African-American | 1,666 (18.8%) 1,620 (19%) 127 (54.5%) 1,641 (19.3%) 1,649 (18.9%) 111 (14.2%)
Hispanic/Latino ethnicity | 1,580 (17.8%) 1,563 (18.3%) 11 (4.7%) 1,596 (18.7%) 1,616 (18.5%) 91 (11.7%)

Military veteran 459 (5.2%) 430 (5%) 233 (100%) 442 (5.2%) 515 (5.9%) 780 (100%)
History of psychiatric | 4,679 (52.7%) 4,459 (52.3%) 165 (69.5%) 4411 (51.8%) | 4,590 (52.6%) 599 (76.8%)
disorders
History of suicide attempts 224 (2.5%) 213 (2.5%) 11 (4.7%) 234 (2.7%) 229 (2.6%) 634 (18.7%)
Prospective attempts during 62 (0.7%) 57 (0.7%) 10 (4.3%) 62 (0.7%) 60 (0.7%) 37 (4.7%)
study
DRS items assessed 21 (91%) 21 (91%) 18 (78%) 21 (91%) 21 (91%) 15 (65%)
DRS minimum 0 0 0 0 0 0
DRS maximum 20 22 13 20 20 15
DRS SD 2.5 2.5 2.6 2.6 2.5 3.0
DRS mean 3.2 33 3.9 33 3.3 5.8
DRS median 3 3 3 3 3 6
DRS mode 2 2 3 2 2 3
DRS skewness 1.8 1.9 1.1 1.8 1.8 0.4
DRS kurtosis 52 5.4 1 5 5.3 -0.4

*Lifetime suicidal ideation was not directly assessed in VALOR; however, consistent with scoring procedures, participants with a history of attempts or current ideation

were scored as also having lifetime ideation; thus, only 15 of the 23 (i.e., 65%) total DRS items were directly assessed as part of the VALOR study.

DRS, Durham Risk Score; NESARC, National Epidemiologic Survey on Alcohol and Related Conditions; REHAB, Assessing and Reducing Post-Deployment Violence
Risk; SD, standard deviation; VALOR, Veterans After-Discharge Longitudinal Registry.

https://doi.org/10.1371/journal.pmed.1003713.t001

Main outcome variable

The present analyses focused on the prediction of future suicide attempts (as opposed to death
by suicide) for several reasons. First, death by suicide is an extremely rare event. In the US, the
age-adjusted rate of suicide was 13.9/100,000 in 2019 [2]. Suicide attempts are far more com-
mon than suicide deaths [2,31,32] and are among the strongest known predictors of death by
suicide [3,31,32]. Indeed, Olfson and colleagues [32] found that 1.6% of individuals who
attempted suicide died by suicide within 12 months, whereas 3.9% died by suicide within 5
years. Suicide attempts are also routinely assessed in high-quality longitudinal datasets,
whereas there are few, if any, longitudinal research databases with sufficiently large samples
sizes to study death by suicide that also contain high-quality, systematically assessed data on
established predictors of suicidal behavior collected via rigorous research-based assessments.
Of note, Belsher and colleagues [24] recently recommended that future suicide risk models tar-
get more common outcomes, including suicide attempts specifically, to develop better per-
forming models of suicide risk following their review of existing suicide risk models. It is also
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important to recognize that suicide attempts are highly serious events in their own right. As
noted by the World Health Organization [48], “Suicide attempts result in a significant social
and economic burden for communities due to the utilization of health services to treat the
injury, the psychological and social impact of the behaviour on the individual and his/her asso-
ciates and, occasionally, the long-term disability due to the injury.”

Assessment of suicide attempts. Prospective suicide attempts were assessed by trained
interviewers in the NESARC study during the Low Mood portion of the interview with the fol-
lowing question: “During that time since your LAST interview when (your mood was at its
lowest/you enjoyed or cared least about things), did you attempt suicide?” Thus, for the vast
majority of participants included in the present analyses, the main outcome variable was
assessed by an interviewer who was explicitly trained to only record new instances of suicide
attempts that occurred after the initial NESARC baseline assessment.

Similarly, in the VALOR sample, the Self-Injurious Thoughts and Behaviors Interview
(SITBI) [49] was administered at the 2-year follow-up by a trained interviewer who specifically
focused on identifying new instances of suicide attempts that had occurred since the time of
the baseline assessment. Specifically, Project VALOR participants were asked the following
question in relation to the 2-year time period following the baseline assessment: “Have you
ever made an actual attempt to kill yourself in which you had at least some intent to die?” Par-
ticipants’ EHRs were also reviewed for instances of suicide attempts and/or death by suicide as
part of Project VALOR. Further details regarding these procedures can be found in Lee and
colleagues [27] and Rosen and colleagues [47].

Finally, in the REHAB sample, suicide attempts were assessed via self-report with a study-
specific instrument designed to assess pre-deployment suicide attempts, deployment-based
suicide attempts, and post-deployment suicide attempts separately [26]. Because this was the
only study included in the present analyses that relied exclusively on self-report to assess pro-
spective suicide attempts, veterans who reported 1 or more post-deployment suicide attempts
at the time of the baseline assessment were excluded from the present analyses to ensure that
any new instances of post-deployment suicide attempts reported at the 6- and 12-month fol-
low-up assessments truly reflected new occurrences of suicide attempts and were not the result
of a reporting error.

Overview of the analysis plan

The primary analyses underlying the development and validation of the DRS began in April
2018 and ended in July 2020 and were conducted under research protocols approved by the
Institutional Review Boards of the Durham Veterans Affairs Health Care System, Duke Uni-
versity School of Medicine, and the VA Boston Healthcare System. Additional analyses
requested by reviewers during the peer review process were conducted from March 2021 to
April 2021. While a written prospective analysis plan was not developed prior to initiating
work on this project, a systematic approach was used to develop and validate the DRS. Specifi-
cally, measure development began with a review of the extant literature on risk factors for sui-
cidal behavior [3-18,21-24,26,27,29-43]. After identifying and ranking a wide array of
potential longitudinal predictors of death by suicide and suicide attempts from the literature,
secondary data analyses were conducted to develop the DRS in the development samples (i.e.,
NESARC 1, NESARC 2, and REHAB; combined N = 17,630). It was then tested in the valida-
tion samples (i.e., NESARC 3, NESARC 4, and VALOR; combined N = 18,024) to determine if
it continued to be predictive in separate cohorts of similar size and composition. This study is
reported as per the Transparent Reporting of a multivariable prediction model for Individual
Prognosis Or Diagnosis (TRIPOD) reporting guideline (see S1 TRIPOD Checklist).
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Development of the Durham Risk Score

Because our primary goal was to develop a suicide attempt risk checklist that could be used by
clinicians to reliably discriminate high-risk patients from low-risk patients, receiver operating
characteristic (ROC) curve analysis was the primary statistical approach used to develop the
DRS in the development samples. Logistic regression was also utilized to help guide variable
selection procedures in some instances. ROC curves, correlation matrices, and chi-squared
tests were used to evaluate bivariate associations and to identify optimal cut points or iterations
of variables that were maximally predictive of suicide attempts.

We elected to split the NESARC sample into 4 smaller samples to ensure that we would
have (1) 2 large datasets with which to conduct the initial development work in; and (2) 2 large
datasets of similar size and composition in which to test the performance of the final selected
model. That is, consistent with standard holdout cross-validation approaches that utilize a
training dataset (T},) and a validation dataset (T,) to avoid overfitting due to limiting the devel-
opment sample to a single dataset, we utilized 2 large, randomly selected subsets of NESARC
participants to develop the DRS. A third sample (REHAB), which was smaller, collected inde-
pendently, and comprised entirely of veterans (many of whom had psychiatric disorders), was
also included in the development phase to further protect against overfitting and to increase
generalizability of findings. Thus, from a total sample size of 35,654 participants, 17,630 partic-
ipants (including NESARC 1, NESARC 2, and REHAB) were utilized to develop the DRS,
whereas the remaining samples (NESARC 3, NESARC 4, and VALOR; combined N = 18,024)
were held out to test the performance of the DRS in testing datasets (Tt) of similar size and
composition. Table 1 provides descriptive statistics for each of the samples included in the
present analyses.

Consistent with recommendations for building appropriate and stable predictive models
[50,51], independent variable selection was guided by theory [29,30], prior empirical investiga-
tions [3-5,7-18,21-24,26,27,29-43], clinical considerations [3-18,21-24,29-31,48], univariate
and bivariate statistical analyses, and consideration of multicollinearity among independent
variables. Accordingly, independent variable selection and screening began with a review of
the relevant literature concerning risk factors for suicidal behavior [3-5,7-18,21-24,26,27,29-
43]. An a priori decision was made to prioritize variables that had particularly strong empirical
support as longitudinal risk factors in the literature (e.g., recent psychiatric hospitalization)—
even if their effects were less pronounced in our specific samples—in hopes of increasing the
stability and replicability of the checklist in future work.

To simplify quantification of the empirical evidence, we relied on Franklin and colleagues’
[3] meta-analysis, which, in our opinion, was the most comprehensive work on this subject
available at the time of the analyses. The top 10 broad risk categories for suicide deaths and sui-
cide attempts were assigned scores from 1 to 10, where a score of 10 was assigned to the broad
risk categories most strongly associated with suicide deaths and attempts. In addition, the top
5 predictors of suicide deaths and suicide attempts identified in this meta-analysis were also
assigned scores from 6 to 10. Thus, potential evidence scores ranged from 0 to 40 (see Table A
in S1 File). Table 2 provides the empirical evidence score that we assigned to each of the vari-
ables based on the findings from Franklin and colleagues [3] as well as the potential impact of
each variable’s entry into the model on the cumulative AUC value for different iterations of
the DRS across the 3 development samples.

As can be seen in Table 2 and Table A in S1 File, a history of prior suicide attempts was
the variable with the highest total empirical evidence score based on this approach (total
empirical evidence score = 35; mean AUC = 0.62), whereas psychosis/schizophrenia was the
lowest scoring variable (total empirical evidence score = 1; mean AUC = 0.52) that was
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considered. As can be seen in Fig A in S1 File, a statistically significant positive correlation
(r=0.37, p < 0.001) was observed between the total empirical evidence score and the mean
bivariate AUC value for each construct considered across the 3 development samples, provid-
ing support for our general (albeit simplistic) approach to quantifying the empirical evidence
for the variables considered.

To ensure that scoring and interpretation remained as simple as possible (i.e., to ensure
that higher scores would equal higher risk), an a priori decision was also made to only include
dichotomous risk factors with obvious main effects. Thus, protective factors, risk factors that
only had effects in the presence of other variables (e.g., through interactions), and scaled risk
factors were excluded as potential predictors (although in several cases we were able to success-
fully dichotomize items collected on a scale, e.g., sleep problems and perceived health). Addi-
tionally, consistent with Babyak’s recommendations [50], overlapping constructs were
aggregated in many instances to increase model stability and reduce the number of variables
included in the checklist. As a result, composite variables were created for “mood disorders,”
“substance use disorders,” “violence/incarceration,” “sexual abuse/sexual assault,” and “les-
bian, gay, bisexual, transgender, and queer or questioning (LGBTQ)”.

An iterative, sequential approach to model building was taken whereby variables expected
to have strong and pronounced effects on future risk for suicide based on the extant literature
(e.g., prior suicide attempts, hospitalization, NSSI, and suicidal ideation) [3] were entered
before variables with less empirical support (e.g., demographic predictors). We began by calcu-
lating ROC curves for each of the potential predictors across the 3 development samples (see
Table A in S1 File). Then, beginning with the 2 variables we identified as having the strongest
empirical support from the literature (i.e., prior suicide attempts and prior psychiatric hospi-
talization), we evaluated if the combination (i.e., sum) of these 2 variables resulted in an AUC
value that was consistently higher across the development samples than the AUC values for the
individual variables when examined separately. Utilizing this general approach, we systemati-
cally evaluated each new variable for potential inclusion in the checklist until we were unable
to identify any additional variables that improved discrimination of high-risk individuals from
low-risk individuals in 1 or more of the development samples (see Table 2).

The final set of constructs selected for inclusion in the DRS are provided in Table 2, which
also shows the impact of each variable’s entry into the model on the cumulative AUC value for
different iterations of the DRS across the 3 development samples. It is, however, important to
note that an iterative approach was taken to variable selection and that the constructs ulti-
mately selected for inclusion in the DRS were those constructs that not only optimized predic-
tive validity across the 3 development samples, but were also logical from both a theoretical
and clinical perspective [18,29,30]. Other variables from the extant literature [3,18,21-23,29-
43] were also considered (see Table A in S1 File), but not ultimately selected, including
(among others) other psychiatric disorders (e.g., schizophrenia and anxiety disorders), recent
life stressors, and various demographic variables (e.g., marital status). Different orders and
iterations of variables (e.g., frequency, severity, and time frame of assessment) were also con-
sidered in order to optimize the predictive value of variables within the development samples.
Please also note that many other potentially important variables (e.g., suicidal intent, access to
lethal means, suicide plans, and a psychiatric hospitalization during the past 30 days) were not
available for analysis in the samples utilized in the present study.

To be retained in the final version of the checklist, each variable needed to (1) have clear
empirical support in the literature; (2) demonstrate a positive bivariate association with future
suicide attempts in 1 or more of the development samples; (3) evidence incremental validity in
1 or more of the development samples; and (4) show minimal negative impact on incremental
validity in the remaining development samples. Utilizing the approach described above, we
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Table 2. Empirical evidence scores and impact on cumulative AUC values for each of the DRS variables across the 3 development samples.
Entry Variable Broad risk Evidence for | Evidence for | Evidence for | Evidence for | Total NESARC1 | NESARC2 REHAB
order category category for | category for | variable for | variable for | evidence | cumulative | cumulative | cumulative
suicide death | attempts | suicide death attempts score” AUC AUC AUC
Bl E2N Bl Bl
1 Suicide attempt Prior SITBIs 7 10 9 9 35 0.70 0.62 0.53
—lifetime
2 Hospitalization Treatment 10 5 10 6 31 0.70 0.63 0.53
(past year) history
3 Hospitalization— Treatment 10 5 10 6 31 0.74 0.67 0.64
lifetime history
4 NSSI (lifetime) Prior SITBIs 10 0 10 27 0.79 0.78 0.69
5 Suicidal ideation Prior SITBIs 10 8 0 25 0.79 0.78 0.78
(past year)
6 Suicidal ideation Prior SITBIs 7 10 8 0 25 0.82 0.78 0.80
(lifetime)
BPD (lifetime) Psychopathology 8 7 23 0.90 0.84 0.80
Unemployed Social factors 1 0 13 0.90 0.83 0.80
Poor perceived Physical illness 6 0 11 0.90 0.84 0.80
health
10 | Lower income Demographics 0 0 10 0.90 0.84 0.80
11 | Child physical Social factors 6 1 0 7 0.91 0.86 0.85
abuse (lifetime)
12 | Sexual abuse/ Social factors 6 1 0 0 7 0.92 0.87 0.85
assault (lifetime)
13 | Severe sleep Internalizing 2 4 0 0 6 0.92 0.87 0.86
problems (past
year)
14 | PTSD (past year) Internalizing 0 6 0.92 0.88 0.86
15 | Mood disorder Internalizing 2 0 6 0.92 0.87 0.89
(lifetime)
16 | Violence/ Externalizing 4 0 0 0 4 0.92 0.87 0.86
incarceration
(lifetime)
17 | Weekly binges Externalizing 4 0 0 0 4 0.92 0.86 0.87
(past year)
18 | Current smoker Externalizing 0 0.92 0.86 0.88
19 | Substance use Externalizing 0 0.91 0.86 0.89
disorder (past
year)
20 | Younger than 35 | Demographics 0 3 0.91 0.87 0.89
21 | Less than HS Demographics 0 3 0.92 0.87 0.89
education
22 | Sexual minority Demographics 0 3 0.92 0.87 0.89
23 | Female sex at Demographics 0 3 0.92 0.87 0.90
birth
24 | Suicide attempt Prior SITBIs 7 10 9 9 35 0.92 0.87 0.89
—lifetime
25 Hospitalization— Treatment 10 5 10 6 31 0.92 0.87 0.88
lifetime history
26 NSSI (lifetime) Prior SITBIs 7 10 0 10 27 0.92 0.88 0.88
(Continued)
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Table 2. (Continued)

Entry Variable Broad risk
order category

27 | BPD (lifetime) Psychopathology

Evidence for | Evidence for | Evidence for | Evidence for Total NESARC 1 NESARC 2 REHAB

category for | category for | variable for | variable for | evidence | cumulative | cumulative | cumulative

suicide death | attempts |suicide death | attempts score* AUC AUC AUC
E20 B3I (31" Bl
8 8 0 7 23 0.93 0.89 0.88

*The top 10 broad risk categories for suicide deaths and suicide attempts from [3] were assigned scores from 1 to 10, where a score of 10 was assigned to the category

most strongly associated with suicide deaths and attempts. Similarly, the top 5 predictors of suicide deaths and suicide attempts were assigned scores from 6 to 10. Thus,

total evidence scores could potentially range from 0 to 40.
AUG, area under the curve; BPD, borderline personality disorder; DRS, Durham Risk Score; HS, high school; NESARC, National Epidemiologic Survey on Alcohol and
Related Conditions; NSSI, nonsuicidal self-injury; PTSD, post-traumatic stress disorder; REHAB, Assessing and Reducing Post-Deployment Violence Risk; SITBI, Self-

Injurious Thoughts and Behaviors Interview.

https://doi.org/10.1371/journal.pmed.1003713.t002

initially selected 23 items for inclusion in the checklist, each weighted equally. Once we
reached the point at which we were no longer able to identify any new variables that further
improved the predictive utility of the score, we examined if doubling the weight by adding an
additional point to the sum score of any of the items identified as top predictors further
improved AUC values. This analysis revealed that doubling the weight of 4 of the top longitu-
dinal predictors identified by Franklin and colleagues [3] (i.e., lifetime history of suicide
attempts, psychiatric hospitalization, NSSI, and borderline personality disorder [BPD]) further
improved the overall AUC value in 1 or more of the development samples (see Table 2).

Evaluation of the Durham Risk Score

ROC curves and logistic regression analyses were used to evaluate the discriminative ability of
the DRS across the samples. Signal detection analysis was used to identify an optimal cut score
[52] and to develop risk groups to facilitate interpretation of scores. Concentration of risk was
evaluated [23], and rates of attempts, risk ratios, ORs, and 95% CIs were calculated for risk
groups. ROC curves were also calculated in subgroups of interest, including women, men,
Black, White, Hispanic, lower-income individuals, younger adults, veterans, LGBTQ individu-
als, as well as individuals with and without a history of suicidal thoughts and behaviors.

Missing data

Although we are strong proponents of multiple imputation and maximum likelihood estima-
tion methods to handle missingness in most situations, we elected to treat missing data as
absent (i.e., “0”) in the calculation of DRS scores in the present research because (1) this
approach best reflects real-world clinical practice; and (2) some variables were systematically
missing across different studies because they were not assessed as part of the study protocol.
The only exception to this approach was for the VALOR sample, which was used to validate
the DRS. Specifically, because the VALOR study protocol only assessed 15 of the 23 (i.e., 65%)
variables used to calculate the DRS, VALOR analyses were limited to participating veterans
(N = 780) with follow-up attempt data as well as complete data for all 15 of these variables to
ensure that participants in the VALOR analyses had no more than 35% missing data.

Measures

Table B in S1 File summarizes the items and measures used to assess each of the 23 constructs
included in the DRS across studies. Measures used to index the various constructs included
well-validated structured interviews, such as the C-SSRS [5], SITBI [49], the Structured

PLOS Medicine | https://doi.org/10.1371/journal.pmed.1003713  August 5, 2021 12/31


https://doi.org/10.1371/journal.pmed.1003713.t002
https://doi.org/10.1371/journal.pmed.1003713

PLOS MEDICINE

The Durham Risk Score

Clinical Interview for DSM (SCID) [53], the Clinician-Administered PTSD Scale (CAPS) [54],
the Mini International Neuropsychiatric Interview (MINI)] [55], and the Alcohol Use Disor-
der and Associated Disabilities Interview Schedule (AUDADIS) [56], as well as a variety of
self-report instruments, including the Alcohol Use Disorders Identification Test (AUDIT)
[57], Drug Abuse Screening Test (DAST) [58], Davidson Trauma Scale (DTS) [59], Patient
Health Questionnaire-9 (PHQ-9) [60], Traumatic Life Events Questionnaire (TLEQ) [61],
Childhood Trauma Questionnaire (CTQ) [62], Veterans Rand 12-Item Health Survey (VR-12)
[63], the Life Events Checklist (LEC) [64], and the Symptom Checklist-90 (SCL-90) [65].
Study-specific questionnaires [25-27,44-47] were also used to assess constructs in some
instances, particularly those related to demographic characteristics.

As can be seen in Table B in S1 File, in the vast majority of cases, all of the specific items
used to assess the constructs included in the calculation of the DRS score were assessed at the
time of the baseline assessment; however, there were 8 instances in which at least a part of a
construct of interest was only assessed at the time of the Wave 2 assessment. Such items are
clearly marked in bold in Table B in S1 File. In each case in which an item from a follow-up
wave was included in the assessment of 1 of the 23 items included in the calculation of the
DRS score, we carefully considered both the nature of the specific item as well as the nature of
the construct in general before making an a priori decision about whether to use a specific var-
iable from a specific sample in the calculation of the DRS. In each case where such a variable
was included in the assessment of a given construct, we felt that inclusion of the data from a
given item was justified, given that our overall goal was to make the best possible suicide
attempt risk checklist in order to enhance clinical care.

Most of these instances occurred in the NESARC dataset. For example, childhood sexual
abuse, childhood physical abuse, and being jailed or sent to a juvenile detention center prior to
the age of 18 were not assessed at the time of the NESARC baseline assessment. We reasoned
that, given that reporting of these items during adulthood would have still involved retrospec-
tive reporting, even if they had been administered during the baseline assessment, it was rea-
sonable (though not ideal) to include information regarding these important childhood
experiences from Wave 2 in calculating the DRS score. Information from the Wave 2 NESARC
interview was also used to index PTSD, BPD, and NSSI. In the case of PTSD, interviewers
were required to retrospectively establish if symptoms of PTSD had begun prior to the baseline
interview and whether they had been present from the time of the baseline interview to the
time of the time of the Wave 2 interview. In the case of BPD and NSSI (which was assessed as
part of the BPD interview), because BPD is a personality disorder that should be present by
early adulthood, NESARC interviewers were instructed to frequently precede BPD questions
(including NSSI) with “Most of the time throughout your life, regardless of the situation or
whom you were with. . .”. Given the way that these questions were asked, and the fact that
BPD and NSSI are among the strongest predictors of suicide attempts [3,35], we felt that it was
critical to include these items in the calculation of the DRS score. Sexual orientation was also
not assessed at the time of the NESARC baseline assessment. Although we recognize that sex-
ual orientation can change over time, given the importance of systematically assessing this
construct in relation to risk for suicidal behavior [36], we felt that it was also important to
include the sexual orientation variable collected at NESARC Wave 2 in the calculation of the
DRS score.

We fully recognize the problems associated with including a subset of variables assessed
cross-sectionally in a checklist designed to prospectively predict suicide attempts in clinical
settings and would have strongly preferred to have only included variables assessed longitudi-
nally in the present analyses; however, such an approach would have precluded us from
including several of the most well-established longitudinal predictors of suicide attempts (e.g.,
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NSSI) [3]. In recognition of this challenging situation, we conducted a sensitivity analysis in
the NESARC dataset to evaluate the performance of the DRS when these variables were
excluded from the calculation of the score. As subsequently described in the Results section
below, we were pleased to find that this sensitivity analysis revealed that the DRS continued to
perform quite well (AUC = 0.86) in the NESARC validation cohort when all variables collected
at Wave 2 were excluded from the calculation of the score, indicating that the core DRS mea-
sure is, in fact, a robust prospective predictor of suicide attempts, regardless of whether the
items assessed cross-sectionally are included or not.

Lifetime history of NSSI was also assessed cross-sectionally in the VALOR sample. Again,
however, the interviewers for this study were required to determine if the participant’s history
of NSSI was present prior to the baseline interview, and only individuals who were retrospec-
tively determined to have engaged in NSSI prior to the baseline interview were coded as having
a history of lifetime NSSI at the time of the baseline interview. Given the manner in which
NSSI was assessed in VALOR, as well as the importance of NSSI to suicide attempt risk predic-
tion [3], we felt that inclusion of this data was also justified, given our primary goal of develop-
ing the best possible clinical assessment to facilitate identification of at-risk individuals.

Results
Descriptive statistics and distribution of scores

Descriptive statistics for the DRS (Fig 1) across the different samples are provided in Table 1.
As would be expected for a suicide attempt risk score, the DRS was positively skewed (1.7) and
kurtotic (4.7) in the overall sample (Fig B in S1 File); however, among the 288 individuals who
made a prospective suicide attempt during the follow-up period, DRS scores were normally
distributed (M = 9.9; SD = 4.4; skewness = 0.33; kurtosis = —0.7; range: 1 to 22; Fig C in

S1 File).

Logistic regression analyses

Logistic regression analyses were conducted to examine the predictive utility of the continuous
DRS score as a predictor of prospective suicide attempts across the samples (Table 3). These
analyses revealed a consistent pattern of increasing risk as a function of DRS score in both the
combined development (OR = 1.48, 1.43 to 1.53, p < 0.001; Nagelkerke pseudo R* = 0.27) and
validation samples (OR = 1.51, 1.46 to 1.56, p < 0.001; Nagelkerke pseudo R* = 0.29). Thus, for
each additional point increase on the DRS, the odds of making a prospective suicide attempt
increased by approximately 50% in both the combined development and validation cohorts.

Receiver operating characteristic curve analyses

ROC analyses revealed that the overall AUC for the DRS total score in the combined develop-
ment sample (total N = 17,630; Table 4) was 0.91 (0.89 to 0.93; Fig 2A). More importantly, the
DRS continued to demonstrate excellent discriminative ability in the 3 validation samples
excluded from the development analyses (combined validation sample AUC = 0.92, 0.90 to
0.94, N = 18,024; Table 4, Fig 2A), suggesting that our approach to instrument development
was successful in protecting against overfitting [50].

Subgroup analyses

Subgroup-based ROC analyses (Table 4, Fig 2C-2E) revealed that the DRS performed well
among women (AUC = 0.91, 0.89 to 0.93), men (AUC = 0.93, 0.90 to 0.95), Black
(AUC =0.92, 0.88 to 0.96), White (AUC = 0.93, 0.91 to 0.95), Hispanic (AUC = 0.89, 0.86 to
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Table 3. Summary of logistic regression findings.

Logistic regression results using the DRS to predict suicide attempts across the development and validation samples

Sample N # Attempted | Intercept | DRS beta SE Nagelkerke pseudo R” OR OR 95% CI p
NESARC 1 8,872 62 -7.52 0.43 0.03 0.33 1.54 1.46-1.63 <0.001
NESARC 2 8,525 57 -6.87 0.35 0.03 0.21 1.42 1.35-1.50 <0.001
REHAB 233 10 -5.86 0.48 0.12 0.29 1.62 1.29-2.03 <0.001
Combined development cohort 17,630 129 -7.09 0.39 0.02 0.27 1.48 1.43-1.53 | <0.001
NESARC 3 8,516 62 -7.29 0.41 0.03 0.29 1.51 1.43-1.59 <0.001
NESARC 4 8,728 60 —~7.43 0.42 0.03 0.31 1.52 1.44-1.61 <0.001
VALOR 780 37 —-5.82 0.38 0.06 0.18 1.46 1.30-1.65 <0.001
Combined validation cohort 18,024 159 -7.15 0.41 0.02 0.29 1.51 1.46-1.56 | <0.001
Rates of prospective suicide attempts, RRs, and ORs by risk group status in the combined development sample (N = 17,630)
Suicide risk group Range | % of sample | Cumulative % | Controls | Attempters | Total Rate | RR | Odds OR OR 95% CI P
Lowest risk 0-2 45.7% 45.7% 8,055 2 8,057 0.02% 1.0 0.0002 1.0
Low risk 3-5 40.4% 86.1% 7,095 24 7,119 0.3% 13.6 0.003 13.6 3.2-57.7 <0.001
Moderate risk 6-8 9.4% 95.5% 1,630 34 1,664 2.0% 82.3 0.02 84.0 20.2-350.0 | <0.001
High risk 9-11 3.0% 98.6% 507 28 535 52% | 210.8 0.06 222.4 252.8-936.3 | <0.001
Very high risk | 12-14 0.9% 99.5% 141 21 162 13.0% | 522.2 0.15 599.8 | 139.3-2,582.7 | <0.001
Highest risk | 15-30 0.5% 100.0% 73 20 93 21.5% | 866.3 0.27 | 1,103.4 | 253.3-4,807.2 | <0.001
Total 17,501 129 17,630 0.7%
Rates of prospective suicide attempts, RRs, and ORs by risk group status in the combined validation sample (N = 18,024)
Suicide risk group Range | % of sample | Cumulative % | Controls | Attempters | Total Rate RR | Odds OR OR 95% CI P
Lowest risk 0-2 43.5% 43.5% 7,844 2 7,846 0.03% 1.0 | 0.0003 1.0
Low risk 3-5 40.8% 84.3% 7,332 24 7,356 0.3% 12.8 | 0.003 12.8 3.0-54.3 0.001
Moderate risk 6-8 10.4% 94.8% 1,845 36 1,881 1.9% 75.1 0.02 76.5 18.4-318.1 <0.001
High risk 9-11 3.6% 98.3% 600 41 641 6.4% | 250.9 0.07 268.0 | 64.7-1,110.7 | <0.001
Very high risk | 12-14 1.1% 99.4% 176 24 200 12.0% | 470.8 0.14 534.8 | 125.4-2,280.5 | <0.001
Highest risk |  15-30 0.6% 100.0% 68 32 100 32.0% | 1255.4 | 0.47 | 1,845.6 | 433.6-7,855.3 | <0.001
Total 17,865 159 18,024 0.9%
Rates of prospective suicide attempts, RRs, and ORs when using a cut score of >6
DRS <6 DRS >6 RR OR OR 95% CI P
Controls | Attempts Rate Odds Controls | Attempts | Rate | Odds
Combined development | 15,150 26 0.2% 0.002 2,351 103 4.2% | 0.04 24.5 25.5 16.6-39.3 <0.001
Combined validation 15,176 26 0.2% 0.002 2,689 133 4.7% | 0.05 27.6 28.9 18.9-44.0 <0.001

CI, confidence interval; DRS, Durham Risk Score; NESARC, National Epidemiologic Survey on Alcohol and Related Conditions; OR, odds ratio; REHAB, Assessing and
Reducing Post-Deployment Violence Risk; RR, risk ratio; SE, standard error; VALOR, Veterans After-Discharge Longitudinal Registry.

https://doi.org/10.1371/journal.pmed.1003713.t003

0.93), veterans (AUC = 0.91, 0.89 to 0.94), lower-income individuals (AUC = 0.90, 0.88 to
0.92), younger adults (AUC = 0.88, 0.85 to 0.91), and LGBTQ individuals (AUC = 0.88, 0.81 to
0.94). In addition, as expected, participants with a history of suicidal thoughts or behaviors

(N = 3,489) were significantly more likely to make a prospective suicide attempt (4.8% versus
0.4%; OR = 13.3,10.5 to 16.9, p < 0.001) than those without a history of suicidal thoughts or
behaviors at baseline; however, even within this high-risk subgroup, the DRS demonstrated
good utility (AUC = 0.82, 0.79 to 0.85; Fig 2F). We further observed that 42% of prospective
suicide attempts occurred among individuals who reported no lifetime history of suicidal
thoughts or behavior at the time of the baseline assessment. Notably, the DRS (AUC = 0.88,
0.85 to 0.91; Fig 2F) also performed well in this important, but understudied subgroup.
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Concentration of risk

A concentration of risk analysis [23] found that across all 35,654 participants, 82% of observed
prospective suicide attempts occurred among individuals in the top 15% of DRS scores; 58%
occurred in the top 5%; and 27% occurred in the top 1% (Fig 3).

Signal detection analyses

Signal detection analysis was used to identify a cut score that simultaneously maximized sensi-
tivity and specificity and would be appropriate in typical clinical screening situations

(Table 5). For situations in which a single clinical cut score is needed to identify at-risk indi-
viduals, we recommend a cut score of 6 or greater (corresponding to moderate-risk group sta-
tus or approximately top 15% of scores), as this score had the highest overall J statistic [52]
(i.e., Youden index = 0.68) and maximized both sensitivity (82%) and specificity (86%). A cut
score of 6 also produced a PPV of 4% and a negative predictive value (NPV) of 100%. In con-
trast, for situations in which higher levels of PPV are preferred, a cut score of 9 or higher (cor-
responding to high-risk group status or approximately top 5% of scores) resulted in specificity
of 96%, sensitivity of 58%, PPV of 10%, and NPV of 100%, whereas a cut score of 15 or higher
(corresponding to highest-risk group status or approximately top 0.5% of scores) resulted in
specificity of 100%, sensitivity of 18%, PPV of 27%, and NPV of 99% (Table 5).

Suicide attempt risk groups

To facilitate rapid interpretation of scores, suicide attempt risk groups were identified that
appeared to correspond to clinically meaningful increases in suicide attempt risk based on the

Table 4. Areas under the curve for DRS and risk group status across samples and subsets of participants.

DRS DRS DRS Risk group Risk group Risk group
Sample/subset of participants N AUC AUC SE AUC 95% CI AUC AUC SE AUC 95% CI

NESARC1 | 8,872 0.93 0.02 0.90-0.96 0.91 0.02 0.87-0.95

NESARC2 | 8,525 0.89 0.02 0.85-0.93 0.88 0.02 0.83-0.92

REHAB 233 0.88 0.05 0.78-0.98 0.89 0.04 0.81-0.97

Combined development sample | 17,630 0.91 0.01 0.89-0.93 0.90 0.01 0.87-0.92
NESARC3 | 8,516 0.92 0.02 0.88-0.95 0.90 0.02 0.86-0.94

NESARC4 | 8,728 0.92 0.02 0.88-0.95 0.90 0.02 0.86-0.94

VALOR 780 0.82 0.03 0.77-0.87 0.80 0.03 0.74-0.86

Combined validation sample | 18,024 0.92 0.01 0.90-0.94 0.91 0.01 0.88-0.93
Female participants | 20,523 0.91 0.01 0.89-0.93 0.89 0.01 0.87-0.91

Male participants | 15,130 0.93 0.01 0.90-0.95 0.92 0.01 0.89-0.94

Black participants 6,814 0.92 0.02 0.88-0.96 0.90 0.02 0.86-0.95

White participants | 20,886 0.93 0.01 0.91-0.95 0.92 0.01 0.90-0.94

Hispanic participants | 6,458 0.89 0.02 0.86-0.93 0.87 0.02 0.83-0.91

Veteran participants | 2,859 0.91 0.01 0.89-0.94 0.90 0.01 0.88-0.93
Lower-income participants | 19,167 0.90 0.01 0.88-0.92 0.88 0.01 0.86-0.91
Participants under 35 years of age | 10,711 0.88 0.02 0.85-0.91 0.87 0.02 0.83-0.90
LGBTQ participants 747 0.88 0.03 0.81-0.94 0.86 0.04 0.79-0.93

Participants with a history of suicidal behavior at baseline | 3,489 0.82 0.02 0.79-0.85 0.81 0.02 0.78-0.84
Participants without a history of suicidal behavior at baseline | 32,165 0.88 0.02 0.85-0.91 0.85 0.02 0.81-0.88

AUG, area under the curve; CI, confidence interval; DRS, Durham Risk Score; LGBTQ, lesbian, gay, bisexual, transgender, and queer or questioning; NESARC, National

Epidemiologic Survey on Alcohol and Related Conditions; REHAB, Assessing and Reducing Post-Deployment Violence Risk; SE, standard error; VALOR, Veterans

After-Discharge Longitudinal Registry.

https://doi.org/10.1371/journal.pmed.1003713.t004
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Fig 2. ROC curves for the DRS across subsets of participants. Fig 2a: ROC curves for the DRS in the combined development and validation cohorts. Black

line = development cohort; red line = validation cohort. Fig 2b: ROC curves for the risk groups in the development and validation cohorts. Black line = development
cohort; red line = validation cohort. Fig 2c: ROC curves for the DRS among male and female participants. Black line = men; red line = women. Fig 2d: ROC curves for
the DRS among White, Black, and Hispanic participants. Black line = White participants; red line = Black participants; blue line = Hispanic participants. Fig 2e: ROC
curves for DRS among veteran, lower-income, younger, and LGBTQ participants. Black line = veteran participants; red line = lower-income participants; blue

line = participants under the age of 35; orange line = LGBTQ participants. AUC, area under the curve; DRS, Durham Risk Score; LGBTQ, lesbian, gay, bisexual,

transgender, and queer or questioning; ROC, receiver operating characteristic.

https://doi.org/10.1371/journal.pmed.1003713.g002

signal detection analyses described above. Table C in S1 File provides rates of attempts, odds,
and predicted probabilities by risk group status for the total sample (N = 35,654). The AUC for
risk group status was 0.90 (0.87 to 0.92) in the development sample and 0.91 (0.88 to 0.93) in
the validation sample (Table 4, Fig 2B), indicating that our 6-group classification system was
nearly as accurate at predicting future attempts as the DRS total score. Moreover, as expected,
each increasing group level was associated with a marked increase in risk (Table 3). For exam-
ple, the odds of making a prospective suicide attempt were more than 1,800 times greater in
the highest-risk group (top 0.6% of scores; suicide attempt rate = 32.0%) relative to the lowest-
risk group (bottom 43.5% of scores; suicide attempt rate = 0.03%) in the validation cohort

(OR =1,845.6, 433.6 to 7,855.3, p < 0.001; Table 3). Notably, as was the case for the total DRS
score, risk group status appeared to confer similar increases in risk to participants regardless of
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Fig 3. Concentration of risk of prospective suicide attempts across all participants (N = 35,654). DRS, Durham Risk Score.
https://doi.org/10.1371/journal.pmed.1003713.9003
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Table 5. Summary of the signal detection analyses for different DRS cutoffs in the total sample (N = 35,654).

Risk group | Cutoff | Youden | Sensitivity | Quality of | Specificity = Quality of | Efficiency | Quality of | PPV | NPV | AUC | AUC | OR OR p

Lowest-
risk group

Low-risk
group

Moderate-
risk group

High-risk
group

Very high-
risk group

Highest-
risk group

>20

index (J)

0.06

0.22

0.44

0.01

sensitivity k specificity k efficiency k 95% 95% CI
(1) (0) (0.5) CI
1.00 0.06 0.00 0.07 0.00 0.01 | 1.00 | 0.53 | 0.50- ? ?
0.56
0.97 0.22 0.00 0.23 0.00 0.01 | 1.00 | 0.61 | 0.58- | 41.5 | 10.3- | <0.001
0.64 166.8
0.97 0.45 0.01 0.45 0.01 0.01 | 1.00 | 0.72 | 0.70- | 58.0 | 21.6- | <0.001
0.74 155.6
0.91 0.65 0.01 0.65 0.03 0.02 | 1.00 | 0.80 | 0.78- | 31.4 | 19.0- | <0.001
0.82 52.0
0.87 0.78 0.02 0.78 0.05 0.03 | 1.00 | 0.84 | 0.82— | 30.5 | 20.9- | <0.001
0.86 44.6
0.79 0.86 0.04 0.86 0.07 0.04 | 1.00 | 0.84 | 0.82— | 27.3 | 20.2- | <0.001
0.86 36.9
0.71 0.90 0.05 0.90 0.10 0.06 | 1.00 | 0.82 | 0.79- | 27.0 | 20.7- | <0.001
0.85 35.2
0.62 0.94 0.07 0.93 0.12 0.08 | 1.00 | 0.79 | 0.76- | 26.7 | 20.9- | <0.001
0.83 34.1
0.55 0.96 0.09 0.95 0.15 0.10 | 1.00 | 0.77 | 0.73- | 29.4 | 23.1- | <0.001
0.80 37.3
0.46 0.97 0.11 0.97 0.18 0.12 | 1.00 | 0.72 | 0.69- | 29.7 | 23.4- | <0.001
0.76 37.7
0.43 0.98 0.15 0.98 0.22 0.16 | 1.00 | 0.71 | 0.67- | 40.0 | 31.3- | <0.001
0.75 51.1
0.33 0.99 0.17 0.98 0.22 0.17 |1 099 | 0.66 | 0.62— | 38.7 | 29.8- | <0.001
0.70 50.3
0.27 0.99 0.19 0.99 0.22 0.20 | 0.99 | 0.63 | 0.59- | 42.1 | 31.7- | <0.001
0.67 55.7
0.23 0.99 0.24 0.99 0.23 0.24 | 099 | 0.62 | 0.58- | 51.3 | 37.8- | <0.001
0.65 69.4
0.18 1.00 0.26 0.99 0.21 0.27 |1 099 | 0.59 | 0.55- | 55.0 | 39.1- | <0.001
0.63 77.6
0.14 1.00 0.35 0.99 0.20 0.35 | 099 | 0.57 | 0.53- | 76.9 | 51.3- | <0.001
0.61 115.3
0.09 1.00 0.38 0.99 0.14 0.39 | 099 | 0.55 | 0.51- | 85.5 | 51.5- | <0.001
0.58 141.8
0.04 1.00 0.33 0.99 0.08 0.33 | 099 | 0.52 | 0.49- | 64.3 | 32.7- | <0.001
0.56 126.4
0.03 1.00 0.45 0.99 0.06 0.45 | 099 | 0.52 | 0.48- | 103.7 | 42.6- | <0.001
0.55 252.2
0.01 1.00 0.60 0.99 0.02 0.60 | 0.99 | 0.51 | 0.47- | 186.1 | 31.0- | <0.001
0.54 1,118.1

*An OR could not be calculated for a cutoff score of >1 because no prospective suicide attempts occurred among the 2,113 participants who had a DRS score of 0.

AUG, area under the curve; CI, confidence interval; DRS, Durham Risk Score; NPV, negative predictive value; OR, odds ratio; PPV, positive predictive value.

https://doi.org/10.1371/journal.pmed.1003713.t005

whether or not they reported a history of suicidal thoughts or behavior at the time of the base-
line assessment (Table 4, Fig 4).

Sensitivity analysis to examine the impact of variables assessed at Wave 2

To assess the potential impact of the variables that were assessed at Wave 2 in the NESARC
study on the performance of the DRS, a sensitivity analysis was conducted in which the 7 items
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Fig 4. Rates of attempts by risk group status among participants with and without a history of suicidal thoughts and behaviors (N = 35,654).

https://doi.org/10.1371/journal.pmed.1003713.g004

from Wave 2 (i.e., sexual abuse/assault, child physical abuse, history of juvenile detention,
NSSIL, BPD, PTSD, and LGBTQ status) were excluded from the computation of the DRS score.
Please note that item #W2S11Q6A (which was also assessed at Wave 2) was also removed from
the calculation of lifetime history of violence and incarceration for these analyses. Thus, all var-
iables used in the calculation of the DRS in these sensivity analyses were assessed at the time of
the Wave 1 interview and prior to the occurence of any prospective suicide attempts that
occurred between Waves 1 and 2. This analysis (Table D in S1 File) revealed that the abbrevi-
ated version of the DRS based entirely on variables collected during the baseline assessment
continued to perform quite well (AUC = 0.86) in the combined NESARC validation cohort
(i.e., NESARC 3 and NESARC 4, combined N = 17,244).

Association between number of items assessed and AUC values

A robust positive correlation was observed between number of items assessed and AUC values
across the 6 samples (r = 0.94, p = 0.006; see Fig D1 in S1 File). Accordingly, we recommend
that, whenever possible, clinicians and researchers who wish to use the DRS systematically
assess and score all 23 items using the most reliable and valid assessment methods available to
them at the time of the assessment (see S1 Durham Risk Score Guide for additional details).
We also assessed the association between number of items and AUC values with the 4
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additional sensitivity samples included (Fig D2 in S1 File) and observed that there continued to
be a robust positive association between number of items assessed and AUC values (r = 0.83,

p =0.003). Moreover, as can be seen in Table D and Fig D2 in S1 File, 3 of the 4 NESARC sen-
sitivity samples (AUC range: 0.85 to 0.87) had AUC values that were higher than the AUC for
the VALOR sample (0.82), which also only assessed 15 items. Thus, the lower AUC values
observed in the NESARC sensitivity analyses (i.e., when only 15 items were included in the cal-
culation of the total score) were highly consistent with the pattern of findings one would expect
based on the positive association observed between items assessed and AUC values.

Prediction of suicide attempts occurring outside of the context of mood
disorders

During the peer review process, reviewers noted that a potential limitation of our choice to uti-
lize the question from the Low Mood portion of the NESARC interview to define prospective
suicide attempts (i.e., “During that time since your LAST interview when (your mood was at
its lowest/you enjoyed or cared least about things), did you attempt suicide?”) was that our
findings might be not be generalizable to the prediction of suicide attempts occurring outside
of the context of mood disorders (e.g., during psychosis). To address this important potential
limitation, we conducted an additional sensitivity analysis that utilized a set of questions from
the NESARC Wave 2 assessment that were not utilized in the development of the DRS. Specifi-
cally, during a different portion of the NESARC Wave 2 interview, participants were also
asked, “In your entire life, did you ever attempt suicide?” If participants answered affirma-
tively, they were then also asked “How old were you the first time?” and “How old were you
the most recent time?” [22]. While some researchers interested in developing predictive mod-
els of suicide attempts within NESARC have defined their primary outcome as the most recent
attempt having occurred within 3 years of participants’ age at Wave 2 [22], we instead elected
to utilize the question from the Low Mood portion of the Wave 2 interview to develop the
DRS because (1) it specifically inquired about new instances of suicide attempts occurring
since the Wave 1 interview; (2) the number of days between Wave 1 and Wave 2 was variable,
making it impossible to definitively determine if a suicide attempt occurring within 3 years of
participants’ age at the time of the Wave 2 interview actually occurred after the Wave 1 assess-
ment; and (3) the suicide attempt question from the Low Mood portion of the interview actu-
ally identified a greater number of prospective suicide attempts (241 versus 222).

To assess the potential impact of our choice to use the suicide attempt question from the
Low Mood portion of the NESARC as our primary outcome variable, we calculated ROC
curves for the DRS in the combined NESARC validation cohort (i.e., NESARC 3 and NESARC
4, combined N = 17,244) utilizing 3 different outcomes: (a) suicide attempts occurring since
the last interview based on the Low Mood portion of the Wave 2 interview (i.e., our original
operational definition which we used to develop the DRS), which resulted in 122 suicide
attempt cases and 17,122 controls in the combined NESARC validation cohort; AUC = 0.92,
0.89 to 0.94; (b) most recent suicide attempt having occurred within 3 years of participants’
age at Wave 2 [22], which resulted in 121 suicide attempt cases and 17,123 controls,

AUC =0.91, 0.88 to 0.93; and (c) suicide attempts identified by either method, which resulted
in 175 suicide attempt cases and 17,069 controls, AUC = 0.91, 0.88 to 0.93. Thus, the AUC val-
ues for the DRS across these 3 different suicide attempt definitions were remarkably similar,
ranging from 0.91 to 0.92, and had highly overlapping 95% CIs. It should also be noted that
suicide attempts were not assessed within the context of mood disorders in either REHAB or
VALOR. Thus, our initial findings suggest that the DRS is similarly effective at identifying risk
for future suicide attempts that occur outside of the context of mood disorders.
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Comparison of the DRS with a logistic regression-derived risk score

During the peer review process, while noting the attractiveness of the simplistic scoring
approach we utilized because of the ease with which it could be manually calculated by clini-
cians, reviewers requested that we also explore whether more specific weights derived directly
from a logistic regression model might further improve the predictive performance of the DRS
within the NESARC sample. Accordingly, we conducted an additional logistic regression on
the 23 variables used to calculate the DRS in the combined NESARC development cohort (i.e.,
NESARC 1 and NESARC 2, combined N = 17,397). As can be seen in Table E in S1 File, the
variables most strongly associated with prospective suicide attempts in the logistic regression
model included BPD (AOR = 5.87, 3.65 to 9.43, p < 0.001), lifetime NSSI (AOR = 3.52, 2.12 to
5.85, p < 0.001), LGBTQ status (AOR = 3.18, 1.66 to 6.11, p = 0.001), lifetime psychiatric hos-
pitalization (AOR = 2.58, 1.47 to 4.50, p = 0.001), and poor perceived health (AOR =2.07, 1.32
to 3.25, p = 0.001). In contrast, the variables with the weakest association with prospective sui-
cide attempts in the logistic regression model included psychiatric hospitalization in the past
year, lifetime mood disorder, weekly binge drinking, lower income, and having less than a
high school education (all p’s > 0.45). Next, we used the regression coefficients from the logis-
tic regression model conducted in the NESARC development cohort as risk score weights for
the 23 variables. We then calculated ROC curves to compare the predictive validity of the DRS
with the logistic regression—derived risk score in the NESARC validation cohort (i.e., NESARC
3 and NESARC 4, combined N = 17,244), which included 122 suicide attempt cases and 17,122
controls. This analysis revealed that the DRS (AUC = 0.92, 0.89 to 0.94) performed quite simi-
larly to the logistic regression—derived score (AUC = 0.91, 0.88 to 0.94), despite using a much
simpler scoring approach. In addition, DeLong test confirmed that the AUCs for the 2 models
were not significantly different (z = 0.66, p = 0.51), providing additional support for our overall
approach to measurement development, which maximized predictive utility while still provid-
ing clinicians with a simple scoring approach that can be calculated by hand.

Comparison with the SAD PERSONS scale

During the peer review process, reviewers also requested that we directly compare the DRS
with the SPS [12] within the same dataset. The SPS is an acronym and mnemonic device devel-
oped by Patterson and colleagues in 1983 [12] to guide assessment of suicide risk. The scale is
widely utilized [11] and was specifically developed to teach medical students how to assess sui-
cide risk [12]. Patients are assigned 1 point for each of the 10 risk factors that are deemed to be
present by the clinician at the time of the assessment. The specific risk factors to be assessed
include: Sex, Age, Depression, Previous attempt, Ethanol abuse, Rational thinking loss, Social
supports lacking, Organized plan, No spouse, and Sickness [12]. We developed scoring for the
SPS in the NESARC sample since this study included reasonable assessments for 9 of the 10
SPS items (see Table F in S1 File for details on scoring procedures for the SPS in NESARC).
The only item that was not directly assessed in NESARC was “Organized plan,” for which we
substituted lifetime suicidal ideation, which, notably, had the second highest overall bivariate
AUC across the development samples (average AUC = 0.72; see Table A in S1 File). The SPS
(M =2.8; SD = 1.6; range: 0 to 10) exhibited an AUC of 0.74 (0.69 to 0.79) in the combined
NESARC validation cohort (combined N = 17,244), which was a better performance than it
has shown in some prior studies [13]; however, this value was only slightly better than the
AUC for lifetime suicidal ideation by itself in the NESARC validation cohort (AUC = 0.72,
0.66 to 0.77) and was significantly worse than the AUC for the DRS (AUC =0.92,z=8.2,

p < 0.0001), indicating that the DRS was significantly better than the SPS at predicting future
suicide attempts in the NESARC validation cohort.
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Discussion

Taken together, the findings from the present research suggest that the DRS is a promising
new tool that has the potential to enhance clinicians’ ability to identify individuals at risk for
attempting suicide in the future. As described above, recent studies indicate that neither clini-
cal judgment [10,19]nor existing suicide risk assessments are sufficiently accurate at predicting
future suicide attempts [3,4,10,13,14,17]. Belsher and colleagues [24] have further noted that
current risk models have a poor balance between sensitivity and specificity. Thus, the fact that
our recommended cut score of 6 for typical screening situations (corresponding to moderate-
risk group status or higher) produced a sensitivity value of 82% and a specificity value of 86%
is highly encouraging, as we believe that these values represent a reasonable balance between
sensitivity and specificity for a suicide attempt risk screen.

Importantly, these values also exceed the guidelines set forth by Runeson and colleagues
[17] as sufficient to guide clinical decision-making. They also exceed the threshold accuracy
values identified by Ross and colleagues [66] as necessary for suicide risk prediction to be com-
bined with an active contact and follow-up intervention to become cost-effective from a
healthcare sector perspective. Additionally, a cut score of 9 or greater on the DRS (correspond-
ing to high-risk group status or approximately top 5% of scores) produces specificity (96%),
sensitivity (58%), and PPV (10%) values that exceed the cost-effectiveness threshold accuracy
values identified by Ross and colleagues [66] as necessary for suicide risk prediction to be com-
bined with more intensive (and expensive) cognitive behavioral therapy interventions. Thus,
while more work is needed to prospectively evaluate the utility of the DRS in actual healthcare
settings, our initial findings suggest that the DRS has the potential to significantly enhance
clinical care for patients in a cost-effective manner.

Another common criticism of existing suicide risk assessment methods is that they fail to
provide clinicians with probability scores to guide decision-making [24]. Moreover, whereas
some existing clinical assessments (e.g., SPS [12]) provide clinical guidelines for different risk
scores, the relatively poor performance of these scales suggests that such guidance may be
unfounded and inappropriate [13]. Thus, an additional strength of the DRS is that it provides
clinicians with a means of efficiently classifying patients’ risk for attempting suicide into 1 of 6
different risk groups, with each subsequent risk group corresponding to an increasing proba-
bility of attempting suicide in the future. Importantly, risk group status was highly predictive
of suicide attempts (AUC = 0.91) in the combined validation cohort, suggesting that these risk
groups do, in fact, correspond to clinically meaningful increases in risk. Further evidence for
the clinical utility of these risk groups comes from the fact that individuals in the lowest-risk
(44.6% of the total sample) and low-risk (40.6% of the total sample) groups had rates of suicide
attempts (0.03% and 0.3%, respectively) that were well below the national average in the US,
which is presently 0.6% annually [67]. In contrast, the rates of attempts observed in the moder-
ate-risk (2%), high-risk (6%), very high-risk (12%), and highest-risk (27%; Table C in S1 File)
groups were all substantially higher than the annual rate in the US. Indeed, within the valida-
tion cohort, we observed that the odds of making a prospective suicide attempt were more
than 1,800 times greater in the highest-risk group relative to the lowest-risk group
(OR =1,845.6; p < 0.001; Table 3), providing strong support for the clinical utility of this
6-group classification system. The fact that these 6 suicide attempt risk categories can be
quickly and efficiently derived from raw scores is another particularly noteworthy strength of
the DRS.

To further contextualize the present findings, it is also noteworthy that the lowest AUC
value for the DRS observed across all samples and subgroups examined (0.82; Table 4) was
equivalent to the largest C-statistic (0.82; AUC equivalent) reported for all external validations
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of the Framingham Risk Score in a recent meta-analysis (range: 0.55 to 0.82) [28]. In contrast,
as noted above, multiple studies suggest that AUC values for existing suicide attempt risk
assessments (including the recently developed Oxford Mental Illness and Suicide tool [68])
generally fall near or below 0.72 [3,4,10,13,68]. Moreover, a direct comparison of the DRS with
the SPS [12]—one of the most commonly used suicide risk assessments in the world [11]—
confirmed that the DRS significantly outperformed this widely used suicide risk algorithm in
the combined NESARC validation cohort (AUC: 0.92 versus 0.74; z = 8.2, p < 0.0001).

While no conclusions can be drawn in the absence of direct comparisons with other exist-
ing suicide attempt risk assessment models, our initial findings suggest that the diagnostic
accuracy of the DRS is likely to be higher than that of many existing suicide attempt risk assess-
ment models [3,4,10-13,68], and similar to, or better than, other widely implemented clinical
algorithms [11,12,28]. It is also notable that the AUC for the DRS in the combined validation
cohort was similar to the cross-validated AUC of a recently published machine learning sui-
cide attempt risk algorithm developed from the same population of NESARC participants that
was derived from nearly 3,000 different baseline features [22]. Thus, our initial findings suggest
that the diagnostic accuracy of the DRS may also be similar to that of a machine learning-
based model developed within the same population [22], despite the fact that it contains far
fewer items and can be manually calculated by a clinician.

Study limitations and future directions

It should, however, also be emphasized that the present findings are based entirely on secondary
analyses of rigorously collected, prospective research data. As a result, the degree to which the
current findings will generalize to other settings, including clinical settings, is unknown at the
present time. Thus, additional prospective research is still needed to validate the DRS in inde-
pendent samples and to determine how best to assess each of the constructs used to calculate it.
Relatedly, it is also important to note that there is presently no empirical support for the DRS in
situations in which clinicians rely exclusively on their clinical impressions of patients to calcu-
late the DRS score (as opposed to using standardized instruments to assess each of the 23 DRS
constructs). Accordingly, we strongly recommend that clinicians who wish to utilize the DRS in
their practice adhere to the guidelines provided in the S1 Durham Risk Score Guide.

Second, as detailed above, several DRS variables (e.g., abuse history) were not assessed dur-
ing the NESARC Wave 1 assessment. We ultimately felt that the inclusion of these variables in
the DRS was warranted, given that our explicit goal was to make the best possible clinical tool.
Additionally, a sensitivity analysis revealed that the DRS continued to perform quite well when
calculated exclusively from Wave 1 items; however, we fully recognize that this remains a limi-
tation of the present work and that more work is still needed to verify the utility of these vari-
ables in studies where they are assessed prospectively.

Third, it is unclear how well the findings from the present research, which are derived
entirely from participants who consented to participate in longitudinal research studies, might
generalize to individuals undergoing clinical assessments or seeking treatment for mental
health issues. One might expect that some individuals undergoing suicide risk evaluations
would be less willing to disclose potential risk factors, including current and prior history of
suicidal thoughts and behaviors. Of course, the latter concern also applies to virtually all clini-
cal suicide risk assessments currently available, as nearly all such assessments rely on partici-
pants’ willingness to disclose suicidal thoughts and plans. Additionally, a strength of the DRS
is that much of the score is derived from demographic and psychopathology-based risk factors,
which should, theoretically, make it more robust to underreporting than traditional risk assess-
ments that often rely exclusively on participants’ reports of suicidal thoughts and behaviors.
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Fourth, we recognize that the DRS contains many items and may not be practical to admin-
ster in some settings. For this reason, we are actively working to develop an abbreviated ver-
sion of the measure. Fifth, although we are strong proponents of multiple imputation and
maximum likelihood estimation methods to handle missingness in most situations, we elected
to treat missing data as absent (i.e., “0”) in the calculation of DRS scores in this study because
this approach best reflects real-world clinical practice. Further, we strongly believe that the
benefits of a raw suicide attempt risk score that can be calculated and interpreted in virtually
any clinical situation far outweigh the benefits of using more state-of-the-art approaches to
handling missingness.

Finally, far more work is needed to develop more accurate short-term risk models (e.g.,
1-week or 1-month models). Although the DRS is unable to accomplish this goal, we believe
that identification of long-term suicide attempt risk is a key first step toward developing more
accurate acute risk models. Specifically, consistent with fluid vulnerability theory [30] and
diathesis-stress models more generally, we hypothesize that individuals who score highly on
the DRS will have higher “set points” and will be more likely to attempt suicide when faced
with highly stressful situations than individuals with lower scores. While such work was
beyond the scope of the present study, we are hopeful that future prospective studies in this
important area of inquiry will lead to improved prediction of acute risk, which, unfortunately,
remains woefully inadequate at the present time.

Clinical implications

Although clinicians must ultimately determine which treatments are most appropriate for
their patients, consideration should be given to the idea of developing a safety plan [69] with
any patient who scores >6 on the DRS (i.e., moderate-risk group status or higher), as this brief
intervention has been shown to significantly reduce the occurrence of future suicidal behavior
[70]. Moreover, as noted above, recent research by Ross and colleagues [66] indicates that the
specificity (86%), sensitivity (82%) and PPV values (4%) corresponding to a cut score of 6 or
higher on the DRS exceed the threshold accuracy values necessary for cost-effective implemen-
tation of suicide risk prediction with safety planning and follow-up. Consideration should also
be given to ensuring that patients in the highest-risk groups have access to more intensive and
long-term cognitive behavioral treatment approaches that have also been shown to reduce the
occurrence of suicidal behavior [71-72]. Importantly, a cut score of 9 or greater on the DRS
(corresponding to high-risk group status or approximately top 5% of scores) produces specific-
ity (96%), sensitivity (58%), and PPV (10%) values that exceed the threshold accuracy values
identified by Ross and colleagues [66] as necessary for suicide risk prediction to be combined
with cognitive behavioral therapy for suicide prevention to become cost-effective from a
healthcare sector perspective.

On the other hand, clinicians must also recognize that the DRS does not assess acute risk, as
the latter determination requires in-depth review of current suicidal ideation, intent, plans,
feasibility, access to means, and current stressors (among others). As such, the DRS should
never be used as the sole basis to determine imminent suicide risk or need for civil commit-
ment. Instead, individuals endorsing recent suicidal ideation or behaviors should always be
assessed for intent and other indicators of acute risk not included in the DRS. Where possible,
we recommend that the DRS be integrated with existing assessment and intake practices, as
most DRS items are routinely assessed by mental health clinicians. Constructs not already
assessed could likely be added with relatively little additional burden to mental health clini-
cians and clients. An additional advantage of making the DRS part of routine practice is that
mandatory checklists have been shown to increase the occurrence of risk-appropriate
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treatment while simultaneously decreasing healthcare disparities [73]. Notably, there are docu-
mented disparities in the application of mental health and suicide risk assessments [74] that
could potentially be eliminated with a DRS-based clinical decision support model.

A final clinical consideration concerns our finding that 42% of all prospective suicide
attempts during the follow-up period occurred among individuals who reported no lifetime
history of suicidal thoughts or behavior at baseline. This important finding speaks to the tre-
mendous challenges that clinicians routinely face when attempting to stratify patients’ risk for
future suicidal behavior, as the vast majority of current suicide risk screens primarily rely on
patients’ current endorsement of suicidal thoughts and behaviors. In contrast, the approach
taken in the development of the DRS has been to focus on a diverse array of longitudinal risk
factors. Importantly, both the DRS total score and risk group status performed well among
individuals with and without a lifetime history of suicidal thoughts or behaviors, which we
believe provides strong support for our general approach to instrument development.

Conclusions

In summary, our findings suggest that the DRS is a promising new, evidence-based approach
to suicide attempt risk assessment. While more research is needed to prospectively evaluate
this tool in independent samples and in clinical settings, our initial findings are encouraging
and suggest that this novel approach has the potential to significantly enhance clinicians’ abil-
ity to identify individuals at risk for attempting suicide in the future.

Disclaimers

The views expressed in this article are those of the authors and do not necessarily reflect the
position or policy of the US Department of Veterans Affairs, the US Department of Defense,
the US government, or any of the other affiliated institutions.

Supporting information

S1 TRIPOD Checklist. TRIPOD, Transparent Reporting of a multivariable prediction
model for Individual Prognosis Or Diagnosis.
(DOCX)

$1 Durham Risk Score Guide. Suicide attempt risk checklist designed to assess patients’
risk for attempting suicide during the next 3 years.
(DOCX)

S1 File. Supporting information tables and figures. Table A: Bivariate AUC values and
empirical evidence scores across the 3 development samples. Table B: Measures used to assess
the constructs included in the DRS. Table C: Distribution, rates of suicide attempts, odds, and
predicted probabilities by risk group status in total sample (N = 35,654). Table D: Association
between AUC values and number of items assessed across samples. Table E: Summary of logis-
tic regression conducted in the combined NESARC 1 and 2 development samples
(N'=17,397). Table F: Items used to calculate the SAD PERSONS score in the NESARC study.
Fig A: Association between total empirical evidence score and mean AUC value across the
development samples. Fig B: Distribution of DRSs. Fig C: Distribution of DRSs among partici-
pants who attempted suicide during follow-up (N = 288). Fig D: Association between number
of items and AUC values. AUC, area under the curve; DRS, Durham Risk Score; NESARC,
National Epidemiologic Survey on Alcohol and Related Conditions.

(DOCX)

PLOS Medicine | https://doi.org/10.1371/journal.pmed.1003713  August 5, 2021 26/31


http://journals.plos.org/plosmedicine/article/asset?unique&id=info:doi/10.1371/journal.pmed.1003713.s001
http://journals.plos.org/plosmedicine/article/asset?unique&id=info:doi/10.1371/journal.pmed.1003713.s002
http://journals.plos.org/plosmedicine/article/asset?unique&id=info:doi/10.1371/journal.pmed.1003713.s003
https://doi.org/10.1371/journal.pmed.1003713

PLOS MEDICINE

The Durham Risk Score

Author Contributions

Conceptualization: Nathan A. Kimbrel, Jean C. Beckham, Patrick S. Calhoun, Eric B.
Elbogen.

Data curation: Nathan A. Kimbrel, Eric B. Elbogen.

Formal analysis: Nathan A. Kimbrel, Daniel ]. Lee, Eric B. Elbogen.

Funding acquisition: Jean C. Beckham, Terence M. Keane, Brian P. Marx, Eric B. Elbogen.
Investigation: Nathan A. Kimbrel.

Methodology: Nathan A. Kimbrel.

Project administration: Nathan A. Kimbrel, Jean C. Beckham, Patrick S. Calhoun, Terence
M. Keane, Brian P. Marx, Eric B. Elbogen.

Resources: Nathan A. Kimbrel, Jean C. Beckham, Terence M. Keane, Brian P. Marx, Eric B.
Elbogen.

Software: Nathan A. Kimbrel.

Supervision: Nathan A. Kimbrel, Brian P. Marx, Eric B. Elbogen.

Validation: Nathan A. Kimbrel, Terence M. Keane, Daniel J. Lee, Brian P. Marx.
Visualization: Nathan A. Kimbrel.

Writing - original draft: Nathan A. Kimbrel, Eric B. Elbogen.

Writing - review & editing: Nathan A. Kimbrel, Jean C. Beckham, Patrick S. Calhoun, Bryann
B. DeBeer, Terence M. Keane, Daniel J. Lee, Brian P. Marx, Eric C. Meyer, Sandra B. Moris-
sette, Eric B. Elbogen.

References

1. World Health Organization. Suicide in the world: Global estimates. 2019 Sep 9 [cited 2021 Apr 4]. In:
Publications [Internet]. Available from: https://www.who.int/publications/i/item/suicide-in-the-world.

2. Hedegaard H, Curtin SC, Warner M. Suicide mortality in the United States, 1999-2019. NCHS Data
Brief No 398. Feb 2021 [cited 2021 Apr 4]. In Data Briefs [Internet]. Available from: https://www.cdc.
gov/nchs/products/databriefs/db398.htm#: ~:text=This%20report%20highlights%20trends%20in,than
%20the%20rate%20in%202018.

3. Franklin JC, Ribeiro JD, Fox KR, Bentley KH, Kleiman EM, Huang X et al. Risk factors for suicidal
thoughts and behaviors: A meta-analysis of 50 years of research. Psychol Bull. 2017 Feb; 143(2):187—
232. https://doi.org/10.1037/bul0000084 PMID: 27841450

4. Gutierrez PM. Evidence-based suicide assessment: Guidance for clinicians and policy makers. 2019
Jul 8. [cited 2021 Apr 4]. In Cyber_Seminars [Internet]. Available from: https://www.hsrd.research.va.
gov/for_researchers/cyber_seminars/archives/video_archive.cfm?SessionID=3594.

5. PosnerK, Brown GK, Stanley B, Brent DA, Yershova KV, Oquendo MA, et al. The Columbia-Suicide
Severity Rating Scale: initial validity and internal consistency findings from three multisite studies with
adolescents and adults. Am J Psychiatry. 2011 Dec; 168(12):1266—77. https://doi.org/10.1176/appi.ajp.
2011.10111704 PMID: 22193671

6. U.S.Food and Drug Administration. Guidance for industry: Suicidal ideation and behavior: Prospective
assessment of occurrence in clinical trials. 2012 Aug. [cited 2021 Apr 4]. In Regulatory Information
[Internet]. Available from: https://www.fda.gov/regulatory-information/search-fda-guidance-documents/
guidance-industry-suicidal-ideation-and-behavior-prospective-assessment-occurrence-clinical-trials.

7. Gutierrez PM, Osman A, Barrios FX, Kopper BA. Development and initial validation of the Self-harm
Behavior Questionnaire. J Pers Assess. 2001 Dec; 77(3):475-90. https://doi.org/10.1207/
S15327752JPA7703_08 PMID: 11781034

8. Osman A, Bagge CL, Gutierrez PM, Konick LC, Kopper BA, Barrios FX. The Suicidal Behaviors Ques-
tionnaire-Revised (SBQ-R): validation with clinical and nonclinical samples. Assessment. 2001 Dec; 8
(4):443-54. https://doi.org/10.1177/107319110100800409 PMID: 11785588

PLOS Medicine | https://doi.org/10.1371/journal.pmed.1003713  August 5, 2021 27 /31


https://www.who.int/publications/i/item/suicide-in-the-world
https://www.cdc.gov/nchs/products/databriefs/db398.htm#:~:text=This%20report%20highlights%20trends%20in,than%20the%20rate%20in%202018
https://www.cdc.gov/nchs/products/databriefs/db398.htm#:~:text=This%20report%20highlights%20trends%20in,than%20the%20rate%20in%202018
https://www.cdc.gov/nchs/products/databriefs/db398.htm#:~:text=This%20report%20highlights%20trends%20in,than%20the%20rate%20in%202018
https://doi.org/10.1037/bul0000084
http://www.ncbi.nlm.nih.gov/pubmed/27841450
https://www.hsrd.research.va.gov/for_researchers/cyber_seminars/archives/video_archive.cfm?SessionID=3594
https://www.hsrd.research.va.gov/for_researchers/cyber_seminars/archives/video_archive.cfm?SessionID=3594
https://doi.org/10.1176/appi.ajp.2011.10111704
https://doi.org/10.1176/appi.ajp.2011.10111704
http://www.ncbi.nlm.nih.gov/pubmed/22193671
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/guidance-industry-suicidal-ideation-and-behavior-prospective-assessment-occurrence-clinical-trials
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/guidance-industry-suicidal-ideation-and-behavior-prospective-assessment-occurrence-clinical-trials
https://doi.org/10.1207/S15327752JPA7703%5F08
https://doi.org/10.1207/S15327752JPA7703%5F08
http://www.ncbi.nlm.nih.gov/pubmed/11781034
https://doi.org/10.1177/107319110100800409
http://www.ncbi.nlm.nih.gov/pubmed/11785588
https://doi.org/10.1371/journal.pmed.1003713

PLOS MEDICINE

The Durham Risk Score

10.

11.

12

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

Beck AT, Steer RA. Manual for the Beck Scale for Suicide Ideation. San Antonio, TX: Psychological
Corporation; 1991.

Randall JR, Sareen J, Chateau D, Bolton JM. Predicting Future Suicide: Clinician Opinion versus a
Standardized Assessment Tool. Suicide Life Threat Behav. 2019 Aug; 49(4):941-51. https://doi.org/10.
1111/sltb.12481 PMID: 29920749

Quinlivan L, Cooper J, Steeg S, Davies L, Hawton K, Gunnell D, et al. Scales for predicting risk following
self-harm: an observational study in 32 hospitals in England. BMJ Open. 2014 May 2; 4(5):e004732.
https://doi.org/10.1136/bmjopen-2013-004732 PMID: 24793255

Patterson WM, Dohn HH, Bird J, Patterson GA. Evaluation of suicidal patients: the SAD PERSONS
scale. Psychosomatics. 1983 Apr; 24(4):343, 348-5, 9. https://doi.org/10.1016/S0033-3182(83)73213-
5 PMID: 6867245

Steeg S, Quinlivan L, Nowland R, Carroll R, Casey D, Clements C, et al. Accuracy of risk scales for pre-
dicting repeat self-harm and suicide: a multicentre, population-level cohort study using routine clinical
data. BMC Psychiatry. 2018 Apr 25; 18(1):113. https://doi.org/10.1186/s12888-018-1693-z PMID:
29699523

Bolton JM, Spiwak R, Sareen J. Predicting suicide attempts with the SAD PERSONS scale: a longitudi-
nal analysis. J Clin Psychiatry. 2012 Jun; 73(6):e735—41. https://doi.org/10.4088/JCP.11m07362
PMID: 22795212

Cooper J, Kapur N, Dunning J, Guthrie E, Appleby L. Mackway-Jones K. A clinical tool for assessing
risk after self-harm. Ann Emerg Med. 2006 Oct; 48(4):459—66. https://doi.org/10.1016/j.annemergmed.
2006.07.944 PMID: 16997684

Steeg S, Kapur N, Webb R, Applegate E, Stewart SL, Hawton K| et al. The development of a popula-
tion-level clinical screening tool for self-harm repetition and suicide: the ReACT Self-Harm Rule. Psy-
chol Med. 2012 Nov; 42(11):2383-94. https://doi.org/10.1017/S0033291712000347 PMID: 22394511

Runeson B, Odeberg J, Pettersson A, Edbom T, Jildevik Adamsson |, Waern M. Instruments for the
assessment of suicide risk: A systematic review evaluating the certainty of the evidence. PLoS ONE.
2017 Jul 19; 12(7):e0180292. https://doi.org/10.1371/journal.pone.0180292 PMID: 28723978

American Psychiatric Association. Practice guideline for the assessment and treatment of patients with
suicidal behaviors. 2003 Nov [cited 2021 Apr 4]. In Practice Guidelines [Internet]. Available from:
https://psychiatryonline.org/guidelines. PMID: 14649920

Woodford R, Spittal MJ, Milner A, McGiill K, Kapur N, Pirkis J, et al. Accuracy of Clinician Predictions of
Future Self-Harm: A Systematic Review and Meta-Analysis of Predictive Studies. Suicide Life Threat
Behav. 2019 Feb; 49(1):23-40. https://doi.org/10.1111/sltb.12395 PMID: 28972271

Idrees F, Rajarajan M, Conti M, Chen TM, Rahulamathavan Y. PIndroid: A novel Android malware
detection system using ensemble learning methods. Comput Secur. 2017; 68:36—46. https://doi.org/10.
1016/j.cose.2017.03.011

McCarthy JF, Bossarte RM, Katz IR, Thompson C, Kemp J, Hannemann CM, et al. Predictive Modeling
and Concentration of the Risk of Suicide: Implications for Preventive Interventions in the US Depart-
ment of Veterans Affairs. Am J Public Health. 2015 Sep; 105(9):1935—42. https://doi.org/10.2105/
AJPH.2015.302737 PMID: 26066914

Garcia de la Garza A, Blanco C, Olfson M, Wall MM. Identification of Suicide Attempt Risk Factorsin a
National US Survey Using Machine Learning. JAMA Psychiatry. 2021 Jan 6:€204165. https://doi.org/
10.1001/jamapsychiatry.2020.4165 PMID: 33404590

Simon GE, Johnson E, Lawrence JM, Rossom RC, Ahmedani B, Lynch FL, et al. Predicting Suicide
Attempts and Suicide Deaths Following Outpatient Visits Using Electronic Health Records. Am J Psy-
chiatry. 2018 Oct 1; 175(10):951-60. https://doi.org/10.1176/appi.ajp.2018.17101167 PMID: 29792051
Belsher BE, Smolenski DJ, Pruitt LD, Bush NE, Beech EH, Workman DE, et al. Prediction Models for
Suicide Attempts and Deaths: A Systematic Review and Simulation. JAMA Psychiatry. 2019 Jun 1; 76
(6):642-51. https://doi.org/10.1001/jamapsychiatry.2019.0174 PMID: 30865249

Grant BF, Dawson DA. Introduction to the National Epidemiologic Survey on Alcohol and Related Con-
ditions. Alcohol Res Health. 2006; 29:74-8.

Adkisson K, Cunningham KC, Dedert EA, Dennis MF, Calhoun PS, Elbogen EB, et al. Cannabis Use
Disorder and Post-Deployment Suicide Attempts in Irag/Afghanistan-Era Veterans. Arch Suicide Res.
2019 Oct-Dec; 23(4):678-87. https://doi.org/10.1080/13811118.2018.1488638 PMID: 29952737

Lee DJ, Kearns JC, Wisco BE, Green JD, Gradus JL, Sloan DM, et al. A longitudinal study of risk factors
for suicide attempts among Operation Enduring Freedom and Operation Iragi Freedom veterans.
Depress Anxiety. 2018 Jul; 35(7):609—18. https://doi.org/10.1002/da.22736 PMID: 29637667

Damen JA, Pajouheshnia R, Heus P, Moons KGM, Reitsma JB, Scholten RJPM, et al. Performance of
the Framingham risk models and pooled cohort equations for predicting 10-year risk of cardiovascular

PLOS Medicine | https://doi.org/10.1371/journal.pmed.1003713  August 5, 2021 28/31


https://doi.org/10.1111/sltb.12481
https://doi.org/10.1111/sltb.12481
http://www.ncbi.nlm.nih.gov/pubmed/29920749
https://doi.org/10.1136/bmjopen-2013-004732
http://www.ncbi.nlm.nih.gov/pubmed/24793255
https://doi.org/10.1016/S0033-3182%2883%2973213-5
https://doi.org/10.1016/S0033-3182%2883%2973213-5
http://www.ncbi.nlm.nih.gov/pubmed/6867245
https://doi.org/10.1186/s12888-018-1693-z
http://www.ncbi.nlm.nih.gov/pubmed/29699523
https://doi.org/10.4088/JCP.11m07362
http://www.ncbi.nlm.nih.gov/pubmed/22795212
https://doi.org/10.1016/j.annemergmed.2006.07.944
https://doi.org/10.1016/j.annemergmed.2006.07.944
http://www.ncbi.nlm.nih.gov/pubmed/16997684
https://doi.org/10.1017/S0033291712000347
http://www.ncbi.nlm.nih.gov/pubmed/22394511
https://doi.org/10.1371/journal.pone.0180292
http://www.ncbi.nlm.nih.gov/pubmed/28723978
https://psychiatryonline.org/guidelines
http://www.ncbi.nlm.nih.gov/pubmed/14649920
https://doi.org/10.1111/sltb.12395
http://www.ncbi.nlm.nih.gov/pubmed/28972271
https://doi.org/10.1016/j.cose.2017.03.011
https://doi.org/10.1016/j.cose.2017.03.011
https://doi.org/10.2105/AJPH.2015.302737
https://doi.org/10.2105/AJPH.2015.302737
http://www.ncbi.nlm.nih.gov/pubmed/26066914
https://doi.org/10.1001/jamapsychiatry.2020.4165
https://doi.org/10.1001/jamapsychiatry.2020.4165
http://www.ncbi.nlm.nih.gov/pubmed/33404590
https://doi.org/10.1176/appi.ajp.2018.17101167
http://www.ncbi.nlm.nih.gov/pubmed/29792051
https://doi.org/10.1001/jamapsychiatry.2019.0174
http://www.ncbi.nlm.nih.gov/pubmed/30865249
https://doi.org/10.1080/13811118.2018.1488638
http://www.ncbi.nlm.nih.gov/pubmed/29952737
https://doi.org/10.1002/da.22736
http://www.ncbi.nlm.nih.gov/pubmed/29637667
https://doi.org/10.1371/journal.pmed.1003713

PLOS MEDICINE

The Durham Risk Score

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44,

45.

46.

47.

disease: a systematic review and meta-analysis. BMC Med. 2019 Jun 13; 17(1):109. https://doi.org/10.
1186/s12916-019-1340-7 PMID: 31189462

Van KA, Witte TK, Cukrowicz KC, Braithwaite SR, Selby EA, Joiner TE Jr. The interpersonal theory of
suicide. Psychol Rev. 2010 Apr; 117(2):575-600. https://doi.org/10.1037/a0018697 PMID: 20438238

Rudd MD. Fluid vulnerability theory: A cognitive approach to understanding the process of acute and
chronic suicide risk. In: Ellis TE, editors. Cognition and Suicide. Washington, DC: American Psycholog-
ical Association; 2006. p. 355—-368.

Fazel S, Runeson B. Suicide. N Engl J Med. 2020 Jan 16; 382(3):266—74. https://doi.org/10.1056/
NEJMra1902944 PMID: 31940700

Olfson M, Wall M, Wang S, Crystal S, Gerhard T, Blanco C. Suicide Following Deliberate Self-Harm.
Am J Psychiatry. 2017 Aug 1; 174(8):765-74. https://doi.org/10.1176/appi.ajp.2017.16111288 PMID:
28320225

Bertolote JM, Fleischmann A. Suicide and psychiatric diagnosis: a worldwide perspective. World Psy-
chiatry. 2002 Oct; 1(3):181-5. PMID: 16946849

Yen S, Shea MT, Pagano M, Sanislow CA, Grilo CM, McGlashan TH, et al. Axis | and axis Il disorders
as predictors of prospective suicide attempts: findings from the collaborative longitudinal personality dis-
orders study. J Abnorm Psychol. 2003 Aug; 112(3):375-81. https://doi.org/10.1037/0021-843x.112.3.
375 PMID: 12943016

Black DW, Blum N, Pfohl B, Hale N. Suicidal behavior in borderline personality disorder: prevalence,
risk factors, prediction, and prevention. J Personal Disord. 2004 Jun; 18(3):226—-39. https://doi.org/10.
1521/pedi.18.3.226.35445 PMID: 15237043

Haas AP, Eliason M, Mays VM, Mathy RM, Cochran SD, AR D’A, et al. Suicide and suicide risk in les-
bian, gay, bisexual, and transgender populations: review and recommendations. J Homosex. 2011,
2011;58, 534038(1):10-51. https://doi.org/10.1080/00918369

Huang X, Ribeiro JD, Musacchio KM, Franklin JC. Demographics as predictors of suicidal thoughts and
behaviors: A meta-analysis. PLoS ONE. 2017 Jul 10; 12(7):e0180793. https://doi.org/10.1371/journal.
pone.0180793 PMID: 28700728

Ansell EB, Wright AG, Markowitz JC, Sanislow CA, Hopwood CJ, Zanarini MC, et al. Personality disor-
der risk factors for suicide attempts over 10 years of follow-up. Personal Disord. 2015 Apr; 6(2):161-7.
https://doi.org/10.1037/per0000089 PMID: 25705977

Nock MK, Hwang |, Sampson N, Kessler RC, Angermeyer M, Beautrais A, et al. Cross-national analysis
of the associations among mental disorders and suicidal behavior: findings from the WHO World Mental
Health Surveys. PLoS Med. 2009 Aug; 6(8):e1000123. https://doi.org/10.1371/journal.pmed.1000123
PMID: 19668361

Stein DJ, Chiu WT, Hwang |, Kessler RC, Sampson N, Alonso J, et al. Cross-national analysis of the
associations between traumatic events and suicidal behavior: findings from the WHO World Mental
Health Surveys. PLoS ONE. 2010 May 13; 5(5):e10574. https://doi.org/10.1371/journal.pone.0010574
PMID: 20485530

Kessler RC, Borges G, Walters EE. Prevalence of and risk factors for lifetime suicide attempts in the
National Comorbidity Survey. Arch Gen Psychiatry. 1999 Jul; 56(7):617—-26. https://doi.org/10.1001/
archpsyc.56.7.617 PMID: 10401507

Borges G, Angst J, Nock MK, Ruscio AM, Walters EE, Kessler RC. A risk index for 12-month suicide
attempts in the National Comorbidity Survey Replication (NCS-R). Psychol Med. 2006 Dec; 36
(12):1747-57. https://doi.org/10.1017/S0033291706008786 PMID: 16938149

May AM, Klonsky ED. What distinguishes suicide attempters from suicide ideators? A meta-analysis of
potential factors. Clin Psychol Sci Pract. 2016; 23(1):5-20. https://doi.org/10.1111/cpsp.12136

Grant BF, Moore TC, Shepard J, Moore T. Source and accuracy statement: Wave 1 National Epidemio-
logic Survey on Alcohol and Related Conditions (NESARC). Bethesda, MD: National Institute on Alco-
hol Abuse and. Alcohol. 2003.

Grant BF, Kaplan KD. Source and accuracy statement for the 2004-2005 Wave 2 National Epidemio-
logic Survey on Alcohol and Related Conditions. Bethesda, MD: National Institute on Alcohol Abuse
and. Alcohol. 2005.

Elbogen EB, Cueva M, Wagner HR, Sreenivasan S, Brancu M, Beckham JC, et al. Screening for vio-
lence risk in military veterans: predictive validity of a brief clinical tool. Am J Psychiatry. 2014 Jul; 171
(7):749-57. https://doi.org/10.1176/appi.ajp.2014.13101316 PMID: 24832765

Rosen RC, Marx BP, Maserejian NN, Holowka DW, Gates MA, Sleeper LA, et al. Project VALOR:
design and methods of a longitudinal registry of post-traumatic stress disorder (PTSD) in combat-
exposed veterans in the Afghanistan and Iragi military theaters of operations. Int J Methods Psychiatr
Res. 2012 Mar; 21(1):5-16. https://doi.org/10.1002/mpr.355 PMID: 22095917

PLOS Medicine | https://doi.org/10.1371/journal.pmed.1003713  August 5, 2021 29/31


https://doi.org/10.1186/s12916-019-1340-7
https://doi.org/10.1186/s12916-019-1340-7
http://www.ncbi.nlm.nih.gov/pubmed/31189462
https://doi.org/10.1037/a0018697
http://www.ncbi.nlm.nih.gov/pubmed/20438238
https://doi.org/10.1056/NEJMra1902944
https://doi.org/10.1056/NEJMra1902944
http://www.ncbi.nlm.nih.gov/pubmed/31940700
https://doi.org/10.1176/appi.ajp.2017.16111288
http://www.ncbi.nlm.nih.gov/pubmed/28320225
http://www.ncbi.nlm.nih.gov/pubmed/16946849
https://doi.org/10.1037/0021-843x.112.3.375
https://doi.org/10.1037/0021-843x.112.3.375
http://www.ncbi.nlm.nih.gov/pubmed/12943016
https://doi.org/10.1521/pedi.18.3.226.35445
https://doi.org/10.1521/pedi.18.3.226.35445
http://www.ncbi.nlm.nih.gov/pubmed/15237043
https://doi.org/10.1080/00918369
https://doi.org/10.1371/journal.pone.0180793
https://doi.org/10.1371/journal.pone.0180793
http://www.ncbi.nlm.nih.gov/pubmed/28700728
https://doi.org/10.1037/per0000089
http://www.ncbi.nlm.nih.gov/pubmed/25705977
https://doi.org/10.1371/journal.pmed.1000123
http://www.ncbi.nlm.nih.gov/pubmed/19668361
https://doi.org/10.1371/journal.pone.0010574
http://www.ncbi.nlm.nih.gov/pubmed/20485530
https://doi.org/10.1001/archpsyc.56.7.617
https://doi.org/10.1001/archpsyc.56.7.617
http://www.ncbi.nlm.nih.gov/pubmed/10401507
https://doi.org/10.1017/S0033291706008786
http://www.ncbi.nlm.nih.gov/pubmed/16938149
https://doi.org/10.1111/cpsp.12136
https://doi.org/10.1176/appi.ajp.2014.13101316
http://www.ncbi.nlm.nih.gov/pubmed/24832765
https://doi.org/10.1002/mpr.355
http://www.ncbi.nlm.nih.gov/pubmed/22095917
https://doi.org/10.1371/journal.pmed.1003713

PLOS MEDICINE

The Durham Risk Score

48.

49.

50.

51.

52,

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

World Health Organization. Preventing suicide: A global imperative. 2014 Sep 4 [cited 2021 Apr 4]. In:
Suicide Prevention [Internet]. Available from: https://www.who.int/mental_health/suicide-prevention/
world_report_2014/en/

Nock MK, Holmberg EB, Photos VI, Self-Injurious Thoughts MBD. Behaviors Interview: development,
reliability, and validity in an adolescent sample. Psychol Assess. 2007 Sep; 19(3):309-17. https://doi.
org/10.1037/1040-3590.19.3.309 PMID: 17845122

Babyak MA. What you see may not be what you get: a brief, nontechnical introduction to overfitting in
regression-type models. Psychosom Med. 2004 May-Jun; 66(3):411-21. https://doi.org/10.1097/01.
psy.0000127692.23278.a9 PMID: 15184705

Stoltzfus JC. Logistic regression: a brief primer. Acad Emerg Med. 2011 Oct; 18(10):1099-104. https://
doi.org/10.1111/j.1553-2712.2011.01185.x PMID: 21996075

Youden WJ. Index for rating diagnostic tests. Cancer. 1950 Jan; 3(1):32-5. https://doi.org/10.1002/
1097-0142(1950)3:1<32::aid-cncr2820030106>3.0.c0;2-3 PMID: 15405679

First MB, Williams JBW, Karg RS, Williams JB. Structured clinical interview for DSM-IV axis | disorders,
Clinician Version (SCID-CV). Washington, DC: American Psychiatric Press; 1996.

Blake DD, Weathers FW, Nagy LM, Kaloupek DG, Gusman FD, Charney DS, et al. The development of
a Clinician-Administered PTSD Scale. J Trauma Stress. 1995 Jan; 8(1):75-90. https://doi.org/10.1007/
BF02105408 PMID: 7712061

Sheehan DV, Lecrubier Y, Sheehan KH, Amorim P, Janavs J, Weiller E, et al. The Mini-International
Neuropsychiatric Interview (M.I.N.1.): the development and validation of a structured diagnostic psychi-
atric interview for DSM-IV and ICD-10. J Clin Psychiatry. 1998; 59(Suppl 20):22—-33. PMID: 9881538

Grant BF, Harford TC, Dawson DA, Chou PS, Pickering RP. The Alcohol Use Disorder and Associated
Disabilities Interview schedule (AUDADIS): reliability of alcohol and drug modules in a general popula-
tion sample. Drug Alcohol Depend. 1995 Jul; 39(1):37—44. https://doi.org/10.1016/0376-8716(95)
01134-k PMID: 7587973

Babor TF, Biddle-Higgins JC, Saunders JB, Monteiro MG. AUDIT: The Alcohol Use Disorders Identifi-
cation Test: Guidelines for Use in Primary Health Care. Geneva, Switzerland: World Health Organiza-
tion; 2001.

Skinner HA. The drug abuse screening test. Addict Behav. 1982; 7(4):363-71. https://doi.org/10.1016/
0306-4603(82)90005-3 PMID: 7183189

Davidson JR, Book SW, Colket JT, Tupler LA, Roth S, David D, et al. Assessment of a new self-rating
scale for post-traumatic stress disorder. Psychol Med. 1997 Jan; 27(1):153-60. https://doi.org/10.1017/
s0033291796004229 PMID: 9122295

Spitzer RL, Williams JB, Kroenke K, Linzer M, de FV, Hahn SR, et al. Utility of a new procedure for diag-
nosing mental disorders in primary care. The PRIME-MD 1000 study. JAMA. 1994 Dec 14; 272
(22):1749-56. https://doi.org/10.1001/jama.1994.03520220043029 PMID: 7966923

Kubany ES, Haynes SN, Leisen MB, Owens JA, Kaplan AS, Watson SB, et al. Development and prelim-
inary validation of a brief broad-spectrum measure of trauma exposure: the Traumatic Life Events
Questionnaire. Psychol Assess. 2000 Jun; 12(2):210-24. https://doi.org/10.1037//1040-3590.12.2.210
PMID: 10887767

Bernstein DP, Fink L, Handelsman L, Foote J, Lovejoy M, Wenzel K, et al. Initial reliability and validity of
a new retrospective measure of child abuse and neglect. Am J Psychiatry. 1994 Aug; 151(8):1132—6.
https://doi.org/10.1176/ajp.151.8.1132 PMID: 8037246

Kazis LE, Miller DR, Skinner KM, Lee A, Ren XS, Clark JA, et al. Applications of methodologies of the
Veterans Health Study in the VA healthcare system: conclusions and summary. J Ambul Care Manage.
2006 Apr-Jun; 29(2):182-8. https://doi.org/10.1097/00004479-200604000-00011 PMID: 16552327

Gray MJ, Litz BT, Hsu JL, Lombardo TW. Psychometric properties of the life events checklist. Assess-
ment. 2004 Dec; 11(4):330—41. https://doi.org/10.1177/1073191104269954 PMID: 15486169

Derogatis LR. SCL-90: Administration, scoring and procedures Manual-I for the Revised Version and
other Instruments of the Psychopathology Rating Scale Series. Baltimore, MD: Johns Hopkins Univer-
sity School of Medicine, Clinical Psychometrics Research Unit; 1983.

Ross EL, Zuromski KL, Reis BY, Nock MK, Kessler RC, Smoller JW. Accuracy requirements for cost-
effective suicide risk prediction among primary care patients in the US. JAMA Psychiatry. 2021 Mar; 17:
€210089. https://doi.org/10.1001/jamapsychiatry.2021.0089 PMID: 33729432

Substance Abuse and Mental Health Services Administration. Key substance use and mental health
indicators in the United States: Results from the 2019 National Survey on Drug Use and Health. 2020
Sept 11 [cited 2021 Apr 22]. In Data [Internet]. Available from: https://www.samhsa.gov/data/sites/
default/files/reports/rpt29393/2019NSDUHFFRPDFWHTML/2019NSDUHFFR1PDFW090120.pdf.

PLOS Medicine | https://doi.org/10.1371/journal.pmed.1003713  August 5, 2021 30/31


https://www.who.int/mental_health/suicide-prevention/world_report_2014/en/
https://www.who.int/mental_health/suicide-prevention/world_report_2014/en/
https://doi.org/10.1037/1040-3590.19.3.309
https://doi.org/10.1037/1040-3590.19.3.309
http://www.ncbi.nlm.nih.gov/pubmed/17845122
https://doi.org/10.1097/01.psy.0000127692.23278.a9
https://doi.org/10.1097/01.psy.0000127692.23278.a9
http://www.ncbi.nlm.nih.gov/pubmed/15184705
https://doi.org/10.1111/j.1553-2712.2011.01185.x
https://doi.org/10.1111/j.1553-2712.2011.01185.x
http://www.ncbi.nlm.nih.gov/pubmed/21996075
https://doi.org/10.1002/1097-0142%281950%293%3A1%26lt%3B32%3A%3Aaid-cncr2820030106%26gt%3B3.0.co%3B2-3
https://doi.org/10.1002/1097-0142%281950%293%3A1%26lt%3B32%3A%3Aaid-cncr2820030106%26gt%3B3.0.co%3B2-3
http://www.ncbi.nlm.nih.gov/pubmed/15405679
https://doi.org/10.1007/BF02105408
https://doi.org/10.1007/BF02105408
http://www.ncbi.nlm.nih.gov/pubmed/7712061
http://www.ncbi.nlm.nih.gov/pubmed/9881538
https://doi.org/10.1016/0376-8716%2895%2901134-k
https://doi.org/10.1016/0376-8716%2895%2901134-k
http://www.ncbi.nlm.nih.gov/pubmed/7587973
https://doi.org/10.1016/0306-4603%2882%2990005-3
https://doi.org/10.1016/0306-4603%2882%2990005-3
http://www.ncbi.nlm.nih.gov/pubmed/7183189
https://doi.org/10.1017/s0033291796004229
https://doi.org/10.1017/s0033291796004229
http://www.ncbi.nlm.nih.gov/pubmed/9122295
https://doi.org/10.1001/jama.1994.03520220043029
http://www.ncbi.nlm.nih.gov/pubmed/7966923
https://doi.org/10.1037//1040-3590.12.2.210
http://www.ncbi.nlm.nih.gov/pubmed/10887767
https://doi.org/10.1176/ajp.151.8.1132
http://www.ncbi.nlm.nih.gov/pubmed/8037246
https://doi.org/10.1097/00004479-200604000-00011
http://www.ncbi.nlm.nih.gov/pubmed/16552327
https://doi.org/10.1177/1073191104269954
http://www.ncbi.nlm.nih.gov/pubmed/15486169
https://doi.org/10.1001/jamapsychiatry.2021.0089
http://www.ncbi.nlm.nih.gov/pubmed/33729432
https://www.samhsa.gov/data/sites/default/files/reports/rpt29393/2019NSDUHFFRPDFWHTML/2019NSDUHFFR1PDFW090120.pdf
https://www.samhsa.gov/data/sites/default/files/reports/rpt29393/2019NSDUHFFRPDFWHTML/2019NSDUHFFR1PDFW090120.pdf
https://doi.org/10.1371/journal.pmed.1003713

PLOS MEDICINE

The Durham Risk Score

68.

69.

70.

71.

72.

73.

74.

Fazel S, Wolf A, Larsson H, Mallett S, Fanshawe TR. The prediction of suicide in severe mental illness:
development and validation of a clinical prediction rule (OxMIS). Transl Psychiatry. 2019 Feb 25; 9
(1):98. https://doi.org/10.1038/s41398-019-0428-3 PMID: 30804323

Stanley B, Brown GK. Safety planning intervention: A brief intervention to mitigate suicide risk. Cogn
Behav Pract. 2012; 19(2):256—64. https://doi.org/10.1016/j.cbpra.2011.01.001

Stanley B, Brown GK, Brenner LA, Galfalvy HC, Currier GW, Knox KL, et al. Comparison of the Safety
Planning Intervention With Follow-up vs Usual Care of Suicidal Patients Treated in the Emergency
Department. JAMA Psychiatry. 2018 Sep 1; 75(9):894—900. https://doi.org/10.1001/jamapsychiatry.
2018.1776 PMID: 29998307

Brown GK, Ten Have T, Henriques GR, Xie SX, Hollander JE, Beck AT. Cognitive therapy for the pre-
vention of suicide attempts: a randomized controlled trial. JAMA. 2005 Aug 3; 294(5):563-70. https://
doi.org/10.1001/jama.294.5.563 PMID: 16077050

Rudd MD, Bryan CJ, Wertenberger EG, Peterson AL. Young-McCaughan S, Mintz J, et al. Brief cogni-
tive-behavioral therapy effects on post-treatment suicide attempts in a military sample: results of a ran-
domized clinical trial with 2-year follow-up. Am J Psychiatry. 2015 May; 172(5):441-9. https://doi.org/
10.1176/appi.ajp.2014.14070843 PMID: 25677353

Lau BD, Haider AH, Streiff MB, Lehmann CU, Kraus PS, Hobson DB, et al. Eliminating Health Care Dis-
parities With Mandatory Clinical Decision Support: The Venous Thromboembolism (VTE) Example.
Med Care. 2015 Jan; 53(1):18-24. https://doi.org/10.1097/MLR.0000000000000251 PMID: 25373403

Arias SA, Boudreaux ED, Segal DL, Miller I, Camargo CA Jr, Betz ME. Disparities in Treatment of Older
Adults with Suicide Risk in the Emergency Department. J Am Geriatr Soc. 2017 Oct; 65(10):2272—7.
https://doi.org/10.1111/jgs.15011 PMID: 28752539

PLOS Medicine | https://doi.org/10.1371/journal.pmed.1003713  August 5, 2021 31/31


https://doi.org/10.1038/s41398-019-0428-3
http://www.ncbi.nlm.nih.gov/pubmed/30804323
https://doi.org/10.1016/j.cbpra.2011.01.001
https://doi.org/10.1001/jamapsychiatry.2018.1776
https://doi.org/10.1001/jamapsychiatry.2018.1776
http://www.ncbi.nlm.nih.gov/pubmed/29998307
https://doi.org/10.1001/jama.294.5.563
https://doi.org/10.1001/jama.294.5.563
http://www.ncbi.nlm.nih.gov/pubmed/16077050
https://doi.org/10.1176/appi.ajp.2014.14070843
https://doi.org/10.1176/appi.ajp.2014.14070843
http://www.ncbi.nlm.nih.gov/pubmed/25677353
https://doi.org/10.1097/MLR.0000000000000251
http://www.ncbi.nlm.nih.gov/pubmed/25373403
https://doi.org/10.1111/jgs.15011
http://www.ncbi.nlm.nih.gov/pubmed/28752539
https://doi.org/10.1371/journal.pmed.1003713

