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ABSTRACT

Objective: There is limited knowledge about the ability of instruments

to detect risk of suicide in a range of settings. Prior reviews have not
considered whether the utility of instruments depends on prior probability
of risk. We performed a systematic review to determine the diagnostic
accuracy of instruments to detect risk of suicide in adults using likelihood
ratio analysis. This method aids evaluation of prior probabilities of risk.

Data Sources: We searched MEDLINE, Cochrane Database of Systematic
Reviews, PsycINFO, EMBASE, and Scopus from inception through January
19,2021.

Study Selection: We included clinical trials, observational studies,

and quasi-experimental studies assessing the diagnostic accuracy of
instruments to detect risk of suicide in adults. There were no language
restrictions.

Data Extraction: Three reviewers in duplicate assessed full texts to
determine eligibility and extracted data from included studies. Positive
(LR+) and negative likelihood ratio (LR-) and 95% Cls were calculated for
each instrument.

Results: Thirty studies met inclusion criteria. Most instruments showed
minimal utility to detect or rule out risk of suicide, with LR+ <2.0 and LR-
>0.5. A few instruments had a high utility for improving risk detection in
emergency department, inpatient mental health, and prison settings when
patients scored above the cutoff (LR+ > 10). For example, among patients
discharged from an emergency department, the Columbia Suicide Severity
Rating Scale—Clinical Practice Screener had a LR+ of 10.3 (95% Cl, 6.3-16.8)
at 3-month follow-up. The clinical utility of the instruments depends on
the pretest probability of suicide in the setting. Because studies spanned
over 6 decades, the findings are at risk for secular trends.

Discussion: We identified several instruments that may hold promise

for detecting risk of suicide in emergency department, inpatient mental
health, or prison settings. The utility of the instrument hinges, in part, on
baseline suicide risk.
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More than 20 self- or clinician-administered
instruments have been developed to assist
in detecting risk of suicide in adults." The Joint
Commission has also set a standard that accredited
organizations need to screen for suicidal ideation
using a validated instrument in patients evaluated (or
treated) for behavioral health conditions.? Available
instruments generally have high face validity. A series
of systematic reviews and meta-analyses,*” however,
concluded that there is a lack of robust evidence to
support the notion that these instruments can reliably
detect risk of death by suicide. In a meta-analysis
of psychological scales, Runeson et al* determined
that no instrument met the authors’ minimum
criteria for diagnostic accuracy to detect risk of
suicide (ie, sensitivity >80% and specificity > 50%).*
Similarly, Carter et al” reported that the pooled
positive predictive value (PPV) of psychological
instruments to detect risk of suicide was only 5.5%.
In a 2013 systematic review completed for the US
Preventive Services Task Force, O’Connor et al®
concluded that there was only minimal evidence to
support the routine practice of suicide screening in
primary care settings. Because instruments such as
the Columbia Suicide Severity Rating Scale-Clinical
Practice Screener (C-SSRS Screener) continue to be
routinely used in clinical practice,? it is necessary
to determine which (if any) of these instruments
can detect risk of suicide. Moreover, it is imperative
that health care providers and policy makers are
knowledgeable about how to use these instruments
to inform suicide risk detection.

Historically, reviewers have evaluated the
diagnostic accuracy of instruments to detect risk of
suicide by analyzing instruments’” predictive values
as well as their sensitivity and specificity. According
to Bayes’ theorem, sensitivity and specificity can also
be simultaneously assessed using likelihood ratios
and then combined with pretest probabilities to
yield key insights about posttest probabilities.”!® A
likelihood ratio indicates how much more (or less)
likely it is that a patient with suicide would have
that test result as compared to a patient without
suicide.!! One can use the likelihood ratio for a given
instrument to determine the applicability of the
finding to their patient.!! In other words, a health
care provider or health care system can account for
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Clinical Points

B The utility of scales to detect risk of suicide may relate to
prior probability of risk, but reviews have not studied this
relationship.

B There is limited evidence to demonstrate that most scales
can detect suicide, and promising scales require further
study.

B |n some settings (eg, psychiatric hospital), there may be
scales that can improve risk detection based on higher,
posttest probability.

the prior probability of eventual suicide when applying an
instrument to a patient, population, or setting.!? As such, an
instrument may perform better (or worse) in a particular
setting based on prior knowledge of the characteristics of
the population. This is a unique advantage of likelihood
ratios. Positive and negative predictive values depend on
the prevalence of risk in the sample.!! While sensitivity
and specificity assess an instrument’s ability to predict the
outcome, these values do not take into account the prior
probability of risk.!! Although meta-analyses based on
likelihood ratio analysis have been successfully applied in
other medical fields,'*!'* this methodology has yet to be used
to evaluate the diagnostic accuracy of instruments to detect
risk of death by suicide.

The overall objective of this systematic review and meta-
analysis is to fill this gap, evaluating the use of likelihood ratio
analysis to evaluate the diagnostic accuracy of instruments to
detect the risk of death by suicide in adults. To expand on the
current literature, we broadened our review to include the
examination of instruments that were designed to assess risk
of suicide regardless of underlying suicide risk or setting. The
results of our review may uncover promising instruments to
detect risk of suicide in various settings and motivate future
research to design instruments with improved diagnostic
accuracy. We chose death by suicide as the condition of
interest because it is a societal goal to prevent death by
suicide. Although intermediate outcomes such as suicidal
ideation and nonfatal suicide attempts are more prevalent
and therefore easier to measure in a study, these intermediary
outcomes are far more susceptible to measurement bias.!
These concerns about the measurement of intermediary
suicide outcomes are very likely to be exacerbated when
assessing the diagnostic accuracy of instruments.'®

METHODS

We conducted the review according to the PRISMA
reporting guidelines for diagnostic test accuracy studies!”
and incorporated recommendations from the Cochrane
Handbook for Diagnostic Test Accuracy Reviews.'® The
protocol is registered with PROSPERO (CRD42021285528).

Data Sources, Searches, Selection, and Extraction

We searched MEDLINE, Cochrane Database of Systematic
Reviews (CDSR), PsycINFO, EMBASE, and Scopus from
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inception through January 19, 2021. We used exploded
MeSH terms and keywords to generate the following themes:
psychological instruments, prediction, and suicidal behavior.
We used the Boolean term “AND” to find the intersection
between the 3 themes. We also reviewed the references of
included studies.

We included randomized and non-randomized controlled
trials as well as observational and quasi-experimental studies
assessing the diagnostic accuracy of instruments to detect
risk of death by suicide in adult populations. We included
studies that enrolled adult populations. If studies also
enrolled non-adults, we used the following method to ensure
only a limited number of subjects under age 18 years were
included in the sample. If age was reported as a continuous
variable, we required that the mean (or median) age of the
sample was 18 years or older. We reviewed the measures of
variability to confirm that it was likely that patients younger
than 18 years old accounted for a small proportion of the
sample (ie, <10%). If age was reported as a categorical
variable (eg, 15-19 years, 20-39 years), we reviewed the
description of the sample (or reports of the underlying
population) to confirm that it was likely that<10% of the
sample was younger than 18 years. Because one study'®
provided no patient-level characteristics, we contacted the
hospital where the study was conducted to confirm that the
psychiatric unit was an adult unit (ie, > 18 years) at the time
of the study in 1970. We also required that the instruments
were clinician- or self-administered instruments that were
designed with the primary intent to detect risk of suicide.
We imposed no language restrictions.

We excluded studies that focused specifically on the
diagnostic accuracy of instruments to detect risk of suicide
in children and adolescents because this population is unique
from adults. We also excluded any studies that reported
insufficient data to evaluate the accuracy of the instrument.

Applying our a priori inclusion criteria, one reviewer
(N.B.R.) screened the titles and abstracts of all potentially
relevant studies, excluding those that were clearly ineligible.
Three reviewers (N.B.R., S.M., Y.L.) then independently
and in duplicate assessed the full text of the remaining
studies to determine eligibility. In the case of disagreement,
a fourth reviewer (B.V.W.) independently evaluated these
texts for inclusion. We used Rayyan software to facilitate
the screening process.?

Three reviewers (N.B.R., S.M., Y.L.) extracted data in
duplicate from included studies. We extracted data related to
demographics, methods, outcomes and risk of bias. We used
the QUADAS 2 scale!® to evaluate risk of bias. Discrepancies
were resolved through consensus. This involved discussing
the findings as a group and selecting the result that best
described the data. Decisions about data selection were made
irrespective of the seniority of the reviewer.

Data Synthesis

Because the instruments included in our review varied in
their design and targeted divergent populations, we separately
evaluated the diagnostic accuracy of each instrument. It was
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Figure 1. PRISMA Flow Diagram
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Abbreviation: CDSR =Cochrane Database of Systematic Reviews.

possible, however, that a study could contribute data to the
analysis of more than one instrument.

For each instrument, we calculated the sensitivity,
specificity, and corresponding positive (LR+) and negative
likelihood ratio (LR-). We also calculated the 95% confidence
intervals (CIs).?! In our study, a LR+ is a ratio of the chance
of a positive response in the presence of suicide with the
chances of a positive result in the absence of suicide. In this
way, the LR+ tells you how much the probability of death
by suicide increases based on the result. Conversely, the
LR- is a ratio of the chance of a negative response in the
absence of suicide with the chances of a negative result in
the presence of suicide. In this way, the LR- tells you how
much the probability of death by suicide decreases based on
the result. We conservatively applied a correction factor of
0.5 to cells in the case of zero values.?>?

We observed that the Beck Suicide Intent Scale (SIS) and
the Viennese Instrument for Suicidality in Correctional
Institutions (VISCI) were each studied in 4 or more distinct
populations. We applied bivariate mixed effects regression
methods to calculate the summary estimates and summary
receiver operator curves (SROCs) for the SIS and the
VISCI.??* We quantified heterogeneity that was due to
threshold effects by examining the squared correlation
coefficient, which was calculated from the between-study
covariance parameter.”® In addition, we visually inspected
the ROC plane.?* Because studies of the VISCI included
two distinct populations (pretrial; sentenced), we visually
examined the data to assess for any trends suggestive of
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differences in outcome based on the type of population. We
sequentially removed studies to assess whether this resolved
the observed variation and meaningfully changed our results.

We intended to apply a similar approach to the remaining
instruments, but there were insufficient studies to permit
bivariate analysis. We nonetheless felt that it was critical to
present the individual results for each of these instruments,
as many of the instruments are used in clinical practice.
Presenting the current evidence, as limited as it is, may help
to inform future directions for research.

Data Analysis

We analyzed our results using a likelihood ratio
analysis.'>?%23 First, we created a graphical display of the LR+
and LR- for each instrument as well as the associated 95% CI.
We defined clinical utility using the following approach: none
(LR+ <2 or LR~ >0.5), small (LR+ of >2 to <5 or LR- 0f 0.2
to <0.5), moderate (LR+ of >5to <10 or LR- 0f 0.1 to <0.2),
and high (LR+ of > 10 or LR- of 0.0 to <0.1).% A result was
statistically meaningful if the CI stayed within clinical utility.
We then generated a likelihood ratio scatterplot matrix.?>?3
This matrix addresses concerns that separate pooling of
LRs may overlook any correlation between the ratios.'8
Based on established, evidence-based criteria,?>? results
were assigned to 1 of 4 quadrants to further assess clinical
utility: right upper quadrant (exclusion and confirmation:
LR+>10, LR-<0.1), right lower quadrant (exclusion only:
LR+<10, LR-<0.1), left upper quadrant (confirmation only:
LR+>10, LR-2>0.1), and left lower quadrant (no exclusion
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or confirmation: LR+ <10, LR->0.1).2>%3 Because suicide is
a low base-rate event, these cutoffs or greater are necessary
in most populations to produce any clinically meaningful
results.?

We used the MIDAS package in STATA 17 to perform
the bivariate regression and generate the SROC.?* All other
quantitative analysis were performed using Microsoft Excel
for Office 365 (Microsoft Corporation).

If a study reported findings by subgroup (eg, gender),
we presented the results in this format because the authors
frequently mentioned that they had observed differences in
diagnostic accuracy based on these characteristics.

If the data for an instrument were collected but not
reported in a format that would allow us to calculate
sensitivity, specificity, and corresponding likelihood ratios,
we contacted the authors for these data.?6~8 If we could not
obtain the needed data from the authors,?*2® we excluded
the datapoint on that particular instrument from our review.
Specifically, we excluded results reported for the C-SSRS
total?® and certain subscales of the Columbia Classification
System (C-CASA)% and the Manchester Self-Harm Rule
(MSHR).?8

Several studies reported estimates using different cutoff
values.?®?9-33 Here, we applied the following approach to
select the data to present for our primary analysis. Based on
prior guidance,* we gave first priority to results that yielded
a sensitivity > 80% and a specificity > 50%.* We gave second
priority to results that generated the highest sensitivity while
maintaining a specificity around 50% or greater and gave
third priority to results that generated the highest sensitivity.
To determine whether the choice of cutoff influenced our
conclusions, we repeated the analysis using each alternative
cutoff value. In addition, we observed that there was
variability in follow-up time?**3-3 or choice of control.**-*2
We applied the same approach (as just described) to select the
data to present for our primary analysis. We then repeated
our analysis to see whether differences in these variables
changed the results.

We used GRADEpro software® to evaluate the quality
of the evidence for each instrument.** We rated quality as
very low, low, moderate, or high based on study design,
risk of bias, indirectness, inconsistency, imprecision, and
publication bias.

RESULTS

We identified 11,547 potentially eligible records, of which
9,007 remained once we removed duplicates and ongoing
studies (see Figure 1). After we applied our study inclusion
and exclusion criteria to the potentially eligible records, we
identified 41 reports (30 studies) that met study inclusion
Criteria,19:26-4245-67

Table 1 summarizes the characteristics of 1 randomized
trial, 22 cohort studies, and 7 case-control studies that
met inclusion criteria. Studies represented a total of 31
instruments; some of which were modified versions of
existing instruments. All studies were conducted in Europe
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or North America. The study years spanned from 1960 to
2018. Several studies specified age 18 years or older (or
adult) as inclusion criteria or recruited subjects from an
adult inpatient unit. There were only a few instruments
that were tested in non-mental health populations or non-
clinical settings. Several studies used a registry to identify
suicide deaths. Eight studies included deaths that may have
been misclassified as deaths due to undetermined causes,
accidental poisoning, or probable suicide.

Likelihood Ratio Analysis

As shown in Figures 2 and 3, a small number of scales
achieved a sensitivity >80% and a specificity >50%. Most
instruments, however, had no utility for detecting risk of
suicide when patients score about the cutoff or ruling out
risk of suicide when patients score below the cutoff. There
were just a few exceptions to these findings, listed as follows.

The C-SSRS Screener, the Modified Screening for Suicide
Risk of Prisoners (SSRP), and the Pallis 18-item + Beck
Suicide Intent Scale (SIS) 7-item had a high utility (LR+,
10+) for detecting risk of suicide when patients score above
the cutoff (Figure 2). While the Suicide Potential Scale (SPS)
had a high utility, the CI included no utility (LR+, 12; 95%
CI, 1.8-81.7). The VISCI was the only instrument that had a
small utility for ruling out risk of suicide when patients score
below the cutoff, and results did not cross no utility (LR-,
0.2;95% CI, 0.17-0.3).

Related to these findings, the likelihood ratio matrix
found that most instruments were not useful for detecting or
ruling out risk of suicide (see Figure 4). There were, however,
a few exceptions. The C-SSRS Screener had high utility in
an emergency department population for detecting risk of
suicide at 3-month follow-up when patients had a positive
screen (ie, “yes” to any of 3 questions related to intensity of
suicidal thoughts and history of self-harm) (LR+, 10.3; LR-,
0.7). In a case-control study, the Modified SSRP also had high
utility for detecting risk of suicide among pre-trial inmates
when patients scored 3+ (LR+, 10.5; LR-, 0.3). In addition,
at 12-month follow-up, the Pallis 18-item + Beck SIS 7-item
had high utility in an inpatient or emergency department
sample for detecting risk of suicide when patients scored
g+ (LR+, 10.1) and bordered on high utility to rule out
risk of suicide when patients scored below the cutoff (LR-,
0.1). Finally, the Beck SIS 4-item bordered on high utility
for ruling out risk of suicide when patients scored below 6
(LR+, 2.3; LR-, 0.1).

Sensitivity Analysis

The summary estimates for the 5 studies of the Beck SIS
Total had threshold effects upwards of 100%. There was
notable variation in populations, selected cutoff values, and
follow-up time across studies. Although we were unable
to resolve these threshold effects, the results remained
unchanged regardless of the combination of studies. The
summary estimates for VISCI had threshold effects upwards
of 100% and had no utility for detecting risk of suicide.
Because this estimate included two distinct populations
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Figure 4. Likelihood Ratio Scattergram of Instruments to Detect or Rule out Risk of Suicide?
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lues (ie, 1.0-0.01).

Abbreviations: C-SSRS Screener = Columbia Suicide Severity Rating Scale-Clinical Practice Screener, LR =likelihood
ratio, neg=negative, pos = positive, SIS =Suicide Intent Scale, SPS= Suicide Potential Scale, SSI=Scale of Suicide

Ideation, SSRP = Screening for Suicide Risk of Prisoners.

(sentenced and pretrial), we analyzed the results that the
authors reported for each population. We found that the
VISCI had utility for detecting risk of suicide in sentenced
populations based on high positive LRs in the validation
(eg, LR+, 13) and index sample (eg, LR+, 38). The VISCI,
however, had only small to moderate utility for detecting
risk of suicide in pretrial populations in the validation
sample.

Several studies reported multiple cutoff points and/or
follow-up periods. In general, we found that the choice of
cutoff or follow-up did not change our conclusions. However,
in the case of the Pallis 18-item + Beck SIS 7-item, the high
utility fell to moderate at 6- and 24-month follow-up (LR+,
9.0; LR-, 0.1-0.2). The C-SSRS Screener had moderate
utility for detecting risk of suicide among those scoring
above the cutoff at 1- (LR+, 5.0; LR-, 0.8), 6- (LR+, 7.3; LR~,
0.8), and 12-month follow-up (LR+, 7.5; LR-, 0.8). Finally,
using an index sample, Motto et al*” reported an extremely
high LR+ > 50 for the Motto Risk Estimate for detecting
risk of suicide at 12-month follow-up among hospitalized
patients. The authors were unable to replicate this result in
avalidation sample at 12 months follow-up (LR+, 2.3) or in
a larger sample at 24 months (LR+, 2.5).%¢-38

Quality Assessment

As shown in Supplementary Table 1, all studies were
judged to be at low risk when considering applicability of
patient selection, index test, and reference standard. With
regards to risk of bias, most studies were also at low risk of
bias for patient selection, reference standard, and flow and
timing. There were some concerns, however, that there was
insufficient information provided in the majority of studies
to judge the administration of the index test. The degree to
which bias may have influenced the findings of case-control
studies was also, generally, less clear.

44 [ PSYCHIATRIST.COM

According to the GRADE analysis, the quality of evidence
for most instruments was high (ie, Beck SIS 4-item, Beck
SSI current and worst, C-CASA, MSHR, ReACT, and
Pallis 6-item item + Beck SIS 7-item) or moderate (ie, Beck
SIS 7-item, Buglass and Horton 3- and 6-item, C-SSRS
Screener, Neuropsychiatric Hospital Suicide Prediction
Schedule, Pallis 18-item item + Beck SIS 7-item, PIS,
Suicidal Risk Assessment Scale of Ducher (RSD), Modified
SAD PERSONS Scale, South London and Maudsley NHS
Foundation Trust [SLaM], SPS, Revised SPS, SSRP, Modified
SSRP, Suicide Probability Scale, and VISCI). The results were
downgraded in some cases due to wide confidence intervals
or inconsistency. There was no evidence of publication bias.

DISCUSSION

Over the past 60 years, studies have reported on a number
of instruments that are designed to detect risk of suicide
in diverse populations, ranging from those with a known
history of suicidal behavior to those with any acute health
symptoms. The instruments have been applied in divergent
settings. Aligned with the literature,>”” our review has
concluded that most instruments show minimal utility to
detect or rule out risk of suicide. A few instruments that may
hold promise in improving the ability to detect risk of suicide
include the C-SSRS Screener in emergency department
settings, the Modified SSRP for pre-trial inmates, the
VISCI for pre-trial and sentenced inmates, and the Pallis
18-item + Beck SIS 7-item and the Beck SIS 4-item in acute
psychiatric settings.

Simpson et al* examined the C-SSRS Screener in 92,643
patients who presented to an emergency room with any acute
health concern. While the authors identified that a positive
screen had a high utility for detecting risk of suicide at 90-day
follow-up (ie, LR+, 10.3), the instrument performed poorly

J Clin Psychiatry 84:1, January/February 2023



at ruling out cases (ie, LR-, 0.7). This is not surprising given
the instrument’s poor sensitivity of 37. Practically speaking,
the clinical relevance of their findings also remains unclear.
The incidence of suicide in their population at 90-days was
0.03%, meaning that a robust LR+ of 10.3 had virtually
no effect on modifying a patient’s posttest probability of
suicide (ie, 0.3%). It is conceivable that the screen may be
useful when applied to population with a higher prevalence
of suicide. For example, Geulayov et al®® reported that the
probability of suicide within the first 3 months of emergency
department discharge among patients who presented with
suicidal behavior was greater than 0.65%. This means that a
LR+ of 10.3 would increase the posttest probability of suicide
to 6.3%, a potentially meaningful finding. Yet, because the
C-SSRS Screener asks about suicidal ideation and self-harm,
most (if not all) of these patients would screen positive on
the instrument, nullifying any possible benefit. This suggests
that the C-SSRS Screener may be useful only in a population
of patients whose baseline suicide risk is high (eg, alcohol use
disorder),% but the chief complaint is not suicidal behavior.
Of course, future research would need to confirm this.

Among 30 pre-trial detainees who died by suicide, Dahle
et al% determined that the Modified SSRP had high utility
for detecting risk of suicide (LR+, 10.5) and small utility
for ruling out risk of suicide (LR-, 0.3). It is important to
highlight that the likelihood ratio analysis uncovered a
potential application for the Modified SSRP to improve the
ability to detect risk of suicide, even though the sensitivity
of the instrument was relatively low (ie, 70). Frottier et
al*®3! also concluded that among 228 inmates who died by
suicide, the VISCI had a high utility for detecting risk of
suicide among sentenced inmates with LR+ values ranging
from 13 to 38. Notably, the VISCI was the only instrument
that had a small utility for ruling out risk of suicide (LR-,
0.2), and results did not cross no utility. Given the high rates
of suicide in inmates,”®~”2 both instruments may have utility
in improving the detection of risk of suicide in real-world
practice. It remains unclear whether these instruments
could produce similar results in other high-risk populations.
Inmates have unique risk factors for suicide,”? and the
instruments include several items about legal concerns. The
studies also used a case-control design.

We determined that a combined instrument (Pallis
18-item + Beck SIS 7-item) had high utility in an inpatient
or emergency room sample for improving the detection
of risk of suicide (LR+, 10.1) and bordered on high utility
to rule out risk of suicide (LR-, 0.1) when patients score
above the cutoff.>* Considering that the rates of suicide
after psychiatric hospitalization are much higher than in
the general population,” this finding may be clinically
meaningful. For example, if the pretest probability of suicide
in the first 3 months after psychiatric discharge is 1.1%,”
then the instrument would increase the posttest probability
of suicide to approximately 10% among those scoring above
the cutoff. It also means that if a patient scores below the
cutoff, then the probability of suicide is exceedingly small
(ie, 0.1%.). While this result is quite promising, several
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factors must be considered. By design, the Beck SIS can
be administered only to a patient with a current (or prior)
history of suicide attempt and, therefore, has limited
application. The instruments were studied in patients who
presented to a hospital or emergency department setting.
The findings were also most evident at 12-month follow-up
and became less pronounced at 6- and 24-month follow-up.
Finally, Pallis et al**> conducted their study more than 35
years ago, and the rates of suicide in the population have
shifted over this timeframe.”*7¢ Interventions to manage
suicide risk in high-risk populations have also evolved.”””®
These factors could influence suicide risk post-discharge.

Aligned with prior reviews, we noted that most
instruments had negligible utility to detect or rule out risk
of death by suicide. For example, we found no evidence
to support that the SAD PERSONS scale or modified
SAD PERSONS scale improved the ability to detect risk
of suicide. In their review, Runeson et al* also concluded
that these scales had low diagnostic accuracy to detect risk
of suicide. Notably, Runeson et al* recommended that the
SAD PERSONS scale and its modified version should not
be used in their current format. We also determined that
decision rules had minimal utility to detect or rule out risk
of suicide. Initially, this result may seem surprising because
decision rules have been found to have high sensitivity.
It is important to point out, however, that decision rules
perform poorly at detecting patients who are at low risk of
suicide. As an example, in a study of the MSHR in patients
who presented with self-harm to an emergency department,
Steeg et al®* determined that the sensitivity of the MHSR
was 89, while the specificity was only 11.

Overall, we noted that there was a fair amount of overlap
in the types of items that were described in the instruments.
It was common for scales to include items that assessed for
suicidal behavior, mental health symptoms, or clinical-
demographic information. In addition, while there is
emerging evidence to suggest that combining suicide scales
with machine learning may improve the detection of risk of
suicidal behavior,”® none of the included studies employed
these methods.

Strengths and Limitations of the Review

Our review has several strengths. We applied a systematic
approach to identify studies and applied no language
restrictions. We covered a broad range of instruments
including several not previously discussed. Our decision
to focus on death by suicide mitigated concerns for
measurement bias, and, reassuringly, several studies
included deaths due to undetermined cause or accidental
poisoning.®’ Our use of likelihood ratio analysis may assist
providers and researchers in clarifying the applicability of
an instrument in a given context based on population or
setting.

There are limitations to our review. First, we are unable to
comment on the role of instruments in detecting suicide risk
in regions outside of North America and Europe. Because
included instruments were studied over a span of nearly 6
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decades in several countries, it is possible that secular trends
may have influenced our results. For example, discharge care
for patients admitted to a mental health unit in the 1960s
may look very different from those of the 2000s. Second,
while it was useful that studies tended to follow patients
for a long period of time, their doing so poses the risk that
other variables could better explain our findings. Third, few
studies evaluated short- or near-term risk of death by suicide.
This is a critical gap in knowledge as certain health care
professionals such as emergency department personnel may
have little or no contact with a patient during any given year.
Therefore, an emergency department clinician would benefit
more from knowing about the patient’s near-term risk in the
next 30 days or 60 days versus the next 2 or 3 years. Fourth,
we did not identify any instrument that has examined suicide
risk detection in primary care settings, yet instruments such
as the C-SSRS are frequently implemented in these settings.?
While two reviewers assessed the full text of studies to
determine eligibility, only one reviewer performed the title
and abstract review step. Therefore, it is possible that we may
have missed additional studies that met our inclusion criteria.
Fifth, while our review identified many instruments to detect
risk of suicide, the instruments were typically examined in
only one or two studies. In the 2 cases in which we were
able to perform bivariate analysis, we noted a large amount
of heterogeneity due to threshold effects. We were unable
to resolve the heterogeneity. A few studies also included
younger patients (usually > 15 years). It is unlikely, however,
that the inclusion of these patients biased our results because

these patients accounted for a small proportion of the study
samples. Finally, a handful of instruments (eg, RSD*¥) met
the minimum criteria for diagnostic accuracy to detect risk
of suicide based on sensitivity and specificity* but did not
have high utility (LR+, >10) for detecting risk of suicide. In
these cases, studies usually had small samples and zero cells,
limiting the interpretation of the results. Nonetheless, it may
be useful to study these instruments more rigorously.

In summary, the evidence in support of the use of any
instrument to detect risk of suicide is limited. While we did
not identify any instruments that are useful for detecting
risk of suicide in primary care or specialty medical settings,
we located several scales that may hold promise in other
settings. Specifically, the C-SSRS Screener may be useful in
emergency department settings to screen patients who are
at high risk of suicide but whose presenting symptom is not
suicidal behavior. Conversely, the Modified SSRP or VISCI
may be beneficial in incarcerated populations, and the Pallis
18-item + Beck SIS 7-item may be helpful in psychiatrically
hospitalized patients. Because these suggestions are based on
limited evidence, it is important that future research further
study these promising instruments. Our work also highlights
the importance of selecting the correct instrument for a
specific situation, as the setting, population, and follow-up
time are important considerations. Ultimately, there is a need
for researchers not only to study instruments to detect risk
of suicide in other settings (eg, primary care), but also to
develop new and better ways for providers to detect risk of
suicide in patients in real-time.
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Supplementary Table 1: Quality assessment of included studies?

Attrition Risk of Bias Applicability Concerns
Author/Year % Selection | Index Test | Reference Std | Flow/Timing | Selection | Index Test | Reference Std
Randomized Controlled Studies
Ducher’06% o | @ - - e R e
Cohort Studies
»- @ @ ® | © © ©® @
Buglass’70% o | @D - e e R e
Buglass’74% o | @D - e« (4 S (4
Clark ‘87 w | P . - e S e
e v @ - | @ @ @ @ @
Harris 055152 85% | = - e e S e
Katz’17% 4% . - . . . . .
Kuerz’88% 18% | @ - X e © O e
Lindh’19% 0 | @ = e S e
Lopez-Morinigo’18%° 0% . . . . . .
Motto’85%% 0% . . . . . .
Naud’10% 2% | P e e R e
Nimeus"00°7 o | @ &« e S e
Nimeus’02% 18% | @ o - S e
Pallis’84% 0% - J . . . . .
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Randall’19% 0% . . . . . . .
Samuelsson’06%* 0% . . . . . . .
Simpson’21* 0%" . ' . . . . .
Steeg’12%8 0% . - . . . . .
Steeg’18°2 <1% . B . . . . .
Stefansson’12%3 0% . - . . . . .
Wang’85%2 0% . ; ,. = ; ! . . . .
Case-Control Studies 3 _ _

Braucht’70 N/A - - s | . . . .
Dahle’05% N/A . = - . . . .
Dean’67% N/A _ — - ‘ | . . . .
Farberow’74° N/A . . ; - . . . .
Frottier’ 08%° N/A ‘ : - - . . . .
Frottier’ 093 N/A . - _ | . . . .
Van de Loo’70% N/A ; ; . ; | . . . .
N/A= Not applicable because case-control design; Std = Standard

Judgement: . High : Some concerns. Low

& Quality assessment is based on the QUADAS-2

b Authors highlighted a theoretical risk that people could have died outside of the catchment area and these deaths would not have
been identified by the study.

¢ The study was designed as prospective analysis, although the control population was selected using case-control methodology.
dThe authors report that data on suicide outcomes and test results were only available for a subset of the original population.
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