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BACKGROUND: Counseling on access to lethal means is
highly recommended for patients with suicide risk, but
there are no formal evaluations of its impact in real-world
settings.
OBJECTIVE: Evaluate whether lethal means assessment
reduces the likelihood of suicide attempt and death
outcomes.
DESIGN: Quasi-experimental design using an instru-
mental variable to overcome confounding due to unmea-
sured patient characteristics that could influence provid-
er decisions to deliver lethal means assessment.
SETTING: Kaiser Permanente Colorado, an integrated
health system serving over 600,000 members, with com-
prehensive capture of all electronic health records, medi-
cal claims, and death information.
PARTICIPANTS:Adult patientswho endorsed suicide ide-
ation on the Patient Health Questionnaire-9 (PHQ-9) de-
pression screener administered in behavioral health and
primary care settings from 2010 to 2016.
INTERVENTIONS: Provider documentation of lethal
means assessment in the text of clinical notes, collected
using a validated Natural Language Processing program.
MEASUREMENTS: Main outcome was ICD-9 or ICD-10
codes for self-inflicted injury or suicide death within
180 days of index PHQ-9 event.
RESULTS: We found 33% of patients with suicide ideation
reported on the PHQ-9 received lethalmeans assessment in
the 30 days following identification. Lethal means assess-
ment reduced the risk of a suicide attempt or death within
180 days from 3.3 to 0.83% (p= .034, 95% CI= .069–.9).
LIMITATIONS:Unmeasured suicide prevention practices
that co-occur with lethal means assessment may contrib-
ute to the effects observed.
CONCLUSIONS: Clinicians should expand the use of
counseling on access to lethal means, along with co-
occurring suicide prevention practices, to all patients
who report suicide ideation.
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INTRODUCTION

Suicide mortality rates in the USA increased from 10.5 to 14
deaths per 100,000 between 1999 and 2017.1 Suicide is now
the fourth leading cause of death for people aged 35–54 and
the second leading cause of death for people aged 10–34.1

Current strategies to reduce suicide focus on assessing and
reducing suicidal intent. An adjunctive suicide prevention
intervention is restricting access to common lethal means used
for suicide. Suicidal intent is impulsive or not planned well in
advance in 82% of attempts2, and thought to last from only
5 min to 1 h.2,3 The opportunity for a clinician to intervene
effectively when suicide intent arises is dependent on the
patient accessing care during times of crisis. However, by
restricting means, there is a barrier to self-harm that is not
reliant on voluntary access to care in a time of crisis.
Restricting access to means through policy initiatives has

been shown to be effective in reducing suicide outcomes.4

Examples include regulation of pesticides commonly used for
suicide in China, firearm take back programs in Israel, and
barricades on bridges in the USA.5–8 Based on this evidence,
several medical and mental health authorities9–13 highly rec-
ommended counseling to remove access to lethal means in
patients with suicide risk, such as locking up medications and
removing or securing firearms, but effectiveness has yet to be
established. A 2016 report from the Joint Commission recom-
mended that both mental health and general healthcare set-
tings, such as primary care and emergency departments, coun-
sel patients with suicide risk and their families to remove
access to lethal means.9 Restricting access to firearms holds
a great deal of promise because firearms are the deadliest lethal
mean for suicide in the USA, accounting for 50% of suicide
deaths.14 Unlike politically charged initiatives that involve
regulatory barriers to access, particularly those involving fire-
arms, interventions in the medical and behavioral health set-
ting are voluntary, and reliant on patients, their family mem-
bers, and/or friends to take the necessary steps to prevent
access. While voluntary interventions may be less effective
than mandated policies, a key advantage is the potential to
apply these practices broadly in any medical or behavioral
health setting, regardless of political climate.
An important distinction of our work is that any patient may

be assessed for access, but only those who screen positive for
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access (e.g., have a firearm in the home) will subsequently
receive counseling on restricting access. The present study
examines exposure to assessment only (e.g., provider asks
patient: “do you have access to a firearm?”). The desired
outcome of lethal means counseling is to put time and space
between a patient at risk for suicide and common lethal means
for suicide such as firearms, medications, ropes, and knives.
Clinicians will discuss options for removing or locking-up
dangerous items temporarily until the suicidal crisis passes.
Despite recommendations, a handful of studies have shown
that assessment for access to lethal means is intermittently
delivered by medical and behavioral health providers.15–17

Qualitative studies show that providers may not prioritize
lethal means assessment of suicidal patients because they do
not believe it is effective.17–19

Lethal means assessment is commonly included as part of a
battery of suicide prevention practices. Therefore, the causal
mechanism related to lethal means assessment may include
counseling on restricting access to lethal means plus other co-
occurring suicide prevention practices, such as identifying
reasons for living and coping strategies. Practices that regular-
ly perform lethal means assessment may also provide better
overall treatment for patients with suicide risk.
The present study examined the impact of lethal means

assessment on suicide attempt and death outcomes within a
large integrated health system. Specifically, assessment for
access to firearms was measured in the clinical notes of med-
ical and mental health providers within a group of patients
who reported suicide ideation. Prior analysis of this sample
indicated that providers who asked about firearm access were
more likely to ask about other lethal means, such as toxic
medications, ropes, and sharps, which suggests that assess-
ment for access to firearms may be an indicator for assessment
of other lethal means.20

METHODS

Study Sample

The study sample included electronic health record (EHR)
data for patients at risk for suicide who were adult members
(≥ 18 years) of the Kaiser Permanente Colorado (KPCO)
health system for at least 2 years from 2010 to 2016 to ensure
adequate data capture of exposures and outcomes. KPCO is an
integrated closed panel system that provides salary-based pri-
mary and medical specialty care, and outpatient mental health
care services to approximately 600,000 members, with the
majority residing in the Denver/Boulder metropolitan region.
This study was approved by the Kaiser Permanente and Col-
orado Multiple Institutional Review Boards.
We examined patients who reported suicide ideation of

“more than half the days” or “nearly every day” in the past
2 weeks in response to the suicide ideation question (item 9) of
the PHQ-9 depression questionnaire. These answers convey a
3–4% absolute risk for suicide attempt in the following year.21

The PHQ-9 is routinely administered in the waiting area prior
to behavioral health appointments as well as to patients treated
for depression in the primary care setting. PHQ-9 information
is electronically imported into a questionnaire in the EHR,
which we extracted. Patients were required to have at least
1 year of membership with no more than a 2-month member-
ship gap, prior to first PHQ-9, which we considered the index
event visit, to ensure adequate capture of covariate risk factors.
This also ensured the index event PHQ-9 was either an initial
or new episode of suicide risk. Patients were required to have
1 year of membership with no more than a 1-month member-
ship gap after the PHQ-9 to be considered eligible for adequate
capture of outcomes. Additionally, there had to be at least one
encounter of any type on the PHQ-9 date or within the month
following, no prior evidence of positive suicide ideation on the
PHQ-9 or previous suicide attempts, and no evidence of any
long-term care, palliative or hospice care encounters at any
time. Patients withMedicaid insurance were excluded because
outpatient mental health care is carved out and treatment
records were not accessible from community mental health
centers for this study to determine exposure to lethal means
assessment.

Measure Construction

Documentation of assessment for access to firearms was de-
termined using a validated natural language processing (NLP)
query that was applied to all medical records with extractable
text, including emergency and inpatient encounters from local
hospitals for 30 days following index events (PHQ-9
administration).20,22 Manual chart review to determine accu-
racy of the NLP query for identifying firearm assessment
showed that it had 97% sensitivity, 87% specificity, 82%
positive predictive value, and 98% negative predictive val-
ue.20 Examples of text used as evidence of firearm assessment
include “No access to firearms” and “Spouse has firearms that
are locked up in gun safe. Patient does not have access to the
key.”Nearly all patients who received assessment for access to
medications or other means in the validation work also re-
ceived firearm assessment. Additionally, the NLP query accu-
racy was highest for firearms compared with other means;
therefore, we used firearm access assessment as an indicator
of exposure to any type of lethal means assessment. The
results of the firearm NLP query were used to create a dichot-
omous variable indicating any lethal means assessment during
the 30 days following index event.

Main Outcomes

The primary dependent variable was occurrence of a suicide
attempt, determined by either External Cause of Injury code
(E950-958), ICD-10 code, or suicide death, determined by
ICD-10 cause of death code from 7 to 180 days following an
index event date (outcomes that occurredwithin the first 7 days
were excluded to avoid potential misclassification of expo-
sures as outcomes). This measure is based on previously
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validated methods for identifying self-injurious behavior in
the emergency setting23 and AHRQ recommended ICD-10
codes for self-inflicted injuries.24 Deaths were identified from
medical records, the State of Colorado Vital Statistics, and the
Social Security Administration’s Death Master File. No out-
comes occurred prior to exposure to lethal means assessment.
Most (67%) of lethal means assessments were detected on the
index date and 80% occurred within the first 7 days. A
proportional hazards survival model examined lethal means
assessment on time to suicide attempt/death within 180 days.

Covariates

The primary data source for all covariates was KPCO’s Data
Warehouse that contains EHR and claims data. Covariates
included patient demographics (age, race, ethnicity, gender,
insurance type) and the following, measured during the 2 years
prior to the index date: behavioral health department (BH)
utilization, mental health diagnoses (depression, bipolar,
schizophrenia, anxiety, substance abuse), total dispenses of
any psychotropic medication, and total fills of opioids. Psy-
chotherapy and psychiatry visits (identified via procedure
codes) in the month following index and the year of the index
date were also included.

Statistical Analysis

Information from risk assessments for suicide, such as risk factors
(e.g., family history of suicide, hopelessness, patient reports a
suicide plan) or protective factors (e.g., social support), was not

available via administrative codes. This unmeasured information
could potentially influence decisions to provide lethal means
assessment. Failure to control for this will lead to selection bias
such that patients with the greatest unmeasured risk for suicide
would be more likely to receive lethal means assessment. We
sought to overcome this bias using an instrumental variables
model.25–30 The rationale for, and implementation of, this model
is explained in detail in the supplemental appendix.
SAS Studio was used to extract data from KPCO’s data

warehouse, as well as develop an analytic dataset; Stata/IC
version 15.1 was used to estimate the analytic models. We
applied a two-stage residual inclusion approach, which is
appropriate for dichotomous outcomes, to estimate the instru-
mental variable models.25 We used a proportional hazards
survival specification to measure the effect of lethal means
assessment on time to suicide within 180 days.

Role of Funding Source

The extraction of data to complete this research was supported
by the Strategic Allocation of Resources Committee (Internal
Pilot Grant Program) at Kaiser Permanente Colorado.

RESULTS

The 7447 adult patients whomet inclusion criteria had a rate of
lethal means assessment of 33% across all visits in the month
following index PHQ-9 event. In unadjusted analyses reported
in Table 1, many of the covariates were significantly different

Table 1 Baseline Characteristics of Patients with Suicide Ideation (Unadjusted)

Variable Level No assessment Received assessment p val
N 4935 2512
Gender (no. (%)) Female 3402 (68.9%) 1423 (56.6%) < .001
Race/ethnicity (no. (%)) Non-Hispanic White 3721 (75.4%) 1911 (76.1%) 0.04

Non-Hispanic, non-white 443 (9%) 231 (9.2%)
Hispanic, White 174 (3.5%) 114 (4.5%)
Hispanic, non-white 167 (3.4% 68 (2.7%)
Unknown 430 (8.7%) 188 (7.5%)

Age (mean (SD)) 43.569 (17.18) 40.501 (16.16) < .001
Age group (no. (%)) 18–21 544 (11%) 355 (14.1%) < .0001

22–30 826 (16.7%) 481 (19.1%)
31–40 941 (19.1%) 492 (19.6%)
41–50 863 (17.5%) 462 (18.4%)
51–60 857 (17.4%) 394 (15.7%)
61–70 556 (11.3%) 227 (9%)
71–80 267 (5.4%) 86 (3.4%)
81+ 81 (1.6%) 15 (.6%)

Psychotherapy visits in month following index date, (no. (%)) 0 651 (13.2%) 133 (5.3%) < .001
1–3 3683 (74.6%) 1728 (68.8%)
4+ 601 (12.2%) 651 (25.9%)

Psychotic disorder (no. (%)) 70 (1.4%) 40 (1.6%) .56
Bipolar disorder (no. (%)) 514 (10.4%) 318 (12.7%) .004
Major depression (no. (%)) 3822 (77.4%) 2027 (80.7%) .001
Anxiety disorder (no. (%)) 2787 (56.5%) 1587 (63.2%) < .001
Alcohol use disorder (no. (%)) 468 (9.5%) 269 (10.7%) .094
Drug use disorder (no. (%)) 461 (9.3%) 248 (9.9%) .46
Total fills of psychotropic medications in pre-period (no. (%)) 15.213 (21.698) 12.941 (18.962) < .001

Pre-period is prior 2 years of index date. All mental health disorders are binary variables for evidence of the disorder in the pre-period. Disorders were
considered present if coded at two different visits. Total fills of psychotropic medication in the pre-period is a sum of all fills for antidepressants (new
and old), lithium, stimulants, antipsychotics (1st and 2nd gen.), benzodiazepines, and other Z-drug hypnotics
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between those who did/did not receive assessment. Men,
younger patients, and those with depression, bipolar, and
anxiety disorders were more likely to receive lethal means
assessment. Also, patients with more psychotherapy visits in
the month following index date were more likely to receive
assessment, which may represent greater opportunity for ex-
posure and/or increased severity of suicidal symptoms. Most
suicide outcomes were non-fatal suicide attempts which oc-
curred within 6 months of index date (Table 2). We were
underpowered to examine suicide deaths alone.

Instrumental Variable Regression

Our adjustedmodel predicted reduction in suicide risk from 3.3%
for those who did not receive lethal means assessment to 0.83%
for those who did, a 2.47% reduction in absolute risk (Table 3;
full model results in Supplemental Table 2). This result was
robust across different levels of patient demographic and diag-
nostic groups (Table 3). The instrument strength, an important
indicator for the validity of the instrumental variable approach31,
measured by the F-statistic in the first stage, was well above 10
(F(34, 7412) = 46.46, p < .001; Supplemental Table 1).
Survival analysis indicated a hazard ratio for lethal means

assessment of .23 (p = .046, 95% CI = .054–.977) at 180 days
with a signif icant log-rank test between groups
(chi2(1)=10.81, p = .001) which indicates that the adjusted
slope of the survival function differs between assessment
groups. The plot of − log(− log (S(t))) against log(t) showed
parallel lines, indicating that the proportional hazard assump-
tion is upheld.

Sensitivity Analyses

A logit regression model of suicide outcomes without the
instrument shows that the co-efficient for lethal means assess-
ment is > 1 and significant with adjusted risk ratio = 1.56
(p = .03, 95% CI = 1.045–2.33) (Supplemental Table 3). The
change in the estimate when omitting the instrumental variable
illustrates selection bias. Namely, in the absence of a universal
lethal means assessment policy for patients at risk for suicide,
patients with the highest risk for suicide are more likely to
receive assessment.

DISCUSSION

We examined the impact of lethal means assessment in the
mental health and medical settings on subsequent suicide
behavior outcomes. We found lethal means assessment was
effective among patients with suicide ideation, reducing risk
for suicide outcomes from 3.3 to .83%. Prior studies have
found that patients reporting suicide risk on the PHQ-9 have
a 3–4% risk of a suicide attempt or death in the following
year.21 Therefore, an intervention that reduces this risk to
0.83% is clinically meaningful, reflecting a 75% reduction in
risk. Our main findings were robust across gender, race, and
age groups indicating the broad applicability of lethal means
assessment in patients with suicide risk (Table 3). The instru-
mental variable estimates are interpreted as local average
treatment effects, reflecting the reduction in risk in individuals
who received assessments due to the practice(s) they visited.
We hope that our findings encourage expansion of the

practice of lethal means assessment beyond the relatively
low levels measured in the current study of 33%. Providers
are likely using clinical judgment for risk when delivering
lethal means assessment within those who report suicide ide-
ation because we observed that males and those with mood
disorders are more likely to receive assessment. However, our
findings indicate that all patients with suicide ideation would
potentially benefit from lethal means interventions, not just the
highest risk groups. Prior survey and qualitative studies indi-
cate many providers doubt the effectiveness of counseling on
access to lethal means to reduce suicide outcomes, which may
explain the low rate of assessment we detected.17–19 Providers
may be uncomfortable with firearm safety counseling or un-
familiar with options for secure firearm storage33,34, but there
is evidence that these barriers can be improved through train-
ing.35,36 There are a handful of small studies with promising
findings for patient adherence to lethal means safety recom-
mendations in the adolescent and adult populations.37,38 We
do not know the robustness of the lethal means counseling that
was provided after the assessments. However, if less effective
counseling was provided, our findings would be biased to-
wards the null. It is also possible that merely asking questions
about lethal means could lead to a “question-behavior” ef-
fect.39 In other words, just asking about a risk behavior can
reduce performance of the risk behavior and increase perfor-
mance of healthy behaviors.
There are several strengths and limitations to consider in our

approach. Our validation work of the NLPmethod that detected
exposure to firearm access assessment indicated we were more
likely to over-identify lethal means assessment, which could
misclassify some people as exposed. False positives would
likely skew our results towards the null, and underestimate
the impact of lethal means assessment on suicide outcomes.
Additionally, we did not control for levels of cost-sharing (e.g.,
high deductible plans), which can impact utilization of mental
health services. However, everyone in the sample had an index
visit with opportunity to receive assessment.

Table 2 Suicide Attempt and Death Outcomes with 180 Days

No
assessment

Received
assessment

Total

Non-fatal suicide
attempt (no. (%))

53 40 93
(89%)

Suicide death (no. (%)) 2 9 11
(11%)

Total suicide
outcomes (no.)

55 49 104

Non-fatal suicide attempts determined by External Cause of Injury code
(E950-958) or ICD-10 codes for self-inflicted injury or poisoning
(AHRQ, 2016). Patients with non-fatal attempts were alive at the time of
emergency department admission and for at least 1 subsequent
encounter. ICD-10 cause of death codes identified all suicide deaths
(X60-84 and Y87)
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A strength of our approach is overcoming selection bias
using an instrumental variable design. The primary assump-
tion of this approach is the exclusion restriction, which states
that our instrumental variable (practice-based probability of
lethal means assessment) cannot directly predict suicide out-
comes, which can only be tested in theory. Possible unmea-
sured variables that would violate the exclusion restriction
include suicide prevention practices that may co-occur with
lethal means assessment and impact subsequent risk for sui-
cide. Practices that tend to conduct lethal means assessments
may also be more likely to provide other prevention prac-
tices.39 These may include identification of formal and infor-
mal supports, distractions, or coping strategies.40 Chart re-
viewers were not looking for these types of practices during
the NLP development work; therefore, it is not possible to
knowwhether such safety planning practices co-occurred with
lethal means assessment. A recent study of safety planning
that included lethal means assessment, plus follow-up contacts
in the emergency setting, showed a reduction in suicidal
behaviors, but no studies have evaluated the impact of indi-
vidual safety planning practices in isolation on suicide
outcomes.41

Expansion of NLP methods or providing structured coding
tools within the EHR systems to accurately assess additional
suicide prevention practices is required to more completely
parse out the effects of lethal means assessment and co-
occurring suicide prevention practices on suicide outcomes.
Randomized designs would not be ethical; therefore, future
studies will require a larger sample of patients to ensure
adequate suicide death capture, better characterization of co-
occurring suicide prevention and safety planning interven-
tions, and/or comparative effectiveness designs with universal
implementation of lethal means assessment versus usual care.

CONCLUSION

To our knowledge, this is the first study to examine the impact
of lethal means assessment on suicide outcomes in mental
health and medical settings. We found that lethal means as-
sessment reduced absolute risk for suicide by 2.74% in pa-
tients who reported suicide ideation on a screening tool during
visits within a large integrated health system, but that only
33% of patients received any lethal means assessment. The
causal pathway for this finding may be a combination of lethal
means assessment with co-occurring unmeasured suicide pre-
vention practices.
Mental health and medical providers should consider in-

creasing the use of lethal means assessment alongside other
types of suicide prevention practices in patients who report
suicide ideation. This is consistent with the recommendations
of the Zero Suicide model for health and behavioral health
care systems.10 “Counseling on Access to Lethal Means” or
CALM training is freely available online.42 Along with pro-
vider training, implementing electronic medical record docu-
mentation templates and/or reminders would also help to
standardize high-quality suicide prevention care that incorpo-
rates lethal means safety interventions. Despite limitations
from a quasi-experimental design, our study clearly illustrates
that lethal means assessment is an important quality indicator
for suicide prevention that health and mental health practices
should monitor and advance to all patients with suicide risk.

Acknowledgments: We are grateful to John David Powers, MS, for
his assistance extracting data from the medical record at Kaiser
Permanente Colorado for this study.

Corresponding Author: Jennifer M. Boggs, University of Colorado
Anschutz Medical Campus, Aurora, USA (e-mail: Jennifer.m.
boggs@kp.org).

Table 3 Adjusted Risk of Suicide Outcomes at 180 Days in Patients with Suicide Ideation

N = 7447, Wald chi2(35) = 179.83, pseudo R2 = .082

Variable Level Adjusted proportion with suicide
outcomes without assessment

Adjusted proportion with suicide
outcomes with assessment

Risk
difference

p val

Overall .033 .0083 .0247 .034
Race/ethnicity Non-Hispanic

White
.035 .009 .0259 .039

Non-Hispanic,
non-White

.0303 .0076 .0227 .043

Hispanic, White .0187 .0046 .0141 .0483
Hispanic, non-
White

.0107 .0026 .0081 .0494

Age group 18–40 .043 .0112 .0318 .038
41–60 .0255 .0065 .019 .0413
61+ .016 .0039 .012 .0459

Gender Female .0335 .0087 .019 .0397
Male .0305 .0077 .0228 .0425

Mental health and
substance disorders

Anxiety .0383 .01 .0283 .0397
Depression .0356 .0092 .0264 .0402
Bipolar .0371 .0096 .0275 .0404
Drug .0537 .0147 .039 .0359
Alcohol .0581 .016 .0421 .0334

Proportions and risk ratios calculated from second stage logit model predicting suicide attempt or death outcomes within 180 days using robust
standard errors. All estimates adjusted for race, ethnicity, age, gender, psychosis, depression, anxiety, drug, alcohol, bipolar, opioid use, amount of
psychotherapy, and psychiatry visits in month following index date, past mental health visit utilization, and residuals from the first stage model
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