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IMPORTANCE Psychiatric hospitalization is the standard of care for patients presenting to an
emergency department (ED) or urgent care (UC) with high suicide risk. However, the effect of
hospitalization in reducing subsequent suicidal behaviors is poorly understood and likely
heterogeneous.

OBJECTIVES To estimate the association of psychiatric hospitalization with subsequent
suicidal behaviors using observational data and develop a preliminary predictive analytics
individualized treatment rule accounting for heterogeneity in this association across patients.

DESIGN, SETTING, AND PARTICIPANTS A machine learning analysis of retrospective data was
conducted. All veterans presenting with suicidal ideation (SI) or suicide attempt (SA) from
January 1, 2010, to December 31, 2015, were included. Data were analyzed from September 1,
2022, to March 10, 2023. Subgroups were defined by primary psychiatric diagnosis
(nonaffective psychosis, bipolar disorder, major depressive disorder, and other) and
suicidality (Sl only, SA in past 2-7 days, and SA in past day). Models were trained in 70.0% of
the training samples and tested in the remaining 30.0%.

EXPOSURES Psychiatric hospitalization vs nonhospitalization.

MAIN OUTCOMES AND MEASURES Fatal and nonfatal SAs within 12 months of ED/UC visits
were identified in administrative records and the National Death Index. Baseline covariates
were drawn from electronic health records and geospatial databases.

RESULTS Of 196 610 visits (90.3% men; median [IQR] age, 53 [41-59] years), 71.5% resulted in
hospitalization. The 12-month SA risk was 11.9% with hospitalization and 12.0% with
nonhospitalization (difference, -0.1%; 95% Cl, -0.4% to 0.2%). In patients with Sl only or SA
in the past 2 to 7 days, most hospitalization was not associated with subsequent SAs. For
patients with SA in the past day, hospitalization was associated with risk reductions ranging
from -6.9% to -9.6% across diagnoses. Accounting for heterogeneity, hospitalization was
associated with reduced risk of subsequent SAs in 28.1% of the patients and increased risk in
24.0%. An individualized treatment rule based on these associations may reduce SAs by
16.0% and hospitalizations by 13.0% compared with current rates.

CONCLUSIONS AND RELEVANCE The findings of this study suggest that psychiatric
hospitalization is associated with reduced average SA risk in the immediate aftermath of an
SA but not after other recent SAs or Sl only. Substantial heterogeneity exists in these
associations across patients. An individualized treatment rule accounting for this
heterogeneity could both reduce SAs and avert hospitalizations.
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he US suicide rate has increased 30.0% since 2000.!

Mirroring this trend, emergency department (ED) vis-

its for suicidality more than doubled in the past de-
cade, now making up approximately 1.1% of all ED visits.? Treat-
ment of patients presenting to EDs with suicidality is guided
by an assessment of suicide risk. Hospitalization is the ac-
cepted standard of care for patients deemed at high immi-
nent risk.>* This risk assessment relies almost exclusively on
clinicians’ expertise and judgment. Traditional risk scales do
not substantially improve on clinical judgment,>” and while
some machine learning models have begun to surpass the ac-
curacy of clinical risk prediction,® these have not been widely
implemented.

Another aspect of treatment decision-making that has even
sparser evidence is the extent to which psychiatric hospital-
ization reduces the future risk of suicidal behavior in a pa-
tient with suicidality. It is unclear whether hospitalization re-
duces thisrisk.® To our knowledge, the only 2 randomized trials
ever carried out to compare hospitalization with discharge or
intensive outpatient care for patients with suicidality found
no benefits of hospitalization on either symptom burden or sui-
cide risk.!®! Larger observational studies using various sta-
tistical methods to examine the same association nonexperi-
mentally found that hospitalization is, for the most part,
associated with either unchanged or increased suicide risk,'?¢
although the latter might reflect failure to adjust adequately
for adverse selection. More broadly, there are other substan-
tial costs of hospitalization, including loss of autonomy,
increased health care expenditures, and increased ED board-
ing times.!”-18

Considering the substantial costs and unclear effective-
ness of psychiatric hospitalization in preventing suicidal
behaviors, it is critical to find a means of targeting this inter-
vention to the patients most likely to benefit and to avoid hos-
pitalization in patients for whom it might be harmful. To date,
there are no tools available to aid clinicians in doing this. To
address this gap, we applied machine learning methods to ob-
servational (ie, nonexperimental) data from patients with sui-
cidality presenting to Veterans Health Administration (VHA)
EDs and urgent care (UC) to train a predictive analytics model
that (1) estimated the average treatment effect of psychiatric
hospitalization on the risk of a subsequent suicide attempt (SA),
(2) evaluated whether heterogeneity exists in the association
of psychiatric hospitalization with subsequent risk of SA, and
(3) developed a preliminary individualized treatment rule (ITR)
to identify subgroups of patients for whom hospitalization is
likely to be associated with significantly decreased, signifi-
cantly increased, and nonsignificant change in risk of SA.

Methods

Sample

We included all ED and UC visits of VHA patients in the US who
presented with either suicidal ideation (SI) or SA and primary
diagnoses of mental or substance use disorders according to the
International Classification of Diseases, Ninth Revision, Clinical
Modification (ICD-9-CM) or International Statistical Classifica-
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Key Points

Question Can development of an individualized treatment rule
identify patients presenting to emergency departments/urgent
care with suicidal ideation or suicide attempts who are likely to
benefit from psychiatric hospitalization?

Findings A decision analytic model found that hospitalization was
associated with reduced suicide attempt risk among patients who
attempted suicide in the past day but not among others with
suicidality. Accounting for heterogeneity, suicide attempt risk was
found to increase with hospitalization in 24% of patients and
decrease in 28%.

Meaning Results of this study suggest that implementing an
individualized treatment rule could identify many additional
patients who may benefit from or be harmed by hospitalization.

tion of Diseases and Related Health Problems, Tenth Revision,
Clinical Modification (ICD-10-CM) between January 1, 2010, and
December 31, 2015. The study protocol was approved by the re-
search ethics committees of the Veterans Administration Cen-
ter of Excellence for Suicide Prevention and Harvard Medical
School with a waiver of informed consent based on data being
deidentified. Patients were followed up for 365 days after each
visit. The sample was disaggregated into subgroups defined by
primary presenting diagnosis (nonaffective psychosis, bipolar
disorder, major depressive disorder, and any other ICD-9 CM or
ICD-10-CM mental or substance use disorder [Other]) and level
of suicidality (SIwithout a recent SA [SI only], SA in the 2-7 days
preceding the visit [SA 2-7 days], and SA within 1 day of the visit
[SA 1day]). As a descriptive analytics study, the noneconomic
aspects of the Consolidated Health Economic Evaluation Re-
porting Standards (CHEERS) reporting guideline were used in
reporting results.'®

Treatment and Outcome Definitions

The focal treatment was psychiatric hospitalization. We de-
fined a visit as resulting in psychiatric hospitalization if the pa-
tient was admitted with a primary diagnosis of an ICD-9-CM
or ICD-10-CM mental or substance use disorder within 7 days
of their initial ED presentation. We used this 7-day horizon to
capture psychiatric admissions that occurred after a pro-
longed ED stay or brief medical admission. Due to difficulties
in reliably identifying whether a psychiatric admission oc-
curred for a small number of patients with current SA who were
initially medically hospitalized, we excluded 783 such visits
of nearly 200 000 visits in the analysis. The primary out-
come was a new fatal or nonfatal SA identified within 12 months
after the ED/UC visit (referred to herein as 12-month SA).

Data Sources

Nonfatal SAs were identified via either ICD-9-CM or ICD-
10-CM codes for SAs in the VHA Corporate Data Warehouse?°
or by entries for SAs in the VHA Suicide Prevention Applica-
tions Network.?! The combination captures far more cases than
by relying on medical records alone. Self-injuries with unchar-
acterized intent were not included in the definition. Fatal SAs
were identified in the National Death Index.??
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Table 1. Patient Characteristics

Patients, No. (%)

Total Hospitalized Not hospitalized
Characteristic (N=196 610) (n=140546) (n=56 064)
Sex
Male 177493 (90.3) 127234 (90.5) 50259 (89.6)
Female 19117 (9.7) 13312 (9.5) 5805 (10.4)
Age,y
. @ Race and ethnicity was included in
Median (1QR) 53 (41-59) 52 (41-59) 53 (42-60) the analyses as prior examinations
Race and ethnicity? have revealed racial and ethnic
Hispanic 15189 (7.7) 10522 (7.5) 4667 (8.3) differences in psychiatric

Non-Hispanic Black 53829 (27.4)
116 642 (59.3)

10950 (5.6)

Non-Hispanic White
Other®
Primary psychiatric diagnosis
61522 (31.3)
60790 (30.9)
34071(17.3)
40227 (20.5)

Nonaffective psychosis

Major depressive disorder

Bipolar disorder

Other
Level of suicidality

Suicidal ideation without recent attempt 165307 (84.1)
5732 (2.9)

25571(13.0)

Suicide attempt in past 2-7 d©
Suicide attempt in past day?

Prior (to past 7 d) lifetime suicide attempts
None 148672 (75.6)
21 47938 (24.4)

37788 (26.9)
84563 (60.2)
7673 (5.5)

44214 (31.5)
45509 (32.4)
25191 (17.9)
25632 (18.2)

116 446 (82.9)
3047 (2.2)
21053 (15.0)

107 064 (76.2)
33482 (23.8)

hospitalizations. Race and ethnicity
are stored separately in the
database. The categories used
herein were created by
cross-classifying the race and
ethnicity variables. Individuals who
identified as Hispanic or Latino
ethnicity were categorized as
Hispanic. All others were
categorized using the race variable.

16041 (28.6)
32079 (57.2)
3277 (5.8)

17 308 (30.9)
15281 (27.3)
8880 (15.8)

14595 (26.0) ®Qther racial and ethnic groups

included American Indian or Alaska
Native, Asian, and Native Hawaiian
or Other Pacific Islander. They were
not separated into individual
categories due to low numbers.

48861 (87.2)
2685 (4.8)
4518 (8.1)

< Before the emergency
41608 (74.2) department/urgent care visit.

dunrip
14456 (25.8) Within 1day of the emergency

department/urgent care visit.

Predictors of hospitalization and SAs were obtained from
3 sources: (1) structured predictors from the VHA Corporate
Data Warehouse?° (eAppendix in Supplement 1), (2) informa-
tion about prior suicidal behaviors from the VHA Suicide Pre-
vention Applications Network,?! and (3) a geospatial social de-
terminants of health database (eTable 1in Supplement 1) based
on government data sources for the patient’s residential neigh-
borhood (block group, census tract), county, and state.?* Data
linkage was made using Social Security numbers available for
all VHA patients. Although the Corporate Data Warehouse
shares the limitation of other electronic health records data-
bases with respect to such issues as data completeness and cod-
ing consistency,?* the VHA makes special efforts to address
these challenges through ongoing training and quality moni-
toring activities.?> The geospatial social determinants of health
database, in comparison, is based on data aggregated from the
Census Bureau’s Current Population Survey?® and American
Community Survey.2”

Predictors

We estimated treatment heterogeneity using baseline covar-
iates that might reasonably be expected to predict SA among
hospitalized and/or nonhospitalized patients based on a re-
view of the literature described in the eMethods in Supple-
ment 1. The databases included were used to operationalize 4
broad classes of these covariates: (1) psychopathologic risk fac-
tors (diagnoses, treatments, and suicidality) over the 5 years
before the ED/UC visit (eAppendix in Supplement 1); (2) physi-
cal disorders and treatments during the same time period

jamapsychiatry.com

(eAppendix in Supplement 1), including injuries during the
focal ED/UC visit and prescribed medications used before the
focal visit classified by the US Food and Drug Administration
asincreasing suiciderisk (eTable 2 in Supplement 1); (3) facility-
level quality indicators (eg, inpatient staff turnover rates)
(eAppendix in Supplement 1); and (4) indicators of social de-
terminants of health at both the patient level (eg, ICD-9-CM
and ICD-10-CM codes) and the geospatial level (eAppendix and
eTable1in Supplement 1). These variables were selected based
on areview of research on predictors of suicidal behaviors af-
ter psychiatric hospital discharge?®3! and in more general pa-
tient samples.3?* Details about constructs, assessments, and
rationale for inclusion are presented in the eMethods in Supple-
ment 1. Missing values, which occurred in no more than 3.0%
of records and only for geospatial variables, were imputed
hierarchically using nearest-neighbor, rational, and median
value imputations. Categorical predictors in all databases were
1-hot encoded as O to 1 dummy variables.

Statistical Analysis

All analyses were carried out using R, version 3.6.3 (The R Foun-
dation for Statistical Computing). Data management was imple-
mented with SAS, version 9.4 (SAS Institute Inc). Analyses were
carried out from September 1, 2022, to March 10, 2023.

Estimating Average Treatment Effects

Although treatment effects cannot be estimated unequivo-
cally with observational data, the analyses assumed as a first
approximation that any nonrandom treatment assignment can
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be corrected by controlling for the baseline covariates de-
scribed above.?>:*¢ The eMethods in Supplement 1 provides a
discussion of this unconfoundedness assumption. Subse-
quent implementation of a pragmatic trial to evaluate the ef-
fect of using the current results to guide treatment assign-
ment would be needed to avoid this provisional assumption.

A propensity score approach®” was used to adjust for sig-
nificant differences in baseline predictors between patients who
were and were not hospitalized. Each visit i was assigned a
weight of 1/p;, where the propensity score p; was the estimated
probability of hospitalization for that presentation generated
using the random forests (RF) machine learning method.>® The
expected outcomes for each visit given baseline covariates and
each possible treatment assignment were estimated using a
separate RF analysis. The estimated average treatment effect
(ATE) of hospitalization in 12-month SA was then obtained via
adoubly robust method,3®*° combining information from these
2 RF analyses; the eMethods in Supplement 1 provides details.
All steps were performed using generalized RF, amachine learn-
ing approach that expands on RF*"*? with a focus on estimat-
ing treatment effects adjusting for measured confounders. To
account for clustering due to some patients having multiple
ED/UC visits, all visits for any patient in the training sample with
multiple visits were included in a single fold of the 10-fold cross-
validated internal subsampling procedure used to fit models.
To account for possible biased ATE estimates in subgroups with
extremely skewed p; distributions, we calculated ATEs sepa-
rately among hospitalized (ATE on the treated [ATT]) and non-
hospitalized (ATE on the controls [ATC]) patients. All of these
analyses used the grf R package.**

Estimating Treatment Heterogeneity

The grf-defined treatment heterogeneity was the estimated
conditional ATE (CATE); that is, the expected treatment ef-
fect for a patient conditional on the patient having a specific
combination of baseline covariate values. The eMethods in
Supplement 1 provides details. CATEs were first estimated in
the 70.0% training sample and then evaluated in the 30.0%
test sample. The evaluation entailed imputing CATEs from the
training sample to the test sample, dividing the test sample into
quintiles defined by these CATEs and estimating ATEs within
each quintile using data from the test sample. The goal was to
determine whether the ATE was highest in the quintile pre-
dicted to benefit most from hospitalization and lowest in the
quintile predicted to benefit least from hospitalization. To rule
out dependence on a specific software package, we esti-
mated within-quintile ATEs using a different doubly robust ap-
proach described in the eMethods in Supplement 1.4+ A pro-
visional ITR was then developed based on analysis of the
CATE distribution.

Predictor Importance

Predictor importance in defining CATEs was examined using
the kernel Shapley Additive Explanations (SHAP) method*®
implemented with the fastshap R package.*® This method es-
timates the implications of changing a predictor from its ob-
served score to the sample mean averaged across all logically
possible permutations of other predictors. A higher mean
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Table 2. Unadjusted Distribution of the Outcome

Variable No. (%) 12-mo SA, % (95% CI)?
Entire sample

Total 196610 11.9(11.8to 12.1)
Hospitalized 140546 (71.5) 11.9(11.7to 12.1)

Not hospitalized 56 064 (28.5) 12.0(11.7t012.2)
Difference NA -0.1(-0.4t00.2)
P value NA .60

Suicidal ideation without recent attempt
Total 165307

116 446 (70.4)
48861 (29.6)

10.4 (10.3 to 10.6)
10.5(10.3 t0 10.7)
10.2 (9.9t0 10.4)

Hospitalized
Not hospitalized

Difference NA 0.3(0.0t00.7)®

P value NA .04

SAin past 2-7 d¢

Total 5732 20.7 (19.6 t0 21.7)
Hospitalized 3047 (53.2) 20.0 (18.5t021.4)
Not hospitalized 2685 (46.8) 21.5(20.0t023.1)
Difference NA -1.6 (-3.7t0 0.5)
P value NA 14

SA in past d¢

Total 25571 19.7 (19.2t0 20.2)
Hospitalized 21053(82.3) 18.3(17.8t018.9)
Not hospitalized 4518 (17.7) 25.9(24.6t027.1)
Difference NA -7.5(-8.9t0-6.1)°
P value NA <.001

Abbreviations: NA, not applicable; SA, suicide attempt.

2 Nonfatal or fatal suicide attempt within 12 months (365 days) of the visit.
bSignificant at the .05 level, with 2-sided and unpaired testing.

< Prior to the emergency department/urgent care visit.

dWithin 1day of the emergency department/urgent care visit.

absolute SHAP value suggests a more important predictor. Pro-
portional mean absolute SHAP values (proportional SHAP) were
calculated by dividing mean absolute SHAP values of classes
and important predictors within classes by the mean abso-
lute SHAP value of the entire model. Bee swarm plots were used
to identify dominant directions and distributions of associa-
tions. The eMethods in Supplement 1 provides further de-
tails. The significance threshold was set to .05, and all tests were
2-sided and unpaired.

. |
Results

Sample Characteristics

We identified 196 610 relevant visits made by 107638
patients (an average of 1.8 visits/patient; range, 1-72; IQR,
1-2). Most visits were SI only (84.1% [165 307 of 196 610])
rather than SA 2 to 7 days (2.9% [5732 of 196 610]) or SA 1
day (13.0% [25 571 of 196 610]) (Table 1). Most patients were
male (90.3% vs 9.7% women); median age was 53 (IQR,
41-59) years, and most patients were White (59.3%).%” Non-
affective psychosis was the most frequent diagnostic cat-
egory (61522 visits) and bipolar disorder was the least fre-
quent (34 071 visits). Distributions of patient characteristics
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Figure 1. Propensity Score-Weighted Estimated Average Treatment Effect of Psychiatric Hospitalization

Nonaffective psychosis
M MDD
W Bipolar disorder
M Other
Favors : Favors
Variable hospitalization | no hospitalization
Suicidal ideation but no attempt -
-
- The “other” category indicates any
Suicide attempt in past 2-7 d [ —— other International Classification of
= Diseases, Ninth Revision, Clinical
— Modification or International
Suicide attempt in past day - = Statistical Classification of Diseases,
Tenth Revision, Clinical Modification
4‘5 _io é 0 !; 1‘0 mental or substance use disorder.

Effect of psychiatric hospitalization on 1-year suicide attempt risk

MDD indicates major depressive
disorder. Error bars indicate 95% Cls.

were similar for visits resulting in hospitalization vs non-
hospitalization except that SA 1 day was more common
among hospitalized patients (15.0% [21 053 of 140 546] vs
8.1% [4518 of 56 064]).

Unadjusted Comparisons

A total of 71.5% (140 546 of 196 610) of the visits resulted in
hospitalization, with the highest hospitalization rate (82.3%
[21053 of 25571]) among patients with SA 1 day (Table 2).
Twelve-month SA was 11.9% (95% CI, 11.8%-12.1%; P < .001)
in the total sample. The highest 12-month SA (20.7%; 95% CI,
19.6%-21.7%; P < .001) was among patients with SA 2 to 7 days
irrespective of hospitalization status. Hospitalization was not
associated with 12-month SA in the total sample or in sub-
groups with SIonly or SA 2 to 7 days. In contrast, for patients
with SA 1 day, hospitalization was associated with a reduc-
tion in 12-month SA from 25.9% (95% CI, 24.6%-27.1%; P < .001)
to 18.3% (95% CI, 17.8%-18.9%; P < .001) (difference, -7.5%;
95% CI, -8.9% to —6.1%; P < .001). Results were similar when
further disaggregated by diagnostic subgroup (eTable 3 in
Supplement 1).

Estimated ATE

The estimated ATE of hospitalization after controlling non-
parametrically for baseline covariates was consistent with
the unadjusted results (Figure 1). Specifically, hospitaliza-
tion was associated with a reduction in SA among patients
with SA 1 day across all diagnoses. The ATEs ranged from
-6.9% (95% CI, -9.7% to -4.1%; P < .001) among patients
with nonaffective psychosis to -9.6% (95% CI, -13.5% to
-7.7%; P < .001) among patients with bipolar disorder. In
comparison, ATEs did not differ significantly from O for any
other subgroup besides patients in the Other category with
SI only (0.6%; 95% CI, 0.1%-1.2%; P = .02) and those with
major depressive disorder with SA 2 to 7 days (-4.0%; 95%
CI, -7.7% to -0.2%; P = .04). The ATT and ATC estimates
(eTable 4 in Supplement 1) never differed from the ATE esti-
mate by more than 1.1%, indicating good stability of the esti-
mates.

jamapsychiatry.com

Estimated Heterogeneous Treatment Effects

Variation in ATE in the test sample across quintiles of pre-
dicted CATE was statistically significant in 9 of 12 subgroups
(Figure 2; eTables 5-8 in Supplement 1). In the quintile in which
ATE was predicted by training sample models to be highest,
the estimated ATE was negative (ie, hospitalization was asso-
ciated with reduced SA) across all 12 subgroups and statisti-
cally significant in 10 subgroups. In the quintile in which the
benefit of hospitalization was predicted by the training sample
models to be lowest, the estimated test sample ATE was posi-
tive (ie, hospitalization was associated with increased SA)
across 10 of 12 subgroups and statistically significant in all 4
subgroups involving patients with SI only.

Overall, hospitalization was associated with reduced SA
risk in 28.1% (SE, 0.2) of patients in the test sample and
increased SA risk in another 24.0% of the patients (SE, 0.2)
(eTable 9 in Supplement 1). The correlation between
individual-level ATE and observed hospitalization was weak
both overall (Pearson r = 0.09) and within separate diagnos-
tic subgroups (Pearson r = 0.07-0.11) (eTable 10 in Supple-
ment 1).

Simulated Effects of an ITR

A reasonable ITR based on these results would be to (1) hos-
pitalize all patients in subgroups predicted to benefit signifi-
cantly from hospitalization (ie, those with the highest pre-
dicted CATE), (2) avoid hospitalization in subgroups predicted
to be harmed by hospitalization (ie, those with the lowest pre-
dicted CATE), and (3) defer the hospitalization decision to clini-
cal judgment for the remaining patients. Observed hospital-
ization rates (SE) for these 3 groups were 73.6% (0.5%) for the
first group, 66.8% (0.6%) for the second group, and 75.5%
(0.6%) for the third group.

The simulated effects of this ITR are reported in Table 3.
Assuming unconfoundedness, the ITR would reduce SA risk
proportionally in the total population by 16.0% (95% CI, 12.6%-
19.4%; P < .001) and reduce hospitalizations proportionally by
13.0% (95% CI, 12.7%-13.3%; P < .001). Both prevented SAs
(19.5%; 95% CI, 15.3%-23.6%; P < .001) and averted hospital-
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Figure 2. Estimated Effect of Psychiatric Hospitalization by Level of Predicted Benefit From Hospitalization
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izations (17.2%; 95% CI, 16.7%-17.6%; P < .001) would be high-
est among patients with SI only.

Predictor Importance

Inspection of proportional SHAP values by predictor domain
shows 3 broad trends (eTable 11 in Supplement 1). First, psy-
chopathologic risk factors were the single most important class
of predictors in 8 of 12 subgroups, with proportional SHAP val-
ues greater than 50% in 9 of the 12 subgroups. Second, facility-

JAMA Psychiatry Published online October 18,2023

level quality indicators (proportional SHAP, 0.4%-9.9%) and
physical disorders (proportional SHAP, 1.5%-48.8%) were con-
sistently the least important predictors. Third, the importance
of social determinants of health predictors varied markedly
across suicidality subgroups, with proportional SHAP values of
6.8% t0 29.4% for SA 1 day, 18.8% to 97.7% for SA 2 to 7 days,
and 40.2% to 87.4% for SI only. More detailed analyses inspect-
ingbee swarm plots (eFigures 1-12 in Supplement 1) and key pre-
dictor distributions in extreme quintiles (eFigures 13-22 in
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Table 3. Overall Estimated Effect of Implementing Individualized Treatment Rule vs Observed Treatment Decisions

Primary presenting diagnosis

Total NAP BD MDD Other?
Variable % (95% Cl) Pvalue % (95% Cl) Pvalue % (95% Cl) Pvalue % (95% Cl) Pvalue % (95% Cl) P value
Prevented suicide attempts
Entire sample 16.0(12.6to0  <.001 20.0(16.1to0  <.001 18.1(10.5t0 <.001 8.8 (-0.5to .06 13.3(3.1to .01
19.4)b 23.8)° 25.7)° 18.1) 23.5)°
Suicidal ideation 19.5(15.3t0 <.001 24.5(20.1to <.001 22.2(13.1to <.001 10.2(-14to .09 14.8 (0.7 to .04
without recent attempt  23.6)° 29.0)° 31.3)P 21.8) 29.0)°
Suicide attempt 9.4(-11.2t0 .37 10.4(-24.0to .55 13.6(-24.5t0 .48 3.8(-36.9t0 .86 8.2(-44.6t0 .76
in past 2-7 d° 30.0) 44.7) 51.6) 44.4) 61.0)
Suicide attempt 5.9(0.4to .04 3.9(-4.8t0 .38 5.2(-7.8to 44 5.6 (-8.4to 43 10.5(-0.3t0 .06
in past d¢ 11.4)° 12.5) 18.2) 19.6) 21.3)
Averted hospitalizations
Entire sample 13.0(12.7to  <.001 17.9(17.2to0  <.001 24.7 (23.7t0  <.001 7.9 (7.4to0 <.001 2.2(1.9to <.001
13.3)° 18.5)° 25.7)° 8.3)° 2.6)°
Suicidal ideation 17.2(16.7to  <.001 22.2(21.4t0 <.001 31.6(30.4t0 <.001 10.4 (9.9to <.001 5.7(5.1to <.001
without recent attempt  17.6)° 23.0)° 32.8)° 11.0)® 6.3)°
Suicide attempt -17.8(-20.4 <.001 -19.9 (-24.8 <.001 -19.6 (-25.5 <.001 -11.9 (-15.7 <.001 -23.6(-31.2 <.001
in past 2-7 d° to-15.2)° to-14.9)° to-13.7)° to-8.1)° to-16.0)°
Suicide attempt -5.4(-6.0t0 <.001 -4.0(-5.0t0 <.001 -49(-6.1t0 <.001 -3.7(-4.6to0 <.001 -10.0(-11.6 <.001
in past d¢ -4.9)° -3.1)° -3.6)° -2.9)° to -8.4)°

Abbreviations: BD, bipolar disorder; MDD, major depressive disorder;
NAP, nonaffective psychosis.

@ The presenting diagnosis was any other mental or substance use disorder.
bSignificant at the .05 level, with 2-sided testing.

< Prior to the emergency department/urgent care visit.

dwithin 1day of the emergency department/urgent care visit.

Supplement 1) showed the relationships to be highly complex,
with relationships involving individual predictors varying jointly
across disorders and levels of suicidality.

|
Discussion

In this retrospective analysis of VHA patients who presented
to an ED/UC with suicidality, we used a machine-learning
method to examine associations of psychiatric hospitaliza-
tion with risk of subsequent SA. We found that hospitaliza-
tion was associated with reduced average risk of subsequent
SAs for patients in the immediate aftermath of an SA, but this
risk was not substantially altered among patients with SI only
or more remote SAs. There was substantial between-patient
heterogeneity underlying these average associations, with hos-
pitalization predicting significantly increased SA risk among
some patients and significantly decreased risk among others.

To our knowledge, our study is the first to find that hos-
pitalization is associated with reduced subsequent suicidal be-
havior among patients presenting to an ED/UC with suicidal-
ity. On first examination, this might seem to conflict with prior
retrospective analyses that have found that hospitalization is
associated with increased or unchanged risk of subsequent
SAs.'2'® However, these prior studies used a distinct and
heterogeneous population: patients presenting to EDs after
self-harm with unspecified intent. Using an equally heteroge-
neous sample (combining SI and SAs), we similarly found no
benefit of hospitalization; however, when we disaggregated
patients with SAs from those with SI, we found that hospital-
ization was associated with a substantially reduced risk of
subsequent suicidal behavior among patients with SA 1 day.
This finding reinforces the importance of SAs in clinical
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decision-making,** especially when ED/UC visits are made in
the immediate aftermath, and suggests that future research in
this area should strive to disentangle presentations with SA
from other manifestations of suicidality.

Our findings have immediate clinical implications for man-
agement of suicidality in ED settings. For patients presenting
in the aftermath of an SA, clinicians could reasonably consider
hospitalization the default approach in that it might be ex-
pected to substantially reduce the overall risk of subsequent SAs
without increasing the risk among any identifiable patient sub-
set. In contrast, for patients with suicidality other than in the
immediate aftermath of an SA, hospitalization is not a justifi-
able default approach, as hospitalization is associated with an
increased risk of subsequent SAs in 20.0% to 40.0% of pa-
tients and decreased risk in another 20.0% to 40.0%.

This heterogeneity in the association of hospitalization
with subsequent SA risk clearly highlights the need for indi-
vidualized treatment approaches and the limitations of any de-
fault treatment strategy. Compared with current clinical
decision-making, we found that using our ITR to support
decision-making might prevent as much as one-fifth of SAs
while requiring one-sixth fewer hospitalizations. Given the
nonexperimental nature of the analysis, broad implementa-
tion of this ITR would not be warranted unless it was con-
firmed in a pragmatic trial. Considering the increasing psychi-
atric bed shortage in the US,*® escalating ED boarding
problem,'” and limited success in reducing suicide rates,! the
importance of carrying out such a trial is clear.

Limitations

Our work has 7 noteworthy limitations. First, findings may be
biased by confounding due to unobserved determinants of the
nonrandom probability of being hospitalized.
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Second, the observed exposure (ie, hospitalization) and
outcome (ie, SAsrecorded in VA administrative databases) were
proxies for unobserved variables of interest: in the case of the
exposure, the clinical decision to hospitalize, which will not
result in hospitalization if the patient refuses voluntary hos-
pitalization and the clinician does not require involuntary hos-
pitalization; in the case of the outcome, any SA regardless of
whether treatment was obtained and, if obtained, occurred in
the VA system or paid for by the VA. Classification errors in
these observed measures could bias results. Detecting SAs for
which treatment was not obtained would require follow-up
surveys. Third, even in the absence of unmeasured confound-
ers, residual bias could exist due to finite-sample errors in the
RF orinherent limitations in the RF algorithm underlying a gen-
eralized random forest.

Fourth, our inclusion of nonfatal SAs that came to medi-
cal attention along with suicide deaths in our composite out-
come measure is different from some prior work that focused
on suicide deaths." This more inclusive outcome increased our
statistical power at the expense of the outcome’s homogene-
ity and clinical importance, although some consequences (eg,
future health care costs) are greater for nonfatal than fatal
SAs.*9 Fifth, the results apply only to patients in the VHA sys-
tem, who differ from patients in other sectors of the health care
system in terms of both their characteristics and the services
available to them.

Sixth, a wide range of clinical options exists as alterna-
tives to psychiatric hospitalization (eg, conventional outpatient

Estimated Average Treatment Effect of Psychiatric Hospitalization in Suicidal Behaviors

treatment, suicide-focused outpatient treatment, intensive
case management, and partial hospitalization).* We were
unable to disentangle the estimated ATE of hospitalization
separately from each of these options given the lack of infor-
mation on which options were pursued for the patients who
were not hospitalized. However, there is no technical impedi-
ment to estimating such more refined models if the compara-
tor data are available.>° This would be a valuable expansion
of our analysis in future work.

Seventh, suicide risk is only one of many reasons for psy-
chiatric hospitalization*” and only one of many outcomes that
hospitalization may affect. In recognition of these facts, an ITR
of the sort developed herein should not be the sole arbiter of
admission decisions even it were confirmed.

. |
Conclusions

In this predictive analytics analysis of retrospective VHA data,
we found that psychiatric hospitalization is associated with re-
duced average SA risk for patients in the immediate after-
math of an SA but not for those with SI only or more remote
SAs. In each group, an ITR accounting for between-patient
heterogeneity could identify substantial proportions of pa-
tients whose SA risk would be significantly increased or de-
creased by hospitalization. Implementing such an ITR has the
potential to prevent SAs while requiring fewer hospitaliza-
tions than current care.
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