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Abstract

INTRODUCTION.—Suicide rates are extremely high among emergency department (ED) 

patients seen for deliberate self-harm. Inpatient hospitalization is often recommended for these 

patients, but evidence on the suicide-prevention effects of hospitalization is scarce. Confounding 

by indication and challenges to implementing randomized designs are barriers to advances in this 

field.

METHODS.—We used 2009–2012 statewide data on 57,312 self-harm ED patients from 

California, linked to mortality records. We estimated naïve 12-month and 30-day suicide risks 

among patients who were hospitalized vs. discharged. We then applied generalized random forest 

(GRF) methods to estimate the average treatment effect of hospitalization on suicide, conditioning 

on observable covariates. Associations were calculated separately for gender- and age-specific 

subgroups. Analyses were conducted February 2019-August 2021.

RESULTS.—In naïve analyses, suicide risk was significantly higher in hospitalized vs. 

discharged patients in each subgroup. In 12-month models accounting for observed covariates 

via GRF methods, hospitalized males had 5.4 more suicides per 1,000 patients (95% CI: 3.0, 

7.8), hospitalized patients aged 10–29 had 2.4 (1.1, 3.6) more suicides per 1,000, and those aged 

≥50 had 5.8 (0.5,11.2) more suicides per 1,000, compared to corresponding discharged patients. 
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Hospitalization was not significantly associated with suicide among females nor among patients 

aged 30–49 in GRF analyses. Patterns were similar in 30-day GRF models.

CONCLUSIONS.—ED personnel intend to hospitalize the self-harm patients with high suicide 

risk; our study suggests this goal is largely realized. Analyses that control for confounding by 

observable covariates did not find clear evidence that hospitalization reduces suicide risk, and 

could not rule out the possibility of iatrogenic effects.

Suicide rates have risen each year since 2005 in the United States, where in 2019 

suicide was the 10th leading cause of death.1 Healthcare settings, particularly emergency 

departments (EDs), are important for identifying individuals at high suicide risk.2,3 Suicide 

rates among ED patients presenting with deliberate self-harm are 56 times higher than those 

of demographically matched population controls.4 Improving survival among these patients 

is critical to achieving clinical and health system suicide prevention goals.2

Inpatient hospitalization is often thought to be indicated for ED self-harm patients, 

especially those deemed to be at high suicide risk, and may be necessary for those 

with serious physical injuries.5 Nationwide, 65% of self-harm patients are hospitalized 

or transferred.6 Inpatient admission can theoretically provide self-harming patients with 

a safe environment, comprehensive psychiatric assessment, access to psychological and 

pharmaceutical treatment, and improved linkage with outpatient care,7–9 which may reduce 

suicide risk. However, empirical evidence on the clinical effects of inpatient admission 

on these patients’ suicide risk is very limited. Only a few studies exist, nearly all 

from the United Kingdom;10,11 these studies report mostly null associations between 

inpatient admission and suicide11,12 after attempting to account for baseline factors. 

Additional research in this area is needed to inform clinical practice, especially given 

the U.S. context of severely constrained psychiatric bed capacity2,13–15 and high costs 

of inpatient admission. Such research is particularly important in light of the possibility 

that, for some subsets of patients, hospitalization may inflict iatrogenic harm (e.g., through 

traumatizing or stigmatizing experiences such as restraint and seclusion, forcible disrobing 

and catheterization, forced medication, abuse by staff or other patients, and economic 

burden16–19), or that concerns about hospitalization could deter care-seeking.

Definitively ascertaining the causal effect of inpatient admission on subsequent suicide 

is challenging, and perhaps infeasible in practice. Self-harm patients are not randomly 

allocated to inpatient admission. A wide range of factors potentially influence both 

admission decisions for self-harm patients and those patients’ future suicide risk, resulting 

in confounding by indication. While some of these factors (which include clinical practice 

guidelines,17 patients’ sociodemographic characteristics and clinical severity,20 clinician 

attitudes and perceptions,21 and system-level financial and logistical constraints9,22–24) are 

observable, others may not be. Meanwhile, assessing the effects of hospitalization via 

randomized designs presents substantial logistical and ethical challenges;25 other methods 

of causal inference, such as instrumental variables analysis, may also not be feasible in 

practice.15,26

Because the question of whether hospitalization prevents suicides is important, and because 

the methods necessary to achieve a definitive answer may not be feasible, this study aimed 
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to learn as much as possible from currently available observational data on 12-month suicide 

mortality risk among ED self-harm patients who were admitted as inpatients vs. those who 

were discharged to the community. First, these groups’ respective absolute 12-month suicide 

risk (naïve analysis) were assessed. Then, statistical adjustment via a generalized random 

forest (GRF) approach was used to attempt to estimate the conditional average treatment 

effect; i.e., the difference in expected suicide incidence with vs. without hospitalization, 

conditioned on observed covariates.27,28 Because there may be heterogeneity by age and 

gender in how inpatient admission affects suicide risk,22,29–31 the analysis was stratified by 

these factors.

METHODS

Data

Discharge data were obtained from the California Office of Statewide Health Planning and 

Development (OSHPD) on all deliberate self-harm visits from January 2009 – December 

2011 to all California-licensed EDs by individuals aged ≥10 years with a California 

residential zip code. A deliberate self-harm visit was defined as one that included an 

International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-

CM) External Cause of Injury code (E-code) of E950.0–958, in any diagnostic position. 

California has mandated 100% reporting of external cause-of-injury codes since 1990.32 

Each patient’s first qualifying ED visit during the study period was defined as his or her 

index visit, with the index date defined as the date of ED presentation.

OSHPD provided information on all individuals in this ED self-harm cohort to the 

California Department of Public Health Vital Records, which assessed vital status in 

California death records and provided information on date, cause and manner of death 

for all matching decedents who died in 2009–2012 (excluding those who died out of state, 

<1% of the total).33 All data obtained and used by the study team were de-identified. 

This study was approved by the Institutional Review Boards of the California Health and 

Human Services Agency and the University of California, Merced. Analyses were conducted 

February 2019-August 2020.

Measures

Patient disposition at index visit was used to ascertain “treatment” (i.e., hospitalization) 

status. Patients were considered admitted if their disposition indicated that they were 

transferred to a psychiatric hospital or psychiatric unit of a general hospital, short-term 

general hospital, children’s hospital, federal healthcare facility, or other hospital facility. No 

attempt was made to distinguish between transfers to psychiatric hospitals vs. other types 

of admissions, as this information was not available for all patient records. Patients were 

considered discharged if their disposition indicated routine discharge, left against medical 

advice, or were discharged to home health care. Patients whose index visits resulted in a 

disposition other than inpatient admission or discharge to community, or who died on the 

date of the index visit, were excluded from analysis (n=1,921, or 3%).
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The outcomes of interest were suicide within 30 days and one year of the index date. Suicide 

was defined as any death with ICD-10 codes X60-X84, Y87.0, or U03 as the primary listed 

cause. Individuals who did not link to California mortality records from 365 days after the 

index date were presumed alive for this period.

Observed covariates consisted of patient- and hospital-level characteristics (not including 

hospitalization status or outcome) described in Table 1. Patient characteristics measured 

during the 12 months prior to the individual’s index visit (e.g., total number of ED visits) 

were ascertained using unique patient identifiers that allowed us to link all ED and inpatient 

visits made by that patient to any state-licensed California hospital during the 12-month 

window.

Statistical Methodology

The generalized random forest method used here generalizes tree and forest methods that 

have enjoyed considerable success in the context of predictive modeling,34,35 and was 

chosen for its superior performance in simulation studies and its theoretical properties.27,28 

To explain GRFs, it is helpful to begin with a commonly used method, nearest-neighbor 

matching. Both methods employ the potential outcomes framework, which posits two 

random variables (Y(1) and Y(0)) that quantify the outcomes that would have been observed 

with and without treatment, respectively.36 Where xi denotes the covariate vector for patient 

i, and given two patients’ vectors xi and xj, the distance between them is measured using the 

Euclidean norm. In the nearest neighbor matching approach, given a covariate vector x, two 

groups are formed: (1) the k vectors nearest to x corresponding to patients who were treated, 

and (2) the k vectors nearest to x corresponding to patients who were not treated. Then, 

the difference between average outcomes for groups (1) and (2) is the estimated conditional 

average treatment effect at x, i.e., τ(x) = E[ Y(1) - Y(0) | X = x ]. In short, τ(x) represents 

the estimated treatment effect for each individual patient x – the effect if she had vs. had not 

received treatment.

Generalized random forests improve upon this framework. Instead of forming groups based 

on Euclidean-norm distance, each tree in the forest recursively partitions the covariate space. 

The process starts with a subsample S of the full data set that is used only for tree-building. 

Any candidate split, e.g., a rule of the form “XCountyOfResidence = Rural”, will partition 

S into two subsets S1 (where the rule is satisfied) and S2 (where the rule is not satisfied). 

GRFs choose splits that maximize the difference between each subset’s conditional average 

treatment effect (CATE); these splits tease out the covariate dependence in τ(x).

Once each tree in the forest has been built, a subsample T of the full dataset (disjoint 

from S) is used for model evaluation. New patient observations from subsample T are fed 

into each tree, culminating in groups of observations that respond similarly to being treated/

untreated. Finally, estimates from all trees are aggregated using a local weighting rule to 

reduce variance. Further technical details regarding the causal random forest method are 

available by request.

In simulation studies, GRFs yield estimates of τ(x) with 5–10 times less mean-squared 

error than estimates produced by nearest-neighbor methods.27,28 The generalized random 
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forest method assumes that, conditional on available covariates and assuming no residual 
confounding by unobservable covariates, treatment assignment is independent of potential 

outcomes. This property together with other technical conditions leads to proofs of 

consistency and asymptotic normality.27,28

The dataset was stratified into two gender subgroups (males and females) and, separately, 

three age subgroups (patients aged 10–29 years, 30–49 years, and ≥50 years), resulting 

in five analytic groups. A generalized random forest was fit for each group using the 

R open-source package “grf”.37 After fitting the GRF, values of τ(x) for each patient 

observation were computed in each gender and age group. The mean of τ(x) is the CATE: 

the estimated overall difference in suicide deaths associated with hospitalization. All CATE 

values are multiplied by 1,000 and can be interpreted as differences in suicide risk per 1,000 

individuals. Positive values of CATE correspond to increases in suicide risk associated with 

hospitalization, while negative values correspond to decreases in suicide risk.

To calculate how strong the associations between unmeasured confounders and the treatment 

and outcome variables would need to be to explain the study results, the E-value bias 

calculator developed by VanderWeele and colleagues38 was applied to each gender and age 

group.

RESULTS

The sample included 57,312 qualifying index patient deliberate self-harm events. 

Approximately 58% (n=33,419) of these patients were female. Nearly half (44.4%; 

n=25,424,) were aged 10–29 years, while one-third (n=20,448; 35.7%) were aged 30–49 

and 20% (n=11,440) were aged ≥50. Patient characteristics at these index events are shown 

in Table 2. Approximately two-thirds of these index visits (n=37,386; 65.2%) resulted in 

inpatient admission. Disposition records indicated that most (97.3%) discharged patients 

were routinely discharged.

State mortality records identified a total of 400 unique suicide deaths within one year of 

index patient visit, for an overall risk of 7 per 1,000; 110 of these deaths (27.5%) occurred 

within 30 days. As context, the suicide rate in California’s general population during this 

period was 0.10 per 1,000.39 Absolute (unconditional) suicide risk was approximately two 

times higher among hospitalized vs. discharged patients in each gender and age group (Table 

3).

Separate GRF models estimating the association between hospitalization and suicide risk 

were fit for the gender groups and age groups; the resulting CATE values (i.e., the estimated 

difference in suicide deaths associated with hospitalization) and their 95% confidence 

intervals, as well as the proportion of all of τ(x) values that were positive, are shown in 

Table 3. Among women, values of the difference in expected suicide incidence with vs. 

without hospitalization, conditional on covariates (i.e., CATE), were typically positive, but 

the confidence intervals around the CATE estimate included zero. This suggests that after 

accounting for observed confounders, hospitalization was not associated with suicide risk 

for women. Among men, the 12-month risk CATE was 5.39 additional suicides per 1,000 
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patients, and the 95% confidence interval (3.02, 7.75) did not include 0; for 30-day risk, 

the CATE was 1.68 per 1,000 (0.39, 2.98). This suggests that for males there was a small 

increase in suicide risk associated with hospitalization. For patients aged 10–29 and ≥50 

years, the 12-month CATE estimates and their 95% CIs were all positive, indicating that 

hospitalization was associated with an excess of 2.37 and 5.84 suicides per 1,000 patients, 

respectively, in these age groups, after accounting for observed confounders. For patients 

aged 30–49 years, the 95% confidence intervals around the CATE estimate included zero. 

In 30-day risk models, hospitalization was associated with an excess 3.70 suicides per 1,000 

patients (1.40, 6.00) in the ≥50 age group, but the confidence intervals for the other age 

groups included zero.

E-value bias analyses were used to estimate how strong any associations between 

unobserved confounders and the treatment and outcome variables would need to be to 

account for the observed higher 12-month suicide risk in hospitalized vs. discharged 

patients. Unobserved confounders would explain the observed associations if they 

collectively increased the risk of suicide by a factor of ≥3 and were at least 3 times more 

common among hospitalized vs. discharged patients (E-values: women, 5.08; men, 4.27; 

ages 10–29, 4.48; ages 30–49, 3.21; ages ≥50, 3.12).

DISCUSSION

This study is, to our knowledge, the first US population-based investigation of the 

association between inpatient admission and suicide risk among emergency department 

patients seen for deliberate self-harm. In naïve analyses of statewide data from California, 

self-harm patients who were admitted had substantially higher suicide risk in the subsequent 

year than those who were discharged. In analyses that adjust for observable covariates using 

generalized random forest methods, this excess suicide risk among hospitalized patients 

persisted among some patients (males and patients aged 10–29 or ≥50 years), albeit to a 

smaller degree, and disappears among others (i.e., females and those aged 30–49 years).

The lack of a randomized treatment variable argues against causal inferences from these 

analyses. We cannot distinguish between two potential interpretations of our findings. On 

the one hand, the true effect of hospitalization could be null or even harmful, at least for 

some groups, and the adjusted analyses are valid estimates of these effects. Benefits of 

hospitalization would appear to be small. The largest effect is negative, 5 additional suicides 

per 1,000 patients over 12 months among men, equating to a number needed to harm (NNH) 

of 200 for that group.

Alternatively, although the GRF method was carefully applied, it assumes the data are 

not confounded; yet in fact, the available administrative data lacked information on many 

potentially important factors, including whether patients were involuntarily admitted, their 

social environments, recent life stressors, medication use, etc. Hence, the alternative 

interpretation is that the true effect of hospitalization on suicide risk could be beneficial, but 

residual confounding by indication and selection bias obscure this benefit in the analyses. 

For female patients and those aged 30–49 years, in whom no significant difference in 30-day 

or 12-month suicide rates was found between hospitalized vs. discharged patients after 
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adjusting for observable characteristics, there may be more room for the possibility that 

hospitalization is actually beneficial, if one assumes there was additional adverse selection in 

hospitalization based on characteristics clinicians could observe but this research could not. 

Still, the E-value estimates of the magnitude of unmeasured factors that would be required to 

offset observed results make this possibility less likely.

The current findings are broadly consistent with the scant prior research on this topic, most 

of which was conducted in the United Kingdom. One observational study found that the 

unconditional association between admission and higher suicide risk was reduced to only 

marginal significance after adjusting for baseline patient factors. There was some indication 

of excess suicide risk among young adults and reduced risk among older adults.12 Two 

very small randomized trials from the U.K. also reported null associations between inpatient 

admission and suicidal behavior outcomes, but did not have power to examine suicide 

deaths.10,11 Other studies have used instrumental variable analysis or covariate adjustment to 

estimate the effect of routine hospital management of ED self-harm patients on risk of repeat 

self-harm.26,40,41

Considerably more research is needed before findings from this, or similar, studies are used 

to inform clinical or health system decision-making. Future research should prioritize the 

following goals: [1] Replicating the current findings using large electronic health record 

systems that contain more nuanced information. [2] Implementing an instrumental variable 

design, wherein deliberate self-harm patients are randomly assigned to an intervention 

that is expected to reduce the rate of inpatient admission, without actually manipulating 

hospitalization itself.42 [3] Examining other outcomes such as non-fatal suicidal behavior, 

external-cause mortality, and all-cause mortality.4 [4] Identifying safe alternatives to 

hospitalization and best practices in recovery-oriented inpatient and post-discharge care that 

mitigate suicide risk, particularly for groups whose average suicide risk may be increased by 

hospitalization.2

Limitations

This study had several limitations beyond the caveats addressed above. Disposition codes 

in administrative data are imprecise, and patients’ hospitalization status may have been 

different than what was recorded; we also could not assess whether patients were admitted 

involuntarily. The clinical value of these analyses is limited as the “treatment” variable 

was very broadly defined, and it was not possible to examine length of hospitalization 

or specific treatments provided during hospitalization. It could be argued that the longer 

hospitalizations of prior eras may have been more effective than the brief hospitalizations 

common today. Furthermore, due to heterogeneity across providers, the experience 

of hospitalization itself likely varies considerably for different patients. Research has 

documented extraordinary variation in suicide rates among patients hospitalized for self-

harm, suggesting that there are real differences in hospital care;43 there was no way to 

account for this. The effects of hospitalization on suicide risk could differ systematically by 

patient phenotypes other than those examined here, resulting in heterogeneity that was not 

observed. Lastly, this study focused on one state in the United States from 2009–2012 during 

which hospitalization of psychiatric patients increasingly focused on brief stabilization and 
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continued outpatient care. As such, it may reflect failures in transitions in care that are 

necessary for this model to be successful. The findings may not generalize to other years 

or systems, especially given increasing rates of suicide and changes in hospital accreditation 

policies related to self-harm.3,44,45

Conclusions

Admission is a routine clinical decision point for ED personnel treating patients presenting 

with deliberate self-harm. Findings from this observational study did not identify clear 

clinical benefit of hospital admission of these patients with respect to suicide prevention, and 

could not rule out the possibility of some iatrogenic effects. Additional research is needed to 

build on this work using approaches that can address causation, and to identify subgroups of 

self-harm patients who may experience particular benefits or harms with hospitalization.
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Figure 1. 
Histograms depicting estimated difference in suicide risk associated with hospitalization, 

conditional on covariates, for each individual patient (i.e., τ(x)). Panel A: patients aged 

10–29 years; panel B: patients aged 30–49 years; panel C: patients ≥50 years. Values for 

τ(x) are shown scaled to deaths per 1,000.
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Figure 2. 
Histograms depicting estimated difference in suicide risk associated with hospitalization, 

conditional on covariates, for each individual patient (i.e., τ(x)). Panel A: male patients; 

panel B: female patients. Values for τ(x) are shown scaled to deaths per 1,000.
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Table 1.

Patient- and facility-level characteristics included in generalized random forest model.

Patient characteristics ascertained at index deliberate self-harm visit

 Patient age

 Patient gender

 Patient race/ethnicity (non-Hispanic White, non-Hispanic Black, Hispanic, Asian, other)

 Payer: Private insurance (referent group), Medicaid, Medicare, self-pay, other

 Method of self-harm injury: Poisoning (referent group), cutting/piercing injury, hanging/strangulation, jumping from high place, firearm, 
other

 Urbanicity of patient’s residential zipcode (metropolitan, micropolitan, small town/rural)46

 Day of week

 Diagnosis of comorbid anxiety disorder (ICD-9 codes 293.84, 300.00–300.5, 300.89, 300.9, 308.x, 309.81)

 Diagnosis of comorbid mood disorder (293.83, 296.x, 300.4, 311.x)

 Diagnosis of comorbid psychotic disorder (293.81, 293.82, 295.x, 297.x, 298.x)

 Diagnosis of comorbid alcohol use disorder (291.x, 303.x, 305.x, 357.5, 425.5, 535.3x, 571.0–571.3, 760.71, 980.0)

 Diagnosis of comorbid drug use disorder (292.x, 304.x, 305.1–305.93, 648.30–648.34, V65.42)

 Diagnosis of comorbid suicidal ideation (V62.84)

 Diagnosis of comorbid altered mental status (780.97)

 Patient Charlson Comorbidity Index score (0, 1–4, or ≥5)47

 Median household income in patient’s residential zipcode (from 2010 American Community Survey)48

Patient characteristics ascertained during 12 months prior to index visit

 Patient history of any inpatient admission with a diagnosis for adjustment, anxiety, attention-deficit/conduct, cognitive, developmental, 
impulse control, mood, personality, psychotic, alcohol-related, drug-related, or other behavioral disorder, or for deliberate self-harm.

 Patient history of ED visit with diagnosis of drug use disorder

 Patient history of ED visit with diagnosis of alcohol use disorder

 Patient history of ED visit with diagnosis of schizophrenia or other psychotic disorder

 Patient history of ED visit with diagnosis of mood disorder

 Patient history of ED visit with diagnosis of anxiety disorder

 Patient history of ED visit with diagnosis of deliberate self-harm

 Patient’s total number of ED visits in past year (0, 1–4, ≥5 visits)

 Patient history of residential mobility (1 zipcode, >1 zipcode, no past-year visits observed)49

Facility characteristics in year of patient’s index self-harm visit

 Total annual ED encounters, divided into quartiles

 Availability of a psychiatric ED clinician on call (any vs. none)

 Number of psychiatric bed licenses (0, ≤30, >30)
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