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OBJECTIVE: The accuracy of diagnosis codes to identify suicidal behaviors, including suicide
ideation (SI) and self-harm (SH) events, is unknown. The objective of this study was to determine the
positive predictive value (PPV) of International Classification of Disease, 10th Revision codes to identify
SI/SH events that may be used in studies using administrative and claims data.

METHODS: We performed a secondary analysis of a cross-sectional study of children 5 to 17 years of
age hospitalized at 2 US children’s hospitals with a discharge diagnosis of a neuropsychiatric event,
including an SI or SH event. A true International Classification of Disease, 10th Revision SI or SH
diagnosis was defined as SI or SH present on admission and directly related to hospitalization as
compared with physician record review. PPV with 95% confidence intervals (CIs) were calculated
overall and stratified by diagnosis order and age (5 to 11 years vs 12 to 17 years).

RESULTS: There were 376 children or adolescents with a discharge diagnosis of an SI or SH event.
The median age was 14 years, and the majority of individuals were female (58%), non-Hispanic
White (69%), and privately insured (57%). A total of 332 confirmed SI/SH cases were identified with
a PPV of 0.88 (95% CI 0.85–0.91). PPVs were similar when stratified by diagnosis order: primary
0.94 (95% 0.88–0.97) versus secondary 0.86 (95% CI 81–90). PPVs were also similar in adolescents
(0.89, CI 0.85–0.92) compared with children (0.84, 95% CI 0.74–0.91).

CONCLUSIONS: The use of these validated code sets to identify SI or SH events may minimize
misclassification in future studies of suicidal and self-harm hospitalizations.
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The rate of suicide in children and adolescents has been steadily
rising and is currently the second leading cause of death among
children 14 to 18 years old in the United States.1 In 2019, �1 in
5 children in this age group seriously considered attempting sui-
cide, and �1 in 11 children attempted suicide.2 The coronavirus
disease 2019 pandemic further exacerbated mental health issues
in children. From March to October 2020, emergency department
visits for mental health crises rose 24% for those 5 to 11 years of
age and 31% for children 12 to 17 years of age when compared
with the same time period the previous year.3 Moreover, suicide
attempts among adolescent females increased by 51% from Feb-
ruary to March of 2021. Children and adolescents with underlying
mental health conditions are a particularly vulnerable population
at high risk for hospitalization for suicide and self-harm (SH)
events. In light of these findings, the American Academy of Pediat-
rics declared a national emergency in children’s mental health in
October of 2021.3

A major challenge to studying mental health topics in the pediatric
population is the inability to accurately identify suicidal behavior
events in observational databases.4 Most studies using real-world evi-
dence have relied on diagnosis codes alone to identify suicidal idea-
tion (SI) and SH events. However, the validity of this approach in
children is poorly understood and there are no studies examining
the accuracy of International Classification of Disease, 10th Revision
(ICD-10) codes to identify self-harm behaviors in children.4,5 A 2019
scoping review by the US Food and Drug Administration recom-
mended that “Pharmacoepidemiological studies measuring suicidal
outcomes often use methodologies with poor sensitivity or predictive
value or both, which may result in underestimation of associations
between drugs and suicidal behaviour.”4 The authors concluded that
future studies should prioritize algorithms with high positive predic-
tive values (PPV). To date, the validity of the widely used ICD-10 cod-
ing system to identify these events in children is unknown.

The objective of the study was to determine the PPV of ICD-10
codes to identify suicidal behaviors, including suicide and self-
harm events, in the pediatric population.

METHODS
Study Design

We performed a secondary analysis using data from an observa-
tional study that evaluated a broad range of neuropsychiatric events,
including suicidal behaviors.6 We performed a cross-sectional study
of children 5 to 17 years of age hospitalized at 2 US children’s hospi-
tals in [Nashville, TN and Aurora, CO] between April 1, 2016 and
March 30, 2020 with a discharge ICD-10 diagnosis of a self-harm
event. Cases of intentional self-harm, nonsuicidal self-injury, suicidal
ideation, and suicide attempts were included in the study. We in-
cluded both primary and secondary diagnoses of a self-harm event.
For example, hospitalization with a primary diagnosis of ingestion or
trauma with a secondary diagnosis of a self-harm event would be in-
cluded in the study. The study included those transferred to psychiat-
ric facilities and those discharged from the hospital. In-hospital
deaths were excluded from the study. Individuals discharged from

the emergency department were excluded because of concerns re-
garding misclassification of diagnosis codes. Individuals with multiple
hospitalizations were included in the study.

A total of 376 encounters with a SI or SH diagnosis were in-
cluded in this study. For reference, there were a total of 6312
self-harm encounters at the 2 study sites, and our random sam-
ple of 376 self-harm encounters in this study represents 6.0% of
all self-harm encounters over the study period. Medical records
were manually reviewed for each encounter. Data extracted for
analysis included demographics, race and ethnicity, and concur-
rent diagnoses. Demographic data were included for descriptive
purposes only.

Outcome Validation

To determine a true SI or SH event, a pediatrician reviewed each
case identified to determine if there was a qualifying SI or SH
event documented in the medical record (history and physical,
progress and procedure notes, or discharge summaries). If an
event was present, the physician reviewers determined if the
event was (1) present on admission and related to hospitalization
(eg, suicide attempt), (2) not present on admission but active hos-
pital problem (eg, SI after prolonged hospitalization or ICU stay),
or (3) a problem present on admission but not related to hospi-
talization (eg, history of SI or SH in an adolescent with depression
hospitalized for unrelated reasons). Reviewers were blinded to
the qualifying diagnoses for each encounter. A true positive was
defined as an active hospital problem present on admission and
related to hospitalization.

Data Analysis

The PPV with 95% confidence interval SI or SH diagnosis was cal-
culated overall and also stratified by groups: diagnosis order (pri-
mary SI or SH diagnosis, secondary SI or SH diagnosis, or any
secondary diagnosis with a primary psychiatric diagnosis) and
age (5 to 11 years vs 12 to 17 years). This study was approved
by the Vanderbilt University Medical Center Institutional Review
Board.

RESULTS

There were 376 children identified with an SI or SH hospitaliza-
tion. The median age was 14 years, and the majority of individuals
were female (58%), non-Hispanic White (69%), and privately in-
sured (57%) (Table 1). Of these, 96 had an SI or SH primary diag-
nosis, 280 had SI or SH as a secondary diagnosis, and 244 had a
secondary SI or SH diagnosis with a primary psychiatric diagno-
sis. A total of 332 confirmed SI or SH were identified, with a PPV
of 0.88 (confidence interval 0.85–0.91). PPVs were similar when
stratified by diagnosis order and age (Table 2).

Among the 44 false positive cases, 42 of the diagnoses were
not directly related to hospitalization (eg, past diagnosis of SI), 1
was present on admission but not related to hospitalization (eg,
endorsed SI but admitted for appendicitis), and 1 was not present
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on admission but an active hospital problem (eg, admitted for se-
vere burns and developed depression and SI during prolonged
hospitalization).

DISCUSSION

In this retrospective study, we determined the accuracy of ICD-10
codes to identify hospitalizations for suicidal and self-harm
events. Accurate identification of these events in children is im-
portant to minimize misclassification when using administrative
claims data, as well as developing and evaluating interventions to
improve outcomes in children. The authors of a 2019 review of 34
adult and pediatric studies validating International Classification
of Disease, 9th Revision codes identified several potential algo-
rithms for capturing SI events. In pediatric-specific studies in the
review, PPVs ranged from 43.4% to 88.3% in identifying SI in chil-
dren and adolescents.4 Studies using diagnosis codes alone with-
out hospitalization or exclusionary diagnosis requirements may

have resulted in misclassification and inaccurate estimates of SI
or SH behavior.4,5

The authors of the current study evaluated the widely adopted
ICD-10 classification system7 to identify suicidal and self-harm be-
haviors. Utilizing primary diagnoses alone, compared with the in-
clusion of secondary SI or SH diagnoses, increased the PPV while
substantially reducing the sample size of true positives identified.
There were no significant differences in PPV when stratifying by
age. Recent studies have revealed a spike in suicidal and self-
harm behaviors in children 12 to 18 years of age, and accurately
identifying these cases as targets for intervention could address
public health concerns.8

PPV, rather than specificity, in identifying an outcome is most
critical when evaluating the relationship between exposure and
outcome.9 Our study findings may inform future studies to investi-
gate factors related to SH and SI hospitalizations in children,
such as infections,10 medications,11 or underlying conditions.12–14

With such a robust PPV, investigators and public health professio-
nals relying on this set of ICD-10 codes to identify SI and SH can
be confident that the identified hospitalizations represent true
cases of SI or SH that were present on admission and directly re-
lated to hospitalization. However, among the false positive cases,
the most likely reason for the misclassification of cases was car-
ryover diagnoses, meaning diagnoses that were present on ad-
mission but not directly related to hospitalization. The authors of
future studies may focus on enhancing the identification of cases
through the use of algorithms incorporating data elements pre-
sent in the electronic health record.6,15

In our study, we were not able to determine if this set of ICD-10
codes missed any SI or SH events. Therefore, we could not deter-
mine the sensitivity or negative predictive value of the ICD-10 co-
des. Applying these codes for epidemiologic or surveillance
studies should be used with caution given that the amount of self-
harm hospitalizations that are missed using these codes is un-
known. The authors of future studies should focus on determining
measures of sensitivity and negative predictive value to better in-
form real-world studies using ICD-10 codes.

Study limitations included the use of data from only 2 child-
ren’s hospitals, which may limit the generalizability of our find-
ings, although these hospitals were from different geographic
and demographic areas of the United States. Additionally, we did
not assess SI or SH in the ambulatory or emergency department
setting or events that did not result in health care encounters,
limiting applicability to milder cases. Finally, we did not include
those who died in the hospital, and our study may have missed
patients with severe injuries resulting in out-of-hospital and in-
hospital death. For example, an individual with a completed sui-
cide attempt (such as a self-inflicted firearm injury) would not
have been included in this evaluation.

In summary, hospitalizations for serious suicidal and self-harm
behaviors in children and adolescents can be accurately identified
by using ICD-10 discharge diagnosis codes. The use of these

TABLE 1 Demographic Characteristics, Overall and by Study Site

Characteristic

Overall

Study Site

Aurora, CO Nashville, TN

n 5 376 n 5 193 n 5 183

Median age, y 14.9 (12.6–16.3) 15.0 (12.9–16.4) 14.8 (12.5–16.2)

5–11 64 (17%) 31 (16%) 33 (18%)

12–18 312 (83%) 162 (84%) 150 (82%)

Female 217 (58%) 111 (58%) 106 (58%)

Race/ethnicity

Asian 4 (1.1%) 2 (1.0%) 2 (1.1%)

Hispanic 40 (11%) 32 (17%) 8 (4.4%)

Non-Hispanic Black 34 (9.0%) 14 (7.3%) 20 (11%)

Non-Hispanic White 258 (69%) 119 (62%) 139 (76%)

Other 40 (11%) 26 (13%) 14 (7.7%)

Payer

Government 143 (38%) 71 (37%) 72 (39%)

Private 214 (57%) 120 (62%) 94 (51%)

Other 19 (5.1%) 2 (1.0%) 17 (9.3%)

TABLE 2 Positive Predictive Values ICD-10 Codes

n PPV (95% CI)

Overall 376 0.89 (0.85–0.92)

Diagnosis order

Primary 106 0.94 (0.88–0.97)

Secondary 270 0.86 (0.81–0.90)

Secondary 1 primary psychiatric 237 0.90 (0.86–0.93)

Age, y

5–11 64 0.84 (0.74–0.91)

12–18 312 0.89 (0.85–0.92)
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validated code sets when using real-world data may minimize
misclassification in identifying SI or SH events. Future studies
may use these findings to further investigate factors related to SI
or SH hospitalizations in children, such as clinical and patient

characteristics.14 These ICD-10 codes may be especially useful for
evaluating real-world effectiveness of interventions when using
administrative or claims data, electronic health records, or large
observational databases.
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