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Abstract

Reports of suicide in children and teenagers in the United States have steadily increased
over the past two decades. This paper explores how trends of suicidal behaviors, though
predictive of suicide deaths, may not completely reflect trends of suicides and could be
influenced by changes in reporting and screening. Using the National Emergency Department
Sample Database (NEDS), we analyze trends of suicidal ideation, self-harm, and suicide deaths
among children aged 10 to 19 in the U.S. between 2006 and 2020. We investigate the rise in
adolescent suicide-related hospital visits in two inflection points, in 2012 after the release of
screening recommendations and in 2016 after changes in the diagnostic coding. Our findings
echo prior results in New Jersey showing sharp increases in emergency room (ER) visits related
to suicidal ideation, in 2012 and 2016, which we speculate are likely influenced by changes in
reporting and screening practices. Meanwhile, we find a gradual rise of self-harm behaviors and
a flat consistency of suicide deaths. These results allude to how trends of suicide-related
behaviors may not reflect trends of suicide deaths. Nonetheless, changes in screening and coding
may bring greater attention to widespread mental health issues.

Introduction

Suicide is the third leading cause of youth mortality in the United States, and suicide rates
have continued to rise for the past few decades.! Suicide continues to take the lives of youth and
has become an increasingly prominent public health issue. The rate of suicide among 15- to 24-
year-olds in United States started to increase in the 1950s and then tripled by 1980.2 Then, from
2000 to 2007, the suicide rate for 10- to 24-year-olds remained stable at around 6.8 per 100,000
in 2007 and then increased dramatically to 11.0 per 100,000 by 2021.3 Researchers have pointed
to social media, increased broadcasting of suicides, worldwide conflict and terror, high substance
use, and economic instability as potential causes. We highlight that some of the recent influxes in
suicidal ideation visits could be due to the changes in screening and coding.

Recently, Corredor-Waldron and Currie (2024) analyzed the rise in reported rates of
suicide-related behaviors among adolescents in New Jersey from 2008 to 2019. In the most
recent updates by the CDC for 2021, New Jersey had the lowest suicide rate (7.1) among all
states in America.! Meanwhile, suicide rates in the United States range from 7.1 (New Jersey) to
19.5 (Arizona) all the way to 32.3 per 100,000 (Wyoming). We examine national trends in
suicide-related behavior to explore how reporting changes affected trends in suicide-related ER
visits more broadly. In this paper, we focus on ER visits for suicidal ideation and self-harm
among teens in the U.S. between 2008 to 2020, capturing recent screening and coding changes as
well as the start of the recent COVID-19 pandemic. We also look more specifically within each
of the four regions of the United States. We observe upward trends in ER visits for both self-
harm and suicidal ideation, but only the latter shows sharp increases following reporting and
coding changes.

We pay close attention to the sharp increase in suicidal ideation among teenagers as most
of the rise in suicide-related hospital events stems from rising rates of ER visits for suicidal
ideation. Suicidal ideation defined by the National Institute of Health describes a “range of
contemplations, wishes, and preoccupations with death and suicide.”* Two events correspond
with sharp increases in emergency department visits for suicidal ideation: (i) the changes in
screening for depression among teenage girls that occurred around 2011 and (i1) the changes in
the diagnostic coding of suicidal ideation in hospitals which started around October 2015. We
examine the effects of these events on ER visits for suicidal ideation among teenagers in the



United States and explore how effects differ by sex and region. Our study attributes the spikes in
ER visits for suicidal ideation to these changes in screening and coding.

Changes in Screening

The U.S. Preventive Services Task Force (USPSTF) is an independent panel of experts
that develops recommendations for clinical preventive services.’ Up to 2004, the USPSTF
concluded that “the evidence is insufficient to recommend against routine screening by primary
care clinicians to detect suicide in the general population.” In 2008, the American Academy of
Pediatrics (AAP) released the Third Edition of the Bright Futures Guideline for Healthy
Supervision of Infants, Children, and Adolescents which had no mention of recommendations for
mental health screening.® Then, in 2009, the USPSTF recommended screening of adolescents
(12—18 years old) for major depressive disorder to be implemented with adequate systems to
ensure accurate diagnosis, effective treatment, and appropriate follow-up, with a grade of B
which recommends physicians to provide this service.” A year later, the Affordable Care Act
(ACA) enacted in March 2010 required that most health insurance plans should provide at least
minimum coverage and not impose any cost sharing requirements for several preventive services
including evidence-based items that have a rating of “A” or “B” in the current recommendations
of the USPSTF, care and screenings with respect to women in guidelines by the Health
Resources and Services Administration, and more®. The ACA also commissioned the Department
of Health and Human Services (HHS) to create further guidelines for women, which it did the
following year. In August 2011, the HHS and the Health Resources and Services Administration
(HRSA) developed the Women’s Preventive Services Guidelines (WPSG) and by 2012, the ACA
had mandated that insurance plans must cover the services outlined in these guidelines including
an annual depression screening for women and girls aged 12 and older without cost sharing.”!°
Consequently, most of the increase in ER visits for suicidal ideation that we observe occurs
among teen girls.

Changes in Coding

Starting around 2014, the health care industry started to prepare the transition from the 9™
edition of the International Classification of Diseases (ICD) to the 10™ edition. Then, the HHS
stated that the new compliance date for hospitals across the United States to switch to the new
ICD-10 was October 1, 2015. In the same year of 2015, the AAP and the Bright Futures also
released a recommendation for screening for depression as a preventive pediatric service starting
from age 11. Additionally, in January 2016, the USPSTF released another recommendation with
a grade of B, recommending screening for major depressive disorder for adolescents, but relaxed
the requirement on systems that need to be in place.” Meanwhile, in 2015, the Centers for
Disease Control and Prevention (CDC) posted some corrections to the ICD-10 coding guidelines,
stating that some codes for mental health symptoms including suicidal ideation (R40-R46) can
now be assigned with codes for mental disorders (FO1-F99), although they previously were not
permissible to be coded together (cite CDC). This revision in the ICD-10 instructional notes
directly instructed the clinicians to record suicidal ideation as a secondary diagnosis in cases with
a primary diagnosis of a mental health condition starting 2016.!! Therefore, we also examine this
period of 2016, where we note changes in emergency department visits for suicide-related
behaviors, particularly suicidal ideation, among all teenagers. Later, in 2018, the AAP released a
statement of endorsement recommending universal screening of depression or depressive
disorders among adolescent patients 12 years of age and older at health care visits.'?



Data

This study uses data from the National Emergency Department Sample (NEDS) which is
part of the Healthcare Cost and Utilization Project (HCUP). HCUP is the largest collection of
longitudinal hospital care data in the United States and NEDS is the largest all-payer emergency
department (ED) database in America®’. Datasets from HCUP are restricted as they contain
clinical and resource-use information from hospital medical records. NEDS contains “data from
around 30 million ED visits in 2021, unweighted and estimates about 127 million hospital-owned
ED visits, weighted”.2” The NEDS data includes a large sample size of “discharge data for ED
visits from 993 hospitals located in 39 States and the District of Columbia, approximating a 20-
percent stratified sample of U.S. hospital-owned Eds.”?” NEDS is a stratified cluster sample of
hospitals where strata are defined by hospital characteristics, and every observation is taken for
each cluster. The hospital data comes from the State Inpatient Databases and the State
Emergency Department Databases to create national and regional estimates of ED care.

The data includes the patient demographics characteristics including age, sex, urban-rural
designation of residence (large central metro, large fringe metro, medium metro, small metro,
micropolitan, noncore), national quartile of median household income for patient’s zip code,
hospital characteristics such as region, trauma center indicator, teaching status, expected
payment source of insurance (Medicaid, Medicare, self-pay, private insurance, no charge, other),
identification of injury-related visits, discharge status, and ICD-9 diagnosis prior to October 1,
2015 and ICD-10 diagnosis starting from the same date.?’ For our analysis, we include all patient
demographics characteristics, year and month of hospitalization, hospital region, primary
insurance payment source, and the ICD-9 and ICD-10 diagnoses.

Methods

For our graphical analysis, we aggregate the individual-level data to the annual level and
compute rates per 100,000 teens ages 10—19 years old from 2006 to 2020 using population and
mortality data from the Center for Disease Control (CDC).?® In our graphical analysis, we utilize
the HCUP-provided discharge weights for each year to graph nationally representative estimates
of the suicidal ideation visits among teens. Then, we use a linear regression model with hospital,
year, month, and age fixed effects and clustered standard errors to analyze the data. We estimate
clustered standard errors at the hospital-year level to account for dependence across
observations. The regression analyses assess whether the inflection points in 2011 and 2016 are
associated with the screening recommendations and the changes in coding.

The first model uses data at the individual visit level from 2006 to 2015 and explores the
changes that may have happened in relation to the implementation of the annual depression
screening for women and girls by the Women’s Preventive Services Guidelines in 2011. Given
that the mandate was only for females, we estimate the impact of the screening change on
females relative to males. We restrict our data from 2006 to 2015 for the first model to
specifically look at the screening change in 2011 and not capture any changes that were made in
the following years.

Y, = a + 12012 x FEMALE; + ,2013 * FEMALE; + B52014 * FEMALE; + 8,2015

« FEMALE; + BsURBAN; + BsFEMALE; + B,INS; + BgZIPINC;
+ BoMONTH; + B1oHOSPITAL; + B11AGE;, + B1,YEAR; + &,



The coefficient S represents the difference in diagnoses of suicidal ideation for females
relative to males from 2006 to 2011. Coefficients f; through S, represent jumps in diagnoses of
suicidal ideation in each of the indicated years for females relative to males. Positive estimates
for 5; through £, indicate an increasing gender gap in suicidal ideation diagnoses post-2011.

The second model is the same as the first model, but we include the entire sample from
2006 to 2020. We run this model four times, once within each region of the U.S.: the Northeast,
West, South, and Midwest.

Zijt = a+ ;2012 * FEMALE; + ,2013 * FEMALE; + 32014 * FEMALE; + (,2015
* FEMALE; + 52016 x FEMALE; + f¢2017 * FEMALE; + ;2018
* FEMALE; + 32019 x FEMALE; + 92020 * FEMALE; + B10URBAN;
+ B11INS; + B1,ZIPINC; + B13FEMALE; + B14MONTH; + B1sHOSPITAL;
+ B16AGE;; + B17YEAR; + & (region == 1,2,3,4)

Zij; is an indicator variable for emergency department visits with a suicidal ideation diagnosis,
coded O or 1

Coefficients f; represents the difference in diagnoses of suicidal ideation for females
relative to males from 2008 to 2011. Then, £, to 8¢ represent the jump in diagnoses of suicidal
ideation in each of the indicated years for females relative to males. In the case that the new
screening guidelines prompted a rise in females being screened and subsequently, led to
increased diagnoses of suicidal ideation among females, then we would observe statistically
significant coefficients on £, to B, in each region. If the coding switch from ICD-9 to ICD-10 or
the change in coding instructions increased suicidal ideation visits among females, we could find
statistically significant coefficients on f5 to B¢ in each region. We refrain from using discharge
weights for our stratified random sample of hospitals in America because they vary only by
stratum--year.

Results
Graphical Analysis

Our preliminary figures display trends in emergency department visits for suicidal
ideation, self-harm, and suicide death among teens in the United States between 2006 and 2020.
Figure 1 shows that the number of emergency department visits that were coded with suicidal
ideation in any of the diagnosis orders sharply rose after 2011 and again after 2016. The figures
include vertical lines at these two time points to better display the point of inflections in the data.
The post-2016 rise in suicidal ideation diagnoses is exceptionally large. Figure 1 also shows that
ER visits for self-harm and suicide deaths rose more gradually and without any sharp increases.

Figure 2 plots ER visits by sex because there are large differences in suicide and suicide-
related behaviors between males and females. Males have higher rates of suicide deaths, but
females are more likely to be diagnosed with mood disorders.?*? Additionally, the 2011
screening recommendation was for females only. The figure shows that suicide-related hospital
visits for suicidal ideation are generally higher among females. It also shows that the post-2011,
increase in suicidal ideation visits was larger for females. Being primarily diagnosed with a
mood disorder such as depression or anxiety gave females a higher chance of receiving a
secondary diagnosis of suicidal ideation. After 2016, we see sharp increases in ER visits coded
with suicidal ideation as a secondary diagnosis for both males and females corresponding to the



changes in coding conventions for suicidal ideation following the switch from ICD-9 to ICD-10.
NEDS contains no information on race prior to 2020 so we were unable to stratify by it.

Figure 3 plots suicidal ideation visits among teens by sex and region. As mentioned, the
NEDS indicates the region of hospitals in the Northeast, Midwest, South, or West. Because the
West and Midwest have higher rates of suicide and suicide-related behavior, we suspected there
may be differential impacts of the screening and coding changes on suicidal ideation ER visits.
Furthermore, baseline coding practices may differ by region, so the effects of screening and
coding changes may also differ. Baseline sex differences in suicidal ideation visits are similar
across region. The South and the Midwest showed larger increases of suicidal ideation visits over
time compared with the West and the Northeast. In the Northeast, Midwest, and West, suicidal
ideation rose more sharply for females than males after 2011. The South shows no such sex
difference. Across all regions, the rates of suicidal ideation visits are higher for females, and the
gender gap widens over time. After 2016, we see a large rise in ER visits of suicidal ideation
among both males and females, coinciding with the changes in coding that affected both groups.
The jump is larger in the Midwest than the Northeast, suggesting the effects of coding changes
may differ. Our graphical analysis highlights sex as a key demographic factor that predicts a
diagnosis of suicidal ideation among patients with mental health disorders. This may be due to
females being more likely to be screened and having a higher baseline risk of mood disorders.
We find suggestive but not definitive evidence that the 2011 WPSG depression screening
guideline and the 2012 insurance mandate to cover such screenings drove up reports of suicidal
ideation and other suicide-related diagnoses among females relative to males.

In Figure 4, we see that even when we disaggregate the data by region, we find similar
jumps in the trends of suicidal ideation after screening recommendations and coding changes in
each region. In the regions except the South, we see a difference in the rates of suicidal ideation
visits after the screening recommendation in 2011. Additionally, all four regions show a large
jump in suicidal ideation visits after the coding changes in ICD-10. Meanwhile, we note that
self-harm visits and suicide deaths stay flat over time after 2008. These findings may suggest that
trends of suicidal ideation among teenagers are strongly influenced by the screening and coding
of suicidal ideation and may not reflect trends of self-harm or suicide deaths.
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Figure 1: Suicidal Ideation, Self-Harm, and Suicide among Teens in the
United States from 2006 to 2020
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Figure 2: Rates of Suicidal Ideation Visits for male and female teens in the
United States from 2006 to 2020
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Figure 3: Suicidal Ideation Visits among teens in the U.S. by region and sex

(2006 to 2020)
Morthesst Midweast
150000 1
-
- -_
- Male a -l
100000 4 ~¢— Female
a
| "',
50000 1 o r
E - sl IS
g i - K
e o7
E South West
& 150000 M
g
100000 1 . .
— [ i |
o "
il F
o i . | il
50000 A - -




10

Figure 4: Suicidal Ideation, Self-Harm, and Suicide Deaths among teens in the
U.S. by region (2006 to 2020)
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