
Changes in Suicide Rates by Hanging/Suffocation and Firearms
among Young Persons Aged 10 to 24 Years in the United States:
1992–2006

Jeffrey A. Bridge, Ph.D.a,b,*, Joel B. Greenhouse, Ph.D.c, Arielle H. Sheftall, M.S.a,b,
Anthony Fabio, Ph.D.d, John V. Campo, M.D.a,e, and Kelly J. Kelleher, M.D., M.P.H.a,b
a The Research Institute at Nationwide Children’s Hospital, Columbus, Ohio
b Department of Pediatrics, The Ohio State University College of Medicine, Columbus, Ohio
c Department of Statistics, Carnegie Mellon University, Pittsburgh, PA
d Center for Injury Research and Control, The University of Pittsburgh Medical Center, Pittsburgh,
PA
e Department of Psychiatry, The Ohio State University College of Medicine, Columbus, Ohio

Abstract
We examined changes in suicide rates among 10–24-year-olds in the US from 1992–2006. The
overall suicide rate and the rate by firearms, poisoning, and other methods declined markedly,
whereas the hanging/suffocation rate rose significantly from 1992–2006. This increase occurred
across every major demographic subgroup, but was most dramatic for females.

Introduction
The suicide rate among US youth and young adults aged 10 to 24 years has generally
declined each year since 1992 except for a sharp rise in 2004 [1]. Recent CDC reports
suggest that significant changes have occurred in the methods used for suicide by US youth
and young adults, with an increase over time in rates of suicide by hanging/suffocation (i.e.,
hanging; suffocation by plastic bag; suffocation by unspecified means) and a concomitant
decrease in suicide rates by firearms, the most common suicide method in the US [1,2]. In
this brief, we investigate these trends, including the most recent national mortality data
available (2005 and 2006), and identify the demographic subgroups at increased risk for
suicide by hanging/suffocation.

Methods
Using WISQARS™ (Web-based Injury Statistics Query and Reporting System), we obtained
data on deaths for which suicide (coded E950-E959 for International Classification of
Diseases, Ninth Revision (ICD-9) [1992–1998] and X60-X84, Y87.0, and *U03 for ICD-10
[1999–2006]) was listed as the underlying cause of death among 10- to-24-year-olds [3].
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There is excellent agreement between classification of suicide deaths in ICD-9 and ICD-10
[4]. The 10–24 year age group was selected to facilitate comparison with prior research [1].
The 1992–2006 time period was selected to provide a 15-year context for evaluating recent
changes in suicide methods among U.S. youth and young adults. Number and method of
suicide per year were extracted for the following demographic subgroups: sex, age (10–14,
15–19, 20–24), and race/ethnicity (non-Hispanic White, non-Hispanic Black, non-Hispanic
Other, Hispanic). Crude rates per 100,000 persons were calculated with WISQARS™

population estimates [3]. We also explored trends in deaths due to unintentional hanging/
suffocation as a comparator to hanging/suffocation deaths judged to be suicides. The 1992–
2006 method-specific trends in annual suicide rates were modeled using negative binomial
regression [5]. The Poisson regression model, which assumes that the variance of the
residuals around each predicted rate equals the predicted rate, was initially considered for
this analysis, but was rejected because of the significant extra-Poisson variability (i.e.,
overdispersion) [5]. We modeled each method-specific trend using linear and quadratic
terms for time. Statistical analyses were performed with Stata Statistical Software: Release
10.1 (StataCorp, College Station, TX).

Results
The regression analysis found that all trends were statistically significant (all p-values≤.01)
except for deaths classified as unintentional hanging/suffocation (p>.15). Figure 1 displays
the significant decline (−23%) in the overall suicide rate between 1992 and 2006 among
persons aged 10–24 years, as well as the significant decreases in suicide rates by firearms
(−45%) and by poisoning and other methods (−20%). Hanging/suffocation is the only
method of suicide whose rate increased during this period (+47%, p<.001). Suicide by
hanging/suffocation increased in every major demographic subgroup, with the largest
relative increase in females (+127%). If the suicide rate for hanging/suffocation among all
persons aged 10–24 years had remained constant from 1992–2006, the expected number of
deaths in 2006 would have been 1,121 compared to the 1,646 observed, an excess of 525
deaths by hanging/suffocation.

Figure 2 displays the rates of suicides by hanging/suffocation and firearms for 10- to 24-
year-olds from 1992–2006. Although for males the rate of hanging/suffocation has increased
linearly, in females, this rate has increased exponentially. Thus in 2002, hanging/suffocation
became the leading method of suicide for females.

Discussion
This study extends prior research on changes in methods of suicide among young persons in
the US [1,2]. While the CDC previously reported an increase from 2003 to 2004 in the
suicide rate by hanging/suffocation among females aged 10–24 years [1], we have found
significant increases in the rate of hanging/suffocation for US youth and young adults in
every major demographic subgroup for the 15-year period from 1992–2006. We could not
establish whether the recent increase in suicide by hanging/suffocation is due to hanging,
suffocation or both because hanging, strangulation, and suffocation are grouped under a
single code in ICD-10, whereas in ICD-9 separate classifications were used.

While reasons for the decline in suicides by firearms, poisoning, and other methods among
young people in the US remain unclear, the recent decrease may be related to efforts to
restrict access to lethal means [6]. Examples include enactment of youth-focused gun laws
[5] and national safe gun storage public awareness campaigns [7]. If the increase in suicide
by hanging/suffocation were simply due to youth finding a more easily accessible alternative
to firearms, we would have expected to see a corresponding increase in the rate of suicide by
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poisoning and other methods, which we did not. This suggests that young people in the US
are increasingly selecting hanging/suffocation as a method-specific substitution.

While another possible explanation for the increasing trend in the rate of hanging/
suffocation suicides in the US could be due to an increase in misclassification of accidental
deaths due to, for example, the choking game or auto-erotic asphyxiation, we would have
expected to see a corresponding increase in unintentional hanging/suffocation deaths in this
age group, which we did not. Furthermore, we have not found evidence in the literature to
support this hypothesis.

Even though hanging/suffocation is the leading method of suicide among young people in
many countries, including England, Australia, and New Zealand [8], to our knowledge, no
study has explored method-specific risk factors for suicide among young people. Efforts
must now focus on understanding why young people are increasingly choosing hanging/
suffocation as a method of suicide. If modifiable risk factors (psychiatric, psychological,
social, circumstantial) [9,10] can be identified that distinguish young people who die by
hanging/suffocation versus other methods of suicide, then more targeted public health
interventions could be developed and implemented with the goal of attenuating this alarming
trend.
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FIGURE 1. Percent Change in Rates of Suicide by Method and Rates of Unintentional Hanging/
Suffocation in 2006 vs. 1992 for Persons Aged 10 to 24 Years in the United States*
*All method-specific linear trends based on the negative binomial regression analysis are
significant at P<.01 except for the trend in unintentional hanging/suffocation, which was not
significant (P>.10).
†For ease of interpretation, crude rates per 100 000 persons are presented using only 1992
and 2006 data points.
‡Non-Hispanic.
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FIGURE 2. Annual Suicide Rates by Hanging/Suffocation and Firearms for Females and Males
Aged 10 to 24 Years in the United States, 1992 Through 2006
Red line indicates the trend in the suicide rate by hanging/suffocation and the black line
indicates the trend in the suicide rate by firearms. Y-axis intervals shown in blue indicate
range from 0 to 12.
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