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Abstract

Suicidal behavior is a leading cause of injury and death worldwide. Information about the
epidemiology of such behavior is important for policy-making and prevention. The authors reviewed
government data on suicide and suicidal behavior and conducted a systematic review of studies on
the epidemiology of suicide published from 1997 to 2007. The authors' aims were to examine the
prevalence of, trends in, and risk and protective factors for suicidal behavior in the United States and
cross-nationally. The data revealed significant cross-national variability in the prevalence of suicidal
behavior but consistency in age of onset, transition probabilities, and key risk factors. Suicide is more
prevalent among men, whereas nonfatal suicidal behaviors are more prevalent among women and
persons who are young, are unmarried, or have a psychiatric disorder. Despite an increase in the
treatment of suicidal persons over the past decade, incidence rates of suicidal behavior have remained
largely unchanged. Most epidemiologic research on suicidal behavior has focused on patterns and
correlates of prevalence. The next generation of studies must examine synergistic effects among
modifiable risk and protective factors. New studies must incorporate recent advances in survey
methods and clinical assessment. Results should be used in ongoing efforts to decrease the significant
loss of life caused by suicidal behavior.
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Introduction

Suicide is an enormous public health problem in the United States and around the world. Each
year over 30,000 people in the United States and approximately 1 million people worldwide
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die by suicide, making it one of the leading causes of death (1-3). A recent report from the
Institute of Medicine (National Academy of Sciences) estimated that in the United States the
value of lost productivity due to suicide is $11.8 billion per year (4). Reports from the World
Health Organization (WHO) indicate that suicide accounts for the largest share of the
intentional injury burden in developed countries (5) and that suicide is projected to become an
even greater contributor to the global burden of disease over the coming decades (6,7). The
seriousness and scope of suicide has led both the WHO (8) and the US government (2,3) to
call for an expansion of data collection on the prevalence of and risk factors for suicide and
nonfatal suicidal behavior to aid in the planning of public-health strategies and health-care
policies and in the monitoring of behavioral responses to policy changes and prevention efforts.

Addressing these calls, in this paper we provide a review of the epidemiology of suicidal
behavior and extend earlier reviews in this area (9—21) in two important ways. First, we provide
an update on the prevalence of suicidal behavior over the past decade. The socioeconomic and
cultural factors with which suicidal behavior is associated, such as the quality and quantity of
mental health services, have changed dramatically (22,23), making it important to examine
whether and how the prevalence of suicidal behavior has changed over time. Second, most
prior reviews have focused on a specific country (e.g., the United States), subgroup (e.g.,
adolescents), or behavior (e.g., suicide attempts). We review data from multiple countries, on
all age groups, and on different forms of suicidal behavior, providing a comprehensive picture
of the epidemiology of suicidal behavior. Moreover, given recent technologic developments
in injury surveillance systems (24), as well as the recent completion of several large-scale
epidemiologic studies examining the cross-national prevalence of suicidal behavior (25-28),
an updated review of this topic is especially warranted at this time.

Terminology and definitions in suicide research

We use the terminology for and definitions of suicidal behavior outlined in recent consensus
papers on this topic (29-32). We define suicide as the act of intentionally ending one's own
life. Nonfatal suicidal thoughts and behaviors (hereafter called “suicidal behaviors”) are
classified more specifically into three categories: suicide ideation, which refers to thoughts of
engaging in behavior intended to end one's life; suicide plan, which refers to the formulation
of a specific method through which one intends to die; and suicide attempt, which refers to
engagement in potentially self-injurious behavior in which there is at least some intent to die.
Most researchers and clinicians distinguish suicidal behavior from nonsuicidal self-injury (e.g.,
self-cutting), which refers to self-injury in which a person has no intent to die; such behavior
is not the focus of this review (33-35).

We first review data on the current rates of and recent trends in suicide and suicidal behavior
in the United States and cross-nationally. Next we review data on the onset, course, and risk
and protective factors for suicide and suicidal behavior. Finally, we summarize data from recent
suicide prevention efforts and conclude with suggestions for future research.

Materials and Methods

Main data sources

Suicide—Data on annual suicide mortality in the United States are maintained by the National
Vital Statistics System of the Centers for Disease Control and Prevention (CDC) and were
retrieved for this review using the Web-based Injury Statistics Query and Reporting System
(WISQARS) (36). In examining recent time trends, we examined rates of suicide in the United
States from 1990-2005, the most recent data currently available. Suicide data for many other
countries are maintained by the WHO (8). We included information in this review from a wide
range of countries and for those countries with the highest reported rates of suicide, but we did
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not include data for every country because of space constraints. Cross-national variability in
the most recent year for which suicide data were available precluded an analysis of recent
trends at the same level of detail as that for the United States.

Suicidal behavior—The CDC also maintains data on the estimated rate of nonfatal self-
injury based on a national surveillance system of injuries treated in US hospital emergency
departments (the National Electronic Injury Surveillance System) (37). We reviewed these data
to estimate the rate of nonfatal self-injury in the United States. Although these data provide
valuable information about the scope of this problem, they have three notable limitations: They
lack precision in that they do not distinguish between suicidal and nonsuicidal self-injury; they
do not provide data on characteristics or risk or protective factors; and they fail to capture self-
injury not treated in US hospital emergency departments. In order to address these limitations,
we also obtained data on the prevalence and characteristics of nonfatal suicidal behavior in the
United States and other countries via a systematic electronic search of the recent peer-reviewed
literature (1997-2007). We searched the US National Library of Medicine's PubMed electronic
database using the title and abstract search terms “suicide,” “suicidal behavior,” and “suicide
attempt” and requiring the term “epidemiology” or “prevalence.” This search yielded 1,052
abstracts, which we reviewed individually. We used these articles to inform the review if the
authors reported the prevalence of suicide (n = 28) or suicidal behavior (n = 65) within some
well-defined population, reported on risk/protective factors or prevention programs (n = 132),
or provided a review of studies on one or more of the aforementioned topics (n = 102). Excluded
were studies with small sample sizes (<100; n = 73), studies for which the full article was not
available in English (n = 108), studies of narrowly defined subpopulations (e.g., specific
clinical samples) or irrelevant topics (e.g., cellular suicide) (n = 493), and studies that did not
provide a specific measure of one of the suicidal behaviors outlined above (n = 51). When we
identified multiple articles reporting on the same data source (e.g., the CDC Youth Risk
Behavior Survey), we used only the primary or summary report to avoid redundancy.

Suicide in the United States

Current rates—In the United States, suicide occurs among 10.8 per 100,000 persons, is the
11th-leading cause of death, and accounts for 1.4 percent of all US deaths (36). A more detailed
examination of the data by sex, age, and race/ethnicity reveals significant sociodemographic
variation in the suicide rate. As figure 1 illustrates, there are no group differences until mid-
adolescence (ages 15-19 years), at which time the rate among males increases dramatically
relative to the rate among females. The rise for males is greatest among Native Americans/
Alaskan Natives, increasing more than fivefold during adolescence and young adulthood, from
9.1 per 100,000 (ages 10-14 years) to 51.9 per 100,000 (ages 20-24 years). The rate for Native
American/Alaskan Native males declines during middle adulthood before peaking again during
older age. Non-Hispanic White males also have a sharp increase during adolescence and young
adulthood (from 2.0/100,000 at ages 10-14 years to 23.0/100,000 at ages 20-24 years) and a
second one from ages 65-69 years (23.9/100,000) to age 85 years or more (49.7/100,000). The
rates for women are lower and virtually nonoverlapping with those of men, with two exceptions
being suicide among Native American/Alaskan Native women during adolescence (ages 10—
19 years) and suicide for White women during middle age (ages 55-59 years). Suicide rates
for people of Hispanic and Asian race/ethnicity, not presented in figure 1 because of space
constraints, were generally similar to those for Black males and females.

Recent trends—Figure 2 depicts recent trends (1990-2005) in rates of suicide in the United

States, with separate lines plotted by sex (male/female) and age group (10-24, 25-44, 45-64,
or >65 years). Suicide rates stratified by race/ethnicity did not change during this time period
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and so were not included for ease of presentation. As the figure shows, the suicide rate is
consistently higher for males than for females. Substantive decreases have occurred for elderly
males (ages >65 years), who show a decrease from 41.4 per 100,000 to 29.5 per 100,000, and
for young males (ages 10-24 years), who show a decrease from 15.7 per 100,000 to 11.4 per
100,000. The overall US suicide rate decreased from 12.4 per 100,000 to 11.0 per 100,000 (an
11.1 percent decrease) during this time.

Cross-national suicide rates

Current rates—International data from the WHO indicate that suicide occurs in
approximately 16.7 per 100,000 persons per year, is the 14th-leading cause of death worldwide,
and accounts for 1.5 percent of all deaths (8). As figure 3 illustrates, suicide rates vary
significantly cross-nationally. In general, rates are highest in Eastern Europe and lowest in
Central and South America, with the United States, Western Europe, and Asia falling in the
middle. Despite the wide variability in rates, there is a consistently higher rate among men than
among women, with men more often dying by suicide at a ratio of 3:1-7.5:1. Two notable
exceptions are India and China, where there are no clear sex differences. The male:female ratio
is 1.3:1 in India, 0.9:1 in mainland China, and 2.0:1 in Hong Kong. The reason for the absence
of a sex difference in India and mainland China is not known, but it has been suggested that
the lower social status of females in the context of disempowering circumstances and the more
lethal methods used in these countries, such as self-burning in India (38) and ingestion of
pesticides in China (39), may account for this pattern. Given that India and China alone
constitute nearly half of the world's population, this “atypical” ratio may well represent a typical
pattern when considered on the basis of the global population.

Recent trends—Definitive data do not exist on worldwide trends in suicide mortality
because of cross-national differences in reporting procedures and data availability. The WHO
has maintained cross-national data on suicide mortality since 1950; however, there are
inconsistencies in reporting by individual country, with only 11 countries providing data in
1950, 74 in 1985, and 50 in 1998. Moreover, the fact that some governments have treated
suicide as a social or political issue rather than a health problem may have diminished the
validity of earlier data and resulting estimates. Given these inconsistencies, it is difficult to
generate an accurate cross-national estimate of trends. Nevertheless, the data maintained by
the WHO suggest that the global rate of suicide increased between 1950 and 2004, especially
for men (40), and data-based projections suggest that the number of self-inflicted deaths will
increase by as much as 50 percent from 2002 to 2030 (7). Given the inconsistencies in data
sources both within and across countries (40-42), though, a definitive picture of long-term
trends in global suicide death cannot be formed.

Suicidal behavior in the United States

Current rates—Figure 4 presents CDC data (37) on nonfatal self-injury in the United States
for 2006, by age group. There is a significant increase in risk of nonfatal self-injury (both
suicidal and nonsuicidal in nature) during adolescence and young adulthood which then
decreases monotonically throughout adulthood. In contrast to suicide mortality, rates of
nonfatal self-injury are consistently higher among females. Data from our systematic review
suggest that for US adults (ages >18 years), the lifetime prevalence of suicide ideation is 5.6—
14.3 percent, with an interquartile range (IQR) of 7.9-13.9. For suicide plans, the lifetime
prevalence is 3.9 percent, and for suicide attempts it is 1.9-8.7 percent (IQR, 3.0-5.1) (see
table 1 for studies). Twelve-month prevalence estimates are in the range of 2.1-10.0 percent
(IQR, 2.4-6.7) for suicide ideation, 0.7-7.0 percent (IQR, 0.7-5.5) for suicide plans, and 0.2—
2.0 percent (IQR, 0.3-1.3) for suicide attempts, with higher rates for younger adults and females
(table 1). Some of the variation in rates is probably due to sample selection (e.g., a high rate
of attempts in the study including only Native Americans) and variability in the methods used
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to assess suicidal behaviors. For instance, questions asking about “thoughts of death” generate
higher prevalence estimates for suicide ideation than questions asking about “seriously
considering suicide” (43), and questions requiring endorsement of an intent to die from self-
injury yield lower estimates of suicide attempts than questions asking simply whether a person
has made a “suicide attempt” (34).

Studies in adolescents (ages 12—-17 years) suggest that lifetime prevalences are in the range of
19.8-24.0 percent (IQR, 19.8-24.0) for suicide ideation and 3.1-8.8 percent (IQR, 3.1-8.8)
for suicide attempts (there are no lifetime data on suicide plans). Twelve-month prevalence
estimates are in the range of 15.0-29.0 percent (IQR, 16.9-24.1) for suicide ideation, 12.6—
19.0 percent (IQR, 13.8-18.2) for suicide plans, and 7.3-10.6 percent (IQR, 8.0-8.8) for suicide
attempts (table 1).

A comparison of the prevalence estimates for suicidal behavior between adults and adolescents
raises the question of how it is possible that adults have a lower lifetime prevalence than
adolescents. In fact, the lifetime prevalence of each individual suicidal behavior among adults
is lower than the 12-month prevalence among adolescents. One possible explanation is that the
rates of suicidal behavior in the United States are increasing dramatically among adolescents,
but this is inconsistent with data on trends in adolescent suicide (reviewed above) and suicidal
behaviors (reviewed below). A more likely explanation is that adults underreport lifetime
suicidal behaviors. Evidence of such a bias was found in a study by Goldney et al. (44), in
which 40 percent of adolescents who initially reported suicide ideation at one time point denied
any lifetime history of suicide ideation when interviewed 4 years later as young adults.

Recent trends—CDC data (37) from 2001-2006 are available for comparison. As figure 5
shows, the rate of nonfatal self-injury (both suicidal and nonsuicidal in nature) increased during
this period. Each age and sex group examined showed an increase, and the overall rate increased
from 113.4 per 100,000 to 132.0 per 100,000 (16.5 percent). Data from our systematic review
suggested that the estimated 12-month prevalence of suicidal behaviors among adults in the
United States has remained stable in recent years. One recent study revealed that although use
of health-care services increased dramatically among suicidal adults in the decade between
1990-1992 and 2001-2003, the 12-month prevalence did not change significantly for suicide
ideation (2.8 percent—3.3 percent), suicide plans (0.7 percent—1.0 percent), or suicide
attempts (0.4 percent—0.6 percent) (22). Data on the 12-month prevalence of suicidal
behaviors among adolescents from the CDC Youth Risk Behavior Survey are more
encouraging and indicate that from 1991 to 2005 there was a decrease in the rates of suicide
ideation (29.0 percent—16.9 percent) and plans (18.6 percent—13.0 percent) but no such
decrease for attempts (7.3 percent—8.4 percent) (45).

Onset and course—The earliest onset ever reported for suicidal behaviors is in children as
young as 4-5 years (21,46-50). However, some authors have argued that children younger
than 10 years are rarely capable of understanding the finality of death and therefore cannot
make a suicide attempt (51,52). The most consistently reported pattern is that the risk of first
onset for suicidal behavior increases significantly at the start of adolescence (12 years), peaks
at age 16 years, and remains elevated into the early 20s. This means that adolescence and early
adulthood are the times of greatest risk for first onset of suicidal behavior (47,53). Early
stressors such as parental absence and family history of suicidal behavior have been associated
with an earlier age of onset (53,54).

Relatively few investigators have examined the course of suicidal behaviors. Data using
retrospective recall of age of onset suggest that 34 percent of lifetime suicide ideators go on to
make a suicide plan, that 72 percent of persons with a suicide plan go on to make a suicide
attempt, and that 26 percent of ideators without a plan make an unplanned attempt (47). The
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majority of these transitions occur within the first year after onset of suicide ideation (60 percent
for planned first attempts and 90 percent for unplanned first attempts) (47). These findings
indicate that the presence of suicide ideation and a suicide plan significantly increase the risk
of a suicide attempt and that risk of a suicide attempt among persons without a plan is limited
primarily to the first year after onset of suicide ideation. Prior suicidal behaviors are among
the strongest predictors of subsequent suicidal behaviors (4,55-57); however, suicide ideation
in the continued absence of a plan or attempt is associated with decreasing risk of suicide plans
and attempts over time (58).

Suicidal behavior cross-nationally

Current rates—As with suicide death, there is considerable cross-national variability in the
prevalence of suicidal behaviors. Across all studies identified that assessed lifetime prevalence
among adults in individual countries, estimates varied widely for suicide ideation (3.1-56.0
percent; IQR, 8.0-24.9), suicide plans (0.9-19.5 percent; IQR, 1.5-9.4), and suicide attempts
(0.4-5.1 percent; IQR, 1.3-3.5). Estimates of the 12-month prevalence of suicidal behaviors
among adults also showed wide variability for suicide ideation (1.8-21.3 percent; IQR, 2.4—
8.8), plans (0.5-12.2 percent; IQR, 0.9-6.2), and attempts (0.1-3.8 percent; IQR, 0.4-1.5). As
in the United States, prevalence estimates were consistently higher among adolescents for the
lifetime prevalence of suicide ideation (21.7-37.9 percent; IQR, 21.7-37.9), plans (3.0 percent;
one study), and attempts (1.5-12.1 percent; IQR, 2.2-8.8), as well as for the 12-month
prevalence of suicide ideation (11.7-26.0 percent; IQR, 14.8-22.9), plans (5.0-15.0 percent;
IQR, 5.0-15.0), and attempts (1.8-8.4 percent; IQR, 2.7-4.7) (table 1).

One important limitation in comparing results across studies of suicidal behavior is that
different studies use different questions to assess these behaviors, so it is not clear how much
of the variability observed across studies is due to differences in measurement methods. In
three recent cross-national studies, investigators have attempted to remedy this problem by
using consistent measurement strategies across countries. These are: 1) the WHO/EURO
Multicentre Study on Parasuicide (n = 22,665) (28,59,60), which included persons engaging
in “parasuicide” (i.e., combining suicidal and nonsuicidal self-injury) who were treated at
medical centers in 15 European countries; 2) the WHO Multisite Intervention Study on Suicidal
Behaviours (n = 69,797) (27,61,62), which included community samples in eight countries;
and 3) the WHO World Mental Health Survey, which provides data on the epidemiology of
suicidal behaviors in 28 countries in the Americas, Europe, Asia, Africa, the Middle East, and
the Pacific. Interestingly, all three studies revealed wide cross-national variation in suicidal
behaviors. For instance, analyses for the first 17 World Mental Health Survey countries (n =
84,850) yielded prevalence estimates for suicide ideation (3.0-15.9 percent; IQR, 4.4-11.7),
plans (0.7-5.6 percent; IQR, 1.6-4.0), and attempts (0.5-5.0 percent; IQR, 1.5-3.2) that were
consistent with those reviewed above. The pooled cross-national prevalence estimates in this
study were: for suicide ideation, 9.2 percent (standard error, 0.1); for suicide plans, 3.1 percent
(standard error, 0.1); and for suicide attempts, 2.7 percent (standard error, 0.1) (25) (table 1).
Interestingly, rates of suicidal behavior do not mirror the geographic pattern reported for suicide
death (e.g., high rates in Eastern Europe, low rates in South America), nor do they differ
systematically between developed and developing countries (25).

Recent trends—Our search did not yield any cross-national studies of trends in suicidal
behavior. However, it is notable that the prevalence estimates found in the studies we reviewed
are quite consistent with those obtained in an earlier cross-national review of nine studies of
adult suicidal behavior conducted in the 1980s (26)—suggesting, but by no means confirming,
that there has been no major change in trends over time. Trends in suicidal behavior within
individual countries also appear to have been fairly steady over time (22,58,63,64). The fact
that within-country trends show internal consistency (i.e., greater agreement on prevalence
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estimates and evidence of stable patterns over time) means that there must be some stable
between-country differences in the determinants of suicidal behavior prevalences and trends
that remain to be discovered.

Onset and course—Data on the onset and course of suicidal behaviors appear to be quite
consistent cross-nationally and look similar to the previously mentioned data from studies in
the United States. Data from the World Mental Health Survey indicate that for all countries
examined, the risk of first onset of suicide ideation increases sharply during adolescence and
young adulthood and then stabilizes in early midlife (25). There is consistency in the timing
and probability of transitioning from suicide ideation to suicide plans and attempts, with 33.6
percent of ideators going on to make a suicide plan (IQR, 29.8-35.6) and 29.0 percent of
ideators making an attempt (IQR, 21.2-33.1) (25). In addition, the high risk of transitioning
from ideation to a plan and an attempt during the first year after ideation onset that was found
in the United States (47) was replicated across all countries examined, with the transition from
ideation to an attempt occurring during the first year more than 60 percent of the time across
all countries (25). These findings indicate that the onset and course of suicidal behaviors are
quite consistent cross-nationally.

Below, we review evidence on risk factors for both suicide and suicidal behaviors, given the
substantial overlap in the risk factors reported to predict these behaviors (34,65), although we
note that several studies have reported differences in some risk factors for suicide and suicidal
behaviors (66,67). Most of the studies reviewed above also contained information about risk
factors for suicidal behaviors. We do not distinguish between studies conducted in different
countries, given that the risk factors reported have been consistent across virtually all countries
examined. Given that there is a large and ever-expanding body of literature on risk factors for
suicidal behaviors, we provide a summary of only the strongest and most consistently reported
factors.

Demographic factors—Demographic risk factors for suicide include male sex, being non-
Hispanic White or Native American (in the United States), and being an adolescent or older
adult. Demographic risk factors for suicidal behaviors (in the United States and cross-
nationally) include being female, being younger, being unmarried, having lower educational
attainment, and being unemployed (25-28,40,68). The differences in male:female ratio are
often attributed to the use of more lethal suicide attempt methods, greater aggressiveness, and
higher intent to die among men (34,69). As mentioned above in connection with India and
China, the gender-specific lethality of methods may vary cross-nationally. The other
demographic factors mentioned (younger age, lack of education, and unemployment) may
represent increased risk for suicidal behaviors associated with social disadvantage, although
the mechanisms through which these factors may lead to suicidal behavior are not yet
understood.

Psychiatric factors—The presence of a psychiatric disorder is among the most consistently
reported risk factors for suicidal behavior (25,47,70-74). Psychological autopsy studies reveal
that 90-95 percent of the people who die by suicide had a diagnosable psychiatric disorder at
the time of the suicide (75), although this percentage is lower in non-Western countries such
as China (76,77). Mood, impulse-control, alcohol/substance use, psychotic, and personality
disorders convey the highest risks for suicide and suicidal behavior (25,34,47,70,71,78-81),
and the presence of multiple disorders is associated with especially elevated risk (25,47,80,
82).

Epidemiol Rev. Author manuscript; available in PMC 2008 October 30.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Nock et al.

Page 8

Psychological factors—Researchers have begun to examine more specific constructs that
may explain exactly why psychiatric disorders are associated with suicidal behavior. Several
such risk factors include the presence of hopelessness (83-85), anhedonia (49,86),
impulsiveness (70,87-89), and high emotional reactivity (86,87,90), each of which may
increase psychological distress to a point that is unbearable and lead a person to seek escape
via suicide (88,91-93).

Biologic factors—Family, twin, and adoption studies provide evidence for a heritable risk
of suicide and suicidal behavior (94-99). Much of the family history of suicidal behavior may
be explained by the risk associated with mental disorders (100); however, some studies have
provided evidence for familial transmission of suicidal behavior even after controlling for
mood and psychotic disorders (101). Researchers have not identified genetic loci for suicide
in molecular genetic studies in light of the complex nature of the phenotype (102,103) but
instead have searched for biologic correlates of suicidal behavior that may arise through gene-
environment interactions (104-109). The biologic factors most consistently correlated with
suicidal behavior involve disruptions in the functioning of the inhibitory neurotransmitter
serotonin. Persons who die by suicide have lower levels of serotonin metabolites in their
cerebrospinal fluid (110-113), higher serotonin receptor binding in platelets (114,115), and
fewer presynaptic serotonin transporter sites and greater postsynaptic serotonin receptors in
specific brain areas such as the prefrontal cortex (101,116), suggesting deficits in the ability
to inhibit impulsive behavior (101,117). Notably, however, similar deficits in serotonergic
functioning are found in other impulsive/aggressive behaviors such as violence and fire-setting
(118) and appear to be nonspecific to suicide.

Stressful life events—Most theoretical models of suicidal behavior propose a diathesis-
stress model in which the psychiatric, psychological, and biologic factors above predispose a
person to suicidal behavior, while stressful life events interact with such factors to increase
risk. Consistent with such a model, suicidal behaviors often are preceded by stressful events,
including family and romantic conflicts and the presence of legal/disciplinary problems (72,
76,119,120). The experience of persistent stress also may explain why persons in some
occupations, such as physicians (121), military personnel (122-125), and police officers
(126), may have higher rates of suicidal behavior; however, this increased risk may be
explained by the demographic and personality characteristics of people who select such
occupations (125,127). More distal stressors, such as perinatal conditions and child
maltreatment, also have been linked to subsequent suicidal behavior (128-132). One goal for
future research is to begin to specify the mechanisms through which such factors may increase
risk.

Other factors—The list of risk factors outlined above is not exhaustive, and there is emerging
evidence for a range of other factors, including access to lethal means such as firearms and
high doses of medication (66,127,133-135), chronic or terminal illness (136,137),
homosexuality (138-140), the presence of suicidal behavior among one's peers (141-144), and
time of year (with higher rates consistently being reported in May and June) (145-148).
Improvement in the ability to predict suicidal behavior through the continued identification of
specific risk factors represents one of the most important directions for future studies in this
area.

Protective factors

Protective factors are those that decrease the probability of an outcome in the presence of
elevated risk. Although formal tests of protective factors are rare in the suicide research
literature, several studies of factors associated with lower risk of suicidal behavior have yielded
interesting results. Religious beliefs, religious practice, and spirituality have been associated
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with a decreased probability of suicide attempts (149-152). Potential mediators of this relation,
such as moral objections to suicide (153) and social support (154), also seem to protect against
suicide attempts among persons at risk. Perceptions of social and family support and
connectedness also have been studied outside the context of religious affiliation and have been
shown to be significantly associated with lower rates of suicidal behavior (155-159). Being
pregnant and having young children in the home also are protective against suicide (160,
161); however, the presence of young children is associated with a significantly increased risk
of first onset of suicidal ideation. These findings highlight the importance of attending carefully
to the dependent variable in question when examining risk and protective factors for suicidal
behavior.

Prevention/intervention programs

The relatively stable rates of suicide and suicidal behavior over time highlight the need for
greater attention to prevention and intervention efforts. A recent systematic review of suicide
prevention programs revealed that restricting access to lethal means and training physicians to
recognize and treat depression and suicidal behavior have shown impressive effects in reducing
suicide rates (135). Means-restriction programs can decrease suicide rates by 1.5-23 percent
(162-166), while primary-care physician education and training programs show reductions of
22-73 percent (167-170). Although effective prevention programs exist, the fact that many
people engaging in suicidal behavior do not receive treatment of any kind (22,171-173)
underscores the need for greater dissemination of information and further development of
prevention efforts (41,174,175).

Discussion

Summary of findings

The past decade of research on the epidemiology of suicide has yielded several key findings.
First, global estimates suggest that suicide continues to be a leading cause of death and disease
burden and that the number of suicide deaths will increase substantially over the next several
decades. Second, the significant cross-national variability reported in rates of suicide and
suicidal behavior appears to reflect the true nature of this behavior and is not due to variation
in research methods. Third, there is cross-national consistency in the early age of onset of
suicide ideation, the rapid transition from suicidal thoughts to suicidal behavior, and the
importance of several key risk factors. Fourth, despite significant developments in treatment
research and increased use of health-care services among suicidal persons in the United States,
there appears to have been little change in the rates of suicide or suicidal behavior over the past
decade.

The 11.1 percent decrease in the US suicide rate since 1990 is encouraging. Enthusiasm is
tempered, however, by knowledge of the fact that the suicide rate is currently at approximately
the same level as in 1950 and even 1900, with periodic fluctuation between 10.0 per 100,000
and 19.0 per 100,000 over the past 100 years (4,9,176). Similar stable patterns have been
observed in other countries (177). Moreover, data on nonfatal self-injury show a 16.5 percent
increase in such behavior in only the past 6 years, especially for youth. It is possible that the
decrease in youth suicide over this period coupled with the increase in nonfatal self-injury
treated in emergency departments is the result of decreased lethality of youth suicidal behavior
(perhaps due to safer medication and less access to firearms). An alternative possibility is that
the increase in nonfatal self-injury is explained largely by increases in the occurrence of
nonsuicidal self-injury. More careful assessment of the intent behind self-injury is needed to
address this question. Regardless of the ultimate answers to these questions, it is clear that
major advances are needed to enhance understanding of the causes of suicidal behavior and to
further decrease the loss of life due to suicide.
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Research directions

The next generation of epidemiologic studies in this area must move beyond reporting of
prevalence estimates and known risk factors. Below we review several developing lines of
investigation that could be used to improve research on the epidemiology of suicidal behavior.
In doing so, we propose an agenda for future studies in this area that addresses many existing
gaps in our understanding of suicidal behavior.

Testing theoretical models—There is no debate among epidemiologists and clinical
investigators that suicidal behaviors are complex, multiply determined phenomena, yet most
investigators continue to test bivariate associations between atheoretical demographic or
psychiatric factors and suicidal behaviors, with little regard for existing theoretical models.
Several notable exceptions exist, such as the testing of diathesis-stress models (70) and gene-
environment interactions (106). True advances in understanding of suicidal behaviors are likely
to come only through increased testing of these and other models.

A related issue is that while most studies examining suicide ideation, plans, and attempts have
shown that similar risk factors predict these outcomes, virtually no studies have more
specifically tested which factors predict transitions from ideation to plans and attempts. Such
an approach has been useful in other areas, such as the study of drug and alcohol problems—
where, for instance, factors that predict ever drinking differ from those that predict development
of a drinking problem among drinkers, which in turn differ from those that predict alcohol
dependence among problem drinkers (178-180). In the suicide literature, interventions that
reduce rates of suicide attempts often do not show similar reductions in ideation (181,182),
suggesting that their effect may lie in decreasing the probability of transitioning from ideation
to an attempt rather than in reducing ideation altogether. Understanding this kind of specificity
can help us strengthen theories about causal processes and develop more effective
interventions.

Incorporating methodological advances—Key methodological obstacles in the study
of suicidal behavior include the low base rate of suicidal behavior and the motivation to conceal
suicidal thoughts and intentions. These problems have hindered suicide research for decades;
however, recent methodological advances now offer novel solutions, outlined below.

Low base-rate problem: New developments in survey methodology make it easier than ever
before to conduct large surveys using inexpensive methods such as interactive voice-response
telephone surveys (183-185) and Web-based surveys (186-188). These methods are most
effective when respondents have a known relationship to the researchers, as in the case of
clinical samples. Although clinical epidemiology is an underdeveloped research area, advances
inthe use of electronic medical records and electronic clinical decision support tools will almost
certainly lead to an expansion of this field. Prospective research on risk and protective factors
for suicide and suicidal behavior could be dramatically improved by such developments.

One important direction is using such methods to study high-risk samples prospectively. For
instance, given that nearly 20 percent of high-school students report 12-month suicide ideation
and that suicide is the second-leading cause of death among college students in the United
States, researchers could screen large samples of college students before their first semester,
identify those with recent suicide ideation, and follow that group over time in order to identify
risk factors for suicide attempts in this high-risk group. The structure of the college setting
(e.g., the availability of the Internet and e-mail, the 4-year time line) greatly increases the
feasibility of such studies. On a larger scale, given that approximately 3 percent of US adults
report 12-month suicide ideation, resources like the CDC Behavioral Risk Factor Surveillance
System (189), which interviews over 350,000 people per year, could identify 10,500 suicide
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ideators who could be followed prospectively to examine risk factors for a suicide attempt.
Psychological autopsy studies could be done with a matched control group of nonattempting
ideators; this would yield valuable information about more specific risk factors for suicide.
These are only a few of the many directions now possible, given these exciting technologic
advances.

Detection of suicidal behavior: Researchers studying sensitive and potentially shameful
topics such as illicit drug use, sexual practices, and suicidal behavior have long realized that
people often underreport such behavior in order to avoid embarrassment or intervention
(190). Methods for limiting the influence of social desirability include using computer-based
interviews (191), presenting survey items in written form rather than reading them aloud
(192), and using anonymous surveys, which have been shown to yield rates of suicidal behavior
as much as 2-3 times higher than those of nonanonymous surveys (193,194). Another
important advance is the development of behavioral methods for assessing implicit thoughts
about self-injurious behavior. Methods have recently been developed that use a person's
response times to self-injury-related stimuli presented in a brief computer-based test to measure
implicit associations with self-injury. Such tests circumvent the use of self-reporting and have
been shown to accurately detect and predict suicidal behavior (195,196). Such methods could
be used to supplement self-reports and to test the percentage of cases identified via behavioral
methods that also are detected by standard self-report methods to gain a better understanding
of the current extent of underreporting of suicidal behavior.

Conducting epidemiologic experiments—~Perhaps one of the most important directions
for research on the epidemiology of suicidal behavior is increased use of epidemiologic
experiments on prevention and intervention procedures. Such studies serve multiple purposes.
First, they allow for tests of causation that are not possible with the correlational designs that
dominate this area of research. Second, they address the biggest shortcoming in suicide research
to date: the inability to dramatically decrease rates of suicidal behavior and mortality despite
decades of research and associated commitment of resources.

As a preliminary step, descriptive data are needed on rates of treatment utilization among
persons exhibiting suicidal behavior, including data on treatment adequacy and the presence
of potentially modifiable barriers to treatment (197,198). Following this, efforts will be
required to build on findings from recent natural experiments, quasi-experiments, and true
experiments on methods of suicide prevention (135).

Natural experiments: Changes in social policy or historical events provide valuable
opportunities to study factors that may influence suicidal behavior. For instance, one of the
biggest controversies in the study and treatment of suicidal behavior is whether the recent
development of selective serotonin reuptake inhibitors (SSRIs) has led to a decrease, or a
paradoxical increase, in suicidal behavior among children and adolescents. Epidemiologists
are perfectly poised to test this question, especially given advances in the development and
maintenance of electronic health records. Several studies have documented a decrease in
suicide following the development of SSRIs and associated with the prescription of SSRIs
(199-202). However, there has recently been a decrease in the prescription of SSRIs to US
children and adolescents following an observed increase in suicide among adolescents taking
SSRIs and the issuance of a “black box” warning (a label on the medication package insert
indicating possible adverse effects) by the Food and Drug Administration (203,204).
Epidemiologic studies are under way to test differences in suicide trends before and after
implementation of the black box warning as mediated by disaggregated changes in levels of
SSRIs prescribed to youth.
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Quasi-experiments: Quasi-experimental designs strengthen the case for causality and are a
useful alternative when true experiments are not feasible, as is often the case in epidemiologic
research. One recent example from the suicide literature is the test of the US Air Force Suicide
Prevention Program, which was shown to reduce the rate of suicide death by 33 percent within
this population (205). Many services currently provided to the public for the purposes of suicide
prevention (e.g., suicide hotlines, inpatient hospitalization) have not been adequately tested.
Epidemiologic quasi-experimental studies could begin to address services provided in such
settings.

True experiments: Some of the most effective suicide prevention programs to date are simple,
efficient, and cost-effective but have not been widely tested or disseminated. For instance, one
intervention involved simply sending supportive letters four times per year to randomly
selected patients following hospital discharge; this significantly decreased the rate of suicide
death among such patients (206). Moving forward, many such conceptual and methodological
changes are needed in order to decrease the significant levels of death and disability caused by
these dangerous behaviors.
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FIGURE 1.

Numbers of suicide deaths in the United States, by race/ethnicity, sex, and age group, 2005.
Data were obtained from the US Centers for Disease Control and Prevention's Web-based
Injury Statistics Query and Reporting System (WISQARS) (36). Data points based on fewer
than 20 deaths per cell may be unreliable. These include those for persons under age 10 years
for all groups, those for persons aged >80 years for Black males, those for persons aged 10—
14 years and >55 years for Black females, those for persons aged 10-14 years and >45 years
for Native American/Alaskan Native males, and all points except those for persons aged 10—
14 years for Native American/Alaskan Native females.
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FIGURE 2.

Numbers of suicide deaths in the United States, by sex, age group, and year, 1990-2005. Data
were obtained from the US Centers for Disease Control and Prevention's Web-based Injury
Statistics Query and Reporting System (WISQARS) (36).
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S
S g

Rates of nonfatal self-injury in the United States, by sex and age group, 2006. Data were
obtained from the US Centers for Disease Control and Prevention's Web-based Injury Statistics
Query and Reporting System (WISQARS) (37). Data points for persons under age 10 years

were based on relatively few cases and may be unreliable.
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FIGURE 5.

Rates of nonfatal self-injury in the United States, by age group, and year, 2001-2006. Data
were obtained from the US Centers for Disease Control and Prevention's Web-based Injury
Statistics Query and Reporting System (WISQARS) (37).
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