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Abstract

Aims. Suicide emerges as a threat to national health of USA with Whites being at extra risk.
More information is needed regarding the increased suicide among Whites to improve
national suicide prevention strategies. This study aims to characterise the age pattern of sui-
cide among Whites by suicide methods adjusting for time period and birth cohort.
Methods. Suicide mortality data by age of 15–84 years during 1999–2017 were derived from
the Wide-Ranging Online Data for Epidemiological Research, prepared by US Center for
Disease Control and Prevention. Mortality data for three common suicide methods, firearms,
suffocation and poisoning were analysed using the age–period–cohort (APC) model. Period–
cohort adjusted mortality rates by age were estimated based on results from APC modelling.
Results. Period–cohort adjusted rates indicated that the overall age pattern for males con-
tained five phases, including three increasing phases (ages 15–20, 30–50 and 65+), connected
by two declining phases (ages 20–30 and 50–65); and the age pattern for females was a para-
bolic with an increasing phase from 15 years of age up to 50, followed by a declining phase
after age 50. Furthermore, the age pattern for different suicide methods differed substantially
for males, but did not for females. Among males, suicide by firearms contained two rapid
increasing phases, one during adolescence and another in older ages; suicide by suffocation
showed a high plateau across an age span from 20 to 55 years; and suicide by poisoning fol-
lowed a parabolic, increasing by age up to 45 before it declined. Age patterns revealed by the
unadjusted crude rates were biased because of significant linear period effect and W-shaped
cohort effect.
Conclusions. This study is the first to quantify the age patterns of suicide by different meth-
ods for US Whites using period–cohort adjusted rates. Study findings provide valid evidence
supporting precision interventions to reduce the extra suicide mortality among Whites by tar-
geting specific age ranges with different suicide methods.

Introduction

National strategies to curb the growing trend of suicide among US population require
unbiased measure of the risk and pattern of suicide by different methods for planning and
decision-making. Data from the Centers for Disease Control and Prevention (CDC) indicate
that suicide is the 10th leading cause of death in the USA with a total of 47 173 persons killed
themselves in 2017 alone (AFSP, 2017). According to the National Vital Statistics System,
the age-standardised suicide mortality per 100 000 increased 33% from 10.5 in 1999 to 14.0
in 2017 (CDC, 2018). Relative to non-Whites, Whites are more likely to die by suicide,
accounting for more than 70% of the national total (AFSP, 2017).

Firearms are the most commonly used method for suicide in the USA, accounting for
50.57% of the total suicide deaths; followed by suffocation (including hangings), and poisoning
(AFSP, 2017). In addition to the overall differences, valid data on age patterns of different sui-
cide methods are crucial. Such data will provide information much needed for evidence-based
planning and preparation of targeted prevention interventions and relevant clinical services for
emergency treatment to reduce suicide (Doshi et al., 2005; Snowdon et al., 2017; CDC, 2019).
However, unbiased data are lacking on the risk of suicide by age for different suicide methods.
A primary goal of the current study is to fill this gap.

It is a challenge to determine the age pattern of suicide risk epidemiologically because the
directly computed suicide rates by age could be biased due to changes in the risk over time
periods and variations in risk across birth cohorts (Yang and Land, 2013; Chen et al., 2018;
Yu and Chen, 2019). With multi-year national data, findings from previous studies indicate
significant impact of time period and birth cohort on the risk of suicide by age (Phillips,
2014; Wang et al., 2016; Chen et al., 2018; Yu and Chen, 2019). For example, one study indi-
cated a greater risk of suicide by ages during 1975–1979 than the other years (Phillips, 2014);
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and another study reported that individuals born after 1995
experienced increased risk of suicide (Yu and Chen, 2019).
Observed age patterns of the risk of suicide will be biased without
considering the impacts of time period and birth cohort.
Fortunately, unbiased rates can be obtained using the classic
age–period–cohort (APC) model (Yang and Land, 2013;
O’Brien, 2014), as we demonstrated in another suicide study
(Yu and Chen, 2019). Here, this study applies the APC modelling
framework to obtain unbiased estimates to determine the risk of
suicide by age, overall and stratified by different suicide methods.

Materials and methods

Data source

De-identified data for Whites were derived from the
Wide-Ranging Online Data for Epidemiologic Research
(WONDER), a data source sponsored by CDC for data sharing
(CDC, 2020). Suicide events were defined using the
International Statistical Classification of Diseases and Related
Health Problems, 10th edition (ICD-10), and deaths coded as
U03, X60–X84 and Y87.0 during 1999–2017 were included.
Data used for this study included total population size, number
of suicide deaths, suicide methods (e.g. firearm, suffocation and
poisoning), age (in years) at suicide death and sex (male/female).
Annual data from 1999 to 2017 were used. Suicide deaths outside
of the age range of 15–84 years were few. These subjects were
excluded to ensure robustness of parameter estimates in APC
modelling analysis.

Approval of this study was obtained from the Institutional
Review Board at specific institute.

Measurement

Three independent variables used in the APC modelling included:
chronological age (year), time period (calendar year of suicide
death) and birth cohort (calendar year of birth). (a) The variable
chronological age was measured as the registered age when suicide
death was reported (range: 15–84 years). (b) The variable time
period was measured using the calendar year when a suicide
death was reported (range: 1999–2017). (c) The variable birth
cohort was computed by subtracting chronological age from
time period (range: 1915–2002).

APC modelling analysis

First, annual crude suicide rates (per 100 000) by age from 1999 to
2017 were computed as the number of suicide deaths divided by
the population estimates. The computed crude rates were then
used as the outcome variable to link with the three independent
variables age, period and cohort using the following APC model:

log (rijk) = u+ ai(agei)+ bj( periodj)+ gk(cohortk) (1)

where rijk represents the crude suicide rates for individual subjects
in age i, period j and cohort k; u is the intercept or grand mean; αi
denote the effect from chronological age i (i = 15, 16, 17, …, 84);
βj is the effect for time period j ( j = 1999, 2000, 2001, …, 2017)
and γk is the effect for birth cohort k (k = 1915, 1916, …, 2002).

To address the collinearity between the age, period and cohort
effect (i.e. Cohort = Period −Age), the intrinsic estimator (IE)
method (Yang and Land, 2013) was used to estimate parameters

of the defined APC model in Equation (1). IE was developed
based on the singular value decomposition and estimable func-
tions to uniquely determine the estimates of APC model para-
meters. The computational algorithm of IE is an orthonormal
transformation of the principal components regression (Yang
et al., 2008; Yang and Land, 2013).

In APC modelling analyses, suicide death as a rare event was
assumed to follow a Poison distribution. The modelling analysis
was implemented in statistical software Stata (version 15.0) by
calling the package ‘apc’ that is specifically developed for param-
eter estimation using the IE method (Yang and Land, 2013).

Estimation of adjusted rate by age

Since the estimated age, period and cohort effect αi, βj and γk are
statistically independent from each other, the estimated age effect
αi provides an unbiased measure of the risk of suicide by age after
controlling for the impact of period and cohort. With the esti-
mated age effect αi from data, period–cohort adjusted suicide
mortality rate was estimated using the following equation:

Period-cohort adjusted rate = eu+ai+bmedian+gmedian

1+ eu+ai+bmedian+gmedian
, (2)

where u and αi (i = 15, 16, …, 84) are the same as in Equation (1);
βmedian and γmedian are the median of the estimated period and
cohort effects, all being estimated using Equation (1). After con-
trolling for period and cohort, the adjusted rates by age provide an
unbiased measure of age patterns of suicide. Therefore, period–
cohort adjusted rates are more valid than unadjusted crude
rates to quantify the age pattern of suicide.

In presenting the results, estimated age effects and period–
cohort adjusted rates were plotted by age to visually reveal the
age patterns of suicide risk. The period–cohort adjusted rates
and unadjusted rates were plotted together to visualise the impact
(confounding effect) on age pattern after removal of the period
and cohort effects. Plots were made for individual suicide meth-
ods, overall and stratified by sex of male and female. In presenting
the study findings by age, 2-year average was used to remove
minor fluctuations in the estimates.

Results

Crude rates of age-specific suicide mortality

Table 1 presents crude rates of suicide mortality by 5-year age
interval for the three suicide methods by sex during 1999–2017.
The crude rates among males increased from age 15–19 to 50–
54 years, followed by a decline to 65–69 years, and increased
again until 80–84 years. Firearm was the most common method
of suicide among males followed by suffocation and poisoning.

Among females, the crude rates also increased from age 15–19
to 50–54 years, but followed by declining trend all the way to the
last age group. Poisoning was the top one methods of suicide, fol-
lowed by firearm and suffocation.

Age, period and cohort effects from APC modelling

Figure 1a indicates substantial sex differences in the pattern of
suicide risk by age. The pattern for males contained five phases,
including three increasing phases (ages 15–20, 30–50 and 65+),
connected by two declining phases (ages 20–30 and 50–65).
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The pattern for females differed from that for males. The risk for
females showed a parabolic pattern with a gradual increase from
age 15 to 50, followed by a progressive decline thereafter.

The estimated period and cohort effects are presented in
Figs 1b and 1c. As shown in the figures, there were substantial
linear increasing period effect and W-shaped cohort effect.
The observed period and cohort effect support our approach
to describe the risk of suicide by age using period–cohort
adjusted rates.

Age pattern of suicide by suicide methods among White males

The estimated age effect and adjusted rates in Fig. 2a indicate that
the age pattern of suicide deaths using firearms was similar to the
pattern of total population as shown in Fig. 1a – a three-phase
pattern with two quick increasing phases in age ranges of

15–20 years and 65–84 years, and a fluctuation in age range of
20–65 years.

Similarly, Fig. 2b presents estimated age effect and adjusted
suicide rates using the suffocation method. Data in the figure
show a totally different age pattern of suicide by suffocation
from that by firearms in Fig. 2a. There were still three phases,
including a similar rapid increasing phase during 15–20 years
and a plateau phase between 20 and 55 years; but ended with a
30-year long declining phase up to 75 years of age and a small
increase thereafter.

Figure 2c presents the age pattern of suicide by poisoning
using the estimated age effects as well as the adjusted suicide mor-
tality rates. The results indicate a rapid increasing phase from 15
years of age to peak at age 45 years, followed by a declining phase
from 45 to 66 years old, and ended a small increase plus some
fluctuations.

Table 1. Age-specific suicide mortality among US Whites, overall, by sex and by methods, 15–84 years old, 1999–2017

Age

Male Female

Total Firearm Suffocation Poisoning Total Firearm Suffocation Poisoning

15–19 15.19 8.10 5.36 0.78 3.82 1.10 1.80 0.59

20–24 26.12 14.19 8.22 1.87 4.94 1.67 1.71 1.11

25–29 27.47 14.10 8.85 2.65 6.27 2.16 1.84 1.77

30–34 27.95 13.72 8.89 3.45 7.51 2.57 1.92 2.45

35–39 29.58 14.51 8.64 4.34 8.86 2.89 1.85 3.43

40–44 31.61 15.84 8.25 5.24 10.41 3.40 1.82 4.37

45–49 33.41 17.47 7.71 5.70 11.28 3.68 1.74 4.96

50–54 33.74 19.03 6.78 5.47 11.34 3.75 1.61 5.04

55–59 31.98 19.56 5.42 4.78 10.12 3.42 1.33 4.45

60–64 27.89 18.91 3.79 3.34 7.95 2.90 0.97 3.37

65–69 26.21 19.85 2.58 2.35 6.10 2.39 0.73 2.41

70–74 29.68 24.05 2.21 2.11 4.97 2.08 0.54 1.85

75–79 35.80 30.01 2.35 2.03 4.61 1.85 0.64 1.66

80–84 43.79 36.43 3.01 2.49 4.31 1.53 0.72 1.52

Total 29.20 17.22 6.47 3.59 7.81 2.66 1.47 3.01

Note: Data were derived from CDC WONDER (https://wonder.cdc.gov/).

Fig. 1. Estimated age, period and cohort effects for US Whites, 15–84 years, 1999–2017. Data source: CDC WONDER (https://wonder.cdc.gov/).
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Age pattern of suicide by suicide methods among
White females

Figure 3 presents the estimated age effect and adjusted suicide
mortality rates by age for suicide by firearms (Fig. 3a), suffocation
(Fig. 3b) and poisoning (Fig. 3c). Results in the figure indicate a
similar two-phase pattern for all three suicide methods: a rapid
increasing phase in the age range 15–50 years, followed by a
declining phase thereafter.

Comparison of the period–cohort adjusted and
unadjusted rates

Figures 4 and 5 present the estimated period–cohort adjusted rate
and unadjusted rate of suicide by sex and by suicide methods.
Results in Fig. 4 indicate that among males, the adjusted suicide
rate by firearm was higher than the unadjusted rate during ages
15–45 years then lower after 45 years; the adjusted rate by suffo-
cation was lower than the unadjusted rate during ages 20–40
years, and higher after 40 years; the adjusted rate by poisoning
was higher than the unadjusted rate in ages 15–30 and 67–83
years, and lower during 30–67 years old.

Results in Fig. 5 indicate that among females, the adjusted rate
of suicide by firearm was overall lower than unadjusted during
15–84 years; the adjusted suicide rate by suffocation was lower

than the unadjusted rate in the ages 15–41 and after 79 years,
and higher during 41–79 years of age; the adjusted suicide rate
by poisoning was higher than the unadjusted among those aged
15–35 and 69–83 years, and lower during 35–69 years of age.

Discussion

This study examined the age pattern of suicide mortality risk for
US Whites aged 15–84 years by sex, and by suicide methods of
firearms, suffocation and poisoning. The study used national
data during 1999–2017, documented by the National Vital
Statistical System. The period–cohort adjusted suicide rates by
age were obtained using the APC modelling capable of controlling
for potential bias due to changes in risk over time periods when
suicide occurred and in birth year of individual subjects. The
adjusted and unbiased rates by age provide information better
than the crude rates to inform evidence-based decision-making
and precision prevention intervention programmes, and relevant
clinical treatment to reduce the extra risk of suicide deaths
among Whites, and suicide death in the USA in general.

Age patterns of suicide among US Whites

Based on the age effect derived from APC modelling, the overall
age pattern for White males contains five phases, including three

Fig. 2. Period–cohort adjusted age-specific rate and APC model estimated age effect of suicide by methods among US White males, 15–84 years old, 1999–2017.
Note: Estimated using 1999–2017 national mortality data from CDC WONDER (https://wonder.cdc.gov/).

Fig. 3. Period–cohort adjusted age-specific rate and APC model estimated age effect of suicide by methods among US White females, 15–84 years old, 1999–2017.
Note: Estimated using 1999–2017 national mortality data from CDC WONDER (https://wonder.cdc.gov/).
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increasing phases (ages 15–20, 30–50 and 65+), connected by two
declining phases (ages 20–30 and 50–65). This age pattern corre-
sponds to the general life course milestones. Although investiga-
tion of the underlying causes of the observed age pattern is
beyond the scope of the study, possible explanations may include
the following:

For the three phases of increased risk, (1) the increased suicide
risk in the early 20s may be associated with the imbalance of cog-
nitive and physical development of puberty. During this period,
young males leave home and go to colleges and universities.
They are thus physically becoming more independent from par-
ents, but cognitively may not be ready for independent life
(Chen et al., 2017; Yu and Chen, 2019). (2) The small increase
in suicide risk from 30 to 50 years of age may be related to greater
strains in daily life, including marriage, family, employment and
career (Bohnert et al., 2011) and more frequent mental health
problems (Kessler et al., 2010). (3) For males aged 65 years and
older, many factors may contributed to the increased risk of sui-
cide, including retirement-related social disconnection and isola-
tion, economic insecurity, losing partners, and physical and
mental health illness, and greater access to suicide methods
(Conwell et al., 2002; Conejero et al., 2018).

For the two phases with declining suicide risk, the age ranges
correspond to the time periods when young adults aged 20–30
step into society with hope and enthusiasm and when middle-aged
adults in 50–65 with lifetime achievement and prepare for their

retirement life. These life events are associated with less stress
(Girard, 1993), therefore reducing the risk of suicide.

The age pattern for White females is parabolic with an increas-
ing phase from 15 years of age up to 50 years, followed by a
declining phase thereafter. These results suggest that despite
increases in formal employment, families and children are the
main focus for females. Up to age 50, the major life events for
females in the USA include receiving education, getting married,
taking care of children and experiencing empty nest syndrome
when children grow up, and adjustment for menopause (Girard,
1993; Grzywacz et al., 2002; Phillips, 2014). There are increased
stresses and strains associated with these life events for females
(Girard, 1993).

After 50 years, most females may shift their attention from
family and children to themselves, leading to progressive declines
in strains and stress, manifested as declines in the risk of suicide
(Girard, 1993). Other supportive evidence is lower prevalence of
depression for females 50 years of age and older relative to the
younger females (Kessler et al., 2010). Furthermore, different
from males, females who have not been employed will not experi-
ence any retirement-related stress; while females who have been
employed, they are more likely than males to maintain social
ties and to build new social ties after retirement, increasing
their resilience against suicide (Conejero et al., 2018).

Findings of the study also indicate that compared to males,
females have a much lower risk of suicide across all ages. This

Fig. 4. Unadjusted and period–cohort adjusted age-specific rate of suicide by methods among US White males, 15–84 years old, 1999–2017. Note: Estimated using
1999–2017 national mortality data from CDC WONDER (https://wonder.cdc.gov/).

Fig. 5. Unadjusted and period–cohort adjusted age-specific rate of suicide by methods among US White females, 15–84 years old, 1999–2017. Note: Estimated using
1999–2017 national mortality data from CDC WONDER (https://wonder.cdc.gov/).
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is consistent with findings from previous studies in the USA
(Phillips, 2014; Yu and Chen, 2019) and many other countries
across the world (Bachmann, 2018). This sex difference may be
attributed to the fact that males are more likely to commit suicide
with highly lethal methods than females (Kumar and Mandal,
2010), although suicidal behaviours are more prevalence among
females (AFSP, 2017).

Prevention of suicide among White males

First, the risk of suicide by firearms among males showed a quick
increase in two age ranges, 15–20 and 65–84 years old, connected
by a sigmoid-like progression from age 20 to 65 years. This age
pattern provides evidence for policy and decision-makers,
researchers and clinicians to devise and implement prevention
programmes and treatment services better targeting the firearm-
related suicide. The two critical periods for preventing and treat-
ing this type of suicide are before age 20 and after age 65.
Examples of possible interventions include limiting firearm pur-
chases, such as extending the waiting period for purchasing fire-
arms for youth and elderly, implementing the Child Access
Prevention Programmes for youth and Extreme Risk Protection
Orders Programmes for elderly and creating stricter regulations
for storage of firearms in homes (Cantor and Slater, 1995;
Miller and Hemenway, 2001; Rodríguez Andrés and
Hempstead, 2011; Giffords Law Center to Prevent Gun
Violence, 2019a; 2019b). Epidemiologists, pediatricians, psychia-
trists and other clinical and public health workers must also
enhance the surveillance of the rapid increases in suicide in
young Whites up to age 20.

Second, suicide by suffocation among White males showed a
four-stage age pattern: a rapid increase stage from 15 to 20
years of age, a stable stage from 20 to 55, a dramatic decline
stage from 55 to 75 and ended with a small increase stage from
75 to 84. This pattern was distinctly different from that of suicide
by firearms. This pattern shows that great attention should be
paid to young males with a rapid increase in suffocation with
age and the high-risk age range up to 55 years old. Suffocation,
particularly hanging, is highly accessible and very easy to imple-
ment. It is very challenging to restrict the access to means of suf-
focation with limited effect (Gunnell et al., 2005; Baker et al.,
2013). Our findings support the significance of earlier interven-
tions to treat mental health problems among young White
males (Kosky and Dundas, 2000). More research studies are
needed to prevent suicide by suffocation, particularly among
young White males.

Third, suicide by poisoning for White males showed a three-
stage pattern that was different from the other two methods. It
includes: a rapid increase stage (15–45), a quick declining stage
(45–70) and a stable stage with a small increase (70–84). The
risk of suicide by poisoning increased the quickest and lasted
the longest age range relative to the other two methods of suicide.
The risk does not decline until 45 years of age. Of the suicide
deaths by poisoning, a majority are due to substance overdose,
especially overdose of opioids (CDC Injury Center, 2019).
Consistent with our findings, previous studies indicate that over
80% of opioid overdose deaths happened in persons aged 40–60
years (Bohnert et al., 2011). Meanwhile, people in this age
range have easier access to opioids, and may use opioids to
cope with the chronic illness, life strains and mental health pro-
blems, increasing their risk of substance overdose death
(Bohnert et al., 2011). Our finding provide concrete evidence at

the population level supporting the existing prevention strategies
on opioid use starting at young adulthood, including doctors’
responsible opioid prescribing, reducing individuals’ exposure to
opioids, preventing opioids misuse and treating opioids use disor-
ders (CDC Injury Center, 2017).

Prevention of suicide among White females

Compared to males, age patterns of suicide risk for females are
less complex. Risk of suicide by age for all the three suicide meth-
ods follows a parabolic pattern with a dramatic increase until age
50, followed by a decline until age 84. The main differences
include a somewhat symmetric for firearms; a higher starting
level and quick decline for suffocation; and a very lower starting
level with a rapid increase to 50 years of age, followed by a gradual
decline for poisoning.

The adjusted rates indicate that suicide risk for White females
from high to low are poisoning, firearm and suffocation. This
result is consistent with study findings by others that females pre-
fer less lethal methods than males (Callanan and Davis, 2012).
Based on the parabolic age pattern, strategy of suicide prevention
among White females in the USA should start in the early 20s and
continue up to 40–50 years of age when most of them pass the
high-risk age range. The parabolic pattern of suicide risk by age
also informs decision-makers, psychiatrists and community
health workers to improve their work to reduce White suicide dis-
parities among US females. For example, it would be effective for
mental health service to specifically target prescribing drugs
abuse, especially opioids abuse among females (Thornicroft and
Tansella, 2004; Wheeler et al., 2012; Compton et al., 2015). To
further understand the age pattern, more individual-level data
are needed to investigate the factors and underlying mechanisms
associated with the increasing trend before 50 years and the
decline thereafter.

Period and cohort effects of suicide mortality

Findings of the study reveal substantial differences between the
period–cohort adjusted and unadjusted rates of suicide by age.
Furthermore, these differences are attributed to the time period
and birth cohort (Yu and Chen, 2019). For suicide mortality
among US Whites, there is a linear increase in the suicide risk
during the study period during 1999–2017 and a W-shaped
cohort effect during a historical period of 88 years from 1915 to
2002. Consistent with findings from previous studies (Phillips,
2014; Wang et al., 2016; Yu and Chen, 2019), there is an increased
risk of suicide in the USA since 1999 with no signs of decline.
Further studies are needed to investigate the increasing trend in
suicide risk among US Whites.

The W-shaped cohort effect provides new information regard-
ing suicide risk in the USA since 1915. This finding underscores
the need for further investigation of this risk pattern from a his-
torical epidemiological perspective to shed light on current trend
of suicide as reported in other studies on population mortality in
general (Chen and Wang, 2014) and suicide mortality in particu-
lar (Chen et al., 2018; Yu and Chen, 2019). For example, such
studies may provide evidence supporting the suicide prevention
for US Whites who were born after 1995, corresponding to the
Internet-Generation. Most males and females of this generation
are characterised with long-term exposure to internet and social
media that may increase risk of suicide (Messias et al., 2011;
Luxton et al., 2012; Twenge, 2017; Yu and Chen, 2019).
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Limitations

This study has limitations. The purpose of this ecological study is
to detect the mega age pattern of suicide death by different meth-
ods; and no research has conducted to analyse mechanisms and
influential factors underlying the detected age patterns. This
study is based on national data which only provide data for
three suicide methods. This prevents us from investigating other
suicide methods. Individual-level data with more detailed infor-
mation are needed to address these issues in future studies.
Despite the limitations, findings of the study add new knowledge
to the suicide literature on extra burdens of suicide among US
Whites. These findings also provide valid data supporting
evidence-based programming for precision prevention and treat-
ment to reduce suicide in the USA in general and White suicide
disparities in particular.

Data. All data used in the study are publicly available through CDC
WONDER website (https://wonder.cdc.gov/).
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