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ABSTRACT

ARTICLE HISTORY

Objective: To evaluate the substances used, outcomes, temporal and demographics associated with
suicide attempts by self-poisoning in children and young adults aged 10–25 years old from 2000
to 2018.
Methods: This is a retrospective review of suspected-suicide self-poisoning cases reported to the
National Poison Data System (NPDS) from US Poison Centers from 2000 to 2018 for patients
10–25 years old. For comparison of annual rates, we obtained population data by year of age from
the US Census Bureau. We evaluated changes in: monthly and annual incidence/rate per 100,000
population, substances used and outcome by patient age and demographics.
Results: There were 1,677,435 cases of suicide attempt by self-poisoning among individuals
10–25 years old reported to US PCCs from 2000 to 2018. There were 410,940 self-poisoning cases
(24.5%) with a serious medical outcome, and the proportion of exposures that resulted in a serious
medical outcome increased with increasing age group. For the age groups of 10–12, 13–15 and
16–18 years of age, there was a significant increase after 2011, which was influenced primarily by
females. The substance groups with the greatest number of serious medical outcomes were OTC analgesics, antidepressants, antihistamines and antipsychotics. ADHD medications were common in the
younger age groups of 10–15 years, while the sedative/hypnotics occurred more commonly in the
older age groups. The groups with the greatest increase in serious medical outcomes after 2011 were
antidepressants, OTC analgesics, antihistamines and ADHD medications. Opiates were less commonly
involved (7.4%) in cases with serious medical outcomes and decreased significantly in the 19–25 yearold age groups after 2012. States with a lower population per square mile had a greater number of
reported cases with serious medical outcomes. There was a significant decrease in the number of
cases in the age groups of 10–18 years during the traditional non-school months of June–August compared with September–May. This seasonal trend occurred among cases with all outcomes and among
cases with serious medical outcomes. This decrease did not occur in the age group of 19–21 years,
and there was an increase during summer months in the age group 22–25 years.
Conclusions: The substances used during self-poisoning varies by age group but appears to include
substances available to that age group, with a significant increase after 2011, increased rates in more
rural states, and a seasonal variation of increased rates during school months among adolescents but
not among young adults. Two of the top substances, OTC analgesics and antihistamines, in all age
groups, comprising more than a third of all substances used, are widely available over-the-counter
with no restrictions regarding access. Of additional concern, ADHD medications had the highest risk of
a serious medical outcome.
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Introduction
The rate of suicide and suicide attempts among 10–19 yearolds had been steadily decreasing during the two decades
prior to 2010 [1–5]. However, from 2007 to 2016 suicide rates
in 10–19 year-olds increased 56% and rates of suicide among
10–14 year-old girls nearly tripled in that same timeframe
[1,2]. Data collected from 49 US children’s hospitals indicated
that from 2008 to 2015, hospitalizations for encounters
involving suicidal ideation or behaviors doubled among
CONTACT Henry A. Spiller

Haspiller5@gmail.com

ß 2019 Informa UK Limited, trading as Taylor & Francis Group

KEYWORDS

Suicide; poisoning;
adolescent; medication; rural

children age 5–17 years of age [6]. From 2010 to 2018, suicide attempts by self-poisoning in 10–18 year-olds reported
to US Poison Control Centers (PCCs) increased 94% and the
rate among 10–15 year-old females increased 151%, with
females accounting for 81% of suicide attempts [2].
Data collected from the National Emergency Department
Sample from 2006 to 2013 evaluating ED visits for suicide
attempts in all age groups showed a peak in the frequency
of visits in the 15–19 year-old age group, with a frequency
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almost twice that of the 35–50 year-old age group [7]. In
that study, poisoning was the most common mechanism
(66.5%) of suicide attempt [7]. Attempted suicide is a significant predictor of future suicide and survivors of attempted
suicide given follow-up psychiatric care have significantly
lower likelihood of subsequent suicide [8–10]. Therefore, it is
important to identify individuals who attempt suicide and
provide them with appropriate psychiatric care. Investigation
of self-poisoning provides important information about one
of the most common suicide attempt methods and can help
guide public health strategies to reduce preventable deaths.
In the current study, we use the National Poison Data
System (NPDS) database from January 2000 through
December 2018 to investigate intentional suspected suicide
self-poisoning in children and young adults 10–25 years old.

Methods

to quality control measures to promote accuracy and completeness. Population estimates from the US Census Bureau
were used to calculate annual exposure rates [12].

Case selection criteria
NPDS was queried for all human exposure cases among individuals 10–25 years of age reported during January 1, 2000
through December 31, 2018 that had “Intentional –
Suspected Suicide” identified as the reason for exposure. Age
groups were classified by single years of age and from these
we created composite age groups (10–12, 13–15, 16–18,
19–21 and 22–25 years old). Only cases with an exact age
were included. Exclusion criteria were: cases using the NPDS
estimated age groups of 6–12 years old, 13–19 years old and
20–29 years old, as well as cases with a medical outcome
coded as “confirmed non-exposure” or “unrelated effect, the
exposure was probably not responsible for the effect(s)”.

Data sources and study design
Study data were obtained from the NPDS, which is maintained by the American Association of Poison Control
Centers (AAPCCs). The NPDS captures data from cases managed by regional PCCs in the US and its territories [11].
Trained poison specialists record the data, which are subject

Study variables and statistical analysis
Variables included in this study were age, gender, month
and year of exposure, substances involved in the exposure,
management site, clinical effects and medical outcome. The
accuracy of coding in NPDS for demographics (age, gender)

Table 1. Characteristics of adolescent suicide exposures by age group, National Poison Data System 2000–2018.
Age group (years)
Characteristics
Gender
Female
Male
Unknown
Type of exposure
Single substance
Poly substance
Pharmaceutical
Non-pharmaceutical
Management site
Managed on-site (non-HCFb)
Patient already in/enroute to HCFb
Patient was referred by PCC to a HCFb
Other
Unknown/lost to follow up
Level of health care received
No HCFb care received
Treated/evaluated and released
Admitted
Admitted to critical care unit
Admitted to noncritical care unit
Admitted to psychiatric facility
Otherc
Medical outcome
No effect
Minor effect
Serious outcome
Moderate effect
Major effect
Death
Not followed (minimal clinical effects possible)
Unable to follow (potentially toxic exposure)
Total (row %)d
a

10–12 years
n (%)a

13–15 years
n (%)a

16–18 years
n (%)a

19–21 years
n (%)a

22–25 years
n (%)a

Total
n (%)a

30,579 (79.6)
7817 (20.3)
32 (0.1)

312,434 (82.3)
67,077 (17.6)
309 (0.1)

366,008 (72.5)
138,188 (27.4)
486 (0.1)

241,297(64.7)
131,502 (35.2)
433 (0.1)

234,373(61.5)
146,549 (34.4)
351 (0.1)

1,184,691(70.6)
491,133 (29.3)
1611 (0.1)

28,076
10,352
35,316
3112

(73.1)
(26.9)
(91.9)
(8.1)

262,428
117,392
359,255
20,565

(69.1)
(30.9)
(94.6)
(5.4)

338,026
166,656
479,272
25,410

(67.0)
(33.0)
(95.0)
(5.0)

230,216
143,016
353,300
19,932

(61.7)
(38.3)
(94.7)
(5.3)

215,677(56.6)
165,596(43.4)
358,862 (94.1)
22,411 (5.9)

1,074,423
603,012
2,482,014
221,958

(64.1)
(35.9)
(91.8)
(8.2)

122
28,065
9723
374
144

(0.3)
(73.0)
(25.3)
(1.0)
(0.4)

713
286,175
88,543
3017
1372

(0.2)
(75.3)
(23.3)
(0.8)
(0.4)

741
385,546
112,621
3610
2164

(0.1)
(76.4)
(22.3)
(0.7)
(0.4)

329
291,973
76,998
2350
1582

(0.1)
(78.2)
(20.6)
(0.6)
(0.4)

341
304,146
72,487
2796
1503

(0.1)
(79.8)
(19.0)
(0.7)
(0.4)

2246
1,295,905
360,372
12,147
6765

(0.1)
(77.3)
(21.5)
(0.7)
(0.4)

5409
11,134
17,715
4800
4359
8556
4170

(14.1)
(29.0)
(46.1)
(12.5)
(11.3)
(22.3)
(10.9)

37,314
109,289
191,902
56,667
45,680
89,555
41,315

(9.8)
(28.8)
(50.5)
(14.9)
(12.0)
(23.6)
(10.9)

44,768
136,074
260,344
90,761
56,706
112,877
63,496

(8.9)
(27.0)
(51.6)
(18.0)
(11.2)
(22.4)
(12.6)

30,234
89,484
199,693
78,991
39,644
81,058
53,821

(8.1)
(24.0)
(53.5)
(21.2)
(10.6)
(21.7)
(14.4)

28,164
86,633
212,048
90,201
41,183
80,664
54,428

(7.4)
(22.7)
(55.6)
(23.7)
(10.8)
(21.2)
(14.3)

145,889
432,614
881,702
321,420
187,572
372,710
217,230

(8.7)
(25.8)
(52.6)
(19.2)
(11.2)
(22.2)
(13.0)

12,602
12,026
7788
7016
754
18
2607
3405
38,428

(32.8)
(31.3)
(20.3)
(18.3)
(2.0)
(0.05)
(6.8)
(8.9)
(2.3)

113,810
126,475
82,138
74,123
7887
128
22,209
35,188
379,820

(30.0)
(33.3)
(21.6)
(19.5)
(2.1)
(0.03)
(5.8)
(9.3)
(22.6)

135,206
168,176
118,228
104,601
13,304
323
27,233
55,839
504,682

(26.8)
(33.3)
(23.4)
(20.7)
(2.6)
(0.1)
(5.4)
(11.1)
(30.1)

86,807
123,480
95,522
82,688
12,358
476
18,629
48,794
373,232

(23.3)
(33.1)
(25.6)
(22.2)
(3.3)
(0.1)
(5.0)
(13.1)
(22.3)

79,591
127,380
107,264
91,437
15,193
634
17,651
49,387
381,273

(20.9)
(33.4)
(28.1)
(24)
(4)
(0.2)
(4.6)
(13.0)
(22.7)

428,016
557,537
410,940
359,865
49,496
1579
88,329
192,613
1,677,435

Column percentages may not add exactly to 100% because of rounding error.
HCF: healthcare facility.
c
Others include “Patients refused referral/did not arrive at HCF/patients lost to follow up/left against medical advice”.
d
Row percent may not add to 100% because of rounding error.
b

(25.5)
(33.2)
(24.5)
(21.5)
(3.0)
(0.1)
(5.3)
(11.5)
(100.0)
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and reason for exposure has been reported as >95% [13].
Data were analyzed using the composite age groups.
Descriptive statistics were calculated. Previous analysis had
already established an inflection point in the rate of suicide
among teenagers at the years 2010–2011 [2]. Therefore, the
breakpoint of 2011 was chosen for the piecewise linear
regression models to assess rate trends for age, gender and
substance groups. A two-sample t-test was used to evaluate
the difference in the monthly average of all exposures and
serious outcomes. Statistical significance was established at
a ¼ 0.05. Odds ratio with 95% confidence intervals (CIs) were
calculated. The population of 10–25 year-olds per state and

3

the population per square mile by state were obtained from
the US Census Bureau.
In this study, each case is a unique patient. When evaluating substances used in these cases, both single-substance
and poly-substance cases were used, so that when evaluating the total sum of substances used by age group, the
number of substances used is greater than the number of
cases. Substance groups were evaluated using established
AAPCC generic code substance groups [11]. Three new substance groups were established for the purposes of analysis
due to relevance in these age groups: over-the-counter
(OTC) analgesics, opiate analgesics and ADHD medications.

Figure 1. Annual trends of serious medical outcome by (A) age group and (B) gender.
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The analgesic substance group was separated into (1) opioid
analgesics (e.g., prescription opiates and opioids) and (2)
non-opioid OTC analgesics (e.g., acetaminophen, aspirin and
nonsteroidal anti-inflammatory drugs). The attention deficit
hyperactive disorder (ADHD) medication group was created
to include cases involving: (1) clonidine and guanfacine (formerly in the generic group of cardiovascular medications)
and (2) prescription amphetamines and methylphenidate
(formerly in the generic group of stimulants).
Medical outcome and reason for exposure were determined by the poison specialists at the PCCs using standard
NPDS definitions, allowing consistent data reporting across
PCCs and over time. Likely due to the unique selection
Table 2. Average cases per month by age group comparing traditional school
months vs. non-school (summer) months.

Age group

Mean cases
per month
during summer
monthsa

Mean Cases
per month
during Non-summer
monthsb

p Value

2655
26,279
36,978
31,037
33,040

3385
33,443
43,750
31,125
31,350

.0033
.0003
.0003
.9108
.0793

564
5799
8702
7939
9268

677
7193
10,236
7967
8829

.0057
.0003
.0002
.8817
.1159

All outcomes
10–12 years
13–15 years
16–18 years
19–21 years
22–25 years
Serious outcomes
10–12 years
13–15 years
16–18 years
19–21 years
22–25 years
a

Cases per month during traditional non-school months of June, July
and August.
b
Cases per month during traditional school months: January, February, March,
April, May, September, October, November and December.

criteria of intentional self-poisoning, >91% of all individuals
included in this study were managed in a healthcare facility
(HCF), requiring direct physician attendance. This allowed
robust capture of the final assessment of the reason for
exposure and the medical outcome, based on follow-up and
consultation between the individual PCC and the treating
facility. The NPDS categories and definitions of medical outcomes used by PCCs are: (1) no effect; (2) minor effects,
which involve the development of quickly-resolving, minimally bothersome symptoms; (3) moderate effects, which entail
non-life-threatening symptoms that are more pronounced,
prolonged or systemic in nature and typically require some
form of treatment; (4) major effects, which include symptoms
that are life-threatening or result in significant disability or
disfigurement; and (5) death [11]. For the purpose of analysis, an additional category, “serious outcome,” was created
by the authors by combining the three existing outcome categories of moderate effect, major effect and death [2].
Definitions of “Intentional – Suspected Suicide” are defined
in NPDS as: an exposure resulting from the inappropriate use
of a substance for self-harm or for self-destructive or manipulative reasons. This is differentiated from other intentional
exposures, such as “Intentional – Misuse”: an exposure resulting from the intentional improper or incorrect use of a substance for reasons other than the pursuit of a psychotropic
effect and “Intentional – Abuse”: an exposure resulting from
the intentional improper or incorrect use of a substance,
where the patient was likely attempting to gain a high,
euphoric effect or some other psychotropic effect, including
recreational use of a substance for any effect.
This study was deemed exempt by the Institutional
Review Board of the authors’ institution.

Table 3. Top 20 Substance groups reported in Suicide cases in ages 10–25 years old.

Substance group
OTC analgesics
Antidepressants
Sedatives/hypnotics
Antihistamines
Antipsychotics
Alcohols
Anticonvulsants
Opioid analgesics
Cold and cough preparations
ADHD medications
Antimicrobials
Muscle relaxants
Cleaning
substances (household)
Cardiovascular medications
Stimulants and street drugs
Unknown drug
Dietary supplements/herbals/
homeopathic
Hormones and hormone
antagonists
Gastrointestinal preparations
Cosmetics/personal
care products
a

Piecewise linear regression.

Number of
cases
(% of total cases)

Number of
cases with
serious outcome
(% of total
serious outcome)

743,091
412,736
208,938
169,787
166,515
120,420
116,091
107,105
106,106
67,852
56,591
55,411
48,087

(27.5%)
(15.5%)
(7.7%)
(6.3)
(6.2%)
(4.5%)
(4.3%)
(4%)
(3.9%)
(2.5%)
(2.1%)
(2.1%)
(1.8%)

153,361
135,314
61,420
59,859
62,984
39,759
40,051
31,858
30,277
33,618
11,579
20,781
6281

(37.3%)
(32.9%)
(15%)
(14.6%)
(15.3%)
(9.7%)
(9.8%)
(7.8%)
(7.4%)
(8.2%)
(2.8%)
(5.1%)
(1.5%)

20.6
32.8
29.4
35.3
37.8
33.0
34.5
29.7
28.5
49.6
20.5
37.5
13.1

1.88
1.60
2.09
2.34
1.90
2.03
1.63
1.54
3.78
0.99
2.31
0.58

REF
(1.86,
(1.58,
(2.07,
(2.31,
(1.87,
(1.99,
(1.60,
(1.51,
(3.71,
(0.97,
(2.27,
(0.56,

1.89)
1.62)
2.12)
2.37)
1.92)
2.05)
1.65)
1.56)
3.83)
1.01)
2.35)
0.59)

182.3
211.9
237.7
105.4
200.5
111.4
90.1
153.7
54.7
96.7
4.1
64.4
11.3

626.5
1120.4
8.2
619.7
227.2
138.4
241.3
–29.4
78.4
340.8
50.0
34.5
29.2

46,915
37,639
36,386
31,988

(1.7%)
(1.4%)
(1.4%)
(1.2%)

19,269
17,149
11,591
6,651

(4.7%)
(4.2%)
(2.8%)
(1.6%)

41.1
45.6
31.9
20.8

2.68
3.22
1.80
1.01

(2.62,
(3.15,
(1.76,
(0.98,

2.73)
3.29)
1.83)
1.03)

39.9
–2.7
26.3
–14.6

168.9
72.4
126.9
69.8

30,920 (1.1%)

10,305 (2.5%)

33.3

1.92 (1.88, 1.97)

19.7

83.8

25,922 (1.3%)
17,654 (0.7%)

7123 (1.7%)
1372 (0.3%)

27.5
7.8

1.46 (1.42, 1.50)
0.32 (0.31, 0.34)

9.2
4.0

71.0
4.8

Percent of
substance group
with serious
outcome

Odd ratio (95% CI)
of substance
group resulting
in a serious
outcome

Slope of
serious
outcomes
2000–2011a

Slope of
serious
outcomes
2011–2018a
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Results

Temporal changes

There were 1,677,435 cases of suicide attempt by self-poisoning among individuals 10–25 years old reported to US PCCs
from January 1, 2000 to December 31, 2018. The majority
(n ¼ 1,184,691, 71%) were female, involved a single substance
(n ¼ 1,074,423, 64%), or involved a pharmaceutical (92%)
(Table 1).

There were 410,940 self-poisoning cases (24.5%) with a serious medical outcome, and the proportion of exposures that
resulted in a serious medical outcome increased with increasing age group (20% among 10–12 year-olds to 28% among
22–25 year-olds) and over time (17% in 2000 to 29% in
2018) (Table 1, Figure 1). For the age groups of 10–12, 13–15

Figure 2. Annual trends of serious medical outcomes of substances and age groups: (A) 10–12 year olds; (B) 13–15 year olds; (C) 16–18 year olds; (D) 19–21 year
olds; (E) 22–25 year olds.
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and 16–18 years of age, there was a significant increase
(p < .01) after 2011, which was influenced primarily by
females (p < .01) (Figure 1). There was a significant decrease
(p < .01) in the number of cases in the age groups of 10–12
(27.5% decrease), 13–15 (27.3% decrease) and 16–18 years
(18.3% decrease) during the traditional non-school months

Figure 2. Continued.

of June–August compared with September–May (Table 2).
This seasonal trend occurred among cases with all outcomes
and among cases with serious medical outcomes. This
decrease did not occur in the age group of 19–21 years, and
there was an increase during summer months in the age
group 22–25 years.

CLINICAL TOXICOLOGY
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Figure 2. Continued.

Substances involved in cases with a serious
medical outcome
The majority of substances involved with Intentional suspected suicide were pharmaceuticals (n ¼ 2,482,014, 92%),
with 95% of all cases using one or more of 15 substance
groups (Table 3). The leading substances involved with cases
with a serious medical outcome varied with time and by age
group, but the top two substance groups in all age groups
were antidepressants and OTC analgesics (Figure 2).
Antipsychotics were among the top five leading substance
groups associated with a serious medical outcome in all age
groups, and antihistamines were a leading substance group
in all age groups except 22–25 year-olds. ADHD medications
were common in the younger age groups of 10–12 and
13–15 years, while the sedative/hypnotics (primarily benzodiazepines) occurred more commonly in the older age
groups (16–18, 19–21 and 22–25 years) (Figures 2 and 3).
Opiates were less commonly involved (7.4%) in cases with
serious medical outcomes and decreased significantly in the
19–21 and 22–25 year-old age groups after 2012 (Table 3,
Figure 3).
When comparing cases with serious medical outcomes by
substance group over time (2000–2011 vs. 2011–2018), there
were significant increases in the substance groups of antidepressants (428% increase in slope), OTC analgesics (244%
increase in slope), antihistamines (488% increase in slope),
ADHD medications (252% increase in slope), cardiovascular
drugs (323% increase in slope) and anticonvulsants (63%
increase in slope). (Table 3) The substance groups with the
greatest number of serious medical outcomes were OTC

analgesics and antidepressants. Using the OTC analgesics as
a reference group, the substance groups most likely to result
in a serious medical outcomes were ADHD medications (OR
3.78, CI 3.71–3.83), stimulants/street drugs (OR 3.22, CI
3.15–3.29) and cardiovascular medications (OR 2.68, CI
2.62–2.73). The groups with the greatest increase in serious
medical outcomes after 2011 were antidepressants, OTC
analgesics, antihistamines and ADHD medications (Table 3,
Figure 3).

Geographic distribution
The mean rate of all outcomes and serious medical outcomes per 100,000 US 10–25 year-olds was 148.5 (95% CI
147.7–149.3) and 37.9 (95% CI: ±37.32–38.42), respectively.
There was an inverse relationship when comparing a state’s
population density with its rate of suspected suicide cases
(Table 4). States with a lower population per square mile had
a greater number of reported cases with all outcomes
(p < .05) and serious medical outcomes (p < .05) (Table 4).

Discussion
While it is clear that rates of suicide attempts and deaths by
suicide using self-poisoning among adolescents are rising,
there is limited information on what substances are being
used [14–16]. We found substances involved in suicides and
suicide attempts varied by age group, but presented several
concerning issues. Two of the top substances, OTC analgesics
and antihistamines, in all age groups, comprising more than

8
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Figure 3. Annual trend of serious medical outcomes of age groups by substance groups: (A) opioid analgesics; (B) OTC analgesics; (C) ADHD medications; (D) antidepressants; (E) antihistamines; (F) sedative/hypnotics.

a third of all substances used, are widely available OTC with
no restrictions regarding access. Of additional concern,
ADHD medications had the highest risk of a serious medical
outcome and were in the top-five most common substances
in the age groups 10–12, 13–15 and 16–18 years. Of the 6.1
million US children 2–17 years old diagnosed with ADHD,
more than 60% are prescribed medications, indicating the

wide availability of these medications [17]. Adult suicide rates
involving opioids have more than doubled since 2000 [18].
Additionally, Brent et al. found an increased risk of
attempted suicide among children, whose parents had a prescription for opioid medications compared with children of
parents without opioid prescriptions [19]. Given this association, a positive finding of our study was that the frequency

CLINICAL TOXICOLOGY
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Figure 3. Continued.

of opioids in reported suicides and suicide attempts has
declined substantially since 2012 (Figure 3). However, suicides and suicide attempts involving OTC analgesics, ADHD
medications, antidepressants, antihistamines and antipsychotics have markedly increased.
Geographic location has been associated with increased
suicide rates throughout the US, with rural populations historically experiencing an increased risk of suicide compared

with urban populations [20,21]. In rural communities, adolescents are more than twice as likely to die by suicide as adolescents in urban settings [22]. Kegler et al. observed a
significantly greater risk of suicide for rural population after
2008, consistent with the findings in our study [20]. Possible
factors contributing to this disparity include social isolation,
population density, economic recession, lack of resources
(including behavioral health resources) and the opiate crisis
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Figure 3. Continued.

[19,23]. Kegler et al. hypothesized that the 2008 economic
recession may be responsible for the increase in rural suicide
rates, because rural communities felt a stronger impact in
this financial crisis [20]. In contrast, Twenge et al. found no
significant correlation between adolescent suicide rates and
economic factors, ultimately finding that new media usage
time was positively correlated with the increase in adolescent

suicide rates [24]. Twenge et al. emphasize the introduction
of smartphones into the population in 2007 with market saturation by 2012. Our study showed that state population
density was inversely associated with suicide rate, and, in
addition, states with lower population density had a significantly higher rate of serious medical outcomes. While the
rural vs. urban disparity has always been present, the now
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Table 4. Comparing population per square mile and rate of serious outcomes per 100,000 population by state for ages 10–25 years.

Cases with all outcomes
States with >1 S.D. above the mean annual rate (per
100,000 population) (n ¼ 10)
States within 1 S.D. of mean annual rate (per
100,000 population) (n ¼ 35)
States with >1 S.D. below the mean annual rate (per
100,000 population) (n ¼ 6)
Cases with serious outcomes
States with >1 S.D. above the mean annual rate (per
100,000 population) (n ¼ 10)
States within 1 S.D. of mean annual rate (per
100,000 population) (n ¼ 33)
States with >1 S.D. below the mean annual rate (per
100,000 population) (n ¼ 8)

Mean annual
suicide rate
(per 100,000 population)
(95% CI)

Mean population
per square
mile (95% CI)

201.4 (192.9–209.9)

48.0 (15.2–80.8)

142.2 (135.5–148.9)

191.5 (116.4–266.6)

97.1 (83.6–110.6)

432.2 (39.5–824.9)

AK, DC, IA, ME, MN, NH, NM, OR,
SD, WV
Al, AZ, CA, CO, CT, DE, FL, GA, ID, IL, IN,
KS, KY, LA, MD, MI, MO, MT, NE, NV,
NY, NC, ND, OH, OK, PA, RI, TN, TX,
UT, VT, VA, WA, WI, WY
CO, OK, LA, NV, CA, MS, HI, SC

57.6 (54.6–60.6)

58.7 (22.2–199.9)

AK, DC, IA, ME, MI, NH, NM, OR, SD, WV

36.2 (34.2–38.1)

255.6 (149.9–361.3)

20.3 (17.8–22.8)

94.1 (48.1–140.2)

AL, AZ, AK, CT,DE, Fl, GA, ID, IL, IN, KN,
KY, MD, MA, MI, MO, MT, NE, NJ, NY,
NC, ND, OH, PA, RI, TN, TX, UT, VT,
VA, WA, WI, WY
CA, CO, HI, LA, MI, NV, OK, SC

wide spread availability of social media may exacerbate the
differences by highlighting the lack of resources, increasing
adolescent anxiety and ultimately leading to an increased
feeling of social isolation. The greater social isolation and
inadequate number of behavioral health professionals
observed in rural areas may hinder the abilities for adolescents to get the proper treatments and could ultimately lead
to more serious outcomes [23].
Results from our paper suggest that self-poisoning occurs
with increased frequency for adolescents during the school
year, a pattern that did not occur in young adults. Although
the mechanisms underlying seasonality effects on suicide
rates are not well understood, adults in the US and in other
countries typically show higher rates of attempts and suicides during the late spring and early summer [25]. Our findings are consistent with findings from emergency room
hospitalization [6,26] and epidemiological data for suicide
attempts and other life-threatening behaviors among youth
[27,28]. Consistent with our findings, Plemmons et al., found
that not only did hospitalizations for suicide attempts double
from 2008 to 2015, but that pronounced seasonality effects
were evident with the highest rates occurring Spring (March
through May) and Fall (September through November) and
the lowest rates in summer (June through August) [6]. Our
findings indicate that there is a cyclical pattern of youth selfpoisoning linked to the school calendar. Despite the potential availability of increased resources and social capital,
increases in social and academic stressors and the exacerbation of vulnerabilities may play into these elevated rates. It is
critical therefore that youth and adults working in schools
are knowledgeable of the risk factors and warning signs for
suicidal behavior. Finally, our results suggest that medications (both OTC and prescription) represent easily accessible
means for a suicide attempt and a major risk of adverse outcome for adolescents. As these attempts are intentional, recommendations involve increased awareness among parents
as well as medical and mental health providers of the growing risk of suicide in this age group, improved strategies for

States

early identification of risk and increased accountability for
safe storage and medication administration.

Study limitations
This study has several limitations. NPDS data underestimate
the number of substance exposures associated with suspected
intentional suicide because not all exposures are reported to
PCCs. The NPDS relies on self-reports, and the accuracy of the
reported information cannot be completely verified by the
PCCs or the AAPCC. Exposures do not necessarily represent a
poisoning or overdose. Data miscoding by PCC personnel or
product misidentification by callers to a PCC are other potential limitations; however, strict data quality control procedures
are used. Despite these limitations, the NPDS provides a
robust national database to investigate substance exposures
associated with suspected intentional suicide.

Conclusions
This study provides a delineation of the substances involved
in suicide attempts, and the substance groups most commonly associated with serious medical outcomes. It demonstrates the variation by age group, increased rates in more
rural states, and the seasonal variation of increased rates during school months among adolescents but not among young
adults. These findings about self-poisoning provide important
information about one of the most common suicide attempt
methods and may help guide suicide prevention efforts.
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