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Focus on Suicide

Circadian Pattern of Deaths Due to Suicide  
in Intoxicated Alcohol-Dependent Individuals
Subhajit Chakravorty, MDa,b,*; Rachel V. Smith, MPH, PhDc; Michael L. Perlis, PhDb;  
Michael A. Grandner, PhDd; and Henry R. Kranzler, MDa,b

ABSTRACT
Objective: Alcohol intoxication and dependence are risk 
factors for suicide, a leading cause of death in the United 
States. We examined the hours of peak and nadir in 
completed suicides over a 24-hour period among intoxicated, 
alcohol-dependent individuals. We also evaluated suicide-
related factors associated with intoxication at different times 
of the day.

Methods: We analyzed cross-sectional data from the 2003–
2010 National Violent Death Reporting System provided 
by 16 US states. In the primary database, the deceased 
individuals’ alcohol-dependent status was classified as 
“yes” or “no or unknown.” We restricted the analysis to 
alcohol-dependent individuals with alcohol level data 
available (N = 3,661). The primary outcome measure was the 
reported time of death. Secondary outcome measures were 
predisposing and injury-related factors. Individuals were 
classified on the basis of their blood alcohol level (BAL) as 
heavy drinking (BALH [≥ 80 mg/dL]) or non–heavy drinking 
(BALO [< 80 mg/dL]). The time of injury was divided into 
1-hour bins, which were used to compute the incidence of 
suicide over 24 hours. We also evaluated the association 
between clinical factors and BALH for each of six 4-hour time 
periods beginning at 00:01 hours.

Results: The majority (73.4%) of individuals showed evidence 
of alcohol consumption prior to committing suicide. BALH 
was observed in 60.7% of all individuals. Peak incidences 
in suicide were identified at 21:00 for BALH and 12:00 for 
BALO, with nadirs at 05:00 and 03:00 hours, respectively. In a 
multivariable analysis, between 20:01 and 00:00 hours, BALH 
was associated with more risk and protective factors than 
BALO.

Conclusions: Identifying critical times and associated risk 
factors for suicidal behavior may contribute to suicide 
prevention efforts in intoxicated alcohol-dependent 
individuals.
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Suicide caused more than 42,000 US deaths in 2014, making 
it the tenth leading cause of mortality.1 In contrast to an 

overall decrease in the US mortality rate, the incidence of suicide 
is increasing. In 2014, firearms were the most common means 
of committing suicide in men (55.4%) and the second most 
common in women (31%), after poisoning (34.1%).2 Studies 
have identified multiple suicide risk factors, including being 
male,3 older,2 unmarried,4 and either unemployed or a blue-
collar worker3,5,6; having a history of suicidal ideation or suicide 
attempts,7,8 a chronic medical illness,3,9,10 access to firearms,11 
and a psychiatric disorder such as depression, bipolar disorder, or 
alcohol dependence3,7,10,12,13; and recent alcohol consumption.3

Approximately one-third of suicide victims show evidence of 
recent drinking,4,14 and heavy drinking, in particular, is linked 
to an increased risk of suicide.13,15–18 Heavy drinking has been 
defined as the consumption of ≥ 5 drinks per day on ≥ 5 days 
within the past 30 days.19 This drinking pattern is common 
among individuals with alcohol dependence, whose suicide 
rate is 60–120 times that of the general population.20 Other risk 
factors for suicide among alcohol-dependent (AD) individuals 
include psychosocial (marital and occupational) dysfunction and 
comorbid chronic medical and psychiatric disorders.21–23

Another predictor of suicidal behavior is the time of day. 
Community-based studies evaluating circadian patterns of 
suicide have shown peaks and troughs across a 24-hour period. 
The most consistent timing of the peak has been 09:00–11:00 
hours.24–28 Other reported peaks are 12:00–15:00,24,26 15:00–
18:00,29 and 18:00–21:00.28,30 In contrast, the circadian nadir for 
suicide has consistently been during the early morning hours 
(0:00–06:00), particularly around 02:00–03:00.24–27,30,31 Studies 
have also examined sex, age, and season of the year as potential 
moderators of these circadian patterns. In one study, the peak 
incidence for males was 08:01–12:00 hours, whereas for females 
it was 20:01–24:00 hours.32 Two studies showed that individuals 
65 years and older had a peak incidence of suicide at 08:00–11:00, 
with the peak for younger individuals being later in the day.26,32 
A seasonal effect has also been seen, with peaks between 09:00–
10:00 during winter and 14:00–15:00 during summer.27 However, 
there has been little research on the circadian patterns of suicides 
in AD individuals, including whether in this population any of 
the aforementioned risk factors are associated with drinking and 
suicidal risk at certain times of the day.

Welte and colleagues33 evaluated the relation between alcohol 
consumption and a diurnal pattern in 806 individuals who 
committed suicide between 1972 and 1984 in Erie County, New 
York. They found that the number of suicides in the subgroup 
with evidence of recent alcohol consumption was highest at night 
(n = 47), intermediate in the evening (n = 38), and lowest in the 
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afternoon (n = 27). Although 60% of individuals had blood 
alcohol levels ≥ 0.1%, the authors did not state how many 
had a diagnosis of alcohol dependence or how the time 
periods were defined. In a case series of AD individuals 
who attempted suicide in India (N = 30), Prasanna and 
colleagues34 identified a pattern of suicide attempts across 
the day. The highest proportion of attempts occurred during 
the morning hours (36.7%), followed by nighttime (26.7%) 
and the afternoon (16.7%).

We found no published data on circadian patterns 
of suicide in intoxicated AD individuals, associations 
with suicide risk factors, or information on the means of 
committing suicide. Thus, we examined variation in the 
incidence of completed suicides across the 24-hour period in 
AD individuals, using data from the National Violent Death 
Reporting System (NVDRS) of the Centers for Disease 
Control and Prevention (CDC). The availability of blood 
alcohol level (BAL) data in these individuals allowed us to 
compare the circadian pattern of suicides in intoxicated 
and non-intoxicated individuals. Analyzing demographic, 
clinical, and ballistic information enabled us to evaluate both 
risk and protective factors in these individuals. We sought 
to identify periods of increased vulnerability to suicide to 
focus suicide prevention efforts on the peak periods of risk 
for this population.

METHODS

Dataset
We obtained detailed case information from the NVDRS 

to investigate deaths by suicide between 2003–2010.35 The 
NVDRS dataset was originally compiled by the CDC from 
18 participating US states, but has now been expanded to 
32 states.35 Michigan and Ohio were among these 18 states 
and commenced with data collection in 2010. However, 
because state-level reporting of data commenced in 2011,36 
we excluded the data from these 2 states from the analysis 
(n = 61), leaving data from 16 states in the analysis.

NVDRS pools information on the same incident from 4 
major sources to provide an accessible, anonymous database. 
The primary sources of data are death certificates and reports 
from coroners or medical examiners, law enforcement 
officials, and forensic laboratories. The information that is 
collected includes the circumstances related to the suicide 
(eg, time of injury, presence of depression, and major life 
stresses like relationship or financial problems).35 The 

University of Pennsylvania’s Institutional Review Board 
approved the conduct of this archival analysis project (IRB 
#815690).

Subjects
In the primary database, the deceased individuals’ AD 

status was classified as “yes” or “no or unknown.” We extracted 
data only for individuals for whom this variable was coded 
as “present” and for whom alcohol-level data were available 
(N = 3,722, which was 10.5% of the total sample of 35,332). 
After excluding the 61 observations from Ohio and Michigan, 
our final analytic sample comprised 3,661 individuals.

Variables
•	 Demographic variables including age, sex, race/

ethnicity (non-Hispanic white, black/African-American, 
Hispanic/Latino, Asian, and other), education, and 
marital, veteran, and homelessness status were extracted 
from case reports. 

•	 Time of fatal injury was the reported time when the 
act of suicide occurred. It was rounded to the nearest 
integer such that any time within the first 59 minutes of 
a particular hour was categorized as occurring within 
that hour.36 In addition, we created six 4-hour time bins 
from the hourly information.25,32 The categories were 
00:01–04:00, 04:01–08:00, 08:01–12:00, 12:01–16:00, 
16:01–20:00, and 20:01–00:00.32 

•	 Blood alcohol level obtained from the postmortem 
examination records was recorded in mg/dL. The 
threshold for heavy drinking was set at BAL ≥ 80 mg/
dL, ie, the legal limit for driving in most states and used 
by the CDC in reporting NVDRS data and in previous 
studies.37–40 Individuals were classified into 1 of 3 
drinker categories based on their blood alcohol levels: 
(1) none: BALneg (0 mg/dL); (2) moderate: BALmod (> 0 
and < 80 mg/dL), and (3) heavy: BALH (≥ 80 mg/dL).37–39 

•	 Drug screen findings were obtained from the 
postmortem reports. 

•	 Likely predisposing factors included prior treatment 
for a mental health problem, mental health diagnoses, 
current depressed mood, previous suicide attempts, 
physical health problems, job problems, recent legal 
problems, and financial problems.

•	 Suicide injury-related factors included the season of 
the year and means used. The seasons of the year were 
winter (December–February), spring (March–May), 
summer (June–August), and fall (September–
November). The means of suicide included a firearm, 
poisoning, hanging, strangulation, suffocation, and 
other. Firearm-related variables included the firearm 
type; caliber; whether the firearm was stolen, stored 
locked, or stored loaded; and the owner of the gun.

Data Analysis
Fisher exact test was used to compare the frequency of 

suicides for each hour of injury between BALneg and BALmod 
groups. Because BALneg and BALmod groups did not differ 
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■■ This study sought to identify periods of increased 
vulnerability to suicide during the 24-hour period in 
alcohol-dependent individuals, a population at an 
elevated risk for suicide, in order to optimize suicide 
prevention efforts.

■■ More intoxicated persons, as compared to non-intoxicated 
persons, committed suicide during the time period 
20:01–00:00 hours, and they had more associated risk and 
protective factors for intoxication.
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Table 1. Demographic, Predisposing, and Lethal Self-Injury–Related 
Characteristics of the Sample

Overall
(n = 3,661),

n (%)

BALH
(n = 2,222),

n (%)

BALO
(n = 1,439),

n (%)Characteristic n Pa

Demographics
Age, mean (SD), y 3,661 42.8 (13.3) 42.3 (12.8) 43.5 (14.1) .01
Male 3,661 3,086 (84.3) 1,893 (85.2) 1,193 (82.9) .07
Race 3,661 .005

White 3,391 (92.6) 2,072 (93.3) 1,319 (91.7)
Black 142 (3.9) 68 (3.1) 74 (5.1)
Otherb 128 (3.5) 82 (3.7) 46 (3.2)

Hispanic 3,654 226 (6.2) 135 (6.1) 91 (6.3) .78
Marital status 3,643 .52

Married 1,432 (39.1) 885 (40.0) 547 (38.3)
Never married 1,130 (31.0) 672 (30.4) 458 (32.0)
Otherc 1,081 (29.7) 656 (29.6) 425 (29.7)

Education 1,793d .89
Less than high school 397 (22.1) 238 (21.3) 159 (23.6)
High school graduate 797 (44.5) 514 (46.0) 283 (41.9)
More than high school 599 (33.4) 366 (32.7) 233 (34.5)

Veteran 3,501 687 (19.6) 407 (19.1) 280 (20.5) .34
Homeless 3,557 48 (1.4) 29 (1.4) 19 (1.4) 1.00
Likely predisposing factors
Previous treatment for mental 

health problem
3,661 1,643 (44.9) 879 (40.0) 764 (53.1) < .0001

Type of first mental diagnosis 1,718d .005
Depression/dysthymia 1,396 (81.3) 613 (79.1) 783 (83.0)
Bipolar disorder 172 (10.0) 95 (12.3) 77 (8.2)
Schizophrenia 36 (2.1) 24 (3.1) 12 (1.3)
Anxiety disorder 43 (2.5) 17 (2.2) 26 (2.8)
Posttraumatic stress disorder 23 (1.3) 8 (1.0) 15 (1.6)
ADD or hyperactivity disorder 13 (0.8) 4 (0.5) 9 (1.0)
Obsessive-compulsive disorder 4 (0.2) 3 (0.4) 1 (0.1)
Othere 31 (1.8) 11 (1.4) 20 (2.1)

Current depressed mood 3,661 1,817 (49.6) 723 (50.2) 1,094 (49.2) .55
Previous suicide attempt 3,661 929 (25.4) 534 (24.0) 395 (27.5) .02
Physical health problem 3,661 552 (15.1) 313 (14.1) 239 (16.6) .04
Job problem 3,661 710 (19.4) 447 (20.1) 263 (18.3) .17
Recent criminal legal problem 3,661 580 (15.8) 330 (14.9) 250 (17.4) .05
Financial problem 3,661 588 (16.1) 357 (16.1) 231 (16.1) 1.00
Suicide injury-related factors
BAL, mean (SD), mg/dL 3,661 131.4 (117.7) 208.7 (85.6) 12.1 (21.6) NA
Season of the year 3,661 .88

Summer (June–Aug) 1,026 (28.0) 636 (28.6) 390 (27.1)
Spring (March–May) 906 (24.8) 540 (24.3) 366 (25.4)
Fall (Sept–Nov) 868 (23.7) 525 (23.6) 343 (23.8)
Winter (Dec–Feb) 861 (23.5) 521 (23.5) 340 (23.6)

Weapon used 3,656 < .0001
Firearm 2,136 (58.4) 1,409 (63.5) 727 (50.6)
Hanging, strangulation, 

suffocation
771 (21.1) 464 (20.9) 307 (21.4)

Poisoning 481 (13.2) 208 (9.4) 273 (19.0)
Otherf 268 (7.3) 139 (6.3) 129 (9.0)

Positive for any drug other than 
alcoholg

2,027d 1,537 (75.8) 845 (70.0) 692 (84.4) < .0001

Opiates 2,536 337 (13.3) 153 (10.0) 184 (18.2) < .0001
Cocaine 2,554 278 (10.9) 168 (10.9) 110 (10.8) .95
Marijuana 1,899 188 (9.9) 121 (10.0) 67 (9.7) .81
Amphetamines 2,424 90 (3.7) 43 (2.9) 47 (5.0) .01
Other drugs 2,210 975 (44.1) 512 (39.4) 463 (50.9) < .0001
Antidepressants 2,221 485 (21.8) 249 (18.4) 236 (27.3) < .0001

aBoldface indicates significance at α = .05.
bIncludes, but is not limited to, American Indian, Asian/Pacific Islander.
cIncludes widowed, divorced, married but separated, and single (not otherwise specified).
dGreater than 10% of responses are missing; therefore, this was excluded from univariable and 

multivariable analyses.
eSpecific data for this category were not available.
fIncludes, but is not limited to, non-powder gun, sharp instrument, blunt instrument, fall, 

explosive, drowning, fire or burns, motor vehicle (eg, buses, motorcycles), other transport 
vehicle (eg, trains, planes, boats).

gPercentage displayed is the percentage of individuals tested who had a positive result.
Abbreviations: ADD = attention-deficit disorder, BAL = blood alcohol level, BALH = heavy drinking 

(based on BAL), BALO = non–heavy drinking (based on BAL), NA = not applicable.

at any time point at a Bonferroni-adjusted 
significance level (P < .002), the 2 groups 
were combined into the BALO group, to 
which BALH was compared in all subsequent 
analyses.

Descriptive statistics were calculated 
for the overall sample and stratified into 
BALH and BAHO subgroups. Fisher exact 
tests, extended Cochran-Mantel-Haenszel 
statistics, and analysis of variance (ANOVA) 
were employed to compare the subgroups on 
descriptive variables. Qualitative differences 
in the temporal patterns of suicides were 
assessed on an hourly basis using plots for 
the total sample and for the subgroups, 
with differences assessed with Fisher exact 
tests. Odds ratios were used to estimate the 
probability of suicide occurring at each hour 
for individuals classified as BALH compared 
to BALO.

We also used sociodemographic 
variables, predisposing factors, and suicide 
injury-related factors (the reference group 
being BALO) to evaluate risk and protective 
factors for alcohol intoxication (BALH) 
for the six 4-hour bins of time of injury. 
Because bivariate analyses revealed multiple 
associations between characteristics of 
interest and BALH for the 6 individual 
time bins, we used 6 separate multivariable 
logistic regression models to evaluate the 
correlates of BALH for the time bins, using 
the factors identified as significant (P < .05) 
as predictors in the bivariate analyses. We 
used modified stepwise regression analyses 
to determine the final model and the 
likelihood ratio test and Akaike Information 
Criterion to select the best model for each 
time bin. Cochran-Mantel-Haenszel 
statistics and ANOVAs were used to evaluate 
differences among the means across the 
categories of alcohol consumption or 4-hour 
circadian bin during which the suicide 
occurred. Data analysis was conducted 
using SAS 9.4 software.41

RESULTS

As shown in Table 1, the sample’s mean 
age was 43 years (SD = 13.3), and it was 
primarily white (n = 3,391, 93%) and male 
(n = 3,086, 84%). Twenty-five percent 
(n = 929) of the sample had previously 
attempted suicide. The majority (73.4%) 
of individuals showed evidence of alcohol 
consumption prior to committing suicide. 
The average BAL at the time of death for the 
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BALH group was 208.7 mg/dL (SD = 85.6). The majority (60.7%) of suicide 
victims were in the BALH category. More than half of the suicides (n = 2,136, 
58%) were committed with a firearm. Among individuals tested for drug 
use following the suicide (n = 2,027, 55.4%), 76% tested positive (n = 1,537) 
for at least 1 of the following drugs: amphetamines (n = 90, 4%), cocaine 
(n = 278, 11%), marijuana (n = 188, 10%), opiates (n = 337, 13%), or other 
drugs (n = 975, 44%). Twenty-two percent (n = 485) of individuals screened 
positive for antidepressant use during postmortem examination. Notably, 
the BALO group had a significantly higher proportion of individuals with 
a history of mental health treatment (53% vs 40%, P < .0001), a previous 
suicide attempt (28% vs 24%, P = .02), and a positive toxicologic test at 
suicide (84% vs 70%, P < .0001).

As shown in Figure 1, overall, the highest proportion of suicides 
occurred in the latter half of the day (ie, between 12:00 and 23:00), with 
the primary peak at 12:00 (7% of all suicides) and secondary peaks at 17:00 
(6%) and 21:00 (6%). The lowest proportion of suicides occurred in the 
early morning at 05:00 (2%).

When individuals were stratified by BAL, different patterns emerged. 
The BALH group had higher rates of suicide from 17:00 to 01:00, with a 
peak at 21:00. In contrast, the BALO group had substantially higher rates 
of suicide than the BALH group from 08:00 to 15:00, with a peak at around 
12:00. The groups had similar rates of suicide between 02:00 and 07:00, with 
the nadir of suicide for BALH and BALO at 05:00 and 03:00, respectively.

Using a Bonferroni-adjusted significance level of .002, there were 6 time 
points at which the BALH group (n = 2,222) differed significantly from the 
BALO group (n = 1,439). When suicides occurred at 21:00 or 00:00, the 
individual was more likely to be in the BALH category. In contrast, suicides 
at 08:00, 09:00, 12:00, or 14:00 were more likely to be in the BALO category. 
Predictors of BALH in individual bivariate analyses within each 4-hour time 
bin of the day are listed in Table 2.

Predictors of BALH Within Each 4-Hour Time Bin of the Day in 
Multivariable Analyses

00:01–04:00. Prior mental health treatment and suicide by poisoning 
were associated with decreased odds of having a BALH at the time of death 
(Table 3).

04:01–08:00. Younger age and depressed 
mood around the time of suicide were 
associated with decreased odds of having a 
BALH at the time of death.

08:01–12:00. Depressed mood around 
the time of suicide was associated with an 
increased probability of having a BALH at the 
time of death.

12:01–16:00. A recent criminal legal 
problem was associated with decreased odds 
of having a BALH at the time of death.

16:01–20:00. Being white was associated 
with nearly 2.5 times the odds of having a BALH 
at the time of death compared to nonwhite 
individuals, whereas previous treatment for a 
mental health problem was associated with a 
decreased odds of having a BALH at the time 
of death.

20:01–0:00. Individuals who were never 
married, veterans, and those with previous 
mental health treatment had a decreased 
probability of having a BALH at the time of 
death. Having a problem at work and using a 
firearm to commit suicide were associated with 
an increased probability of having BALH at the 
time of death.

Weapons, Alcohol Consumption, and 
Circadian Pattern

The most common class of weapons used 
to commit suicide was handguns, followed by 
shotguns and rifles. However, no differences 
were observed for type, caliber, or other 
weapon-related variables when these were 
compared across alcohol consumption 
categories. When suicides were examined 
across circadian bins, gun ownership status 
was a significant predictor (P = .04), with the 
victim being more likely to be the owner of the 
gun (Table 4).

DISCUSSION

Despite evidence of a circadian pattern of 
suicides in the general population and both 
alcohol use and dependence being established 
risk factors for suicide, little is known about the 
circadian pattern of suicides in AD individuals. 
Here, we found that, overall, suicides peaked 
at 12:00, with a nadir at 05:00. A majority of 
individuals who committed suicide had a high 
BAL (≥ 80 mg/dL) and a later peak time of 
completed suicide (21:00) than unintoxicated 
individuals (12:00). Intoxicated individuals 
who committed suicide later in the evening 
had more risk and protective factors than 
intoxicated individuals who committed suicide 

Figure 1. Proportion of Suicides That Occur per Hour by BAL at Death

0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

0.09

0.10

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

Pr
op

or
tio

n 
of

 S
ui

ci
de

s  

Clock Hour of Suicide 

BALO

BALH

Total

Abbreviations: BAL = blood alcohol level, BALH = heavy drinking (based on BAL),  
BALO = non–heavy drinking (based on BAL).



Yo
u 

ar
e 

pr
oh

ib
it

ed
 fr

om
 m

ak
in

g 
th

is
 P

D
F 

pu
bl

ic
ly

 a
va

ila
bl

e.

For reprints or permissions, contact permissions@psychiatrist.com. ♦ © 2018 Copyright Physicians Postgraduate Press, Inc.

It is illegal to post this copyrighted PDF on any website.

     e5J Clin Psychiatry 79:6, November/December 2018

Circadian Pattern of Suicides in Alcoholics

Ta
bl

e 
2.

 P
re

di
ct

or
s 

of
 B

A
L H

 W
ith

in
 E

ac
h 

4-
H

ou
r T

im
e 

Bi
n 

of
 th

e 
D

ay
 in

 In
di

vi
du

al
 B

iv
ar

ia
te

 A
na

ly
se

sa

00
:0

1–
04

:0
0

04
:0

1–
08

:0
0

08
:0

1–
12

:0
0

12
:0

1–
16

:0
0

16
:0

1–
20

:0
0

20
:0

1–
00

:0
0

(N
 =

 49
5)

O
R 

(9
5%

 C
I)

(N
 =

 37
5)

O
R 

(9
5%

 C
I)

(N
 =

 66
0)

O
R 

(9
5%

 C
I)

(N
 =

 65
7)

O
R 

(9
5%

 C
I)

(N
 =

 75
5)

O
R 

(9
5%

 C
I)

(N
 =

 71
9)

O
R 

(9
5%

 C
I)

Pb

D
em

og
ra

ph
ic

s
Ag

e
37

.3
 (1

3.
2)

0.
99

 (0
.9

8–
1.

01
)

41
.5

 (1
3.

8)
0.

97
 (0

.9
5–

0.
98

)
45

.4
 (1

2.
9)

0.
99

 (0
.9

8–
1.

01
)

44
.8

 (1
2.

8)
1.

01
 (1

.0
0–

1.
02

)
44

.4
 (1

3.
1)

1.
02

 (1
.0

0–
1.

03
)

41
.4

 (1
2.

9)
1.

00
 (0

.9
8–

1.
01

)
< 

.0
00

1
M

al
e

86
.1

 (4
26

)
0.

91
 (0

.5
1–

1.
60

)
83

.7
 (3

14
)

1.
17

 (0
.6

8–
2.

03
)

84
.2

 (5
56

)
0.

97
 (0

.6
3–

1.
47

)
80

.4
 (5

28
)

1.
22

 (0
.8

3–
1.

80
)

84
.9

 (6
41

)
1.

39
 (0

.9
2–

2.
10

)
86

.4
 (6

21
0

1.
13

 (0
.7

2–
1.

80
)

.7
27

7
W

hi
te

c
89

.9
 (4

45
)

0.
93

 (0
.4

9–
1.

79
)

88
.3

 (3
31

)
0.

62
 (0

.3
2–

1.
19

)
94

.6
 (6

24
)

1.
38

 (0
.6

9–
2.

75
)

92
.9

 (6
10

)
1.

17
 (0

.6
5–

2.
13

)
93

.5
 (7

06
)

2.
41

 (1
.3

5–
4.

32
)

93
.9

 (6
75

)
1.

91
 (1

.0
3–

3.
55

)
.0

01
2

H
isp

an
ic

6.
9 

(3
4)

0.
99

 (0
.4

6–
2.

12
)

10
.2

 (3
8)

0.
98

 (0
.5

0–
1.

93
)

7.
6 

(5
0)

1.
51

 (0
.8

5–
2.

70
)

4.
4 

(2
9)

0.
50

 (0
.2

3–
1.

09
)

5.
2 

(3
9)

0.
92

 (0
.4

6–
1.

82
)

5.
0 

(3
6)

1.
08

 (0
.5

1–
2.

29
)

.0
02

3
M

ar
ita

l s
ta

tu
s

.3
09

7
M

ar
rie

d
33

.4
 (1

65
)

re
f

37
.8

 (1
41

)
re

f
38

.5
 (2

54
)

re
f

40
.4

 (2
64

)
re

f
42

.9
 (3

21
)

re
f

40
.1

 (2
87

)
re

f
N

ev
er

 m
ar

rie
d

43
.7

 (2
16

)
1.

25
 (0

.8
0–

1.
96

)
35

.1
 (1

31
)

1.
87

 (1
.1

5–
3.

03
)

26
.3

 (1
73

)
1.

15
 (0

.7
8–

1.
70

)
27

.1
 (1

77
)

0.
74

 (0
.5

1–
1.

09
)

27
.0

 (2
02

)
0.

59
 (0

.4
0–

0.
86

)
32

.3
 (2

31
)

0.
52

 (0
.3

6–
0.

77
)

O
th

er
d

22
.9

 (1
13

)
1.

07
 (0

.6
4–

1.
80

)
27

.1
 (1

01
)

1.
20

 (0
.7

2–
2.

00
)

35
.2

 (2
32

)
1.

13
 (0

.7
9–

1.
61

)
32

.5
 (2

12
)

0.
99

 (0
.6

9–
1.

42
)

30
.1

 (2
25

)
0.

89
 (0

.6
1–

1.
30

)
27

.7
 (1

98
)

0.
84

 (0
.5

6–
1.

28
)

Ve
te

ra
n

13
.5

 (6
5)

0.
91

 (0
.5

1–
1.

60
)

19
.4

 (7
0)

0.
66

 (0
.3

9–
1.

11
)

19
.6

 (1
25

)
1.

08
 (0

.7
3–

1.
60

)
19

.7
 (1

23
)

1.
01

 (0
.6

8–
1.

50
)

21
.0

 (1
50

)
1.

19
 (0

.8
0–

1.
78

)
22

.6
 (1

54
)

0.
66

 (0
.4

5–
0.

97
)

.0
00

4
H

om
el

es
s

1.
2 

(6
)

0.
82

 (0
.1

5–
4.

52
)

1.
9 

(7
)

2.
01

 (0
.3

9–
10

.5
1)

2.
2 

(1
4)

1.
16

 (0
.4

0–
3.

34
)

1.
1 

(7
)

0.
73

 (0
.1

6–
3.

29
)

1.
0 

(7
)

1.
17

 (0
.2

3–
6.

06
)

1.
0 

(7
)

1.
06

 (0
.2

0–
5.

51
)

.1
77

1
Li

ke
ly

 p
re

di
sp

os
in

g 
fa

ct
or

s
Pr

ev
io

us
 tr

ea
tm

en
t f

or
 

m
en

ta
l h

ea
lth

 p
ro

bl
em

39
.6

 (1
96

)
0.

46
 (0

.3
1–

0.
68

)
41

.9
 (1

57
)

0.
63

 (0
.4

1–
0.

95
)

41
.2

 (3
18

)
0.

76
 (0

.5
6–

1.
03

)
50

.7
 (3

33
)

0.
52

 (0
.3

9–
0.

72
)

43
.6

 (3
29

)
0.

67
 (0

.4
9–

0.
91

)
43

.1
 (3

10
)

0.
54

 (0
.3

9–
0.

74
)

.3
78

5

Cu
rr

en
t d

ep
re

ss
ed

 m
oo

d
46

.9
 (2

32
)

0.
79

 (0
.5

4–
1.

16
)

46
.9

 (1
76

)
0.

62
 (0

.4
1–

0.
93

)
55

.5
 (3

66
)

1.
46

 (1
.0

7–
1.

99
)

51
.5

 (3
38

)
1.

06
 (0

.7
8–

1.
43

)
48

.3
 (3

65
)

0.
91

 (0
.6

7–
1.

23
)

47
.3

 (3
40

)
1.

14
 (0

.8
2–

1.
57

)
.6

82
2

Pr
ev

io
us

 su
ic

id
e 

at
te

m
pt

s
25

.3
 (1

25
)

0.
73

 (0
.4

7–
1.

12
)

23
.7

 (8
9)

0.
97

 (0
.6

0–
1.

56
)

26
.1

 (1
72

)
1.

14
 (0

.8
1–

1.
62

)
27

.7
 (1

82
)

0.
79

 (0
.5

6–
1.

11
)

23
.1

 (1
74

)
0.

76
 (0

.5
3–

1.
09

)
26

.0
 (1

87
)

0.
76

 (0
.5

3–
1.

09
)

.9
79

3
Ph

ys
ic

al
 h

ea
lth

 p
ro

bl
em

12
.1

 (6
0)

0.
74

 (0
.4

2–
1.

31
)

14
.9

 (5
6)

0.
54

 (0
.3

1–
0.

97
)

15
.3

 (1
01

)
0.

96
 (0

.6
3–

1.
47

)
16

.9
 (1

11
)

0.
88

 (0
.5

8–
1.

32
)

16
.2

 (1
22

)
1.

07
 (0

.7
0–

1.
63

)
14

.2
 (1

02
)

0.
73

 (0
.4

7–
1.

13
)

.2
80

4
Jo

b 
pr

ob
le

m
19

.8
 (9

8)
1.

04
 (0

.6
4–

1.
70

)
16

.8
 (6

3)
0.

79
 (0

.4
6–

1.
35

)
22

.0
 (1

45
)

1.
10

 (0
.7

6–
1.

60
)

19
.9

 (1
31

)
1.

07
 (0

.7
3–

1.
57

)
18

.9
 (1

43
)

1.
23

 (0
.8

2–
1.

84
)

18
.1

 (1
30

)
1.

83
 (1

.1
5–

2.
91

)
.5

15
5

Re
ce

nt
 c

rim
in

al
 le

ga
l 

pr
ob

le
m

13
.5

 (6
7)

1.
26

 (0
.7

0–
2.

26
)

14
.1

 (5
3)

0.
73

 (0
.4

1–
1.

31
)

21
.2

 (1
40

)
0.

93
 (0

.6
4–

1.
36

)
16

.4
 (1

08
)

0.
65

 (0
.4

3–
0.

99
)

14
.0

 (1
06

)
0.

76
 (0

.5
0–

1.
17

)
14

.7
 (1

06
)

1.
26

 (0
.7

8–
2.

01
)

.6
28

2

Fi
na

nc
ia

l p
ro

bl
em

17
.8

 (8
8)

1.
13

 (0
.6

7–
1.

89
)

14
.4

 (5
4)

0.
59

 (0
.3

3–
1.

05
)

17
.3

 (1
14

)
1.

41
 (0

.9
4–

2.
12

)
16

.4
 (1

08
)

0.
85

 (0
.5

7–
1.

29
)

15
.8

 (1
19

)
0.

89
 (0

.5
9–

1.
35

)
14

.6
 (1

05
)

1.
24

 (0
.7

7–
1.

98
)

.2
30

8
Su

ic
id

e 
in

ju
ry

-re
la

te
d 

fa
ct

or
s

Se
as

on
 o

f t
he

 y
ea

r
.1

12
0

W
in

te
r (

D
ec

–F
eb

)
26

.3
 (1

30
)

0.
76

 (0
.4

3–
1.

32
)

21
.9

 (8
2)

1.
05

 (0
.5

8–
1.

91
)

25
.9

 (1
71

)
0.

83
 (0

.5
3–

1.
31

)
21

.8
 (1

43
)

1.
12

 (0
.7

2–
1.

72
)

24
.2

 (1
83

)
1.

12
 (0

.7
2–

1.
72

)
21

.1
 (1

52
)

0.
88

 (0
.5

5–
1.

41
)

Sp
rin

g 
(M

ar
ch

–M
ay

)
23

.4
 (1

16
)

re
f

25
.6

 (9
6)

re
f

20
.3

 (1
34

)
re

f
29

.8
 (1

96
)

re
f

24
.4

 (1
84

)
re

f
25

.0
 (1

80
)

re
f

Su
m

m
er

 (J
un

e–
Au

g)
27

.7
 (1

37
)

0.
76

 (0
.4

4–
1.

32
)

25
.1

 (9
4)

0.
75

 (0
.4

2–
1.

32
)

31
.1

 (2
05

)
1.

23
 (0

.8
0–

1.
91

)
26

.6
 (1

75
)

1.
17

 (0
.7

8–
1.

76
)

27
.4

 (2
07

)
1.

17
 (0

.7
8–

1.
76

)
28

.9
 (2

08
)

1.
35

 (0
.8

6–
2.

14
)

Fa
ll 

(S
ep

t–
N

ov
)

22
.6

 (1
12

)
0.

91
 (0

.5
1–

1.
64

)
27

.5
 (1

03
)

1.
00

 (0
.5

7–
1.

75
)

22
.7

 (1
50

)
1.

08
 (0

.6
7–

1.
72

)
21

.8
 (1

43
)

1.
44

 (0
.9

3–
2.

21
)

24
.0

 (1
81

)
1.

44
 (0

.9
3–

2.
21

)
24

.9
 (1

79
)

0.
75

 (0
.4

8–
1.

17
)

W
ea

po
n 

us
ed

< 
.0

00
1

Fi
re

ar
m

54
.9

 (2
70

)
1.

17
 (0

.5
6–

2.
48

)
50

.7
 (1

90
)

1.
81

 (0
.8

4–
3.

87
)

53
.6

 (3
53

)
1.

83
 (0

.9
2–

3.
61

)
57

.5
 (3

78
)

1.
62

 (0
.9

2–
2.

85
)

65
.0

 (4
91

)
1.

62
 (0

.9
2–

2.
85

)
63

.2
 (4

54
)

2.
50

 (1
.3

2–
4.

71
)

H
an

gi
ng

, s
tr

an
gu

la
tio

n,
 

su
ffo

ca
tio

n
25

.8
 (1

27
)

0.
89

 (0
.4

0–
1.

96
)

26
.9

 (1
01

)
2.

32
 (1

.0
3–

5.
23

)
22

.0
 (1

45
)

1.
99

 (0
.9

6–
4.

12
)

19
.3

 (1
27

)
1.

26
 (0

.6
7–

2.
37

)
16

.2
 (1

22
)

1.
26

 (0
.6

7–
2.

37
)

20
.8

 (1
49

)
1.

46
 (0

.7
4–

2.
90

)

Po
iso

ni
ng

11
.2

 (5
5)

0.
37

 (0
.1

5–
0.

88
)

13
.9

 (5
2)

1.
84

 (0
.7

6–
4.

50
)

18
.4

 (1
21

)
0.

99
 (0

.4
7–

2.
09

)
14

.6
 (9

6)
0.

54
 (0

.2
7–

1.
06

)
11

.4
 (8

6)
0.

54
 (0

.2
7–

1.
06

)
9.

9 
(7

1)
0.

78
 (0

.3
7–

1.
67

)
O

th
er

e
8.

1 
(4

0)
re

f
8.

5 
(3

2)
re

f
6.

1 
(4

0)
re

f
8.

5 
(5

6)
re

f
7.

4 
(5

6)
re

f
6.

1 
(4

4)
re

f
a Va

lu
es

 e
xp

re
ss

ed
 a

s 
%

 (n
) u

nl
es

s 
ot

he
rw

is
e 

in
di

ca
te

d.
 O

dd
s 

ra
tio

s 
co

m
pu

te
d 

w
ith

 B
A

L O
 a

s 
th

e 
re

fe
re

nc
e 

gr
ou

p.
 B

ol
d 

in
di

ca
te

s 
a 

si
gn

ifi
ca

nt
 b

iv
ar

ia
te

 a
ss

oc
ia

tio
n 

at
 α

 =
 .0

5.
b P 

va
lu

e 
co

rr
es

po
nd

s 
to

 d
iff

er
en

ce
s 

be
tw

ee
n 

tim
e 

bi
n 

gr
ou

ps
.

c Co
m

pa
re

d 
to

 a
 c

om
bi

ne
d 

ra
ce

 c
at

eg
or

y,
 w

hi
ch

 in
cl

ud
es

, b
ut

 is
 n

ot
 li

m
ite

d 
to

, b
la

ck
, A

m
er

ic
an

 In
di

an
, A

si
an

/P
ac

ifi
c 

Is
la

nd
er

. 
d In

cl
ud

es
 w

id
ow

ed
, d

iv
or

ce
d,

 m
ar

rie
d 

bu
t s

ep
ar

at
ed

, a
nd

 s
in

gl
e 

(n
ot

 o
th

er
w

is
e 

sp
ec

ifi
ed

). 
e In

cl
ud

es
, b

ut
 is

 n
ot

 li
m

ite
d 

to
, n

on
-p

ow
de

r g
un

, s
ha

rp
 in

st
ru

m
en

t, 
bl

un
t i

ns
tr

um
en

t, 
fa

ll,
 e

xp
lo

si
ve

, d
ro

w
ni

ng
, f

ire
 o

r b
ur

ns
, m

ot
or

 v
eh

ic
le

 (e
g,

 b
us

es
, m

ot
or

cy
cl

es
), 

ot
he

r t
ra

ns
po

rt
 v

eh
ic

le
 (e

g,
 tr

ai
ns

, p
la

ne
s, 

bo
at

s)
.

A
bb

re
vi

at
io

ns
: B

A
L H

 =
 h

ea
vy

 d
rin

ki
ng

 (b
as

ed
 o

n 
bl

oo
d 

al
co

ho
l l

ev
el

), 
CI

 =
 co

nf
id

en
ce

 in
te

rv
al

, O
R 

= 
od

ds
 ra

tio
, r

ef
 =

 re
fe

re
nc

e 
gr

ou
p.



Yo
u 

ar
e 

pr
oh

ib
it

ed
 fr

om
 m

ak
in

g 
th

is
 P

D
F 

pu
bl

ic
ly

 a
va

ila
bl

e.

For reprints or permissions, contact permissions@psychiatrist.com. ♦ © 2018 Copyright Physicians Postgraduate Press, Inc.

It is illegal to post this copyrighted PDF on any website.

e6     J Clin Psychiatry 79:6, November/December 2018

Chakravorty et al	

at other times. Finally, intoxicated individuals who committed 
suicide in the afternoon or evening were more likely to do so 
with a gun.

We found that suicide was more likely to occur at midday in 
our AD sample, which is in line with prior community-based 
studies.25–27 Suicides in intoxicated individuals peaked in the 
evening and were more likely to involve a gun, also consistent 
with prior findings33 and with the notion that people are more 
likely to drink alcohol later in the day, which predisposes them to 
impulsive and suicidal behavior.33 Our findings differ from those 
of Prasanna and colleagues, who found that suicide attempts in 
intoxicated AD individuals occurred most often in the morning 
(36.7%) and at night (26.7%).34 The disparity between their study 
results and ours may be due to their small sample size (N = 30). 
Alternatively, lethal suicidal intent may be associated with 
different peak times than nonlethal intent.

Multiple factors influence the later time for the peak incidence 
of suicides in individuals who are intoxicated. Animal studies 
have shown a greater sensitivity to the depressant effects of 
alcohol around the usual sleep time,42,43 which may lead to more 
unpredictable and impulsive behavior.33,44,45 Heavy drinking 
may also be associated with mood disturbance, a sense of 
hopelessness,15,44,46 and problematic interactions with family or 
friends, especially in the evening, when people usually socialize. 
Recurrent drinking, stress, and maladaptive behavior could lead 

to a repetitive cycle from which suicide is viewed as an 
escape.15,47

Psychiatric disorders commonly co-occur with 
alcohol dependence,23 and treating both disorders can 
decrease suicide risk in AD individuals.44 The most 
common psychiatric disorders in individuals in this 
study were depressive disorder and dysthymic disorder. 
About half of the AD individuals had a depressed 
mood prior to suicide, a powerful risk factor for suicide 
in AD individuals with depressive disorder and heavy 
drinking.44 Depressed mood may fluctuate across the 
day in distressed individuals, with the greatest intensity 
in the morning and a gradual improvement over the 
course of the day.48 Thus, an association between 
depressed mood and BALH in the 08:00–12:00 bin is 
not surprising.

However, the inverse relationship between depressed 
mood and BALH in the 04:01–08:00 time bin may have 
been due to the interaction between sleep-related 
problems and a circadian variation in mood. That is, 
because interrupted sleep and early morning awakening 
are common symptoms of alcohol use and depressive 
disorder,49,50 individuals could have awakened 
depressed, and, lacking access to alcohol, could not use 
it for self-medication.

Mental health treatment is another area in which 
some unique findings were obtained on post hoc 
analysis. Only 22% of the total sample and 13% of those 
with a history of psychiatric disorders screened positive 
for antidepressant medication on toxicologic testing. 
This may reflect nonadherence (with psychiatric care, 
psychotropic medications, or both) or a poor treatment 
response from the medication. In a recent meta-analytic 
review of data from 70 clinical trials of antidepressant 
medications,51 investigators at the Nordic Cochrane 
Center found a lack of association between suicidal 
behavior and antidepressant medications in adults. 
It is possible that suicidal behavior emerging during 
treatment may be secondary to the worsening of mood 
and anxiety symptoms in the absence of a therapeutic 
response to an antidepressant medication rather 
than a direct adverse effect of it, as shown before.52 
Thus, improving access to psychiatric treatment and 
monitoring treatment compliance and effectiveness53 
could reduce the risk of suicide in this population.

The BALO subgroup had a significantly higher 
proportion of individuals with prior mental health 
treatment (53% vs 40%), and individuals with positive 
toxicology screens for antidepressants were more likely 
to have a BALO within the hours of 20:01 and 08:00. 
Thus, individuals receiving psychiatric treatment may 
have drunk less than those who needed treatment but 
were not receiving it. However, their conduct of suicide 
raises questions about other possible risk factors such 
as problematic social supports, comorbid medical 
disorders,21–23 and possibly antidepressant medications 
themselves.54–56

Table 3. Predictors of BALH Within Each 4-Hour Time Bin of the 
Day in Multivariable Analysesa

Time Variable aOR (95% CI)
00:01–04:00 Previous treatment for mental health problem** 0.51 (0.34–0.77)

Weapon used*
Firearm 1.05 (0.49–2.25)
Poisoning 0.39 (0.16–0.93)
Hanging, strangulation, suffocation 0.77 (0.34–1.71)
Otherb ref

04:01–08:00 Age*** 0.97 (0.95–0.98)
Current depressed mood* 0.59 (0.39–0.90)

08:01–12:00 Current depressed mood* 1.46 (1.07–1.99)
12:01–16:00 Recent criminal legal problem* 0.65 (0.43–0.99)
16:01–20:00 White** 2.49 (1.38–4.47)

Previous treatment for mental health problem** 0.66 (0.48–0.90)
20:01–00:00 Marital status**

Married ref
Never married 0.56 (0.37–0.83)
Otherc 0.94 (0.60–1.47)

Veteran** 0.52 (0.35–0.79)
Previous treatment for mental health problem* 0.63 (0.44–0.90)
Job problem* 1.78 (1.08–2.93)
Weapon used***

Firearm 2.47 (1.25–4.91)
Poisoning 0.92 (0.41–2.06)
Hanging, strangulation, suffocation 1.41 (0.68–2.95)
Otherb ref

aP values correspond to Type III analysis of effects.
bIncludes, but is not limited to, non-powder gun, sharp instrument, blunt 

instrument, fall, explosive, drowning, fire or burns, motor vehicle (eg, buses, 
motorcycles), other transport vehicle (eg, trains, planes, boats).

cIncludes widowed, divorced, married but separated, and single (not otherwise 
specified).

*P < .05.
**P < .01.
***P < .001.
Abbreviations: aOR = adjusted odds ratio, BALH = heavy drinking (based on blood 

alcohol level), ref = reference group.
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Table 4. Weapon-Related Details and Circadian Binsa

00:01–04:00
(N = 270)

04:01–08:00
(N = 190)

08:01–12:00
(N = 353)

12:01–16:00
(N = 378)

16:01–20:00
(N = 491)

20:01–00:00
(N = 454) P

Firearm type .20
Handgun 176 (65.2) 128 (67.4) 235 (66.6) 267 (70.6) 342 (69.7) 324 (71.4)
Shotgun 38 (14.1) 26 (13.7) 53 (15.0) 64 (16.9) 74 (15.1) 67 (14.8)
Rifle 49 (18.1) 32 (16.8) 59 (16.7) 43 (11.4) 67 (13.6) 55 (12.1)
Other 1 (0.4) 1 (0.5) 3 (0.8) 1 (0.3) 1 (0.2) 0 (0.0)
Combination 0 (0.0) 1 (0.5) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
Not reported 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
Unknown 6 (2.2) 2 (1.1) 3 (0.8) 3 (0.8) 7 (1.4) 8 (1.8)

Firearm caliber N = 187 N = 143 N = 266 N = 273 N = 345 N = 336 .26
Mean (SD), in .33 (.08) .34 (.08) .33 (.08) .34 (.07) .34 (.07) .34 (.07)
Median (IQR), in .35 (.16) .36 (.11) .36 (.16) .36 (.09) .36 (.10) .36 (.08)
Range, in .22–.50 .22–.54 .22–.50 .22–.46 .17–.45 .22–.50

Stolen firearm .54
No 36 (13.3) 35 (18.4) 48 (13.6) 44 (11.6) 58 (11.8) 55 (12.1)
Yes 1 (0.4) 1 (0.5) 2 (0.6) 2 (0.5) 3 (0.6) 0 (0.0)
Not applicable 7 (2.6) 2 (1.1) 6 (1.7) 10 (2.6) 10 (2.0) 14 (3.1)
Unknown 226 (83.7) 152 (80.0) 297 (84.1) 322 (85.2) 420 (85.6) 385 (84.8)

Stored gun locked .66
Not locked 0 (0.0) 2 (1.1) 5 (1.4) 1 (0.3) 4 (0.8) 4 (0.9)
Locked 2 (0.7) 0 (0.0) 2 (0.6) 3 (0.8) 3 (0.6) 3 (0.7)
Other 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 1 (0.2)
Not applicable 64 (23.7) 51 (26.8) 74 (21.0) 89 (23.5) 113 (23.0) 107 (23.6)
Unknown 204 (75.5) 137 (72.1) 272 (77.1) 285 (75.4) 371 (75.5) 339 (74.6)

Stored gun loaded .28
Unloaded 0 (0.0) 0 (0.0) 3 (0.8) 2 (0.5) 0 (0.0) 4 (0.9)
Loaded 0 (0.0) 1 (0.5) 2 (0.6) 0 (0.0) 1 (0.2) 2 (0.4)
Not applicable 63 (23.3) 51 (26.8) 72 (20.4) 89 (23.5) 113 (23.0) 107 (23.6)
Unknown 207 (76.6) 138 (72.6) 276 (78.2) 287 (75.9) 377 (76.7) 341 (75.1)

Gun owner .04
Shooter 30 (11.1) 15 (7.9) 39 (11.0) 29 (7.7) 45 (9.2) 36 (7.9)
Parent 5 (1.9) 1 (0.5) 5 (1.4) 2 (0.5) 5 (1.0) 1 (0.2)
Other family member 2 (0.7) 2 (1.1) 9 (2.5) 5 (1.3) 2 (0.4) 9 (2.0)
Friend/acquaintance 4 (1.5) 6 (3.2) 6 (1.7) 6 (1.6) 4 (0.8) 11 (2.4)
Stranger 1 (0.4) 0 (0.0) 0 (0.0) 0 (0.0) 1 (0.2) 0 (0.0)
Other 0 (0.0) 0 (0.0) 1 (0.3) 1 (0.3) 7 (1.4) 3 (0.7)
Unknown 228 (84.5) 166 (87.4) 293 (83.0) 335 (88.6) 427 (87.0) 394 (86.8)

aValues expressed as n (%) unless otherwise indicated. Cochran-Mantel-Haenszel statistics used for categorical variables (row 
mean scores differ for the general association statistic for the circadian bin); analyses of variance used for the continuous 
variable (caliber).

Abbreviation: IQR = interquartile range.

Our finding that firearms were the most common means 
of suicide is highly consistent with both prior literature and 
recent CDC findings demonstrating this association.2 The 
association between firearms and alcohol intoxication in the 
evening may reflect impulsivity augmented by intoxication, 
which in the absence of lethal means (eg, firearms) may not 
result in death. Other risk factors that were associated with 
alcohol intoxication at the time of death included being 
white and having job-related problems, established risk 
factors for both heavy drinking and suicidal behavior.4,5,57 
The association between current job problems and alcohol 
intoxication seen in the late evening hours may be a 
particularly relevant set of co-occurring risk factors, as seen 
previously.39

There are a number of limitations of the current 
investigation, including that the time of death was based 
on the time of injury, and these times are not always the 
same. Because the selection of an enriched sample of AD 
individuals with available BAL data may have introduced 
a selection bias, the sample may not be representative of all 
AD individuals who complete suicide. In addition, some 

individuals may have been misclassified as to the presence 
of alcohol dependence. It is also possible that the BAL at 
the time of death does not reflect the individuals’ habitual 
drinking patterns. The current employment status of most 
of the individuals was unavailable. Therefore, we used job-
related problems at the time of death as an indicator that an 
individual was employed and as a measure of work-associated 
problems. However, we do not know how correlated 
current employment status and job-related problems 
were. Intoxicated individuals had relatively fewer health 
problems and past suicide attempts but more job-related 
problems. Although comorbid mood and anxiety disorders 
are prevalent in alcohol dependence,23 fewer medical and 
psychiatric problems identified in intoxicated individuals 
may reflect an ascertainment bias, or the lack of an adequate 
clinical history. The toxicologic evidence of antidepressant 
medications may have been an underestimate due to partial 
or complete nonadherence with these medications,58,59 and 
the duration of antidepressant medication use is unclear for 
individuals who tested positive for them. Finally, we were 
unable to adjust for the proportion of AD individuals awake 
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at each hour60 and unable to assess how different factors 
such as social isolation, occupational problems, alcohol 
consumption, and access to weapons acted either alone or 
in combination to increase the risk of suicide.

Several directions are available for future research. 
Considering the novel findings in this study, an attempt 
should be made to replicate these findings. Future studies 
should also account for the role of associated factors such 
as sleep continuity disturbance, circadian patterns of 
alcohol metabolism, and executive functioning and how 

psychological stress and social problems interact with alcohol 
use to increase risk of suicide.

CONCLUSION

The peak incidence of suicide among AD individuals was 
later in the day for those who were intoxicated than those 
with moderate or no recent alcohol consumption. In addition, 
intoxication in the evening may represent a greater risk for 
suicide, particularly using lethal means such as firearms.
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