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Purpose: The purpose of this study was to examine the social and medical background of 
alcohol dependence and to prevent the abuse of alcohol.
Methods: Alcohol and deaths were retrospectively investigated based on the forensic 
postmortem data of 1694 decedents ≥20 years of age in 2008–2017. Of these, the 999 
cases that could be tested for alcohol within 48 h of death were examined.
Results: The alcohol-positive and alcohol-negative groups included 179 (17.9%) and 820 
(82.1%) cases, respectively. In terms of medical issues, compared with the alcohol-negative 
group, men in the positive group were mostly in their 40s to 60s, whereas women’s age 
peaked in the 70s. The causes of death included many blunt injuries in men, though there was 
no difference in women. Underlying diseases were more frequent in men than women, with 
many of them having heart or liver disease, and the percentage of cases with mental disorders 
was 16.8% in the alcohol-positive group. In 15 cases of the alcohol-positive group, phe-
nothiazine and barbituric acids were detected in 53.3% and 46.7% of cases, respectively. The 
incidence of traffic accidents and homicides was higher in the alcohol-positive group than in 
the alcohol-negative group.
Conclusion: Measures to address social issues based on risk factors for alcohol and deaths 
are required.
Keywords: forensic autopsy, alcohol, medical issue, socioenvironmental issue, pharmacological 
issue

Introduction
Excessive or long-term alcohol intake affects the mind and causes hepatic dysfunc-
tion and circulatory disorders.1–9 In addition, mental disorders due to alcohol intake 
may result in work accidents and fights.5,10 Furthermore, the mental disorders due 
to alcohol may involve other drugs.11,12 Past research regarding alcohol use has 
been one-dimensional, examining alcohol and illness, alcohol and traffic accidents, 
etc. However, there have been no reports that examined the general impacts of 
alcohol use. Specifically, there are complex issues related to the “medical pro-
blems” of the diseases due to alcohol, the “social problems” arising from accidents 
related to alcohol, and the “pharmacological problems” that arise when drugs are 
taken with alcohol. Therefore, in this study, problems due to alcohol were examined 
from a multidimensional perspective, and each problem was examined comprehen-
sively. Alcohol can have a pharmacological impact on existing medication use and 
can potentially lead to deaths due to overdose.12 Alcohol may be involved in the 
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process of various deaths, which is important for specia-
lists in forensic autopsy cases.

There is a scarcity of reports that systematically summar-
ized survey results. The results of existing surveys mentioned 
above can be classified into medical, socioenvironmental, or 
pharmacological issues. Thus, the present study presents the 
results of an interdisciplinary examination.

Materials and Methods
Sample Collection
The legal drinking age in Japan is 20 years. Thus, the 
present study targeted autopsies performed over a period 
of 10 years between 2008 and 2017 involving people ≥20 
years of age in the Department of Legal Medicine, Osaka 
City University Medical School. Cases that were examined 
within 48 h of death were targeted considering the impact of 
postmortem production of alcohol. Exclusion criteria for 
the study included cases under 20 years of age, examined 
48 h or more after death, blood could not be collected, or 
alcohol levels were not examined. The number of autopsies 
performed in 10 years was 1694, with 999 cases suitable for 
alcohol tests (717 males and 282 females). The causes of 
death were diagnosed according to the macropathological 
findings at autopsy and the results of micropathological and 
toxicological examinations.13 The background data of the 
patients were recorded in our database for each autopsy. 
These data were stored in our department and used for the 
present study. The variables for analysis were determined 
based on the autopsy record reviews and information 
obtained from investigations conducted by the authorities.

Study Variable Definitions
To test for alcohol in the blood, cases that could be tested for 
blood from the right heart, the left heart, or the iliac artery were 
targeted. The cut-off value for alcohol detection was 0.1 mg/ 
mL.14 Sample information (including age, sex, cause of death, 
organ disease, mental disorder, occupation, traffic accident, 
type of death, environmental factors, type of drug, and alcohol 
concentration) was collected based on postmortem pathologi-
cal examination, postmortem biochemistry findings, toxicolo-
gical findings, and information obtained from investigations 
conducted by the authorities. Blood alcohol concentrations 
were determined using headspace gas chromatography/mass 
spectrometry.15 Ethanol levels were measured in cases within 
48 h of death taking into account postmortem changes that 
occur with the passage of time. Toxicological analyses were 
conducted to identify the drugs that victims had been using. 

Drug analyses were performed using gas chromatography/ 
mass spectrometry.16 Toxicological analyses were performed 
on samples of right heart blood. The toxic level of drug 
concentrations was classified with reference to the report by 
Winek et al.17

Data Analysis
This study analysed autopsy data and information obtained 
from investigations by the authorities that were previously 
recorded at the Department of Legal Medicine, Osaka City 
University Medical School. Autopsy data were already 
standardized at the time of recording, and information 
obtained from the investigations conducted by authorities 
was reviewed by three forensic doctors and researchers. 
The flow diagram shows the number of records identified 
in the search and the number of studies included in the 
review (Figure 1). Autopsy records were analysed. The 
groups that tested positive or negative for alcohol in the 
blood (the alcohol-positive and alcohol-negative groups) 
were compared by age, sex, cause of death, organ disease, 
mental disorder, occupation, traffic accident, type of death, 
death due to accident, manner of death, environmental 
factors, type of drug, and alcohol concentration. The infor-
mation was recorded in a Microsoft Excel database for 
analysis. The results for quantitative and qualitative vari-
ables are described as percentages.

Ethics Statement
This study design was approved by the ethics review board 
of the Osaka City University Medical School.

Results
Medical Issues
Age and Sex
The alcohol-positive and alcohol-negative groups included 
179 and 820 cases, respectively. Among the 717 males, alco-
hol was detected and not detected in 136 (19.0%) and 581 
(81.0%) cases, respectively. Among the 282 females, alcohol 
was detected and not detected in 43 (15.2%) and 239 (84.8%) 
cases, respectively. The details of the 179 cases in the alcohol- 
positive group (mean age, 56 years; median age, 58 years) 
were as follows: eight (4.5%) cases in their 20s (4 males and 4 
females), 22 (12.3%) cases in their 30s (14 males and 8 
females), 32 (17.9%) cases in their 40s (27 males and 5 
females), 32 (17.9%) cases in their 50s (27 males and 5 
females), 45 (25.1%) cases in their 60s (38 males and 7 
females), 30 (16.8%) cases in their 70s (19 males and 11 
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females), eight (4.5%) cases in their 80s (5 males and 3 
females), and 2 (1.1%) cases in their 90s (2 males) 
(Figure 2A). The details of the 820 cases in the alcohol- 

negative group (mean age, 61 years; median age, 64 years) 
were as follows: 48 (5.9%) cases in their 20s (32 males and 16 
females), 65 (7.9%) cases in their 30s (47 males and 18 

Figure 1 Flowchart of the cases. The cases include 1694 cases examined within two days after death from 2008 through 2017. Alcohol was detected in 179 of those 20 
years or older and not detected in 820 cases. Autopsy records and the investigation records provided by the police were used for this study.

Figure 2 The graph shows the age-specific number of cases in the alcohol-positive group (A) and the alcohol-negative group (B), for men and women. In the alcohol- 
positive group, men in their 60s accounted for 27.9% (38/136), whereas women were in their 30s (18.6%, 8/43) and 70s (25.6%, 11/43).
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females), 110 (13.4%) cases in their 40s (81 males and 29 
females), 111 (13.5%) cases in their 50s (89 males and 22 
females), 194 (23.7%) cases in their 60s (157 males and 37 
females), 144 (17.6%) cases in their 70s (107 males and 37 
females), 124 (15.1%) cases in their 80s (56 males and 68 
females), 23 (2.8%) cases in their 90s (12 males and 11 
females), and one (0.1%) case in the 100s (1 female) 
(Figure 2B). Among males in the alcohol-positive group, 
67.6% (92/136 cases) were in their 40s to 60s. Females in 
the alcohol-positive group showed a bimodal distribution with 
a peak in their 30s (18.6%, 7/43 cases) and a peak in their 70s 
(25.6%, 11/43 cases).

Cause of Death
The causes of death for 179 cases in the alcohol-positive group 
were as follows: 53 (29.6%) cases of blunt injury (43 males 
and 10 females), 27 (15.1%) cases of fire-related death (21 
males and 6 females), 21 (11.7%) cases of sharp instrument 
injury (19 males and 2 females), 18 (10.1%) cases of asphyxia 
(11 males and 7 females), 15 (8.4%) cases of intoxication (8 
males and 7 females), 13 (7.3%) cases of drowning (11 males 
and 2 females), 5 (2.8%) cases of hyperthermia (2 males and 3 

females), 3 (1.6%) cases of hypothermia (3 males), and 1 
(0.6%) case of gunshot wound (1 male). Among deaths caused 
by illnesses, 11 (6.1%) were heart disease (6 males and 5 
females), 2 (1.1%) were central nervous system disorder (1 
male and 1 female), and 10 (5.6%) were other natural death 
(10 males) (Figure 3A). The causes of death for 179 cases in 
the alcohol-negative group were as follows: 256 (31.2%) cases 
of blunt injury (204 males and 52 females), 189 (23.0%) cases 
of fire-related death (132 males and 57 females), 81 (9.9%) 
cases of asphyxia (50 males and 31 females), 52 (6.3%) cases 
of intoxication (34 males and 18 females), 34 (4.1%) cases of 
drowning (20 males and 14 females), 28 (3.4%) cases of sharp 
instrument injury (20 males and 8 females), 22 (2.7%) cases of 
hyperthermia (13 males and 9 females), 11 (1.3%) cases of 
hypothermia (5 males and 6 females), 6 (0.7%) cases of gun-
shot wound (5 males and 1 female), and 2 (0.2%) cases of 
electrocution (2 males). Among deaths caused by illnesses, 45 
(5.5%) cases were heart disease (38 males and 7 females), 19 
(2.3%) cases were central nervous system disorder (11 males 
and 8 females), and 75 (9.1%) cases were other natural death 
(29 males and 46 females) (Figure 3B).

Figure 3 The graph indicates the number of cases by cause of death in the alcohol-positive group (A) and the alcohol-negative group (B). In all of groups (A and B), blunt 
injury ((A) 29.6% (53/179), (B) 15.1% (274/179)) and fire-related deaths ((A) 31.2% (256/820), (B) 23.0% (189/820)), respectively, were common. Although there is a marked 
difference between groups (A and B) in men, there is no difference in the causes of death in women.
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Organ Disease
Among the 179 cases in the alcohol-positive group, 90 (50.3%) 
cases of underlying heart disease (eg, ischemic heart disease 
and congestive heart failure; 70 males and 20 females), 76 
(42.5%) cases of liver disease (eg, cirrhosis and fatty liver; 59 
males and 17 females), 61 (34.1%) cases of pulmonary disease 
(eg, aspiration pneumonia and emphysema; 51 males and 10 
females), 33 (18.4%) cases of pancreatic disease (eg, pancrea-
tic fibrosis and fatty degeneration; 27 males and 6 females), 22 
(12.3%) cases of cranial nerve disease (eg, cerebral infarction 
and cerebral atrophy; 16 males and 6 females), and 18 (10.1%) 
cases of kidney disease (eg, nephritis and renal insufficiency; 
13 males and 5 females) were noted (Figure 4A). Among the 
820 cases in the alcohol-negative group, 462 (56.3%) cases of 
heart disease (330 males and 132 females), 318 (38.8%) cases 
of pulmonary disease (230 males and 88 females), 223 (27.2%) 
cases of liver disease (166 males and 57 females), 168 (20.5%) 
cases of kidney disease (124 males and 44 females), 160 
(19.5%) cases of pancreatic disease (112 males and 48 
females), and 141 (17.2%) cases of cranial nerve disease (85 
males and 56 females) were noted (Figure 4B).

The classification of liver diseases showed the differ-
ences between the alcohol-positive and alcohol-negative 
groups. The alcohol-positive group included 43 (51.8%) 
cases of cirrhosis (34 males and 9 females), 37 (44.6%) 
cases of fatty liver (31 males and 6 females), and 12 
(14.5%) cases of hepatitis (8 males and 4 females). 
Moreover, among the 820 cases in the alcohol-negative 
group, 114 (37.3%) cases of cirrhosis (92 males and 22 
females), 78 (25.5%) cases of fatty liver (52 males and 26 
females), 64 (20.9%) cases of hepatitis (51 males and 13 
females), and 3 (1.0%) cases of liver cancer (3 males) were 
noted (Figure 5A).

The details of heart disease, which was the most com-
mon underlying condition in the present study, are also 
shown. The alcohol-positive group included 39 (43.3%) 
cases of hypertrophic cardiomyopathy (35 males and 4 
females), 26 (28.9%) cases of congestive heart failure 
(18 males and 8 females), 17 (18.9%) cases of steatosis 
cordis (11 males and 6 females), 8 (8.9%) cases of myo-
cardial infarction (8 males), and 80 (8.9%) cases of 
ischemic heart disease (8 males). Among the 820 cases 

Figure 4 The graph shows the number of cases according to the existing medical history in the alcohol-positive (A) and alcohol-negative groups (B). In group (A), cardiac 
disease (50.3%, 90/179), liver disease (42.5%, 76/179), and pulmonary disease (38.8%, 318/820) are common. In group (B) cardiac disease, liver disease, and pulmonary 
disease are common, in that order. In group (A), more women than men have liver disease, whereas more men than women have liver disease in group (B). In addition, in 
group (A) and group (B), more men than women have cardiac disease and pulmonary disease, respectively.
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in the alcohol-negative group, 188 (40.7%) cases of hyper-
trophic cardiomyopathy (146 males and 42 females), 223 
(48.3%) cases of congestive heart failure (155 males and 
68 females), 94 (20.3%) cases of steatosis cordis (54 males 
and 40 females), 45 (9.7%) cases of myocardial infarction 
(37 males and eight females), and 59 (12.8%) cases of 
ischemic heart disease (43 males and 16 females) were 
noted (Figure 5B).

Moreover, coronary artery lesions (eg, stenosis due to 
atherosclerosis and intimal thickening) were observed in 
12 (6.7%) cases in the alcohol-positive group (11 males 
and 1 female) and 77 (9.4%) cases in the alcohol-negative 
group (63 males and 14 females).

Mental Disorder
Of the 999 cases, 161 (16.1%) had underlying mental dis-
orders. Moreover, among the 179 and 820 cases in the 
alcohol-positive and alcohol-negative groups, 36 (20.1%) 
and 125 (15.2%) had mental disorders, respectively. The 
alcohol-positive group had cases with multiple mental dis-
orders classified as depression (13 cases, 36.1%), schizo-
phrenia (12 cases, 33.3%), alcohol dependence (11 cases, 
30.5%), psychotic disorders excluding depression and schi-
zophrenia (5 cases, 13.8%), insomnia (5 cases, 13.8%), 
anxiety disorder (3 cases, 8.3%), and eating disorder (1 

case, 2.8%). In addition, the alcohol-negative group had 
125 cases with mental disorders, including depression (44 
cases, 35.2%), schizophrenia (40 cases, 32.0%), psychotic 
disorders excluding depression and schizophrenia (22 cases, 
17.6%), insomnia (22 cases, 17.6%), alcohol dependence 
(16 cases, 12.8%), anxiety disorder (12 cases, 9.6%), and 
eating disorder (2 cases, 1.6%).

Employment Status
Employment status was identified in 144 of 179 cases in the 
alcohol-positive group; 45 (31.3%) cases (37 males and 8 
females) and 99 (68.7%) cases (71 males and 28 females) 
were employed and unemployed, respectively (Figure 6A). 
Moreover, 8 (8.1%) cases were receiving government wel-
fare. Furthermore, employment status was determined in 
679 of the 820 cases in the alcohol-negative group. Of the 
cases, 187 (27.5%) cases (152 males and 35 females) and 
492 (72.5%) cases (315 males and 177 females) were 
employed and unemployed, respectively (Figure 6B); 32 
cases were receiving government welfare.

Socioenvironmental Issues
Type of Death
This study classified and examined the types of death as 
pathological deaths (161 cases: 16.1%), deaths due to 

Figure 5 This figure shows the details of liver disease (A) and heart disease (B) in the alcohol-positive group and alcohol-negative group, respectively. There are more cases 
of cirrhosis (56.6%, 43/79) and fatty liver (48.7%, 37/76) in the alcohol-positive group. In addition, hypertrophic cardiomyopathy (43.3%, 39/90) is slightly more common in 
the alcohol-positive group. However, congestive heart failure (48.3%, 223/462) is more common in the alcohol-negative group than in the alcohol-positive group.
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accident (170 cases: 17.0%), suicide (100 cases: 10.0%), 
homicide (107 cases: 10.7%), and unexpected and 
unknown external causes (461 cases: 46.1%) (Figure 7).

Details of Deaths Due to Accidents
There were 44 cases of deaths that were clearly attributed to 
traffic accidents. Among the 44 cases, alcohol was detected 
and not detected in 14 (31.8%) cases and 30 (68.2%) cases, 
respectively. In the alcohol-positive group, 5 (35.7%) cases 
of motorcycle accidents, 5 (35.7%) cases of pedestrian acci-
dents, 3 (21.4%) cases of bicycle accidents, and 1 (7.1%) 
case of automobile accident were noted (Figure 8A). 

Moreover, 11 (36.7%) cases of bicycle accidents, 7 (23.3%) 
cases of motorcycle accidents, 6 (20.0%) cases of pedestrian 
accidents, and 6 (20.0%) cases of automobile accidents were 
noted in the alcohol-negative group (Figure 8B).

Details of the Deaths Due to Homicide and Suicide
In the alcohol-positive (179 cases) and alcohol-negative 
groups (820 cases), 31 (17.3%) cases and 76 (9.3%) cases 
were homicides, and 17 (9.5%) cases and 83 (10.1%) cases 
were suicides, respectively. The homicides in the alcohol- 
positive group (n = 31) were classified as stab wound (18 
cases, 58.1%), violence (8 cases, 25.8%; 2 cases head 
injury and 6 cases other than head injury), asphyxia (5 
cases, 16.1%; 4 cases of strangulation, and 1 case of 
hanging; Figure 9A). Moreover, the details of the causes 
of death for 26 cases of violence and stab wound were 
exsanguination and haemorrhagic shock (22 cases, 
86.3%), acute subdural haematoma (1 case, 3.8%), trau-
matic shock (1 case, 3.8%), pulmonary contusion (1 case, 
3.8%), and asphyxiation by aspiration of blood from the 
nasal cavity and lip mucosal tear injuries (1 one case, 
3.8%). In the alcohol-negative group, 33 cases of violence 
(43.4%; 20 cases of head injury and 13 cases other than 
head injury), 20 (26.3%) cases of asphyxia (17 cases of 
strangulation, 1 case of hanging, and 2 cases of obstruction 
to nose and mouth), 17 (22.4%) cases of stab wound, 2 
(2.6%) cases of drowning, 2 (2.6%) cases of arson, 1 
(1.3%) case of gunshot wound, and 1 (1.3%) case of 
burn were noted (Figure 9B). The details of the causes of 
death for the 50 cases of violence and stab wound were 13 

Figure 6 The graph shows men’s and women’s employment status in the alcohol- 
positive group (A) and alcohol-negative group (B). In the alcohol-positive group, 
31.3% (45/144) are employed compared to 27.5% (187/679) in the alcohol-negative 
group.

Figure 7 The graph shows the manner of death in the alcohol-positive group (A) and the alcohol-negative group (B). In the alcohol-positive group, there are many 
accidental deaths (18.4%, 33/179). In the alcohol-negative group (B), there are many pathological deaths (16.8%, 138/820) and accidental deaths (16.7%, 137/820).
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(26.0%) cases of acute subdural haematoma, 20 (40.0%) 
cases of exsanguination and haemorrhagic shock, 6 
(12.0%) cases of traumatic shock, 4 (8.0%) cases of trau-
matic subarachnoid haemorrhage, 4 (8.0%) cases of cere-
bral contusion/haemorrhage/swelling, 1 (2.0%) case of 
a cervical injury, 1 (2.0%) case of asphyxiation by 

aspiration of blood from a left lung injury, and 1 (2.0%) 
case of pulmonary hilar laceration.

Among suicide cases in the alcohol-positive group, 12 
(70.6%) cases of asphyxia (hanging, 11 cases; obstruction of 
the nose and mouth with plastic around the nose and mouth, 1 
case), 2 (11.8%) cases of sharp instrument injury, 1 (5.9%) 

Figure 8 The graph shows the frequency according to the kind of traffic accident in the alcohol-positive group (A) and the alcohol-negative group (B). In the alcohol- 
positive group, motorcycle (37.5%, 5/14) and pedestrian accidents (35.7%, 5/14) account for 70% or more of cases. Bicycle accidents are uncommon in the alcohol-positive 
group (21.4% 3/14), whereas there are many bicycle accidents (36.7%, 11/30) in the alcohol-negative group.

Figure 9 The graph shows the frequency according to the method of homicide (n=107) in the alcohol-positive group (A) and the alcohol-negative group (B). In the alcohol- 
positive group (A), stab wound accounts for 58.1% (18/31), whereas violence accounts for 43.4% (33/76) in the alcohol-negative group.
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case of gunshot wounds, 1 (5.9%) case of drowning, and 1 
(5.9%) case of acute alcohol poisoning were noted 
(Figure 10A). Among suicide cases in the alcohol-negative 
group, 36 (43.4%) cases of asphyxia (34 cases of hanging, 2 
cases of obstruction to the nose and mouth with a bag over the 
head and an obstacle stuffed in the throat), 21 (25.3%) cases of 
jumping, 5 (6.0%) cases of burns, 5 (6.0%) cases of gunshot 
wound, 4 (4.8%) cases of sharp instrument injury, 4 (4.8%) 
cases of carbon monoxide intoxication, 3 (3.6%) cases of 
jumping in front of a train, 3 (3.6%) cases of drug intoxication, 
and 2 (2.4%) cases of drowning were noted (Figure 10B).

Environmental Factors
Among the 11 cases of deaths caused by hypothermia in 
the alcohol-negative group, 8 (72.7%) cases and 3 (27.3%) 
cases were found indoors and outdoors, respectively. 
However, all 3 (100%) cases of hypothermia in the alco-
hol-positive group were discovered outdoors on the street.

Pharmacological Issues
Intoxication
The classification of the cause of death due to intoxication 
in 15 cases in the alcohol-positive group was 7 (46.7%) 

cases of psychotropic poisoning, 5 (33.3%) cases of alco-
hol poisoning, 2 (13.3%) cases of methamphetamine poi-
soning, and 1 (6.7%) case of surfactant poisoning with 
detergent. The classification of the cause of death in 54 
cases due to intoxication in the alcohol-negative group was 
24 (44.4%) cases of methamphetamine poisoning, 21 
(38.9%) cases of psychotropic poisoning, 4 (7.4%) cases 
of carbon monoxide poisoning, 2 (3.7%) cases novel psy-
choactive substance poisoning, 1 (1.9%) case of alcohol 
poisoning, 1 (1.9%) case of noninsulin diabetic drug poi-
soning, and 1 (1.9%) case of vecuronium poisoning.

Types of Drugs
Drugs that caused intoxication in the alcohol-positive 
group were classified by type, with 2 (13.3%) cases of 
methamphetamine (1 case of toxic dose and 1 case below 
the toxic dose), 1 (6.7%) case of narcotics (1 case below 
the toxic dose), 8 (53.3%) cases of phenothiazines (1 case 
of fatal dose, 6 cases of toxic dose, and 1 case below the 
toxic dose), 7 (46.7%) cases of barbituric acids (7 cases 
below the toxic dose), 3 (20.0%) cases of benzodiazepines 
(3 cases below the toxic dose), 1 (6.7%) case of tetracyclic 
antidepressant (1 case of toxic dose), and 3 (20.0%) cases 

Figure 10 The graph shows the method of suicide (n = 100) in the alcohol-positive group (A) and the alcohol-negative group (B). Asphyxia accounts for 70.6% (12/17) of 
cases in the alcohol-positive group and 43.4% (36/86) in the alcohol-negative group.
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of other psychotropics (2 cases of fatal dose and 1 case of 
toxic dose).

Drugs that caused intoxication in the alcohol-negative 
group were classified according to types, with 24 (46.2%) 
cases of methamphetamine (6 cases of fatal dose, 12 cases 
of toxic dose, and 6 cases below the toxic dose), 18 
(34.6%) cases of phenothiazines (4 cases of fatal dose, 9 
cases of toxic dose, and 5 cases below the toxic dose), 22 
(42.3%) cases of barbituric acids (1 case of fatal dose, 3 
cases of toxic dose, and 18 cases below the toxic dose), 6 
(11.5%) cases of tricyclic antidepressants (1 case of fatal 
dose, 1 case of toxic dose, and 4 cases below the toxic 
dose), 17 (32.7%) cases of benzodiazepines (3 cases of 
fatal dose, 1 case of toxic dose, 9 cases below the toxic 
dose, and 4 unknown cases), 3 (5.8%) cases of tetracyclic 
antidepressants (2 cases of fatal dose and 1 case below the 
toxic dose), 5 (9.6%) cases of nonbenzodiazepines (1 case 
below the toxic dose and 4 unknown cases), 2 (3.8%) 
cases of antiseizure drugs (1 case of fatal dose and 1 
case below the toxic dose), 8 (5.8%) cases of other psy-
chotropics (2 cases of fatal dose, 5 cases of toxic dose, and 
1 case below the toxic dose), and 5 (9.6%) cases of other 
drugs (1 case of fatal dose, 2 cases of toxic dose, and 2 
cases below the toxic dose) (Tables 1 and 2).

Alcohol Concentrations
Ethanol concentrations could be measured in the blood 
from the right heart in 138 of 179 cases in the alcohol- 
positive group. Ethanol concentrations in right endocardial 
blood were 0.1–0.5 mg/mL in 49 cases, 0.5–1.0 mg/mL in 
22 cases, 1.0–1.5 mg/mL in 24 cases, 1.5–2.0 mg/mL in 13 
cases, 2.0–2.5 mg/mL in 12 cases, 2.5–3.0 mg/mL in 5 
cases, and 3.0–3.5 mg/mL in 5 cases. Moreover, ethanol 
concentrations could be measured in the blood from the 
left heart in 134 cases. Ethanol concentrations in left 
endocardial blood were 0.1–0.5 mg/mL in 39 cases, 0.5– 
1.0 mg/mL in 24 cases, 1.0–1.5 mg/mL in 20 cases, 1.5– 
2.0 mg/mL in 12 cases, 2.0–2.5 mg/mL in 10 cases, 2.5– 
3.0 mg/mL in 5 cases, 3.0–3.5 mg/mL in 4 cases, and 3.5– 
4.0 mg/mL in 2 cases. Furthermore, ethanol concentrations 
could be measured in the blood from the common iliac 
vein in 82 cases. Ethanol concentrations in common iliac 
vein blood were 0.1–0.5 mg/mL in 19 cases, 0.5–1.0 mg/ 
mL in 10 cases, 1.0–1.5 mg/mL in 12 cases, 1.5–2.0 mg/ 
mL in 9 cases, 2.0–2.5 mg/mL in 6 cases, 2.5–3.0 mg/mL 
in 2 cases, and 3.0–3.5 mg/mL in 2 cases. Many cases had 
ethanol concentrations within 0.1–0.5 mg/mL in all 
sampled sites.

Discussion
Medical, socioenvironmental, and pharmacological factors 
were examined in the alcohol-positive group with the 
purpose of preventing deaths due to drinking. Alcohol 
was detected most frequently in males in their 40s to 
60s, whereas females showed a bimodal distribution with 
peaks in their 30s and 70s, although no sex-based differ-
ence was noted between the alcohol-positive and alcohol- 
negative groups. This study could not provide a detailed 
explanation for the difference in alcohol detection by age 
group between males and females. However, in the pro-
blems related to drinking, a mixture of socioeconomic and 
medical factors is assumed.18–20 In the alcohol-positive 
group, 16.8% of cases had mental disorders. In addition, 
blunt force trauma and fire were common causes of death 
in the alcohol-positive group, indicating that alcohol con-
sumption may impair the ability to foresee the conse-
quences of their actions and inhibiting the ability to 
avoid risks.

In terms of underlying diseases, heart disease was the 
most common, followed by liver disease, respiratory dis-
ease, and central nervous system disorders. The onset of 
myocardial infarction and ischemic heart disease is known 
to have a negative correlation with alcohol consumption.21 

Four possible reasons exist. The first reason is the inhibi-
tory effect of alcohol on platelet aggregation.22 

The second reason is that alcohol consumption increases 
the secretion of tissue plasminogen activator from vascu-
lar endothelial cells, which in turn promotes the fibrinoly-
tic system.23,24 These two actions are known to be 
thrombolytic in the hyperacute phase, which is caused by 
intravascular ischemic action by thrombi. The third reason 
is alcohol consumption leading to an increased high- 
density lipoprotein cholesterol level (increased HDL2 
and HDL3 levels), which is negatively correlated with 
the frequency of ischemic heart disease. Thus, ischemic 
heart disease is prevented.25,26 The fourth reason is not the 
action of alcohol itself, but the existence of strong platelet 
aggregation inhibitors by antioxidants such as 
polyphenols.27 However, the correlations of alcohol, 
heart disease, and sex in the present study may indicate 
the impact of alcohol on hypertension onset. According to 
Klatsky et al, ethanol consumption of 36 g or more per day 
is a risk factor for hypertension. Ethanol specifically con-
tributes to the increase in systolic blood pressure.28 This 
contribution is independent of other risk factors for 
hypertension.29 The linking of alcohol consumption, age, 
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and heart disease in the present study indicates that absti-
nence would lead to lower blood pressure, as previously 
reported.30

As for socioenvironmental issues, deaths due to traffic 
accidents and homicide were more common in the alcohol- 
positive than in the alcohol-negative group. The most 

Table 1 Drugs Detected in Blood in Intoxication Cases in the Alcohol-Positive and Alcohol-Negative Groups

Detected Drug Alcohol-Positive Group (15 Cases) Alcohol-Negative Group (53 Cases)

Number of Cases 
(Including 

Duplication)

Detected Drug Name 
(Number of Cases)

Number of Cases 
(Including 

Duplication)

Detected Drug Name 
(Number of Cases)

Stimulants 2 cases Amphetamine (2 cases), 

Methamphetamine (2 cases)

24 cases Amphetamine (22 cases), 

Methamphetamine (24 cases)

Narcotics 1 case Morphine (1 case) -

Phenothiazines 8 cases Promethazine (7 cases), 
Chlorpromazine (6 cases), 

Levomepromazine (2 cases)

18 cases Promethazine (14 cases), 
Chlorpromazine (14 cases), 

Levomepromazine (9 cases)

Barbiturates 7 cases Phenobarbital (7 cases) 22 cases Phenobarbital (20 cases), 

Amobarbital (1 case), 

Secobarbital (1 case), 
Thiamylal (1 case)

Benzodiazepines 3 cases Diazepam (3 cases), 
Bromazepam (1 case)

17 cases Diazepam (7 cases), Estazolam 
(4 cases), Flunitrazepam (3 

cases), Alprazolam (2 cases), 

Bromazepam (1 case), 
Nitrazepam (1 case), 

Midazolam (1 case)

Nonbenzodiazepines 0 cases – 5 cases Zolpidem (3 cases), Zopiclone 

(2 cases)

Tricyclic Antidepressants 0 cases – 6 cases Amitriptyline (4 cases), 

Desipramine (2 cases), 

Clomipramine (2 cases), 
Imipramine (1 case), 

Dothiepin (1 case)

Tetracyclic 

antidepressants

1 case Mirtazapine (1 case) 3 cases Mirtazapine (1 case), 

Mianserin (1 case), 
Maprotiline (1 case)

Antiepileptic drugs 0 cases – 2 cases Carbamazepine (1 case), 
Valproic acid (1 case)

Other psychotropic drugs 3 cases Olanzapine (3 cases) 8 cases Olanzapine (6 cases), 
Quetiapine (1 case), 

Paroxetine (1 case)

Other drugs 0 cases – 5 cases Dihydrocodeine (3 cases), 

Diphenhydramine (2 cases), 

Methylephedrine (2 cases), 
Chlorpheniramine (1 case), 

Diphenidol (1 case), Diphyllin 

(1 case), Ibuprofen (1 case)
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Table 2 Concentrations of Drugs Detected in the Blood in Overdose Cases in the Alcohol-Positive and Alcohol-Negative Groups

Detected Drug Alcohol-Positive Group (15 Cases) Alcohol-Negative Group (53 Cases)

Drugs Cases Concentration Drugs Cases Concentration

Stimulants Amphetamine 2 cases 0.275–1.153 µmol/dL Amphetamine 22 cases 0.006–1.583 µmol/dL

Methamphetamine 2 cases 0.539–2.06 µmol/dL Methamphetamine 24 cases 0.064–6.922 µmol/dL

Narcotics Morphine 1 case Below the limit of 

quantitation

– – –

Phenothiazines Promethazine 7 cases 0.069–2.168 µg/mL Promethazine 14 cases 0.018–6.02 µg/mL

Chlorpromazine 6 cases 0.083–2.158 µg/mL Chlorpromazine 14 cases Below the limit of quantitation 

- 3.888 µg/mL

Levomepromazine 2 cases 0.175–0.912 µg/mL Levomepromazine 9 cases 0.004–1.335 µg/mL

Barbiturates Phenobarbital 7 cases 0.615–17.432 µg/mL Phenobarbital 20 cases 0.204–53.782 µg/mL

Amobarbital 1 case 29.684 µg/mL

Secobarbital 1 case 0.175 µg/mL

Thiamylal 1 case 0.452 µg/mL

Benzodiazepines Diazepam 3 cases 0.006–0.305 µg/mL Diazepam 7 cases 0.01–0.506µg/mL

Bromazepam 1 case 1.129 µg/mL Estazolam 4 cases Below the limit of quantitation 

- 1.135 µg/mL

Flunitrazepam 3 cases 0.038–0.753 µg/mL

Alprazolam 2 cases 0.094–2.325 µg/mL

Bromazepam 1 case 1.906 µg/mL

Nitrazepam 1 case 0.113 µg/mL

Midazolam 1 case 0.08 µg/mL

Nonbenzodiazepines – – – Zolpidem 3 cases 0.004–0.084 µg/mL

Zopiclone 2 cases 0.118–0.562 µg/mL

Tricyclic Antidepressants – – – Amitriptyline 4 cases Below the limit of quantitation 

- 3.886 µg/mL

Desipramine 2 cases 0.004–0.02 µg/mL

Clomipramine 2 cases 0.146–0.287 µg/mL

Imipramine 1 case 0.132 µg/mL

Dothiepin 1 case 0.001 µg/mL

Tetracyclic 

antidepressants

Mirtazapine 1 case 0.212 µg/mL Mirtazapine 1 case Below the limit of quantitation

Mianserin 1 case 0.401 µg/mL

Maprotiline 1 case 12.288 µg/mL

Antiepileptic drugs – – – Carbamazepine 1 case 2.684 µg/mL

Valproic acid 1 case 2689.594 µg/mL

Other psychotropic drugs Olanzapine 3 cases 0.653–3.761 µg/mL Olanzapine 6 cases 0.135–2.215 µg/mL

Quetiapine 1 case 2.127 µg/mL

Paroxetine 1 case 2.441 µg/mL

Other drugs – – – Dihydrocodeine 3 cases 0.001–1.773 µg/mL

Diphenhydramine 2 cases 2.02–6.56 µg/mL

Methylephedrine 2 cases 0.003–0.746 µg/mL

Chlorpheniramine 1 case 2.434 µg/mL

Diphenidol 1 case 0.29 µg/mL

Diphyllin 1 case 1.21 µg/mL

Ibuprofen 1 case 165.895 µg/mL
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common kinds of traffic accidents in the alcohol-positive 
group were motorcycle and pedestrian accidents. 
Moreover, not many accidents that involved automobiles 
and bicycles were noted. Perhaps no difference existed in 
the frequency of alcohol-related accidents with motor-
cycles, automobiles, and pedestrians. However, motor-
cycles and pedestrian accidents were more likely to 
cause a higher degree of damage, leading to a higher 
mortality rate when compared with the mortality rate of 
automobile accidents.

In the classification of alcohol-related homicides, many 
cases of haemorrhagic shock due to sharp instrument injuries 
incurred during a fight and subdural haematoma from being 
punched were noted. This indicates that alcohol consumption 
lowers emotional inhibition,31 blood coagulation,32 and the 
ability of the cervical muscles to hold the head, which could 
lead to haemorrhagic shock and subdural haematoma. Thus, 
medical and pharmacological factors are likely to be 
involved in addition to socioenvironmental issues.

Under pharmacological issues, antipsychotic (phe-
nothiazines) and psychotropic (barbituric acids) drugs 
were detected most often in alcohol-related overdose 
deaths. The frequently detected drugs, chlorpromazine, 
promethazine, and phenobarbital, are components of 
Vegetamin (Shionogi Co., Ltd., Tokyo, Japan), and 
their interaction with alcohol was confirmed in the pre-
sent survey. However, the sale of Vegetamin has been 
discontinued since December 2016 as requested by The 
Japanese Society of Psychiatry and Neurology to the 
seller, Shionogi Co., Ltd., to prevent substance abuse. 
Phenobarbital is especially dangerous because it is 
highly addictive.33 The present survey showed that 
16.8% of cases in the alcohol-positive group had mental 
disorders. This strongly suggests that a causal relation-
ship exists between mental disorders and alcohol use, 
which strongly depresses the central nervous system. 
Moreover, the number of cases positive for methamphe-
tamine was limited in the alcohol-positive group, similar 
to the results of previous studies. This is consistent with 
previous survey results showing that methamphetamine 
users do not use alcohol, and these two substances com-
pete pharmacologically with each other.34

From these findings, a multidimensional analysis of alco-
hol use was performed with 3 factors, the socioenvironmen-
tal factor, the pharmacological factor, and the medical factor. 
As a medical factor, those from 60 to 70 years of age could 
work, and there were many of them in the alcohol-positive 
group. In the alcohol-positive group, there were many with 

liver and cardiac diseases as underlying diseases. From the 
perspective of the socioenvironmental factor, there were 
many accidents related to walking and involving motorcycles 
in the alcohol-positive group. From the pharmacological 
perspective, the use of psychotropic drugs to control mental 
symptoms caused by drinking or stimulants was considered. 
Overall, these results suggest that scientific evidence to 
reduce the risks of drinking can be accumulated by examin-
ing the characteristics of deaths related to drinking.

This study has some limitations. The normal human does 
not present with symptoms of alcohol poisoning at an ethanol 
level of 0.02 g/100mL of blood (0.2 mg/mL). In the present 
study, an ethanol level of 0.01 g/100mL of blood (0.1 mg/mL) 
was used as a cut-off based on an international standard.35 In 
addition, alcohol is known to be produced by an increase of 
postmortem microbiota. In postmortem toxicology, a blood 
alcohol concentration less than 0.1 mg/mL should be reported 
as negative.36 Furthermore, the items examined in this inves-
tigation were classified as medical, socioenvironmental, and 
pharmacological problems. However, within this classifica-
tion, it was impossible to examine each problem separately. 
When examining the results, it was necessary to recognize that 
they overlapped.

Conclusion
As a medical factor, inability to take action caused by 
drinking may be the reason for deaths by accident and fire. 
As socioenvironmental problems, there were many traffic 
accident deaths after drinking. From a pharmacological 
perspective, the drinker often took other drugs. Social pro-
blems are caused by the medical factor, as various diseases 
develop due to drinking, and the medical and social factors 
include a pharmacological problem, which is the taking of 
other drugs.
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