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SUMMARY. Caffeine is the most widely consumed psychoactive compound worldwide. Its mechanisms of action are dose-dependent and
when caffeine overdosing occurs, neurologic, cardiovascular and renal systems are mainly affected. Serious toxicities such as seizure and car-
diac arrhythmias, seen with caffeine plasma concentrations of 15 mg/L or higher, have caused poisoning or, rarely, death. Caffeine concen-
trations of 80-100 mg/L are considered lethal. The aim of this systematic review is to summarize data regarding suicides by caffeine adminis-
tration and analyze the controversial role of caffeine assumption and suicidal risk. We followed the Preferred Reporting Items for System-
atic Review and Meta-Analyses (PRISMA) indications in the identification and selection of studies and reviewed a series of fatal cases due
intentional intoxication by caffeine. A total of 36 cases have been identified. Our results suggests caffeine seems to be negatively correlated
with suicide. Even if some observations suggested that the consumption of caffeine may have beneficial effects against depression, and as a
consequence against suicide risk, more in-depth studies are required. Data obtained from our study could support both clinicians and foren-
sic pathologists in identifying possible unrecognized cases.
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RIASSUNTO. La caffeina ¢ la sostanza psicoattiva pill consumata al mondo. Il suo meccanismo di azione ¢ dose-dipendente e, nei casi di
overdose, gli apparati neurologico, cardiovascolare e renale sono quelli principalmente coinvolti. Segni di tossicita quali convulsioni e arit-
mie cardiache si osservano per concentrazioni plasmatiche maggiori o uguali di 15 mg/L, con rischio, talvolta, di provocare il decesso del-
I’assuntore. Concentrazioni di caffeina di 80-100 mg/L sono considerate letali. Lo scopo di questa rassegna sistematica ¢ di raccogliere i dati
riguardanti ’assunzione di caffeina a scopo suicidario e di analizzare il controverso ruolo della caffeina nel rischio suicidario. Abbiamo, quin-
di, adottato i criteri PRISMA per I'identificazione e la selezione degli studi esistenti e revisionato i casi letali dovuti ad assunzione volonta-
ria di caffeina. E stato identificato un totale di 36 casi. I nostri risultati suggeriscono che il consumo di caffeina non sia correlato a un rischio
suicidario. Anche se alcuni lavori suggeriscono che ’assunzione di tale sostanza possa avere qualche effetto positivo su quadri di depressio-
ne e di conseguenza sul rischio suicidario, diminuendolo, ulteriori studi sono necessari per giungere a una pitt completa analisi. I dati ottenuti
dal nostro studio possono, infine, supportare i clinici e i patologi forensi nell’identificare casi di intossicazione o decesso da uso di caffeina
che altrimenti potrebbero non essere riconosciuti.

PAROLE CHIAVE: caffeina, intossicazione da caffeina, suicidio.

INTRODUCTION and, more in-depth, lethal cases due to voluntary consump-

tion of caffeine with suicidal intent, are quite uncommon.

Several cases of caffeine intoxication, mostly due the easy
availability of analgesics, Central Nervous System (CNS)
stimulant medicine and dietary supplements at shops, health
stores and e-markets have been described in literature in last
years. Even though, lethal cases from caffeine intoxications

The first paper about lethal caffeine intoxication was pub-
lished by Alstott et al. in 1973, who describe the suicide of a
young woman following oral caffeine pills administration.
As reported in previous papers?, the pharmacological ef-
fects of caffeine usually occurs at plasma concentrations of
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15 mg/L or higher and include central nervous system and
cardiac stimulation.

Life-threatening caffeine overdoses entail the ingestion of
caffeine-containing medications, rather than caffeinated
foods or beverages’, and have been associated with blood
concentrations in excess of 60-80 mg/1*.

Common features of caffeine intoxication include anxiety,
agitation, restlessness, insomnia, gastrointestinal distur-
bances, tremors, psychomotor agitation, and, in some cases,
death. Symptoms of caffeine intoxication can mimic those of
anxiety and other affective disorders. The cardiovascular ef-
fects include supraventricular and ventricular tachyarrhyth-
mia. The direct cause of death is often described as ventricu-
lar fibrillation.

The aim of this systematic review is to summarize data re-
garding suicides by caffeine administration and analyze the
controversial role of caffeine assumption and suicidal risk;
data obtained from our study could support both clinicians
and forensic pathologists in identifying possible unrecog-
nized cases.

METHODS
Eligibility criteria

The present systematic review was carried out according to the
Preferred Reporting Items for Systematic Review and Meta-Analy-
ses (PRISMA) standards’. Studies examining caffeine-related sui-
cides using caffeine were included. Study designs comprised case re-
ports, case series, retrospective and prospective studies, letters to the
editors, and reviews. The latter were downloaded to search their ref-
erence lists similarly to other papers, but yielded no other potential-
ly eligible paper. The search was limited to human studies.

Search criteria and critical appraisal

A systematic literature search and a critical appraisal of the
collected studies were conducted. An electronic search of
PubMed, ScienceDirect Scopus, and Excerpta Medica Database
(EMBASE) from the inception of these databases to the 01 of
October 2021 was performed.

Search terms were (“caffeine” OR “coffee”) AND (“toxicology”
OR “death” OR “decease” OR “fatal intoxication™) AND (“sui-
cide”) in title, abstract, and keywords. Cases in which death has been
related to consume of energy drinks or caffeinated drinks were ex-
cluded because they do not represent “pure” caffeine-related deaths
as they are the results of a combinations of more substances.

The bibliographies of all located papers were examined and
cross-referenced for further relevant literature.

Methodological appraisal of each study was conducted accord-
ing to the PRISMA standards, including evaluation of bias. Data col-
lection entailed study selection and data extraction. Two researchers
(D.P, S.C.) independently examined those papers whose title or ab-
stract appeared to be relevant and selected the ones that analyzed
deaths due to caffeine intoxication. Disagreements concerning eligi-
bility between the researchers were resolved by consensus process.
No unpublished or gray literature was searched. Data extraction
was performed by one investigator (C.C.) and verified by another
investigator (D.P). This study was exempt from institutional review
board approval as it did not involve human subjects.

RESULTS

Search results and included studies

An appraisal based on titles and abstracts as well as a
hand search of reference lists was carried out. The reference
lists of all located articles were reviewed to detect still
unidentified literature. Figure 1 illustrate our search strategy.

A total of 21 studies fulfilled the inclusion criteria, pro-
ducing a pooled data set of 36 individuals. The reviewed stud-
ies involved a sample size ranging from 1 (i.e., case reports)
to 12 individuals (i.e., a retrospective study), with a mean of
1.89 and a median of 1, indicating skewness towards smaller
samples.

Study characteristics

The following data were extracted from the included
studies: study source; age and sex of participants in the study;
toxicological data (if reported); way of administration. An
exhaustive summary of the literature, including extracted da-
ta, is shown in Table 123,

Risk of bias

This systematic review has a number of strengths that in-
clude the amount and breadth of the studies, which span the
globe, the hand search and scan of reference lists for the
identification of all relevant studies, and a flowchart that de-
scribe in detail the study selection process. It must be noted
that this review includes studies that were published in a
time frame of 58 years, thus, despite our efforts to fairly eval-
uate the existing literature, study results should be interpret-
ed taking into account that the accuracy of the toxicological
analyses, where reported, has changed over the years.

CAFFEINE-RELATED SUICIDES

Our study permitted us to identify 38 cases of suicide.
Route of administration of caffeine was: oral (pills, powder,
liquid) in 25 cases and not reported in the remaining 13 cases.

Records identified through search
2021 October 1%
N=60
PubMed=52
Science Direct Scopus=8

Articles excluded at title/abstract level: N=25 |

‘ Full-text articles assessed for eligibility: ‘
4

Reasons for full text articles excluded:
1) Duplicates: N=14

‘ Eligible full-text articles ‘

Articles added after identification in references:

qualitative synthesis

Final full-text articles included in the
N=21

Figure 1.
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Table 1. Caffeine-related suicides.

Authorreference

Alstott et al.!
Bryant®
Chaturvedi et al.”

Garriott et al.8

Winek et al.?
Hanzlick et al.!”
Takayasu et al.!!

Riesselmann et al.'?

Watson et al."?

Holmgren et al.'

Rudolph et al.'®
Thelander et al.'®

Jantos et al.l”
Poussel et al.'$

Bonsignore et al.’

Banerjee et al.?°

Ishikawa et al.2!

Yamamoto et al.
Aknouche et al.?

Sidlo et al.**

Usui et al.?

Caffeine blood
level

113.5 mg/L
62 mg/L
129.9 mg/L
147 mg/L
343.9 mg/L
251 mg/L
240 mg/L
264 mg/L
177.0 g/g
220 mg/L
190 mg/L
210 mg/L
153 mg/L
105 mg/L
210 mg/L
210 mg/L
153 mg/L
180 mg/L
166 mg/L
140 mg/L
80 mg/L
160 mg/L
190 mg/L
192 mg/L
310 mg/L
141 mg/L
190 mg/L
170 mg/L

320 mg/L
220 mg/L

Blood 154.2 mg/L
Bile 852.3 mg/L

Stomach 197.5 mg/L

290 mg/L
401 mg/L

Blood 362 mg/L
Urine 187 mg/L

Blood 391 mg/L

A systematic review of caffeine-related suicides

Age

27M
42F
21 M
19F
21M
21M
21F
21F
44 F
20F
19F
81F
17
21 M
31M
21F
53M
25F
21M
31 M
18 F
20F
72F
24 M
46 F
84 M
79F
33F
25F
4M
31M

43 F
5STM
20F

18 F
48 M
26 M

Teenage

Route of
administration
(source)

Oral (pills)
Oral (pills)
Oral (pills)
Oral (pills)
Oral (pills)
Oral (pills)
Oral (pills)
Oral (pills)
Oral (pills)
Oral (pills)
Oral (pills)
Not reported
Oral (pills)
Oral (pills)
Oral (pills)
Oral (pills)
Not reported
Not reported
Not reported
Not reported
Not reported
Not reported
Not reported
Not reported
Not reported
Not reported
Not reported
Not reported
Oral (pills)
Oral (powder)
Oral (pills)

Oral (pills)
Oral (pills)
Oral (pills)

Oral (pills)
Oral (pills)
Oral (powder)

Oral (pills)

Among the cases of deaths due to caffeine intoxications
reported in a previous paper?®, use of caffeine for suicidal
purposes has been recognized as particularly prevalent
among psychiatric population.

Table 2 show the main the main drugs that were detected
simultaneously in toxicological investigations carried out in
lethal cases. These drugs were divided into three categories:
ingredients of over the counter products, psychotropic drugs
and drugs of abuse.

Psychiatric patients

Eighteen cases (50%) with a history of a psychiatric dis-
order have been identified; among the psychiatric disorders,
depression is undoubtedly the most frequent (Table 3). The
age ranged from 21 to 84 years-old. Many of these individu-
als have a history of past suicide attempts.

Table 2. Other drugs than caffeine detected simultaneously in tox-
icological investigations in decreasing order of appearance.

Psychotropic drugs*  Drugs contained in Other drugs*

over-the-counter *

Diazepam Acetaminophen Ethanol

Phenobarbital Ephedrine Phenyl-

propanolamine

Venlafaxine Acetylsalicylic acid paracetamol

Citalopram Theophylline
Nortriptyline
Clonazepam
Levomepromazine
Mirtazapine
Olanzapine
Zopiclone
Flunitrazepam
Aripripazole
Nordiazepam
Biperiden

*More than one drug may have been identified for each case.

Table 3. Psychiatric disorders diagnosed before death.

Disease* Number
Depression 17
Alcohol dependence 6
Sleep disorders 4
Drug dependence 2
Not specified 2
Schizophrenia 1

*More than one disease may have been identified for each case.
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DISCUSSION

The correlation between caffeine and suicidal risk has
been examined in some important studies?’-!.

These papers shown that caffeine could have an antide-
pressant effect. The hypothesis, supported by epidemiologi-
cal studies, that risk of depression®?3* and suicide?*** is low-
er in a dose-dependent manner with increasing consumption
of caffeinated coffee was supported by many authors. Only
few authors described a different statistical distribution, with
a positive association, between coffee and suicide risk where
the highest suicide rate was in individuals consuming 7 or
more cups of coffee daily3*+3,

In particular, a recent paper by Kim et al.* tried to ana-
lyze the relationship between caffeinated-drink consump-
tion, depression and suicide ideation on 53,312 young pa-
tients (12-18 years-old) suggesting that caffeine overdose can
increase the rate of suicide by affecting the individual’s per-
ception of stress through modulation of cortisol response.

This study indicates that caffeinated-drink consumption
increases depressive mood and suicide ideation in adoles-
cents population.

Lucas et al.?® accessed data from three large cohorts in
which consumption of caffeinated and non-caffeinated bev-
erages was assessed to investigate coffee and caffeine con-
sumption and suicide risk. In these three large prospective
cohorts of US men and women, they observed that suicide
risk decreased in a dose-dependent manner with increasing
consumption of coffee. As compared with non-coffee
drinkers, the relative risk of suicide was 45% lower among
individuals who consumed 2-3 cups of coffee per day, and
53% lower among individual consuming 4 cups of coffee per
day. Authors also analyzed, showing a negative association,
the relation between decaffeinated coffee and suicide risk,
suggesting that caffeine, rather than other coffee compo-
nents, contributes to caffeinated coffee/suicide risk associa-
tion.

Before last years, only three important cohort studies
have examined the association between caffeine consump-
tion and suicide. Klatsky et al.??, in 1993, carried out a longi-
tudinal investigation of over 128,000 individuals who were
followed for an average of 8 years. Use of caffeinated bever-
ages was related to a lower risk of suicide, progressively low-
er at higher coffee intake (relative risk per cup of coffee per
day= 0.87,95% confidence interval= 0.77-0.98).

Similarly, Kawachi et al.**, examined prospectively the re-
lationship of coffee and caffeine intake to risk of death from
suicide among a group of over 85,000 individuals who were
followed for an average of 10 years. The data suggested an in-
verse association between coffee intake and risk of suicide.
Suicide risk was 72% lower among individuals in the group
who drank 4 cups of caffeinated coffee per day as compared
to non-drinkers.

Finally, Tanskanen et al.*® conducted two studies on over
43,000 and 36,000 individuals, to evaluate the risk of suicide
among coffee drinkers. A positive association was noted be-
tween daily coffee drinking and suicide risk. Compared to
those drinking 1 cup of coffee daily, suicide risk was lower for
moderate coffee consumption (2-3 cups/day up to 6-7
cups/day), but increased with higher consumption (8-10
cups/day). The increased suicide risk among heavy coffee
drinkers was significant even after adjusted for potential risk

factors for suicide. Similarly, Baethge et al.¥, in a study con-
ducted on bipolar disorder patients, found a positive associ-
ation between caffeine intake and suicide risk.

These discrepant results might be associated (a) with the
proportions of individuals in each study who consumed large
quantities of coffee, (b) with the involvement of a psychiatric
population. Furthermore, the above-mentioned studies
shown limited ability to distinguish the association between
caffeine and other components of coffee and suicide. For this
reason, these results should be interpreted with caution.

Because of the observational design, these investigations
cannot prove that caffeine reduces suicide risk, and it re-
mains possible that individuals with high intake of caffeine
have lower suicide risk for reasons other than caffeine con-
sumption, such as a different prevalence of chronic diseases
or severe psychiatric disorders.

Furthermore, the association between anxiety-related
manifestations and caffeine, in predisposed individuals, has
already been described?’=%, and thus persons with panic at-
tacks and panic disorder often avoid caffeine. Because anxi-
ety is a risk factor for attempted suicide, and possibly for
completed suicide, the lower suicide risk among coffee
drinkers may be due to a lower prevalence of anxiety disor-
ders in this group®>4.

On the contrary, a possible protective effect of caffeine is
biologically plausible and deserves serious consideration. In-
deed, caffeine has complex effects in the central nervous sys-
tem, largely mediated by antagonism of adenosine A2a and
Al receptors, including an increased turnover of several
monoamine transmitters, such as serotonin, dopamine, and
noradrenaline®. A deficiency of central monoamines is one of
the features of depression*, and several antidepressant
drugs are designed to increase monoaminergic transmission.
Central deficiency of monoamines may be improved by caf-
feine, which enhances dopaminergic neurotransmission>43.
These pharmacological effects suggest that caffeine could al-
so act as a mild antidepressant, a hypothesis that could ex-
plain the lower risk of depression among coffee drinkers in
epidemiological studies®.

With regard to the antidepressant effect of coffee, several
studies have examined this association, most were cross-sec-
tional which complicates data interpretation**3. Few
prospective studies have been published. Among these, in
2011 Lucas et al.®> conducted the first large-scale study of
coffee consumption to evaluate depression on over 50,000
individuals. This study found that depression risk decreases
with increasing caffeinated coffee consumption. A recent
study from Guo et al.*® prospectively evaluated the con-
sumption of caffeinated beverages in relation to self-report-
ed depression diagnosis among over 260,000 individuals,
showing a lower risk for depression among coffee drinkers.

Even if previous observations suggested that the con-
sumption of caffeine may have beneficial effects against de-
pression, and as a consequence against suicide risk, more in-
depth studies are required.

In conclusion, none of the articles address the question of
the motivations that lead to the suicide act with use of caf-
feine. Furthermore, except for one particular study®, no
evaluation was carried out with consideration of the pres-
ence of mental disorders associated with suicide. It is possi-
ble that, in some cases, caffeine played a direct role in the sui-
cide attempt. In other cases, it appears to function in an indi-
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rect way through combination with other substances. It is not
always clear whether the individual consumed caffeine with
the real intention of ending their life or whether this con-
sumption was an impulsive act without a relation to the de-
sire of killing themselves?.

Caffeine seems to be negatively correlated with suicide
according to most of studies. But it is uncertain yet the direct
effects of caffeine on depressive symptoms such as suicide.

Although further studies are needed to better understand
the motivational factors involved in the use of caffeine in at-
tempted suicide. A better understanding of how caffeine may
be linked to suicide is crucial for its prevention. In addition,
the understanding of the patients knowledge regarding the
toxicity of caffeine is also necessary to confirm which cases
are real suicide attempts and not accidents.

Conflict of interest: the authors have no conflict of interests to de-
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