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Abstract
This study was undertaken to review fatal cases of insulin overdose in South Australia (SA) over a 20-year period to assess 
rates and characteristics of insulin-related deaths among insulin-dependent diabetics and non-diabetics for all manners of 
death. Records from the National Coronial Information System (NCIS) and Forensic Science SA (FSSA) were searched for 
all cases of fatal insulin overdose in South Australia (SA) between 2000 and 2019. Collected variables included age, sex, 
cause of death, scene findings, manner of death, decedent medical and personal histories, biochemistry, toxicology, histopa-
thology, and autopsy findings. Statistical analyses were performed using R (version 4.1.2). Forty cases of insulin overdose 
were identified in SA between 2000 and 2019. Twenty-nine cases (72.5%) were suicides, with the remaining cases classified 
as accidental or undetermined intent. Thirteen of the 22 insulin-dependent diabetics (59%) had a history of depression, 10 
of whom had previously demonstrated suicidal ideation. The current study has shown that suicides using insulin among 
insulin-dependent diabetics are equally as prevalent, if not more so than fatal accidental insulin overdoses. This can largely 
be attributed to insulin-dependent diabetic access to a potentially lethal substance. Suicide prevention strategies should 
focus on insulin-dependent diabetics with a history of depression, particularly for those with access to rapid-acting insulin.
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Introduction

Synthetic insulin has been an effective drug for the main-
tenance of normal blood glucose levels for type I and type 
II diabetics since its discovery and isolation in 1921 [1]. 
Excessive insulin administration may, however, cause pro-
found hypoglycaemia, subsequent brain damage, and even 
death, if not correctly diagnosed and promptly treated. While 
non-fatal accidental insulin overdoses are relatively common 
among diabetics [2–5], fatal suicidal insulin overdoses are 
much less frequent. Such cases present significant difficul-
ties for forensic toxicologists and pathologists in the death 
investigation process sometimes due to a lack of medical 
history at the time of autopsy and analytical limitations in 

the laboratory. While there are numerous case reports and 
reviews of fatal and non-fatal insulin overdoses including 
accidents [6–8], homicides [9–17], and suicides [18–66], 
there are few longitudinal retrospective reviews of fatal insu-
lin overdoses from a single institution. Therefore, a study 
was undertaken to review fatal cases of insulin overdose in 
South Australia (SA) over a 20-year period, from 2000 to 
2019 to assess rates and characteristics of insulin-related 
deaths among insulin-dependent diabetics and non-diabetics.

Materials and methods

Records from the National Coronial Information System 
(NCIS) and Forensic Science SA (FSSA) were searched for 
all cases of insulin overdose in South Australia (SA) over 
a 20-year period (2000–2019). An initial comprehensive 
search was conducted in the NCIS for cases from 1 July 
2000 to 31 December 2019 for all pharmaceutical substance- 
related deaths using the search terms “insulin” and “hypo-
glycaemia” which returned results for all cases where insu-
lin or hypoglycaemia was found to cause or contribute to 
death. Only cases where the cause of death was recorded as 
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“insulin toxicity” or “insulin overdose” (or other compara-
ble terminology) were included in the current study. Cases 
where insulin administration or hypoglycaemia were recog-
nized but not related to the cause of death were excluded. 
Relevant cases (n = 40) were then cross-referenced against 
autopsy and toxicology reports from FSSA to retrieve miss-
ing and additional information. Cases which occurred prior 
to 1 July 2000 were sourced from FSSA records only, as 
NCIS records prior to 1 July 2000 are unavailable. Collected 
variables included age, sex, cause of death, scene findings, 
manner of death, decedent medical and personal histories, 
biochemistry, toxicology, histopathology, and autopsy find-
ings. Age was categorized into the following groups: young 
person (15–24  years), adult (25–64  years), and elderly 
(65 + years).

Routine toxicological analyses (for alcohol and com-
mon drugs) were conducted at FSSA. However, FSSA does 
not currently have a validated method for the analysis of 
insulin in post-mortem specimens. Therefore, post-mortem 
samples were sent to an external laboratory (SA Pathology, 
Royal Adelaide Hospital, North Terrace, Adelaide, South 
Australia) for quantitative analysis of insulin and C-peptide.

Statistical analyses were performed using R (version 
4.1.2). A Poisson regression was used to characterize trends 
over time. While statistical analysis was performed on the 
number of deaths in each year, the number of deaths is pre-
sented as 5-year bins in Fig. 1 to ensure individual cases 
within small cohorts are not identifiable. A Welsh two- 
sample t-test was used to determine significance in the age 
and sex distribution of the study population. Cohorts of 
fewer than five are reported as “less than five” within the 
text to ensure small cohorts are not identifiable.

Ethics approval for the data used in this study was granted 
by the University of Adelaide Human Research Ethics Com-
mittee (H-2020–033) and the Justice Human Research Ethics 
Committee (CF/21/2821).

Results

Overview

Rate of deaths

Forty cases of fatal insulin overdose were identified in SA 
between 2000 and 2019 with an average of two deaths per 
year. Poisson regression demonstrated no significant change 
in the rate of deaths over this period (p = 0.427); i.e., the 
rate of deaths per year across the 20-year study period was 
consistent (Fig. 1, see Appendix A for full statistical details).

Demographic profile

A total of 87.5% (n = 35) of decedents were aged 
25–64  years; the remaining five decedents were either 
younger or older. The average age of all decedents was 
49.5 years and included 19 females (mean 48 years) and 
21 males (mean 51 years) with no significant difference in 
the age/sex distribution of the study population (p = 0.489).

Scene findings and external examination

Twenty-three deaths occurred at the home address of the 
decedent, nine in hospital, less than five at places of accom-
modation (hotel, motel etc.), and less than five on public 
property. Of those found on public property, all were found 
inside their motor vehicle. At the death scene, a suicide note 
was found in 19 cases. Evidence of insulin administration 
(syringes, needles, insulin vials, etc.) was documented in 
26 cases (65%). While the type of insulin administered was 
not recorded in a large proportion of cases (61%), Novo-
rapid, Actrapid, and Lantus were frequently encountered, 
either alone or in combination. External examination of the 
deceased revealed injection sites in 23 cases (57.5%), most 
frequently on the abdomen or thighs.

Histopathology

Of the 40 cases, a full autopsy with histopathological exami-
nation of tissue specimens was only performed in 31 cases. 
An autopsy was not performed in six cases as the cause of 
death was ascertained from hospital admission records in 
conjunction with a pathology review; histopathological 
examination of tissue specimens was not undertaken in two 
cases as the cause of death could be ascertained from the 
toxicology and biochemistry findings alone and severe putre-
faction prevented accurate assessment of tissue morphol-
ogy in the final case. Histopathology revealed evidence of 
lung oedema and congestion with or without the presence Fig. 1   Number of insulin overdoses in South Australia between 2000 

and 2019, divided into 5-year bins
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of early bronchopneumonia in 30 cases (97%). Neuropa-
thology revealed evidence of hypoglycaemia-induced neu-
ronal necrosis in 17 cases (54%), with normal neuronal 
architecture in the remaining 14 cases. For the cases with 
region-specific neuropathology findings, neuronal necrosis 
was preferentially observed in the cerebral cortex and hip-
pocampus (n = 10), followed by the cerebellum (n = 6), basal 
ganglia (n = 5), and brainstem (n = 2).

Toxicology

Of the 40 cases where insulin overdose was implicated in 
the cause of death, 33 were attributed to insulin toxicity 
alone (82.5%) and the remaining seven cases were attrib-
uted to mixed drug toxicity. For cases where the cause of 
death was recorded as mixed drug toxicity, the drugs that 
were co-administered and considered contributory to the 
death were most often benzodiazepine sedatives (e.g., diaz-
epam and alprazolam), antidepressants (e.g., amitriptyline 
and venlafaxine), and one case with co-administration of 
the semi-synthetic narcotic analgesic, hydromorphone. The 
full toxicology and biochemistry findings for the 7 cases of 
mixed drug toxicity are presented in Appendix B.

Biochemistry (SA pathology)

Post-mortem blood samples were submitted to an external 
laboratory for quantitative analysis of insulin and C-peptide. 
Insulin and C-peptide levels were reported either in full or in 
part for 31 cases (Table 1). The C-peptide level was reported 
without a corresponding insulin level in one case, and three 
cases only reported an insulin level. The range for insulin 
and C-peptide levels for these cases were 1–3200 mU/L 
(mean 594 mU/L) and 12–553 pmol/L (mean 131 pmol/L), 
respectively.

Insulin and C-peptide analyses were not performed in the 
remaining nine cases due to the unavailability of a hospi-
tal blood sample for analysis in seven cases and two cases 
where the blood sample was deemed unsuitable for analysis.

Identification and interpretation of insulin and C-peptide 
levels are dependent on the integrity of the post-mortem 
blood sample. Insulin levels may be artificially lowered due 
to a prolonged post-mortem interval (PMI) which is associ-
ated with haemolysis of post-mortem blood samples and 
subsequent insulin degradation. The PMI ranged from 1 to 
11 days across all 40 cases (mean = 3.6 days). Of the 31 
cases where insulin and C-peptide levels were reported, 
the results in five cases were considered to be unreliable 
due to a significant PMI (i.e., 5 days or longer) or evident 
haemolysis of the blood sample. Furthermore, three cases 
demonstrated a prolonged period of survival (coma) between 
insulin administration and death allowing time for insulin 
to be degraded, or the administration of rapid-acting insulin 

which is also rapidly degraded. Therefore, the insulin and 
C-peptide levels reported in the eight cases highlighted 
above were significantly lower than would be reflective of a 
death due to insulin toxicity.

Average (mean) insulin and C-peptide levels were cal-
culated for the remaining 23 cases where the biochemistry 
results were considered accurate and reliable. The average 
blood level of insulin and C-peptide for these cases was 
816 mU/L and 144 pmol/L, respectively, with an approx-
imate ratio of 6:1. The C-peptide level was frequently 
denoted as “ < 100 pmol/L”; therefore, this is a significant 
underestimate of the real ratio. For reference, a normal fast-
ing insulin level is between 0 and 12 mU/L and a normal 
C-peptide level is between 300 and 1600 pmol/L.

Decedent histories

The medical history of decedents revealed a history of 
depression in 23 cases (57.5%), 12 of whom had previously 
demonstrated suicidal ideation. However, fewer than five 
decedents did not have a recorded history of depression but 
had previously demonstrated suicidal ideation according to 
the personal histories available. Proximal risk factors for 
intentional self-harm noted in decedent histories included 
family/relationship issues in seven cases, significant health 
issues in five cases, and financial/employment/legal issues 
in three cases. More than half of decedents were insulin-
dependent diabetics (n = 22, 55%) and five were not. The 
diabetic status of the remaining decedents was unknown. 
Thirteen of the 22 insulin-dependent diabetics (59%) had a 
history of depression, 10 of whom had previously demon-
strated suicidal ideation.

Manner of death

The manner of death was suicide in 29 cases (72.5%) with 
the remaining 11 cases being of accidental or undetermined 
intent (27.5%).

Accidental/undetermined deaths

Rate of deaths

Eleven cases of accidental or undetermined intent were iden-
tified with an average rate of 0.58 deaths per year. Poisson 
regression demonstrated no significant change in the rate of 
deaths over this period (p = 0.379).

Demographic profile

The average age of all decedents was 46.4 years and included 
5 females (mean 48 years) and 6 males (mean 45 years) with 
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no significant difference in the age/sex distribution of the 
cohort (p = 0.733).

Decedent histories

Decedent histories revealed a history of depression in seven 
cases, five of whom had previously demonstrated suicidal 
ideation. Financial/employment/legal issues were noted in 
one case. Six of the decedents were insulin-dependent dia-
betics (55%); the diabetes status of the remaining decedents 
was unknown.

Suicide

Rate of deaths

Twenty-nine cases of suicide were identified with an average 
rate of 1.38 deaths per year. Poisson regression demonstrated 
no significant change in the rate of deaths over this period 
(p = 0.120).

Demographic profile

The average age of all decedents was 50.8 years and included 
14 females (mean 48 years) and 15 males (mean 53.3 years) 
with no significant difference in the age/sex distribution of 
the cohort (p = 0.294).

Decedent histories

Decedent histories revealed a history of depression in 16 
cases (55.2%), seven of whom had previously demonstrated 
suicidal ideation. Previous suicidal ideation was noted in 
less than five cases where there was no recorded history of 
depression. Family/relationship issues were noted in seven 
cases, significant health issues in five cases and financial/
employment/legal issues in two cases. A suicide note was 
found in 19 cases (65.5%). Sixteen decedents were insulin-
dependent diabetics (55.2%), three were not, and the dia-
betes status of the remaining decedents was unknown. Of 
those that were not insulin-dependent diabetics, the insulin 
was sourced either from their workplace or a family member.

Discussion

Since its discovery and isolation, insulin has been an effec-
tive drug for the maintenance of normal blood glucose levels 
for type I and type II diabetics. However, self-administration 
dosing errors have been identified as a frequent cause of 
hospital admission among insulin-dependent diabetics, par-
ticularly among the young [2–5]. Excessive insulin admin-
istration can cause profound hypoglycaemia, subsequent NA
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brain damage, and even death if not correctly diagnosed and 
promptly treated. There are an abundance of case reports and 
literature reviews on fatal and non-fatal insulin overdoses 
involving accidents [6–8], suicides [18–66], and homicides 
[9–17]. In comparison to other compounds, insulin has, how-
ever, been considered a somewhat ineffective lethal agent 
due to the long period of time required to produce perma-
nent damage and the ease with which an overdose may be 
diagnosed and treated [67–69]. Unfortunately, there is a lack 
of longitudinal reviews in the literature to assess long-term 
trends in fatal insulin overdoses for all manners of death.

Case reports and literature reviews of fatal insulin over-
doses have identified likely underreporting due to laboratory 
and pathology limitations. Suspicion may not be aroused 
without a comprehensive medical or personal history, which 
is often not available at the time of autopsy. Cases may also 
be incorrectly classified as accidents due to an undiagnosed 
history of depression [8]. The literature has identified an 
association between diabetes and an increased prevalence 
of psychiatric disorders such as depression or suicidality, 
particularly in those with a long history of diabetes and those 
on insulin therapy [70–72]. At a poisons unit in Germany, 
the incidence of intentional insulin overdoses was signifi-
cantly higher (85.3%) than accidental cases compared to 
other anti-diabetic compounds [73]. More than half (59%) 
of insulin-dependent diabetics in the current study had a 
medical history of depression, the majority of which had 
demonstrated suicidal ideation (77%). However, if the dece-
dent has not been prescribed insulin or is not known to be an 
insulin-dependent diabetic, as was highlighted in this study, 
examination for evidence of exogenous insulin administra-
tion may not be considered. Even if examination is per-
formed, puncture wounds may not be evident as the needle 
used to administer subcutaneous insulin is very fine which 
may further obscure cases [74]. At autopsy, evidence of sub-
cutaneous insulin injection was only observed in 57.5% of 
cases in the current study. Case reports of insulin-related 
deaths often report the presence of insulin administration 
equipment at the death scene. In the current study, evidence 
of insulin administration (i.e., used syringes, insulin vials) 
was documented in just over half (65%) of cases. There also 
remains the possibility that such material may be removed 
or hidden by the decedent or by family/friends. Therefore, 
a presumptive cause of death of insulin toxicity should be 
based on a multitude of factors including the decedent’s 
medical history integrated with scene, autopsy, toxicology, 
biochemistry, and histology findings.

While cases of fatal insulin overdose are thought to be 
a rare occurrence, the current study suggests that while in 
low numbers, they continue to occur consistently over time. 
Furthermore, suicidal insulin overdoses are just as frequent, 
if not more so than accidental overdoses or those of unde-
termined intent. While significant sex/gender disparities are 

often observed in suicidal deaths with a male predominance 
[75], no differences were shown in age or sex distribution 
of the current study population. For insulin-dependent dia-
betics, an undiagnosed history of depression with or with-
out suicidal ideation is particularly problematic as those on 
insulin therapy have access to a potentially lethal pharma-
cological suicide agent. As several decedents within this 
cohort had previously attempted suicide using insulin, it is 
important that appropriate medical monitoring is directed 
towards repeat-attempters with access to insulin [71]. In the 
current study, those who were not insulin-dependent diabet-
ics and utilized insulin as a pharmacological suicide agent 
were either health professionals or had a relative/partner 
who had been prescribed insulin. However, for several of 
the cases deemed to be of accidental or undetermined intent, 
it is unclear how the decedent gained access to insulin.

In addition to difficulties in ascertaining manner of death, 
there are also limitations in the detection and confirmation 
of exogenous insulin administration which may contribute to 
the underreporting of cases. As noted, there are significant 
analytical limitations associated with post-mortem insulin 
and C-peptide detection and quantification. Insulin is known 
to be unstable in post-mortem blood samples due to the 
activity of insulin-degrading enzyme which is concentrated 
within red blood cells and released with haemolysis [76–78]. 
Traditional methodologies utilize radioimmunoassay and 
enzyme-linked immunoassays which are associated with 
limitations in identification, differentiation, and quantifica-
tion [64]. For traditional immunoassays, insulin analogues 
have also been shown to be cross-reactive which has been a 
major obstacle in developing an immunoassay to effectively 
identify analogues or metabolites, with significant variation 
between assays [79–81]. Newer methods using liquid chro-
matography with tandem mass spectrometry (LC–MS-MS) 
have been developed in recent years with success in both 
quantification of insulin and differentiation between ana-
logues [5, 64, 65, 67]. However, it is yet to be seen how 
accessible these new methodologies will be in terms of 
availability and cost.

For cases where reliable insulin and C-peptide levels were 
obtained, these were significantly outside the normal ranges. 
Some authors also consider the ratio of insulin to C-peptide 
(I:C) to be a useful measure to distinguish between exog-
enous and biological hypoglycaemia as C-peptide is only 
formed with release of endogenous insulin, and should not 
be > 1 in a healthy individual [82]. The approximate ratio 
of insulin to C-peptide was shown to far exceed the nor-
mal, healthy level in all decedents where reliable biochem-
istry results were available. However, the ratio of insulin 
to C-peptide has also been shown to change significantly 
in the post-mortem interval, even within 24 h [11]. If post-
mortem blood is to be used, samples should be taken within 
48 h of death (if possible) and from a peripheral site to limit 
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the effects of post-mortem redistribution [11, 83]. Several 
other biological sample sites have been evaluated, with vit-
reous humor found to be the most promising as it is less 
susceptible to diffusion and the effects of decomposition, 
and thus is more reliable for determination of insulin and 
C-peptide [67].

At autopsy, pathological changes indicative of insulin 
overdose and hypoglycaemia are often nonspecific although 
hypoglycaemic neuronal necrosis may be observed [84–87]. 
Neuropathological animal studies show that blood glucose 
must persist at a level below 1 mM for at least 30 min for 
neuronal death to occur which has been confirmed by human 
autopsy studies [84–88]. While normal neuronal architec-
ture was observed in 35% of cases, this could be indicative 
of a short survival period post-insulin administration, and 
thus, the presence or absence of neuronal pathology cannot 
be considered diagnostic of fatal hypoglycaemia without 
a detailed timeline of events. For decedents in the current 
study where extensive neuronal death was observed, this 
was generally correlated with a prolonged period of survival 
between insulin administration and death. Previous studies 
show that hypoglycaemic neuronal death occurs sequentially 
by brain region, first evident in the cerebral cortex and hip-
pocampus, followed by the basal ganglia and thalamus as 
was shown in the present report [9, 87, 89].

This study has shown a consistent although low rate of 
insulin-related deaths over a two-decade period in a single 
Australian state. Further investigations are required to deter-
mine whether this trend is observed in other states and coun-
tries. Problems with pathological assessments and toxico-
logical/biochemical evaluations may indicate, however, that 
the true number of these deaths may be higher and that some 
of the deaths considered to be accidental or undetermined 
may in fact be occult suicides. Therefore, suspicion and con-
firmation of insulin toxicity as the cause of death should 
be based on a multitude of factors including the decedent’s 
medical history integrated with scene, autopsy, toxicology, 
biochemistry, and histology findings.

Key points

1.	 A low, yet consistent number of fatal insulin overdoses 
occurred in South Australia between 2000 and 2019

2.	 Suicidal insulin overdoses were significantly more fre-
quent than accidental insulin overdoses, with more than 
two-thirds of cases found to be suicides

3.	 A large proportion of insulin-dependent diabetics 
who died due to fatal insulin overdose had a history of 
depression, often with previous suicidal ideation

4.	 There are significant analytical limitations associated 
with quantification of insulin and C-peptide in post-
mortem samples

5.	 A finding of insulin toxicity as the cause of death should 
be based on a multitude of factors including the dece-
dent’s medical history integrated with scene, autopsy, 
toxicology, biochemistry, and histology findings
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