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ABSTRACT

Worldwide, an estimated 415 million people have diabetes mellitus, which results in extensive morbidity and mortality. In order to track the
effect of diabetes on mortality statistics, deaths in which diabetes mellitus caused or contributed to death must be recognized, included
on the death certificate, and then properly coded for vital statistic purposes. For public health policy, this will help determine the extent
of the disease and follow whether deaths increase or decrease. There is variation among death certifiers for when and how diabetes is
included on the death certificate and among vital records bureaus as how to code diabetes-related deaths. Case scenarios are presented
to highlight the certification issues that arise with deaths related to diabetes mellitus. This area of death certification may benefit from a
consensus effort to standardize and enhance certification and coding of deaths due to diabetes in order to improve the reliability of these
mortality statistics. Acad Forensic Pathol. 2016 6(2): 184-190
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INTRODUCTION

According to the Centers for Disease Control and Pre-
vention, 29.1 million people or 9.3% of the U.S. pop-
ulation have diabetes mellitus (1). Diabetes was the
seventh-leading cause of death in the United States in
2010 based upon 69 071 death certificates that listed
diabetes as the underlying cause of death. However,
diabetes mellitus was mentioned as a cause or con-
tributing cause of death on 234 051 certificates. Giv-
en the public health aspects of diabetes mellitus, it is
imperative that diabetes role in causing death is iden-
tified and when appropriate, included on the death cer-
tificate. Variations exist among physicians for when
and how diabetes is included on the death certificate
(2-11). This disparity is further compounded by vital
statistic coding rules, which may result in the selec-
tion of diabetes as the underlying cause of death when
cardiovascular disease is mentioned as a consequence
(7) or an under-recognition of diabetes when diabe-
tes mellitus is listed on Part II on the death certifi-
cate (10). For national mortality statistics, the coded
underlying “cause of death” is based on the cause of
death in Part I of the death certificate.

A rule of thumb for death certification is “one cause of
death per person.” This rule may be broken as death
is a complex process and there are instances with two
competent causes of death in which one cannot be fa-
vored over the other (e.g., atherosclerotic and hyper-
tensive cardiovascular disease). In addition, the use of
Part IT allows the death certifier to list other conditions
that contribute to death. How these multifactorial
deaths are ultimately coded by vital statistic bureaus
is determined by the registrar of vital statistics using
national/international rules. Multiple-cause-of-death
(MCQOD) data has been suggested to complement the
underlying-cause-of-death (UCOD) data as it captures
other contributing disease (12). The use of MCOD de-
tects more diabetic-related deaths than the UCOD and
may better reflect the extent of diabetes death burden
(10).

Diabetes may be classified in three main types: type 1
is due to a failure of the pancreas to produce enough
insulin (previously called insulin-dependent diabetes
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mellitus or juvenile diabetes); type 2 is due to insulin
resistance in which cells fail to respond to insulin and
sometimes followed by a lack of insulin (previous-
ly called noninsulin-dependent diabetes mellitus or
adult-onset diabetes); and gestational diabetes occurs
in pregnant women without a previous history of di-
abetes who develop high blood-sugar levels. In some
instances, other disease processes may damage the
pancreas (e.g., chronic pancreatitis) and it may denot-
ed by this disease process (see below).

If diabetes causes or contributes to death, one also
needs to consider its etiology. Diabetes usually is a
competent proximate cause of death but there are in-
stances in which the insulin-requiring condition was
caused by another disease (e.g., chronic alcoholic
pancreatitis, hemochromatosis) that damaged the pan-
creas, or by medications (e.g., antipsychotic medica-
tions) that resulted in a hyperglycemic condition (13-
15). The ultimate question is when and how to include
diabetes mellitus on the death certificate. Is it best
included as the proximate cause or as a contributing
condition? These opinions vary among physicians and
even by country depending upon the general practice
and the specific medical circumstances for a particular
death (2, 5, 6, 8, 9). Diabetes has been shown to be
underreported on more than 50% of death certificates
in New Zealand (2). These certification issues will be
discussed based on case vignettes (Table 1) to high-
light different concepts about diabetes mellitus and
death certification.

CASE VIGNETTES
Case 1

A 66-year-old man with insulin-dependent diabetes
for ten years died of an acute myocardial infarct due
to atherosclerotic cardiovascular disease with a nor-
mal blood glucose. He had a history of hypercholes-
terolemia and hypertension. There was no coronary
artery thrombosis and toxicology was negative.

This death can be explained solely by the atheroscle-
rotic cardiovascular disease. So it raises the question
of whether diabetes mellitus should be included on the
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death certificate. Coronary artery atherosclerosis is a
multifactorial process. Diabetes mellitus, smoking,
high blood pressure, and hyperlipidemia are known
risk factors. In the above patient, it may appear arbi-
trary to select diabetes mellitus (and not hyperlipid-
emia, for example) as the etiology of the atherosclero-
sis and list diabetes. Including diabetes mellitus in Part
II, however, is another option. Part II is for conditions
that contribute to death but do not result in the under-
lying cause in Part I. As such, to include diabetes in
Part I may appear to break this rule because diabetes
does contribute to the atherosclerosis listed in Part I.
Part II of the death certificate, however, also may be
used for “risk factors” (16) and so diabetes mellitus
may be included. Disagreements among clinical sub-
specialist (e.g., endocrinologists versus cardiologists)
of what should be listed as the underlying cause of
death in a patient with diabetes have been reported. A
survey on whether to invoke diabetes mellitus as the
underlying cause of death in a patient with diabetes
who died from an acute myocardial infarction found
that more endocrinologists (56%) than cardiologists
(41%) would invoke diabetes as the underlying cause
of death (6).

Case 2
A 37-year-old man with juvenile-onset, insulin-depen-

dent diabetes died of an acute myocardial infarction
due to atherosclerotic cardiovascular disease with

a normal blood glucose. He had no history of drug
abuse. There was no coronary artery thrombosis and
toxicology was negative.

It would be unusual for a 37-year-old to develop fatal
atherosclerotic coronary artery disease absent a histo-
ry of chronic cocaine abuse or familial dyslipidemia.
In this instance, the use of diabetes mellitus as the
proximate cause of death in Part I as opposed to Part
IT may better reflect the primary role of diabetes melli-
tus in this death. Patients with juvenile-onset diabetes
mellitus have a high risk of premature coronary artery
disease with the earliest heart-related deaths occurring
in the late third decade of life (17).

Case 3

A 26-year-old man with long-standing, insulin-depen-
dent diabetes was found dead at home. His vitreous
humor had a glucose concentration of 980 mg/dL.
Acetone was detected in his blood. His autopsy was
otherwise unremarkable.

This is a classic instance of diabetic ketoacidosis. The
cause of death may be certified as hyperglycemia and
ketoacidosis due to diabetes mellitus or simply dia-
betic ketoacidosis (DKA) (18). The manner of death
would be natural as the diabetes was following its nat-
ural “untreated” course.

1. A 66-year-old man with diabetes with a myocardial infarct due to atherosclerosis

2. A37-year-old man with juvenile-onset diabetes with a myocardial infarct due to atherosclerosis

3.  A26-year-old man with long-standing, insulin-dependent diabetes dies of diabetic ketoacidosis

4. A 26-year-old man with no history of diabetes dies of hyperglycemia and ketoacidosis

5. A 36-year-old man with schizophrenia recently started on olanzapine dies of diabetic ketoacidosis

6.  A46-year-old man with insulin-dependent diabetes with diabetic cardiomyopathy

7. A 19-year-old woman dies of hypoglycemia due to an intentional insulin overdose

8. A47-year-old chronic alcoholic with chronic pancreatitis dies of diabetic ketoacidosis

9.  A47-year-old woman with diabetes dies of kidney failure due to diabetic nephropathy

10. A 47-year-old woman dies of sepsis due to a chronic foot ulcer with osteomyelitis
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Case 4

A 26-year-old was found dead at home. He had no
history of diabetes but his roommate had noted him
drinking large volumes of soda the past few days and
he had been in bed for the past two days. In his bed-
room were numerous soda bottles filled with urine.
His autopsy was otherwise unremarkable. His vitre-
ous humor had a glucose concentration of 980 mg/dL.
Acetone was detected in his blood. His autopsy was
otherwise unremarkable.

This is a patient with new onset diabetes who died
from DKA (19). The cause of death may be certified
as in Case 3. One may add a modifier of “new onset
diabetes mellitus” or “undiagnosed diabetes mellitus”
for further clarification. Forensic pathologists are the
physicians to make the initial diagnosis of diabetes
mellitus in some patients when the initial presentation
is death.

Case 5

A 36-year-old man with schizophrenia was recently
started on olanzapine. He was found dead at home
and had no history of diabetes mellitus. His vitreous
humor had a glucose concentration of 980 mg/dL. Ac-
etone and a therapeutic concentration of olanzapine
were detected in his blood. His autopsy was otherwise
unremarkable.

Hyperglycemia and new onset diabetes have been
described with certain antipsychotic medications and
some initial presentations are fatal diabetic ketoaci-
dosis (20). As these deaths may be complications of
therapy, the death certification is more complex (15).
The immediate cause of death is hyperglycemia and
ketoacidosis and some certifiers may use DKA as
the proximate cause of death. Others may invoke the
medication and underlying disease (15, 21-23) for the
proximate cause. If available, a therapeutic compli-
cation manner of death may be invoked otherwise a
natural manner would be appropriate as this was not
an inadvertent ingestion that would favor a manner of
accident (15).
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Case 6

A 46-year-old man with long-standing, insulin-depen-
dent diabetes had a history of diastolic cardiac dys-
function and congestive heart failure. A recent car-
diac catheterization revealed widely patent coronary
arteries. An echocardiogram revealed normal cardi-
ac valve function, a decreased ejection fraction, and
thickened left ventricle. He had no history of hyper-
tension and had regular visits to his medical internist.
His autopsy revealed moderate cardiac hypertrophy
with slight myocardial fibrosis. His vitreous humor
had a glucose concentration of 70 mg/dL.

These clinical and pathologic findings are diagnostic
of diabetic cardiomyopathy (24). The proximate cause
of death is diabetes mellitus. Diabetic cardiomyopathy
describes diabetes-associated changes in the structure
and function of the heart resulting in ventricular dys-
function that occurs independently of coronary artery
disease and hypertension.

Case 7

A 19-year-old woman was found dead in her bedroom
with a suicide note. There are three empty 10 mL vials
of human insulin (100 u/mL) that were prescribed to her
father, who had diabetes mellitus. She did not have dia-
betes or other medical problems. Her autopsy revealed
superficial cuts on her wrist that did injure major ves-
sels. Her remaining autopsy and toxicology analysis
were negative. Her vitreous glucose was 20 mg/dL.

The cause of her death is hypoglycemia due to insu-
lin intoxication and the manner of death is suicide
(25). The “how injury occurred” line on the death
certificate may state: “nondiabetic who intentionally
self-injected another person’s insulin.” Homicide is
in the differential diagnosis but unlikely (26-29). In
rare instances, children with diabetes who die from
medical neglect may result in criminal charges for the
caregivers (30).

The diagnosis of hypoglycemia cannot be made on the
postmortem vitreous glucose as it naturally decreases
with increasing postmortem interval (31). A normal or
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elevated postmortem glucose may exclude hypogly-
cemia or help diagnose diabetic ketoacidosis.

Case 8

A 47-year-old chronic alcoholic with a history of nu-
merous bouts of pancreatitis was found dead at home.
His vitreous humor had a glucose concentration of
980 mg/dL. Acetone but no ethanol was detected in
his blood. His autopsy demonstrated a steatotic liv-
er and a fibrosed pancreas with calcifications and a
large pseudocyst.

These finding are consistent with DKA but in this in-
stance it is a complication of chronic pancreatitis due
to chronic alcoholism. Chronic alcoholism is the dis-
ease that initiated the lethal chain of events (14, 32-
35). One may or may not include “diabetes” in the
cause of death statement. For example, the cause of
death may be listed as: hyperglycemia and ketoacido-
sis due to chronic pancreatitis due to chronic alcohol
abuse. Another certification option would be: diabet-
ic ketoacidosis due to chronic alcoholic pancreati-
tis, particularly if the patient was on insulin therapy
for this known complication of chronic pancreatitis.
Some may refer to this form of diabetes as pancreatic
diabetes mellitus to distinguish it from type 1 and type
2 diabetes. This is another example in which the use of
the MCOD may provide more information about the
nature of the death but to certify (and code the death)
as due to diabetes mellitus would result in an underes-
timation of deaths due to chronic alcoholism.

Case 9

A 47-year-old woman with diabetes died of kidney fail-
ure due to diabetic nephropathy. She decided not to
undergo hemodialysis treatment. At autopsy, her kid-
neys had extensive Kimmelstiel-Wilson nodules in the
glomeruli.

The kidney failure is the immediate of cause of death
and the etiology is diabetes mellitus. Therefore, the
underlying cause of death is diabetes mellitus. A com-
mon mistake on death certificates is to list the im-
mediate cause without the proximate cause of death
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(e.g., “end stage kidney disease” or “end stage liver
disease” without an etiologically specific cause) (36).
The manner of death is natural.

Case 10

A 47-year-old woman with diabetes died of sepsis due
to a chronic foot ulcer with osteomyelitis. Recent low-
er extremity angiograms revealed no atherosclerotic
Stenosis.

The immediate cause of death is the sepsis and os-
teomyelitis due to the infected foot ulcer, which is a
well-described complication of diabetes mellitus. Di-
abetes mellitus is the proximate cause of death.

DISCUSSION

Diabetes may cause or contribute to death by a variety
of pathways, including acute and chronic mechanisms.
These include disruptions of glucose metabolism,
causing or exacerbating renal and cardiovascular dis-
ease, increasing the risk of infection, and by secondary
trauma from neurologic compromise. In 2011, approx-
imately 282 000 emergency room visits for adult pa-
tients with diabetes had hypoglycemia as the first-list-
ed diagnosis and there were approximately 175 000
emergency room visits for people of all ages with a
hyperglycemic crisis. In 2010, among adults aged 20
years or older, a hyperglycemic crisis caused 2361
deaths (1) and some of these, as medical examiners/
coroners can attest, occurred as the initial presentation
of the disease (19). From 2009-2012, among adult pa-
tients with diabetes, 71% had blood pressures greater
than or equal to 140/90 mmHg or used prescription
medications to lower high blood pressure (1).

Some clinicians may default to cardiovascular disease
for the cause of death and either disregard an important
diagnosis or include it as a contributing condition (37).
For national mortality statistics, the coded “cause of
death” is based upon the cause of death in Part I of the
death certificate. This singular view potentially misses
disease processes that contribute to the death and would
warrant public health scrutiny. Tardon et al. showed that
more than 80% of the certificates studied contained more
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than one cause of death and stressed the importance of
including MCOD coding and not just UCOD data (12).

A study by Adair and Rao examined cause of death
data in Australia and the United States to examine
trends in the ratio of diabetes reported in Part I (under-
lying cause) and Part IT (associated cause) of the death
certificate in deaths due to cardiovascular disease (4).
They reported that the underlying cause of death sta-
tistics masked the magnitude of diabetes-related mor-
tality. From 1999 to 2006, there was an increase in
the ratio of diabetes deaths in Part I vs. Part II in car-
diovascular deaths. They noted that in Australia, dia-
betes reported in Part I would be 12% lower in 2006
if the ratio from 1999 were applied. They concluded
that this increased likelihood of physicians reporting
diabetes in Part I reflected the subjectivity of diabe-
tes death certification and that specific guidelines on
death certification of diabetes relating to its reporting
as an underlying or associated cause are needed.

A study by Lu et al. conducted a survey of endocrinol-
ogists, cardiologists, and nephrologists regarding the
underlying cause of death for seven hypothetical case
scenarios in diabetic patients. They found variations
by specialty and only one case (a diabetic patient who
died from hyperglycemic hyperosmolar nonketotic
coma) had a nearly 100% agreement that diabetes
mellitus was the underlying cause of death (6).

CONCLUSION

This area of death certification may benefit from a con-
sensus effort, similar to the National Association of
Medical Examiners’ and American Medical College
of Toxicology’s position paper on opioid certification
(38). As clinicians may have professional biases and
not as much death certification experience as forensic
pathologists, a survey of forensic pathologist’s certi-
fication practices may be interesting. It appears that
the variation in certification occurs when considering
the chronic effects of diabetes mellitus when there is
confounding atherosclerotic or hypertensive cardio-
vascular disease. Deaths due to acute diabetic glucose
disruptions (e.g., DKA) are generally correctly certi-
fied as due to diabetes mellitus.
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