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 Abstract: Diabetes mellitus (DM) is a metabolic disorder being considered a real health problem. In low and middle 
income countries, diabetes is often inadequately treated and undiagnosed due to lack of awareness of the symptoms and 
limited access to healthcare services. Thus far, no analysis of deaths among diabetics has been performed from a forensic 
perspective. This research analyzed a total of 4.438 cases of autopsy files, by accessing the archive of the Institute of Legal 
Medicine in Iasi, Romania, over a period of 5 years, identifying 235 cases with DM, of which 7 cases of type 1 DM (3%), 192 
cases of type 2 DM (81.7%) and 36 cases of unspecified DM (15.3%). The study includes a complete view with macroscopic, 
histopathological and toxicological analysis, but also investigation data and medical information. This study offers the first 
forensic perspective of people known to have DM who died in North-Eastern Romania. The diagnosis of DM was identified in 
most cases in the content of the autopsy files and never in the death certificate. The number of identified diabetics represents 
the minimum number in forensic cases for the period and area investigated. Acute diabetic complications were not found in 
this study as medical cause of death. This research brings into discussion a pathology that in forensic medicine in Romania is 
disputed and often underestimated, proving once again the importance of studying the carbohydrate metabolic imbalance by 
applying postmortem biochemistry in every forensic service.
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INTRODUCTION

 Diabetes Mellitus (DM) is a chronic, not 
transmissible metabolic disease that develops when the 
pancreatic tissue does not produce or can no longer use 
insulin properly. This metabolic disorder is considered 
a real health problem, the latest data published by the 
International Diabetes Federation (IDF) shows that 463 
million adults are diagnosed with diabetes worldwide, 
and this number could increase to 578 million by 
2030, if control measures are not applied. In low and 
middle income countries, diabetes is often inadequately 
treated and undiagnosed due to lack of awareness of 
the symptoms and limited access to healthcare services. 

According to age profile of diabetes by IDF, 72% of 
people living with diabetes in 2019 are of working age 
(i.e., between 20 and 64 years old) [1]. Hence the impact 
that DM has on society, by affecting the economy and 
human productivity.
 At European level, in 2017 there were 693,351 
deaths due to diabetes, the top countries being 
occupied by Russia, Germany, Turkey, Spain and Italy 
[2]. According to data published by the World Health 
Organization (WHO), during 2017 in Romania there 
were 2527 deaths caused by diabetes, representing 
1.07% of the total number of deaths [3], the mortality 
rate being increased compared to the previous year. In 
2016 there were 2430 deaths, respectively 1% of the 
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CBT = Craniocerebral trauma; MF = Myocardial fibrosis; BP = Bronchopneumonia

total number of deaths [4].
 In the period 2008-2017, an ascending trend 
of the prevalence and incidence of DM was observed 
among the Romanian population [5]. According 
to the PREDATORR study, the North-East region 
(12.38%) of Romania is on the third place in the top of 
the prevalence of diabetes, after the regions of South-
Muntenia (13.39%) and Bucharest-Ilfov (12.79%) [6].
 For the Romanian population, there are several 
studies that have analyzed the mortality and cause of 
death among diabetics through death certificates [7, 
8]. Thus far, no analysis of deaths among diabetics has 
been performed from a forensic perspective.

MATERIALS AND METHODS

 This research analyzed a total of 235 cases of 
necropsy with diabetes, by accessing the archive of 
the Institute of Legal Medicine in Iasi (IOLM Iasi), 
Romania. The access to the archive was according 
to the rules of ethics after obtaining the agreement 
of the IOLM Iasi management. The identification 
of cases within the institute was performed over a 
period of 5 years, from January 2014 to January 2018. 
This analysis included/admitted only those deaths 
considered forensic cases, which fulfilled the forensic 
criteria necessary and mandatory for performing 
the forensic autopsy. These criteria included sudden, 
violent and unknown deaths. The cases with diabetes 
were identified by analyzing the necropsy files, more 
precisely by studying the medical and medico-legal 
documents available for each file: investigation data, 
observation sheets/hospitalizations, forensic report-
necropsy with macroscopic, histopathological and 
toxicological examination. The cases were divided 
into 3 categories: type 1 DM, type 2 DM and 
unspecified diabetes. By observing the steps regarding 
the conclusions of autopsy report, the type of death 
was subdivided into: pathological (nonviolent), 
violent (traumatic) and competing. The medical cause 
of death was classified into the following categories: 
cardiovascular, respiratory, digestive, cerebrovascular, 
sepsis, genital, violent/traumatic and competing. Cases 
of violent deaths were left as such, considering that 
the thanatogenerative mechanism was independent of 
the diagnosis of diabetes, having exclusively external 
causes. Cases of competing deaths were left as such 
also, because it was considered that both the violent 
and pathological causes of death contributed equally 
in the thanatogenerative mechanism.

RESULTS

 During the 5-year period, by analyzing 
4.438 cases of autopsy files, 235 cases with DM were 
identified, of which 7 cases of type 1 DM (3%), 192 
cases of type 2 DM (81.7%) and 36 cases of unspecified 
DM (15.3%). Regarding the sex of the participants, 156 
(66.4%) are male and 79 (33.6%) are female. The age 
of the participants is between 19 and 94 years (M = 
64.76, SD = 11.99). The most common type of death is 
pathological death (59.6%; n = 140), followed by violent 
death (37.9%; n = 89) and competing/concurrent death 
(2.6%; n = 6). The most common category of medical 
cause of death is violent/traumatic (38.7%; n = 91), 
followed by cardiovascular (34.5%; n = 81), respiratory 
(10.6%; n = 25), digestive (6.8%; n = 16), cerebrovascular 
(4.7%; n = 11), sepsis (2.1%; n = 5), competing (1.7%; n 
= 4) and genital (0.9%; n = 2).
 The frequency of death in men is higher than 
in women for the following categories of death: violent, 
cardiovascular, respiratory, sepsis and competing. There 
are no differences between the frequencies of death in 
men and women for the digestive, cerebrovascular and 
genital categories (similar frequencies).
 For cases under 30 years of age, the most common 
categories of death are digestive and respiratory. For 
cases of 30s the most common categories of death are 
digestive and violent. For 40s cases, the most common 
category of death is cardiovascular. For the 50s, 60s 
and 70s cases the most common category of death is 
violent. For 80s cases, the most common categories of 
death are cardiovascular and violent. For the 90s the 
most common categories of death are cardiovascular 
and respiratory.
 Regarding the frequency of DM per year, in 
2016 were identified the highest number of DM in 
forensic cases (5.1% of the total), followed by 2014 
(3.9% of the total).

 DM type 1
 A number of only 7 cases of type 1 DM were 
identified. Regarding the sex of the participants, there 
was only 1 female (14.3%) and the rest 6 were male 
(85.7%). The age is between 45 and 63 years (M = 55.28, 
SD = 7.43), no death under the age of 45 was recorded. 
Regarding the classification, the medical causes of death 
are: violent/traumatic (42.9%; n = 3), cardiovascular 
(28.6%; n = 2) and respiratory (28.6%; n = 2). There are 
no differences between the frequencies of these death 
categories (the frequencies are similar) for type I DM.
 The types of death are: pathological (57.1%; n 
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= 4) and violent (42.9%; n = 3). The types and medical 
causes of death among type 1 diabetics are shown in 
Tables 1 and 2.

 DM type 2
 A number of 192 cases of type 2 DM were 
identified. Regarding the sex of the participants, 122 
(63.5%) are male and 70 (36.5%) are female. The age 
is between 38 and 94 years (M = 66.80, SD = 10.67). 
The medical causes of death are: violent (36.5%; n = 
70), cardiovascular (35.9%; n = 69), respiratory (9.9%; 
n = 19), digestive (7.3%; n = 14), cerebrovascular (4.7%; 
n = 9), sepsis (2.6%; n = 5), competing (2.1%; n = 4) 
and genitals (1%; n = 2). The categories of violent and 
cardiovascular death are the most common for type 2 
DM.
 Types of death are: pathological (60.9%; n = 
117), violent (36.5%; n = 70) and competing (2.6%; n = 
5)(Table 4).
 The number of deaths in men is higher than 
in women for the categories Violent, Cardiovascular, 
Respiratory, Sepsis and Competing, and for the 
categories Digestive, Cerebral and Genital the 
frequencies are similar.

 Diabetes unspecified
 A number of 36 cases of unspecified DM 
were identified. Regarding the sex of the participants, 
28 (77.8%) are male and 8 (22.2%) female. The age 
is between 19 and 93 years (M = 55.72, SD = 14.35). 
The medical causes of death are: violent (50%; n = 18), 
cardiovascular (27.8%; n = 10), respiratory (11.1%; n = 
4), cerebral (5.6%; n = 2) and digestive (5.6%; n = 2). 
The most common cause of death is violent (Table 5).
 The types of death are: pathological (52.8%; n 
= 19), violent (44.4%; n = 16) and competing (2.8%; 

n = 1) (Table 6). The number of deaths in men is 
higher than in women for the Violent, Cardiovascular 
and Respiratory categories, and for the Cerebral and 
Digestive categories the frequencies are similar.
 Regarding decades of age and classification of 
causes of death, the data show the following frequencies:
 - under 30s: Digestive (50%; n = 1) and 
Respiratory (50%; n = 1);
 - 30s: Violent (100%; n = 1);
 - 40s: Cardiovascular (45.5%; n = 5), Violent 
(45.5%; n = 5) and Respiratory (9.1%; n = 1);
 - 50s: Violent (60%; n = 3) and Respiratory 
(40%; n = 2);
 - 60s: Violent (57.1%; n = 8), Cardiovascular 
(21.4%; n = 3), Cerebral (14.3%; n = 2) and Digestive 
(7.1%; n = 1).

DISCUSSION

 This study offers the first forensic perspective 
of people known to have DM who died in North-
Eastern Romania. Moreover, the study includes a 
complete view with macroscopic, histopathological and 
toxicological analysis, but also investigation data and 
medical information. This gross analysis is due to the 
provision of the entire autopsy file for each case and not 
just the death certificate. The main disadvantage of the 
study was represented by the time consuming method 
applied, which involved the analysis of every single 
case extracted from the archive, by actually browsing 
through 4.438 files.
 Pathological death was the main type of death 
in all 3 categories of DM analyzed: type I (57.1%), 
type II (60.9%) and unspecified (52.8%). In the top 
of pathological deaths was cardiovascular. A possible 
argument regarding this preponderance could be 

Number of cases (%) Mean Age at Death (range) Males: Females
Violent/traumatic 3 (42.9%) M = 57.66 SD = 6.65 (50-62) 2:1
       Peritonitis fasceitis 1 (14.3%)
       Poisoning 1 (14.3%)
       CBT 1 (14.3%)
Cardiovascular 2 (28.6%) M = 55.50 SD = 10.60 (48-63) 2:0
       MF 2 (28.6%)
Respiratory 2 (28.6%) M = 51.50 SD = 9.19 (45-58) 2:0
      BP 2 (28.6%)

Table 1. Summary of causes of deaths occurring in individuals with a history of type 1 diabetes

CBT = Craniocerebral trauma; MF = Myocardial fibrosis; BP = Bronchopneumonia

Number of cases (%) Mean Age at Death (range) Males: Females
Pathological 4 (57.1%) M = 53.50 SD = 8.42 (45-63) 4:0
Violent 3 (42.9%) M = 57.66 SD = 6.65 (50-62) 2:1

Table 2. Summary of type of deaths occurring in individuals with a history of type 1 diabetes
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Figure 1. Light microscopic micrograph of testis in control group.

represented by the risk factors present in diabetics, 
which make cardiovascular diseases the main cause of 
morbidity and mortality in this pathology, a statement 
supported and demonstrated in the literature [5-8]. 
It is known that people with diabetes are at high risk 

of developing acute thanatogenerative complications, 
especially insulin-treated cases.
 As expected, due to the forensic nature, the 
main cause of death was unnatural (violent) in all 3 
categories of DM analyzed: type I (42.9%), type II 

Number of cases (%) Mean Age at Death (range) Males: Females
Violent 70 (36.5%) M = 67.90 SD = 9.54 (41-89) 44:26
       CBT 40 (20.8%)
       Burns 7 (3.6%)
       SCI 6 (3.1%)
       Asphyxies 6 (3.1%)
       Poisoning 9 (4.5%)
       RTA 1 (0.5%)
       Hypothermia 1 (0.5%)
Cardiovascular 69 (35.9%) M = 67.04 SD = 10.41 (44-86) 45:24
MF 37 (19.3%)
ATS 18 (9.3%)
AMI 8 (4.2%)
Dilated Cardiomyopathy 2 (1%)
Abdominal Aortic Aneurysm Ruptures 1 (0.5%)
Haemopericardium 1 (0.5%)
Heart Failure 1 (0.5%)
PTE 1 (0.5%)
Respiratory 19 (9.9%) M = 71.15 SD = 12.01 (49-94) 12:7
Bronchopneumonia 16 (8.3%)
BP Cancer 3 (1.5%)
Digestive 14 (7.3%) M = 59.21 SD = 11.93 (38-78) 7:7
Pancreatitis 5 (2.6%)
Decompensated Liver Cirrhosis 3 (1.6%)
Esophageal Cancer 1 (0.5%)
Pancreatic Cancer 1 (0.5%)
Rectal Cancer 1 (0.5%)
Upper Digestive Hemorrhage 1 (0.5%)
Perforated Duodenal Ulcer 2 (1%)
Cerebral 9 (4.7%) M = 64.11 SD = 12.32 (47-83) 4:5
Hemorrhagic Stroke 7 (3.6%)
Ischemic Stroke 1 (0.5%)
Leptomeningitis 1 (0.5%)
Sepsis 5 (2.6%) M = 59.80 SD = 3.27 (57-65) 5:0
Competing 4 (2.1%) M = 67.75 SD = 15.32 (48-83) 4:0
RTA, Comorbidities 1 (0.5%)
Fasceitis MOF 1 (0.5%)
MF, CBT 1 (0.5%)
CBT Ischemic CVA 1 (0.5%)
Genital 2 (1%) M = 59.50 SD = 2.12 (58-61) 1:1
Prostate Cancer 1 (0.5%)
Cancer Uterin 1 (0.5%)

Table 3. Summary of causes of deaths occurring in individuals with a history of type 2 DM

CBT = Craniocerebral Trauma; BP Cancer = Bronchopulmonary Cancer; SCI = Spinal Cord Injury; PE = Acute Pulmonary Edema; RTA = Road Traffic 
Accident; MOF = Multiple Organ Failure; AMI = Acute Myocardial Infarction; MF = Myocardial Fibrosis; ATS = Atherosclerosis; PTE = Pulmonary 
Thromboembolism.

Number of cases (%) Mean Age at Death (range) Males: Females
Pathological 117 (60.9%) M = 66.18 SD = 11.19 (38-94) 73:44
Violent 70 (36.5%) M = 67.85 SD = 9.58 (41-89) 45:25
Competing 5 (2.6%) M = 66.40 SD = 13.61 (48-83) 4:1

Table 4. Summary of type of deaths occurring in individuals with a history of type 2 diabetes



Statistical analysis regarding the mortality and morbidity of diabetes in Romania - forensic perspective

455

(36.5%) and unspecified (50%), being followed by the 
cardiovascular and respiratory cause. This discrepancy 
between the results, respectively between the main 
type of death - pathological death and the main cause 
of death - violent, is explained by the division of case 
with pathological death on different systems (nervous, 
cardiovascular, respiratory, digestive, genital).
 No cases were reported due to acute diabetic 
complications, namely diabetic ketoacidosis (DKA) and 
non-ketotic hyperglycemic hyperosmolar state (HHS). 
These complications are diagnosed postmortem only 
by thanatochemical determinations and it is known 
that not all forensic services benefit from these tests. 
Therefore it is outlined this obvious underestimation of 
these causes of death, a problem recognized and debated 
internationally, both by lack of constant biochemical 
determinations and general standardization of the 
thanatochemical values necessary for these diagnoses. 
Although these 2 deadly complications are not very 
common, it is necessary to mention that the lack of 
these causes in the analyzed deaths is due to the absence 
of the necessary thanatochemical analyzes.
 There are few published studies regarding the 

mortality of diabetics in the Romanian population. A 
recent study [6], analyzed 5.053 deaths, from a total 
number of 49.328 diabetic adults, from Bucharest, 
Romania, aged between 20 and 64 years, for a period 
of 11 years (from 2001 to 2011). The authors analyzed 
the deaths through the death certificate, considering 
only the primary cause of death. The primary cause 
is defined as the morbid condition that caused the 
death, while the secondary cause is defined as another 
major morbid condition that contributed to the death. 
Mortality data was examined by accessing the National 
Institute of Statistics, by reference to the general 
population. This study highlighted the male sex as the 
majority compared to the female, in terms of mortality 
rate, like our research did. Contrariwise, the mortality 
rate ratio against the general population was higher in 
women than men. Another recent study [7], analyzed 
168.854 cases of death in Romania in the period 1998-
2015, accessing the data of the National Institute of 
Statistics and analyzing the primary and secondary 
causes of death stipulated in the death certificates. It 
is mentioned that DM was found mainly as secondary 
cause of death in death certificates, so the analysis of 

Number of cases (%) Mean Age at Death (range) Males: Females
Violent 18 (50%) M = 56.88 SD = 10.30 (38-75) 15:3
       CBT 8 (22.2%)
SCI 2 (5.6%)
Burns 2 (5.6%)
Asphyxies 2 (5.6%)
RTA 1 (2.8%)
Poisoning 2 (5.6%)
Hypothermia 1 (2.8%)
Cardiovascular 10 (27.8%) M = 58.20 SD = 16.84 (41-93) 8:2
MF 5 (13.9%)
ATS 3 (8.4%)
APE 1 (2.8%)
Acute Coronary Syndrome 1 (2.8%)
Respiratory 4 (11.1%) M = 46.00 SD = 15.70 (23-57) 3:1
Bronchopneumonia 3 (8.4%)
Lung abscess 1 (2.8%)
Cerebral 2 (5.6%) M = 65.00 SD = 2.82 (63-67) 1:1
Stroke 1 (2.8%)
        Cerebral coma 1 (2.8%)
Digestive 2 (5.6%) M = 43.00 SD = 33.94 (19-67) 1:1
Hepatic abscess 1 (2.8%)
Pancreatitis 1 (2.8%)

Table 5. Summary of causes of deaths occurring in individuals with a history of Diabetes unspecified

Table 6. Summary of type of deaths occurring in individuals with a history of Diabetes unspecified

Number of cases (%) Mean Age at Death (range) Males: Females
Pathological 19 (52.8%) M = 55.15 SD = 17.46 (19-93) 14:5
Violent 16 (44.4%) M = 56.81 SD = 10.51 (38-75) 14:2
Competing 1 (2.8%) M = 49.00 (49) 0:1
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this pathology as the primary cause of death could not 
be analyzed. Most of the deaths occurred at the hospital 
and at home, emphasizing that very few cases of those 
analyzed had secondary confirmation, by performing 
the autopsy. The authors concluded that the mortality 
rate among diabetics increases with age and that males 
have a higher mortality rate than females for most age 
groups during the analyzed period. None of the studies 
subdivided the cases with DM analyzed in type I and II.
 Both studies discuss the accuracy of the data 
taken from the death certificate. There may be many 
variables in performing this act, able to lead to incorrect 
results, or at least with the existence of errors that must 
be identified and taken into account. The quality of 
information regarding DM, retrospectively collected 
from death certificates, has been many times disputed, 
with studies showing that this disease is mentioned for 
only 30-40% of diabetics cases in death certificates [8-
11]. Moreover, a recent study from 2017 demonstrates 
the internationally impact of mortality analysis through 
various methods of completing death certificates [12]. 
In addition, it is pointed out that a very low percentage 
(less than 1%) of diabetic deaths were also confirmed 
by autopsy, a problem debated internationally, stating 
that death certificate is not a reliable method of analysis 
[13]. As the authors of the mentioned studies say, these 
studies follow the same problem of mortality among 
diabetics, but from different angles. There are analyzes 
based on different perspectives: the general population, 
the diabetic population and forensic cases, as in the 
present study, complementing each other.
 Although there were differences in magnitude, 
the increased mortality rate among diabetics compared 
to the general population has been demonstrated 
and studied in various publications [14-16], clearly 
representing an issue to be debated and analyzed by 
each country. A retrospective analysis of forensic cases 
regarding the mortality rate among diabetics provides 
an amplified picture about causes of death, such as 
violent ones, where DM is often not specified in the 
death certificate. In Romania, there are no reports on the 
mortality rate in diabetics from a forensic perspective.
 Compared to international studies [17, 18], the 
present research did not report deaths whose main cause 
is acute diabetic complications, a possible explanation 
being the low number of cases studied and the lack of 
thanatochemical data on carbohydrate metabolism. 
In addition to this research, a social perspective can 
also be discussed, with reference to the living standard 
of each case analyzed. Romania is one of the Eastern 
European countries where access to medical services is 

not uniform and accessible to all. Thus, either due to 
poor education or financial problems, there are people 
who choose not to be in the records of a doctor and/ or 
refuse to go to a hospital even when they have severe 
symptoms, with high lethal risk. From here derives the 
numerous sudden deaths at home, with lack of medical 
information and investigation data. 
 The analysis in this research constantly faced 
deaths at home, whose medical history was absent either 
due to minimal investigative data, or by incomplete and 
deficient medical data. Therefore, if the diagnosis of 
diabetes is not identified in the background, this does 
not mean that it doesn’t exists. Hence, it can be easily 
stated that the present study represents a minimum 
threshold in terms of number of diabetics whose death 
have been forensically investigated. Moreover, it is 
known that undiagnosed diabetes can cause and/or 
start with acute complications causing death [17,18]. In 
Romania, there are no reports regarding the mortality 
rate in diabetics from a forensic perspective.
 In conclusion, this study offers the first forensic 
perspective of people known to have DM who died in 
North-Eastern Romania. The diagnosis of DM was 
identified in most cases in the content of the autopsy 
files and never in the death certificate. The number of 
identified diabetics represents the minimum number 
in forensic cases for the period and area investigated. 
Acute diabetic complications were not found in this 
study as medical cause of death. This research brings 
into discussion a pathology that in forensic medicine 
in Romania is disputed and often underestimated, 
proving once again the importance of studying the 
carbohydrate metabolic imbalance by applying post-
mortem biochemistry in every forensic service. 
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