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a b s t r a c t   

Background: Post-mortem biochemistry, including the analysis of beta-hydroxybutyrate (BHB), is increas
ingly employed in forensic medicine, especially in conditions such as diabetes and chronic alcoholism. 
However, not much is known about the associations between age, body mass index (BMI), and sex and BHB 
concentrations in ketoacidotic conditions. 
Aim: To retrospectively study the association between age, BMI and sex in several conditions, such as 
diabetic ketoacidosis (DKA), alcoholic ketoacidosis (AKA), and elevated post-mortem BHB concentrations. 
Methods: 1407 forensic autopsy cases analysed for BHB were grouped by diagnosis: DKA, AKA, HHS [hy
perosmolar hyperglycaemic state], acidosis NOS [not otherwise specified], or hypothermia. Age, sex, BMI 
and the concentrations of blood alcohol, vitreous glucose and blood BHB were recorded. 
Results: Cases of AKA and DKA were most numerous (184 and 156, respectively). In DKA and in its male 
subgroup, cases with severe ketosis (BHB > 1000 µg/g) were younger and had a lower BMI than those with 
moderate ketosis (BHB 250–1000 µg/g) and controls (P < 0.001). In DKA and in its female subgroup, cases 
with moderate ketosis cases were older (P = 0.0218 and P = 0.0083) than controls. In AKA and in its male 
subgroup, cases with severe ketosis had a lower BMI than those with moderate ketosis (P = 0.0391 and 
P = 0.0469) and controls (P < 0.001). Cases with moderate ketosis had a lower BMI than controls (P < 0.001). 
Conclusions: BHB concentration is associated with BMI in DKA and AKA, and with both BMI and age in DKA. 
Constitutional factors should, therefore, be considered in potential AKA and DKA cases. 

© 2021 The Authors. Published by Elsevier B.V. 
CC_BY_4.0   

1. Introduction 

Ketoacidosis refers to a state of metabolic imbalance that may de
velop when the glucose metabolism is impaired and fatty acids are 
subsequently released from adipocytes. Ketoacidosis may develop due to 
numerous conditions. In the forensic context, diabetes, alcohol abuse, 
starvation, and hypothermia are the most frequently encountered con
ditions [1]. In ketogenesis, mainly beta hydroxybutyrate (BHB), 

acetoacetate and acetone are formed. Of these, the concentration of BHB 
rises the fastest in the ketogenetic process [2]. 

A BHB concentration greater than 250 µg/g blood is viewed pa
thological. In forensic cases in which such a BHB concentration is 
encountered, ketoacidosis can be considered to be the immediate or 
underlying cause of death [3–5], after other causes of deaths have 
been excluded. Among living subjects, a concentration up to 50 µg/g 
is considered normal. A concentration above 100 µg/g is defined as 
hyperketonemia and above 300 µg/g as ketoacidotic [6]. 

Previous research on post-mortem BHB has focused primarily on 
the diagnosis of ketoacidosis and on suggesting a cause: either 
diabetes (diabetic ketoacidosis, DKA) or alcohol (alcoholic ketoaci
dosis, AKA) [4,5,7]. Less attention has been paid to other factors, such 
as associations between BHB concentration and age or sex. Differ
ences in the prevalence of DKA between the sexes have been in
vestigated in patients, with conflicting results. Some studies have 
shown a female preponderance [8,9], while others a male one, at 
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least in certain subgroups [9]. Age, on the other hand, is associated 
with a higher mortality in DKA [10]. As far as we know, no studies 
have been made on the impact of age and sex on AKA. 

Obesity is associated with type 2 diabetes and plays a role in 
some cases of type 1 diabetes [10]. Chronic alcoholics, on the other 
hand, are often malnourished [11] and there is a negative correlation 
between body mass index (BMI) and alcohol consumption, at least 
among women [12,13]. Lean et al. reported that obesity and total 
alcohol consumption are associated, while the frequency of drinking 
alcohol is negatively associated with obesity [14]. Yokoyama et al. 
reported that low BMI is associated with AKA in a study of alcoholic 
men [15]. There is also evidence that in type 2 diabetics, DKA de
velops in older and obese patients [16]. The association between age, 
sex and BMI and different types of ketoacidosis has not been in
vestigated in a post-mortem context. 

Uncontrolled diabetes can lead to hyperglycaemic emergencies 
such as DKA or a hyperosmolar hyperglycaemic state (HHS). An HHS 
typically develops in type 2 diabetics who suffer from an acute 
stressor, for example an infection. The acute stressor worsens the 
blood glucose balance, but the body is still able to suppress the 
acidosis. Hence, hyperglycaemia without concomitant ketoacidosis 
develops [5,17]. Mortality in HHS is higher than it is in DKA [18]. 
Hockenhull et al. identified six cases of a total of 102 deaths that had 
an elevated glucose concentration without significantly elevated 
concentrations of ketone bodies, which indicated possible HHS [5]. 
No other study has examined the occurrence of HHS post mortem. 

We have therefore retrospectively investigated the association 
between age, BMI and sex in post mortem cases analysed for BHB 
with special focus on AKA and DKA deaths. We also estimated the 
proportions of various diagnoses that have been associated with 
elevated BHB concentrations. 

2. Materials and methods 

2.1. Case selection 

All cases analysed for BHB in the autopsy routine at the National 
Board of Forensic Medicine in Sweden during the years 2013–2018 
were retrospectively included in this study, giving 1490 post-mortem 
cases. Children were excluded (nine cases under the age of 18 at the 
time of death), as were also 74 cases in which another tissue than 
femoral blood had been analysed. Thus, 1407 cases remained, of 
which 1061 were men and 346 women. 

During the study period, the BHB concentration was measured at 
the request of the forensic pathologist or the forensic toxicologist. 
Alcohol was analysed in all forensic post-mortem toxicological cases 
as long as there was enough substrate for an analysis. 

2.2. Analytical methods 

BHB concentrations were determined using a 6890 N gas-chro
matograph (GC) coupled to a 5973 mass-spectrometer (Agilent 
technologies). 250 mg of blood was mixed with 100 µL internal 
standard solution (BHB-D4), and 50 mL of 0.2 M sulphuric acid. 1 mL 
of ethyl acetate was added. The solution was incubated for three 
minutes before centrifugation. The supernatant was transferred and 
evaporated under nitrogen until it reached dryness. The analytes 
were reconstituted in 100 µL ethyl acetate and 50 µL BSTFA + 1% 
TMCS (Thermo Scientific). After 30 min of derivatisation at 60 °C, 
and 10 min of cooling, 2 µL were injected on the GC with a 250 °C 
injection temperature. The analytes were separated on a DB-5MS 
(95% dimethyl - 5% diphenyl polysiloxane) column. The temperature 
gradient was elevated from 70 °C to 110 °C in 4 min and then held for 
0.2 min. Subsequently, the temperature was elevated by 40 °C per 
minute until it reached a level of 315 °C, after which the temperature 
was held for 1 min. A flow of 1.0 mL of helium per minute was added 

during the process. A standard curve from 50 to 1000 µg/g was used 
for quantification and the quantifier ions were 237 m/z for BHB-D4 
and 233 m/z for BHB. The cut-off level of BHB was 50 µg/g and the 
upper detection limit was 1000 µg/g. BHB concentrations < 50 µg/g 
were reported as negative and BHB concentrations > 1000 µg/g as 
BHB > 1000 µg/g. The precision of the method, measured as coeffi
cient of variance, was <5% and the accuracy (interday and intraday 
accuracy, n = 8 at three different concentrations) was between 93% 
and 100%. 

2.3. Cause of death 

Autopsy protocols, background information, results from ancil
lary investigations and medical records (when available) were 
evaluated, and the cause of death was determined from these. 

Based on the forensic pathologist statement and the information 
available the included cases were divided into ten different groups 
according to cause of death: AKA cases – AKA was considered cause 
of death and the BHB concentration ≥ 250 µg/g, DKA cases – DKA was 
considered cause of death and the BHB concentration ≥ 250 µg/g, 
AKA not CoD – AKA was present but not considered cause of death, 
DKA not CoD – DKA was present but not cause of death, Hypothermia 
–hypothermia was considered cause of death, Hypothermia con
tributing–hypothermia was considered a contributing cause of death, 
HHS cases – HHS was present (glucose was elevated but the BHB 
concentration was negative or below 250 µg/g) and considered cause 
of death, Acidosis NOS CoD – ketoacidosis NOS (not otherwise spe
cified, i.e., other than DKA, AKA or hypothermia) was present (BHB 
concentration ≥ 250 µg/g) and considered cause of death, Acidosis 
NOS not CoD – ketoacidosis NOS was present (BHB ≥ 250 µg/g) but 
not considered cause of death, Negative or other CoD – the remaining 
cases where the BHB concentration was negative or below 250 µg/g 
or had another CoD. An overview of the cause of deaths and further 
subdivision of the cases can be found in Fig. 1. 

Cases with elevated BHB and vitreous glucose concentration 
were defined as DKA. Individuals with DKA who had diabetes type 1 
and those with type 2 were grouped together. Cases with known 
diabetes and elevated BHB without elevated glucose were classed as 
DKA, since post-mortem DKA can exist without an elevated glucose 
concentration [19]. Cases with elevated BHB and known alcoholism 
were defined as AKA. The existence of chronic alcoholism was most 
often established from a comment about long-time alcohol abuse in 
the police report or in medical records, and, in a few cases, from 
post-mortem biochemical analysis (the phosphatinylethanol, PEth, 

Fig. 1. Flow chart showing the cause of death group and the subdivision of the AKA 
and DKA cases for further analysis. 
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concentration ≥ 0.7 µmol/L in femoral blood [20]). As HHS were 
labelled cases which had high enough vitreous glucose values 
(≥10 mmol/L) to be lethal [21,22], but in which BHB was not 
detected or below 250 µg/g. 

We chose a cut-off concentration for BHB of 250 µg/g, to ensure that 
only cases that were truly pathologically ketoacidotic [3–5] were eval
uated. In some cases, an elevated BHB concentration could be explained 
by one of several reasons. In such cases, the ketoacidosis was classified 
according to the most probable reason for the acidotic state, with both 
glucose concentration and background information being considered. In 
cases in which alcoholism and/or diabetes had been diagnosed, the ke
toacidosis was labelled according to one of these, even if other possible 
causes, such as an acute infection, were present. We assumed that the 
underlying diabetes or alcoholism had played a role in the development 
of the ketoacidosis in these cases [23]. However, when the BHB elevation 
was assumed to be due to hypothermia, the case was labelled as hy
pothermic, even if alcoholism and/or diabetes had been diagnosed, as 
acidosis may develop independently in hypothermia [24]. Some cases of 
acidosis lacked sufficient background information and other findings to 
allow them to be grouped as AKA, DKA, HHS or hypothermia. These 
were labelled acidosis not otherwise specified (NOS). 

Sex, age at the time of death, BMI and the results of blood alcohol 
and vitreous glucose analyses for the 1407 study cases were re
trieved from the National Board of Forensic Medicine database. The 
lower detection limit for blood alcohol was 0.1‰ and the upper 
detection limit was 6.0‰. The lower detection limit for vitreous 
glucose was 0.2 mmol/L and the upper detection limit was 
38.9 mmol/L. If a higher concentration was encountered, the samples 
were diluted. 

2.4. AKA and DKA analysis, and grouping based on BHB concentrations 

In addition to the separation according to diagnosis, the 1407 
cases were also separated according to their BHB concentrations, 
regardless of underlying condition, into the following groups: BHB 
not detected (BHB < 50 µg/g), BHB positive (BHB 50–249 µg/g), 
moderate ketoacidosis (BHB 250–1000 µg/g) and severe ketoacidosis 
(BHB > 1000 µg/g). The median age, BMI, blood alcohol concentra
tion, vitreous glucose concentration and proportion of women were 
noted or calculated for all these groups. 

The DKA and AKA groups for which the ketoacidosis had been 
deemed cause of death were investigated in more detail. These 
groups were also divided according to the degree of ketoacidosis, see  
Fig. 1. Cases with BHB 250–1000 µg/g were labelled moderate DKA or 
AKA and cases with BHB > 1000 µg/g as severe DKA or AKA. The cases 
were also separated into men and women, see Fig. 1. The parameters 
listed above were also recorded for these groups. The cases in which 
BHB was not detected (BHB < 50 µg/g) were used as control group. 

2.5. Statistical analysis 

Data were analysed using the GraphPad Prism version 8.3.0 
software (GraphPad Software, Inc). The significances of differences 
in median age and BMI between cases with different BHB con
centrations were tested using the Kruskal-Wallis test with Dunn’s 
adjustment for multiple comparisons. The differences in the fraction 
of cases and sex distribution between groups were investigated 
using the Chi squared test. A P-value below or equal to 0.05 was 
considered statistically significant. 

3. Results 

Of the total number of cases, 60.7% (854) were positive for BHB 
(BHB ≥50 µg/g) and 34.2% (481) of the total number of cases were 
ketoacidotic (BHB ≥ 250 µg/g), see Table 1 and Supplementary 
Table 1. Of the ketoacidotic cases, the most common cause of death Ta
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was AKA, accounting for 13.1% (184) of the total number of cases and 
38.2% of the ketoacidotic cases. DKA was the second most common 
cause of death, accounting for 11.1% (156) of the total number of 
cases and 32.4% of the ketoacidotic cases. The combined AKA cases 
(cause-of-death (184) and not-cause-of-death (37), together n = 221) 
constituted 15.7% of the total cases. The combined DKA cases (cause- 
of-death (156) and not-cause-of-death (11), together n = 167) con
stituted 11.9% of the total cases. The cases that did not fall into any of 
the diagnostic categories (909) constituted 64.6% of the total number 
of cases (see Table 1). 

In the DKA cause-of-death group, 42.3% had moderate ketoaci
dosis and 57.7% had severe ketoacidosis (Table 2). In the AKA 
cause-of-death group, 80.4% had moderate ketoacidosis and 19.6% 
had severe ketoacidosis (Table 3). Thus, a larger proportion of 
the DKA cases had severe ketoacidosis compared to moderate 
(P < 0.001). 

In the female DKA cause-of-death group, 40.5% had severe ke
toacidosis, while in the corresponding male group, the fraction was 
63.0%. In contrast, a very large proportion of the male AKA cause-of- 
death cases, 82.7%, had moderate ketoacidosis. The corresponding 
figure for the female cases was 73.3%. 

The male/female ratio was 3.2 in the DKA cause-of-death group, 
and 3.1 in the AKA cause-of-death group, which was not significantly 
different. 

In the DKA cause-of-death group, the median vitreous glucose 
concentration was 34.2 mmol/L and the range from  
<0.2–78.4 mmol/L (Table 2). In the AKA cause-of-death group, the 
median vitreous glucose concentration was 0.6 mmol/L and 
the range from <0.2–17.1 mmol/L (Table 3). In the control group, the 
median vitreous glucose concentration was 0.8 mmol/L, and 
the range from <0.2–75.6 mmol/L (Tables 1–3). 

In the DKA cause-of-death group, the median femoral blood al
cohol concentration was 0.40‰ and the range from <0.1–1.65‰ 
(Table 2). In the AKA cause-of-death group, the median femoral 
blood alcohol concentration was 0.57‰ and the range from 
<0.1–3.05‰ (Table 3). In the control group, the median blood alcohol 
concentration was 1.18‰ and the range from <0.1–4.81‰ (Tables 2 
and 3). 

3.1. Age distributions based on BHB concentrations for DKA and AKA 
cases 

Fig. 2A–C and Table 2 present the age distributions of all the DKA 
cause-of-death cases for the different BHB concentrations. In DKA, 
the cases with moderate ketoacidosis were older than the controls 
(P = 0.0218). The severe DKA cases were younger than both the 
controls (P <0.001) and the moderate cases (P  < 0.001). The median 
age for all DKA cause-of-death cases was 58 years. 

Table 2 
Diabetes ketoacidosis cases, cause of death and controls.             

Number of 
cases 

% of cases % women (n) Age at time of death 
(y), median (range) 

BMI (kg/m2), 
median (range) 

Blood alcohol (‰), 
median (range) 

Vitreous glucose (mmol/L), 
median (range)  

Total BHB negative  555 39.4%a 24.1% (134) 60 (18–95) 25.7 (9.9–61.9) 1.18 (<0.1–4.81) 0.8 (<0.2–75.6) 
All DKA cases  156 100% 23.7% (37) 58 (19–92) 22.7 (12.2–44.8) 0.40 (<0.1–1.65) 34.2 (<0.2–78.4) 
BHB 
250–1000 µg/g  

66 42.3% 33.3% (22) 66 (19–82) 26.4 (16.0–44.8) 0.42 (<0.1–1.65) 18.9 (0.3–71.0) 

BHB  > 1000 µg/g  90 57.7% 16.7% (15) 53 (19–92) 21.5 (12.2–33.0) 0.23 (<0.1–1.09) 44.8 (<0.2–78.4) 
Women BHB negative  134 24.1%b 100% 57 (19–90) 24.6 (9.9–56.7) 1.56 (<0.1–4.81) 0.7 (<0.2–52.8) 

All female DKA  37 100% 100% 62 (34–82) 22.7 (13.3–44.8) 0.33 (<0.1–0.66) 29.7 (<0.2–71.0) 
BHB 
250–1000 µg/g  

22 59.5% 100% 66 (34–82) 24.4 (16.0–44.8) 0.33 (<0.1–0.66) 20.2 (0.3–71.0) 

BHB  > 1000 µg/g  15 40.5% 100% 58 (34–80) 20.8 (13.3–29.4) 0.30 (<0.1–0.46) 36.05 (<0.2–58.3) 
Men BHB negative  421 75.9%b 0% 61 (18–95) 26.0 (13.6–61.9) 1.05 (<0.1–4.73) 0.8 (<0.2–75.6) 

All male DKA  119 100% 0% 57 (19–92) 22.7 (12.2–39.2) 0.40 (<0.1–1.65) 37.95 (<0.2–78.4) 
BHB 
250–1000 µg/g  

44 37.0% 0% 64 (19–81) 26.8 (19.4–39.2) 0.42 (<0.1–1.65) 18.35 (0.30–60.6) 

BHB  > 1000 µg/g  75 63.0% 0% 52 (19–92) 21.7 (12.2–33.0) 0.23 (<0.1–1.09) 45.20 (<0.2–78.4) 

Note: BHB negative = BHB not detected  
a Of the total material  
b Of the BHB-negative cases.  

Table 3 
Alcoholic ketoacidosis cases, cause of death and controls.             

Number of 
cases 

% of cases % women (n) Age at time of death 
(y), median (range) 

BMI (kg/m2), 
median (range) 

Blood alcohol (‰), 
median (range) 

Vitreous glucose (mmol/ 
L), median (range)  

Total BHB negative  555 39.4%a 24.1% (134) 60 (18–95) 25.7 (9.9–61.9) 1.18 (<0.1–4.81) 0.8 (<0.2–75.6) 
All AKA cases  184 100% 24.5% (45) 64 (37–85) 22.2 (10.7–40.6) 0.57 (<0.1–3.05) 0.60 (<0.2–17.1) 
BHB 
250–1000 µg/g  

148 80.4% 22.3% (33) 65 (42–85) 22.5 (12.5–40.6) 0.59 (<0.1–2.90) 0.60 (<0.2–12.5) 

BHB  > 1000 µg/g  36 19.6% 33.3% (12) 63 (37–76) 20.3 (10.7–38.5) 0.51 (<0.1–3.05) 0.51 (<0.2–17.1) 
Women BHB negative  134 24.1%b 100% 57 (19–90) 24.6 (9.9–56.7) 1.56 (<0.1–4.81) 0.7 (<0.2–52.8) 

All female AKA  45 100% 100% 62 (37–82) 21.8 (10.7–38.5) 0.32 (<0.1–2.90) 0.50 (<0.2–2.8) 
BHB 
250–1000 µg/g  

33 73.3% 100% 65 (43–82) 22.2 (14.0–35.7) 0.41 (<0.1–2.90) 0.45 (<0.2–2,5) 

BHB  > 1000 µg/g  12 26.7% 100% 59 (37–76) 19.6 (10.7–38.5) 0.20 (<0.1–1.93) 0.60 (<0.2–2.8) 
Men BHB negative  421 75.9%b 0% 61 (18–95) 26.0 (13.6–61.9) 1.05 (<0.1–4.73) 0.8 (<0.2–75.6) 

All male AKA  139 100% 0% 65 (42–85) 22.3 (11.7–40.6) 0.61 (<0.1–3.05) 0.60 (<0.2–17.1) 
BHB 
250–1000 µg/g  

115 82.7% 0% 65 (42–85) 22.7 (12.5–40.6) 0.62 (<0.1–2.81) 0.65 (<0.2–12.5) 

BHB  > 1000 µg/g  24 17.3% 0% 64 (47–75) 20.3 (11.7–24.6) 0.55 (<0.2–3.05) 0.45 (<0.2–17.1) 

Note: BHB negative = BHB not detected  
a Of the total material  
b Of the BHB-negative cases.  
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In the female DKA cause-of-death group (Fig. 2B), the moderate 
cases were older than the controls (P = 0.0083). The median age of 
the severe cases did not significantly differ from that of the mod
erate cases (Fig. 2B). In the male DKA cause-of-death group, the 
severe cases were younger than the controls and younger than 
the moderate cases (P  < 0.001). The median age of the male mod
erate cases did not differ significantly from that of the control cases 
(Fig. 2C). 

Fig. 2D–F and Table 3 present the results for the total AKA group. 
In the total AKA group, the moderate group was older than the 
controls (P  < 0.001). The age of the severe group did not significantly 
differ from that of the moderate cases. The median age for all AKA 
deaths was 64 years (Fig. 2D and Table 3). 

The results for the female AKA cause-of-death group concerning 
age are presented in Fig. 2E and in Table 3. In the female AKA group, 
the moderate cases were older than the controls (P = 0.0083). The 
age of the female severe cases did not significantly differ from that of 
the moderate cases nor of that of the controls. 

Fig. 2F and Table 3 present the results for the male AKA cause-of- 
death group with respect to age. In the male AKA group, the mod
erate cases were older than the controls (P = 0.0036). The ages of the 
severe group and the moderate group did not significantly differ. 

3.2. BMI distributions based on BHB concentrations for DKA and AKA 
cases 

Fig. 3A–C and Table 2 present the BMI results for the DKA cause- 
of-death group. In this group, the severe cases had a lower BMI than 
both the controls and the moderate cases (P  < 0.001, Fig. 3A). The 
BMI of the controls did not significantly differ from the BMI of the 
moderate cases. These differences were significant also for 
male cases, where the male severe cases had a lower BMI than both 
the male controls and the male moderate cases (P  < 0.001). However, 
the BMI of the male moderate cases did not significantly differ from 
that of male controls (Fig. 3C). The BMIs for all female DKA groups 
did not significantly differ from each other (Fig. 3C). 

Fig. 3D and Table 3 present the results for the AKA cause-of-death 
group. In this group, the severe cases and the moderate cases both 
had a lower BMI than the controls (P  < 0.001). The severe cases also 
had a lower BMI than the moderate cases (P = 0.0391, Fig. 3A). 

For the female AKA cases (Fig. 3E), the BMIs of the severe cases, of 
the moderate cases and of the controls did not significantly differ. In 

the male AKA group (Fig. 3F), the severe cases had a lower BMI than 
the controls and the moderate cases (P  < 0.001). The male moderate 
group also had a lower BMI than the controls (P = 0.0469). 

4. Discussion 

The results of this study indicate that age and BMI differ between 
DKA and AKA cases with different concentrations of BHB. In DKA, the 
sex of the individual may also be of significance. 

4.1. DKA and AKA in relation to age, BMI and sex 

As far as DKA and age are concerned, severe cases were younger 
than the controls, and also younger than moderate cases. The same 
was true for male DKA cases. In contrast, moderate female cases 
were older than the controls, but not older than the severe cases. 
These results suggest that men with DKA die younger and at higher 
BHB concentrations, while women are older and die at lower BHB 
concentrations. 

In AKA, moderate cases were older than the controls both in the 
total group, and in the male and female subgroups. No significant 
differences were noted between the severe cases and the moderate 
cases or the controls. Thus, in AKA, age does not vary with BHB 
concentrations to the same extent and in the same manner as it does 
in DKA, and does not have the same relevance. 

Concerning DKA and BMI, the severe cases had a lower BMI than 
both the controls and the moderate cases. The same also applied to 
the male DKA cases. The BMI of the moderate cases did not sig
nificantly differ from that of the controls, neither in total DKA nor in 
its male or female subgroups. Thus, in addition to dying at a younger 
age, the male severe cases also had a lower BMI. 

It may be that younger men neglect their diabetes to a larger 
extent and subsequently succumb to a more severe DKA. The gen
erally observed link between diabetes and high BMI is also not seen 
in these cases. Women, on the other hand, may care better for their 
diabetes, and survive longer. However, when women die from DKA, 
they do so at a lower BHB concentration. Advanced age is a risk 
factor for death by DKA [25], so it is therefore unsurprising that older 
women die at lower BHB concentrations. 

DKA in type 2 diabetes has been associated with obesity [16]. It 
is, therefore, surprising that the severe DKA cases had a lower BMI 
than the control cases and the moderate cases. Indeed, the median 

Fig. 2. Distribution of age based on BHB concentrations and sex for DKA and AKA cases. Note: n.s. - not significant, neg – negative, i.e, not detected, DKA – diabetic ketoacidosis, 
AKA – alcoholic ketoacidosis. 
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BMI of the severe group was in the lower normal range (21.5 kg/m2), 
meaning 50% of the cases had a BMI below this value. According to 
the definition of the WHO, a normal BMI should be in the range 
18.5–24.9 kg/m2 [26]. Our results show that, although diabetes at 
diagnosis is associated with obesity, dying from a severe diabetes- 
induced ketoacidosis is not associated with a high BMI. In fact, the 
opposite is true: severely ketoacidotic individuals, who should be 
worse off in their diabetes, have a lower BMI than moderately ke
toacidotic individuals, who presumably suffer from a diabetes that is 
less severe. The low BMI of the severely ketoacidotic individuals may 
be a consequence of them being in a ketotic state for a long period of 
time. A ketogenic diet, which induces ketosis, is known to cause 
weight loss [27]. 

In AKA, the importance of BMI is even more pronounced. Severe 
cases had a lower BMI than the controls and the moderate cases. 
The moderate cases, in turn, had a lower BMI than the controls. The 
pattern was similar for female cases, but the results were not sig
nificant. The numbers of cases were low in the female subgroups, 
(15 and 22), and may have been too low to reveal a small difference. 
Thus, in contrast to DKA, a low BMI overall was linked to AKA in 
chronic alcoholism and associated with its severity. Malnutrition is 
common in chronic alcoholism [11], and the low BMI in these cases 
may reflect the severity of the alcoholism and the individual’s phy
sical enfeeblement. A low BMI in a chronic alcoholic could thus raise 
the suspicion of possible AKA when no apparent cause of death is 
available and suggest a need for appropriate testing. 

The results reveal only one significant association for AKA and 
age: moderate cases were significantly older than the controls. There 
are, however, some other age-related associations. The youngest 
victim of lethal alcoholic ketoacidosis in our material was 37 years of 
age at the time of death and the median age was 64 years in the total 
group. AKA typically develops in persons with chronic alcohol abuse  
[28,29]. “Chronic alcoholism” is not a well-defined term, and may 
not be the same as “alcohol dependency” as described in DSMV. 

In conclusion, we have shown that lethal AKA generally occurs in 
middle-aged and older persons, when the alcohol abuse has pre
sumably persisted for a number of years, and when alcohol-related 
physical signs are evident and general physical decline might be 
more pronounced. 

Type 2 diabetes is somewhat more prevalent among men than 
women in Sweden, and men develop diabetes at a younger age and 
at a lower BMI than women do [30]. The male/female ratio was 1.3 in 
one study, while it was 1.1 in another [31]. The male/female ratio of 
the DKA cases in our material was much higher: 3.2. 

The proportion of women was nearly the same in the DKA and AKA 
categories, 23.7% and 24.5%, respectively, which was approximately the 
proportion in the total material, 25.0%. The figures are also approxi
mately the same as the overall proportion of women who undergo a 
forensic autopsy in Sweden, which in 2018 was about 26.6%. The pro
portion of men who undergo a forensic autopsy is always higher than 
that of women, since more men than women die in circumstances that 
by law require a medico-legal investigation [32]. 

4.2. DKA and AKA in relation to vitreous glucose and blood-alcohol 

Our findings on BHB and vitreous glucose concentrations in DKA and 
AKA agree with previous results: the BHB values and vitreous glucose 
concentrations in DKA are usually higher than in AKA. However, there is 
some overlap between the glucose concentrations in DKA and AKA, even 
in the clinical setting [33]. Several DKA cases also had low vitreous 
glucose concentrations, and some were even below the detection 
threshold (<0.2 mmol/L). Thus, it is not possible to differentiate between 
DKA and AKA based on vitreous glucose concentrations alone. Much 
research has been concentrated in recent years on the interpretation of 
post-mortem vitreous glucose concentrations. This parameter is the most 
reliable marker for hyperglycaemia [21,34,35]. However, as vitreous 
glucose concentrations still are unstable post mortem, DKA can exist si
multaneously with a low vitreous glucose concentration and an elevated 

Note: n.s. - not significant, neg – negative, i.e, not detected, DKA – diabetic ketoacidosis, AKA – alcoholic ketoacidosis

Fig. 3. Distribution of body mass index (BMI) based on BHB concentrations and sex for DKA and AKA cases. Note: n.s. - not significant, neg – negative, i.e, not detected, DKA – 
diabetic ketoacidosis, AKA – alcoholic ketoacidosis. 
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ketone body concentration is the primary diagnostic criterion for DKA  
[19]. BHB, unlike vitreous glucose, is stable post mortem [3,36,37]. Thus, 
differences in post-mortem intervals might have affected the decisions in 
some of the cases, but the high number of cases in this study has 
hopefully minimized this influence. Based on our results, one should not 
stare blindly at vitreous glucose concentrations when determining the 
cause of a ketoacidotic state, but consider all available information. 

Blood-alcohol concentrations tend to be low or even absent in 
AKA, and the condition typically evolves after a short period of ab
stinence [3,4,28,36,38]. There is an inverse relationship between 
blood-alcohol and ketone body concentrations [24,39,40]. Our re
sults confirm that alcohol concentrations are generally low in AKA, 
although a few cases have high alcohol, the highest measuring 
3.05‰. A high alcohol concentration therefore does not rule out 
ketoacidosis and the need for BHB analysis should not be excluded 
based on a high alcohol concentration. 

The comparatively high median alcohol concentration of the 
control group, 1.18‰, is a consequence of the fact that substance 
abuse, including alcoholism, is one of the criteria for a medico-legal 
investigation in Sweden. High alcohol concentrations are frequently 
encountered at autopsy. 

4.3. Hyperosmolar hyperglycaemic state and hypothermia 

HHS was considered to be cause of death in only eight cases of 
the 1407 examined, and it was the cause of death in all cases in 
which it was present. In contrast, DKA was considered cause of death 
in 156 cases, while the condition was encountered in a further 11 
cases where it was not cause of death. Thus, HHS is not a frequent 
cause of death. However, one must keep in mind that BHB was 
analysed in all the cases presented here. HHS may have been es
tablished in other cases during this period based on glucose values 
alone. Further, cases of HHS in which the glucose concentration was 
low or undetected due to post-mortem changes may have been 
missed. 

It is also worth noting that in the category “other causes of 
death”, some very high vitreous glucose values were noted. These 
were classified as “others”, because BHB was not elevated, the cause 
of death was unrelated to diabetes, and often suicidal or accidental 
(for example suicidal intoxication, traumatic cervical fracture, sui
cidal slashing of the wrist, and hanging). 

Thirty-seven cases were encountered in which the BHB con
centration was above 250 µg/g and the elevation was alcohol-related, 
but AKA was not considered cause of death. In contrast, only 11 cases 
of DKA had other causes of death than DKA. Thus, ketoacidosis is 
more lethal for diabetics who die with an acidosis than it is for 
chronic alcoholics who die with ketoacidosis. 

The median BHB concentration was 390 µg/g in those for whom 
hypothermia was cause of death, and the range was from 81 to 
>1000 µg/g. Of these cases, 72.4% hadmoderately elevated BHB 
concentration between 250 and 1000 µg/g. These findings agree with 
previous results on hypothermia. Palmiere et al. reported a median 
blood BHB concentration of 1850 µmol/l (182 µg/g) in a study of 
ten fatal hypothermia cases. The range was 300–6700 µmol/l 
(30–658 µg/g) [41]. Teresinski et al. studied 16 hypothermia cases, 
and found that blood BHB lay in the range 274–23855 µmol/l 
(27–2343 µg/g) [24]. 

4.4. Limitations 

DKA and AKA lack a clear scientific definition, and inclusion of 
cases into these causes of deaths may have been biased. These 
causes of death require background information on alcoholism and 
diabetes, which was sometimes missing, either because medical 
records had not been requested or because the deceased had not 
been in contact with the healthcare system. Thus, for example, some 

cases with high vitreous glucose concentrations and known alco
holism did not have information on diabetes, and the cause of death 
in these cases was considered to be AKA. Had these persons been in 
contact with the healthcare system while alive, they would probably 
have been diagnosed with diabetes. 

5. Conclusions 

In conclusion, the study results indicate that age and BMI differ 
between different concentrations of BHB in DKA and AKA, and that 
the correlations are also affected by the sex of the individual. Severe 
DKA cases in men are associated with a lower age and a lower BMI, 
but for women the effects are less pronounced. For AKA cases, the 
age is of less significance. In AKA, a lower BMI can be seen with 
increasing BHB concentrations in the total group and with men. 
These results show that in a post-mortem setting, age, BMI and sex 
have an impact on the ketoacidosis and should be considered when 
interpreting BHB concentrations. A low BMI in a known alcoholic 
with no apparent cause of death should therefore raise the suspicion 
of a possible AKA. A low BMI cannot be used as indicator against 
DKA, even though obesity is associated with diabetes. 

Funding 

This study was funded by the National Board of Forensic 
Medicine in Sweden. 

Ethical approval 

Approval was obtained by the Regional Ethics Committee in 
Linköping (Dnr 2016/489–31). The procedures used in this study 
adhere to the tenets of the Declaration of Helsinki. 

Consent to participate 

Not applicable. 

Consent for publication 

Not applicable. 

Authors’ contribution 

All authors contributed to the study conception and design. 
Material preparation, data collection and analysis were performed 
by SA, AKJ and HG. The first draft of the manuscript was written by 
SA and all authors commented on previous versions of the manu
script. All authors read and approved the final manuscript. 

CRediT authorship contribution statement 

Stina Ahlström: Conceptualisation, Methodology, Formal analysis, 
Investigation, Writing - original draft, Writing - review & editing. 
Ingemar Thiblin: Conceptualisation, Formal analysis, Investigation, 
Writing - review & editing. Anna Jönsson: Methodology, Formal 
analysis, Writing - review & editing. Henrik Green: Conceptualisation, 
Methodology, Formal analysis, Investigation, Writing - original draft, 
Writing - review & editing, Supervision, Funding acquisition. 

Declaration of Competing Interest 

The authors declare that they have no known competing fi
nancial interests or personal relationships that could have appeared 
to influence the work reported in this paper. 

S. Ahlström, I. Thiblin, A.K. Jönsson et al. Forensic Science International 325 (2021) 110878 

7 



Appendix A. Supporting information 

Supplementary data associated with this article can be found in 
the online version at doi:10.1016/j.forsciint.2021.110878. 

References 

[1] C. Palmiere, P. Mangin, Postmortem chemistry update part I, Int. J. Leg. Med 126 
(2) (2012) 187–198. 

[2] J.C. Newman, E. Verdin, Beta-hydroxybutyrate: a signaling metabolite, Annu Rev. 
Nutr. 37 (2017) 51–76. 

[3] P.X. Iten, M. Meier, Beta-hydroxybutyric acid–an indicator for an alcoholic ke
toacidosis as cause of death in deceased alcohol abusers, J. Forensic Sci. 45 (3) 
(2000) 624–632. 

[4] S. Elliott, C. Smith, D. Cassidy, The post-mortem relationship between beta-hy
droxybutyrate (BHB), acetone and ethanol in ketoacidosis, Forensic Sci. Int. 198 
(1–3) (2010) 53–57. 

[5] J. Hockenhull, W. Dhillo, R. Andrews, S. Paterson, Investigation of markers to 
indicate and distinguish death due to alcoholic ketoacidosis, diabetic ketoaci
dosis and hyperosmolar hyperglycemic state using post-mortem samples, 
Forensic Sci. Int. 214 (1–3) (2012) 142–147. 

[6] L. Laffel, Ketone bodies: a review of physiology, pathophysiology and application 
of monitoring to diabetes, Diabetes Metab. Res. Rev. 15 (6) (1999) 412–426. 

[7] Y. Eriksson Hydara, B. Zilg, Postmortem diagnosis of ketoacidosis: levels of beta- 
hydroxybutyrate, acetone and isopropanol in different causes of death, Forensic 
Sci. Int. 314 (2020) 110418. 

[8] L. Barski, R. Nevzorov, A. Jotkowitz, E. Rabaev, M. Zektser, L. Zeller, E. Shleyfer, 
I. Harman-Boehm, Y. Almog, Comparison of diabetic ketoacidosis in patients with 
type-1 and type-2 diabetes mellitus, Am. J. Med. Sci. 345 (4) (2013) 326–330. 

[9] E.M. Wolfson, A. DeKalb, A. Rojhani, Women’s health in the 21st century, Int. J. 
Gynaecol. Obstet. 104 (Suppl 1) (2009) S2–S3. 

[10] B. Littorin, L. Nystrom, B. Gullberg, L. Rastam, J. Ostman, H.J. Arnqvist, E. Bjork, 
G. Blohme, J. Bolinder, J.W. Eriksson, B. Schersten, G. Sundkvist, Increasing body 
mass index at diagnosis of diabetes in young adult people during 1983-1999 in the 
Diabetes Incidence Study in Sweden (DISS), J. Intern. Med. 254 (3) (2003) 251–256. 

[11] A. George, V.M. Figueredo, Alcohol and arrhythmias: a comprehensive review, J. 
Cardiovasc. Med. 11 (4) (2010) 221–228. 

[12] A.G. Wills, L.M. Evans, C. Hopfer, Phenotypic and genetic relationship between 
bmi and drinking in a sample of UK adults, Behav. Genet. 47 (3) (2017) 290–297. 

[13] G. Traversy, J.P. Chaput, Alcohol consumption and obesity: an update, Curr. Obes. 
Rep. 4 (1) (2015) 122–130. 

[14] M.E.J. Lean, P. Vlachou, L. Govan, T.S. Han, Different associations between body 
composition and alcohol when assessed by exposure frequency or by quantita
tive estimates of consumption, J. Hum. Nutr. Diet. 31 (6) (2018) 747–757. 

[15] A. Yokoyama, T. Yokoyama, T. Mizukami, T. Matsui, K. Shiraishi, M. Kimura, 
S. Matsushita, S. Higuchi, K. Maruyama, Alcoholic ketosis: prevalence, determinants, 
and ketohepatitis in Japanese alcoholic men, Alcohol Alcohol 49 (6) (2014) 618–625. 

[16] P. Kanikarla-Marie, S.K. Jain, Hyperketonemia and ketosis increase the risk of 
complications in type 1 diabetes, Free Radic. Biol. Med. 95 (2016) 268–277. 

[17] M. Fayfman, F.J. Pasquel, G.E. Umpierrez, Management of hyperglycemic crises: 
diabetic ketoacidosis and hyperglycemic hyperosmolar state, Med. Clin. North 
Am. 101 (3) (2017) 587–606. 

[18] F.J. Pasquel, G.E. Umpierrez, Hyperosmolar hyperglycemic state: a historic review 
of the clinical presentation, diagnosis, and treatment, Diabetes Care 37 (11) 
(2014) 3124–3131. 

[19] T. Keltanen, A. Sajantila, J.U. Palo, T. Partanen, T. Valonen, K. Lindroos, Assessment 
of Traub formula and ketone bodies in cause of death investigations, Int. J. Leg. 
Med. 127 (6) (2013) 1131–1137. 

[20] P. Bendroth, R. Kronstrand, A. Helander, J. Greby, N. Stephanson, P. Krantz, 
Comparison of ethyl glucuronide in hair with phosphatidylethanol in whole 
blood as post-mortem markers of alcohol abuse, Forensic Sci. Int. 176 (1) (2008) 
76–81. 

[21] B. Zilg, K. Alkass, S. Berg, H. Druid, Postmortem identification of hyperglycemia, 
Forensic Sci. Int. 185 (1–3) (2009) 89–95. 

[22] J. Heimer, D. Gascho, B. Madea, A. Steuer, R.M. Martinez, M.J. Thali, N. Zoelch, 
Comparison of the beta-hydroxybutyrate, glucose, and lactate concentrations 
derived from postmortem proton magnetic resonance spectroscopy and bio
chemical analysis for the diagnosis of fatal metabolic disorders, Int. J. Leg. Med. 
134 (2) (2020) 603–612. 

[23] K.K. Dhatariya, Defining and characterising diabetic ketoacidosis in adults, 
Diabetes Res. Clin. Pr. 155 (2019) 107797. 

[24] G. Teresinski, G. Buszewicz, R. Madro, The influence of ethanol on the level of 
ketone bodies in hypothermia, Forensic Sci. Int. 127 (1–2) (2002) 88–96. 

[25] L. Barski, I. Harman-Boehm, R. Nevzorov, E. Rabaev, M. Zektser, A.B. Jotkowitz, 
L. Zeller, E. Shleyfer, Y. Almog, Gender-related differences in clinical character
istics and outcomes in patients with diabetic ketoacidosis, Gend. Med. 8 (6) 
(2011) 372–377. 

[26] World Health Organization , Mean Body Mass Index. , (Accessed 9 October 2020). 
[27] B. O’Neill, P. Raggi, The ketogenic diet: pros and cons, Atherosclerosis 292 (2020) 

119–126. 
[28] L.C. McGuire, A.M. Cruickshank, P.T. Munro, Alcoholic ketoacidosis, Emerg. Med. 

J. 23 (6) (2006) 417–420. 
[29] C. Palmiere, M. Augsburger, The postmortem diagnosis of alcoholic ketoacidosis, 

Alcohol Alcohol 49 (3) (2014) 271–281. 
[30] P.E. Wandell, A.C. Carlsson, Gender differences and time trends in incidence and 

prevalence of type 2 diabetes in Sweden–a model explaining the diabetes epi
demic worldwide today? Diabetes Res. Clin. Pr. 106 (3) (2014) e90–e92. 

[31] P. Wändell, A.C. Carlsson, Men have a higher risk of type 2 diabetes than women. 
Several factors combined imply that men of working age should be seen as a risk 
group, Läkartidningen 112 (7) (2015) 268–269. 

[32] The National Board of Forensic Medicine , Årsredovisning 2018, Stockholm, 2019. 
[33] G.E. Umpierrez, M. DiGirolamo, J.A. Tuvlin, S.D. Isaacs, S.M. Bhoola, J.P. Kokko, 

Differences in metabolic and hormonal milieu in diabetic- and alcohol-induced 
ketoacidosis, J. Crit. Care 15 (2) (2000) 52–59. 

[34] C. Palmiere, Postmortem diagnosis of diabetes mellitus and its complications, 
Croat. Med. J. 56 (3) (2015) 181–193. 

[35] C. Hess, K. Wöllner, F. Musshoff, B. Madea, Detection of diabetic metabolism 
disorders post-mortem–forensic case reports on cause of death hyperglycaemia, 
Drug Test. Anal. 5 (9–10) (2013) 795–801. 

[36] J.L. Thomsen, S. Felby, P. Theilade, E. Nielsen, Alcoholic ketoacidosis as a cause of 
death in forensic cases, Forensic Sci. Int. 75 (2–3) (1995) 163–171. 

[37] C. Palmiere, P. Mangin, D. Werner, Postmortem distribution of 3-beta-hydro
xybutyrate, J. Forensic Sci. 59 (1) (2014) 161–166. 

[38] D.J. Pounder, R.J. Stevenson, K.K. Taylor, Alcoholic ketoacidosis at autopsy, J. 
Forensic Sci. 43 (4) (1998) 812–816. 

[39] C. Palmiere, G. Teresiński, P. Hejna, Postmortem diagnosis of hypothermia, Int. J. 
Leg. Med. 128 (4) (2014) 607–614. 

[40] C. Palmiere, P. Mangin, Postmortem biochemical investigations in hypothermia 
fatalities, Int. J. Leg. Med. 127 (2) (2013) 267–276. 

[41] C. Palmiere, D. Bardy, I. Letovanec, P. Mangin, M. Augsburger, F. Ventura, 
K. Iglesias, D. Werner, Biochemical markers of fatal hypothermia, Forensic Sci. 
Int. 226 (1–3) (2013) 54–61.  

S. Ahlström, I. Thiblin, A.K. Jönsson et al. Forensic Science International 325 (2021) 110878 

8 

https://doi.org/10.1016/j.forsciint.2021.110878
http://refhub.elsevier.com/S0379-0738(21)00198-5/sbref1
http://refhub.elsevier.com/S0379-0738(21)00198-5/sbref1
http://refhub.elsevier.com/S0379-0738(21)00198-5/sbref2
http://refhub.elsevier.com/S0379-0738(21)00198-5/sbref2
http://refhub.elsevier.com/S0379-0738(21)00198-5/sbref3
http://refhub.elsevier.com/S0379-0738(21)00198-5/sbref3
http://refhub.elsevier.com/S0379-0738(21)00198-5/sbref3
http://refhub.elsevier.com/S0379-0738(21)00198-5/sbref4
http://refhub.elsevier.com/S0379-0738(21)00198-5/sbref4
http://refhub.elsevier.com/S0379-0738(21)00198-5/sbref4
http://refhub.elsevier.com/S0379-0738(21)00198-5/sbref5
http://refhub.elsevier.com/S0379-0738(21)00198-5/sbref5
http://refhub.elsevier.com/S0379-0738(21)00198-5/sbref5
http://refhub.elsevier.com/S0379-0738(21)00198-5/sbref5
http://refhub.elsevier.com/S0379-0738(21)00198-5/sbref6
http://refhub.elsevier.com/S0379-0738(21)00198-5/sbref6
http://refhub.elsevier.com/S0379-0738(21)00198-5/sbref7
http://refhub.elsevier.com/S0379-0738(21)00198-5/sbref7
http://refhub.elsevier.com/S0379-0738(21)00198-5/sbref7
http://refhub.elsevier.com/S0379-0738(21)00198-5/sbref8
http://refhub.elsevier.com/S0379-0738(21)00198-5/sbref8
http://refhub.elsevier.com/S0379-0738(21)00198-5/sbref8
http://refhub.elsevier.com/S0379-0738(21)00198-5/sbref9
http://refhub.elsevier.com/S0379-0738(21)00198-5/sbref9
http://refhub.elsevier.com/S0379-0738(21)00198-5/sbref10
http://refhub.elsevier.com/S0379-0738(21)00198-5/sbref10
http://refhub.elsevier.com/S0379-0738(21)00198-5/sbref10
http://refhub.elsevier.com/S0379-0738(21)00198-5/sbref10
http://refhub.elsevier.com/S0379-0738(21)00198-5/sbref11
http://refhub.elsevier.com/S0379-0738(21)00198-5/sbref11
http://refhub.elsevier.com/S0379-0738(21)00198-5/sbref12
http://refhub.elsevier.com/S0379-0738(21)00198-5/sbref12
http://refhub.elsevier.com/S0379-0738(21)00198-5/sbref13
http://refhub.elsevier.com/S0379-0738(21)00198-5/sbref13
http://refhub.elsevier.com/S0379-0738(21)00198-5/sbref14
http://refhub.elsevier.com/S0379-0738(21)00198-5/sbref14
http://refhub.elsevier.com/S0379-0738(21)00198-5/sbref14
http://refhub.elsevier.com/S0379-0738(21)00198-5/sbref15
http://refhub.elsevier.com/S0379-0738(21)00198-5/sbref15
http://refhub.elsevier.com/S0379-0738(21)00198-5/sbref15
http://refhub.elsevier.com/S0379-0738(21)00198-5/sbref16
http://refhub.elsevier.com/S0379-0738(21)00198-5/sbref16
http://refhub.elsevier.com/S0379-0738(21)00198-5/sbref17
http://refhub.elsevier.com/S0379-0738(21)00198-5/sbref17
http://refhub.elsevier.com/S0379-0738(21)00198-5/sbref17
http://refhub.elsevier.com/S0379-0738(21)00198-5/sbref18
http://refhub.elsevier.com/S0379-0738(21)00198-5/sbref18
http://refhub.elsevier.com/S0379-0738(21)00198-5/sbref18
http://refhub.elsevier.com/S0379-0738(21)00198-5/sbref19
http://refhub.elsevier.com/S0379-0738(21)00198-5/sbref19
http://refhub.elsevier.com/S0379-0738(21)00198-5/sbref19
http://refhub.elsevier.com/S0379-0738(21)00198-5/sbref20
http://refhub.elsevier.com/S0379-0738(21)00198-5/sbref20
http://refhub.elsevier.com/S0379-0738(21)00198-5/sbref20
http://refhub.elsevier.com/S0379-0738(21)00198-5/sbref20
http://refhub.elsevier.com/S0379-0738(21)00198-5/sbref21
http://refhub.elsevier.com/S0379-0738(21)00198-5/sbref21
http://refhub.elsevier.com/S0379-0738(21)00198-5/sbref22
http://refhub.elsevier.com/S0379-0738(21)00198-5/sbref22
http://refhub.elsevier.com/S0379-0738(21)00198-5/sbref22
http://refhub.elsevier.com/S0379-0738(21)00198-5/sbref22
http://refhub.elsevier.com/S0379-0738(21)00198-5/sbref22
http://refhub.elsevier.com/S0379-0738(21)00198-5/sbref23
http://refhub.elsevier.com/S0379-0738(21)00198-5/sbref23
http://refhub.elsevier.com/S0379-0738(21)00198-5/sbref24
http://refhub.elsevier.com/S0379-0738(21)00198-5/sbref24
http://refhub.elsevier.com/S0379-0738(21)00198-5/sbref25
http://refhub.elsevier.com/S0379-0738(21)00198-5/sbref25
http://refhub.elsevier.com/S0379-0738(21)00198-5/sbref25
http://refhub.elsevier.com/S0379-0738(21)00198-5/sbref25
http://refhub.elsevier.com/S0379-0738(21)00198-5/sbref26
http://refhub.elsevier.com/S0379-0738(21)00198-5/sbref26
http://refhub.elsevier.com/S0379-0738(21)00198-5/sbref27
http://refhub.elsevier.com/S0379-0738(21)00198-5/sbref27
http://refhub.elsevier.com/S0379-0738(21)00198-5/sbref28
http://refhub.elsevier.com/S0379-0738(21)00198-5/sbref28
http://refhub.elsevier.com/S0379-0738(21)00198-5/sbref29
http://refhub.elsevier.com/S0379-0738(21)00198-5/sbref29
http://refhub.elsevier.com/S0379-0738(21)00198-5/sbref29
http://refhub.elsevier.com/S0379-0738(21)00198-5/sbref30
http://refhub.elsevier.com/S0379-0738(21)00198-5/sbref30
http://refhub.elsevier.com/S0379-0738(21)00198-5/sbref30
http://refhub.elsevier.com/S0379-0738(21)00198-5/sbref31
http://refhub.elsevier.com/S0379-0738(21)00198-5/sbref31
http://refhub.elsevier.com/S0379-0738(21)00198-5/sbref31
http://refhub.elsevier.com/S0379-0738(21)00198-5/sbref32
http://refhub.elsevier.com/S0379-0738(21)00198-5/sbref32
http://refhub.elsevier.com/S0379-0738(21)00198-5/sbref33
http://refhub.elsevier.com/S0379-0738(21)00198-5/sbref33
http://refhub.elsevier.com/S0379-0738(21)00198-5/sbref33
http://refhub.elsevier.com/S0379-0738(21)00198-5/sbref34
http://refhub.elsevier.com/S0379-0738(21)00198-5/sbref34
http://refhub.elsevier.com/S0379-0738(21)00198-5/sbref35
http://refhub.elsevier.com/S0379-0738(21)00198-5/sbref35
http://refhub.elsevier.com/S0379-0738(21)00198-5/sbref36
http://refhub.elsevier.com/S0379-0738(21)00198-5/sbref36
http://refhub.elsevier.com/S0379-0738(21)00198-5/sbref37
http://refhub.elsevier.com/S0379-0738(21)00198-5/sbref37
http://refhub.elsevier.com/S0379-0738(21)00198-5/sbref38
http://refhub.elsevier.com/S0379-0738(21)00198-5/sbref38
http://refhub.elsevier.com/S0379-0738(21)00198-5/sbref39
http://refhub.elsevier.com/S0379-0738(21)00198-5/sbref39
http://refhub.elsevier.com/S0379-0738(21)00198-5/sbref39

	Characteristics of post-mortem beta-hydroxybutyrate-positivet cases – A retrospective study on age, sex and BMI in 1407 fore...
	1. Introduction
	2. Materials and methods
	2.1. Case selection
	2.2. Analytical methods
	2.3. Cause of death
	2.4. AKA and DKA analysis, and grouping based on BHB concentrations
	2.5. Statistical analysis

	3. Results
	3.1. Age distributions based on BHB concentrations for DKA and AKA cases
	3.2. BMI distributions based on BHB concentrations for DKA and AKA cases

	4. Discussion
	4.1. DKA and AKA in relation to age, BMI and sex
	4.2. DKA and AKA in relation to vitreous glucose and blood-alcohol
	4.3. Hyperosmolar hyperglycaemic state and hypothermia
	4.4. Limitations

	5. Conclusions
	Funding
	Ethical approval
	Consent to participate
	Consent for publication
	Authors’ contribution
	CRediT authorship contribution statement
	Declaration of Competing Interest
	Appendix A. Supporting information
	References




