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Diabetes mellitus (DM) is a group of metabolic disorders, that have become a
major cause of death worldwide. This study aimed to determine the usefulness
of diabetes-related laboratory tests for diagnosis of postmortem DM. From
March to August 2018, among the autopsy cases investigated by the National
Forensic Service, heart blood and vitreous humor samples from 253 cases
that had not been decomposed were collected, and the data from 208 cases
except 45 cases that were incapable of testing were analyzed for statistical
significance and compared with the causes of death on autopsy reports. The
levels of C-peptide, insulin, acetoacetate, B-hydroxybutyrate (B-HA), total
ketone, and HbAlc were measured in the heart blood, and the levels of glucose,
blood urea nitrogen, creatinine, and potassium were measured in the vitreous
humor. The levels of glucose in the vitreous humor and HbA1c, B-HA, and total
ketone in the heart blood were significantly correlated. C-peptide and insulin
levels were lower than normal levels in most cases (C-peptide 92.3%, P=0.480,
insulin 97.6%, P=0.589), and were not useful measures indicating diabetic
complications. In the group with DM history, the average levels of HbAlc from
the heart blood and glucose from the vitreous humor were higher than in those
with no or unknown history of DM, indicating their usefulness as diagnostic
tools. The results of this study suggest a postmortem DM diagnosis model.
Therefore, postmortem DM-related tests can help diagnose the cause of death
in forensic medicine.

Key Words: Diabetes mellitus; Postmortem examination; HbAlc; Insulin;
C-peptide; Glucose
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(Table 2), obH|EotM EAL, B-HA, & #|E, BUN, =go}¥
W 18 2 913 Jol§ Kol 4 gskthTable 3).

EheAole) TEGT AL 4RASE NGSP
0.577 (P<0.001), IFCC 0.578 (P<0.001), eAG= 0.571
(P<0.001) 2 &9 ZHTAAE 7HAH |93 2 B
T, 3 B-HA ABAZ 0.627 (P<0.001), & AE 0.629
(P<0.001) & et} o] AHIAE 7HAH Fo8t 3t
Hlth BUN, Azote|d, ZetES A8 5T o514
ootk (Table 4).

Fa HYE V|EeE BT £RYAYY 22T 4
# 5EE Fig 13} Zo] A% 1, 0§ 2, 1§ 3 27 10344

Table 1. Distribution of C-peptide and insulin level for postmortem
blood test

Low Normal value® (Ante) High
C-peptide (ng/mL) 192 (92.3) 14(6.7) 2(1.0)
Insulin (uU/mL) 203 (97.6) 4(1.9) 1(0.5)

Values are presented as number (%).
Ante, ante-mortem.
IC-peptide: 1.1-4.4 ng/mL, Insulin: 2.6-24.9 uU/mL

Table 2. Total results according to diabetes mellitus history for
postmortem blood test

P R
C-peptide (ng/mL)
Low 30(93.8) 83(94.3) 79(89.8)  0.480
Normal (Ante)”  2(6.3) 5(5.7) 7 (8.0)
High 0 0 2(23)
Insulin (uU/mL)
Low 31(96.9) 87(98.9) 85(96.6)  0.589
Normal (Ante)”  1(3.1) 1(1.1) 2(2.3)
High 0 0 1(1.1)

Values are presented as number (%).
Ante, ante-mortem.
IC-peptide: 1.1-4.4 ng/mL, Insulin: 2.6-24.9 uU/mL.
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mg/dL, 30.98 mg/dL, 36.49 mg/dLZ L}eh} 1E 19]
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Fig. 1. The average levels of glucose (A, glucose) in vitreous humor and HbA1c, B-HA (B, HbA1c [NGSP]; C, B-hydroxybutyric acid) in postmortem
heart blood according to the history of DM. 3-HA, B-hydroxybutyrate; DM, diabetes mellitus; NGSP, National Glycohemoglobin Standardization

Program.

Table 3. Total results according to diabetes mellitus history for postmortem blood test

Group 1 (n=32)

Group 2 (n=88)

Group 3 (n=88)

Category P-value
Mean£SD Range 95% Cl Mean+SD Range  95%Cl Mean+SD Range 95% Cl

Age 59.31+£13.93 26—83 54.29-  49.02+16.71 17-91  4548- 52.45+11.92 17-76 49.93— 0.003
(yr) 64.34 52.56 54,98

Acetoacetate  17.03+8.44  2.00-45.20 13.98- 18.35£11.84  3.00- 15.84— 18.98+23.10 1.70- 14.08— 0.246
(umol/L) 20.07 106.30 20.86 197.00 23.87

B-HA 928.82+2,088.29  44.50- 175.91- 456.02+756.34 49.70- 295.77- 625.94+ 24.60—- 334.48- 0.751
(pmol/L) 11,032.10 1,681.73 5963.50 616.27 1,375.57 9,430.10 917.39

Total ketone 944.91+2,090.97 61.40- 191.03— 474.37+760.11 59.70- 313.31- 644.19+ 26.40— 348.75— 0.810
(umol/L) 11,053.00 1,698.78 6,003.20 635.42 1,394.41 9,528.00 939.64

NGSP (%) 7.33+1.72 5.30-13.20 6.71-7.95  5.74+0.86 420- 556-592 6.11+1.73 4.70-14.40 575-6.48 <0.001

11.90

IFCC 56.66+18.78 34.00—- 49.88— 39.32+49.38  22.00- 37.33— 43.28+18.81  28.00- 39.30- <0.001
(mmol/mol) 121.00 63.43 107.00 4131 134.00 47.27

eAG (mg/dL) 163.69+49.25 105.00-  145.93- 117.9242433 74.00- 112.77— 128.73+49.57 88.00— 118.22— <0.001
332.00 181.44 295.00 123.07 367.00 139.23

Glucose 103.44+189.20 1.00- 35.22—- 30.98+63.00  0.00- 17.63— 36.49+105.05 0.0-830.00 14.23- 0.003
(mg/dL) 988.00 171.65 376.00 4433 58.75

BUN (mg/dL) 21.81£16.32 9.70-88.90 15.93— 20.68+16.49  5.30- 17.18— 21.59+20.36 6.50— 17.27- 0.787
27.69 119.30 24.17 165.40 25.90

Creatinine 1.17+£1.24 0.39-6.81 0.72-1.62  1.00+1.10 0.28- 0.77-1.23 0.81£0.72 0.06-6.55 0.66—0.97 0.091

(mg/dL) 7.71

Potassium 19.13+22.91 7.90- 10.87—- 15.32+4.11 8.00- 1445- 13944461 7.30-36.80 12.97- 0.022

(mEq/L) 142.00 27.40 27.80 16.19 14.92

SD, standard deviation; Cl, confidence interval; f-HA, B-hydroxybutyric acid; NGSP, National Glycohemoglobin Standardization Program; IFCC,
International Federation of Clinical Chemistry; eAG, estimated average glucose; BUN, blood urea nitrogen.

https://doi.org/10.7580/kjlm.2020.44.4.150

http://www.kjlm.or.kr



154 Korean Journal of Legal Medicine | 2020;44:150-156

Table 4. Results of correlation analyses among postmortem tests

Correlation analyses

Acetoacetate PB-HA  Total ketone  NGSP IFCC eAG BUN  Creatinine Glucose Potassium
Acetoacetate Pearson Cor. - 0.564 0.572 0.275 0.277 0.264 0.279 0.074 0.478 -0.014
P-value - <0.001 <0.001 <0.001 <0.001  <0.001 <0.001 0.288 <0.001 0.837
B-HA Pearson Cor. - >0.990 0.299 0.300 0.299 0.251 0.114 0.627  <0.001
P-value - <0.001 <0.001 <0.001  <0.001 <0.001 0.102 <0.001 0.999
Total ketone Pearson Cor. - 0.300 0.302 0.300 0.253 0.114 0.629  <0.001
P-value - <0.001 <0.001  <0.001 <0.001 0.102 <0.001 >0.990
NGSP Pearson Cor. - >0.990 0.999 0.120 0.090 0.577 0.107
P-value - <0.001  <0.001 0.084 0.197 <0.001 0.122
IFCC Pearson Cor. - 0.999 0.122 0.089 0.578 0.105
P-value - <0.001 0.080 0.203 <0.001 0.130
eAG Pearson Cor. - 0.122 0.091 0.571 0.106
P-value - 0.080 0.192 <0.001 0.128
BUN Pearson Cor. - 0.474 0.219 0.073
P-value - <0.001 0.002 0.298
Creatinine  Pearson Cor. - 0.149 0.161
P-value - 0.031 0.020
Glucose Pearson Cor. - —0.006
P-value - 0.936

Potassium Pearson Cor. -

P-value -

B-HA, B-hydroxybutyric acid; NGSP, National Glycohemoglobin Standardization Program; IFCC, International Federation of Clinical Chemistry;
eAG, estimated average glucose; BUN, blood urea nitrogen; Cor; correlation coefficient.

o ZEY, GHAAL, ASABHAY 247 574 Z4T A 282 FIY 5 A= AAGRO Sk AT AAR 4
e A ¢ 4 9t Apt ATHEE 0|8 Flst] ofelith. A2, AT
AARS 90% o)Fe] AN FIAA KL AL ASAY
5. SHiS S5t SULHM Aloln} ZIA Zujote] BN BN 918 Mokt R Fol 2AHT. ok Aokl 1 97
SFOE §AHE C-Hetol =t AgTlo] A Huzgo
AEA F B-HAE: B TRE ohe ¥ FF0] 2 A WA WY Eh B S0 YIS 2L 715
U 7lok el SOIME fobAl EA40)7] whel, B-HA ol Btk mehd By ATl Ale] Hi AT £
o 217} 37180,000 ymol/L 1) ¥4 SAS g2 24 fol AIEE f84ol WAL HAY enono 3
2 g B A4 Aueh RARYA AT angel o []o] BER A9H9 Qe BohES $ AEY He
stel BASHAL 7219 59 B ERUAAY EEG BE 0T AYR SelolA, %*‘?EOM e Aado] 245
7200 mg/dLETH £ AL 370)glom, 1 F 142 F  oha Husch olo] oMo Aol et A, A
X AFY ATHFSEA L NCSP, 144%), T2 149] AL A, B 7hs Aol 9t 9ol C-Eto|=ot 94 A
o 34 g 0l MAEA ST AN(ERAN B AYslo} Atk wehd GEAY Qo] g I 29
2 NGSP, 4.6%), 12|11 UrA] 19 Ghd ABGZoZ o o3 Aol 24 A9 A% AA0IA C-Hetol =g} <l
AT ST EEA A NGSP, 13.2%) (Table 5). &9 24 §940] Fol A, AF Fug AT 27
23 A} AT,
o B A TEg A8 B-HA, F AL,
QoA LA BT B A3 AR o) HuBAE
C-HEfolESt Qgde Whwe 1uE W A 19 wE  mglon], $98 ATE Rtk BUN, ZaotEld, ek
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Table 5. Case reports of increased 3-HA levels (1,000 pmol or higher)

F9 155

Postmortem Diabetes Mellitus-Related Tests | &%

Ketone bodies HbA1c
CaseNo. Sex Age(yr) DM history 3 w — C-peptide Insulin 5 o Glucose Cause of death
Total ketone”  B-HA NGSP?  IFCC
1 F 59 Yes 5,475.5 5,438.6 0.2 Low 8.1 65.0 165  Undetermined
2 M 56 Unknown 9,528.0 9,430.1 0.7 25 54 36.0 42 Chronic alcoholism
3 M 45 No 8,463.1 8,266.1 1.5 <04 14.4 134.0 830  Acute pancreatitis
4 M 58 Yes 1,877.5 1,861.5 0.3 <0.4 53 34.0 21 Chronic alcoholism
5 M 53 No 4,040.2 3,995.4 <0.1 0.5 4.6 27.0 376  Acute diabetic complications
6 M 39 No 6,003.2 5,963.5 <0.1 <04 5.0 31.0 114 Mallory-Weiss syndrome
7 M 49 Unknown 11,053.0 11,032.1 04 <04 13.2 121.0 988  Diabetic ketoacidosis

B-HA, B-hydroxybutyric acid; DM, diabetes mellitus; NGSP, National Glycohemoglobin Standardization Program; IFCC, International Federation

of Clinical Chemistry.

“Normal value (ante-mortem): <160 umol/L; "Normal value (ante-mortem): <90 pmol/L; “Normal value (ante-mortem): <5.6%; “Normal value

(ante-mortem): <38 mmol/mol.

VH Glucose 1, HbAlc |

Yes

No/Trace

Ketone bodies |

Yes

Diabetic ketoacidosis

No

Nonketotic hyperglycemia

Yes

Malnutrition, alcoholism, etc.

Fig. 2. Flow chart of postmortem diabetes mellitus diagnosis schematic model through various diabetic tests. VH, vitrous humor.
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253719] AA| F 24171(95.3%) A A S o] 7H53te] QHHA
& st AFS GREA A D7 EAE G3HE
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