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Abstract Lactate is produced in carbohydrate metabolism
under anaerobic conditions. Lactic acidosis occurs when the
production of lactate exceeds its removal. In post-mortem
(PM) context, the lactic acidosis is difficult to interpret due
to unknown pathophysiological factors prior to death and PM
changes that may affect the lactate levels. We evaluated 1865
medico-legal autopsy cases where the quantitation of glucose,
lactate, and ketone bodies was performed as a part of the cause
of death (CoD) investigation. Lactate was shown to ascend in
a logarithmic manner as the PM interval increased until a
plateau was achieved approximately after 8–10 days PM,
and the elevation was caused mainly by PM changes. The
lactate level was higher than the mean in cases where the
CoD was diabetes mellitus type 2 (DM2) or metformin poi-
soning. Although there was a correlation between metformin
and lactate levels, our findings suggest the DM2 and its com-
plications were the cause for elevated lactate levels rather than
metformin, since the lactate levels were similar in DM2-
associated deaths where no metformin was detected.
Elevated lactate levels in PM samples rather referred to met-
abolic disturbances often caused by DM2. An assay to detect
D-lactate in PM samples was described.
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Introduction

In mammalian cells, lactate is formed from pyruvate in carbo-
hydrate metabolism under anaerobic conditions. If the produc-
tion of lactate exceeds the removal of it, lactic acidosis may
occur. In lactic acidosis, the serum lactate level is more than 5–
6 mM and pH less than 7.35 [1].

In post-mortem (PM) context, the lactate levels are elevated
as the PM interval (PMI) increases causing a difficulty in
diagnosing ante-mortem (AM) lactic acidosis [2]. The eleva-
tion has been thought to partly be caused by PM anaerobic
glycolysis and therefore reflects the AM glucose concentra-
tion [3–5]. The BTraub formula,^ where vitreous glucose and
lactate are summed, has been used for estimating possible AM
hyperglycemia. The use of Traub formula has been recently
questioned, and glucose concentration alone is thought to be
more reliable than the combined sum in predicting hypergly-
cemia [6–8]. The Traub value may also be elevated due to
excessive alcohol usage leading to alcoholic lactic acidosis,
which may also be concomitant with alcoholic ketoacidosis
[9]. Although increased Traub sum value may indicate distur-
bance in glucose metabolism, other markers such as glycated
hemoglobin (HbA1c) and ketone bodies need to be analyzed
additionally to diagnose the cause of glycemic disturbance
[10]. PM changes that elevate the lactate level in addition to
anaerobic glycolysis are autolysis and bacterial metabolism
products [2, 11].

Distinguishing lactate levels in PM samples that indicate
AM lactic acidosis from those that are elevated due to PM
changes only is challenging. Lactic acidosis is present in path-
ological conditions such as diabetes, sepsis, malignancies,
cardiogenic shock, and in some poisonings [12]. It has also
been suggested that prolonged and/or intense agony related to
the mechanism of death elevates lactate levels [13]. One much
debated and important topic is the possible association of
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metformin and lactic acidosis. Metformin is a biguanide wide-
ly used in the treatment of type 2 diabetes (DM2). Due to the
association of fatal lactic acidosis with another biguanide,
phenformin, there have been concerns if similar association
exists withmetformin [14, 15] Some investigators suggest that
lactic acidosis is induced by accumulation of metformin,
which inhibits mitochondrial oxidation of glucose and also
gluconeogenesis in the liver. On the other hand, in a
Cochrane review by Salpeter et al. [16], the conclusion was
that there is no significantly higher incidence of lactic acidosis
in patients treated with metformin compared to other DM2
treatments. Lactate accumulation could be coincidental rather
than causal, caused by diabetes itself or other precipitating
factors [17, 18].

In this study, we evaluated PM lactate levels using a large
series of cases (n=1865) to discriminate true disturbance in
lactate metabolism from the PM elevation of lactate level. We
conducted an assay to measure D-lactate in PM vitreous hu-
mor (VH) in order to look for an additional metabolite that
could be informative. In addition, we looked for the relation of
lactate levels to glucose, ketone bodies, blood alcohol concen-
tration (BAC), PMI, and metformin.

Materials and methods

Autopsy data and post-mortem samples

Data of biochemical analysis from 1865 medico-legal autopsy
cases were retrieved to attain average glucose and lactate
levels in PM samples where the PMI was known. Another
data set of 319 medico-legal autopsy cases was evaluated
where glucose, lactate, ketones, BAC, and metformin were
analyzed. The PMI in this set was known in 170 (53 %) of
the cases, and all 319 deceased were known to have DM2. An
additional series of 69 samples from VH that were sent for
analysis of glucose, lactate, and ketone bodies were also ana-
lyzed for D-lactate concentrations.

The data were attained from the Laboratory Information
Management System and from the autopsy records of the
National Institute of Health and Welfare. The collection of
samples and the use of autopsy data were approved by the
National Institute of Health and Welfare (permit number
THL/328/5.05.00/2015) and the National Supervisory
Authority for Welfare and Health. The study was approved
by the Coordinating Ethics Committee of HUCH (statement
number 348/13/03/00/2014).

Glucose and lactate assays

Glucose and L-lactate concentrations in VH were measured
enzymatically as previously described [4]. The VH was
deproteinized by precipitation with trichloroacetic acid.

Glucose was measured with hexokinase/glucose-6-phosphate
dehydrogenase method and lactate with lactate dehydrogenase
method. Glucose values exceeding 7 mM were considered to
indicate hyperglycemia, and the value of L-lactate exceeding
35 mM was considered to indicate lactic acidosis [4]. D-
Lactate was measured from vitreous humor with Roche
Yellow Line enzymatic assay (F. Hoffmann-La Roche Ltd,
Switzerland). Values exceeding 3 mM were considered ele-
vated [19].

Ketone body assays

Ketone bodies in VH were measured as previously described
[20–22]. With this method, a combined value of β-
hydroxybutyrate (BHB), acetoacetate (AcAc), and acetone
was measured by first converting BHB toAcAc enzymatically
after which the AcAc was in turn converted to acetone by
heating the samples leading to decarboxylation. Acetone
was quantitated by gas chromatography. Ketone body level
>1 mM referred to ketosis, and values exceeding 3 mM indi-
cated ketoacidosis [23].

Metformin measurements

Metformin concentrations were measured in PM blood sam-
ples by liquid chromatography–electrospray tandem mass
spectrometry using a standard addition method that involved
dilution and protein precipitation [24]. Metformin was mea-
sured routinely as a part of CoD investigation if the deceased
was known to use metformin or other oral antidiabetic medi-
cations, or if requested by the forensic pathologist performing
the autopsy.

Results

Relation of PMI to glucose and L-lactate levels

Glucose and lactate levels of 1865 PM cases were evaluated
and compared against the PMI of up to 10 days (Table 1 and
Fig. 1), with the mean PMI being 5.4 days. Individual values
in different PMIs are presented in Online Resources 1 and 2.
The mean glucose and lactate values were calculated for all
cases and for the following subgroups that were formed based
on CoD: DM1, DM2, and metformin poisonings (Table 2 and
Fig. 2a, b). Individual values in different PMIs for these sub-
groups are presented in Online Resources 3 and 4. In addition,
a normalized value for lactate was calculated for these groups
by dividing the actual lactate value with the mean value of
PMI (Table 1). In this data set, there were nine cases where the
underlying CoD was metformin poisoning. The detailed data
of these cases are presented in Table 3.
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Correlation between metformin, BAC, metabolic
markers, and PMI

Kendall’s tau correlation of glucose, lactate, ketone bodies,
metformin, BAC, and PMI in the set of 319 samples was
calculated, and the results are presented in Table 4. The values
where the significance is at the level p=0.05 or p=0.01 (two-
tailed) are bolded. Metformin was not detected in 59 of the
samples, which indicates that the deceased had not been using
it for treatment recently. The mean (±2 standard error (SE))
lactate level in these 59 cases was 37.8±1.9 mM and ketone
body level 3.7±2.1 mM. In the remaining 260 cases, the mean
metformin concentration (range 1–280 mg/l) was 17.2±

3.8 mg/l, lactate level 37.4±0.9 mM, and ketone body level
2.8±0.7 mM.

D-Lactate experiment

D-Lactate was measured from 69 vitreous humor samples.
The mean (±2 SE) D-lactate level was 0.42±0.19 mM. No
correlation between vitreous D-lactate and L-lactate, glucose,
or ketones was detected. PMI and D-lactate had a minor pos-
itive correlation with no statistical significance.

In two of the samples, the values exceeded the 3-mM
threshold indicating D-lactic acidosis [19]. In the first case,
the deceased had advanced post-mortem changes when found
and the vitreous was visibly putrefied when sampled. D-
Lactate was 5.4 mM, L-lactate 35.7 mM, glucose 1.9 mM,
and ketones 0.71 mM. The deceased had no known history
of diabetes. In the second case, the death was witnessed and
the deceased had been transferred to +4 °C right after the
death. D-Lactate was 3.5 mM, L-lactate 47.1 mM, glucose
13.6 mM, and ketones 0.21 mM. The deceased had DM1.

Discussion

L-Lactate levels in post-mortem samples

The lactate level is known to elevate as the PMI increases.
This was confirmed by our data of 1865 cases, as the lactate
levels elevated until a plateau phase was achieved when PMI
was around 8 to10 days. Glycolysis may explain some of the
post-mortem elevation of lactate levels, although it is sug-
gested to be limited to the early post-mortem phase [8], and
the use of Traub formula indicating the combined sum of
glucose and lactate has recently been thought to overestimate
diabetic deaths [6, 7]. It has also been suggested that, although
the Traub sum alone cannot be used for diagnosing hypergly-
cemia, it is often elevated in diabetics and may indicate met-
abolic disturbances [10]. When evaluating the glucose and
lactate levels in DM1 and DM2 as the CoD (Table 2), it can
be seen that in DM2, the lactate levels explain the elevated
Traub sum, whereas in DM1, the lactate levels are lower but
the glucose levels significantly elevated. To avoid the confu-
sion of elevated lactate levels to indicate AM hyperglycemia
instead of metabolic disturbances, the Traub sum should be
omitted and lactate and glucose interpreted independently in
CoD investigation.

If glycolysis is restricted to the early PM phase, the eleva-
tion as PMI increases is due to autolysis and bacterial metab-
olism. The lactate elevation is logarithmic and hence similar to
the bacterial growth curve (Fig. 1). Although the bacterial
growth in VH is less significant than in PM blood [25], the
metabolism ofmicro-organisms seems to have an influence on
the lactate levels and therefore the PMI needs to be considered

Table 1 Glucose and lactate levels in different PMIs

PMI
(days)

Number Mean glucose
(mM)

SE of
mean

Mean lactate
(mM)

SE of
mean

0 9 2.07 0.9 15.8 0.7

1 46 1.3 0.6 22.0 0.7

2 132 2.1 0.4 24.7 0.6

3 182 1.9 0.3 27.9 0.4

4 267 2.1 0.3 31.1 0.4

5 350 1.5 0.2 32.2 0.3

6 313 1.8 0.2 33.7 0.3

7 232 2.0 0.3 34.7 0.4

8 158 2.3 0.4 35.3 0.5

9 99 2.5 0.6 36.7 0.6

10 77 1.5 0.3 36.3 0.6

Total 1865 1.9 0.1 32.0 0.2

SE standard error

Fig. 1 Mean glucose and lactate levels in 1865 samples. Error bars
represent the standard error of mean
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in the interpretation of the results. A normalized value for
lactate is preferred due to the effect of PMI for more reliable
interpretation than a fixed value. Normalization requires the
laboratory to assess a sufficient number of samples with dif-
ferent known PMIs for reference values. Some uncertainty
still remains if the exact PMI of samples to be analyzed is
not known, which is the case in approximately a half of the
medico-legal cases in our institute.

Metformin and L-lactate

In this study, there were nine metformin poisonings in the
1865 cases (Table 3) in which the metformin concentration
varied from 7 to 280 mg/l. The metformin poisoning was
confirmed to be intentional only in one case; therefore, the
impaired kidney function most likely explains the high con-
centrations in the remaining cases [26]. In four of the metfor-
min poisonings, other precipitating factors for possible lactic
acidosis existed: alcohol (cases 1, 4, and 9), hemorrhage (case
5), and hepatic failure (case 9). In addition, in case 1, the
normalized lactate value was less than 1. Normalized lactate
values are approximately at the same level when the CoD is
DM2 ormetformin poisoning (Table 2). In cases 2–3, 5, 7, and

8 (Table 3), the ketone body levels refer to ketoacidosis. As
lactate is often elevated in ketoacidosis [27], this raises a ques-
tion if the actual cause for acidosis in some of the metformin
poisoning cases is rather the elevated ketone body level while
the elevated lactate is only a consequence of ketoacidosis. The
clinical laboratory findings in both cases are very similar, in-
cluding lowered pH and increased anion gap [28]. If ketones
are not measured, or as often only the acetoacetate and acetone
are measured without the major component beta-hydroxy bu-
tyrate (BHB) [29, 30], the ketoacidosis may be missed. Even
blood glucose level does not necessarily reveal diabetic
ketoacidosis, since the DM2 patients may be close to
normoglycemic [31]. Distinguishing in PM context if the lac-
tic acidosis is metformin-induced or metformin-associated
[26] is rather complicated if through medical history and both
AM and PM laboratory data is not available. A descriptive
case was reported by Bonsignore et al. [32], where the accu-
mulation of metformin and following lactic acidosis was di-
agnosed as the CoD. They presented comprehensive AM and
PM data of metabolic markers and metformin. The metformin
concentrations in this case were 42 mg/l (AM) and 47.3 mg/l
(PM). Markedly elevated BHB levels (blood 10.5 and VH
9.5 mM) were detected in autopsy, but AM data of ketone

Table 2 Glucose and lactate levels in PM samples

Cause of death Number Glucose (mmol/l) SE of mean (mmol/l) Lactate (mmol/l) SE of mean (mmol/l) Normalized lactate

All cases 1865 1.9 0.1 32.0 0.2 1.0

Diabetes mellitus type 1a 32 17.5 1.8 32.0 1.3 0.98

Diabetes mellitus type 2b 41 8.3 1.3 37.2 1.2 1.13

Metformin poisoning 9 1.3 0.7 36.8 2.6 1.16

SE standard error
a ICD-10 code E10 and subcategories
b ICD-10 code E11 and subcategories

Fig. 2 a Boxplot presentation of glucose values in all 1865 cases and
subgroups DM1 (type I diabetes mellitus, N=32), DM2 (type II diabetes
mellitus, N=41), and metformin poisonings (N=9). b Boxplot

presentation of lactate values in all 1865 cases and subgroups DM1
(type I diabetes mellitus, N=32), DM2 (type II diabetes mellitus, N=
41), and metformin poisonings (N=9)
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body concentration was lacking. However, the cause for keto-
sis was determined to be fasting and emesis prior to death. The
lactic acidosis in this case was reliably detected according to
AM analysis only, as the PM value of 30 mMwas at the range
commonly found in PM samples and would have not revealed
AM lactic acidosis.

When the sample set of 319 cases was analyzed, it was
noticed that the lactate level was similar in cases where no
metformin was found compared to the cases where the mean
metformin concentration was 17.2±3.8 mg/l (a range from 1
to 280 mg/l). This would suggest that the DM2-related liver
complications [33] are the cause for elevated lactate rather
than the use of metformin, since lactate is mainly metabolized
by the liver. In addition to possibly impaired lactate elimina-
tion of the liver, the production of lactate could also be elevat-
ed. The prevalence of non-alcoholic fatty liver disease
(NAFLD) ranges from 34 to 74 % in DM2 [33]. NAFLD is
associatedwith hypoxia in the liver cells which, in turn, causes
the elevation of hypoxia inducible factors (HIFs) [34]. HIF-1
alpha regulates a range of cellular responses including glucose
metabolism. It induces the uptake of glucose and cytosolic
glycolysis but inhibits the formation of acetyl CoA from py-
ruvate and promotes the formation of lactate [35]. This could
explain the elevated lactate levels in DM2, although the effect
of hyperglycemia to HIF expression is controversial [36].

In Table 4, a correlation (Kendall’s tau) was seen between
lactate and ketone bodies with metformin (p<0.01). The lim-
itation in our study is that the PM changes have a greater effect
on lactate than ketone bodies, and therefore the threshold
limits are not as accurate for diagnosing lactic acidosis as in
clinical chemistry. Metformin itself could promote
ketoacidosis through activating AMPK in liver, which inhibits
gluconeogenesis and promotes the beta-oxidation of fatty
acids [37]. On the other hand, the ketone body level is similar
in the cases where nometformin was detected compared to the

cases where metformin ranged from 1 to 280mg/l. This would
suggest that in diabetics, the metabolic acidosis is often coin-
cidental or coexisting with metformin accumulation due to
hepatic and kidney dysfunctions caused by diabetes, although
the accumulation may be a precipitating factor increasing the
acidosis.

D-Lactate assay

D-Lactic acidosis is very rare and may occur under conditions
where malabsorption of carbohydrates is associated with D-
lactic acid producing colonial bacteria and impaired D-lactate
metabolism [19]. In addition to production in the intestine, D-
lactate may be formed in the glyoxylase pathway from
methylglyoxal (MG). Elevation of MG and subsequent eleva-
tion of D-lactate in diabetes are suggested to be caused by
hyperglycemia and ketoacidosis [29], and therefore D-lactate
concentrations are higher in diabetics [38]. In this study, we

Table 3 Details of cases with metformin poisoning

Case Lactate
(normal)

Metformin
(mg/l)

Ketones
(mM)

Intentional
poisoning

Underlying CoD
(immediate CoD)

Contributing CoD

1 0.86 7 1.6 No Metformin poisoning
(malnutrition-related DM)

Alcohol abuse; acute intoxication

2 1.32 280 13.8 Yes Metformin poisoning –

3 1.18 72 10.6 No Metformin poisoning Acute renal failure, DM2, atherosclerotic heart disease

4 1.09 46 2.0 No Metformin poisoning DM2, harmful use of alcohol

5 1.04 13 5.2 No Metformin poisoning, (aspiration
pneumonia)

Atherosclerotic heart disease, acute renal failure, acute
hemorrhagic gastritis

6 1.39 43 0.4 Unclear Metformin poisoning Paranoid schizophrenia

7 1.02 66 11.2 No Metformin poisoning Acute bronchitis, DM2, Alzheimer disease

8 1.05 32 17.2 No Metformin poisoning –

9 1.45 62 1.1 No Metformin poisoning, acidosis Alcoholic cirrhosis of liver, DM2, alcohol abuse; acute
intoxication

CoD cause of death, DM diabetes mellitus

Table 4 Kendall’s tau correlations between metabolic markers, PMI,
BAC, and metformin

Correlations (N=319)

PMI BAC Ketones Glucose Lactate Metformin

PMI 1.000 −.012 .065 .009 .277** .056

BAC −.012 1.000 .069 −.048 .090* −.079
Ketones .065 .069 1.000 .168** .190** .196**

Glucose .009 −.048 .168** 1.000 .274** .009

Lactate .277** .090* .190** .274** 1.000 .106**

Meformin .056 −.079 .196** .009 . 106** 1.000

PMI post-mortem interval, BAC blood alcohol concentration

*Correlation is significant at the 0.05 level (two-tailed); **correlation is
significant at the 0.01 level (two-tailed)
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performed a pilot assay to determine D-lactate concentrations
of 69 VH samples. In only two of the samples, the level
exceeded the 3 mM threshold, which indicates D-lactic acido-
sis when clinical samples are analyzed [19]. In one of the
samples, the reason for the elevated D-lactate was most likely
PM bacterial metabolism, since the body showed advanced
PM changes and the VH was visibly putrefied. In the other
sample, the measured elevation could be explained by diabetic
disturbances indicated by elevated L-lactate and glucose.
More extensive studies with pre-selected cases (DKA and
controls) are needed to explore the suitability of D-lactate
analysis for PM samples to resolve the most appropriate meth-
od and sample material, and also if the results provide addi-
tional information to the assessment of metabolic
disturbances.

Conclusions

In PM samples, the lactate level depends largely on the PMI,
and this should be considered in the interpretation of the re-
sults as the reference values for different PMIs could provide
more accurate information of possible AM lactic acidosis.
Lactate is often elevated in DM2, indicating metabolic distur-
bances of the liver caused by diabetes. The relation of metfor-
min to acidosis, according to our results, is rather coexistent
than causal in diabetics, although the PM changes on lactate
levels cause limitations for interpretation of the results. The
usefulness of additional metabolic markers, such as D-lactate,
should be studied with a larger PM sample set.
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