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Abstract Cholesterol and triglyceride levels have been ana-
lyzed in the forensic setting and their values correlated with
atherosclerotic lesions found at autopsy and histology.
Nevertheless, the results of these investigations have provided
diverging information on postmortem molecule stability and
postmortem measurement reliability. The aim of this study
was to determine triglycerides, total cholesterol, low-density
and high-density lipoprotein cholesterol, apolipoprotein B100,
and apolipoprotein A-I in antemortem and postmortem serum
samples in a series of cases (N = 10, including cardiac and
noncardiac deaths) that underwent forensic investigations and
had both samples available, measure the same molecules in
postmortem serum from femoral blood and pericardial and
pleural fluids (N = 39, including cardiac and noncardiac
deaths), and evaluate whether different levels of these mole-
cules could be observed in cases characterized by different
degrees of coronary artery atherosclerosis (N = 39, including
cardiac and noncardiac deaths). Preliminary results indicated
that total cholesterol and low-density and high-density lipo-
protein cholesterol levels in postmortem serum samples
tended to be lower than those in antemortem specimens,
whereas triglyceride levels in postmortem serum samples
tended to be higher than those in antemortem samples. No
relationship could be found between postmortem serum and
pericardial fluid levels or between postmortem serum and
pleural fluid levels of all tested biomarkers. Lastly, cases

characterized by severe coronary artery atherosclerosis re-
vealed higher postmortem serum levels of total cholesterol
and apolipoprotein B. Globally considered, these data confirm
that femoral blood postmortem serum levels of cholesterol and
apolipoproteins may be considered suitable to estimate their
antemortem values in forensic cases characterized by coronary
artery atherosclerosis.
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Introduction

Atherosclerotic cardiovascular disease, including coronary
artery disease, remains a leading cause of death and
disability in most Western countries. Among the various risk
factors, numerous clinical studies have demonstrated a strong
association between hypercholesterolemia and coronary heart
disease. However, more recent research has provided
evidence for triglycerides to be treated as an independent
risk factor for atherosclerotic cardiovascular disease [1–8].

Forensic pathologists routinely encounter autopsies for
sudden coronary death in young adults and can be aided by
recent advances in postmortem imaging techniques and pro-
tocols. These now allow the extent of coronary atherosclerosis
to be estimated with precision. Indeed, correlations between
cholesterol/triglyceride profiles and atherosclerotic lesions
would significantly contribute to better understanding the
pathogenesis of death, especially in those cases where ante-
mortem data on blood lipids are unavailable. On the other
hand, identification of elevated cholesterol levels in younger
individuals with severe coronary artery disease may be a
marker for genetic predisposition and thus deserves to be
confirmed by further analysis.
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Cholesterol and triglyceride levels in antemortem and post-
mortem serum samples as well as pericardial fluid in both
humans and animals have been investigated and compared
in the past by some research teams. Furthermore, their values
have been correlated with atherosclerotic lesions and coronary
artery disease found at autopsy and histology. The results of
these studies, though promising, have provided diverging in-
formation on postmortem molecule stability and postmortem
measurement reliability. This has lead to the conclusion that
lipid profile interpretation in postmortem samples best be
tempered by several caveats [9–13].

The purpose of the study presented herein was threefold:
(a) to determine triglycerides, total cholesterol, low-density
lipoprotein cholesterol, high-density lipoprotein cholesterol,
apolipoprotein B100, and apolipoprotein A-I in a series of
cases that underwent postmortem investigations and for which
antemortem and postmortem serum samples were available
for comparison, thereby investigating the postmortem stability
of these compounds, (b) to measure the same molecules in
postmortem serum from femoral blood and pericardial and
pleural fluids in a series of cases that underwent medicolegal
investigations, thereby evaluating the distribution of these
molecules in various biological fluids collected at autopsy
and the usefulness of their determination in several biological
samples for diagnostic purposes in the forensic setting, and (c)
to evaluate whether different levels of these molecules could
be observed in cases characterized by different degrees of
coronary artery atherosclerosis at postmortem investigations.

Materials and methods

Study design

The present study was performed in 2016–2017 and was de-
signed as a single-center study. All selected cases originated
from forensic practice and underwent medicolegal autopsies
as requested by local inquiring authorities (the public prose-
cutor). Laboratory analyses, including measurements of tri-
glyceride, total cholesterol, low-density lipoprotein cholester-
ol, high-density lipoprotein cholesterol, apolipoprotein B100

(indicated as apolipoprotein B), and apolipoprotein A-I, were
performed as part of the medicolegal investigations.

Study populations

To address the first purpose of the study, comparisons between
antemortem and postmortem serum levels of triglycerides,
total cholesterol, low-density lipoprotein cholesterol, high-
density lipoprotein cholesterol, apolipoprotein B, and
apolipoprotein A-I were performed on samples collected from
10 individuals (8 males and 2 females, with a mean age of

48 years, range 39–69 years) who were admitted to hospital
shortly prior to death.

Diagnosis on admission included sudden loss of conscious-
ness in the presence of witnesses. Cardiopulmonary resuscita-
tion attempts were performed on-site by co-workers, by-
standers, or laypersons until paramedic arrival. Information
pertaining to preexisting cardiovascular risk factors, including
hypertriglyceridemia or hypercholesterolemia, was unavail-
able at hospital admission.

Antemortem samples consisted of serum samples obtained
rapidly on admission to hospital. Death was pronounced in all
cases within approximately 1 h of arrival.

Complete medicolegal autopsies were performed between
12 and 48 h after death. Postmortem samples consisted of
serum samples obtained from peripheral (femoral blood) prior
to autopsy.

Causes of death at postmortem investigations included
cardiac deaths (7 cases) and drug intoxication (3 cases).

To address the second and third aims of the study, compar-
isons between postmortem serum and pericardial and pleural
fluid levels of triglyceride, low-density lipoprotein cholester-
ol, high-density lipoprotein cholesterol, apolipoprotein B, and
apolipoprotein A-I were performed on samples collected from
39 individuals (the 10 cases described earlier and 29 other
cases admitted to the medicolegal center upon request of
local inquiring authorities). The latter included 20 males and
9 females, with a mean age of 52 years (range 31–72 years)
with deaths occurring outside the hospital. Complete
medicolegal autopsies were performed between 18 and 48 h
after death. Causes of death included cardiac deaths (13 cases
out of 29), hanging (6 cases out of 29), and drug intoxication
(10 cases out of 29).

The 20 cardiac causes of death (7 from the first study group
and 13 from the second study group) included:

1. Five cases macroscopically and microscopically charac-
terized by various degrees of coronary artery atheroscle-
rosis with evidence of fatty deposits in the vessel wall
though without evidence of significant luminal narrowing
or acute coronary thrombosis,

2. Five cases macroscopically and microscopically charac-
terized by various degrees of coronary artery atheroscle-
rosis and acute coronary thrombosis or rupture/erosion of
a coronary atherosclerotic plaque,

3. Ten cases macroscopically and microscopically character-
ized by severe coronary artery atherosclerosis, with
evidence of chronic occlusions of various degrees in the
coronary artery lumen and foci of interstitial fibrosis
within the myocardium without evidence of acute
coronary thrombosis.

Case inclusion criteria for the first study group consisted of
antemortem and postmortem serum availability as well as
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absence of intravenous fluid administration or minimal intra-
venous fluid administration.

Case inclusion criteria for the second study group consisted
of postmortem serum as well as pericardial and pleural fluid
availability at autopsy.

Postmortem investigations and sample collection

Conventional medicolegal autopsies, histology, toxicology,
and biochemical investigations were performed in all cases.
Conventional histology included hematoxylin-eosin (HE)
stains of brain, heart, lung, liver, and kidney samples.

Systematic toxicological analysis included blood ethanol
level determination as well as general screening for volatile
and nonvolatile drugs, poisons, and metabolites.

Peripheral blood from the femoral veins was systematically
collected for toxicological and biochemical studies prior to
autopsy. Femoral blood samples were collected by aspiration
with sterile needles and syringes from the femoral vein(s).
Blood samples were drawn after clamping the vein(s) at the
proximal end and keeping the lower limb(s) raised for several
minutes. Samples were stored in tubes containing sodium fluo-
ride and preservative-free gel serum separator tubes. The latter
were centrifuged immediately post collection at 3000g for
15 min. After centrifugation, the separated supernatant (post-
mortem serum) was collected and stored in preservative-free
tubes. No specimens were excluded due to insufficient sample
volume. Postmortem serum samples were transferred to the
laboratories immediately post collection. When analyses were
delayed, samples were stored at − 20 °C.

Undiluted samples of pericardial and pleural fluid were
collected immediately post pericardium incision and pleural
cavity opening during autopsy. All samples were immediately
centrifuged at 3000g for 15 min. After centrifugation, the sep-
arated supernatants were collected and stored in preservative-
free tubes. No specimens were excluded due to insufficient
sample volume. The samples were transferred to the laborato-
ries immediately post collection. When analyses were de-
layed, samples were stored at − 20 °C.

Laboratory assays

Cholesterol was determined by the CHOD-PAP (cholesterol
oxidase phenol 4-aminoantipyrine peroxidase) method and
triglycerides by the GPO-PAP (glycerol phosphate oxidase-
p-aminophenazone) on an automatic analyzer. Results were
expressed in millimoles per liter. Apolipoprotein B and apoli-
poprotein A-I levels were determined in the selected fluids by
immunonephelometric assay. Results were expressed in grams
per liter.

For the purpose of this study, an increased level of triglyc-
erides, low-density lipoprotein cholesterol, high-density
lipoprotein cholesterol, apolipoprotein B, and apolipoprotein

A-I in postmortem serum from femoral blood was defined as
that exceeding the highest upper limit of the clinical reference
value indicated by the clinical laboratory where the analysis
was performed. Cutoff values in pericardial and pleural fluids
collected at autopsy were not preliminarily identified.

Statistical analysis

Comparisons of triglyceride, total cholesterol, low-density li-
poprotein cholesterol, high-density lipoprotein cholesterol,
apolipoprotein B, and apolipoprotein A-I levels in antemor-
tem and postmortem serum samples were performed using the
non-parametric Mann-Whitney U test. Analogously, compar-
isons of triglyceride, total cholesterol, low-density lipoprotein
cholesterol, high-density lipoprotein cholesterol, apolipopro-
tein B, and apolipoprotein A-I levels in postmortem serum and
pericardial and pleural fluid were performed using the non-
parametric Mann-Whitney U test. The relationship among
molecule concentrations in postmortem serum, pericardial flu-
id, and pleural fluid in each subgroup was also explored.
Statistical significance was defined as a p value of less than
0.05. All statistical analyses were performed using GraphPad
Prism 4.0 (GraphPad Software, La Jolla, CA, USA).

Results

Concerning the first aim of our study, no statistically signifi-
cant differences were noticed between antemortem and post-
mortem serum levels of total cholesterol, low-density lipopro-
tein cholesterol, high-density lipoprotein cholesterol, apolipo-
protein B, and apolipoprotein A-I up to 48 h after death. Total
cholesterol, low-density lipoprotein cholesterol, and high-
density lipoprotein cholesterol levels in postmortem serum
samples tended to be lower than those in antemortem
specimens. Nevertheless, none of the four individuals (out of
the ten studied) with increased antemortem levels of these
molecules had normal postmortem levels.

Conversely, triglyceride levels in postmortem serum sam-
ples tended to be higher than those in antemortem specimens,
and differences between antemortem and postmortem serum
concentrations were found to be statistically significant
(p = 0.039). Postmortem serum triglyceride levels were higher
than the clinical reference values in four out of eight studied
individuals that had normal antemortem serum triglyceride
levels.

Concerning the second aim of our study, the differences
among the concentrations of all measured molecules in all
tested biological samples were found to be statistically signif-
icant. No relationship could be found between postmortem
serum and pericardial fluid levels or between postmortem
serum and pleural fluid levels of all tested biomarkers,
irrespective coronary artery disease severity.
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Lastly, concerning the third aim of our study, postmortem
cases characterized by severe coronary artery atherosclerosis
and significant coronary artery luminal narrowing revealed
higher postmortem serum levels of total cholesterol and
apolipoprotein B than cases having minimal or insignificant
coronary atherosclerotic lesions, irrespective of postmortem
interval.

Discussion

One of the first literature reviews pertaining to cholesterol,
triglyceride, and apolipoprotein stability in postmortem serum
samples was provided by Coe [14, 15], who reported the re-
sults of the studies performed by Naumann [16], Glanville
[17], Enticknap [18–20], Fekete and Brunsdon [21], Sturner
[22], Leadbeatter and Stansbie [23], and Särkioja [12].

The results of these studies provided contradictory findings
concerning cholesterol, triglyceride, and apolipoprotein (A-I
and B) stability in postmortem samples and hence postmortem
determination reliability. In particular, postmortem serum tri-
glyceride levels were characterized by significant fluctuations
and appeared to be of very limited value as indicators of an-
temortem levels [12, 14–23].

In his papers, Coe [14, 15] emphasized the difficulties in
interpreting the postmortem values of any blood lipids due to
collection of postmortem samples from individuals who were
not fasting at the time of death. According to Coe [14, 15],
elevated levels of these molecules measured after death should
have been considered suitable exclusively in those cases char-
acterized by an empty stomach and small intestine at autopsy.
In addition, full or empty gastrointestinal tract at the time of
death could have explain some of the divergent findings
reported by different research teams as well as the limited
success in correlating postmortem blood lipid levels with
coronary artery atherosclerosis.

Three succeeding studies compared antemortem and post-
mortem serum lipid profiles in animals and humans, with
interesting results [10, 11, 24].

In a sample including 23 children and young adults who
had been examined for cardiovascular disease risk factors
and subsequently died from violent causes, Freedman et al.
[10] observed that postmortem levels (postmortem serum
from cardiac blood) of triglycerides and very low-density
lipoprotein cholesterol were higher than antemortem
values. Conversely, postmortem levels of total cholesterol
and low-density and high-density lipoprotein cholesterol
were related to antemortem concentrations. The strongest
association between coronary artery atherosclerosis and
lipid profile was observed for antemortem low-density
lipoprotein cholesterol.

Hornick et al. [11] investigated cholesterol and apolipopro-
tein (A-I, B, E, and A-IV) concentrations in antemortem and

postmortem serum samples in dogs and monkeys and failed to
find appreciable differences.

Hart et al. [24] analyzed antemortem (within 72 h) and
postmortem (within 24 h of death) serum (obtained from heart
or femoral blood) levels of cholesterol and triglycerides in
seven autopsied hospitalized individuals and found that aver-
age postmortem cholesterol levels were 13% lower than aver-
age antemortem levels, whereas postmortem triglyceride
levels were 38% higher than average antemortem triglyceride
levels, thus suggesting caution in correlating postmortem lipid
profiles to antemortem status.

Uemura et al. [25] measured triglyceride and total choles-
terol levels in postmortem serum samples obtained from blood
collected at different sampling sites (right and left heart cavi-
ties as well as femoral vein within 72 h postmortem). No
significant differences among sampling sites were noticed in
triglyceride concentrations. Conversely, total cholesterol
levels showed a tendency to decrease time-dependently and
lower levels in femoral vein blood more than in left cardiac
blood, thus suggesting that the latter be the sample of choice to
estimate antemortem cholesterol levels.

Another important line of research in the postmortem
setting has explored the possible role of plasma lipids,
lipoproteins, and apolipoproteins as risk factors for coronary
atherosclerosis and sudden cardiac death.

Valenzuela et al. [13] observed higher levels of apolipopro-
tein B100 in pericardial fluid in cases with severe coronary
artery atherosclerosis and positive diagnosis of myocardial
infarction compared to cases without atherosclerosis.

Hiserodt et al. [26] found significantly elevated mean total
cholesterol, triglycerides, low-density lipoprotein cholesterol,
and apolipoprotein B concentrations in individuals who died
suddenly and unexpectedly of atherosclerotic coronary artery
disease compared to control cases with no significant medical
or cardiac history. By contrast, mean apolipoprotein A-I and
high-density lipoprotein values were not significantly
different from control values, irrespective of variations in
postmortem intervals or the presence of recently ingested
food.

A great contribution to this topic was given by Takeishi
et al. [27–32] through several investigations of postmortem
plasma lipids and lipoproteins, which revealed significant
correlations between remnant-like lipoprotein particle levels,
coronary atherosclerosis progression (especially for
cholesterol-rich particles), and sudden cardiac death inci-
dences (especially for triglyceride-rich remnant-like particles,
even in the absence of coronary atherosclerosis). These
authors also observed that postmortem plasma sampled up to
12 h after death was appropriate for measuring lipid and
lipoprotein profiles as surrogate markers of antemortem
levels, including triglycerides and remnant-like lipoprotein
particle-triglycerides, when an assay without added free
glycerol was used.
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In addition, two significant studies deserve mentioning
here. The first is that of Tsuji et al. [33], who observed that
higher plasma (from right atrium blood) apolipoprotein B100

levels were associated with more severe degrees of coronary
artery atherosclerosis. The second study is that of Rashid et al.
[9], who observed that both total cholesterol and apolipopro-
tein B levels were significantly higher in cases with obstruc-
tive coronary artery disease. Furthermore, they noticed that
the degree of hypercholesterolemia was positively associated
with disease severity.

The results of the study presented herein tend to be in
agreement with those reported in former investigations in the
forensic setting. They indicate that femoral blood postmortem
serum concentrations of cholesterol (total cholesterol, low-
density lipoprotein cholesterol, and high-density lipoprotein
cholesterol) and apolipoproteins (apolipoprotein B and
apolipoprotein A-I) can be considered to reflect antemortem
serum concentrations, thus suggesting that their postmortem
values could be used as surrogates for antemortem levels.
Conversely, femoral blood postmortem serum values of tri-
glycerides do not appear to indicate antemortem concentra-
tions accurately enough to be used as their surrogates, contrary
to what was affirmed by Uemura et al. [25].

As already shown by other research teams in former reports,
we found increased femoral blood postmortem serum levels of
total cholesterol and apolipoprotein B in cases characterized by
more severe degrees of coronary artery atherosclerosis at post-
mortem investigations. These results would therefore confirm
that the degree of hypercholesterolemia is indeed a significant
risk factor and plays a decisive role in sustaining the changes
leading to vascular atherosclerotic lesions.

Lastly, our results seem to indicate that pericardial and
pleural fluid lipid, lipoprotein, and apolipoprotein levels are
of no value in estimating their antemortem serum concentra-
tions, irrespective of coronary artery disease severity. If con-
firmed, these finding would not corroborate the data previous-
ly published by Valenzuela et al. [13].

Our study undoubtedly has some limitations. The most
important is the relatively small number of studied cases,
which may limit the accuracy of our research. Prospective
investigations including a greater number of subjects and
analyses in longer postmortem intervals would therefore be
needed to confirm our findings and molecule stability.

Thus, even though further studies are required to corrobo-
rate our observations, our results seem to attest that femoral
blood postmortem serum concentrations of cholesterol and
apolipoproteins may be considered suitable to estimate their
antemortem values in forensic cases characterized by coronary
artery atherosclerotic lesions of varying severities.
Conversely, to present, no alternative postmortem biological
samples appear to accurately reflect the lipid/lipoprotein/apo-
lipoprotein profile enough to be used to estimate antemortem
concentrations of these compounds.
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