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Summary

Cholesterol is a white, waxy substance that always takes
part in building each cell in the human body. The role of
cholesterol in the normal functioning of the human body has
been known for a long time, however, it is mainly due to its
elevated levels and the health risk of it. It is less well known
that low serum cholesterol levels are associated with serious
health problems. When it comes to intensive care unit (ICU)
patients, hypocholesterolemia may indicate infectious
complications, impaired hepatic synthesis, significant bodily
injury. Surgical patients are judged for operative trauma and
perioperative stress, as well as for the resuscitation process.
Key words: hypocholesterolemia, perioperative stress,
surgical patients

Introduction

Cholesterol is a white, waxy substance that always
takes part in building each cell in the human body.
The role of cholesterol in the normal functioning of the
human body has been known for a long time, though
more attention is paid to cholesterol levels higher than
normal and their association with health risks. It is
less well known that low serum cholesterol levels are
associated with serious health problems.

Regarding ICU patients, hypocholesterolemia
may be related to infectious complications, impaired
hepatic synthesis, and significant bodily injury.
Surgical patients are assessed for operative trauma and
perioperative stress, as well as for the resuscitation
process.

The aim of this comprehensive review was to
summarize data on the role of cholesterol as a predictor
of severity of perioperative stress and prognosis. The
biochemical aspects and the regulatory and physiologic
role of cholesterol in stress conditions are discussed.

Term and Definition of Cholesterol

Cholesterol comes from Greek (chole — bile and stereos
— solid). It was first identified in gallstones in 1769, by
Frangois Poulletier de la Salle, but its name was given
in 1815 by Michel Eugéne Chevreul (1786-1889), who
called it cholesterin. Later, in 1859, Marcelin Berthelot
(1827-1907, 79) proved its alcoholic structure and the
name was changed to cholesterol. Now both cholesterol
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and cholesterin are used [1-3]. From a chemical
point of view, calling the substance “cholesterol”
is correct, since it is a polycyclic alcohol [1].

Structure of cholesterol

Cholesterol is an organic molecule. By its
structure, it is a polycyclic alcohol (Figure 1). It
is a sterol, or a modified steroid, a type of lipid
molecule, found in all animal cells.

HO

Figure 1. Cholesterol. Chemical structure.

Function of cholesterol

Cholesterol is a vital compound, found in all
tissues of the human body. It is essential for
the structure of cell membranes and myelin
sheaths of nerve cells [4]. It is also the precursor
molecule for the synthesis of steroid hormones,
bile acids and Vitamin D [5].

Biosynthesis of cholesterol

There are two types of cholesterol in the organism:
exogenous and endogenous. Exogenous
cholesterol enters with plant-based nutrients,
around 400-500 mg (plant-based sterols cannot
be digested by the gastrointestinal tract) and is
around 20% of the total cholesterol in the human
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Figure 2 Cholesterol synthesis (5)

HMG-CoA

activated C, <

organism. The other 80% are endogenous, i.e.
they are synthesized by the organism itself, 9-12
mg/kg [6]. Cholesterol is mainly synthesized in
the liver — 1 gram/day [7], the small intestine,
adrenal gland, gonads, and the skin.

Cholesterol synthesis is a complex process,
which can shortly be presented in the following
way (Figure 2.).

Synthesis of cholesterol is carried out in
the cytoplasm, with acetyl coenzyme A (acetyl
CoA), Nicotinamide adenine dinucleotide
phosphate (NADH ) and Adenosine triphosphate
(ATP) needed in significant amounts. The
process starts with 2 molecules of acetyl CoA,
condensing to form acetoacetyl-CoA. It binds
to a third molecule acetyl CoA, and B-Hydroxy
B-methylglutaryl-CoA is formed. The reaction is
catalyzed by B-Hydroxy B-methylglutaryl-CoA
synthase [8,9].

The next reaction is irreversible and
rate-limiting. It is catalyzed by the enzyme
B-Hydroxy p-methylglutaryl-CoA reductase,
and mevalonate is produced from B-Hydroxy
B-methylglutaryl-CoA reductase [8,9]. Six
molecules of mevalonate condense to form
squalene: the process begins with a 2-step
phosphorylation of mevalonate. Those reactions
are catalyzed by two phosphokinases, and 2 ATP
molecules are needed. The product is activated
mevalonate - mevalonate pyrophosphate(8).
The next reaction also requires one molecule
of ATP — isopentyl pyrophosphate (also called
active isoprene) is formed under the effect of the
enzyme diphosphomevalonate decarboxylase.

Isopentyl pyrophosphate converts to dimethyl
pyrophosphate with the help of isopentyl
pyrophosphate isomerase [10]. The next step

HMG-CoA
reductase

mevalonate

activated C3

cholesterol
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of the squalene formation is the condensation
of isopentyl pyrophosphate with dimethylallyl
pyrophosphate, to form geranyl pyrophosphate.
As shown in Figure 3, it condenses with another
molecule isopentyl pyrophosphate and forms
farnesyl pyrophosphate. When two molecules
farnesyl pyrophosphate condense, squalene is
formed [11].

Under the effect of the enzyme squalene
monooxygenase and in the presence of
02, NADPH and soluble protein activator,
2,3-oxidosqualene is formed from squalene.
With the help of another enzyme, also found in
the endoplasmic reticulum — 2,3-oxidosqualene-
lanosterol cyclase, lanosterol is formed (Figure
4) [8,10].

geranyl-pyrophosphate
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Conversion of lanosterol into cholesterol
includes 20 consecutive reactions. Enzymes that
take part in those reactions are located in the
endoplasmic reticulum [10].

Regulation of cholesterol synthesis
Cholesterol synthesis and degradation take place
in the liver, bile ducts and mucous membrane of
the small intestine [7].

In cholesterol synthesis, conversion of
3-hydroxy-3-methylglutaryl-CoA in mevalonate
is an irreversible and rate-limiting reaction. It is
catalyzed by the enzyme HMG-CoA reductase
(HMGCR) [12], i.e., the mechanisms that take
part in regulating this enzyme’s activity have
a key significance for defining the speed of
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Figure 3. Formation of intermediate compounds with 15 and 30 carbon atoms (5)
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Figure 4. Formation of the first intermediate sterol compound.(5)
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cholesterol synthesis.

Inactivation of 3-hydroxy-3-methylglutaryl-
CoA reductase has a half-life of 3 hours, and
its half-life depends on cholesterol level, i.e.
if the level is high, the enzyme has a shorter
half-life(10) . Degradation of HMGCR is also
stimulated by oxidized derivatives of cholesterol,
bile acids, mevalonate and farnesol [7,13,14].
Some hormones also affect the activity of this
hormone. Insulin and thyroid hormones activate
it, glucocorticoids and glucagon suppress it
[7,15].

The level of cholesterol controls the quantity
of messenger ribonucleic acid (mRNA), which
codes HMGCR. If the cholesterol level is high,
the quantity of mRNA is reduced [10].

Excess intracellular free cholesterol is
regulated by a change of activity of acyl-
coenzyme A:cholesterol acyltransferase
(ACAT) [8].

The level of plasma cholesterol is regulated
by low-density lipoprotein (LDL) receptors-
related intake and high-density lipoprotein
(HDL)-receptors-related reverse transport [8].

Exogenous cholesterol intake inhibits the
liver sterol synthesis at the level of the HMG-
CoA conversion to melavonate. Continuous
intake of cholesterol, however, suppresses liver
sterol synthesis in the following steps, after
mevalonate synthesis [14].

Cholesterol is the main substance for higher
eukaryotes, including those in humans. It is a
componentofthe cellmembranes and is important
for their stability, fluidity and permeability [16].
It is a precursor of oxysterols, steroid hormones,
including estrogen, progesterone, testosterone
and cortisol, and also of Vitamin D and bile
acids[12]. Cholesterol is irreplaceable for the
normal development of the brain. It is also
necessary for the formation of myelin, synapses
and dendritic branches of the nerves [12].
Furthermore, cholesterol is important for the
absorption of nutrients, reproductive biology,
stress response, electrolyte balance and calcium
metabolism [17]. In the plasma, around one-
third of cholesterol is free, and two-thirds are in
the form of esters. Some intermediate products
such as steroids and signal proteins play a key
regulatory and mediatory role [18].

Cholesterol is a vital compound for the
human organism, but both hypocholesterolemia
and hypercholesterolemia are linked to the

presence of a disease [16]. Cholesterol taken
with the food is absorbed by the intestines and
included in chylomicrons, which are synthesized
by the intestinal mucous membrane. From
there it is transferred to the liver. The liver
and other tissues also synthesize cholesterol.
Part of the cholesterol is excreted with the bile
and resorbed again by the intestinal mucous
membrane. The greater part of cholesterol in
the liver is bonded with proteins — lipoproteins
with very low density and, in the form of those
complexes, circulates the bloodstream [19].
The cholesterol molecule is hydrophobic, and
to be delivered to all cells in the body, it needs
to bond with special macromolecules in the
plasma — lipoproteins (chylomicrons, very low-
density lipoprotein (VLDL), LDL, HDL). The
LDL-cholesterol complex circulates from the
liver to all organs and tissues and delivers the
cholesterol they required. Excess cholesterol, in
the form of HDL complexes, is transported back
to the liver. In case of dysfunction in cholesterol
metabolism, it is possible that cholesterol from
the LDL-cholesterol complex is not assimilated
by the cells or is released from the complex
too early [10,20]. Cholesterol can be oxidized,
which can form cholesterol oxidation products.
Those products are responsible for diseases like
atherosclerosis, not the cholesterol itself. Excess
cholesterol oxidation products lead to a change
in the stability and permeability of the cell
membrane, which makes the latter susceptible
to cytotoxic, mutagenic, carcinogenic and
atherosclerotic changes [16]. Conditions like
Smith-Lemli-Opitz syndrome, Niemann-Pick
type C, Alzheimer’s disease are linked to
metabolic disorders [12].

When we speak of cholesterol and its link
to problems and diseases, most people think of
hypercholesterolemia, while in reality, a big part
of patients in surgical wards, intensive care units
and traumatology departments have low levels
of serum cholesterol. Furthermore, the lower
the values, the longer is the hospital stay, more
often, the infectious complications are present
and the outcome is worse. Hypocholesterolemia
is also related to worse outcome or infectious
complications in trauma, burns and sepsis [18].
Cholesterol lowers in the first post-operative
day due to the acute phase reaction. Vyroubal.
et al. (2008) reported that none of the patients
with cholesterol that dropped under 1.6 mmol/l
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survived. Cholesterol has an important role in
maintaining immunity and protection against
different infections in critical patients [21].
Cholesterol is the main precursor for the steroid
synthesis in the adrenal medulla, where there
is no cortisol reserve. Therefore, in the case of
prolonged hypocholesterolemia, there may be
insufficient cortisol production [22].

Cholesterol is often one of the routine tests
for elderly patients and is used as a marker
for malnutrition and poor health status [23].
Authors believe that hypocholesterolemia, seen
after abdominal surgery, is usually caused by
infusion of water-electrolyte solutions and by
the hemodilution. Other reasons for low levels
of plasma cholesterol include surgical stress,
reduced or missing intake of nutrients and
more importantly, fats, as well as reduced liver
cholesterol synthesis and liver and intestinal
synthesis of low-density lipoproteins.

Surgery is not just a local tissue trauma but
also leads to metabolic and hormonal changes
in the organism, which can be designated
as postoperative disease or post-aggression
syndrome [24]. Different phases can be
defined, depending on the stage of trauma, the
onset of postoperative complications and the
patients’ reaction to treatment. The observed
hypocholesterolemia [25-27] is related to
reduced LDL amounts, but also a lower level of
HDL. Therefore, there is a correlation between
the severity of surgical intervention and the rapid
reduction of cholesterol-containing lipoproteins
in the serum. Researchers have concluded
that hypocholesterolemia is not a result of
hemodilution or insufficient nutrient intake,and
such a conclusion is also confirmed by the test
results of triglycerides, hematocrit and albumin.
They also observed a reduced half-life of
lipoproteins, which more likely points towards
redirecting of lipoproteins to traumatized
tissues for the regeneration of water-insoluble
membranes and wound healing [24].

Hypocholesterolemia is seen in patients after
severe trauma, surgery, multi-organ failure, and
burn injuries. Results reported by many authors
confirm that cholesterol levels correlate with
the severity of organ damage and the presence
of sepsis. This is mainly explained by the
reduced synthesis in the liver, hemodilution,
loss of lipoproteins and accelerated metabolism
[23,28,29]. Hypocholesterolemia in surgical
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patients in critical condition is related to the
reduced liver protein synthesis [30,31].

Hypocholesterolemia is seen not only after
surgery, but also after trauma, sepsis, burn
injuries and liver dysfunction [32,33]. Lee et al.
(2018) observed significantly more pronounced
hypocholesterolemia in the beginning of the study
in deceased patients and following reduction of
the values of serum cholesterol on the following
days in the same patients, while for patients who
got better, after the initial hypocholesterolemia, a
gradual increase of the serum levels of cholesterol
was found [32,34]. Hypocholesterolemia is a
prognostic marker for increased morbidity and
mortality in a variety of pathological conditions
[21]. Hypocholesterolemia can be used as a
predictor for early hospital mortality even before
the clinical events occur [32].

Bakalar et all. (2003) studied the changes in
cholesterol and its precursors on the first days
after severe traumas [35]. Hypocholesterolemia
was found as a prerequisite for prolonged
mechanical ventilation, increased risk of
infections, multi-organ failure and prolonged
hospital stay. Cholesterol synthesis is an energy-
dependent process, which consists of around 200
enzyme steps. Many tissues produce cholesterol
— skin, intestines, adrenal gland, adipose tissue,
while the liver is capable of secreting cholesterol
in the blood in the form of lipoproteins. Authors
suggest that hypocholesterolemia may occur as
a result of reduced cholesterol synthesis in the
first days after the trauma. This may be due
to the complexity of the synthesis, sensibility
of some of the enzymes and the prevalence
of catabolic processes with high production
of hormones with antilipogenic effect. Other
authors reached the same conclusion: the liver
has a key role in cholesterol homeostasis, and
hypocholesterolemia after trauma and surgery
is caused by temporary liver function failure
[29, 36]. These were also our observations on
patients with trauma affecting the liver [37].

Our observations on traumatically ill patients
indicated that determining cholesterol levels
is essential for assessment of the severity of
the trauma and choosing its treatment. Plasma
cholesterol lowering in patients with multiple
traumas below the age of 50 may be considered
a poor prognosis. In patients older than 50 years,
this indicator is less informative [37]. Also, the
positive dynamics of cholesterol in patients with

© Medical University Pleven




J Biomed Clin Res Volume 12 Number 2, 2019

trauma indicates a favorable clinical outcome of
the trauma [37].

In acute trauma there is a temporary decrease
in cholesterol levels. The more severe the damage
and therefore the greater the stress on the body,
the lower these levels are, and the harder it is
for the body to cope with stress. The lower the
compensatory reserves, the lower the values, and
the longer these values remain [37].

The dynamics of changes in cholesterol levels
testify to the severity of the trauma and are a
predictive sign of its outcome. Early restoration
to normal cholesterol values may be one of the
signs that a recovery process has started [8].

Conclusions

Cholesterol is a key element in the construction
and support of the cell membrane, and is
irreplaceable in the development of the nervous
system. It is necessary for the synthesis of
steroid hormones, bile acids and Vit. D. In
patients, who underwent surgery and patients
in intensive care, monitoring the dynamics of
serum cholesterol levels allows to evaluate the
recuperative process. Cholesterol levels can
be used as an additional source of information
about the severity of the patient’s condition, the
presence or likely occurrence of complications,
and the outcome of the disease.
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