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Background: Cholesterol is an essential component of cell membranes, precursor of steroids, biliary acids and
other components of serious importance in live organism. Cholesterol synthesis is a complicated and energy-demanding process. Real daily need of cholesterol and mechanisms of decline cholesterol levels in critical ill are unknown.
During stressful situations a signiﬁcant hypocholesterolaemia may be found. Hypocholesterolemia has been known
for a number of years to be a signiﬁcant prognostic indicator of increased morbidity and mortality connected with a
whole spectrum of pathological conditions. The aim of article is the elucidation of the role and importance of hypocholesterolaemia during the intensive care. .
Methods and Results: We examined studies that are engaged in problems of hypocholesterolemia in critically ill.
Very low levels of total as well as LDL cholesterol are most frequently found in serious polytrauma, after extensive
surgery, in serious infections, in protracted hypovolemic shock. It is still not clear whether hypocholesterolemia reﬂects
only a serious metabolic disorder, which results from a life-threatening condition, or whether it has an active role in
evolution and outcome.
Conclusions: Hypocholesterolemia is commonly observed in critically ill patients. Nevertheless, it is not known
whether it is a secondary manifestation of disease, or whether it actively contributes to deterioration of the disease.
Although the contribution of hypocholesterolemia to mortality is modest compared with known risk factors such as
increased severity of illness and the development of nosocomial infection, low serum lipid concentrations represent
a potential therapeutic target in sepsis.

INTRODUCTION
Cholesterol is an inevitable component of almost
all phospholipid membranes in the human organism.
It occurs in both the free and ester form of cholesterol
and fatty acids. Free cholesterol is a component of cell
membranes. In plasma, about one third of cholesterol is
free, and two thirds exist as esters containing linoleic and
oleic acids1. Intracellularly, the stockpool of cholesterol is
formed by its esters with oleic, palmitic and linoleic acids
in some cells. Cholesterol in the organism originates both
from the external environment by absorption from the
digestive tract and by synthesis de novo from acetyl-CoA.
Under normal circumstances, a signiﬁcant portion of the
required amount of cholesterol is obtained from food.
Absorption of cholesterol is a complex process performed by speciﬁc carriers on the brush border of enterocytes in the jejunum. The crucial transporter is
Niemann-Pick C1 like 1 protein – NPC1L1 (ref. 2). Knockout mice (NPC1L1 null) have large reduction (>90%) in
cholesterol absorption 3. 1 protein – NPC1L1?? is a target
molecule for widely used cholesterol absorption inhibitor
ezetimibe and it probably cannot discriminate between
cholesterol and structurally related phytosterols. These
compounds are eﬀectively transported back into the lu-

men by ATP-binding cassette (ABC) cotransporters G5
and G8 (ref.4). Molecules ABC G 5,8 are also expressed
on the bile side of hepatocytes and enable transport of
phytosterols and cholesterol from hepatocytes into bile.
Mutations in ABC G5,8 cause sitosterolemia, a rare disorder connected to grossly elevated phytosterol levels in
the organism, and characterised by early development
of atherosclerosis. There are also other transporters expressed on the brush-border membrane of enterocytes
such as SR-BI (ref.5), CD-36 (ref.6) or aminopeptidase
N (ref.7) but their exact role remains to be elucidated.
Cholesterol absorption eﬀectiveness ranges around 5060 % depending on the kind of diet and its cholesterol
content. During the day, on average about 250 – 500 mg
of cholesterol is absorbed in this way, and this amount is
regulated by enterocyte nuclear receptors. Liver X receptor sensing intracellular oxysterol (LXR) regulates gene
expression of ABC transporters8, and nuclear receptors
PPAR alpha, beta/delta, gamma regulate NPC1L1 transporter9.
Under physiological conditions, de novo synthesis in
the whole body exceeds absorption of cholesterol from
food several times. All cells of the human body except nucleus-free erythrocytes are able to synthesize cholesterol
de novo and the product is dedicated for intracellular use.
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Cholesterol dedicated for plasma lipoproteins (additional
supply for many types of cells) is synthesized in the liver
and in the distal part of the small intestine10.
The lack of intracellular cholesterol is registered by
SREBP cleavage-activating protein (SCAP) which contains a sterol-sensing domain. At low intracellular sterol
concentrations, SCAP translocates the inactive, membrane-bound form of SREBP (sterol element binding protein) to the Golgi, where two distinct proteolytic cleavage
steps convert it to its nuclear and transcriptionally active
form11. Following activation, the SREBPs translocated to
the nucleus dimerize and interact with cognate regulatory
sequences, the sterol regulatory elements (SRE’s) to transactivate genes – the LDL receptor protein, Niemann-Pick
C1 protein (NPC1, crucial for intracellular cholesterol
traﬃcking) and enzymes necessary for cholesterol synthesis (HMG-CoA synthase and reductase, farnesyl diphosphate synthase, squalene synthase) (ref.12). Cholesterol
synthesis takes place initially in the cytoplasm (up to
the hydrocarbon intermediate squalene), and then in the
endoplasmic reticulum (squalene cyclisation and subsequent steps). The key regulatory enzyme is HMG CoAreductase, also a target for competitive pharmacological
inhibitors – statins. Complete biosynthesis (Fig. 1) of cholesterol amounts to nearly 200 enzymatic processes, and

Fig. 1. Synthesis of cholesterol and its intermediates

thus it is not surprising that higher organisms at the top
of the food pyramid make use of cholesterol synthesized
by lower organisms, thus saving the load connected with
the hugely complicated and energy-demanding cholesterol synthesis. Thus, many tissues prefer cholesterol from
plasma lipoproteins rather than their own intracellular
synthesis. Also from this viewpoint it is logical that cholesterol synthesis, because of its energy demands, takes place
mainly in the night between 2 and 4 a.m., in the period of
physical rest of the organism. The maximal synthesis of
cholesterol in a healthy human being varies in the range
of 500–1000 mg a day.
Absorbed cholesterol from the diet is a component of
chylomicrons and is directed as chylomicron remnants
towards the liver. The hepatic cholesterol pools originating from chylomicron remnants (dietary cholesterol)
and de novo synthesised cholesterol are combined and
excreted as VLDL lipoproteins. Intravascularly, VLDL
converts to LDL lipoprotein and this particle is a major
source of cholesterol for many tissues, speciﬁcally those
undergoing frequent cell divisions 1. Some types of cells
(mostly steroidogenic and hepatocytes) are also able to
obtain cholesterol esters from HDL particles using speciﬁc cell surface receptors – scavenger receptor class B
type I (SR-BI) (ref.13).
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The transport of cholesterol from extrahepatic tissues to the liver is termed “reverse cholesterol transport”.
Free (non-esteriﬁed) cholesterol eﬄuxes to extracellular
acceptors, most notably phospholipid/apoA-I disks (preß-HDL). This process is directly (or indirectly through
phospholipid eﬄux) dependent on functional ABC A1
receptor. Cholesterol that associates with apoA-I/phospholipid disks is a substrate for lecithin-cholesterol acyl
transferase (LCAT). LCAT transfers a fatty acyl chain
from phosphatidylcholine to cholesterol, forming cholesteryl ester. The cholesteryl ester partitions into the hydrophobic core of the lipoprotein, thus forming spherical
HDL particles. These particles can then deliver cholesteryl ester to the liver and steroidogenic tissues14.
The major excretory pathway for cholesterol is bile
formation. Cholesterol is a substrate for bile acid formation. There are two major pathways of bile acid synthesis
– neutral (“classic”) and acidic (“alternative”). In the neutral, or “classic” pathway, synthesis begins with hydroxylation of the cholesterol molecule in the 7α position by
microsomal cholesterol 7α-hydroxylase (CYP7α1); in the
acidic, or “alternative” pathway, bile acids are hydroxylated in position 27 by cholesterol 27-hydroxylase (CYP-27)
(ref.15). While people with inborn errors in the CYP7α1
pathway display a hypercholesterolemic phenotype and resistance to cholesterol lowering agents, CYP-27 deﬁciency
is responsible for a severe clinical picture, characterized
by neurological impairment and accelerated atherosclerosis15. Bile acids achieve multiple physiological functions:
they are mandatory for lipid digestion and absorption in
the intestine; they represent the end product of cholesterol
catabolism; they constitute the most important molecules
to drive bile formation and ﬂow, a property otherwise
termed “choleretic activity”. Cholesterol itself is also secreted in bile, stored in the gallbladder and expelled in
the intestine upon feeding. Thus, intraluminally there is
almost always more cholesterol from bile than from the
diet10. At present, the only recognized disposal mechanism
of body cholesterol is through biliary excretion. The liver
is thereby the main source of both cholesterol synthesis
and disposal.
Cholesterol is crucial for several reasons. 1. It is the
principal building block of cell membranes. 2. It plays
a vitally important role in human metabolism. There
are signalling proteins which require a covalent bond to
cholesterol at their C-terminal, such as “sonic hedgehog
homolog”, an important morphogen16. Some intermediary products of cholesterol biosynthesis play important
regulatory and mediatory roles. They enable the interactions and activity of hydrophilic signal proteins with cell
membrane which is lipophilic. The intermediary products of cholesterol synthesis, such as farnesyl diphosphate
and geranylgeranyl diphosphate after binding to the hydrophilic signal protein, allow anchoring the aliphatic
moiety and the protein into the predetermined part of
the lipophilic cell membrane10. Therefore it secures anchoring of the signal protein on the surface of the cell and
transfer of the signal information to the cell. This is also
the way ras-proteins function10. Other important by-prod-

ucts of the cholesterol synthetic pathway are ubiquinones,
which play a decisive role in the maintenance of reduction-oxidation balance and oxidative phosphorylation in
cells and, dolichols which are essential in the process of
glycoprotein synthesis1.

METHODS
Methods for determination of cholesterol synthesis
and absorption
Existing techniques for measuring cholesterol synthesis are direct and indirect. These represent short-term or
long-term pictures. The principle of these techniques is
quantiﬁcation of substrate ﬂux through biosynthetic pathway (in vivo or ex vivo) or determination of concentrations of pathway intermediates.
Sterol balance17 provides a direct measure of endogenous biosynthesis rate expressed as the diﬀerence between fecal sterol excretion (cholesterol and bile sterols)
and cholesterol intake. The necessary presumption is equilibrium of internal sterol pools which can take weeks or
months to achieve. Thus long periods are required after
shift to a new diet or after illness or injury. Assessment
of sterol balance is not a suitable method for measuring
cholesterol synthesis in unstable patients (after injuries,
major operations and so on). Also, the precision of this
method is dependent on complete stool collections and
on accurate cholesterol intake assessment.
In the case of cholesterol precursor measurement, the
following precursors have been determined: mevalonic
acid in blood plasma and 24-hour collections of urine18;
isoprene in breath19; squalene and lathosterol in blood
plasma or bile20-21. The concentrations of metabolites
can provide relative rates of cholesterol synthesis (“snapshots”) during time periods in individuals or across treatment groups. Some precursors show circadian variation
(isoprene, mevalonic acid, squalene). The apparent disadvantage is the static nature of determination but this
can be overcome by frequent non-invasive sampling of
breath or urine.
The principle of ex vivo tracer techniques is determination of 3-hydroxy-3-methylglutaryl CoA reductase
activity by incorporation of 13C or 14C acetate into sterols
or sterol precursors. The assay can be performed with
biopsied hepatocytes (limited to surgical procedures) or
with circulating mononuclear leukocytes whose presence
is unclear however.
Kinetic approaches using injection of 13C- or 14C-labelled cholesterol into circulatory pools can follow ﬂux
through successive metabolic pools by monitoring the
amount of tracer in lipoproteins and other tissues22, 23.
These methods provide detailed information about pool
sizes, distribution and formation rates of cholesterol.
However, metabolic steady state is required.
Tracer incorporation techniques are the most recent
approaches and provide whole-body synthetic rate determination. Current methods include MIDA and deuterium
incorporation. In the case of mass isotopomer distribution
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analysis (MIDA), the precursor (13C-acetate) is infused at
a constant rate while relative abundances of mass isotopomers of the product are measured concurrently by gas
chromatography-mass spectrometry. The mass isotopomer
distribution of the product is determined speciﬁcally by
the concentration of labeled subunits in the precursor
pool from which the polymer was synthesized. Therefore,
the observed pattern of excess isotopomer frequencies
in the synthesized polymer compared with the expected
statistical distribution yields the isotopic enrichment of
the true precursor pool. Measurement of isotopic changes
during the subsequent post-infusion phase permits determination of the rate constant of decay of higher mass
isotopomers.
Limitations of this method include: the precursor pool
must be homogeneous, its enrichment constant and fractional synthesis of the product must be constant. Also, a
large amount of tracer is required which can perturb the
trace pool size and make this method expensive. Typical
net synthesis rate obtained by this method is 570 ± 55 mg/
day.
The alternative to MIDA is deuterium incorporation
method23. The tracer is deuterium oxide and relatively low
doses are necessary. Results obtained were shown to yield
good agreement with plasma mevalonate as an index of
short-term synthesis and this method is capable of detecting changes in synthetic rate over consecutive periods of
12 hours24. The cost of tracer is relatively low compared
to MIDA technique.
Approaches to studying cholesterol synthesis vary both
in the period of measurement and directness of endpoint.
Although sterol balance continues to exist as a gold standard, newer techniques, including MIDA and deuterium
incorporation, oﬀer advantages of direct measurements
over shorter intervals.
To assess cholesterol absorption, two possible methodologies exist. First, double-tracer methods25, which
determine orally absorbed tracer molecules and their
plasma concentration must be compensated for metabolic
losses with the aid of second, intravenously applied tracer.
Hence, these methods are very expensive.
Second, the phytosterol content of blood plasma can
be determined and has been shown to correlate with cholesterol absorption26. Phytosterols (e.g. sitosterol, campesterol) are sterols of plant origin which are structurally
similar to cholesterol. The absorbed fraction of phytosterols is much smaller than cholesterol (below 10 %) due to
ABC G5,8 receptor activity4. The advantage of phytosterol
determination is that they can be analysed together with
cholesterol precursors.
Mechanisms of cholesterol deﬁciency
Hypocholesterolemia is a commonly occurring
phenomenon in a number of serious diseases. In 1926
Thannhauser and Schaber27 reported an association between low cholesterol and disease. Subsequently, total
cholesterol (TC), low-density lipoprotein (LDL), and highdensity lipoprotein (HDL) have been shown to be substantially reduced in patients with many disorders including

infections, burns and cancer28-30. However, it is not clear
what the critical level of cholesterol is. Epidemiological
and intervention studies on the relationship of cholesterol
and atherosclerosis show that the optimal level of total
cholesterol is between the limits of 4.5 to 5.0 mmol/l and
that of LDL cholesterol between the limits of 2.5 to 3.0
mmol/l. From primate and “primitive” human population studies (human tribes isolated from “civilisation”),
optimal plasma concentration of total cholesterol is estimated to be within the range of 3.0 and 4.0 mmol/l
and the corresponding range of LDL cholesterol under
1.8 mmol/l (ref.31). A number of papers have reported a
critical level of cholesterol of between 2.6 and 3.5 mmol/l
of total cholesterol32-35. The cause of the low cholesterol
and lipoprotein concentrations in acute illness is most
likely multifactorial, involving both decreased synthesis
and enhanced catabolism.
It has been observed that concentrations of total and
lipoprotein cholesterol decrease markedly in the early
phases of critical illness36, 37. Similar decreases were noted
in serum concentrations of HDL and LDL-cholesterol38.
There is increasing evidence that cholesterol metabolism
is related to inflammation39-41, and indeed, may regulate and be regulated by proinﬂammatory cytokines42-45.
Several studies highlight the relationship between low
cholesterol and sepsis46-50. In patients who have severe
sepsis, total and HDL cholesterol levels fall rapidly and
reach 50 % of the recovery levels by day 3, followed by a
slow increase over the next 28 days46. Increased levels of
proinﬂammatory cytokines may explain the hypocholesterolemia of acute illness. Decreased synthesis of apoproteins has been demonstrated in hepatic cell lines exposed
to tumor necrosis factor-α (TNF-α), interleukin-1β (IL-1β)
and interleukin 6 (IL-6) (ref.51). Parenteral administration
of pro-inﬂammatory cytokines has been demonstrated to
lower lipid levels52, 53.
Interleukin-6 (IL-6) concentrations were increased,
and there was a signiﬁcant inverse relationship between
IL-6 and total cholesterol concentrations in sepsis.
Infection and inﬂammation induce oxidation of LDL-cholesterol47, 54. Decrease in HDL-cholesterol may be related
to high concentrations of phospholipase A2 (ref.55), or to
downregulation of the ATP-binding cassette transporter-1
gene56.
Increased TNF production in patients with septic
shock has been shown to correlate with low total cholesterol concentration and concentrations of apolipoproteins
A1 and B (ref.49). In companion in vitro studies, TNF increased the degradation of 125I-LDL in human ﬁbroblasts
and endothelial cells, and in HepG2 hepatoma cells35.
Hypocholesterolemia in critically ill surgical patients has
been found to correlate with decrease in plasma proteins
and hepatic protein synthesis36.
The hypocholesterolemia of acute illness is associated with a moderate increase in triacylglyceride levels
caused by an increase in VLDL. The increase in triacylglycerides is a consequence of both decreased clearance
and increased hepatic lipogenesis. Animal studies have
shown that the hepatic triacylglycerol output can increase
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by 50 % within 2 hours of endotoxin challenge and that
both TNF-α and IL-6 increase hepatic lipogenesis57, 58.
Increased adipose tissue lipolysis in response to endotoxin and cytokines provides increased quantities of fatty
acid for triacylglycerol synthesis. Muscle and adipose tissue biopsies taken from patients with sepsis have shown
reduced lipoprotein lipase activity, and animals with sepsis have shown decreased triacylglycerol clearance when
exogenous lipid is
infused59. In vitro studies have shown that TNF-α suppresses lipoprotein lipase activity60. The clinical signiﬁcance of moderate hypertriglyceridemia is unclear.
In pathological processes connected with pus formation, there are very large losses of cholesterol, which is
eliminated from the organism in the form of disintegrated
white blood cells, and this cholesterol cannot be reutilized. The need for cholesterol for cell division and reparative processes may exceed by 5 to 6 times the maximum
endogenous cholesterol synthesis32, 61. In gastroenterological patients in critical conditions with large losses of
enteric material from ﬁstulae or ileostomies, a large loss
of cholesterol may occur in the form of bile acids, due to
interruption of the enterohepatic cycle.
At the other end of the causes of hypocholesterolemia
there is a decrease in cholesterol supply. Critically ill patients naturally do not receive peroral food, an important
external source of cholesterol. The only possible nutritional support for these patients is parenteral or enteral
nutrition. Only some parenteral fat emulsions contain
trace amounts of cholesterol (the source of cholesterol is
lecithin from the egg yolk used as the stabilizer and emulsiﬁer of intravenously administered fat emulsions). The
amount of cholesterol in parenteral nutrition, however,
does not exceed 25 mg per day (65 mmol per day) even
when fat emulsions with the highest cholesterol content
are employed. Undoubtedly, this does not suﬃce to cover
even a fraction of the requirements of the organism in
critically ill patients.
Clinical consequences of hypocholesterolemia:
Hypocholesterolemia is common in critically ill patients. Lipids have been found to play an important role
in the reaction of the organism to inﬂammation and generally in immune functions. Their role in neutralization
of lipopolysaccharides, i.e., endotoxins, is of particular
importance.
Hypolipidemia reduces competition for binding of
lipopolysaccharide (LPS) to lipopolysaccharide-binding
protein (LBP), leading to ligation of the CD14 complex
and activation of mononuclear cells62-64. Conversely, binding of LPS to lipoproteins facilitates delivery of LPS to
hepatocytes for detoxiﬁcation, which if insuﬃcient may
lead to increased mononuclear cell activation65.
Lipoproteins, especially HDL, bind to and neutralize
lipopolysaccharide (LPS). Reconstituted HDL (rHDL),
which consists of puriﬁed apolipoprotein A1 and phosphatidylcholine is even more eﬀective in neutralizing
endotoxin toxicity66. In rabbits, administration of rHDL
reduced TNF production in response to LPS (ref.67, 68) and
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reduced TNF production and acidosis after E. coli, but
not S. aureus bacteremia69, 70. Lipoprotein phospholipids
were administered prophylactically in a porcine model
of intraabdominal infection71. Pretreatment decreased
serum endotoxin and TNF concentrations, preserved
cardiac output and left ventricular ejection fraction, and
attenuated increases in systemic and pulmonary vascular
resistances. Of extraordinary importance has been the
experimental ﬁnding that administration of reconstituted
HDL lipoprotein to septic animals signiﬁcantly increased
survival68.
Apart from the eﬀect of HDL and rHDL on LPS toxicity, HDL can also inﬂuence the ﬁbrinolytic pathway and
platelet function directly. Humans who have a high circulating level of HDL have higher tissue-type plasminogen
activator and plasminogen activator inhibitor concentrations than subjects with low HDL levels72. HDL aﬀects
platelet function through interaction with the glycoprotein
IIb-IIIa complex, and thereby competes with the binding of ﬁbrinogen to platelets and results in inhibition of
platelet aggregation73. In a double-blind, placebo-controlled crossover study, LPS was injected following an infusion of rHDL or placebo into healthy male volunteers. In
this experiment, rHDL signiﬁcantly reduced LPS-induced
activation of coagulation and ﬁbrinolysis and collagen
stimulated platelet aggregation74.
Hypocholesterolemia has also been associated with
the development of nosocomial infections75-78, especially
in the postoperative period. Leardi et al.77 found the risk
of postoperative infection to be 73 % among patients with
a total cholesterol concentration of <2.7 mmol/L, compared with an incidence of infection of 35 % (p< 0.001)
with a higher cholesterol concentration. These researchers
also noted that the cholesterol level fell at the onset of infection, and that a fall in cholesterol was more predictive
of infection than an increase in white cell count.
The degree of hypocholesterolemia reproduces, in
a parallel manner, the seriousness of the inﬂammatory
response and metabolic dysregulation, abnormalities in
cytokine level, gravity of illness and organ dysfunction,
and it has a negative predictive value35, 61, 79-86.
In a large cohort of hospitalized patients who had cholesterol levels < 2.6 mmol/L, a ten-fold higher mortality
was reported, which inversely correlated with cholesterol
levels87. Low serum cholesterol levels on admission to a
surgical ICU have been found to be associated with a
higher APACHE III and Multi-Organ Dysfunction Score
(MODS), longer length of hospital stay, and higher mortality37. These data suggest that although total and HDL
cholesterol levels fall with acute illness, the low cholesterol levels may predispose critically ill patients to endotoxemia, sepsis and MODS.
An important clinical observation has been that in
critically ill patients with hypocholesterolemia there is
progressive increase in cholesterol concomitantly with the
general improvement of the clinical condition; therefore
repeated cholesterol determinations may provide useful information on the course of the disease35. In this context it
is also interesting that pre-operative hypocholesterolemia
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in surgical patients is connected with higher post-operative risk of septic complications77.
In patients with prolonged septic shock, absolute or
relative adrenal insuﬃciency is found80. This phenomenon
can be explained by the central role of cholesterol in the
production of adrenal hormones, primarily cortisol.
Speciﬁcally, low levels of HDL may lead to adrenal
insuﬃciency in critically ill patients. Adrenal insuﬃciency
is being recognized with increasing frequency in critically
ill patients: a reported incidence of up to 61 % in patients
who experience septic shock89, 90. The mechanisms that
lead to reversible adrenal failure of the critically ill are
poorly understood. However, low HDL levels may play
an important role88.
The adrenal gland does not store cortisol: increased
secretion occurs because of increased synthesis controlled by adrenocorticotropin (ACTH). Cholesterol is the
principal precursor for steroid biosynthesis in steroidogenic tissue. In a number of sequential enzymatic steps,
cholesterol is metabolized by P450 cytochromes to aldosterone, dehydroepiandrosterone, androstenedione, and
cortisol. The ﬁrst and rate-limiting step is the formation of
pregnenolone from cholesterol. At rest and during stress
about 80 % of circulating cortisol is derived from plasma
cholesterol: the remaining 20 % is synthesized in situ from
acetate and other precursors91. Experimental studies suggest that HDL is the preferred cholesterol source of steroidogenic substrate in the adrenal gland92.
Besides the reparative role in the restoration of damaged cell membranes, cholesterol also plays an important
role in organization and development of tissues and organs. This is demonstrated for instance by the so-called
Smith-Lemli-Opitz syndrome. In the case of cholesterol
insuﬃciency during development, the function of the protein which regulates the developmental gene SHH (Sonic
hedgehog) is impaired. This gene is responsible for the
proper development of tissues and for the organization
of embryonic tissue. SHH regulating protein must bind
to cholesterol to be active93.
Hypocholesterolemia is also related to decreases
in some plasma proteins. Direct relationships between
cholesterol and albumin, total protein, prealbumin, retinol-binding protein, transferrin, iron binding capacity,
cholinesterase, and prothrombin activity have recently
been conﬁrmed34, 82, 84, 94, 95.
These relationships can be explained by hemodilution
acting concomitantly on cholesterol and on the other variables, by the release of mediators and cytokines of the
acute phase response, and by impaired liver synthesis or
insuﬃciency of substrate.
An example of the cumulative impact of various adverse factors in decreasing cholesterol is patients after
liver resection, in whom hypocholesterolemia is additively
related to the magnitude of the operation, hemodilution
from blood loss, liver dysfunction, sepsis and hypoalbuminemia96. This may explain how the degree of hypocholesterolemia often turns into a cumulative index of severity
of illness, with prognostic implications. It is worth noting
that the degree of hypocholesterolemia may be moderated
by the simultaneous presence of cholestasis.

There is a well-known relationship between hypocholesterolemia and undernourishment. Hypocholesterolemia
was experimentally induced by a low-protein diet, and on
the other hand, alleviated by parenteral supplementation
of amino acids, mainly branched-chain amino acids82. The
principal factors to concomitantly decrease cholesterol
and many plasma proteins are connected with the acute
phase response. This is supported by the fact that most of
the listed proteins represent “negative” acute phase reactants and that hypocholesterolemia is related, on the other
hand, to an increase in “positive” acute phase reactants.
As hypocholesterolemia is associated with a poor outcome during critical illness, it could be postulated that
patients who receive statins (3-hydroxy-3-methylglutaryl
Coenzyme A reductase inhibitors) (HMG-CoA) have a
poor outcome when critically ill. Emerging data, however,
suggest that statins may improve the outcome of patients
with sepsis. This eﬀect is independent of the eﬀect of statins on the lipid proﬁle. Statins have been shown to have
diverse anti-inﬂammatory and immunomodulating properties97. The HMG-CoA reductase inhibitor simvastatin has
been shown to signiﬁcantly improve survival in a murine
model of sepsis98. In a prospective observational study
treatment with a statin for greater than one month before
the onset of an acute bacterial infection was found to be
associated with a reduced rate of severe sepsis and ICU
admission, despite the fact that the patients receiving statins had a signiﬁcantly higher frequency of comorbidities99.
Additional studies, however, are required before statins
can be recommended for the treatment of sepsis.

CONCLUSION
Hypocholesterolemia is commonly observed in critically ill patients and in other acute or chronic conditions.
In these patients, it is often an index of a pathophysiological frailty and impending danger. It may also reﬂect
incapacity of the organism to increase cholesterol availability, to meet increased requirements in critical illness.
Nevertheless, it is not known whether it is a secondary
manifestation of disease, or whether it actively contributes
to deterioration of the disease. Cholesterol seems to be
a potentially essential component of nutrition, particularly in critically ill patients, where, due to the absence of
cholesterol in parenteral nutrition, its exogenous supply
is discontinued. However, the extent of contribution of
impaired endogenous synthesis to hypocholesterolemia is
not yet well-deﬁned. The relationship between plasma cholesterol patterns and severity of illness is also important.
In many hospital wards, progressive reversal of hypocholesterolemia is considered a marker of reversal of critical
illness, and of patient recovery; likewise, severe persistent
hypocholesterolemia, or further extreme drop in cholesterol, is a strongly unfavourable prognostic sign.
Although the contribution of hypocholesterolemia to
mortality is modest compared with known risk factors
such as increased severity of illness and the development
of nosocomial infection, low serum lipid concentrations

Hypocholesterolemia in clinically serious conditions – Review
represent a potential therapeutic target in sepsis. What remains unclear is whether treatment which increases HDL
or total cholesterol prevents or limits complications and
improves the outcome of critically ill patients.
At present, the only concrete consequence of hypocholesterolemia is the imperative and rapid resolution of
the underlying illness. Nevertheless, research in this ﬁeld
is continuing, and the enrichment of fat emulsions used in
parenteral nutrition with cholesterol may be a new promising tool to inﬂuence hypocholesterolemia and the related
undesirable eﬀects in critically ill patients. This approach
is being investigated in ongoing clinical trials.
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