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Changes in cholesterol metabolism during acute upper gastrointestinal
bleeding: liver cirrhosis and non cirrhosis compared

Vladimir Hrabovsky?, Vladimir Blaha®, Radomir Hyspler®, Alena Ticha®, Martina Skrobankova?, Zdenek Svagera‘

Background. Cholesterol is derived via de novo synthesis and dietary absorption. Both processes can be monitored by
determination of non-cholesterol sterol concentrations (lathosterol for synthesis; sitosterol and campesterol for absorp-
tion). The hypocholesterolemia that occurs during acute iliness is a result of a multifactorial inability to compensate for
the increased needs for this metabolite. The aim of this study was to examine the plasma cholesterol profile and both
processes of cholesterol acquisition during acute upper gastrointestinal haemorrhage with emphasis on liver cirrhosis.
Material and Methods. Thirty five patients with acute upper gastrointestinal bleeding (cirrhosis n=14, non-cirrhosis
n=21) were evaluated over a 6 day period. The control cohort consisted of 100 blood donors. Serum concentrations
of total, LDL (low-density lipoprotein) and HDL (high-density lipoprotein) cholesterol were measured enzymatically.
Sterol concentrations were analysed using gas chromatography, data were statistically analysed.

Results. In all patients, we found lower plasma levels of total cholesterol (P<0.001) and decrease of LDL and HDL cho-
lesterol. Patients had also significantly lower plasma levels of sterol concentrations. While the differences in cholesterol
profile between cirrhotic and non-cirrhotic bleeding were significant only in HDL cholesterol (P<0.001), comparison
of non-cholesterol sterols was statistically significant (P<0.001) in all measured parameters.

Conclusion. Our results showed substantial abnormalities in the cholesterol plasma profile including both the processes
of cholesterol acquisition in patients with upper acute gastrointestinal bleeding. The patients with or without liver
cirrhosis had similar trends in cholesterol plasma levels. Depression of cholesterol synthesis was, however, prolonged
in the cirrhotic group and the data also suggest a different phytosterol metabolism.
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INTRODUCTION transfusion and correction of coagulopathy should be
undertaken. In the case of variceal bleeding, antibiotics
Upper gastrointestinal bleeding (UGIB) derived and terlipressin are also used. One of the first priorities
from a source proximal to the ligament of Treitz is one  in UGIB is adequate fluid resuscitation, which is essen-
of the most life-threatening complications of esophageal,  tial to prevent circulatory failure?. On the other hand,
gastric and duodenal diseases. Acute UGIB is divided this may lead to the development of various metabolic
into variceal and non-variceal and usually manifests as  abnormalities. Anemia is a typical finding in GI bleed-
hematemesis and/or melena. Despite early detection and  ing and decrease in hemoglobin concentration may be
the advantages of endoscopy, both gastrointestinal (GI) accelerated by use of large volumes of crystalloids and
emergencies are a frequent cause of hospitalization in in-  colloids. Hemodilution is thus a commonly considered
ternal intensive care units (ICU). The final outcome for  serious potentiating cause of subsequent metabolic imbal-
bleeding patients is related to the intensity of initial blood  ance. Reduced cholesterol plasma concentration may be
loss and especially other comorbidities, currently often  one manifestation.
potentiated by anticoagulant and antiplatelet therapy'. Hypocholesterolemia has been repeatedly described as
While the variceal bleeding is commonly connected with  a common feature of acute medical conditions. Cholesterol
liver cirrhosis and portal hypertension, non-variceal bleed-  (CH) is known as an acute phase reactant, characterized by
ing is due to other mucosal lesions such as gastroduodenal  decrease of its plasma levels closely connected with increas-
peptic ulcers, erosions, tumors, Mallory-Weiss syndrome  ing of inflammatory markers* The etiology of hypocholes-
and angiodysplasia. Treatment of UGIB is based on en-  terolemia remains unclear. We know that sepsis, conditions
doscopic hemostasis and the administration of proton  after trauma, surgery and burn injury are regularly con-
pump inhibitors (PPI). When indicated, red blood cell nected with hypocholesterolemia*®. This is the result of
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inflammatory cytokines, the increased CH needs for tissue
repair and the inability to increase cholesterol synthesis as
it is an energy-intensive process. Depletion of CH is exac-
erbated by artificial nutrition that contains no cholesterol’.

In addition, hypocholesterolemia in critically ill pa-
tients is closely connected with poor prognosis and in-
creased mortality®'. For this reason, there is persistent
effort to understand lipid profiles in detail. In the field
of cholesterol metabolism, the focus of interest is also
process of its requirement. CH, as mentioned is derived
in two ways: via de novo synthesis and via dietary ab-
sorption. Both can be monitored by determination of CH
synthesis markers (lathosterol in blood plasma and lathos-
terol /CH ratio), and CH absorption markers (sitosterol
and campesterol in blood plasma) (ref.!"12).

The aim of this study was to describe changes in the
plasma CH profile and assess the effect of alteration in
the synthesis/absorption process in patients with UGIB
over a 6-day follow up. We also wanted to investigate po-
tential differences in these metabolic parameters, when
the liver cirrhosis was or was not presented.

MATERIALS AND METHODS

This study was approved by the Ethics Committee
of the Faculty Hospital in Ostrava. All participants gave
their informed consent. A total of 35 adult patients with
melena or hematemesis were included. The average age
was 60 years (23 male, 12 female). They were divided
into two groups: patients with cirrhosis (n=14) and those
without (n=21). Participants at high risk of surgical inter-
vention or record of GI haemorrhage during the month
before admission were ineligible. None of the patients
had any statin medication history. All were admitted to
the emergency zone of the Faculty Hospital Ostrava. In
all of them gastric aspiration/lavage via nasogastric tube
was performed to confirm upper GI haemorrhage and
for initial assessment. They then underwent endoscopy
and were admitted to the metabolic ICU. Volume resus-
citation was started as soon as possible. Saline solutions
(no colloids) were used. Those with non-variceal bleeding
were treated by bolus followed by continual infusion of

PPI in a dose of 8 mg of omeprasole per hour. Variceal
bleeding patients received in addition, 1 mg of terlipressin
every 4 hour and 1 g of cefotaxime every 8 hour. At the
same time, ad hoc symptomatic therapy was administered.
Patients were not permitted a normal diet for three days
following admission until the blood count had stabilized.
In this time, parenteral nutrition support was provided
by glucose and amino acid solutions. No fat emulsions
were administered. In the course of the study, no surgical
intervention was performed and no signs of re-bleeding,
confirmed by second-look endoscopy on days 2 or 3, oc-
curred. The basic metabolic characteristics of the patients
are shown in Table 1.

Routine laboratory tests including blood count, co-
agulation and other biochemical parameters were carried
out immediately on admission and repeated as needed.
Serum concentrations of total CH (t-CH), LDL-CH and
HDL-CH were determined on days 0, 3, and 6. A venous
ethylendiaminetetraacetic (EDTA) blood sample (2 mL)
for lathosterol and phytosterols (sitosterol, campesterol)
determination was obtained at the same time. The plasma
was separated by centrifugation and stored at -80 °C until
analysis. Serum concentrations of t-CH, LDL-CH and
HDL-CH were measured in an enzymatic colour test with
Olympus reagents OSR 6216, 6133, 6287 and 6183, to-
gether with an Olympus System Calibrator and chemically
analysed in an automated system (Olympus AU 2700,
Japan). Non-cholesterol sterols were extracted from the
EDTA samples using the Abell-Kendall procedure (alka-
line hydrolysis by ethanolic solution of KOH, followed by
triple extraction with hexane), derivatized to trimethylsi-
Iyl ethers using BSTFA (Supelco, Bellefonte, USA) and
analysed using gas chromatography - mass spectrometry
(TurboMass, Perkin-Elmer, Wellesley, USA).

Statistical analysis

The data were statistically analysed using the statisti-
cal software Sigma Stat 3,1 and the results are expressed
as medians (25-75%). We used parametric (t-test) or
non-parametric (Mann-Whitney) tests for independent
groups (patients and controls). ANOVA was used when
the results were compared over days (repeated measures).
Spearman’s rank correlation coefficient was used to de-

Table 1. Basic metabolic markers in patiens with UGIB (n=35), comparison of both cirhotic (n=14) and non-cirhotic (n=21)
subgroups at the start of the study.

Parameter UGIB Non-cirrhotics Cirrhotics P
APACHE score 15 (12-18.75) 16 (12-19) 15.5 (13-17) n.s.
hemoglobin (g/L) 81 (68.25-101) 83 (76.5-105.7) 71 (55-89) 0.052
hematocrit 0.248 (0.202-0.298) 0.27(0.22-0.31) 0.212 (0.16-0.27) 0.041
RBC-T (mL) 600 (521.25-1107.5) 549 (300-712) 1103 (587-1350) 0.003
IL-6 (ng/L) 11.8 (3.475-17.15) 6.6 (2.9-13.62) 18.85 (10.7-30.9) 0.003
CRP (mg/L) 5.4 (2.825-24.5) 5.1 (5.25-25) 5.4 (2.9-23) n.s.
albumin (g/L) 29.9 (25.8-35.2) 34.2 (27.15-36.12) 26.3 (24.3-32) n.s.
prealbumin (g/L) 0.17 (0.075-0.22) 0.2 (0.16-0.24) 0.07 (0.06-0.13) <0.001
cholesterol (mmol/L)  2.82 (2.285-3.953) 2.82(2.48-3.94) 2.71 (2.15-4.45) n.s.
bilirubin (umol/L) 17.5 (11.12-38.25) 12.2 (8.22-14.42) 60.05 (30.6-97) <0.001

RBC-T: red blood cel transfusion during first 48 hours, IL-6: interleukin 6, CRP: C-reactive protein
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termine any correlation between CH metabolism mark-
ers and red blood cell transfusion (RBC-T) consumption,
hematocrit and hemoglobin levels, nutrition (albumin,
prealbumin) and inflammatory (CRP, interleukin-6) mark-
ers on day 0. The control cohort consisted of 100 blood
donors. This group of randomly selected, healthy people
aged18 to 65 years old was assumed to reflect the poly-
morphism of CH metabolism in the population.

RESULTS

The causes of bleeding in this study were peptic ulcer
(n=15), erosive gastritis (n=8), erosive esophagitis (n=2)
and variceal bleeding (n=10). Liver cirrhosis was found
in 14 patients. This corresponds to the above number of
variceal bleeding together with the other 4 patients with
portal hypertensive gastropathy. Table 1 shows the basic
metabolic characteristics of the UGIB patients (n=35)
and also cirrhotic (n=14) and non-cirrhotic (n=21) sub-
groups at the start of the study. Significant differences in
bilirubin, interleukin-6, prealbumin, haemoglobin (mar-
ginal), hematocrit and also RBC-T were found when these
two subgroups were compared.

In all patients with UGIB, serum t-CH, LDL-CH
and HDL-CH were decreased (Table 2). The lowest val-
ues were found on the day of admission and then they
gradually increased. All t-CH levels were significantly
lower (P<0.001) during the course of observation than
in the controls. Comparison of LDL-CH and HDL-CH
concentrations among individual variables within groups
showed significant differences in LDL when the results of
day 0 were compared with the results of day 6 (P<0.05).
Changes in HDL-CH levels were not statistically signifi-
cant.

Assessment of patients according to liver status
showed similar results with a predominant decrease in CH
(P<0.001). Comparison of LDL-CH and HDL-CH con-
centrations showed significant differences only in LDL
levels in the non-cirrhotic group if the results of day 0 and

3 were compared with the results of day 6 (P<0.05). The
dynamics of the changes are shown in Table 3. The lowest
concentrations of monitored parameters were on day 0
in non-cirrhotics and on day 3 in cirrhotics, respectively.

In the whole group of UGIB patients, we found signifi-
cantly lower plasma levels of CH synthesis and absorption
markers: lathosterol (P<0.001), lathosterol-to-cholesterol
ratio (P<0.001), campesterol (P<0.001) and sitosterol
(P<0.05), compared with the control group. The dynamics
of change are shown in Table 2. Non-cirrhotics had similar
results but the decrease in the lathosterol-to-cholesterol
(LTH/CH) ratio was not significant. In contrast there
were no significant decreases in phytosterol plasma levels
in cirrhotics (Table 3).

Comparison of the lipid profile and sterols in both
subgroups is shown in Table 4. Significant differences
were found for HDL-CH and especially sterol plasma
concentrations. Lathosterol levels and the LTH/CH ra-
tio in the cirrhotic group were consistently lower and the
decrease in phytosterols was not as distinct as in the non
cirrhotic group.

The Spearman rank correlation coefficient showed no
statistically significant correlation between CH metabo-
lism parameters and changes in blood count (hemoglobin
and hematocrit), RBC transfusion consumption or nutri-
tion markers (albumin,prealbumin), investigated on day
0. Data from the other days were not assessed owing to
the confounding effect of the transfusions.

DISCUSSION

Upper gastrointestinal bleeding is a serious clinical
burden and a major cause of morbidity and mortality.
Current data for the incidence of UGIB are roughly 100
cases per 100 000 population per year and mortality due
to UGIB is between 6 to 10% overall (ref.!). The variables
depend on both natural sources of bleeding and age, co-
morbidities and medication'". Upper GI tract bleeding

Table 2. Plasma concentration of lipids and sterol in patients with UGIB (n=35). Comparison with control group.

UGIB patients (n=35)

Parameter Control group

Day 0 Day 3 Day 6
t-CH (mmol/L) 4.832 (4.21-5.52) 2.82(2.285-3.953)** 3.18 (2.275-4.032)** 3.55(2.952-3.348)**
LDL-CH (mmol/L) 1.62 (1.158-2.51) 1.9 (1.263-2.22) 2.31 (1.753-2.815)
HDL-CH (mmol/L) 0.78 (0.555-0.988) 0.75 (0.555-0.89) 0.82 (0.613-1.01)
LTH (umol/L) 6.35 (4.85-8.705) 2.468 (1.619-3.959)** 2.677 (1.514-4.441)** 3.44 (1.564-3.59)**
LTH/CH (ratio) 1.325 (1.029-1.866)  0.965 (0.552-1.615)** 0.814 (0.617-1.609)** 0.957 (0.51-1.534)**
CAM (umol/L) 9.76 (7.46-12.51) 5.99 (4.29-8.742)** 4.695 (3.502-8.486)** 6.207 (4.191-8.423)**
SIT (umol/L) 4.995 (3.31-6.165) 3.898 (2.651-7.315) 3.458 (2.471-4.547)* 3.803 (2.538-5.534)

Data are expressed as median ( 25th - 75th percentile)
t-CH: total cholesterol, LDL-CH: low density cholesterol, HDL-CH: high density cholesterol

LTH: lathosterol, LTH/CH: lathosterol to cholesterol ratio, CAM: campesterol, SIT: sitosterol
*: statistical significance P<0.05; **: statistical significance P<0.001
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Table 3. Plasma concentration of lipid and sterols with or without cirrhosis. Comparison with control group.

Parameter

Control group

Day 0

Day 3

non-cirhotic patients (n=21)

Day 6

t-CH (mmol/L)
LDL-CH (mmol/L)
HDL-CH (mmol/L)
LTH (umol/L)
LTH/CH (ratio)
CAM (umol/L)

SIT (umol/L)

4.832 (4.21-5.52)

6.35 (4.85-8.705)

1.325 (1.029-1.866)

9.76 (7.46-12.51)

4.995 (3.31-6.165)

2.82 (2.48-3.94)%*
1.5 (1.07-2.46)
0.8 (0.58-0.99)

3.272 (2.26-5.09)**
1.17 (0.75-1.66)

5.89 (4.05-7.65)**

3.27 (2.27-4.53)*

3.29 (2.8-3.98)**
1.95 (1.25-2.15)
0.83 (0.73-1.07)
3.57 (2.5-6.56)**

1.1 (0.8-1.84)

4.04 (2.84-7.09)**

2.759 (2.3-3.83)**

cirhotic patients (n=14)

3.97 (3.37-4.45)**

2.31 (1.78-2.77)
0.93 (0.78-1.17)
5.25 (3.07-7.71)*
1.33 (0.94-1.58)

5.86 (3.91-7.71)**

3.34 (2.43-4.48)*

t-CH (mmol/L)
LDL-CH (mmol/L)
HDL-CH (mmol/L)
LTH (umol/L)
LTH/CH (ratio)
CAM (umol/L)

4.832 (4.21-5.52)

6.35 (4.85-8.705)

1.325 (1.029-1.866)

9.76 (7.46-12.51)

2.71 (2.21-4.45)%*
1.79 (1.37-2.88)
0.70 (0.54-0.93)

1.61 (1.23-2.64)**

0.57 (0.42-0.97)**

6.03 (5.32-10.36)*

SIT (umol/L)

4.995 (3.31-6.165)

5.03(3.76-9.39)

2.39 (2.22-4.28)%*
1.78 (1.3-2.93)
0.56 (0.39-0.75)
1.49 (1.2-1.77)**
0.54 (0.37-0.78)**
5.67 (4.06-9.06)*
4.64 (3.469.42)

3.3 (2.3-4.02)**
2.31 (1.42-2.88)
0.62 (0.52-0.74)
1.62 (1.37-1.9)%*

0.54 (0.36-0.85)**

8.08 (5.17-10.64)
5.42(3.35-9.19)

Data are expressed as medians ( 25th - 75th percentile)
t-CH: total cholesterol, LDL-CH: low density cholesterol, HDL-CH: high density cholesterol
LTH: lathosterol, LTH/CH: lathosterol to cholesterol ratio, CAM: campesterol, SIT: sitosterol

*: statistical significance P<0.05; **: statistical significance P<0.001

Table 4. Comparison of plasma concentration of lipids and sterol in patients with or without cirrhosis.

Parameter Non-cirrhotics Cirrhotics P
t-CH day 0 (mmol/L) 2.82(2.48-3.94) 2.71 (2.15-4.45) n.s.
t-CH day 3 (mmol/L) 3.29 (2.8-3.98) 2.39 (2.22-4.28) n.s.
t-CH day 6 (mmol/L) 3.97 (3.37-4.45) 3.3(2.3-4.02) n.s.
LDL-CH day 0 (mmol/L) 1.5 (1.07-2.46) 1.79 (1.37-2.88) n.s.
LDL-CH day 3 (mmol/L) 1.95 (1.25-2.15) 1.78 (1.3-2.93) n.s.
LDL-CH day 6 (mmol/L) 2.31 (1.78-2.77) 2.31 (1.42-2.88) n.s.
HDL-CH day 0 (mmol/L) 0.8 (0.58-0.99) 0.70 (0.54-0.93) n.s.
HDL-CH day 3 (mmol/L) 0.83 (0.73-1.07) 0.56 (0.39-0.75) <0.001
HDL-CH day 6 (mmol/L) 0.93 (0.78-1.17) 0.62 (0.52-0.74) <0.001
LTH day 0 (umol/L) 3.272 (2.26-5.09) 1.61 (1.23-2.64) 0.005
LTH day 3 (umol/L) 3.57 (2.5-6.56) 1.49 (1.2-1.77) <0.001
LTH day 6 (umol/L) 5.25(3.07-1.71) 1.62 (1.37-1.9) <0.001
LTH/CH day 0 (ratio) 1.17 (0.75-1.66) 0.57 (0.42-0.97) 0.015
LTH/CH day 3 (ratio) 1.1 (0.8-1.84) 0.54 (0.37-0.78) <0.001
LTH/CH day 6 (ratio) 1.33(0.94-1.58) 0.54 (0.36-0.85) <0.001
CAM day 0 (umol/L) 5.89 (4.05-7.65) 6.03 (5.32-10.36) n.s.
CAM day 3 (umol/L) 4.04 (2.84-7.09) 5.67 (4.06-9.06) 0.057
CAM day 6 (umol/L) 5.86 (3.91-7.71) 8.08 (5.17-10.64) 0.035
SIT day O (umol/L) 3.27 (2.27-4.53) 5.03 (3.76-9.39) 0.021
SIT day 3 (umol/L) 2.759 (2.3-3.83) 4.64 (3.46-9.42) <0.001
SIT day 6 (umol/L) 3.34 (2.43-4.48) 5.42 (3.35-9.19) <0.008

t-CH: total cholesterol, LDL-CH: low density cholesterol, HDL-CH: high density cholesterol
LTH: lathosterol, LTH/CH: lathosterol to cholesterol ratio, CAM: campesterol, SIT: sitosterol

is about 4 times as common as bleeding from the lower  thy). Haemorrhage associated with liver disease is usually

Gl tract.

characterized by greater blood loss. This accounts for the

The most common causes of UGIB in our study were  higher mortality'®. The results of our observation show
peptic ulcers and erosive lesions of stomach or esophagus.  significantly lower hemoglobin and hematocrit levels and
Ten patients with liver cirrhosis had variceal and in four  greater consumption of RBC transfusions during the first
cases non-variceal bleeding (portal hypertensive gastropa- 48 hours in these patients (Table 1). Further, the course
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of bleeding was probably negatively influenced by poor
overall nutrition, blood-clotting disorders and encepha-
lopathy. Unsurprisingly, the nutritional and metabolic
markers presented in Table 1 were poorer in the cirrhotic
patients.

The metabolic complications of acute diseases are still
under discussion, including the development of hypocho-
lesterolemia. Significant changes in the serum profile of
lipids and lipoproteins in critically ill patients have been
repeatedly described in a number of studies (3-10). In the
main, hypocholesterolemia is linked to poor prognosis,
increased mortality and the results of long-term obser-
vations therefore indicate that CH is an acute phase re-
actant>!%. Although the etiology of hypocholesterolemia
remains unclear, a number of factors are involved. The
systemic inflammatory response syndrome (SIRS) and
the effect of inflammatory cytokines appear to be the
most important*'®, Hemodilution is also a factor especial-
ly in the case of major blood loss. Ambiguous correlation
between blood count and CH metabolism abnormalities
has been repeatedly described!™®. We looked for signifi-
cant correlations between changes in CH metabolism and
decrease in hemoglobin and hematocrit levels together
with RBC transfusions but none was found. In accordance
with established data, it appears that hypocholesterolemia
connected with bleeding cannot be explained by simple
hemodilution.

We also found lower serum levels of t-CH, LDL-CH
and HDL-CH in our acute UGIB patients. Comparison
of the lipid profile in cirrhotic and non-cirhotic groups
showed no significant differences with the exception of
HDL-CH. We presume this was due to the poor nutrition
and metabolic status of patients with liver cirrhosis. The
formation of HDL lipoproteins is a complicated process,
in which free cholesterol, phospholipids, apoproteins, spe-
cific enzymes and transporters are involved'. In addition,
cholesterol metabolism may be affected by SIRS (ref.'®)
and the patients with liver disease had significantly higher
levels of interleukin 6. The evaluation of CH metabolism
must take into account cholestasis because of its ability
to increase levels of this metabolite. Statistically signifi-
cant hyperbilirubinemia was found in our patients with
cirrhosis (the highest: 151 umol/L) compared with the
second group (Table 1).

While a relationship between hypocholesterolemia
and acute illness has been established, most studies have
not reported changes in lipid metabolism in connection
with changes in the CH absorption/synthesis process.
Synthesis de novo and absorption from the diet are the
two principal modes of cholesterol acquisition in humans
and it is possible to assess both, using specific markers®.
Lathosterol (LTH) is a biochemical precursor of choles-
terol synthesis and it is generally used for determination
of the CH synthesis process as well as the ratio between
lathosterol and cholesterol plasma levels (LTH/CH).
Likewise plasma concentrations of phytosterols may re-
flect the degree of cholesterol absorption. These sterols
are plant derived compounds that cannot be synthesized
by humans, although they are very similar to cholesterol.
From the metabolic viewpoint, they occur naturally in
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food and are then absorbed from the diet. The best known
plant sterols are campesterol (CAM) and sitosterol (SIT).

We found significantly lower plasma levels of LTH
as well as decrease in the LTH/CH ratio in both patient
groups than in controls. A comparison of these markers
in non-cirrhotic and cirrhotic patients showed important
differences. Unsurprisingly, patients with cirrhosis had
significantly greater decrease in CH synthesis markers.
Moreover, LTH concentrations and LTH/CH values were
consistently lower in this group, while they increased dur-
ing the follow up in the second group. In hepatectomised
patients, the magnitude of the operation increases the de-
mand for cholesterol in cell and tissue repair. Restitution
of the resulting hypocholesterolemia is then limited by the
synthetic capability of the residual liver and/or aggravated
by cirrhosis?'. This principle can also be applied to our
results. They not only support the presumption of altera-
tions in CH synthesis in acute UGIB patients. They also
demonstrate the inability to restore this process in the
presence of liver disease.

The plasma concentration of phytosterols was also
lower in the present study, as a symptom of altered CH
absorption. In all UGIB patients, significantly lower CAM
and SIT plasma levels were found than in the control
group. The patients were not permitted a normal diet for
3 days after admission. They were fed only parenterally
by infusions with carbohydrates, amino acids and always
without fat. For this reason it is not surprising that the
lower concentrations of phytosterols were caused by lack
of dietary intake and they increased by day 6, when nor-
mal food intake was restored. Further comparison of CH
absorption markers showed significantly lower concentra-
tions in the group of non-cirrhotic haemorrhage patients
compared with cirrhotic patients. Dietary plant sterols
during digestion are incorporated into mixed micelles
and absorbed in the gut. The main regulators of this pro-
cess appear to be Niemann-Pick C1-Like 1 (NPCIL1)
transporter and adenosine triphosphate - binding cassette
(ABCG5/ G8) transporters?>?. These are able to modify
the final level of sterols, which are absorbed and/or se-
creted back into the intestinal lumen. Although phytoster-
ols are much less absorbed than CH, their excretion via
bile is much greater?. The formation of bile, of course,
depends on liver metabolic activity. Thus, the final blood
concentration of phytosterols in cirrhotic patients was
fundamentally influenced by inhibited absorption due to
interrupted food intake but more importantly the inability
of the liver to eliminate these metabolites.

CONCLUSION

This is the first attempt to accurately describe changes
in cholesterol metabolism in patients with UGIB based
on the presence or absence of liver cirrhosis during haem-
orrhage. The results show substantial abnormalities in
plasma concentrations of cholesterol and non-cholesterol
sterols, which are accepted markers of cholesterol acquisi-
tion in humans. We conclude that both the synthesis and
absorption processes may be altered in patients with acute
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UGIB: the hypocholesterolemia cannot be explained
solely by hemodilution. Lower markers of cholesterol
absorption may also be due to the fact that patients in
early phase after bleeding did not receive food naturally.
Moreover, patients with cirrhosis have diminished poten-
tial for restitution of altered metabolic pathways and their
metabolism of naturally absorbed phytosterols is altered.
This finding should be considered during the use of long
term parenteral nutrition with lipid emulsions, because
they contain phytosterols.
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