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Background: Crohn’s disease (CD) is a chronic relapsing disease. Especially acute period may be associated with 
metabolic disturbances. Alteration of lipid metabolism has been described in critically ill patients and hypocholeste-
rolemia is associated with poor prognosis. The human organism acquires cholesterol by two principal processes – syn-
thesis de novo, and absorption from the diet. It is possible to assess, using cholesterol synthesis markers (lathosterol) 
and cholesterol absorption markers (sitosterol, campesterol) the leading form of cholesterol acquisition.

Aim: The aim of this study is assess the association between the lipid profile in plasma and the plasma concentra-
tion of sterols in active CD patients and in control subjects.

Method: Routine laboratory tests, CDAI, lipid and non-cholesterol sterols plasma levels were performed on days 
3, 14 and 28. The metabolic parameters have been compared with a control cohort of 100 healthy blood donors.

Results: Presently, complete data for 8 patients are available The serum total cholesterol, LDL and HDL choles-
terol, and triglyceride concentrations were lower in patients with acute Crohn’s disease than in the control group. 
Moreover lathosterol, campesterol and sitosterol concentrations were lower, whereas squalene concentration was 
higher than in controls. As mentioned above, complete data are not currently available. Therefore statistical analysis 
has not been finished.

Conclusion: Our pre-results show substantial abnormalities in the concentrations of plasma lipids and non-choles-
terol sterols, which are presented as markers of cholesterol requirement, in patients with acute CD. 

INTRODUCTION 

Crohn’s disease (CD) is a chronic inflammatory proc-
ess that may affect any part of the gastrointestinal tract. 
The etiology of the disease is still unknown and therefore 
treatment of the cause is problematic. Moreover, sympto-
matic treatment can be accompanied by serious complica-
tions. Patients will often present with various symptoms 
(e.g. abdominal pain, fever, and diarrhoea with or without 
bleeding). Up to 70 % of patients with active Crohn’s dis-
ease suffer from malnutrition and metabolic disturbances. 
Depletion in energy stores, catabolism, hypocholestero-
lemia, hypoproteinemia (alteration of signal and trans-
port mechanisms), and water and electrolyte disturbances 
may play important roles in the course of the disease. 
Hypocholesterolemia is a common feature in patients with 
various types of acute disease. Alteration in lipid metabo-
lism has been described in patients after trauma, surgery, 
burn injury or in sepsis and low level of cholesterol in 
critically ill patients is associated with poor prognosis1–3. 
Hypocholesterolemia in the acute state is connected with 
adrenal insufficiency4. Hypocholesterolemia, however, is a 

more complex phenomenon, quantifiably related to sever-
ity of illness5. The main cause of hypocholesterolemia in 
acute illnesses is inability to increase cholesterol synthesis 
according to requirement. Additional causes are the ef-
fect of the inflammation response, cytokines, hemodilu-
tion and a low intake of cholesterol during enteral and 
parenteral nutritional support6–8. 

Although the relationship between hypocholestero-
lemia and acute illness is known, most studies on lipid and 
fatty acid profile in patients with CD have not reported 
changes in lipid metabolism related to changes in the 
cholesterol absorption/synthesis process. The human or-
ganism obtains cholesterol by two principal processes: syn-
thesis de novo, and absorption from the diet. It is known 
that cholesterol synthesis markers (lathosterol and the 
lathosterol /cholesterol ratio in blood plasma), and cho-
lesterol absorption markers (sitosterol and campesterol in 
blood plasma) can indicate both the dominant process in 
cholesterol acquisition and its degree9–11. The aim of this 
study was therefore to assess the association between the 
lipid profile in plasma and the plasma concentration of 
sterols as markers of the cholesterol synthesis/absorption 
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process during the intensive care period in patients with 
active Crohn’s disease and in control subjects.

MATERIAL AND METHODS

The Ethics Committee of the Faculty Hospital in 
Ostrava approved the study protocol, and all subjects gave 
their informed consent before the start of the study.

The study included 21 patients with active CD, whose 
Crohn’s Disease Activity Index was more than 150 (CDAI 
> 150). Patients were admitted to the Faculty Hospital 
in Ostrava and treated according to a standard protocol, 
based on usage of high doses of corticosteroids, mesala-
zine, vitamin E, antibiotics and symptomatic therapy. 
Enteral oligomeric nutritional support (no “home made 
diet”) was used, and where necessary, parenteral nutri-
tion support without the fat components in the nutrition 
protocol. The basic characteristics of these patients are 
shown in Table 1. 

The metabolic parameters of each patient were evalu-
ated by comparison with a control cohort of 100 healthy 
blood donors. This cohort reflected the polymorphism of 
cholesterol metabolism in the population. Table 5.

Routine laboratory tests and disease activity using 
Crohn’s disease activity index (CDAI) were performed 
after admission to hospital. Plasma concentrations of to-
tal cholesterol, triglycerides, HDL and LDL cholesterol 
were measured enzymatically (enzymatic colour test with 
reagents Olympus OSR6216, 6133,6287,6183, Olympus 
System Calibrator) and analysed by automated chemistry 
analyzer (Olympus AU 2700, Japan)

Non-cholesterol sterols were determined in EDTA-
blood plasma samples, stored at –80 oC until analysis. 
Sterols were extracted by Abell-Kendall procedure (alka-
line hydrolysis by ethanolic solution of KOH, followed 
by triple extraction with hexane), derivatised to trimeth-
ylsilylethers using BSTFA (Supelco, Bellefonte, USA) 
and analysed by gas chromatograpy – mass spectrometry 
(TurboMass, Perkin-Elmer, Wellesley, USA). All labora-
tory tests were performed on days 3, 14 and 28.

PRE-RESULTS

To date, complete data for 8 patients are available. 
Others are under continuous investigation. Basic metabol-
ic characteristics of these patients are shown in Table 2. 

The serum total cholesterol, LDL and HDL cholester-
ol, and triglyceride concentrations were lower in patients 
with acute Crohn’s disease than in the control group. In 
patients with active Crohn’s disease, lathosterol, campes-
terol and sitosterol concentrations were lower, whereas 
squalene concentration was higher than in controls. 
Results are presented in Tables 3 and 4. 

As mentioned above, complete data are not current-
ly available. Therefore statistical analysis has not been 
done.

Table 1. Characteristics of patients at the start of study.
 CDAI-Crohn Disease Activity Index

Patients 8

Male 5

Female 3

Terminal ileitis 2

Colitis 6

Age 24

Weight loss (kg) 6.4

CDAI 277

Table 2. Metabolic characteristics 
of patients at the start of study.

HCT – haematocrit, TLC – total lymphocyte count 
ALB – albumine, PreA – prealbumine, Fe – iron, 

Ca – calcium

HCT
 

TLC
 

Alb
g/l

PreA
g/l

CRP
mg/l

Fe
umol/l

Ca
mmol/l

0.34 0.98 29.7 0.18 58 6.2 2.14

Table 3. Plasma concentration of lipids (mmol/l)
t-CH total cholesterol, TGC triglycerides.

 day 0 day 3 day14 day 28
t-CH 3.8 2.88 4.37 4.87
LDL-CH 2.04 1.29 2.05 2.49
HDL-CH 1.02 1.01 1.31 1.58
TGC 2.17 1.3 1.91 1.72

Table 4. Plasma concentration of sterols (umol/l)
SQ squalene, LTH lathosterol, SIT sitosterol 

CAM campesterol.

 day 3 day 14 day 28
SQ 1.7 1.5 1.35

LTH 1.3 0.97 1.01
SIT 4.6 6.3 5.98

CAM 2.07 3.53 3.7

Table 5. Characteristics of controls
SQ squalene, LTH lathosterol, SIT sitosterol 

CAM campesterol t-CH total choleterol.

control group

SQ LTH SIT CAM  t-CH

umol/l umol/l umol/l umol/l mmol/l

1.17 7.8 5.03 10.22 4.91
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DISCUSSION

Active Crohn’s disease is frequently associated with 
malnutrition. Our results show weight loss of an average 
6,4 kg during 3 months. The main cause of malnutrition 
in patients with CD is anorexia, which seems to be a result 
of the production of inflammatory cytokines. Elevation 
of proinflammatory cytokines such as interferon-γ, inter-
leukin (IL) -1,IL-6,IL-12 and tumor necrosis factor-al-
pha ( TNF-α ) has been demonstrated in patients with 
Crohn’s disease12. Digestion and absorption impairment, 
protein-losing enteropathy, and high energy expenditure 
are further factors which can be included in the etiology 
of malnutrition in patients with CD. Moreover, all these 
must be taken into account during the process of determi-
nation and formation of a nutrition strategy. Suppression 
of catabolism by adequate energy supply, substitution for 
depletion of macronutrients and micronutrients, normal-
isation of water/electrolyte disturbances and potential 
use of immunonutrition are the grand components of 
treatment in Crohn’s disease. Although corticosteroids 
are more effective than enteral nutrition in inducing and 
sustaining remissions in patients with acute CD, enteral 
nutrition has been established as an inseparable part of 
primary treatment of active CD.13,14. 

Recently, the fat composition of enteral nutrition has 
been the subject of interest. Fatty acids have been recog-
nized as components, which are able to modulate gut-asso-
ciated lymphoid tissue (GALT) functions15, 16. Therefore, 
major importance has been given to determining the rela-
tionship between nutritional fat intake, intestinal mucosal 
immunity and severity of disease. Results of recent studies 
show that a high content of long-chain fatty acids in nutri-
tion support may have negative influences on the overall 
positive effect of enteral nutrition17. There are also known 
immunomodulatory and anti-inflammatory effects of ω-3 
poly-unsaturated fatty acids (PUFA) in CD (18).

Alteration in the lipid, fatty acid and lipoprotein 
profile has been detected in patients with active CD 
before. Further, diminished antioxidant status was also 
observed19, 20. The cause of hypocholesterolemia has been 
mentioned above. Depletion of poly-unsaturated fatty ac-
ids is the result of high consumption of these substrates 
for reparation of damaged tissues and conversion into 
eicosanoids. Our pre-results have also identified lower 
serum levels of total cholesterol and LDL and HDL cho-
lesterol in comparison with the control group. Although 
published data appear to indicate higher triglyceride 
concentrations in the blood of CD patients, triglyceride 
concentration was lower in our study. Triglycerides are 
the most important lipids in food, and they are consid-
ered a main source of energy in humans, not only during 
disease. However, the artificial nutrition fat content can 
affect serum triglyceride levels. 

Although a relationship between hypocholesterolemia 
and acute illness has been established, most studies on 
lipid and fatty acid profile in patients with acute CD have 
not reported changes in lipid metabolism in connection 
with changes in the cholesterol absorption/synthesis proc-
ess. The human organism acquires cholesterol by two 

principal processes – synthesis de novo, and absorption 
from the diet. It is possible to assess, using cholesterol syn-
thesis markers (lathosterol in blood plasma) and choles-
terol absorption markers (sitosterol, campesterol in blood 
plasma) the leading form of cholesterol acquisition21. We 
observed lower levels of lathosterol and low values of la-
thosterol/cholesterol ratio. This is an important presump-
tion for the alteration of cholesterol synthesis in acute 
CD. The observed lower concentrations of campesterol 
and sitosterol at the start of study in patients with acute 
CD could be explained by a reduction of “home made 
diet” intake. Later, elevation of these sterols on day 14 
and 28 is caused by restitution of dietary intake. Squalene 
plasma level was higher as a result of release of squalene 
from fat stores during acute starvation. 

CONCLUSION

The aim of the project is to find the dependency of 
serious hypolipidemia (especially hypocholesterolemia) 
in patients with active Crohn’s disease on the activity of 
disease and the source of cholesterol metabolism (syn-
thesis x absorption). Our pre-results show substantial 
abnormalities in the concentrations of plasma lipids and 
non-cholesterol sterols, which are presented as markers of 
cholesterol requirement. However, complete data are not 
available and the final statistical evaluation has not been 
done. Thus, more extensive research is required to de-
scribe the metabolism of lipids and especially cholesterol, 
as a substance necessary for cell membrane reparation 
and synthesis of steroid hormones, and whose importance 
for survival of stress is well known. If the phenomenon of 
hypocholesterolaemia would be elucidated and quantita-
tive data about cholesterol synthesis would be obtained, 
the possibility of parenteral nutrition supplementation by 
cholesterol or its precursors should be realized. 
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