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ABSTRACT
___________________________________________________________________________

The Role of Gut Dysfunction and Nutritional Factors in Liver Cirrhosis
Evangelos Kalaitzakis, MD

Section of Gastroenterology and Hepatology
Department of Internal Medicine

Sahlgrenska University Hospital, Göteborg University, Göteborg, Sweden

Malnutrition is a common finding in patients with liver cirrhosis. Malnutrition has been
shown to be associated with increased morbidity and mortality. Its pathogenesis remains
unclear but both poor dietary intake and increased energy expenditure have been reported.

Spontaneous bacterial peritonitis is an important clinical problem in cirrhotics. It may
occur as a consequence of repeated access of bacteria from the intestinal lumen (translocation)
to the mesenteric lymph nodes. One of the mechanisms proposed to explain bacterial
translocation in cirrhosis includes increased intestinal permeability.

The aims of the present study were to evaluate GI symptoms in cirrhotic patients and
their possible relation to nutritional status, to assess whether gastric sensorimotor dysfunction
or metabolic disturbances are associated with reduced food intake, and to investigate the role
of ascites in intestinal permeability in patients with liver cirrhosis.

Gastrointestinal symptoms and health-related quality of life (HRQOL) were assessed
with the aid of two questionnaires. Gastric sensorimotor function was measured by means of
an electronic barostat. Food intake, as assessed with a food diary, was related to fasting and
postprandial glucose, insulin, leptin, and ghrelin concentrations. Intestinal permeability was
evaluated by a 51Cr-EDTA permeability test.

Cirrhotics were found to have increased severity of GI symptoms compared with
reference values from the general population. A relationship between GI symptoms and
compromised HRQOL as well as weight loss was observed.

Proximal stomach relaxation to a meal was increased in patients with liver cirrhosis as
compared with healthy controls but the relation between gastric accommodation and energy
intake was found to be disturbed in these patients. Gastric sensitivity to distension was shown
to be related to GI symptom severity and to liver cirrhosis severity scores.

Patients with liver cirrhosis exhibited higher postprandial insulin and glucose
concentrations compared to controls. Cirrhotics had higher fasting leptin that fell significantly
postmeal and they showed an attenuated increase of ghrelin before the next expected meal.
Altered glucose and hormonal levels in patients with cirrhosis were associated with poor food
intake.

Only a few patients with cirrhosis had increased intestinal permeability, as assessed by a
51Cr-EDTA test, which was not influenced to a major extent by ascites.

Conclusions: In patients with liver cirrhosis GI symptom severity is high and it is
associated with impaired HRQOL and weight loss. Gastric accommodation is not involved in
the poor food intake observed in cirrhotics and gastric sensitivity seems to be a relevant factor
for GI symptom generation in these patients. Altered postprandial glucose, leptin, and ghrelin
levels are correlated to reduced energy intake in this patient group. Increased intestinal
permeability is probably of limited importance in the pathophysiology of bacterial infections
in patients with liver cirrhosis and ascites.

Keywords: liver cirrhosis; malnutrition; gastrointestinal symptoms; health-related quality of
life; food intake; energy expenditure; gastric accommodation; gastric barostat; insulin
resistance; leptin; ghrelin; intestinal permeability
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To the misunderstood patients with alcoholic liver cirrhosis

Ιθάκη      Ithaca
Σα βγεις στον πηγαιμό για την Ιθάκη,      When you set out on your journey to Ithaca
να εύχεσαι νάναι μακρύς ο δρόμος,                                                    hope your road is a long one,
γεμάτος περιπέτειες, γεμάτος γνώσεις.         full of adventure, full of knowledge.
Τους Λαιστρυγόνας και τους Κύκλωπας,                      The Lestrygonians and the Cyclops,
τον θυμωμένο Ποσειδώνα μη φοβάσαι,                   the angry Poseidon - don't be afraid of them:
τέτοια στον δρόμο σου ποτέ σου δεν θα βρεις,              You will never find such as these on your path,
αν μεν' η σκέψις σου υψηλή, αν εκλεκτή             if your thoughts remain lofty, if a fine
συγκίνησις το πνεύμα και το σώμα σου αγγίζει.                   emotion touches your spirit and your body.
Τους Λαιστρυγόνας και τους Κύκλωπας,    The Lestrygonians and the Cyclops,
τον άγριο Ποσειδώνα δεν θα συναντήσεις,                    the fierce Poseidon you will never encounter,
αν δεν τους κουβανείς μες στην ψυχή σου,                           if you do not carry them within your soul,
αν η ψυχή σου δεν τους στήνει εμπρός σου.                   if your soul does not set them up before you.
Να εύχεσαι νάναι μακρύς ο δρόμος.               Pray that the road is long.
Πολλά τα καλοκαιρινά πρωϊά να είναι  That the summer mornings are many, when,
που με τι ευχαρίστησι, με τι χαρά                    with such pleasure, with such joy
θα μπαίνεις σε λιμένας πρωτοειδωμένους,                     you will enter ports seen for the first time;
να σταματήσεις σ' εμπορεία Φοινικικά,    stop at Phoenician markets,
και τες καλές πραγμάτειες ν' αποκτήσεις,                       and purchase fine merchandise,
σεντέφια και κοράλλια, κεχριμπάρια κ' έβενους,             mother-of-pearl and coral, amber and ebony,
και ηδονικά μυρωδικά κάθε λογής,             and sensual perfumes of all kinds,
όσο μπορείς πιο άφθονα ηδονικά μυρωδικά,                               as many sensual perfumes as you can;
σε πόλεις Αιγυπτιακές πολλές να πας,        visit many Egyptian cities,
να μάθεις και να μάθεις απ' τους σπουδασμένους.                     to learn and learn from scholars.
Πάντα στον νου σου νάχεις την Ιθάκη.          Always keep Ithaca in your mind.
Το φθάσιμον εκεί ειν' ο προορισμός σου.  To arrive there is your ultimate goal.
Αλλά μη βιάζεις το ταξείδι διόλου.               But do not hurry the voyage at all.
Καλλίτερα χρόνια πολλά να διαρκέσει           It is better to let it last for many years;
και γέρος πια ν' αράξεις στο νησί, and to anchor at the island when you are old,
πλούσιος με όσα κέρδισες στο δρόμο,           rich with all you have gained on the way,
μη προσδοκώντας πλούτη να σε δώσει η Ιθάκη.               not expecting that Ithaca will offer you riches.
Η Ιθάκη σ'έδωσε τ' ωραίο ταξίδι.               Ithaca has given you the beautiful voyage.
Χωρίς αυτήν δεν θάβγαινες στον δρόμο.      Without it you would have never set out on the road.
Άλλα δεν έχει να σε δώσει πια.            It has nothing more to give you.
Κι αν πτωχική την βρεις, η Ιθάκη δε σε γέλασε.  And if you find it poor,Ithaca won't have fooled you.
Έτσι σοφός που έγινες, με τόση πείρα,    Wise as you have become, with so much experience,
ήδη θα το κατάλαβες οι Ιθάκες τι σημαίνουν.                you must have understood what Ithacas mean.

Κωνσταντίνος Π. Καβάφης (1911) Constantine P. Cavafy (1911)



4

The Role of Gut Dysfunction and Nutritional Factors in Liver Cirrhosis

Copyright© 2006 Evangelos Kalaitzakis

evangelos.kalaitzakis@vgregion.se

ISBN-10: 91-628-6821-7
ISBN-13: 978-91-628-6821-5

Published by:
Department of Internal Medicine
The Sahlgrenska Academy at Göteborg University, Sweden

Printed in Sweden
Vasastadens Bokbinderi, Göteborg 2006



5

LIST OF PAPERS
___________________________________________________________________________

This thesis is based on the following papers, which will be referred to in the text
by their Roman numerals:

I. Gastrointestinal symptoms in patients with liver cirrhosis.
Associations with nutritional status and health-related quality of life.
Evangelos Kalaitzakis, Magnus Simrén, Rolf Olsson, Pia Henfridsson,
Irene Hugosson, Maria Bengtsson, Einar Björnsson
Scand J Gastroenterol2006. In press.

II. The role of gastric sensorimotor dysfunction in gastrointestinal
symptoms and energy intake in liver cirrhosis
Evangelos Kalaitzakis, Magnus Simrén, Hasse Abrahamsson, Einar
Björnsson
Scand J Gastroenterol2006. In press.

III. Altered postprandial glucose, insulin, leptin and ghrelin levels in
cirrhosis: correlations with energy intake and resting energy
expenditure
Evangelos Kalaitzakis, Ingvar Bosaeus, Lena Öhman, Einar Björnsson
Submitted

IV. Intestinal Permeability in Cirrhotic Patients with and without Ascites
Evangelos Kalaitzakis, Jan-Erik Johansson, Ingvar Bjarnason, Einar
Björnsson
Scand J Gastroenterol 2006;41:326-30



6

 CONTENTS
________________________________________________________________

     Page
ABBREVIATIONS   8
INTRODUCTION   9

1. Malnutrition in liver cirrhosis   9
2. The Gastrointestinal (GI) tract in liver cirrhosis        10

2.1      Gastrointestinal symptoms in liver cirrhosis  10
2.2      Structural changes of the GI tract                   10
2.3      Gastric sensorimotor function  11

2.3.1 Gastric accommodation  11
2.3.2 Gastric sensitivity to distension          13
2.3.3 Gastric emptying  14

2.4     Intestinal  permeability  14
3. Metabolic disturbances in liver cirrhosis  16

3.1     Impaired glucose tolerance and insulin resistance  16
3.2     Leptin   16
3.3     Ghrelin  17

4.  Health-related quality of life (HRQOL)  18
4.1.    Overview  18
4.2      HRQOL in liver cirrhosis  19

AIMS OF THE PRESENT STUDIES  20
SUBJECTS AND METHODS  21

1.   Subjects  21
2.   Questionnaires   24
3.   Nutritional status assessment  26
4.   Dietary intake assessment  27
5.   Gastric barostat studies  27
6.   Analysis of barostat data  28
7.   Satiety drinking test   28
8.   Gastric emptying test  29
9.   Resting energy expenditure  29
10. Test meal  30
11. Blood sample analysis  30
12. Assessment of intestinal permeability  30
13. Statistical methods  31

RESULTS  32
1.   Gastrointestinal symptoms  32
2.   Gastric sensorimotor function in cirrhosis  35
       2.1    Gastric accommodation  36
       2.2    Sensitivity to gastric distension  37
       2.3    Satiety drinking test  38
       2.4    Gastric emptying studies  38



7

3.   Metabolic disturbances in liver cirrhosis  38
       3.1   Postprandial glucose   40
       3.2   Postprandial insulin  40
       3.3   Postprandial leptin  41
       3.4   Postprandial ghrelin  42
4.   Intestinal Permeability  43

DISCUSSION  45
1.   Gastrointestinal symptoms   45
2.   Gastric sensorimotor dysfunction  47
3.   Metabolic disturbances in liver cirrhosis  50
4.    Pathophysiology of gastrointestinal symptoms in cirrhosis  54
5.    Intestinal permeability   55

SUMMARY AND CONCLUSIONS  58
ACKNOWLEDGEMENTS  59
REFERENCES  60
PAPERS I-IV



8

ABBREVIATIONS
________________________________________________________________

AUC Area under the curve
BMI Body Mass Index
CI Confidence interval
GI Gastrointestinal
GSRS Gastrointestinal Symptom Rating Scale
HOMA-IR Insulin resistance expressed as homeostasis model assessment

index
HRQOL Health-related quality of life
IQR Interquartile range
MCS Mental component summary
MDP Minimal distending pressure
MELD Model for end-stage-liver disease
NS Non-significant
PCS Physical component summary
QOL Quality of life
REE Resting energy expenditure
SD Standard deviation
SF-36 Short Form 36
SPECT Single-photon emission computed tomography
vs Versus



9

INTRODUCTION

Liver cirrhosis is defined histologically as a diffuse process with liver cell
necrosis/apoptosis, fibrosis and regenerative nodules [1]. There are several
causes of liver cirrhosis, the most common being high alcohol consumption,
hepatitis C, hepatitis B, primary biliary cirrhosis, primary sclerosing cholangitis,
autoimmune hepatitis, and non-alcoholic steatohepatitis [1]. Cirrhosis, apart
from other features peculiar to the cause, results in two major events:
hepatocellular failure and portal hypertension. Important complications of liver
cirrhosis include, but are not limited to, esophageal varices, ascites, hepatic
encephalopathy, hepatic failure with jaundice, hepatocellular cancer, and
cholangiocarcinoma [1]. In recent years it has become widely recognized that
liver cirrhosis may affect several organ systems such as the cardiovascular
system [2, 3], the respiratory system [4], the kidneys [5, 6], and the skeletal
system [7, 8]. Cirrhosis has also been associated with varying degrees of
malnutrition [9] as well as with alterations in the gastrointestinal (GI) tract [10].
Apart from liver transplantation, no specific cure exists for liver cirrhosis to
date.

1. MALNUTRION IN LIVER CIRRHOSIS

Malnutrition is common in patients with liver cirrhosis with a reported
prevalence as high as 80% depending on the patient population studied and
disease severity [9, 11-14]. It has been reported to correlate with etiology of
liver disease (higher in alcoholic than in non-alcoholic cirrhosis) [13], but some
controversy exists [15]. Malnutrition has been shown to be associated with
increased morbidity and mortality [9] and it can severely compromise liver
transplantation results [12].

The mechanisms of malnutrition in liver cirrhosis are not fully understood but
poor dietary intake [9, 16], increased energy expenditure [12, 17-19], and
malabsorption [9, 20] have been reported. Potential reasons for low energy
intake include reduced appetite, possibly associated with increased brain
tryptophan availability [21], early satiety especially in the presence of ascites
[22], poor palatability of low-sodium diets, and hepatic encephalopathy [9].
Increased basal energy expenditure, although not a constant feature of cirrhosis,
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has also been reported to contribute to a negative energy balance in cirrhotic
patients [9, 12, 17-19, 23-25]. Furthermore, disturbances in macronutrient
metabolism, with increased lipid oxidation and decreased carbohydrate
oxidation (starvation-type metabolism), have also been described in these
patients [16, 17, 23, 26, 27] and might be involved in the development of
malnutrition. Last, fat malabsorption has been reported to be frequent in
cirrhotics (especially in those with evidence of malnutrition) [20]. A reduction in
the area of the intestinal absorptive surface has been proposed in cirrhotis by
some previous studies [28] and could, theoretically, contribute to malabsorption.
However, not all studies have found defective active absorption in these patients
[20, 29].

2. THE GASTROINTESTINAL (GI) TRACT IN LIVER
CIRRHOSIS

2.1 GI symptoms in liver cirrhosis

GI symptoms are considered to be common in cirrhotics [30, 31] and may
potentially lead to reduced energy intake. However, data on their prevalence are
scarce. Previous studies on cholestatic liver disease have found increased GI
symptom severity in patients with primary sclerosing cholangitis [32] and
primary biliary cirrhosis [33] compared to controls, but only a few patients in
these studies had cirrhosis. In a previous report only published in abstract form,
abdominal pain, nausea, bloating, and early satiety were found to occur more
frequently in patients with chronic liver disease compared to healthy controls
[30]. According to another study, dyspeptic symptoms without any apparent
organic cause were reported by 28/62 patients with cirrhosis [31]. To date, no
study has evaluated GI symptoms in cirrhotics using a validated questionnaire
and the possible association of GI symptoms with malnutrition and weight loss
has not been investigated in this group of patients.

2.2 Structural changes of the GI tract

The effects of liver cirrhosis on the GI tract have been considered to be mainly
associated with portal hypertension. A major endoscopic finding is varices most
commonly located in the esophagus and/or the fundus of the stomach.
Occasionally varices may be found in “ectopic” locations such as in the
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duodenum or in the rectum [34]. Esophageal varices develop in the majority
(90%) of patients with alcoholic cirrhosis and the same is probably true for
cirrhotics with other etiologies provided the follow-up period is long enough
[35, 36]. They can be the site of GI bleeding, a potentially lethal complication of
liver cirrhosis despite modern treatment [35, 36].

Mucosal changes are also frequently encountered upon endoscopic examination
of the GI tract in patients with liver cirrhosis [10, 37]. Portal hypertensive
intestinal vasculopathy is a term used to describe the fundamental structural
change in the intestine, a vasculopathy due to changes in the intestinal
microcirculation secondary to longstanding portal hypertension [10]. Signs of
portal hypertensive intestinal vasculopathy may be observed in all parts of the
GI tract [10]. The prevalence of portal hypertensive gastropathy, with its
characteristic mosaic appearance, has been reported in 11 - 94% of cirrhotic
patients [10]. The stomach has also been found to be significantly thickened on
ultrasound examination in patients with cirrhosis and portal hypertension [38].

Compared to healthy controls, patients with liver cirrhosis have been reported to
have higher increased plasma gastrin [39] and higher prevalence of peptic ulcers
[40, 41]. In an endoscopic study, the annual incidence rate of peptic ulcer
observed in 140 patients undergoing endoscopic follow-up was 4.3% [42].
Ulcers are associated with decompensated cirrhosis [43] but are asymptomatic in
up to 2/3 of cases [42]. In a meta-analysis, the prevalence of helicobacter pylori
infection has been found to be higher in cirrhotics with peptic ulcer disease than
in those without [44].

2.3 Gastric sensorimotor function

2.3.1 Gastric accommodation

During fasting, the smooth muscle of the proximal stomach maintains a tonic
contractile activity [45-47]. During and after ingestion of food, a relaxation of
the proximal stomach occurs, providing the meal with a reservoir and enabling a
volume increase without a rise in pressure (gastric accommodation reflex) [45,
46, 48-51]. However, volume increase also occurs in the distal stomach [52].
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Gastric accommodation involves a vagovagal reflex pathway influencing the
balance maintained by cholinergic excitatory drive and non-adrenergic non-
cholinergic inhibitory input. The afferent signal involves stretch-sensitive
mechanoreceptors in the esophagus and the stomach as well as osmo- and
chemo-receptors in the stomach and the duodenum [46, 48, 51, 53]. Gastric tone
is also influenced by sympathetic stimuli. Animal studies have shown that
stimulation of α -adrenoreceptors in smooth muscle generally produces

relaxation due to a direct action on postjunctional α1-adrenoreceptors and due to

an indirect action on prejunctional α2-adrenoreceptors located on cholinergic

nerve terminals of enteric neurons [54]. Thus, clonidine, an α2-agonist, has been

reported to induce stomach relaxation in humans [54]. On the other hand, the
efferent signal of the gastric accommodation reflex involves nitric oxide as the
principal neurotransmitter at the neuromuscular junction [49, 50].

Impaired gastric accommodation has been associated with upper gastrointestinal
symptoms including early satiety, bloating, epigastric pain, in patients with
functional dyspepsia [55, 56], diabetes [57], prior surgery including
fundoplication [58], vagotomy and partial gastrectomy [59]. In functional
dyspepsia, impaired gastric accommodation has been demonstrated in 40% of
patients in whom it was found to be associated with early satiety and weight loss
[56]. In the same group of patients treatment with a fundus relaxing drug
improved early satiety [56]. The measurement of gastric accommodation would
therefore potentially be of value in the assessment of patients with GI symptoms
and in the evaluation of therapeutic interventions.

Several techniques have been used to evaluate gastric accommodation in
humans. Gastric barostat studies, using a polyethylene balloon placed in the
gastric fundus, are generally regarded as the gold standard [51]. The balloon is
connected to an electronic barostat device. The barostat keeps the balloon in
apposition with the fundic wall, allowing isobaric volume fluctuation of the
balloon. The intraballoon pressure is kept constant and fluctuations in the
intraballoon volume reflecting changes in tone are recorded [51].

This technique is, however, invasive, cumbersome to the patients and labour-
intensive. Therefore, there has been a search for easily applicable non-invasive
tools to assess gastric accommodation. A slow caloric satiety drinking test has
been suggested to correlate to proximal stomach relaxation as measured with a
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gastric barostat in healthy and dyspeptic subjects, and it has been used to predict
impaired accommodation and early satiety in dyspeptics [56, 60]. The subject is
asked to consume a liquid meal at a constant rate, scoring their satiation level at
5-min intervals. The test is terminated when the subject reaches maximal satiety.
The amount of calories ingested is used as a surrogate marker for gastric
accommodation [51, 56, 60]. Other techniques used to measure proximal
stomach accommodation to a meal include imaging tests such as abdominal
ultrasound, magnetic resonance imaging, and single-photon emission computed
tomography (SPECT) [51].

Gastric accommodation has been found to be impaired in patients with alcoholic
cirrhosis in an ultrasonographic study [61] and in cirrhotic patients with tense
ascites in a study involving SPECT compared to healthy controls [62]. However,
gastric accommodation and gastric sensory function have not been investigated
with a gastric barostat in liver cirrhosis and data on the effects of altered gastric
motility and sensitivity on energy intake and gastrointestinal symptoms are
lacking in this group of patients. Furthermore, the relationship between the
satiety drinking test and the gastric accommodation has not been evaluated in
cirrhosis.

2.3.2 Gastric sensitivity to distension

Gut stimuli, specifically gastric distension by food ingestion, may induce GI
symptoms. It has been reported that gastric tone is important in determining the
sensitivity of the stomach to distension [47, 63]. A subsequent study in healthy
subjects, aiming to define whether perception of gastric distension is dependent
on intragastric volume, pressure, or gastric wall tension, showed that gastric wall
tension determines perception of gastric distension at least below nociception
[64]. The presence of nutrients in the small intestine increases the
mechanosensitivity of the stomach [65].

Hypersensitivity to gastric distension, defined as enhanced sensitivity to balloon
distension of the proximal stomach is present in a subset of functional dyspepsia
patients [65, 66] and it is associated with postprandial pain, belching, and weight
loss [66]. It is therefore conceivable that the occurrence of postprandial GI
symptoms in dyspeptics with hypersensitivity to gastric distension leads to
decreased food intake, thus resulting in weight loss. This has, however, not been
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tested in studies involving quantification of calorie intake. Hypersensitivity to
gastric distension has also been reported in patients with postsurgical
gastroparesis [47] but not in other patients with organic causes of dyspepsia
[67]. To date, no studies have investigated gastric sensitivity to distension and
its relevance for generation of gastrointestinal symptoms in liver cirrhosis.

2.3.3 Gastric emptying

Another way of assessing gastric motor function is measurement of gastric
emptying. Delayed gastric emptying has traditionally been considered a
mechanism that contributes to symptom generation in patients with GI motility
disorders and systemic diseases affecting the GI tract [68]. Previous studies have
shown that gastric emptying is abnormally slow in approximately 30-50% of
outpatients with long-standing diabetes mellitus, although the magnitude of this
delay is modest in many cases [69]. Other diseases associated with delayed
gastric emptying include patients with functional dyspepsia [70], systemic
sclerosis [71], Parkinson’s disease [72], and chronic renal failure [73].

In patients with liver cirrhosis, gastric emptying has been found to be delayed
[74-77], normal [78-80], or accelerated [81]. Several factors may account for the
divergence of results hitherto published, including selection of patient groups
with different characteristics, selection of small patient groups or small control
groups and use of different measurement methods. In a recently published study
from our group a newly developed radiological procedure using radiopaque
markers was used to assess gastric emptying in cirrhotics with portal
hypertension [74]. Delayed gastric emptying was found in male patients with
cirrhosis but no correlation could be found with variceal pressure as measured
with a small pressure-sensitive capsule attached to a gastroscope [74].
Measurement of gastric emptying was considered relevant in the present study
because of its potential interrelation with gastric accommodation.

1.4 Intestinal permeability

The intestinal tract constitutes a large interface between the outside environment
and the human body. This interface has two critical functions: As a filter, it
allows movement of selected nutrients from the intestinal lumen into the internal
milieu. As a barrier, the gut prevents the permeation of potentially harmful
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micrororganisms or substances such as luminal antigens and luminal
proinflammatory factors [82, 83]. The gut barrier function include both
immunogenic (such as mucosal lymphocytes, dendritic cells, immunoglobulins)
and non-immunogenic mechanisms such as selective intestinal permeability [82,
83].

Non-invasive methods have been used to assess the barrier function of the
intestine by measuring the urinary excretion of orally administered test
substances such as monosaccharides, disaccharides, and 51Cr-EDTA [82, 84].
The urinary excretion of orally administered test markers can be influenced by
several premucosal (such as gastrointestinal dilution and transit, bacterial
degradation, digestion hydrolysis) or postmucosal factors (such as metabolism,
tissue distribution, renal function) apart from intestinal permeability itself. This
has led to the formulation of the principle of differential urinary excretion of test
substances, which provides an index of intestinal permeability [84].

Bacterial infections are one of the most important clinical problems in patients
with liver cirrhosis with spontaneous bacterial peritonitis being the most relevant
[85]. Spontaneous bacterial peritonitis may occur as a consequence of repeated
access of bacteria from the intestinal lumen (translocation) to the mesenteric
lymph nodes thereby gaining access to the ascitic fluid [86]. Furthermore,
permeation of intestinal bacterial products such as endotoxin and bacterial DNA
may have implications for the activation of the immune system, and the
derangement of the hyperdynamic circulatory status, the induction of renal
failure in patients with liver cirrhosis [86, 87]. Several mechanisms have been
proposed to explain bacterial translocation in liver cirrhosis such as intestinal
bacterial overgrowth, intestinal motility disturbances [88], impairment of the
intestinal barrier function, and alterations in the local immune defenses [87, 89].

Studies have shown that alcohol misuse in patients with liver disease is
associated with increased intestinal permeability [90-92] and endotoxemia [92].
This suggests that a “leaky” gut may play a pathogenic role in the development
of chronic liver injury. Increased intestinal permeability is evident in a number
of conditions associated with bacterial translocation and/or endotoxemia [82-
84]. Intestinal permeability in liver cirrhosis has been variously reported as
increased or normal [28, 29, 93-98]. However, limited data exists on the state of
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intestinal permeability in patients with cirrhosis and ascites (who are at risk of
developing spontaneous bacterial peritonitis) or the effect of paracentesis.

3. METABOLIC DISTURBANCES IN LIVER CIRRHOSIS

3.1 Impaired glucose tolerance and insulin resistance

Diabetes mellitus is common in liver cirrhosis. In most cases, diabetes seems to
follow cirrhosis and it is called hepatogenous diabetes [99, 100]. Impaired
glucose tolerance and insulin resistance are also common in cirrhotic patients [9,
23, 101, 102]. Both diabetes mellitus and impaired glucose tolerance have been
reported to be negatively associated with survival in these patients [99].
Although the pathophysiology of impaired glucose tolerance and insulin
resistance is unclear there are published data suggesting that they might be
associated with the impairment of nutritional status in cirrhotics [101, 102].
Insulin resistance has been shown to correlate with resting energy expenditure
(REE) [101] and it has also been proposed as the main mechanism of the
starvation-type metabolism of cirrhosis [101]. Furthermore, elevated
postprandial insulin levels have been proposed as a possible factor mediating a
satiety cascade resulting in reduced energy intake in this group of patients [101].

3.2 Leptin

Leptin is a hormone involved in the endocrine regulation of energy metabolism
and food intake [103]. It is produced mainly by differentiated adipocytes, acts on
the hypothalamus suppressing food energy intake and stimulating energy
expenditure [103], and circulates in free and protein-bound forms [104].
However, leptin is also produced by other tissues as well, such as the fundus of
the stomach, the skeletal muscle, the liver, and the placenta. Leptin is considered
to be a hormonal factor that informs several hormonal circuits and biological
peripheral functions of the nutritional status of the organism [105, 106].

Decreased leptin levels are observed in several energy deprivation states, such as
anorexia nervosa and exercise-induced amenorrhea, being at least partly
responsible for the decrease in reproductive hormones, the fall in thyroid
hormones, the increase in stress hormones and the rise in insulin-like growth
factor-1 seen in these patients. These neuroendocrine alterations have adaptive
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value by mobilising needed energy stores and diverting limited resources [106].
Conversely, obesity is associated with high leptin concentrations and resistance
to the catabolic effect of leptin to suppress appetite and heighten energy
expenditure [103, 106]. Although plasma leptin can be acutely increased by
physiological insulinemia [107] there is no universal agreement in the literature
as to whether leptin levels rise [107, 108], remain unchanged [109, 110], or fall
[111] in the immediate postprandial phase in non-cirrhotic individuals.

Leptin levels have been found to be high in patients with alcoholic [112, 113]
and with post-hepatitic [113-115] cirrhosis and to be positively correlated to
insulin levels [113]. However, only few studies are available on the relations of
leptin to energy intake and REE in these patients [25, 116]. In a previous report,
no correlation was found between total leptin concentration and REE in
cirrhotics with adequate food intake [116]. Also, bound (but not free) leptin has
been shown to be increased and positively correlated to REE in patients with
postviral cirrhosis on a weight-maintaining diet [25]. The relation of leptin to
spontaneous energy intake and REE in patients with cirrhosis of various
etiologies has not been previously investigated. Furthermore, postprandial leptin
concentrations and their possible relation to food intake in cirrhotics have not
been previously studied.  

3.3 Ghrelin

Ghrelin is a novel hormone produced mainly by epithelial cells lining the fundus
of the stomach [117] with only small amounts being synthesized in the placenta,
kidney, pituitary, and hypothalamus [103]. Ghrelin activates pituitary and
hypothalamic neurons stimulating growth hormone release [103]. In addition,
the activation of neuropeptide Y-producing hypothalamic neurons by ghrelin
results in stimulation of appetite and food intake in humans [103]. It also exerts
other central and peripheral actions, including stimulation of lactotroph and
corticotroph secretion, influence of pancreatic action as well as control of gastric
motility and acid secretion [118].

In cases of negative energy balance such as cancer and cardiac cachexia ghrelin
concentrations are elevated [119]. Fasting ghrelin levels have been reported to
be elevated in Child-Pugh C cirrhotic patients as well as in patients with
complications of liver disease [120]. Elevated fasting ghrelin have also been
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shown to identify a group of cirrhotics with decreased energy intake and
malnutrition [121].

Plasma ghrelin secretion is blocked by food intake and, therefore, ghrelin
concentrations are higher just before a meal [103, 118]. Insulin has been
reported to be essential for meal-induced ghrelin suppression [122-124] and
glucose is proposed to have an additional effect [122]. Furthermore, an inverse
relationship between leptin and ghrelin has been observed and although
experimental evidence for a possible negative feedback control between them is
conflicting it has been proposed that leptin could be of importance for
suppression of basal ghrelin in normoinsulinemic subjects [109]. To date,
postprandial changes of plasma ghrelin concentrations have not been
investigated in patients with liver cirrhosis. However, in order to study the
potential importance of insulin, leptin, and ghrelin for energy intake and REE
they need to be investigated together, a study not previously undertaken in liver
cirrhosis.

4. HEALTH-RELATED QUALITY OF LIFE (HRQOL)

4.1 Overview

Modern medicine has had an important impact on mortality from chronic
diseases, which however still impose a considerable burden on families, health
care, and society. HRQOL is meant to give the patients’ perspective on the
burden of disease and its measurement is usually done using multi-item
questionnaires to estimate daily function. Questionnaires are completed by
patients themselves thus reflecting the patient's subjective experience of the
impact of disease on daily activities and well-being [125]. HRQOL has become
an important tool in assessing and explaining disease outcomes [125, 126].
Generic HRQOL instruments may be used in any population irrespective of
underlying disease, whereas disease specific instruments are constructed for a
particular disease. Combining generic and disease specific instruments is
recommended as it allows comparisons between diseases and within disease
groups [125].
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4.2 HRQOL in liver cirrhosis

HRQOL has been shown to be impaired in patients with cirrhosis [127-129].
Several factors such as severity of liver disease, symptoms of cirrhosis (muscle
cramps and pruritus), and psychological factors have been implicated in
HRQOL impairment in patients with chronic liver diseases [127-129].
Gastrointestinal symptoms have been reported to be associated with impaired
HRQOL and psychological distress in patients with functional gastrointestinal
disorders [130, 131], primary sclerosing cholangitis [33], and primary biliary
cirrhosis [32] as well as in patients with inflammatory bowel disease [132].
However, it is unknown whether gastrointestinal symptoms influence HRQOL
in patients with liver cirrhosis.
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AIMS OF THE PRESENT STUDIES
________________________________________________________________

The limited knowledge on gut function as well as on nutritional and metabolic
alterations in liver cirrhosis raised the following questions:

1. Is gastrointestinal symptom severity increased in patients with liver
cirrhosis? Is there an association between gastrointestinal symptoms and
nutritional status and/or HRQOL in this group of patients?

2. Do patients with liver cirrhosis have altered gastric sensorimotor function in
comparison to healthy individuals? Is there a relation between gastric
sensorimotor function and nutritional status, energy intake, or GI symptoms
in these patients?

3. Are basal and postprandial levels of plasma glucose, insulin, leptin, and
ghrelin related to energy intake and REE in cirrhotics? Are postprandial
changes in these hormones interrelated in liver cirrhosis?

4. Is intestinal permeability altered in cirrhotic patients with ascites? Does
therapeutic paracentesis influence intestinal permeability?
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SUBJECTS AND METHODS
___________________________________________________________________________

The studies were performed according to the Declaration of Helsinki and were
approved by the Göteborg University Ethics Committee. The studies II and IV
were also approved by the radiation committee of the Sahlgrenska University
Hospital. All the participants in the studies gave informed consent. The methods
used are introduced and commented on in this chapter. For further details, see
separate papers (I-IV).

 

1. SUBJECTS

The studies were carried out in our hospital between 2003 and 2005 in patients
with liver cirrhosis.  The diagnosis of liver cirrhosis was established
histologically or based on the presence of at least 2 of the following:
characteristic imaging features, esophageal or gastric varices, ascites, increased
INR that could not be attributed to any other cause. The severity of the liver
disease was assessed according to the Child-Pugh classification and the model
for end-stage liver disease (MELD) score [133]. Hepatic encephalopathy was
assessed clinically and graded on a scale from 0 to 4 according to the West-
Haven criteria [134]. Most patients participating in study I and all patients
participating in studies II-IV had undergone gastroscopy in the previous 6
months.

Paper I
A total of 128 consecutive adult patients with liver cirrhosis (in- or out-

patients) were prospectively enrolled in the study. Patients unable to understand
Swedish as well as those unable to complete the questionnaires due to severe
comorbidities such as dementia and psychosis, or debilitating hepatic
encephalopathy were excluded. Patients hospitalized because of acute diseases
or complications related to liver disease were evaluated when stable clinical
conditions were reached. Out of 142 consecutive patients who fulfilled the
inclusion criteria and were approached, 128 patients (90%) agreed to participate
in the study and completed the questionnaires. Patient data were collected from
medical records, including etiology of liver disease, continued alcohol abuse in
the case of alcoholic cirrhosis, previous variceal bleeding, existing esophageal or
fundic varices, comorbidities potentially compromising nutritional status, and
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daily use of gastrointestinal drugs (including lactulose). The presence of ascites
was evaluated by means of abdominal ultrasonography or clinical assessment
upon completion of the questionnaires. Basic patient characteristics are shown in
table 1.

Table 1. Basic data in patients with liver cirrhosis (n=128) (I)
Age 57.2 (11.5)

Female/Male 50 / 78  (39 / 61%)
Outpatients/inpatients 103 / 25  (20 / 80%)

Etiology of liver cirrhosis
    Alcoholic or mixeda 55 (43%)

    Viralb 22 (17%)
    Cholestaticc 20 (16%)

    Cryptogenic 18 (14%)
    Otherd 13 (10%)

Previous variceal bleeding 36 (28%)
Esophageal and/or fundic varices 84 (66%)

Ascites 48 (38%)
    Tense ascites 20 (16%)

Hepatic encephalopathye 29 (23%)
Hepatocellular carcinoma 11 (9%)

MELD score 13.2 (5.6)
Child-Pugh score 8.6 (2.3)

Child-Pugh class A/B/C 28/57/43   (22 / 44 / 34%)
Malnutritionf 37 (30%)
Weight changeg in the previous 3 months -1.8% (4.3)

Weight changeg in the previous 6 months -2.1% (6.2)
Data are presented as mean (SD) or n (%) as appropriate
a Alcoholic or mixed: 37 (29%)- alcoholic, 16 (12%)- alcoholic and chronic hepatitis C, 1 (1%)- alcoholic and primary biliry cirrhosis (PBC),
1 (1%)-alcoholic and primary sclerosing cholangitis (PSC)
b Viral: 20 (16%)- chronic hepatitis C, 2 (1%)- chronic hepatitis B
c Cholestatic: 10 (8%)- PSC, 9 (7%)- PBC, 1 (1%)- unclassifiable cholestatic disease
d Other: 4 (3%)- autoimmune hepatitis, 4 (3%)- non-alcoholic steatohepatitis, 3 (2%) overlap syndrome, 1 (1%)- a1-antitrypsin deficiency, 1
(1%)- allograft hepatopathy
e Hepatic encephalopathy: 27 (21%)- grade 1, 2 (2%)- grade 2, none with grade 3 or 4
f Malnutrition: skinfold thickness and/or mid-arm muscle circumference < 10th percentile, according to standard tables for the Swedish
population based on age and sex, and/or BMI < 20 kg·m-2

g Mean (SD) dry weight change expressed as a percentage of actual body weight during the last 3 or 6 months (negative values represent
weight loss)

Paper II
Sixteen patients with liver cirrhosis were enrolled in the study. Patients

with malignancy, infections, known gastrointestinal or renal disease, significant
respiratory or cardiac dysfunction, known diabetes mellitus, hepatorenal
syndrome, untreated thyroid dysfunction, hepatic encephalopathy grade II-IV,
gastric varices, or previous gastrointestinal surgery other than appendectomy
were excluded. Patients with any medication (including lactulose) affecting
gastrointestinal motility and sensitivity were asked to interrupt it at least 24
hours before the barostat studies and the satiety drinking test. Patients with
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alcoholic cirrhosis had been abstinent for at least 6 months at inclusion. One
patient was found to have diabetes mellitus upon blood sampling for purposes of
this study. He had normal HBA1c, complained of no GI symptoms and required
only dietary interventions (instituted after completion of the study protocol) for
diabetes control. Three patients had mild ascites detectable by ultrasonography
at inclusion and were treated with spironolactone. None had peripheral edema.
Fifteen age-, sex- and body mass index (BMI)-matched healthy weight-stable
volunteers acted as controls. Basic subject characteristics are shown in table 2.

Table 2. Basic characteristics in all subjects (II)
Cirrhotics

(n=16)
Healthy Controls

(n=15)
p-valuea

Age (years) 56 (48-61) 52 (49-62) 0.57
Sex (M/F) 13/3 10/5 0.35
BMI (kg/m2) 25.9 (24.4-29.7) 25.6 (24.1-26.6) 0.29
Weight Change (%) 0 ( 0 - 5.8)
Etiology of cirrhosis
   Alcoholic 7
   Viral 2
   Cryptogenic 4
   Otherb 3
Esophageal varices (n) 9
Portal hypertensive gastropathy (n) 11
Ascites (n) 3
Hepatic encephalopathy grade I (n) 2
MELD score 9.5 (7.5-13.8)
Child-Pugh score 7 (6-9)
Child-Pugh A/B/C (n) 7/6/3
Data expressed as median (IQR)
a p-value for significance calculation between cirrhotics and healthy controls
b Other: 1- autoimmune hepatitis, 1- non-alcoholic steatohepatitis, 1- primary biliary cirrhosis
Weight change (%), dry weight change expressed as a percentage of actual body weight during the last 6 months (negative values would
represent weight loss)

Paper III
Thirty-one consecutive outpatients with liver cirrhosis were enrolled.

Patients with malignancy, infections, known gastrointestinal or renal disease,
significant respiratory or cardiac dysfunction, insulin-dependent diabetes
mellitus, hepatorenal syndrome, untreated thyroid dysfunction, and hepatic
encephalopathy grade II-IV were excluded. Patients with alcoholic cirrhosis had
been abstinent for at least 6 months at inclusion. All had normal serum
creatinine. Twenty-six out of 31 had endoscopic evidence of esophageal varices
and 20/31 of portal hypertensive gastropathy. Two patients were found to have
diabetes mellitus upon blood sampling for purposes of the study. Six patients
had mild ascites detectable by ultrasonography at inclusion and were treated
with spironolactone. None had peripheral edema. Ten age-, sex- and body mass
index (BMI)-matched healthy weight-stable volunteers acted as controls.
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Paper IV
 Twenty in- or out- patients with liver cirrhosis were enrolled. Ten patients

had no ascites and no clinical signs of portal hypertension such as esophageal
varices or splenomegaly (A- group) and ten had clinically severe ascites (A+
group). Twenty sex- and age-matched healthy volunteers acted as controls for
the intestinal permeability estimations. Subjects with malignancy, infections
(current or in the previous four weeks), known GI or renal disease, evidence of
hepatorenal syndrome, those admitted with GI bleeding at the time of the study,
as well as those unable or unwilling to give informed consent were excluded.
Also excluded were patients receiving substances known to affect intestinal
permeability [84] such as non-steroidal anti-inflammatory drugs in the previous
2 weeks. Most patients with alcoholic cirrhosis had been abstinent for several
months and a patient had to be abstinent for at least 2 weeks for inclusion in the
study. Bjarnason et al. have shown that intestinal permeability of alcoholic
patients abstinent for more than 2 weeks is not significantly different compared
to healthy individuals [91]. In 6 patients with ascites intestinal permeability was
performed before and after therapeutic paracentesis (at least 48 hours apart).
Subject characteristics are shown in table 3.

 Table 3. Subject characteristics (IV)

A-: Cirrhotics without ascites, A+: Cirrhotics with ascites
*Viral etiology: A- group (HCV-1), A+ group (HCV-1, HBV-1)
✝Other etiology: A- group (cryptogenic cirrhosis-3, primary sclerosing cholangitis-1), A+ group (cryptogenic cirrhosis-3, primary billiary
cirrhosis-1)

2. QUESTIONNAIRES (I, II)

Two types of self-administered questionnaires were used in the studies in
order to assess GI symptoms (I, II) and HRQOL (I). The results were compared
between the sub-groups within the cirrhotic patients (II) and normal values from

A- group
(n=10)

A+ group
(n=10)

Healthy
controls
(n=20)

Median (range) age 58 (43-76) 63 (45-83) 55(43-69) NS
Female/Male 3/7 5/5 9/11 NS
Etiology
    Alcohol
    Viral*
    Other✝

5
1
4

4
2
4

NS

Child-Pugh class (A/B/C) 8/2/0 0/0/10 p<0.001
Child-Pugh score
Median (IQR)

6 (5.7-6.25) 11 (10-12.25) p<0.001

MELD score
Median (IQR)

10 (7.5-12.5) 15 (13-19.75) p=0.06

Creatinine (mmol/l)
Median (IQR)

69 (58.5-86) 73.5 (54-114) NS
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the general population (I) [135, 136]. The two questionnaires are summarised in
Table 4.

Gastrointestinal Symptom Rating Scale (GSRS) (I,II) This measure of
perceived severity of gastrointestinal symptoms was initially developed as an
interview-based rating scale [137] and was later modified into a self-
administered questionnaire [138]. The GSRS uses a seven-grade Likert scale
and includes 15 items which are grouped into five domains: reflux, abdominal
pain, constipation, indigestion, and diarrhea. The higher the scores, the more
pronounced the symptoms. The questionnaire has been previously validated
[138]. One item, eating dysfunction, which was developed previously in a
manner analogous to the GSRS [139], was also considered clinically relevant for
this study. Eating dysfunction is a question concerning early satiety, difficulties
in eating normal portions, and postprandial pain. GSRS data are presented as a
total score, as domain scores, and as a separate score for eating dysfunction.
The results from the GSRS were compared with normal values from the
Swedish general population obtained in a previous study in which 2162 healthy
subjects were enrolled [135].

Short-Form 36 (SF-36) (I) This generic HRQOL instrument was developed as
a comprehensive measure of general health status for use in the Medical
Outcomes Study, and has been thoroughly tested for validity and reliability
[136, 140-142]. This questionnaire assesses the extent to which an individual’s
health limits physical, emotional, and social functioning. It consists of 36 items
organised in eight domains (physical functioning, role limitations caused by
physical health problems, bodily pain, general health perceptions, vitality, social
functioning, role limitations caused by emotional problems and mental health)
and a separate item regarding perceived change of health status. The SF-36 is
scored from 0 to 100, with higher scores indicating better health-related quality
of life. Two comprehensive indices of HRQOL can also be computed: physical
component summary (PCS), summarizing the first four domains, and mental
component summary (MCS), summarizing the last four domains. SF-36 has
previously been used for the assessment of QoL in patients with chronic liver
disease [127-129]. Normative data from the Swedish general population are
available, as well as thorough assessment of validity and reliability of the
Swedish version of SF-36 [136]. An age- (2-year age interval) and gender-
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matched reference sample (n=299), randomly drawn from the Swedish SF-36
normative database (n=8930), was used as a control group [136].

Table 4. Questionnaires used in this thesis.

Questionnaire
Dimensions

Items Contents

SF-36
Physical functioning 10 Physical function

       Role physical 4 Role limitations caused by physical health problems
Bodily pain 2 Effects of pain on well-being and disability
General health 5 Perceived physical and mental health status
Vitality 4 Physical and mental well-being
Social functioning 2 Social disability caused by mental and/or physical health problems

       Role emotional   3 Disability caused by emotional problems and mental health
       Mental health 5 Mental function and well-being
       Health status change 1 Perceived change in health status
GSRS
      Reflux 2 Acid regurgitation, heartburn
      Abdominal pain 3 Abdominal epigastric pain, sucking sensation in the epigastrium,

nausea and vomiting
      Indigestion 4 Borborygmus, abdominal distentsion, eructation, increased flatus
      Constipation 3 Decreased passage of stool, hard stools, feeling of incomplete

evacuation
      Diarrhea 3 Increased passage of stool, loose stools, urgent need for defecation
      Eating dysfunction 1 Early satiety, difficulties in eating normal portions, postprandial pain

3. NUTRITIONAL STATUS ASSESSMENT (I, II, III)

Weight was measured in light clothing without shoes in all subjects. Among
patients with ascites every effort was made to calculate dry weight by review of
medical records (weight after last paracentesis or before ascites development).
Body mass index was calculated and unintentional weight change of 1kg or
more that could not be explained by ascites or edema during the previous 3 and
6 months was noted (after careful review of medical records or patient recall).
Dry weight change was expressed as a percentage of actual body weight.
Triceps skinfold thickness and mid-arm muscle circumference were measured
by one of three experienced dieticians. It has been demonstrated that triceps
skinfold thickness and mid-arm muscle circumference can be measured fairly
accurately in patients with advanced liver disease and that they are only mildly
affected by fluid retention [9]. Anthropometric measurements have been
proposed as the most practical objective indices of nutritional depletion in
chronic liver disease [9] and they are widely used in the nutritional evaluation of
patients with cirrhosis [9, 11-14]. In study III, skinfold thickness at the biceps,
subscapular, and suprailiac sites were also measured and  percent body fat was
calculated [143], a method shown to have comparable results with dual energy
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x-ray absorptiometry in cirrhotics without overt fluid retention [144]. Patients
were considered malnourished when triceps skinfold thickness and/or mid-arm
muscle circumference were below the 10th percentile (I) or the 5th percentile
(II,III), according to standard tables for the Swedish population based on age
and sex [145], and/or if BMI was < 20 kg·m-2 [146].

4. DIETARY INTAKE ASSESSMENT (II, III)

All cirrhotics and healthy controls were instructed by a research dietician to
complete a 4-day food diary (recording intake for 3 weekdays and 1 weekend
day). Upon return of the diaries, the dietician interviewed the subjects to check
for incomplete recordings and to estimate serving sizes. Estimation of serving
sizes and conversion to weight units were aided by a previously validated meal
model [147]. Intake of energy and nutrients were calculated using a
computerized dietary analysis program (Dietist, Kost och Näringsdata AB,
Sweden). The nutrient database was the National Food Composition Tables
[148] which takes into account average nutrient loss during food preparation. In
paper II, daily energy intake was compared with the recommended intake for
cirrhotics according to the European Society of Parenteral and Enteral Nutrition
guidelines [149]. Total daily energy intake is reported per kilogram body weight
(energy intake/kg) (II, III) or as a ratio of REE (III).

5. GASTRIC BAROSTAT STUDIES (II)

Gastric barostat studies were performed in all subjects as previously described
[56, 65]. Following an overnight fast, a balloon catheter, consisting of a highly
compliant balloon made from polyethylene, finely folded and attached to a
double lumen polyvinyl tube (Sherwood Medical, Tullamore, Ireland), was
introduced through the mouth and secured to the subject’s cheek with adhesive
tape. To unfold the balloon, it was inflated manually with a fixed volume of 300
ml of air with the subject in a recumbent position. Then it was withdrawn gently
to be positioned in the gastric fundus and again deflated. The procedure was
performed under fluoroscopic guidance. The subject was then positioned in a
sitting position with knees bent (80°) and trunk upright. The polyvinyl tube was
connected to a programmable electronic barostat (Dual Drive Barostat,
Distender Series II, G&I Electronics Inc., Toronto, Ont., Canada). Subsequently,
subjects were allowed a 30-minute adaptation period, before minimal distending
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pressure (MDP) was determined by increasing intrabag pressure by 1 mm Hg
every three minutes until a volume of 30 ml or more was reached. This pressure
level equilibrates the intra-abdominal pressure. Subsequently, isobaric
distensions were performed in stepwise increments of 2 mm Hg starting from
MDP, each with a duration of 2 minutes, while the corresponding intragastric
volume was recorded. Subjects were instructed to grade their upper abdominal
sensations at the end of every distending step, using a keypad linked to the main
barostat. A graphic rating scale that combines verbal descriptors on a scale
graded 0–6 (1=first perception, 5=discomfort, 6=pain) was used [56, 63]. The
endpoint of each sequence of distensions was established at an intrabag volume
of 1000 ml or when the subject reported discomfort or pain (score 5 or 6).
Subsequently, the balloon was completely deflated and a 30-minute adaptation
period was allowed, before pressure was set at MDP + 2 mm Hg for at least 90
minutes. After 30 minutes, a liquid meal (200 ml, 300 kcal, 16% proteins, 49%
carbohydrates, 35% lipids; Nutridrink, Nutricia) was administered. Subjects
were asked to consume the liquid meal within 2-3 minutes. Gastric tone
measurement was continued for 60 minutes after the meal.

6. ANALYSIS OF BAROSTAT DATA (II)

Thresholds for perception and discomfort were assessed. Perception threshold
was defined as the first pressure level and the corresponding volume that evoked
a perception score of ≥ 1. Discomfort threshold was defined as the first pressure
level and the corresponding volume that provoked a score of ≥ 5. Pressure
thresholds were expressed relative to MDP [65, 66]. Gastric compliance was
calculated as the slope of the pressure-volume curve during the isobaric
distensions [56]. Gastric tone was assessed as the area under the volume-time
curve (AUC) before and after administration of the meal [65]. Gastric
accommodation was calculated as the difference between the AUC before and
after the meal. Maximal gastric balloon volumes (Vmax) were assessed as well
as the time from meal administration until a maximal balloon volume was
reached.

7. SATIETY DRINKING TEST (II)

Satiety drinking test was performed in all cirrhotic patients participating in study
II after an overnight fast as previously described [60]. A peristaltic pump filled
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one of two beakers at a rate of 15 ml/min with a liquid meal (Nutridrink;
Nutricia Nordica, Stockholm, Sweden). Patients were requested to maintain
intake at the filling rate, thereby alternating the beakers. At 5 minute intervals,
they scored their satiety on a scale graded 0–5 (1=threshold, 5=maximum
satiety). Patients were instructed to cease meal intake when a score of 5 was
reached. The endpoint of the satiety drinking test was the amount of calories
ingested until the occurrence of maximum satiety (score 5).

8. GASTRIC EMPTYING TEST (II)

After an overnight fast, all the cirrhotic patients participating in study II had a
standardised breakfast of 480kcal consisting of oatmeal porridge and one cheese
sandwich. Twenty radiopaque markers with a density of 1.27g/mm3 and a
diameter of 4mm were added to the meal. Fluoroscopic control with counting of
radiopaque markers in the stomach was performed 4h after ingestion and was
repeated at 5h and 6h unless all the markers had left the stomach. Gastric
emptying was then assessed by calculating the individual mean percentual
gastric retention of markers 4 to 6 hours postmeal. Scintigraphic studies of
indigestible solids have previously used remaining contents in the stomach after
2h and 4h to test for gastric emptying [150, 151]. Indigestible markers are
emptied with a time delay of 1.5h to 2h compared to digestible solids [152].
Therefore we focused on the period 4 to 6 hours after the meal to test for
delayed gastric emptying. Previous studies have demonstrated gender
differences with a slower emptying among women [150, 152]. According to the
reference values of our laboratory obtained in 131 healthy subjects (74 women,
57 men), 65% gastric retention was the upper reference value for women and
25% for men.

9. RESTING ENERGY EXPENDITURE (III)

REE and non-protein respiratory quotient were determined for all subjects in the
morning after an overnight fast (10h) by indirect calorimetry (Deltatrac; Datex,
Helsinki, Finland) at 7:30-8:30am.
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10. TEST MEAL (III)

In study III, about one week apart from indirect calorimetry, at 7:30-8:00am,
after an overnight fast, a subgroup of 18 cirrhotics (group A) and all healthy
controls had a 480 kcal test meal of oatmeal porridge and one cheese sandwich
with set amounts of macronutrients (55% carbohydrate, 31% fat, 14% protein).
The subjects were instructed to eat the meal within 10 min. Blood samples for
serum insulin and plasma glucose were drawn from an indwelling cannula at
baseline and at 30min, 60min, 90min, 2h, and 4h after the meal. In a subgroup
(of group A) of 13 cirrhotics (group B) and all healthy controls, blood samples
were also drawn for plasma leptin and ghrelin analysis at the same intervals.

11. BLOOD SAMPLE ANALYSIS (III)

Blood samples for glucose, insulin, and leptin were drawn after an overnight fast
Insulin resistance was expressed as homeostasis model assessment index
(HOMA-IR) [153]. Plasma was immediately separated by centrifugation at
1000g (4oC) and then stored at -80 oC until subsequent leptin and ghrelin
analysis. Plasma total ghrelin levels were measured by commercial RIA (Linco
Research, Inc., St. Louis, MO), using 125I-labeled ghrelin as a tracer and ghrelin
antiserum specific for total ghrelin. The detection limit for the assay was 93
pg/ml. Ghrelin was expressed in absolute values. Plasma leptin concentrations
were measured by using commercial ELISA (Quantikine human leptin, R&D
Systems, Oxford, UK). The detection limit for the assay was 15.6 pg/ml. Leptin
was expressed in absolute values, as a ratio of weight (leptin/body weight), of
BMI (leptin/BMI), and of fat in kg (leptin/fat).

12. ASSESSMENT OF INTESTINAL PERMEABILITY (IV)

Gastrointestinal permeability was assessed by the 51Cr-EDTA permeability test
[154]. The test solution consisted of 4 MBq of 51Cr-EDTA (specific activity 1-2
mCi/mg chromium, Amersham International, UK), in 50ml of water. At
08:00am after an overnight fast, the subjects emptied their bladders and then
drank the test solution. They remained fasting for a further 1h, after which
normal food and fluid intake, except for alcohol [91], was permitted. Urine was
collected for the next 24h. Three milliliters of the 24h volume were counted for
5 min in a gamma-counter (Selektronik, Horsholm, Denmark). The 24h urinary
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excretion of the 51Cr-EDTA was expressed as a percentage of the dose given
orally.

13. STATISTICAL METHODS

Results are mostly presented as medians and interquartile range (IQR) (II, III,
IV). Data in paper I are presented as mean and standard deviation (SD), except
when GSRS data are compared with results from another study population,
where mean and 95% confidence intervals are used. All tests were two-tailed
and conducted at a 5% significance level.
The Student’s t-test (I), the Mann-Whitney U-test (II,III) or the Fisher’s non-
parametric permutation test (IV) was used for a comparison of continuous and
ordinal data in two-sample cases.
The Kruskal-Wallis test was used for a comparison of continuous and ordinal
data between more than two groups. If p<0.05, a post hoc analysis using the
Mann-Whitney U test was performed (III).
The Chi-square test was used for a comparison of nominal data (I, II, III, IV).
The Friedman’s test was used to evaluate postprandial glucose and hormone
changes. If p<0.05 a post-hoc analysis using the Wilcoxon test was performed
(III).
The Fisher’s permutation test was used for pair-wise analysis (IV).
Correlations between continuous/ordinal data were analysed by the Pearson’s
correlation coefficient (I), the Spearman rank order correlation coefficient
(II,III) or the Pitman's Permutation test (IV).

Multiple stepwise logistic regression was used to examine the relationship
between one dependent variable with one or more independent variables (I,III).
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RESULTS

1. GASTROINTESTINAL SYMPTOMS (I)

Patients with liver cirrhosis had increased severity of all GI symptoms except for
gastroesophageal reflux (figure 1) and profound impairment in HRQOL
compared to healthy controls (figure 2).  No gender effect was observed on
nutritional status, weight change during the previous 3 or 6 months, GSRS
domains, and SF-36 PCS or MCS (data not shown). Age was negatively
correlated with GSRS score for abdominal pain in patients (r=-0.26, p=0.003)
but not with any other GSRS domain, SF-36 physical or mental component
summaries, nutritional status, or weight change (data not shown).

Figure 1. GI symptom severity assessed as GSRS scores (means and 95%CI) in patients with
liver cirrhosis (continuous line, n=128) and healthy controls (dashed line, n=2162)

Figure 2. HRQOL assessed as SF-36 domain and summary scores (means and 95%CI) in
patients with liver cirrhosis (continuous line, n=128) and healthy controls (dashed line,
n=299)

PF, physical functioning; RP, role limitations caused by physical health problems; BP, bodily pain; GH, general health perceptions; VT,
vitality; SF, social functioning; RE, role limitations caused by emotional problems; MH, mental health; PCS, physical component summary;
MCS, mental component summary
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Liver disease characteristics (I)

GI symptom severity was not influenced by the etiology of liver cirrhosis but
was associated with hospital admission upon inclusion in the study, the severity
of cirrhosis (worsening with increasing impairment of liver disease), hepatic
encephalopathy, and ascites (table 5). The presence of varices, previous variceal
bleeding, hepatocellular cancer, or active drinking were not significantly
correlated with any of the GSRS domains or the SF-36 component summaries
(data not shown). Total GSRS score was negatively correlated with all SF-36
domains as well as the PCS (r=-0.42, p<0.001) and MCS (r=-0.31, p<0.001).
The Child-Pugh score demonstrated stronger correlations than the MELD score
with the severity of GI symptoms and weight loss (table 5).

Table 5. Association between clinical variables and gastrointestinal symptoms, weight
change, and health-related quality of life in patients with liver cirrhosis (n=128)

Hospital
admissio

n

Alcoholic
etiology

Ascites Hepatic
encephalopathy

Lactulose Child-Pugh
score

MELD score

GSRS p P p p p r p r p
   Reflux >0.1 >0.1 0.054 0.049 >0.1 0.28 0.001 0.26 0.003
   Abdominal pain 0.001 >0.1 0.001 0.084 <0.001 0.37 <0.001 0.28 0.001
   Indigestion 0.047 >0.1 0.033 0.008 0.001 0.32 <0.001 0.29 0.001
   Diarrhea 0.056 >0.1 >0.1 0.022 0.04 0.24 0.008 0.11 >0.1
   Constipation 0.001 >0.1 0.001 >0.1 <0.001 0.27 0.002 0.1 >0.1
   Eating  dysfunction 0.029 >0.1 0.021 0.054 0.015 0.3 0.001 0.32 <0.001
   Total score 0.003 >0.1 0.001 0.008 <0.001 0.39 <0.001 0.26 0.003
Weight change
   in 3 months 0.05 0.028 0.001 0.006 0.011 -0.3 0.001 -0.24 0.01
   in 6 months >0.1 0.058 0.073 >0.1 0.008 -0.18 0.061 -0.2 0.04
SF-36
   PCS 0.07 >0.1 0.001 0.002 0.003 -0.36 <0.001 -0.28 0.002
   MCS >0.1 >0.1 >0.1 0.044 0.061 -0.1 >0.1 -0.05 >0.1

All clinical variables were independently tested. They were considered as binary variables except for Child-Pugh and MELD scores as well
as weight change, GSRS and SF-36 scores which were considered as continuous variables. p values of student’s t-test or Pearson correlation
coefficients (r) and p values are reported as appropriate. Significant results (p<0.05) are indicated in bold. All binary variables were related to
negative weight change, i.e. weight loss, increased symptom severity and worse health-related quality of life scores.
GSRS, gastrointestinal symptoms rating scale; SF-36, Short-Form 36, PCS, Physical component summary, MCS mental component
summary

Malnutrition (I)

Patients with vs. without malnutrition did not differ in etiology or severity of
cirrhosis nor in any GSRS or SF-36 domain (data not shown). However, the
prevalence of malnutrition was higher in cirrhotics with active alcohol drinking
compared to abstinent alcoholic patients with cirrhosis (53% vs. 19%; p=0.013).
Regarding weight change during the previous 3 or 6 months as continuous
variables (with negative values representing weight loss), they were found to be
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positively correlated with BMI (r=0.27, p=0.004 and r=0.21,p=0.002,
respectively) and with body fat stores as assessed by triceps skinfold thickness
(r=0.27, p=0.004 and r=0.24, p=0.016, respectively). Weight change in the
previous 3 months was inversely correlated with constipation (r=-0.27,
p=0.004), diarrhea (r=-0.19, p=0.044), indigestion (r=-0.25, p=0.008), eating
dysfunction (r=-0.19, p=0.034), and total GSRS score (r=-0.24, p=0.011), as
well as positively with physical SF-36 domains (data not shown), the SF-36 PCS
(r=0.28, p=0.002) and social functioning (r=0.21, p=0.022) but not with any
other GSRS or mental-health-related SF-36 domain (data not shown). Negative
weight change during the last 3 months was associated with alcoholic etiology
and severity of cirrhosis as well as hospital admission upon inclusion in the
study, ascites, encephalopathy, and daily lactulose consumption (table 5) but not
with the presence of varices, previous variceal bleeding, hepatocellular cancer,
or active drinking. Differences were observed between the impact of certain
clinical variables on weight change during the previous 3 or 6 months as shown
in table 5.

Comorbidities (I)

The prevalence of comorbidities potentially compromising nutritional status is
shown in table 6. Malnutrition was encountered more frequently in patients with
GI comorbidities (64.7% vs. 25.2%; p=0.001), but not in those with respiratory
or other comorbidities (p>0.1). The presence of any particular comorbidity was
not associated with negative weight change, GSRS symptoms or HRQOL (data
not shown), except for higher abdominal pain scores (2.7 (1.2) vs. 2.0
(1.1);p=0.036) and a tendency for higher total GSRS scores (2.6 (0.8) vs. 2.1
(1);p=0.051) in patients with GI comorbidities.

Table 6. Comorbidities potentially compromising nutritional status in patients with liver
cirrhosis (n=128)

n (%)
Comorbidities 28 (22%)
    Gastrointestinala 17 (13%)
    Respiratoryb 9 (7%)
    Otherc 4 (3%)
a Gastrointestinal comorbidities: 8 (7%)- Ulcerative colitis, 6 (5%)- Crohn’s disease, 2 (1%)- pancreatic insufficiency, 1 (1%)- untreated
celiac disease
bRespiratory comorbidities: 8 (6%)- chronic obstructive pulmonary disease (requiring daily therapy), 1 (1%)- pulmonary fibrosis
cOther: 2 (1.5%)- extrahepatic malignancy, 2 (1.5%)- congestive heart failure
Two patients with chronic obstructive pulmonary disease had also other comorbidities: 1- congestive heart failure, 1-extrahepatic malignancy
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Consumption of gastrointestinal drugs (I)

Seventy-three out of 128 (57%) patients with cirrhosis were taking one or more
GI drugs daily (table 7). The severity of GI symptoms was higher in patients
receiving lactulose (table 3) and in patients consuming proton-pump inhibitors
(data not shown).

Table 7. Use of drugs for GI disorders in cirrhotics (n=128)
n (%)

Proton-pump inhibitors 51 (40%)
Lactulose 37 (29%)
Other 17 (13%)
Other: 4- mesalazin; 3- salazopyrin; 3- laxantia other than lactulose; 3- cholestyramine, 1- loperamide, 1- oral aluminium and magnesium, 1-
dimetikon , 1-metoclopramide

Regression analyses (I)

Variables univariately correlated (p<0.1) with the total GSRS score, weight
change in the previous 3 months, and the SF-36 PCS or MCS were entered into
stepwise multiple linear regression analyses (table 8).

Table 8. Factors independently correlated to total GSRS score, weight change during the
previous 3 months, and SF-36 physical and mental component summaries after multivariate
analysis in patients with liver cirrhosis (n=128)

Adjusted R2 (%) Beta p-value
Total GSRS score
    Child-Pugh score 14.2 0.24 0.008
    Lactulose 19.1 0.31 0.001
    Gastrointestinal comorbidities 21.7 0.18 0.026
Weight change in 3 months
    Ascites 9.7 -0.26 0.005
    GSRS indigestion score 12.3 -0.21 0.02
    Alcoholic etiology 15.1 -0.19 0.035
SF-36 physical component summary
    Total GSRS score 16.7 -0.33 <0.001
    Child-Pugh score 20.6 -0.23 0.013
SF-36 mental component summary
    Total GSRS score 9 -0.31 <0.001
Factors associated with total GSRS score, weight change, SF-36 PCS or MCS are reported in the order they enter the linear stepwise
regression analysis.
GSRS, gastrointestinal symptoms rating scale; SF-36, Short-form-36

2. GASTRIC SENSORIMOTOR FUNCTION IN LIVER
CIRRHOSIS (II)

Five out of 16 patients had clinically relevant eating dysfunction and 11/16
clinically relevant indigestion (GSRS score > 2). Five out of 16 patients had a



36

total GSRS score > 2 and 4/16 patients were malnourished. Two out of 16 had
significant weight loss, one of whom was malnourished. Cirrhotics had lower
energy intake/kg compared to healthy controls [21 kcal·kg-1·day-1 (15-29) vs.
26.5 kcal·kg-1·day-1 (24.5-37.5); p = 0.048]. Ten out of 16 patients had lower
energy intake/kg than recommended by the European Society of Parenteral and
Enteral Nutrition (recommended energy intake/kg > 25-30 kcal·kg-1·day-1).

Gastric accommodation (II)

In both cirrhotics and healthy controls, ingestion of the meal caused relaxation
of the proximal stomach (significant increase in the gastric balloon volume)
(figure 3).

Figure 3. Median gastric balloon volume (ml) (IQR) calculated at 10-min intervals as
measured by the electronic barostat in cirrhotics (n=16, continuous line) and healthy controls
(n=15, dashed line) before and after meal administration.

Meal administration occurred at time 0
Postprandially median gastric balloon volumes changed significantly both in cirrhotics (p=0.001) and in healthy controls
(p<0.001)
** p < 0.005, * p < 0.02, NS non-significant vs. baseline (time 0)

The balloon volumes before the meal (AUC) and gastric compliance did not
differ between cirrhotics and controls but the accommodation to the meal and
the maximal gastric balloon volume were significantly higher in cirrhotics than
in controls (table 9). There was a positive correlation between gastric
accommodation to the meal and energy intake/kg in controls (r=0.66, p=0.039)
but not in cirrhotics (r=0.2, p=0.47). Patients with vs. without malnutrition
and/or significant weight loss demonstrated a more pronounced gastric
accommodation (2776 ml·min (2197-3605) vs. 1813 ml·min (692-
2451);p=0.037). This was also true for patients with low vs. normal energy
intake (according to the guidelines of the European Society of Parenteral and
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Enteral Nutrition) [2184 ml·min (1534-2912) vs. 1817 ml·min (713-
2668);p=0.04].

Table 9. Barostat data in cirrhotics and healthy controls (II)
Cirrhotics

(n=16)
Healthy controls

(n=15)
p-valuea

MDP (mmHg) 10 (8.25-11) 9 (7-10) 0.096
Balloon volume before the meal
(AUC, ml·min)

516 (278-804) 474 (395-682) 0.72

Balloon volumes after the meal
(AUC, ml·min)

2644 (1940-3459) 1519 (800-2736) 0.07

Gastric accommodation (AUC,
ml·min)

1985 (1337-2776) 1025 (353-2137) 0.045*

Vmax (ml) 781 (618-865) 507 (299-670) 0.023*
Time to Vmax (min) 16 (10-32) 13.5 (10.3-19.3) 0.52
Compliance (ml·mmHg-1) 27.61 (16.16-36.4) 22.76 (16.2-27.83) 0.45
Perception threshold
   Pressure (mmHg)
   Volume (ml)

6 (2.5-8)
237 (114-630)

4 (2-6)
210 (140-564)

0.22
0.75

Discomfort threshold
   Pressure (mmHg)
   Volume (ml)

12 (10-18)
1000 (842-1000)

10 (8-12)
1000 (793-1000)

0.07
0.83

Data expressed as median (IQR)
ap-value for significance calculation between cirrhotics and healthy controls
Sensory pressure thresholds are expressed relative to MDP
*statistically significant difference
MDP, minimal distending pressure; AUC, area under the volume-time curve; Vmax, maximal gastric balloon volume after administration of
the meal

Neither the etiology of liver cirrhosis nor the presence of portal hypertensive
gastropathy influenced the gastric balloon volumes or gastric compliance (data
not shown). However, the GSRS indigestion score tended to be correlated to
gastric accommodation in cirrhotics (r=0.46, p=0.08). The mean postmeal
gastric balloon volumes were related to the severity of liver cirrhosis expressed
as the MELD score (r=0.53, p=0.041).

Sensitivity to gastric distension (II)

No significant differences were observed in perception or discomfort thresholds
between cirrhotics and healthy controls (table 9). The discomfort pressure
threshold was lower (p=0.001) in Child-Pugh B/C [10mmHg (9-12)] than in
Child-Pugh A patients [18mmHg (16-20);p=0.001] but liver disease etiology did
not affect the sensory thresholds (data not shown). In liver cirrhosis, several
GSRS symptom scores were negatively correlated to perception and/or
discomfort volume thresholds (table 10). Some GSRS symptom scores were
negatively correlated to pressure thresholds as well but results did not reach
statistical significance (data not shown). The discomfort pressure threshold was
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negatively correlated to the Child-Pugh (r=-0.65, p=0.008) and MELD (r=-0.54,
p=0.032) scores.

Table10. Correlations between GSRS symptom scores and sensory volume thresholds in
cirrhotics

Perception volume threshold Discomfort volume thresholdGI symptom
(GSRS) r p r p
Total score -0.55 0.027* -0.63 0.01*
Abdominal pain -0.64 0.007* -0.33 0.22
Constipation -0.62 0.011* -0.55 0.029*
Indigestion -0.58 0.018* -0.63 0.008*
Diarrhea -0.3 0.26 -0.63 0.009*
Eating dysfunction -0.55 0.027* -0.63 0.01*
*significant results

Satiety drinking test (II)

In cirrhotics, the amount of calories ingested until the occurrence of maximum
satiety was 1694 kcal (1213-2018) and was negatively correlated to the balloon
volumes (AUC) before (r=-0.7, p=0.004) and after the meal (r=-0.55, p=0.034).
However, a correlation with gastric accommodation failed to reach statistical
significance (r=-0.44, p=0.1).

Gastric emptying studies

Delayed gastric emptying was found in 8/16 (50%) cirrhotic patients and only in
6/131 (5%) controls (p<0.001). Patients with vs. without delayed gastric
emptying did not differ in fasting or postprandial balloon volumes or in gastric
accommodation (data not shown).

3. METABOLIC DISTURBANCES IN LIVER CIRRHOSIS (III)

The basic characteristics of patients and healthy controls participating in study
III are shown in Table 11. A total of 5/31 patients were malnourished. Cirrhotics
had higher insulin resistance, leptin, and REE/body weight ratio as well as lower
energy intake compared to healthy controls (table 12). Patients with alcoholic
vs. non-alcoholic cirrhosis, Child-Pugh class A vs. Child-Pugh class B or C,
with vs. without malnutrition, and with vs. without hepatic encephalopathy did
not differ in any of the variables of table 12 (data not shown).
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Table 11. Basic characteristics in all subjects (III)
Group A1All Cirrhotic

patients
(n=31)

p6 All cirrhotics in
group A1

(n=18)

p6 Group B2

(n=13)
p6

Healthy
Controls
(n=10)

Age (years) 57 (51-63) 0.41 57 (52-63) 0.62 56 (48-62) 0.93 54 (49-63)
Gender (M/F) 18/13 0.91 11/7 0.95 11/2 0.18 6/4
Weight 77 (70-88) 0.92 83 (70-89) 0.69 86 (76-91) 0.17 77 (72-84)
BMI 26.3 (24.3-29.3) 0.6 26.5 (24.7-29.3) 0.52 26.5 (24.4-29.7) 0.61 25.7 (24.1-27.2)
Fat (%)3 36.2 (31.2-40.3) 0.11 38.2 (34.8-46.9) 0.04 38.0 (28.3-49.6) 0.11 31.1 (26.8-37.9)
Fat (kg)3 26.9 (23-35) 0.23 29.4 (23.5-41.2) 0.1 33.8 (23.5-43.1) 0.07 25.2 (20.2-29.1)
Diabetes (n) 2 0.41 1 0.45 1 0.37 0
Weight change (%) 0 (-1.3 - 0) 0 (0-5) 0 (0 - 5.8)
Malnutrition (n)4 5 2 2
Etiology
   Alcoholic
   Viral
   PBC
   Cryptogenic
   Other5

13
5
4
6
3

6
2
4
4
2

5
1
1
4
2

Ascites (n) 6 3 3
MELD score 11 (9-14) 9.5 (9-14) 10.5 (9-14)
Child-Pugh score 8 (6-9) 7 (6-9) 8 (6-10)
Child-Pugh A/B/C(n) 11/15/5 8/7/3 5/5/3
Encephalopathy grade I(n) 3 0 0

Weight change (%), dry weight change expressed as a percentage of actual body weight during the previous 6 months (negative values
represent weight loss);
1 Group A, subgroup of all cirrhotics in which postprandial glucose and insulin were measured
2 Group B, subgroup of group A in which postprandial leptin and ghrelin were measured
3 Fat (expressed as percentage of body weight or in kg) calculated from anthropometric data
4 Number of malnourished patients (triceps skinfold thickness and/or mid arm muscle circumference below the 5th percentile and/or BMI <
18.5 kg/m2)
5 Other: In all cirrhotics:1- autoimmune hepatitis, 1- autoimmune hepatitis and primary sclerosing cholangitis, 1- non-alcoholic
steatohepatitis (NASH); in group A and B: 1- autoimmune hepatitis and 1- NASH
6 p value compared to healthy controls
Data expressed as median (IQR)

Fasting leptin was positively correlated to BMI in patients with cirrhosis
(r=0.48, p=0.007) and to body fat in kg in healthy controls (r=0.78, p=0.008).
After controlling for BMI,  in cirrhotics fasting leptin was positively correlated
to HOMA-IR (r=0.4, p=0.034) and negatively to REE (r=-0.38, p=0.042) but not
to energy intake (r=-0.04, p=0.8). After controlling for BMI, in controls fasting
leptin was negatively correlated to energy intake (r=-0.72, p=0.029) but not to
HOMA-IR (r=-0.48, p=0.2) or REE (r=-0.49, p=0.2).

Table 12. Metabolic and dietary data in cirrhotics (n=31) and healthy controls (n=10)
Cirrhotics Healthy Controls p

Fasting plasma glucose (mmol/l) 5.4 (4.8-6.6) 4.7 (4.4-5) 0.005
Fasting serum insulin (mu/l) 19 (11-30) 7.3 (5.3-8.9) <0.001
Fasting leptin (pg/ml)1 25500 (15950-34525) 9995 (6528-28525) 0.039
HOMA-IR 6 (2-7) 1 (1-1) <0.001
REE (kcal⋅24h-1) 1500 (1400-1790) 1430 (1320-1477.5) ns
REE/body weight (kcal⋅24h-1⋅kg-1) 19.6 (18.4-21.3) 18 (16.3-19.5) 0.031
Energy intake (kcal⋅24h-1) 1798 (1537.3-1985.8) 2271 (1768.8-2932.3) 0.011
Energy intake/body weight (kcal⋅24h-1⋅kg-1) 22.1 (17.5-27.8) 26.7 (24.4-37.7) 0.028
Energy intake/REE 1.17 (0.96-1.4) 1.6 (1.27-2.04) 0.001
1 Similar results were obtained when leptin/BMI, leptin/body weight, or leptin/fat in kg were used (data not shown)
Data expressed as median (IQR)
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HOMA-IR was negatively correlated to non-protein respiratory quotient in
cirrhotics (r=-0.39, p=0.03) but not in controls (r=0.43, p=0.2). Leptin was not
correlated to non-respiratory quotient in cirrhotics or in controls (data not
shown). HOMA-IR was not correlated to REE, and leptin or HOMA-IR were
not correlated to the REE/Predicted REE ratio even after controlling for
anthropometric parameters in cirrhotics or in controls (data not shown).

3.1 Postprandial glucose (III)

At 30 min postprandially plasma glucose had risen in both the cirrhosis and the
control group but subsequently remained elevated only in the former (Figure 4).
The area under the glucose curve (AUC) and the increase of glucose from
baseline to 60min postprandially were higher in cirrhotics than in controls (13.7
mmol·l-1·h-1 (11.9-15) vs. 10.9 mmol·l-1·h-1 (8.8-11.2); p<0.001 and 54.8% (22.1-
79.6) vs. 20% (-21.3 – 31.9); p=0.002, respectively). The increase of glucose
from baseline to 60min postprandially was negatively correlated with the energy
intake/body weight ratio in patients with liver cirrhosis (r=-0.53, p=0.023) but
not in healthy controls (r=0.37, p=0.3).

Figure 4. Postprandial plasma glucose response in cirrhotics (n=18) and controls (n=10)

Posprandially plasma glucose changed significantly in patients with liver cirrhosis (LC) (p<0.001) and in healthy controls (HC) (p=0.001)
§ significant (p<0.05) vs. baseline
# Significant (p<0.05) difference between patients with liver cirrhosis and healthy controls
Data presented as median and half IQR

3.2 Postprandial insulin (III)

At 30 min serum insulin had risen in both the cirrhotics and controls and
remained elevated until 2h postmeal in both groups (Figure 5). The AUC of
insulin was higher in cirrhotics than in controls (104.6 mu·l-1·h-1 (92-159.6) vs.
44.6 mu·l-1·h-1 (27.6-93.5), p=0.015).
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Figure 5. Postprandial serum insulin response in cirrhotics (n=18) and healthy controls (n=10)

Postprandially serum insulin changed significantly in both patients with liver cirrhosis (LC) and in healthy controls (HC) (p<0.001 for both)
§ significant (p<0.01) vs. baseline
#Significant (p<0.01) difference between patients with liver cirrhosis and healthy controls
Data presented as median and half IQR

3.3 Postprandial leptin (III)

Postprandial leptin was lower than baseline levels at all timepoints in patients
with liver cirrhosis but not in healthy controls (Figure 6). Leptin levels at all
postprandial timepoints and the AUC of leptin were not significantly different
between cirrhotics and healthy controls (Figure 6 and AUC of leptin: 28600
pg·ml-1·h-1 (19547-52088) vs. 20009 pg·ml-1·h-1 (10122-36144), p=0.2). The
reduction of leptin 60min postprandially was more pronounced in patients with
cirrhosis than in controls (22.4% (18.3-41.5) vs. 12.8% (3.8-29.7), p=0.042) and
was negatively correlated to energy intake/body weight ratio in cirrhotics (r=-
0.64, p=0.019).

Figure 6. Postprandial plasma leptin response in cirrhotics (n=13) and healthy controls (n=10)

Postprandially plasma leptin changed significantly in patients with liver cirrhosis (LC) (p<0.001) but not in healthy controls (HC) (p=0.5)
§ significant (p<0.05) vs. baseline
Data presented as median and half IQR
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Reductions of leptin were not correlated with increases of glucose or insulin in
cirrhotics or controls (data not shown). Similar results were obtained when
leptin/BMI, leptin/body weight, or leptin/fat in kg were used (data not shown).

3.4 Postprandial ghrelin (III)

Postprandial ghrelin changed significantly compared to baseline only in healthy
controls (Figure 7). At 4h ghrelin was higher in healthy controls than in patients
with liver cirrhosis (1176 pg/ml (679.3-1692) vs. 519 pg/ml (379.5-607),
p=0.021). The increase of ghrelin from its minimal postmeal value to 4h
postmeal was higher in healthy controls than in cirrhotics (39% (33.1-48.2) vs.
14.2% (12.8-33.4), p=0.005) and it was positively correlated with weight change
in the previous 6 months in cirrhotics (r=0.66, p=0.014).

Figure 7. Postprandial plasma ghrelin response in cirrhotics (n=13) and controls (n=10)

Postprandially plasma ghrelin changed significantly only in healthy controls (HC) (p<0.001) but not in patients with liver cirrhosis (LC)
(p=0.13)
§ significant (p<0.01) vs. levels at 4h
# Significant (p=0.021) difference between patients with liver cirrhosis and healthy controls
Data presented as median and half IQR

The AUC of ghrelin did not differ significantly between patients with cirrhosis
and healthy controls (data not shown). Postprandial ghrelin levels were
negatively correlated with glucose and insulin in both patients with liver
cirrhosis and healthy controls (table 13). Postprandial ghrelin decrease was
positively correlated to leptin decrease in healthy controls and negatively in
patients with liver cirrhosis (table 14).
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Table 13. Correlations of postprandial ghrelin with postprandial glucose and insulin
parameters in patients with liver cirrhosis (n=13) and healthy controls (n=10)

Ghrelin at 30 minutes postmeal Ghrelin at 90 minutes postmeal
Cirrhotics Controls Cirrhotics Controls
r p R p r p r p

Glucose increase at 90min
postmeal

-0.63 0.022 -0.64 0.048 -0.66 0.014 -0.65 0.043

Insulin increase at 2h postmeal -0.48 ns -0.7 0.036 -0.74 0.006 -0.47 ns
Insulin increase at 4h postmeal 0.25 ns -0.71 0.019 0.16 ns -0.61 ns
ns, non significant (p>0.05)

Table 14. Correlations of postprandial ghrelin with postprandial leptin parameters in cirrhotics
(n=13) and in controls (n=10)

Ghrelin decrease at 30 min postmeal Ghrelin decrease at 90 min postmeal
Cirrhotics Controls Cirrhotics Controls
r P r p r p r p

Leptin decrease at 30 min postmeal -0.54 0.058 0.04 ns -0.12 ns 0.29 ns
Leptin decrease at 90 min postmeal -0.59 0.035 0.75 0.013 -0.04 ns 0.75 0.013
ns, non significant (p>0.05)

Regression analysis (III)

Stepwise linear regression analysis was performed with energy intake/body
weight ratio as the dependent variable. Child-Pugh score, increase in glucose 60
min postprandially, decrease in leptin 60 min postprandially, increase in ghrelin
from its minimal postmeal value to 4h postmeal were used as independent
variables. Decrease in leptin 60 min postprandially (Beta=–0.8, p=0.001),
increase in glucose 60 min postprandially (Beta=–0.91, p=0.003), and increase
in ghrelin from its minimal postmeal value to 4h postmeal (Beta=0.55, p=0.035)
were independently correlated to energy intake.

4. INTESTINAL PERMEABILITY (IV)

The median percentage of ingested dose of 51Cr-EDTA excreted in the 24h urine
collection was significantly higher in patients with liver cirrhosis [1.94% (1.21-
2.70%] compared to controls [1.40% (1.09-1.99%);  p < 0.05]. However only
the A+ patients [2.05% (1.50-3.46%); p < 0.05] and not the A- patients [1.94%
(1.13-2.53%); p > 0.1] had a significantly higher 51Cr-EDTA excretion in the
urine than controls (figure 8). Only 1 of the A- and 4 of the A+ patients had
increased intestinal permeability above the upper limit (95% confidence) of
normal for controls (p > 0.1). Six patients in the A+ group underwent sequential
study with the 51Cr-EDTA test before and after therapeutic paracentesis in which
a median of 4850ml (2300-6000ml) of ascites was removed. Figure 9 shows that
the urinary excretion of 51Cr-EDTA did not change significantly [1.69% (1.16-
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2.86%) vs. 1.30% (1.08-1.79%); p > 0.05]. The volume of ascites evacuated was
not statistically correlated to 51Cr-EDTA excretion before or after paracentesis
or their difference (data not shown).

Figure 8. 24h urinary 51Cr-EDTA excretion (%) in cirrhotics with ascites (A+), cirrhotics
without ascites (A-), and healthy controls (HC)

Figure 9. 24h urinary 51Cr-EDTA excretion (%) before and after therapeutic paracentesis in 6
patients [ascites volume obtained at every paracentesis is indicated (ml)]

Child-Pugh class B and C [2.05% (1.29-3.01%); p < 0.05] but not class A
[1.94% (1.20-2.47%); p > 0.1] cirrhotics had significantly higher 51Cr-EDTA
excretion than healthy controls. No significant correlation was found between
the MELD or the Child-Pugh scores and 51Cr-EDTA excretion (data not shown).
Patients with alcoholic [1.78% (1.09-3.56%)] vs. non-alcoholic cirrhosis [1.94%
(1.60-2.72%)] did not differ significantly (p > 0.1) in their mean urinary 51Cr-
EDTA excretions.
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DISCUSSION
___________________________________________________________________________

The main results in the present studies will be combined and discussed briefly
below and compared with other findings in the literature.

1. GASTROINTESTINAL SYMPTOMS (I)

Patients with cirrhosis were found to have increased severity of GI symptoms
correlating with the severity but not with the etiology of the liver disease. GI
symptoms were also associated with recent weight loss and impaired HRQOL.

Negative weight change, i.e. weight loss, was independently correlated with the
GSRS indigestion score indicating a possible role of gastrointestinal symptoms
in the poor food intake frequently observed in cirrhotics [9, 11, 14]. In
accordance with this assumption, we have recently shown that upper
gastrointestinal symptoms in patients with cirrhosis are associated with a
decreased intake of calories as measured by a caloric satiety drinking test [155].
In the current study (I), weight change during the previous 3 and 6 months was
calculated as a percentage of actual weight after subtracting weight 3 and 6
months before inclusion respectively. The latter was deducted from medical
records in the majority of cases but some patients were asked to recall their
previous weight. Patient-recall weight is frequently used but it is generally
recognized that it should be treated with caution [156-158]. In our study, weight
3 and 6 months before inclusion could not be recalled by 11% and 16% of
patients, respectively. The observed differences between the impact of different
clinical variables on weight change in the previous 3 and 6 months might be the
result of increased uncertainty about weight at the more remote time of 6
months. Alternatively, this finding might indicate that such clinical variables as
hospital admission, ascites, and encephalopathy are associated with more recent
weight loss. Also, actual body weight is notoriously difficult to assess in
cirrhotics with fluid retention [9] and although every effort was made to evaluate
“dry” weight (by taking into account weight after last paracentesis or before
ascites development) some overestimation may not be entirely excluded.
However, weight loss in the present study was found to be correlated with lower
body mass index and body fat stores in cirrhotics. Ascites and alcoholic etiology
of liver cirrhosis were the other two factors, apart from the GSRS indigestion
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score, found to be independently related to negative weight change, i.e. weight
loss, during the previous 3 months. This is in line with published data showing
decreased caloric intake in patients with ascites [14, 62] and data indicating that
refractory ascites [11] and alcoholic cirrhosis [13] might be associated with
impairment of nutritional status in cirrhotics.

Another interesting finding was the correlation observed between the severity of
GI symptoms and impairment of HRQOL in cirrhotics. Previous studies have
suggested that subjective symptoms of cirrhosis (such as muscle cramps and
pruritus) are important to patients having an impact on HRQOL along with
traditional markers of liver disease severity [127]. Similarly, in our study GI
symptoms seem to be associated with reduced physical and psychological
indices of HRQOL in patients with cirrhosis. However, as psychiatric
comorbidities have been suggested to influence patient-reported health status in
chronic liver diseases [129], it is possible that impairment of at least mental
HRQOL components could be implicated in the development of GI symptoms
rather than merely being a consequence of these.

Interestingly, the severity of GI symptoms was independently correlated with
the use of lactulose. Lactulose is often used for the treatment of hepatic
encephalopathy due to both its laxative effect and its effect in lowering colonic
pH whereby decreasing serum ammonia levels [159]. It accelerates colonic
transit [160] and, due to a narrow therapeutic window, it can lead to diarrhea.
Colonic lactulose fermentation can also induce bloating and abdominal
distension [161]. Lactulose is, thus, known to be commonly associated with GI
side-effects, the most common being flatulence [162]. In our series, daily use of
lactulose was significantly associated with increased severity of almost all GI
symptoms including diarrhea. The latter indicates possible lactulose overuse in
our series. Therefore, improved physician and patient awareness about the
actions of lactulose could potentially help decrease its side-effects.
Alternatively, lactitol, another non-absorbed disaccharide reported to have the
advantage of lower incidence of meteorism and flatulence compared to lactulose
[163] may be used.

Furthermore, GI comorbidities, which were associated with compromised
nutritional status, influenced the severity of GI symptoms. The most common
diagnosis was inflammatory bowel disease (15/18) and all patients were
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clinically in remission. Malnutrition and GI symptoms are common in patients
with active inflammatory bowel disease but they have also been reported in
patients with inactive disease [132, 164]. Prompt recognition of cirrhotics with
underlying GI diseases at risk for malnutrition seems to be important so that
rigorous nutritional intervention can be instituted.

The Child-Pugh score was found to be more closely correlated with GI
symptoms, weight loss and HRQOL than the MELD score. This is in agreement
with previous studies in cirrhotics undergoing pretransplantation evaluation in
whom patient-reported health status has been shown to be correlated with the
severity of liver disease expressed as the Child-Pugh but not as the MELD score
[128]. Ascites and hepatic encephalopathy have been shown to be important
factors influencing physical domains of  HRQOL [127] and seem to be related
to recent weight loss and the severity of GI symptoms (at least in a univariate
fashion) according to findings of the current study. The fact that Child-Pugh but
not the MELD score includes ascites and encephalopathy may explain, at least
in part, the better correlation with GI symptoms, weight loss, and physical
HRQOL.

The use of proton-pump inhibitors was very common in cirrhotics (40%) in the
present study, particularly in those with severe gastrointestinal symptoms.
Compared to healthy controls, patients with liver cirrhosis have been reported to
have increased plasma gastrin [39] and higher prevalence of peptic ulcers [40,
41]. This may partly explain the consumption of acid secretion inhibitors, but it
is possible that there is a certain degree of overuse in these patients in view of
the fact that peptic ulcers are asymptomatic in as many as 70% of cases [42].
Further studies are needed to evaluate the indications for the use of acid
secretion inhibitors in cirrhotics.

2. GASTRIC SENSORIMOTOR DYSFUNCTION (II)

In paper II, we have demonstrated increased proximal stomach relaxation in
cirrhotics compared to healthy controls especially in those with compromised
nutritional status and low energy intake. In patients with liver cirrhosis the
relaxation of the proximal stomach was not correlated to energy intake although
a positive correlation was observed in healthy controls. A relationship between
gastric sensitivity to balloon distension and GI symptoms was observed in these
patients.
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In a previous ultrasonographic study, reduced relaxation of the proximal
stomach after a meal was reported in patients with alcoholic liver cirrhosis
compared to healthy controls [61]. However, ongoing alcohol overconsumption
was not mentioned as an exclusion criterion in this study [61]. Acute and
chronic alcohol consumption have been associated with altered motility in the
esophagus, stomach, and the small intestine [165, 166]. To date, there are no
published studies on the effects of alcohol on gastric accommodation, but it is
possible that the results of Izbéki et al. might be due to alcohol per se, if patients
had not been abstinent, and, in any case, they may not be generalized for liver
cirrhosis of any cause [61]. In the current study, only 7/16 patients had alcoholic
liver cirrhosis and they had been abstinent for at least 6 months before inclusion.
Aprile et al. have recently reported reduced gastric accommodation to gaseous
distension in patients with portal hypertension due to hepatosplenic mansonic
schistosomiasis [167]. All patients included in this study were classified as
Child-Pugh A and had esophageal varices [167]. Patient selection and/or
methodological differences might account for discrepancies from results
presented in the current study in which only patients with established liver
cirrhosis of different severity were enrolled. In the study of Aprile et al, no
information was given on whether medications potentially influencing gastric
motility were interrupted before the experiments [167]. Furthermore, the method
of gaseous distension used by Aprile et al. permits air escape through the
esophagus and the pylorus and its results on gastric accommodation are not
necessarily comparable with those yielded by assessment after a meal using the
method employed in the current study. In a recent study postprandial gastric
volumes and accommodation measured by means of SPECT in cirrhotic patients
with tense ascites were found to be lower compared to healthy controls [62].
Again, patient selection and/or methodological differences might account for
discrepancies from results presented in the current study in which 3 patients had
mild and none had tense ascites. SPECT is a non-invasive method of evaluating
gastric accommodation in which total gastric volumes are measured as opposed
to proximal stomach volumes assessed by a gastric barostat [51, 168]. The latter
is considered to be the gold standard for assessing gastric postprandial
accommodation [51, 168]. A study comparing SPECT and barostat found
SPECT less suitable in detecting gastric tone changes [168]. To our knowledge,
a gastric barostat has not been used previously for evaluation of gastric
accommodation in cirrhotics. Thus, there are several reasonable explanations
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why the present new data reflect gastric pathophysiological factors not
previously described in cirrhotics.

Previous studies have shown increased gastric wall thickness in patients with
liver cirrhosis [38] and non-cirrhotic portal hypertension [167] especially in
those with portal hypertensive gastropathy [10]. It has been proposed that loss of
elasticity of the thickened stomach wall in portal hypertension might result in
reduced wall compliance, thus possibly compromising proximal stomach
relaxation after a meal [61, 167]. However, in the current study (II) gastric wall
compliance did not differ between patients with liver cirrhosis and healthy
controls and it was not affected by the presence of portal hypertensive
gastropathy. Thus, gastric compliance does not seem to be involved in the
gastric accommodation response in liver cirrhosis.

Transit studies in patients with liver cirrhosis have shown contradictory results
for gastric emptying [74-81]. In our series 50% of patients with cirrhosis were
found to have delayed gastric emptying which is in line with results previously
presented from our group [74] and others [75-77]. However, the increased
proximal stomach relaxation observed in our patients does not seem to be
associated with delayed gastric emptying.

Although no conclusions can be drawn from the current study as to the
mechanisms leading to increased gastric accommodation in cirrhotics, certain
pathophysiologic disturbances observed in liver cirrhosis might contribute to
increased proximal stomach relaxation after a meal. Nitric oxide has been shown
to be increased in both the systemic and portal circulation in cirrhotics [169-171]
and it has been proposed to be involved in the pathogenesis of the hemodynamic
circulatory changes in liver cirrhosis [170]. Nitric oxide has also been reported
to be involved in maintaining basal fundic tone and in meal-induced gastric
accommodation in humans [49, 50]. Glyceril trinitrate, an exogenous nitric
oxide donor, has been shown to improve accommodation of the proximal
stomach to a meal in patients with functional dyspepsia [172]. Thus, it is
possible that nitric oxide might be involved in the increased accommodation in
cirrhotics found in the present study. Furthermore, increased levels of
cholecystokinin [173, 174] have been reported in liver cirrhosis.
Cholecystokinin-A receptors have been demonstrated to be involved in the
gastric relaxation response to intraduodenal lipid [175, 176] and exogenous
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cholecystokinin decreases food intake [175] and basal gastric tone [177] and
inhibits gastric emptying [178]. Therefore, cholecystokinin may possibly be of
importance in increasing gastric accommodation in cirrhotics. Thirdly, cirrhotics
have been shown to have higher fasting and postprandial glucagon-like peptide
1 (GLP 1) levels compared to healthy controls after oral glucose [179]. GLP 1 is
a gut peptide shown to induce proximal stomach relaxation [180, 181], inhibit
gastric emptying [178] and decrease spontaneous food intake [178] in healthy
individuals. Therefore, presumed increased GLP 1 in our patients could be the
common underlying mechanism of the observed increased proximal stomach
relaxation after a meal and its dissociation from energy intake which was found
to be poor in these patients. Lastly, as we found enhanced gastric
accommodation in patients with compromised nutritional status and energy
intake, it may be speculated that improved postprandial stomach relaxation
might be due to an unknown compensatory, albeit ineffective, mechanism in
order to improve food intake.

The maximum amount of calories ingested at the satiety drinking test was found
to be inversely correlated to fasting and postmeal balloon volumes and a
negative trend with accommodation was also seen in cirrhotics. The endpoint of
the satiety drinking test has been proposed as a surrogate marker for the
magnitude of the gastric accommodation response in healthy and dyspeptic
subjects [60]. It was also recently shown to be positively correlated to fasting
and postmeal gastric volumes assessed by SPECT in healthy subjects [182]. In
our patient group, the dissociation of gastric accommodation from energy intake
and the inverse correlation between the endpoint of satiety drinking test and the
balloon volumes before and after the meal suggests that mechanisms other than
the response of the proximal stomach to a meal may be involved in the poor
dietary intake observed. Therefore, the satiety drinking test does not seem to be
a good surrogate marker of accommodation in patients with liver cirrhosis.

3. METABOLIC DISTURBANCES IN LIVER CIRRHOSIS (III)

In the current study (III), we observed altered postprandial responses of glucose,
insulin, leptin, and ghrelin in patients with liver cirrhosis associated with
reduced energy intake and weight loss.

Cirrhotics exhibited insulin resistance with significantly higher baseline and
postprandial insulin and glucose levels compared to healthy controls, in
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agreement with previous studies [9, 23, 101]. Hyperinsulinemia has been shown
to influence GI motility in healthy subjects [183] and it has been proposed as a
mediating factor of reduced food intake in liver cirrhosis [101]. However, in the
current study the postprandial increase of glucose was found to contribute
independently to the reduced energy intake in cirrhotics. Hyperglycemia has
been reported to reduce motility in the stomach, duodenum, and jejunum [184].
Decreased hunger and slower gastric emptying have been observed in healthy
volunteers during induced hyperglycemia [185]. Postprandial hyperglycemia has
been reported to be associated with tachygastria and increased postprandial
upper gastrointestinal symptoms [186, 187] compared to euglycemia in healthy
volunteers. It is therefore possible that postprandial hyperglycemia results in
reduced energy intake by contributing to early satiety and other GI symptoms,
which were shown to be increased in cirrhotics (I).

Baseline leptin in cirrhotics was found to be elevated as previously reported
[112-116] and leptin effects on energy intake and resting energy expenditure
were disturbed in these patients. Leptin has been shown to increase REE [103]
but in a recent study performed in non-cirrhotic individuals total and free leptin
were reported to be negatively and bound leptin positively associated with REE
[104]. We observed a negative association between total leptin and REE in
patients with cirrhosis. It might therefore be hypothesized that the resistance to
the effects of leptin in cirrhotics observed in the current study may be mediated
by a proportional increase of free leptin. However, we did not measure free and
bound leptin fractions in our series which is mandatory to show this.

The postprandial leptin reaction was also found to be disturbed in patients with
liver cirrhosis. Although no conclusions can be drawn from the current study as
to the mechanisms leading to the postprandial leptin reduction in cirrhotics, the
insulin resistance or low energy intake observed in these patients might
contribute to decreased leptin levels after a meal. Physiological insulinemia has
been shown to acutely increase leptin in healthy individuals [107]. In our study,
baseline leptin was positively related to insulin resistance in cirrhotics.
However, postprandial reductions of leptin were not correlated with increases of
glucose or insulin in either the cirrhosis or the control group, thus indicating
possible resistance to the effect of insulin in the regulation of leptin levels in
patients with liver cirrhosis. Leptin has been shown to increase [108, 188] or
remain unchanged postprandially depending on meal size and composition in
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non-cirrhotic individuals [108-110, 188]. Fasting has been shown to be
associated with an acute leptin reduction [107, 108, 189] which is thought to
represent a signal to the brain stimulating energy intake [189]. Similarly in
cirrhotics the postprandial leptin decline could represent a compensatory, albeit
ineffective, mechanism due to low energy intake.

Ghrelin levels following a meal have not been investigated previously in
patients with liver cirrhosis. Cirrhotics had a clearly altered postprandial pattern
of ghrelin compared to controls, with an attenuated ghrelin increase at 4 hours
postmeal. Ghrelin enhances appetite and food intake, and its level rises
preprandially thus playing a role in meal initiation [103]. Therefore, the low
ghrelin observed in cirrhotics at 4h postmeal (i.e. before expected lunch in our
experiment setting) could be directly involved in the reduced energy intake in
these patients. In a recent study, fasting ghrelin was found to be elevated in
patients with liver disease compared to healthy controls and especially in Child-
Pugh C patients as well as in patients with complications of liver disease [120].
Marchesini et al, reported that fasting ghrelin was comparable in patients with
cirrhosis and controls but increased levels identified a group of patients with
decreased energy intake and malnutrition [121]. In our study, we were also
unable to confirm generally increased fasting ghrelin in cirrhotics. These
discrepancies could, at least in part, be explained by different patient and/or
control selection. Patients in the former study [120] were transplantation
candidates, some had malignancies, and were not BMI-matched with controls
whereas in the current study no patients with malignancies were included and
BMI-matched controls were chosen.

The mechanisms of altered postprandial ghrelin response might involve glucose,
insulin, and/or leptin. Postprandial ghrelin was negatively related to glucose and
insulin in both healthy controls and cirrhotics as previously reported [122-124].
According to these studies insulinemia is essential for postprandial ghrelin
suppression with glucose having an additional effect [122-124]. In our series
postprandial ghrelin decrease was positively related to leptin reduction in
healthy controls and negatively in cirrhotics. Although the former observation is
of unclear significance since in controls leptin remained unchanged
postprandially, the latter is in agreement with earlier data suggesting an inverse
relationship between leptin and ghrelin and that leptin could be important for
suppression of ghrelin [109]. Therefore insulin resistance resulting in high
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postprandial glucose and insulin might be involved in the low ghrelin observed
4h postmeal and the postprandial reduction of leptin might represent a
compensatory, albeit ineffective, mechanism. Thus, it is conceivable that
treatment of insulin resistance might reduce the hypoghrelinemia prior to a meal
in cirrhotics, possibly stimulating appetite. Although this is probably not the
single most important reason for reduced energy intake in liver cirrhosis, it
certainly warrants further studies.

Insulin resistance was found to be correlated with reduced non-protein
respiratory quotient in cirrhotics confirming earlier reports of the importance of
insulin resistance in the starvation-type metabolism of cirrhosis [190]. However,
insulin resistance was not related to REE. In a previous single study in which
diabetic and non-diabetic cirrhotics were studied before and after liver
transplantation a weak negative correlation was found between the
REE/predicted REE ratio and insulin sensitivity [102]. However, patients with
hepatocellular cancer were also included in this study [102] which might have
affected the results as REE is commonly increased in cancer patients [191].

Certain methodological aspects should be taken into consideration when
interpreting the results of the current study (III). Food intake was assessed by
means of food diaries. This is an established method of food intake assessment
[104, 108, 191, 192] which has been previously utilized in patients with liver
cirrhosis [16, 101, 121]. However, it is known that both normal-weight and
obese subjects may underestimate their dietary intake [192] and it is conceivable
that patients with hepatic encephalopathy might also be prone to underreporting
when filling in detailed food diaries. In the current study, no patients with
encephalopathy grade II or higher were included and food intake was not
statistically different between patients with vs. without hepatic encephalopathy
grade I. Furthermore, our findings confirm previous studies showing reduced
energy intake in cirrhotics [9, 16, 121] and reports of a negative correlation
between leptin and food intake in healthy subjects [192]. Second, in the current
study fasting data are obtained from all subjects but postprandial data are
obtained from a smaller subgroup of the main patient population. Although
cirrhotics were carefully matched with the group of healthy controls, a type-II
error in the assessment of the postprandial responses cannot be ruled out. Lastly,
the current study is a cross-sectional one. Thus, statistical correlations between
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hormonal disturbances and energy intake or REE in cirrhosis do not necessarily
implicate a cause-effect relationship.

4. PATHOPHYSIOLOGY OF GI SYMPTOMS IN CIRRHOSIS
(II, III)

GI sensorimotor disturbances have previously been reported in patients with
cirrhosis and might be involved in the pathogenesis of GI symptoms in these
patients. Manometry studies have described altered gut motility [88, 193] in
cirrhotics, whereas gastric emptying has been found to be delayed [74-77],
normal [78-80] or accelerated [81]. Gastric accommodation has been reported to
be impaired in patients with alcoholic cirrhosis [61] and cirrhotics with ascites
[62] compared to healthy controls. Delayed gastric emptying [70],
hypersensitivity to gastric distension [65, 66], and impaired gastric
accommodation to a meal [56] have all been implicated in the development of
meal-induced symptoms in patients with functional dyspepsia. Thus, altered gut
motility may be involved in the pathogenesis of gastrointestinal symptoms in
cirrhotics.

In study II, gastric accommodation was found to be increased in patients with
liver cirrhosis compared to healthy controls. Although there was a trend for
subjective indigestion severity to be positively correlated with proximal stomach
relaxation in these patients, it failed to reach statistical significance. Thus, the
accommodation reflex does not seem to be relevant in the pathogenesis of GI
symptoms in these patients.

Although no significant differences in sensory thresholds were observed
between cirrhotics and healthy controls, the discomfort pressure threshold was
related to the severity of liver disease (II). Furthermore, within the liver cirrhosis
group, significant correlations were found between the severity of several
gastrointestinal symptoms and volume sensory thresholds (II). Both pressure and
volume contribute to the generation of gastric wall tension which has been
shown to determine perception of gastric distension [64]. Hypersensitivity to
gastric distension has been shown to be present in a subset of functional
dyspepsia patients [63-66] and to be associated with postprandial epigastric
pain, belching, and weight loss [66]. Gastric tension mechanoreceptors have
been suggested to be involved in symptom generation in patients with functional



55

dyspepsia with gastric hypersensitivity [194]. Thus, it seems reasonable to
hypothesize that gastric sensitivity might be involved in GI symptom generation
in cirrhotics.

In addition, the postprandial increase of glucose was found to contribute
independently to the reduced energy intake in cirrhotics (III). As discussed
above, postprandial hyperglycemia and euglycemic hyperinsulinemia has been
shown to be associated with reduced motility in the stomach, duodenum, and
jejunum [184], tachygastria [186], delayed gastric emptying, and decreased
hunger [185] as well as postprandial GI symptoms in healthy volunteers [187].
Further studies are therefore needed to delineate the role of postprandial
hyperglycemia in the pathogenesis of altered gut motility and GI symptoms in
cirrhotics.

5. INTESTINAL PERMEABILITY (IV)

Patients with liver cirrhosis and ascites had significantly higher intestinal
permeability compared to healthy controls.  However therapeutic paracentesis
did not seem to improve intestinal permeability in these patients and there were
no statistical differences between the patients without ascites and healthy
controls.

A number of investigators have observed normal intestinal permeability in
patients with liver cirrhosis [29, 95, 97], whereas others have found intestinal
permeability to be increased [28, 93, 94, 96]. Limited data exists on the
influence of ascites per se on intestinal permeability in liver cirrhosis and the
impact of paracentesis has not been previously explored.

Apparent discrepancies in results between the current and previous studies (in
many of which patients with ongoing infections such as spontaneous bacterial
peritonitis were included) may partly be explained by differences in patient
selection [28, 29, 93-98]. However, one of the most informative studies by
Zuckerman et al. evaluated intestinal permeability in liver cirrhosis with and
without ascites with a differential four-sugar intestinal permeability-absorption
test [98]. Patients without ascites had normal intestinal permeability and those
with ascites had increased permeability, which is in line with the results of the
current study. Over a third of the patients in the ascites group in the Zukerman
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study had concurrent infections [98], but our study would suggest that this did
not by itself affect the results significantly as our results are very similar in
cirrhotics without concomitant infections. Campillo et al. have also reported
increased intestinal permeability in patients with liver cirrhosis, particularly in
those with septic complications [28].

Some previous studies have shown an association between increased intestinal
permeability and severity of LC assessed according to the Child-Pugh
classification [28, 93] but others have failed to reproduce these results [94, 96,
97]. Methodological  and/or patient selection differences may account for these
discrepancies. We observed significantly higher intestinal permeability in Child-
Pugh class B and C but not in class A patients compared to controls. Child-Pugh
and MELD scores were not statistically correlated to intestinal permeability.
However, definite conclusions cannot be drawn due to the fact that all patients
with Child-Pugh class C had ascites and that only 2 patients with class B
(without ascites) were included in the study.

There are certain methodological considerations that should be taken into
account when interpreting the results of the current study. We used a single-
isotope (51Cr-EDTA) probe test with the possible disadvantage that recovery in
the urine is affected by pre- and post-mucosal factors [82, 84]. Although 51Cr-
EDTA is not susceptible to bacterial degradation or digestion hydrolysis [84],
other premucosal factors, mainly gastric emptying and intestinal transit, which
have been reported to be slower in LC [84], could influence results of intestinal
permeability studies in LC. 51Cr-EDTA is not metabolised or produced
endogenously but postmucosal factors, such as renal function and tissue
distribution, could affect its urinary excretion [84]. However, serum creatinine
levels were normal in all patients included in the current study and did not differ
between cirrhotics with and without ascites.

Distribution of 51Cr-EDTA in ascites might have caused a lower urinary
excretion rate and thus underestimated possible permeability changes in patients
with ascites. However Bac et al. assessing intestinal permeability in 9 cirrhotics
(6 with ascites) with 51Cr-EDTA, with urine collections every 3h for the first
12h followed by a further 12h collection, concluded that a loss of 51Cr-EDTA
into the ascites compartment was unlikely [95]. Furthermore paracentesis in the
current study had had no significant effect on the urinary 51Cr-EDTA excretion
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suggesting that ascites by itself does not unduly affect the test results [82, 84,
98]. However, ascitic fluid was not tested for 51Cr-EDTA in the current study
and therefore the possibility of a lower urinary excretion rates due to distribution
of 51Cr-EDTA in ascites can not be fully excluded.
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SUMMARY AND CONCLUSIONS
___________________________________________________________________________

1. The severity of gastrointestinal symptoms is high among patients with liver
cirrhosis and associated with recent weight loss, severity of liver cirrhosis,
and impaired HRQOL.

2. Increased proximal stomach relaxation is observed after a meal in cirrhotics
in comparison with healthy controls as assessed by a gastric barostat. The
relation between gastric accommodation and energy intake seems to be
disturbed in these patients.

3. The endpoint of the satiety drinking test does not seem to be a good surrogate
marker of gastric accommodation in this patient group.

4. Gastric sensitivity seems to be a relevant factor for gastrointestinal symptom
severity in patients with liver cirrhosis.

5. Altered postprandial glucose, leptin, and ghrelin levels correlate with reduced
energy intake and weight loss in liver cirrhosis.

6. Effects of leptin on energy expenditure and energy intake seem to be altered
in patients with cirrhosis.

7. Insulin resistance and/or leptin resistance might be involved in the altered
postprandial glucose, insulin, leptin and ghrelin responses.

8. Only few patients with cirrhosis had increased intestinal permeability, as
assessed by a 51Cr-EDTA test. which was not influenced to a major extent by
ascites. Intestinal permeability is probably of limited importance in the
pathophysiology of bacterial infections in patients with liver cirrhosis.



59

ACKNOWLEDGEMENTS
___________________________________________________________________________

I wish to express my sincere gratitude and appreciation to all those who have
contributed to and made this work possible. I would like to thank in particular:

Einar Björnsson, my tutor and very good friend, for his enthusiasm, for
introducing me to the exciting world of research, and for believing in me from
the very beginning.

Magnus Simrén, my co-tutor, for his support and for sharing with me his
knowledge of gastrointestinal motility.

Rolf Olsson, Hasse Abrahamsson, and Ingvar Bosaeus, my co-authors, for
their excellent collaboration and interesting scientific discussions.

My other co-authors, Lena Öhman, Jan-Erik Johansson, Pia Henfridsson,
Irene Hugosson, and Maria Bengtsson for their collaboration.

Maria Castedal, at the Department of Transplantation, for her kindness and
help.

Our excellent staff at the gastrointestinal motility lab Pernilla Jerlstad, Stine
Storsrud, Gisela Ringström, Pia Agerforz, Anette Lindh, and Jenny Wallin
for their skilful technical assistance and, above all, for creating a warm and
friendly atmosphere.

My colleagues at the Department of Gastroenterology Anders Kilander,
Henrik Sjövall, Rolf Gilberg, Per-Ove Stotzer, Riadh Sadik, Inga-Lill Friis-
Liby, Hans Strid, Anna Gunnarsdottir, Antal Bajor, and Andreas Pischel.

The staff at the Departments of Gastroenterology and Liver Transplantation as
well as at the Gastroenterological outpatient clinic.

All the patients and healthy volunteers who participated in the studies.

My friends Valeria, Giorgos, Dimitris, Kleopatra, Nikos, Peny and Petros for
their support and for making my stay “at northern latitudes” enjoyable.



60

REFERENCES

1. Sherlock S DJ: Hepatic Cirrhosis. In Diseases of the liver and biliary system. Volume
1. Edited by Sherlock S DI. Milan: Blackwell Publishing; 2002: 365-380

2. Pozzi M, Carugo S, Boari G, Pecci V, de Ceglia S, Maggiolini S, Bolla GB, Roffi L,
Failla M, Grassi G, et al: Evidence of functional and structural cardiac
abnormalities in cirrhotic patients with and without ascites. Hepatology 1997,
26:1131-1137.

3. Liu H, Song D, Lee SS: Cirrhotic cardiomyopathy. Gastroenterol Clin Biol 2002,
26:842-847.

4. Hoeper MM, Krowka MJ, Strassburg CP: Portopulmonary hypertension and
hepatopulmonary syndrome. Lancet 2004, 363:1461-1468.

5. Cardenas A: Hepatorenal syndrome: a dreaded complication of end-stage liver
disease. Am J Gastroenterol 2005, 100:460-467.

6. Pham PT, Pham PC, Rastogi A, Wilkinson AH: Review article: current
management of renal dysfunction in the cirrhotic patient. Aliment Pharmacol Ther
2005, 21:949-961.

7. Chen CC, Wang SS, Jeng FS, Lee SD: Metabolic bone disease of liver cirrhosis: is
it parallel to the clinical severity of cirrhosis? J Gastroenterol Hepatol 1996,
11:417-421.

8. Monegal A, Navasa M, Guanabens N, Peris P, Pons F, Martinez de Osaba MJ, Rimola
A, Rodes J, Munoz-Gomez J: Osteoporosis and bone mineral metabolism disorders
in cirrhotic patients referred for orthotopic liver transplantation. Calcif Tissue Int
1997, 60:148-154.

9. Matos C, Porayko MK, Francisco-Ziller N, DiCecco S: Nutrition and chronic liver
disease. J Clin Gastroenterol 2002, 35:391-397.

10. Viggiano TR, Gostout CJ: Portal hypertensive intestinal vasculopathy: a review of
the clinical, endoscopic, and histopathologic features. Am J Gastroenterol 1992,
87:944-954.

11. Campillo B, Bories PN, Pornin B, Devanlay M: Influence of liver failure, ascites,
and energy expenditure on the response to oral nutrition in alcoholic liver
cirrhosis. Nutrition 1997, 13:613-621.

12. Selberg O, Bottcher J, Tusch G, Pichlmayr R, Henkel E, Muller MJ: Identification of
high- and low-risk patients before liver transplantation: a prospective cohort
study of nutritional and metabolic parameters in 150 patients. Hepatology 1997,
25:652-657.

13. Roongpisuthipong C, Sobhonslidsuk A, Nantiruj K, Songchitsomboon S: Nutritional
assessment in various stages of liver cirrhosis. Nutrition 2001, 17:761-765.

14. Campillo B, Richardet JP, Scherman E, Bories PN: Evaluation of nutritional
practice in hospitalized cirrhotic patients: results of a prospective study. Nutrition
2003, 19:515-521.

15. Thuluvath PJ, Triger DR: Evaluation of nutritional status by using anthropometry
in adults with alcoholic and nonalcoholic liver disease. Am J Clin Nutr 1994,
60:269-273.

16. Davidson HI, Richardson R, Sutherland D, Garden OJ: Macronutrient preference,
dietary intake, and substrate oxidation among stable cirrhotic patients.
Hepatology 1999, 29:1380-1386.



61

17. Muller MJ, Lautz HU, Plogmann B, Burger M, Korber J, Schmidt FW: Energy
expenditure and substrate oxidation in patients with cirrhosis: the impact of
cause, clinical staging and nutritional state. Hepatology 1992, 15:782-794.

18. Muller MJ, Bottcher J, Selberg O, Weselmann S, Boker KH, Schwarze M, von zur
Muhlen A, Manns MP: Hypermetabolism in clinically stable patients with liver
cirrhosis. Am J Clin Nutr 1999, 69:1194-1201.

19. Madden AM, Morgan MY: Resting energy expenditure should be measured in
patients with cirrhosis, not predicted. Hepatology 1999, 30:655-664.

20. Romiti A, Merli M, Martorano M, Parrilli G, Martino F, Riggio O, Truscelli A,
Capocaccia L, Budillon G: Malabsorption and nutritional abnormalities in
patients with liver cirrhosis. Ital J Gastroenterol 1990, 22:118-123.

21. Laviano A, Cangiano C, Preziosa I, Riggio O, Conversano L, Cascino A, Ariemma S,
Rossi Fanelli F: Plasma tryptophan levels and anorexia in liver cirrhosis. Int J Eat
Disord 1997, 21:181-186.

22. Scolapio JS, Ukleja A, McGreevy K, Burnett OL, O'Brien PC: Nutritional problems
in end-stage liver disease: contribution of impaired gastric emptying and ascites.
J Clin Gastroenterol 2002, 34:89-93.

23. Greco AV, Mingrone G, Benedetti G, Capristo E, Tataranni PA, Gasbarrini G: Daily
energy and substrate metabolism in patients with cirrhosis. Hepatology 1998,
27:346-350.

24. Merli M, Riggio O, Romiti A, Ariosto F, Mango L, Pinto G, Savioli M, Capocaccia L:
Basal energy production rate and substrate use in stable cirrhotic patients.
Hepatology 1990, 12:106-112.

25. Ockenga J, Bischoff SC, Tillmann HL, Rifai K, Widjaja A, Boker KH, Manns MP,
Brabant G: Elevated bound leptin correlates with energy expenditure in
cirrhotics. Gastroenterology 2000, 119:1656-1662.

26. Yamanaka H, Genjida K, Yokota K, Taketani Y, Morita K, Miyamoto KI, Miyake H,
Tashiro S, Takeda E: Daily pattern of energy metabolism in cirrhosis. Nutrition
1999, 15:749-754.

27. Tajika M, Kato M, Mohri H, Miwa Y, Kato T, Ohnishi H, Moriwaki H: Prognostic
value of energy metabolism in patients with viral liver cirrhosis. Nutrition 2002,
18:229-234.

28. Campillo B, Pernet P, Bories PN, Richardet JP, Devanlay M, Aussel C: Intestinal
permeability in liver cirrhosis: relationship with severe septic complications. Eur
J Gastroenterol Hepatol 1999, 11:755-759.

29. Budillon G, Parrilli G, Pacella M, Cuomo R, Menzies IS: Investigation of intestine
and liver function in cirrhosis using combined sugar oral loads. J Hepatol 1985,
1:513-524.

30. Galati JS MH, Dyer CH, Seagren S, Quigley EMM: A survey of the frequency of
gastrointestinal complaints in patients with chronic liver disease.
Gastroenterology 1995, 108:A1068.

31. Dumitrascu DL, Pascu O, Draghici A, Pop S, Dumitrascu D, Iacob G: [Functional
dyspepsia in liver cirrhosis]. Rom J Intern Med 1996, 34:91-96.

32. Björnsson E, Simren M, Olsson R, Chapman RW: Fatigue in patients with primary
sclerosing cholangitis. Scand J Gastroenterol 2004, 39:961-968.

33. Björnsson E, Simren M, Olsson R, Chapman RW: Fatigue is not a specific symptom
in patients with primary biliary cirrhosis. Eur J Gastroenterol Hepatol 2005,
17:351-357.

34. Kotfila R, Trudeau W: Extraesophageal varices. Dig Dis 1998, 16:232-241.
35. Burroughs AK, McCormick PA: Natural history and prognosis of variceal

bleeding. Baillieres Clin Gastroenterol 1992, 6:437-450.



62

36. Gunnarsdottir SA, Olsson R, Björnsson ES: Characteristics, prognosis and outcome
of patients with oesophageal varices in a university hospital in Sweden 1994-1999.
Scand J Gastroenterol 2005, 40:1462-1468.

37. Hosking SW: Congestive gastropathy in portal hypertension: variations in
prevalence. Hepatology 1989, 10:257-258.

38. Saverymuttu SH, Corbishley CM, Maxwell JD, Joseph AE: Thickened stomach--an
ultrasound sign of portal hypertension. Clin Radiol 1990, 41:17-18.

39. Konturek SJ, Gonciarz M, Gonciarz Z, Bielanski W, Mazur W, Mularczyk A,
Konturek PC, Goetze JP, Rehfeld JF: Progastrin and its products from patients
with chronic viral hepatitis and liver cirrhosis. Scand J Gastroenterol 2003,
38:643-647.

40. Wu CS, Lin CY, Liaw YF: Helicobacter pylori in cirrhotic patients with peptic
ulcer disease: a prospective, case controlled study. Gastrointest Endosc 1995,
42:424-427.

41. Chen LS, Lin HC, Hwang SJ, Lee FY, Hou MC, Lee SD: Prevalence of gastric ulcer
in cirrhotic patients and its relation to portal hypertension. J Gastroenterol
Hepatol 1996, 11:59-64.

42. Siringo S, Burroughs AK, Bolondi L, Muia A, Di Febo G, Miglioli M, Cavalli G,
Barbara L: Peptic ulcer and its course in cirrhosis: an endoscopic and clinical
prospective study. J Hepatol 1995, 22:633-641.

43. Siringo S, Bolondi L, Piscaglia F, Gaetani M, Misitano B, Carbone C, Corinaldesi R,
Burroughs AK: Peptic ulcer in patients with liver cirrhosis: a retrospective
endoscopic and clinical study. Ital J Gastroenterol Hepatol 1997, 29:62-68.

44. Vergara M, Calvet X, Roque M: Helicobacter pylori is a risk factor for peptic ulcer
disease in cirrhotic patients. A meta-analysis. Eur J Gastroenterol Hepatol 2002,
14:717-722.

45. Azpiroz F, Malagelada JR: Physiological variations in canine gastric tone
measured by an electronic barostat. Am J Physiol 1985, 248:G229-237.

46. Azpiroz F, Malagelada JR: Vagally mediated gastric relaxation induced by
intestinal nutrients in the dog. Am J Physiol 1986, 251:G727-735.

47. Azpiroz F, Malagelada JR: Gastric tone measured by an electronic barostat in
health and postsurgical gastroparesis. Gastroenterology 1987, 92:934-943.

48. Jahnberg T, Abrahamsson H, Jansson G, Martinson J: Gastric relaxatory response to
feeding before and after vagotomy. Scand J Gastroenterol 1977, 12:225-228.

49. Tack J, Demedts I, Meulemans A, Schuurkes J, Janssens J: Role of nitric oxide in the
gastric accommodation reflex and in meal induced satiety in humans. Gut 2002,
51:219-224.

50. Kuiken SD, Vergeer M, Heisterkamp SH, Tytgat GN, Boeckxstaens GE: Role of
nitric oxide in gastric motor and sensory functions in healthy subjects. Gut 2002,
51:212-218.

51. De Schepper HU, Cremonini F, Chitkara D, Camilleri M: Assessment of gastric
accommodation: overview and evaluation of current methods. Neurogastroenterol
Motil 2004, 16:275-285.

52. Kuiken SD, Samsom M, Camilleri M, Mullan BP, Burton DD, Kost LJ, Hardyman TJ,
Brinkmann BH, O'Connor MK: Development of a test to measure gastric
accommodation in humans. Am J Physiol 1999, 277:G1217-1221.

53. Jahnberg T, Abrahamsson H, Jansson G, Martinson J: Vagal gastric relaxation in the
dog. Scand J Gastroenterol 1977, 12:221-224.

54. Thumshirn M, Camilleri M, Choi MG, Zinsmeister AR: Modulation of gastric
sensory and motor functions by nitrergic and alpha2-adrenergic agents in
humans. Gastroenterology 1999, 116:573-585.



63

55. Gilja OH, Hausken T, Wilhelmsen I, Berstad A: Impaired accommodation of
proximal stomach to a meal in functional dyspepsia. Dig Dis Sci 1996, 41:689-696.

56. Tack J, Piessevaux H, Coulie B, Caenepeel P, Janssens J: Role of impaired gastric
accommodation to a meal in functional dyspepsia. Gastroenterology 1998,
115:1346-1352.

57. Undeland KA, Hausken T, Gilja OH, Aanderud S, Berstad A: Gastric meal
accommodation studied by ultrasound in diabetes. Relation to vagal tone. Scand J
Gastroenterol 1998, 33:236-241.

58. Wijnhoven BP, Salet GA, Roelofs JM, Smout AJ, Akkermans LM, Gooszen HG:
Function of the proximal stomach after Nissen fundoplication. Br J Surg 1998,
85:267-271.

59. Le Blanc-Louvry I, Savoye G, Maillot C, Denis P, Ducrotte P: An impaired
accommodation of the proximal stomach to a meal is associated with symptoms
after distal gastrectomy. Am J Gastroenterol 2003, 98:2642-2647.

60. Tack J, Caenepeel P, Piessevaux H, Cuomo R, Janssens J: Assessment of meal
induced gastric accommodation by a satiety drinking test in health and in severe
functional dyspepsia. Gut 2003, 52:1271-1277.

61. Izbeki F, Kiss I, Wittmann T, Varkonyi TT, Legrady P, Lonovics J: Impaired
accommodation of proximal stomach in patients with alcoholic liver cirrhosis.
Scand J Gastroenterol 2002, 37:1403-1410.

62. Aqel BA, Scolapio JS, Dickson RC, Burton DD, Bouras EP: Contribution of ascites
to impaired gastric function and nutritional intake in patients with cirrhosis and
ascites. Clin Gastroenterol Hepatol 2005, 3:1095-1100.

63. Notivol R, Coffin B, Azpiroz F, Mearin F, Serra J, Malagelada JR: Gastric tone
determines the sensitivity of the stomach to distention. Gastroenterology 1995,
108:330-336.

64. Distrutti E, Azpiroz F, Soldevilla A, Malagelada JR: Gastric wall tension determines
perception of gastric distention. Gastroenterology 1999, 116:1035-1042.

65. Björnsson E, Sjoberg J, Ringstrom G, Norstrom M, Simrén M, Abrahamsson H:
Effects of duodenal lipids on gastric sensitivity and relaxation in patients with
ulcer-like and dysmotility-like dyspepsia. Digestion 2003, 67:209-217.

66. Tack J, Caenepeel P, Fischler B, Piessevaux H, Janssens J: Symptoms associated
with hypersensitivity to gastric distention in functional dyspepsia.
Gastroenterology 2001, 121:526-535.

67. Mertz H, Fullerton S, Naliboff B, Mayer EA: Symptoms and visceral perception in
severe functional and organic dyspepsia. Gut 1998, 42:814-822.

68. Tack J: Gastric motor and sensory function. Curr Opin Gastroenterol 2005,
21:665-672.

69. Horowitz M, O'Donovan D, Jones KL, Feinle C, Rayner CK, Samsom M: Gastric
emptying in diabetes: clinical significance and treatment. Diabet Med 2002,
19:177-194.

70. Stanghellini V, Tosetti C, Paternic inverted question marko A, Barbara G, Morselli-
Labate AM, Monetti N, Marengo M, Corinaldesi R: Risk indicators of delayed
gastric emptying of solids in patients with functional dyspepsia. Gastroenterology
1996, 110:1036-1042.

71. Franck-Larsson K, Hedenstrom H, Dahl R, Ronnblom A: Delayed gastric emptying
in patients with diffuse versus limited systemic sclerosis, unrelated to
gastrointestinal symptoms and myoelectric gastric activity. Scand J Rheumatol
2003, 32:348-355.

72. Goetze O, Wieczorek J, Mueller T, Przuntek H, Schmidt WE, Woitalla D: Impaired
gastric emptying of a solid test meal in patients with Parkinson's disease using
13C-sodium octanoate breath test. Neurosci Lett 2005, 375:170-173.



64

73. Strid H, Simrén M, Stotzer PO, Abrahamsson H, Björnsson ES: Delay in gastric
emptying in patients with chronic renal failure. Scand J Gastroenterol 2004,
39:516-520.

74. Sadik R, Abrahamsson H, Björnsson E, Gunnarsdottir A, Stotzer PO: Etiology of
portal hypertension may influence gastrointestinal transit. Scand J Gastroenterol
2003, 38:1039-1044.

75. Acalovschi M, Dumitrascu DL, Csakany I: Gastric and gall bladder emptying of a
mixed meal are not coordinated in liver cirrhosis--a simultaneous sonographic
study. Gut 1997, 40:412-417.

76. Galati JS, Holdeman KP, Dalrymple GV, Harrison KA, Quigley EM: Delayed gastric
emptying of both the liquid and solid components of a meal in chronic liver
disease. Am J Gastroenterol 1994, 89:708-711.

77. Schoonjans R, Van Vlem B, Vandamme W, Van Vlierberghe H, Van Heddeghem N,
Van Biesen W, Mast A, Sas S, Vanholder R, Lameire N, De Vos M: Gastric
emptying of solids in cirrhotic and peritoneal dialysis patients: influence of
peritoneal volume load. Eur J Gastroenterol Hepatol 2002, 14:395-398.

78. Galati JS, Holdeman KP, Bottjen PL, Quigley EM: Gastric emptying and orocecal
transit in portal hypertension and end-stage chronic liver disease. Liver Transpl
Surg 1997, 3:34-38.

79. Van Thiel DH, Fagiuoli S, Wright HI, Chien MC, Gavaler JS: Gastrointestinal
transit in cirrhotic patients: effect of hepatic encephalopathy and its treatment.
Hepatology 1994, 19:67-71.

80. Madsen JL, Brinch K, Hansen EF, Fuglsang S: Gastrointestinal motor function in
patients with portal hypertension. Scand J Gastroenterol 2000, 35:490-493.

81. Dumitrascu DL, Barnert J, Wienbeck M: Gastric emptying in liver cirrhosis. The
effect of the type of meal. Eur J Gastroenterol Hepatol 1997, 9:1073-1080.

82. DeMeo MT, Mutlu EA, Keshavarzian A, Tobin MC: Intestinal permeation and
gastrointestinal disease. J Clin Gastroenterol 2002, 34:385-396.

83. Farhadi A, Banan A, Fields J, Keshavarzian A: Intestinal barrier: an interface
between health and disease. J Gastroenterol Hepatol 2003, 18:479-497.

84. Bjarnason I, MacPherson A, Hollander D: Intestinal permeability: an overview.
Gastroenterology 1995, 108:1566-1581.

85. Fernandez J, Navasa M, Gomez J, Colmenero J, Vila J, Arroyo V, Rodes J: Bacterial
infections in cirrhosis: epidemiological changes with invasive procedures and
norfloxacin prophylaxis. Hepatology 2002, 35:140-148.

86. Frances R, Munoz C, Zapater P, Uceda F, Gascon I, Pascual S, Perez-Mateo M, Such
J: Bacterial DNA activates cell mediated immune response and nitric oxide
overproduction in peritoneal macrophages from patients with cirrhosis and
ascites. Gut 2004, 53:860-864.

87. Guarner C, Soriano G: Bacterial translocation and its consequences in patients
with cirrhosis. Eur J Gastroenterol Hepatol 2005, 17:27-31.

88. Gunnarsdottir SA, Sadik R, Shev S, Simrén M, Sjövall H, Stotzer PO, Abrahamsson
H, Olsson R, Björnsson ES: Small intestinal motility disturbances and bacterial
overgrowth in patients with liver cirrhosis and portal hypertension. Am J
Gastroenterol 2003, 98:1362-1370.

89. Ramachandran A, Balasubramanian KA: Intestinal dysfunction in liver cirrhosis:
Its role in spontaneous bacterial peritonitis. J Gastroenterol Hepatol 2001, 16:607-
612.

90. Keshavarzian A, Holmes EW, Patel M, Iber F, Fields JZ, Pethkar S: Leaky gut in
alcoholic cirrhosis: a possible mechanism for alcohol-induced liver damage. Am J
Gastroenterol 1999, 94:200-207.



65

91. Bjarnason I, Peters TJ, Wise RJ: The leaky gut of alcoholism: possible route of
entry for toxic compounds. Lancet 1984, 1:179-182.

92. Parlesak A, Schafer C, Schutz T, Bode JC, Bode C: Increased intestinal
permeability to macromolecules and endotoxemia in patients with chronic
alcohol abuse in different stages of alcohol-induced liver disease. J Hepatol 2000,
32:742-747.

93. Pascual S, Such J, Esteban A, Zapater P, Casellas JA, Aparicio JR, Girona E,
Gutierrez A, Carnices F, Palazon JM, et al: Intestinal permeability is increased in
patients with advanced cirrhosis. Hepatogastroenterology 2003, 50:1482-1486.

94. Ersoz G, Aydin A, Erdem S, Yuksel D, Akarca U, Kumanlioglu K: Intestinal
permeability in liver cirrhosis. Eur J Gastroenterol Hepatol 1999, 11:409-412.

95. Bac DJ SG, van der Berg JWO, Wilson JHP: Small bowel wall function in patients
with advanced liver cirrhosis and portal hypertension: studies on permeability
and luminal bacterial overgrowth. European Journal of Gastroenterology and
Hepatology 1993, 5:383-387.

96. Fujii T, Seki T, Maruoka M, Tanaka J, Kawashima Y, Watanabe T, Sawamura T,
Inoue K: Lactulose-L-rhamnose intestinal permeability test in patients with liver
cirrhosis. Hepatol Res 2001, 19:158-169.

97. Huglo D, De Botton S, Canva-Delcambre V, Colombel JF, Wallaert B, Steinling M,
Marchandise X: Simultaneous determination of pulmonary and intestinal
permeability in patients with alcoholic liver cirrhosis. Eur J Nucl Med 2001,
28:1505-1511.

98. Zuckerman MJ, Menzies IS, Ho H, Gregory GG, Casner NA, Crane RS, Hernandez
JA: Assessment of intestinal permeability and absorption in cirrhotic patients
with ascites using combined sugar probes. Dig Dis Sci 2004, 49:621-626.

99. Nishida T, Tsuji S, Tsujii M, Arimitsu S, Haruna Y, Imano E, Suzuki M, Kanda T,
Kawano S, Hiramatsu N, et al: Oral glucose tolerance test predicts prognosis of
patients with liver cirrhosis. Am J Gastroenterol 2006, 101:70-75.

100. Marchesini G, Ronchi M, Forlani G, Bugianesi E, Bianchi G, Fabbri A, Zoli M,
Melchionda N: Cardiovascular disease in cirrhosis--a point-prevalence study in
relation to glucose tolerance. Am J Gastroenterol 1999, 94:655-662.

101. Richardson RA, Davidson HI, Hinds A, Cowan S, Rae P, Garden OJ: Influence of the
metabolic sequelae of liver cirrhosis on nutritional intake. Am J Clin Nutr 1999,
69:331-337.

102. Perseghin G, Mazzaferro V, Benedini S, Pulvirenti A, Coppa J, Regalia E, Luzi L:
Resting energy expenditure in diabetic and nondiabetic patients with liver
cirrhosis: relation with insulin sensitivity and effect of liver transplantation and
immunosuppressive therapy. Am J Clin Nutr 2002, 76:541-548.

103. Meier U, Gressner AM: Endocrine regulation of energy metabolism: review of
pathobiochemical and clinical chemical aspects of leptin, ghrelin, adiponectin,
and resistin. Clin Chem 2004, 50:1511-1525.

104. Magni P, Liuzzi A, Ruscica M, Dozio E, Ferrario S, Bussi I, Minocci A, Castagna A,
Motta M, Savia G: Free and bound plasma leptin in normal weight and obese men
and women: relationship with body composition, resting energy expenditure,
insulin-sensitivity, lipid profile and macronutrient preference. Clin Endocrinol
(Oxf) 2005, 62:189-196.

105. Baratta M: Leptin--from a signal of adiposity to a hormonal mediator in
peripheral tissues. Med Sci Monit 2002, 8:RA282-292.

106. Chan JL, Mantzoros CS: Role of leptin in energy-deprivation states: normal
human physiology and clinical implications for hypothalamic amenorrhoea and
anorexia nervosa. Lancet 2005, 366:74-85.



66

107. Saad MF, Khan A, Sharma A, Michael R, Riad-Gabriel MG, Boyadjian R, Jinagouda
SD, Steil GM, Kamdar V: Physiological insulinemia acutely modulates plasma
leptin. Diabetes 1998, 47:544-549.

108. Romon M, Lebel P, Fruchart JC, Dallongeville J: Postprandial leptin response to
carbohydrate and fat meals in obese women. J Am Coll Nutr 2003, 22:247-251.

109. Erdmann J, Lippl F, Wagenpfeil S, Schusdziarra V: Differential association of basal
and postprandial plasma ghrelin with leptin, insulin, and type 2 diabetes.
Diabetes 2005, 54:1371-1378.

110. Korbonits M, Trainer PJ, Little JA, Edwards R, Kopelman PG, Besser GM, Svec F,
Grossman AB: Leptin levels do not change acutely with food administration in
normal or obese subjects, but are negatively correlated with pituitary-adrenal
activity. Clin Endocrinol (Oxf) 1997, 46:751-757.

111. Panarotto D, Maheux P: Reduction of plasma leptin during a short-term fast, an
oral glucose tolerance or a meal test can be a misleading bias in clinical studies.
Diabetologia 1999, 42:634.

112. McCullough AJ, Bugianesi E, Marchesini G, Kalhan SC: Gender-dependent
alterations in serum leptin in alcoholic cirrhosis. Gastroenterology 1998, 115:947-
953.

113. Lin SY, Wang YY, Sheu WH: Increased serum leptin concentrations correlate
with soluble tumour necrosis factor receptor levels in patients with cirrhosis. Clin
Endocrinol (Oxf) 2002, 57:805-811.

114. Ben-Ari Z, Schafer Z, Sulkes J, Manhaim V, Tur-Kaspa R, Fainaru M: Alterations in
serum leptin in chronic liver disease. Dig Dis Sci 2002, 47:183-189.

115. Testa R, Franceschini R, Giannini E, Cataldi A, Botta F, Fasoli A, Tenerelli P,
Rolandi E, Barreca T: Serum leptin levels in patients with viral chronic hepatitis
or liver cirrhosis. J Hepatol 2000, 33:33-37.

116. Campillo B, Sherman E, Richardet JP, Bories PN: Serum leptin levels in alcoholic
liver cirrhosis: relationship with gender, nutritional status, liver function and
energy metabolism. Eur J Clin Nutr 2001, 55:980-988.

117. Kojima M, Hosoda H, Date Y, Nakazato M, Matsuo H, Kangawa K: Ghrelin is a
growth-hormone-releasing acylated peptide from stomach. Nature 1999, 402:656-
660.

118. Broglio F, Prodam F, Me E, Riganti F, Lucatello B, Granata R, Benso A, Muccioli G,
Ghigo E: Ghrelin: endocrine, metabolic and cardiovascular actions. J Endocrinol
Invest 2005, 28:23-25.

119. Janssen JA, van der Lely AJ, Lamberts SW: Is there a role of ghrelin in preventing
catabolism? J Endocrinol Invest 2004, 27:400-403.

120. Tacke F, Brabant G, Kruck E, Horn R, Schoffski P, Hecker H, Manns MP, Trautwein
C: Ghrelin in chronic liver disease. J Hepatol 2003, 38:447-454.

121. Marchesini G, Bianchi G, Lucidi P, Villanova N, Zoli M, De Feo P: Plasma ghrelin
concentrations, food intake, and anorexia in liver failure. J Clin Endocrinol Metab
2004, 89:2136-2141.

122. Flanagan DE, Evans ML, Monsod TP, Rife F, Heptulla RA, Tamborlane WV,
Sherwin RS: The influence of insulin on circulating ghrelin. Am J Physiol
Endocrinol Metab 2003, 284:E313-316.

123. Murdolo G, Lucidi P, Di Loreto C, Parlanti N, De Cicco A, Fatone C, Fanelli CG,
Bolli GB, Santeusanio F, De Feo P: Insulin is required for prandial ghrelin
suppression in humans. Diabetes 2003, 52:2923-2927.

124. Blom WA, Stafleu A, de Graaf C, Kok FJ, Schaafsma G, Hendriks HF: Ghrelin
response to carbohydrate-enriched breakfast is related to insulin. Am J Clin Nutr
2005, 81:367-375.



67

125. Borgaonkar MR, Irvine EJ: Quality of life measurement in gastrointestinal and
liver disorders. Gut 2000, 47:444-454.

126. Gwee KA, Leong YL, Graham C, McKendrick MW, Collins SM, Walters SJ,
Underwood JE, Read NW: The role of psychological and biological factors in
postinfective gut dysfunction. Gut 1999, 44:400-406.

127. Marchesini G, Bianchi G, Amodio P, Salerno F, Merli M, Panella C, Loguercio C,
Apolone G, Niero M, Abbiati R: Factors associated with poor health-related
quality of life of patients with cirrhosis. Gastroenterology 2001, 120:170-178.

128. Kanwal F, Hays RD, Kilbourne AM, Dulai GS, Gralnek IM: Are physician-derived
disease severity indices associated with health-related quality of life in patients
with end-stage liver disease? Am J Gastroenterol 2004, 99:1726-1732.

129. Hauser W, Holtmann G, Grandt D: Determinants of health-related quality of life in
patients with chronic liver diseases. Clin Gastroenterol Hepatol 2004, 2:157-163.

130. Simrén M, Abrahamsson H, Svedlund J, Björnsson ES: Quality of life in patients
with irritable bowel syndrome seen in referral centers versus primary care: the
impact of gender and predominant bowel pattern. Scand J Gastroenterol 2001,
36:545-552.

131. Creed F, Ratcliffe J, Fernandez L, Tomenson B, Palmer S, Rigby C, Guthrie E, Read
N, Thompson D: Health-related quality of life and health care costs in severe,
refractory irritable bowel syndrome. Ann Intern Med 2001, 134:860-868.

132. Simren M, Axelsson J, Gillberg R, Abrahamsson H, Svedlund J, Björnsson ES:
Quality of life in inflammatory bowel disease in remission: the impact of IBS-like
symptoms and associated psychological factors. Am J Gastroenterol 2002, 97:389-
396.

133. Kamath PS, Wiesner RH, Malinchoc M, Kremers W, Therneau TM, Kosberg CL,
D'Amico G, Dickson ER, Kim WR: A model to predict survival in patients with
end-stage liver disease. Hepatology 2001, 33:464-470.

134. Ferenci P, Lockwood A, Mullen K, Tarter R, Weissenborn K, Blei AT: Hepatic
encephalopathy--definition, nomenclature, diagnosis, and quantification: final
report of the working party at the 11th World Congresses of Gastroenterology,
Vienna, 1998. Hepatology 2002, 35:716-721.

135. Dimenas E, Carlsson G, Glise H, Israelsson B, Wiklund I: Relevance of norm values
as part of the documentation of quality of life instruments for use in upper
gastrointestinal disease. Scand J Gastroenterol Suppl 1996, 221:8-13.

136. Sullivan M KJ, Taft C, Ware JE: SF-36 Health Survey: Swedish manual and
interpretation guide (2nd Ed.). Gothenburg: Sahlgrenska University Hospital; 2002.

137. Svedlund J, Sjodin I, Dotevall G: GSRS--a clinical rating scale for gastrointestinal
symptoms in patients with irritable bowel syndrome and peptic ulcer disease. Dig
Dis Sci 1988, 33:129-134.

138. Dimenas E, Glise H, Hallerback B, Hernqvist H, Svedlund J, Wiklund I: Quality of
life in patients with upper gastrointestinal symptoms. An improved evaluation of
treatment regimens? Scand J Gastroenterol 1993, 28:681-687.

139. Svedlund J, Sullivan M, Liedman B, Lundell L: Long term consequences of
gastrectomy for patient's quality of life: the impact of reconstructive techniques.
Am J Gastroenterol 1999, 94:438-445.

140. Ware JE, Jr., Sherbourne CD: The MOS 36-item short-form health survey (SF-36).
I. Conceptual framework and item selection. Med Care 1992, 30:473-483.

141. McHorney CA, Ware JE, Jr., Rogers W, Raczek AE, Lu JF: The validity and relative
precision of MOS short- and long-form health status scales and Dartmouth
COOP charts. Results from the Medical Outcomes Study. Med Care 1992,
30:MS253-265.



68

142. McHorney CA, Ware JE, Jr., Raczek AE: The MOS 36-Item Short-Form Health
Survey (SF-36): II. Psychometric and clinical tests of validity in measuring
physical and mental health constructs. Med Care 1993, 31:247-263.

143. Durnin JV, Womersley J: Body fat assessed from total body density and its
estimation from skinfold thickness: measurements on 481 men and women aged
from 16 to 72 years. Br J Nutr 1974, 32:77-97.

144. Fiore P, Merli M, Andreoli A, De Lorenzo A, Masini A, Ciuffa L, Valeriano V,
Balotta MT, Riggio O: A comparison of skinfold anthropometry and dual-energy
X-ray absorptiometry for the evaluation of body fat in cirrhotic patients. Clin
Nutr 1999, 18:349-351.

145. Symreng T: Arm anthropometry in large reference population and in surgical
patients. Clinical Nutrition 1982, 1:211-219.

146. Stratton RJ GC, Elia M: Disease-related malnutrition: an evidence-based approach to
treatment. Oxon: CAB International; 2003.

147. Håglin L HU, Nilsson M: Evaluation of the meal model "matmallen". A means of
estimating consumed amounts of food.; 1995.

148. Food composition tables-energy and nutrients. Uppsala: Swedish national food
administration; 1993.

149. Plauth M MM, Kondrup J, Weimann A, Ferenci P, Muller MJ: Consensus statement
ESPEN guidelines for nutrition in liver disease and transplantation. Clinical
Nutrition 1997, 1997:43-55.

150. Tougas G, Eaker EY, Abell TL, Abrahamsson H, Boivin M, Chen J, Hocking MP,
Quigley EM, Koch KL, Tokayer AZ, et al: Assessment of gastric emptying using a
low fat meal: establishment of international control values. Am J Gastroenterol
2000, 95:1456-1462.

151. Camilleri M, Zinsmeister AR, Greydanus MP, Brown ML, Proano M: Towards a less
costly but accurate test of gastric emptying and small bowel transit. Dig Dis Sci
1991, 36:609-615.

152. Stotzer PO, Fjalling M, Gretarsdottir J, Abrahamsson H: Assessment of gastric
emptying: comparison of solid scintigraphic emptying and emptying of
radiopaque markers in patients and healthy subjects. Dig Dis Sci 1999, 44:729-
734.

153. Matthews DR, Hosker JP, Rudenski AS, Naylor BA, Treacher DF, Turner RC:
Homeostasis model assessment: insulin resistance and beta-cell function from
fasting plasma glucose and insulin concentrations in man. Diabetologia 1985,
28:412-419.

154. Bjarnason I, Peters TJ, Veall N: A persistent defect in intestinal permeability in
coeliac disease demonstrated by a 51Cr-labelled EDTA absorption test. Lancet
1983, 1:323-325.

155. Kalaitzakis E TH, Jerlstad P, Björnsson, Simrén M: A caloric satiety drinking test in
patients with liver cirrhosis: relationship with upper gastrointestinal symptoms.
Gastroenterology 2005, 128:W1726.

156. Andreyev HJ, Norman AR, Oates J, Cunningham D: Why do patients with weight
loss have a worse outcome when undergoing chemotherapy for gastrointestinal
malignancies? Eur J Cancer 1998, 34:503-509.

157. Petruson KM, Silander EM, Hammerlid EB: Quality of life as predictor of weight
loss in patients with head and neck cancer. Head Neck 2005, 27:302-310.

158. Brantervik AM, Jacobsson IE, Grimby A, Wallen TC, Bosaeus IG: Older
hospitalised patients at risk of malnutrition: correlation with quality of life, aid
from the social welfare system and length of stay? Age Ageing 2005, 34:444-449.



69

159. Conn H: The theoretic therapy of hepatic encephalopathy. In Hepat ic
encephalopathy syndromes and therapies. Edited by Conn H, Bircher J. Bloomington:
Medi-Ed Press; 1994: 135-147

160. Fritz E, Hammer HF, Lipp RW, Hogenauer C, Stauber R, Hammer J: Effects of
lactulose and polyethylene glycol on colonic transit. Aliment Pharmacol Ther 2005,
21:259-268.

161. Basilisco G, Marino B, Passerini L, Ogliari C: Abdominal distension after colonic
lactulose fermentation recorded by a new extensometer. Neurogastroenterol Motil
2003, 15:427-433.

162. Lieberthal M: The pharmacology of lactulose. In Hepatic encephalopathy
Syndromes and therapies. Edited by Conn H, Bircher J. Bloomington: Medi-Ed Press;
1994: 165-194

163. Capocaccia L, Merli M, Riggio O: Treatment of chronic hepatic encephalopathy
with non-absorbed disaccharides. In Hepatic encephalopathy Syndromes and
therapies. Edited by Conn H, Bircher J. Bloomington: Medi-Ed Press; 1994: 265-273

164. Gassull MA, Cabre E: Nutrition in inflammatory bowel disease. Curr Opin Clin
Nutr Metab Care 2001, 4:561-569.

165. Teyssen S, Singer MV: Alcohol-related diseases of the oesophagus and stomach.
Best Pract Res Clin Gastroenterol 2003, 17:557-573.

166. Bode C, Bode JC: Effect of alcohol consumption on the gut. Best Pract Res Clin
Gastroenterol 2003, 17:575-592.

167. Aprile LR, Meneghelli UG, Martinelli AL, Monteiro CR: Gastric motility in patients
with presinusoidal portal hypertension. Am J Gastroenterol 2002, 97:3038-3044.

168. van den Elzen BD, Bennink RJ, Wieringa RE, Tytgat GN, Boeckxstaens GE: Fundic
accommodation assessed by SPECT scanning: comparison with the gastric
barostat. Gut 2003, 52:1548-1554.

169. Guarner C, Soriano G, Tomas A, Bulbena O, Novella MT, Balanzo J, Vilardell F,
Mourelle M, Moncada S: Increased serum nitrite and nitrate levels in patients
with cirrhosis: relationship to endotoxemia. Hepatology 1993, 18:1139-1143.

170. Battista S, Bar F, Mengozzi G, Zanon E, Grosso M, Molino G: Hyperdynamic
circulation in patients with cirrhosis: direct measurement of nitric oxide levels in
hepatic and portal veins. J Hepatol 1997, 26:75-80.

171. Lluch P, Torondel B, Medina P, Segarra G, Del Olmo JA, Serra MA, Rodrigo JM:
Plasma concentrations of nitric oxide and asymmetric dimethylarginine in
human alcoholic cirrhosis. J Hepatol 2004, 41:55-59.

172. Gilja OH, Hausken T, Bang CJ, Berstad A: Effect of glyceryl trinitrate on gastric
accommodation and symptoms in functional dyspepsia. Dig Dis Sci 1997,
42:2124-2131.

173. Pompili M, Rapaccini GL, Caturelli E, Curro D, Montuschi P, D'Amato M, Aliotta A,
Grattagliano A, Cedrone A, Anti M, et al.: Gallbladder emptying, plasma levels of
estradiol and progesterone, and cholecystokinin secretion in liver cirrhosis. Dig
Dis Sci 1995, 40:428-434.

174. Paloheimo LI, Clemmesen O, Dalhoff K, Rehfeld JF: Plasma cholecystokinin and its
precursors in hepatic cirrhosis. J Hepatol 1997, 27:299-305.

175. Feinle C, D'Amato M, Read NW: Cholecystokinin-A receptors modulate gastric
sensory and motor responses to gastric distension and duodenal lipid.
Gastroenterology 1996, 110:1379-1385.

176. Mesquita MA, Thompson DG, Troncon LE, D'Amato M, Rovati LC, Barlow J: Effect
of cholecystokinin-A receptor blockade on lipid-induced gastric relaxation in
humans. Am J Physiol 1997, 273:G118-123.

177. Straathof JW, Mearadji B, Lamers CB, Masclee AA: Effect of CCK on proximal
gastric motor function in humans. Am J Physiol 1998, 274:G939-944.



70

178. Hellstrom PM, Naslund E: Interactions between gastric emptying and satiety, with
special reference to glucagon-like peptide-1. Physiol Behav 2001, 74:735-741.

179. Kruszynska YT, Ghatei MA, Bloom SR, McIntyre N: Insulin secretion and plasma
levels of glucose-dependent insulinotropic peptide and glucagon-like peptide 1 [7-
36 amide] after oral glucose in cirrhosis. Hepatology 1995, 21:933-941.

180. Schirra J, Wank U, Arnold R, Goke B, Katschinski M: Effects of glucagon-like
peptide-1(7-36)amide on motility and sensation of the proximal stomach in
humans. Gut 2002, 50:341-348.

181. Delgado-Aros S, Kim DY, Burton DD, Thomforde GM, Stephens D, Brinkmann BH,
Vella A, Camilleri M: Effect of GLP-1 on gastric volume, emptying, maximum
volume ingested, and postprandial symptoms in humans. Am J Physiol
Gastrointest Liver Physiol 2002, 282:G424-431.

182. Delgado-Aros S, Cremonini F, Castillo JE, Chial HJ, Burton DD, Ferber I, Camilleri
M: Independent influences of body mass and gastric volumes on satiation in
humans. Gastroenterology 2004, 126:432-440.

183. Björnsson ES, Urbanavicius V, Eliasson B, Attvall S, Smith U, Abrahamsson H:
Effects of insulin and beta-adrenergic blockade on the migrating motor complex
in humans. Scand J Gastroenterol 1995, 30:219-224.

184. Björnsson ES, Urbanavicius V, Eliasson B, Attvall S, Smith U, Abrahamsson H:
Effects of hyperglycemia on interdigestive gastrointestinal motility in humans.
Scand J Gastroenterol 1994, 29:1096-1104.

185. Jones KL, Berry M, Kong MF, Kwiatek MA, Samsom M, Horowitz M:
Hyperglycemia attenuates the gastrokinetic effect of erythromycin and affects the
perception of postprandial hunger in normal subjects. Diabetes Care 1999,
22:339-344.

186. Hebbard GS, Samson M, Andrews JM, Carman D, Tansell B, Sun WM, Dent J,
Horowitz M: Hyperglycemia affects gastric electrical rhythm and nausea during
intraduodenal triglyceride infusion. Dig Dis Sci 1997, 42:568-575.

187. Hebbard GS, Sun WM, Dent J, Horowitz M: Hyperglycaemia affects proximal
gastric motor and sensory function in normal subjects. Eur J Gastroenterol
Hepatol 1996, 8:211-217.

188. Kolaczynski JW, Ohannesian JP, Considine RV, Marco CC, Caro JF: Response of
leptin to short-term and prolonged overfeeding in humans. J Clin Endocrinol
Metab 1996, 81:4162-4165.

189. Keim NL, Stern JS, Havel PJ: Relation between circulating leptin concentrations
and appetite during a prolonged, moderate energy deficit in women. Am J Clin
Nutr 1998, 68:794-801.

190. McCullough AJ, Tavill AS: Disordered energy and protein metabolism in liver
disease. Semin Liver Dis 1991, 11:265-277.

191. Bosaeus I, Daneryd P, Svanberg E, Lundholm K: Dietary intake and resting energy
expenditure in relation to weight loss in unselected cancer patients. Int J Cancer
2001, 93:380-383.

192. Larsson H, Elmstahl S, Berglund G, Ahren B: Evidence for leptin regulation of food
intake in humans. J Clin Endocrinol Metab 1998, 83:4382-4385.

193. Chesta J, Defilippi C, Defilippi C: Abnormalities in proximal small bowel motility
in patients with cirrhosis. Hepatology 1993, 17:828-832.

194. Tack J, Caenepeel P, Corsetti M, Janssens J: Role of tension receptors in dyspeptic
patients with hypersensitivity to gastric distention. Gastroenterology 2004,
127:1058-1066.


	avhandlingsdel 1.pdf
	avhandlingsdel 2.pdf
	avhandlingsdel 3.pdf
	avhandlingsdel 4C.pdf

