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Brief report
Abnormal plasma peptide YY3_3g levels in patients with liver cirrhosis
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Objective: Peptide YY3_36 (PYY3-36) is a gut hormone with anorectic action that also affects energy
expenditure. Anorexia and malnutrition are often observed in patients with decompensated liver
cirrhosis (LC), whereas patients with LC after insertion of transjugular portosystemic stent shunts
(TIPS) show normal eating behavior. The underlying mechanism of anorexia in decompensated LC
and its resolution in patients with TIPS is still unclear. We thus investigated fasting and post-
prandial PYY3_36 serum levels in patients with decompensated LC, patients with compensated LC
with in situ TIPS, and healthy controls.

Methods: We analyzed fasting PYYs_3¢ levels in six patients with decompensated LC (four men and
two women, 55 & 11 y of age), nine patients with TIPS (seven men and two women, 48 + 11 y of
age), and 10 controls (eight men and two women, 43 + 9 y of age) postprandially after a stan-
dardized meal of 300 kcal and during 1-h continuous parenteral nutrition. Energy expenditure was
determined by indirect calorimetry.

Results: At baseline PYY3_3 was comparable in controls and patients with TIPS (91 + 10 and 89 +
25 ng/L) but was increased in patients with decompensated LC (165 + 44 ng/L, P < 0.01). Although
the cumulative postprandial PYY3_3g increase was similar in controls (mean 2089 ng/240 min per
liter) and patients with decompensated LC (mean 1735 ng/240 min per liter), no postprandial
PYY3-36 increase was observed in patients with TIPS (mean —579 ng/240 min per liter). Parenteral
nutrition did not significantly affect PYY3;_3g levels in any group. Fasting PYY3_3s values were
negatively related to resting energy expenditure (r = —0.443, P = 0.030). PYY3-35 was not asso-
ciated to liver parameters (e.g., bilirubin, alanine aminotransferase).

Conclusion: Our results demonstrate an abnormal neuroendocrine regulation of PYY3_3g in patients
with decompensated LC and those with TIPS.
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Introduction

Peptide YY (PYY) [1] is a 36-amino acid hormone related to
neuropeptide Y (NPY) [2]. It is synthesized predominantly in the
L-cells of the distal gastrointestinal tract. PYY is secreted into the
circulation in proportion to meal size, similar to CCKand GLP-1 [3].

PYY3_36, which was investigated in the present study, is the
truncated 34-amino acid form produced from PYY by cleavage of
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the N-terminal tyrosine and proline residues. In healthy humans
PYY3_36 constitutes 40% and 54% of total PYY in the fasted and fed
states, respectively [4]. The long form of PYY acts through
Y-receptor subtypes Y1, Y2, Y4, and Y5. Because degradation of
the N-terminus of PYY interferes with Y1, Y4, and Y5 but not with
Y2, PYY3_36 is a specific agonist for the Y2 receptor subtype [5].
PYY3_36 acting through Y2 receptors apparently decreases appe-
tite, as shown first in 2002 with the peripheral administration of
PYY3_36 leading to decreased food intake [6]. The anorectic effect
has since been widely [3] but not uniformly [7] confirmed. PYY3-36
also negatively relates to energy expenditure [8].

Anorexia is an important problem in patients with decom-
pensated liver cirrhosis (LC) [9], contributing up to an 80%
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prevalence of malnutrition in this group [10]. Malnutrition puts
patients at higher risk of complications [10] and death. Patients
with LC after insertion of transjugular intrahepatic portosyste-
mic shunts (TIPS), however, show improved nutritional status
and normal appetite behavior [11,12]. The underlying mecha-
nism for the development and reversal of anorexia or malnu-
trition in LC not fully understood. Furthermore, aberrations in
energy expenditure are often seen in patients with LC. Muller
et al. [13] reported an 18% and 31% prevalence of hypermetab-
olism and hypometabolism, respectively, in a mixed group of
patients with compensated and decompensated LC.

The technique of transjugular intrahepatic portosystemic
shunts (TIPS) was introduced as a clinical procedure to decrease
portal hypertension in advanced cirrhosis, mostly to treat
associated complications such as recurrent variceal bleeding or
refractory ascites [14]. It then was observed that the procedure
is frequently associated with marked nutritional improvement
[11,12] and increased voluntary food intake [12], leading
sometimes to involuntary weight gains beyond the predisease
weight. Identifying the mechanism would be important for
improving the pathophysiologic understanding of the metabolic
consequences of portal hypertension [15]. This, for example,
could result in pharmacologic treatment options for malnour-
ished cirrhotic patients for whom TIPS is contraindicated.

We hypothesized that PYY3_3s might contribute to the often
observed anorexia in patients with decompensated liver disease.
Thus we compared two groups of cirrhotic patients with regard
to circulating PYY3_36 and energy metabolism at baseline, post-
prandially after a standardized meal, and during parenteral
nutrition. One group consisted of patients with decompensated
LC and portal hypertension and thus prone to develop malnu-
trition and the other consisted of patients with compensated LC
and without portal hypertension due to the previous insertion of
TIPS and thus not prone to develop malnutrition. A group of
healthy subjects served as controls.

Materials and methods
Subjects

All subjects gave written informed consent before entering the study and the
study protocol was approved by the local ethics committee. The decompensated
LC group consisted of six patients (four men and two women, 55 & 11 y of age)
with decompensated LC of alcoholic etiology with signs of portal hypertension
(ascites, esophageal varices >I°, encephalopathy). The TIPS group consisted of
nine patients (seven men and two women, 48 + 11 y of age) with stable and
compensated LC of alcoholic etiology on average 33 + 31 mo after TIPS insertion
(range 5.7-83.4 mo). Portosystemic pressure gradients were measured during
routine TIPS portography immediately before the study, as previously described
[14]. Ten age-matched healthy subjects (eight men and two women, 43 + 9y of
age) constituted the control group.

In all subjects blood was drawn from the right cubital vein at baseline and 15,
30, 45, 60, and 120 min after oral stimulus. After 240 min from baseline the
infusion of parenteral nutrition started and blood was drawn in 15-min intervals
during the infusion. Measurements of energy expenditure were started 15 min
before oral or parenteral nutrition. Measurements continued in 1-min intervals
until 60 min after nutritional intake or parenteral nutrition. After blood sampling
at 0 min, subjects drank 200 mL of an oral supplement (300 kcal, 12.0 g of protein,
36.8 g of carbohydrates, and 11.6 g of fat; Biosorb, Fresenius-Kabi). Alternatively,
a 60-min infusion of parenteral nutrition (Trimix perikal, Fresenius-Kabi) was
started immediately after blood sampling at 240 min of the study protocol. The
energy supplied was 150% of a previously measured resting energy expenditure
(REE) divided by 24 h to determine the requirements for 1 h (90-150 kcal).

We analyzed PYY3_36 using a radioimmunoassay method (PYY-67HK, LINCO
Research, St. Charles, MO, USA) and measured REE and respiratory quotient (RQ)
by indirect calorimetry (Deltatrac, Datex Instruments, Helsinki, Finland). Body
composition was determined by bioelectrical impedance analysis using a BIA
2000-M (Data Input, Darmstadt, Germany). Body cell mass comprises the
oxygen-consuming and metabolically active part of the fat-free mass, mainly
consisting of body organs and muscle mass.

Statistics

The data were analyzed using SPSS 17.0 (SPSS, Inc., Chicago, IL, USA). P < 0.05
was considered statistically significant when two groups were compared. When
more than two groups were compared, the Bonferroni adjustment for multiple
testing was used. Data are presented as mean =+ standard deviation unless
indicated otherwise. The Mann-Whitney U test was used to compare means, and
the Spearman correlation coefficient was used to evaluate associations between
two parameters. Areas under the curve (AUCs) were calculated using the trape-
zoidal rule.

Results
Baseline characteristics

Disease-associated classification and blood values were
significantly deteriorated in patients with decompensated LC
compared with patients with TIPS. Body weight and body mass
index were comparable among groups. However, body cell mass
was decreased in the two patients groups compared with
controls, whereas fat mass was similar (Table 1).

The REE was similar in the control and TIPS groups but
significantly lower in the decompensated LC group. When REE
values were divided by body cell mass, controls had significantly
lower REE/body cell mass values (megajoules per kilogram per
day, P < 0.05) than patients with TIPS or patients with decom-
pensated LC.

In patients with TIPS the portosystemic pressure gradient
was below the intended range of 10 to 15 Torr (7.6 & 3.7 Torr,
range 1-13 Torr, reference <15 Torr).

Peptide YY3_35

Basal venous PYY3;_3g concentrations were elevated in
patients with decompensated LC (165 + 44.5 ng/L) compared
with controls (91 + 9.7 ng/L, P = 0.002) and patients with TIPS
(89 £ 24.6 ng/L, P = 0.007). After the oral nutritional stimulus,
PYY3_36 increased in controls after 30 min (106 + 19 ng/L,
P < 0.05) and remained elevated until 120 min. The PYY3_3g
increase in patients with decompensated LC was attenuated and
started only 60 min after the nutritional stimulus (Fig. 1A). It

Table 1
Patient characteristics
TIPS dLC Controls
Child-Pugh Score (n) 7A/2B/0C 0A/4B/2C
Ascites (n) 0 4
Encephalopathy (n) 0 4
Serum albumin (mg/dL) 3.9 +£033 30+071° NA

Total bilirubin (mg/dL) 142+ 076  42+38" 056+ 031%
INR 12+£011  14+011° NA

ALT (U/L) 225+£80 283 +84 213 +64
AST (U/L) 200+ 141 608 +265 361 +103
Height (cm) 174 £ 10 175 + 8 180 + 8
Weight (kg) 77 + 6.9 70 + 16.5 85 + 9.6
BMI (kg/m?) 251424  241+35 264 +36
Fat mass (kg) 194+77 196+53 195 + 8.1
BCM (kg) 282+46 213462 354 + 491
REE (MJ/d) 74407 6.0+ 12" 71+1.1
REE/BCM (M] - kg™ - d~!) 027 +£005 029+008 021+ 003"

ALT, alanine aminotransferase; AST, aspartate aminotransferase; BCM, body cell
mass; BMI, body mass index; dLC, decompensated liver cirrhosis; INR, interna-
tional normalized ratio; NA, not analyzed; REE, resting energy expenditure; TIPS,
transjugular portosystemic stent shunts

* P < 0.05, TIPS versus dLC.

T P < 0.05.

+ P < 0.05, TIPS versus controls.

§ P < 0.05.

I'p < 0.01, dLC versus controls.
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Fig. 1. (A) PYY3-36 serum levels over the time course and (B) area under curve of
nutrition-induced increase until 4 h after nutritional intake. *P < 0.01 compared
with CON and patients with TIPS. CON, controls; dLC, decompensated liver
cirrhosis; PYY3-36, peptide YY3_36; TIPS, transjugular portosystemic stent shunts.

reached a peak value 120 min after the nutritional intake (191 &
65 ng/L, not significant). In patients with TIPS, PYY3_3 remained
similar to baseline throughout the investigation (Fig. 1A).
Parenteral nutrition did not significantly affect PYY concentra-
tions in any study group, although trends for continuously
decreasing values could be observed in all groups (Fig. 1A).
Postprandial changes in PYY over 240 min were similar in
patients with decompensated LC (AUC 1735 + 4223 ng/240 min
per liter) and controls (AUC 2089 + 2315 ng/240 min per liter);
however, no increases were seen in patients with TIPS (AUC
—579 + 4922 ng/240 min per liter; Fig. 1B).

Energy expenditure

After the oral nutritional stimulus, energy expenditure
significantly increased in all groups and reached its peak value
sooner in controls (30 min) followed by patients with TIPS
(45 min) and those with decompensated LC (60 min). Parenteral
nutrition had no effects on energy expenditure (Fig. 2).

Correlations

Baseline REE negatively correlated to baseline PYY3_3g in the
entire group (r = —0.433, P = 0.030), but the postprandial
increase of energy expenditure was not related to the post-
prandial increase of PYY3_3g (r = 0.091, P = 0.737). Relations to
RQ were found only in patients (r = 0.767, P = 0.001) but not in
controls. We found no significant associations of PYY3_3¢ to liver
parameters (alanine aminotransferase, r = 0.539, P = 0.051;
bilirubin, r = 0.380, P = 0.180). Hepatic venous portosystemic
pressure gradients in the TIPS group were not related to PYY3_3¢
(r=-0.145, P = 0.73).

Discussion

We found increased fasting serum levels of PYY3_3s in
patients with decompensated LC, who are at high risk of
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Fig. 2. Energy expenditure (kilojoules per minute) at baseline, after oral intake, and
during parenteral nutrition. # P < 0.05, dLC versus TIPS; * P < 0.05, dLC versus CON.
CON, controls; dLC, decompensated liver cirrhosis; TIPS, transjugular portosystemic
stent shunts.

developing malnutrition. Baseline PYY3_3g was normal in
patients with compensated LC and in situ TIPS, who have no or
a very low risk of developing malnutrition [11,12]. After the oral
nutritional stimulus, PYY3_3g increased in controls and patients
with decompensated LC but not in patients with TIPS.

To our knowledge, we are the first to report on PYY3_3¢ levels
in patients with LC. One group [9] recently demonstrated insig-
nificantly increased total PYY values in a mixed group of patients
with compensated and decompensated LC. Unfortunately, we
cannot compare the results because of differences in samples
and the use of total PYY instead of PYY3_3g

Decompensated LC and anorexia

There are many studies that have confirmed that PYY3_3g has
anorectic effects in rodents, primates, and humans [3] and that
PYY3_36 is the PYY variant with the greatest biological relevance
for the satiety effect [3]. However, the anorectic potential of
PYY3_3g is still a matter of debate [7]. PYY3_3g mediates its effects
through the G-protein coupled receptors of the Y family. It
specifically shows high affinity for the Y2 receptors in the
hypothalamus [3]. After binding to the Y2 receptor, PYY3_36
inhibits food intake by activation of the auto-inhibiting presyn-
aptic NPY receptor present on the NPY-expressing neurons of the
arcuate nucleus, thus suppressing NPY synthesis and release [3].
The balance between the circulating long form of PYY (PYY1-36)
and PYY3_3g might also be important for the strength of possible
anorectic effects.

One key question is whether the high fasting PYY3_3¢ level
observed in the present patients with decompensated LC could
theoretically contribute to the high prevalence of malnutrition
seen in this group. This is difficult to answer from the present
study, which aimed to gather only preliminary data on the
question of whether PYYs_36 is changed at all in this group
because no group has previously investigated this question.
There are, however, other disease conditions associated with
high PYY3_3g levels and lower food intake from which it cannot
be completely excluded that high PYYs3_3g is associated to
malnutrition in decompensated LC. PYY3_3g is also high in
patients with anorexia nervosa [16] and those with a critical
illness, especially in patients with enteral feed intolerance [17],
in whom an altered gastrointestinal motility can further aggra-
vate the situation [18]. Naslund et al. [19] reported that fasted
and meal-stimulated PYY levels are markedly increased in bari-
atric surgical patients after jejunoileal bypass. Meguid et al. [20]
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investigated putative etiologic factors producing unwanted
weight regain after an initial fast weight loss after Roux-en-Y
gastric bypass surgery in an animal model. Overall, 80% of
animals developed elevated PYY3_3g levels after Roux-en-Y
gastric bypass surgery, and interestingly, exactly those animals
were protected from unwanted weight gain, whereas the
remaining animals regained weight [20]. Graded intravenous
infusions of synthetic human PYY3_3¢ cause dose-dependent
nausea, abdominal discomfort, fullness, and sweating during
food intake in healthy humans [21], which might also add to the
anorectic effect.

PYY3_36 response in decompensated LC

The PYY3_36 response to oral nutrition was delayed in the
decompensated LC group, reaching the peak concentration 2 h
after the nutritional stimulus compared with 30 min in controls.
Such a delayed and more persistent increase in circulating PYY
levels was also observed in another high-risk group for malnu-
trition, namely community-dwelling elderly persons [22]. In this
study postprandial satiety lasted significantly longer compared
withyounger individuals, and hunger was suppressed throughout
the postprandial period. Satiety was directly and hunger inversely
correlated with delayed gastric-emptying time, a feature often
observed in patients with LC [9]. Delayed gastric emptying has
also been observed after PYY infusion [23].

PYY3_36 response in patients with TIPS

In the patients with TIPS, baseline PYY3_36 concentrations
were normal but the physiologic postprandial increase could not
be observed. We cannot explain the latter finding with our
model.

Insertion of TIPS in cirrhotic patients normalizes appetite and
increases voluntary nutritional intake by 30%, leading to a persis-
tent gain in body weight [12], sometimes beyond predisease
values. The missing postprandial response might support an
increased appetite but drawing any conclusion would be
premature.

PYY3_36 during parenteral nutrition

During parenteral nutrition we observed trends for
decreasing PYYs_36 levels in all three study groups. This is
interesting because patients receiving parenteral nutrition often
report feeling hungry despite adequate provision of energy
intravenously. Murray et al. [24] reported decreased total PYY
concentrations during parenteral infusion of lipids but not
during infusions of amino acids and glucose. Our parenteral
nutrition contained lipids, which might explain this effect.

Peptide YY-36 and PYY3_36 are also potent vasoconstrictors
and affect gastrointestinal blood flow [5] and the elevated levels
in decompensated LC with portal hypertension may be
a compensatory reaction to the altered hemodynamic situation.
Therefore, it was of special interest to investigate the relation
between portal hypertension (hepatic venous portosystemic
pressure gradient) and PYY3_3g. Due to ethical reasons we were
able to measure only the portal pressure in the subgroup of
patients with TIPS who were scheduled for a clinically indicated
mesenteric catheter. In the patients with TIPS, portal pressure
was normal but showed a variation within the normal range
from 1 to 13 Torr, which might have already elucidated
a compensatory PYY response. However, we found no correlation
between PYYs;_3¢ levels and hepatic venous portosystemic

pressure gradient in this patient group, which does not exclude
an existing relation in our patients with decompensated LC who
had portal hypertension as shown by significant amounts of
ascites.

The patients with decompensated LC had lower energy
expenditure than the TIPS group. Guo et al. [8] found a negative
correlation between fasting PYY levels and 24-h REE, a correla-
tion we also observed in the entire group of subjects (r = —0.433,
P = 0.030). In previous studies, other circulating hormones and
adipokines (e.g., leptin) have been found to be altered in patients
with LC and these may contribute to the inadequate energy
expenditure and malnutrition associated with a negative prog-
nosis [25]. In our patients the correlation between PYY3_35 and
RQ was positive (r = 0.767, P = 0.001), which is not in line with
previous results showing PYY3;_zg—mediated increases in fat
oxidation and thus a decrease in RQ [26].

Our study was limited by the small number of patients and
a lack of measurements of food intake and satiety. We did not
measure PYY_3g, so we do not know if just the relation or the
absolute amount of PYY was changed in decompensated LC. Thus
we cannot extrapolate our results to effects known to be medi-
ated by total PYY (PYY1-36 and PYY3_36), such as delayed gastric
emptying [27] and hemodynamic changes.

In conclusion, we evaluated PYY3_3g and found increased
baseline values in patients with decompensated LC. This may be
associated to some symptoms often seen in this group, such as
anorexia and aberrations in energy expenditure. The neuroen-
docrine regulation of satiety and hunger is, however, complex
and involves a number of anorectic hormones, e.g., leptin, GLP-1,
and oxyntomodulin [2,28]. Further studies are warranted to
elucidate the exact interplays and mechanisms underlying our
observation.
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