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ABSTRACT

INTRODUCTION  Ghrelin is a hormone produced mainly by the stomach, which enhances gastric
emptying. The disturbances of ghrelin secretion and/or biodegradation may play an important role
in the pathogenesis of gastroparesis in hemodialysis patients, especially those with diabetic neph-
ropathy.

0BJECTIVES The aim of the study was to assess postprandial changes in plasma ghrelin in hemo-
dialysis patients with diabetic or non-diabetic nephropathy.

PATIENTS AND METHODS Thirty-two hemodialysis patients (16 with diabetic nephropathy [HD-DM],
16 with non-diabetic nephropathies [HD]) and 15 healthy subjects (C) were enrolled into the study.
Plasma ghrelin concentrations were assessed in the fasting state and at 30, 60 and 120 min after
ingestion of a test meal. Gastric emptying was assessed based on changes in serum paracetamol
concentrations ingested with the meal.

RESULTS In both HD groups fasting plasma ghrelin levels were significantly higher than in C. After
ingestion of a test meal plasma ghrelin levels declined mostly at 60 min. In contrast to C, decreased
ghrelinemia persisted over 120 min after ingestion of a test meal in both hemodialysis groups. There
was no correlation between postprandial reduction in plasma ghrelin at 60 and 120 min and serum
paracetamol concentration in HD and HD-DM, while in C decrease in postprandial plasma ghrelin at
60 min correlated with serum paracetamol concentrations.

concLusions In hemodialysis patients plasma ghrelin levels are significantly elevated compared
to healthy subjects. Prolonged postprandial suppression of ghrelin secretion may contribute to the
pathogenesis of gastric emptying disorders in hemodialysis patients. Abnormal postprandial ghre-
linemia was observed especially in patients with diabetic nephropathy.

INTRODUCTION  Ghrelin is a polypeptide hor-
mone with anabolic activity, which is secreted
mainly by the stomach.! This 28-amino acid pep-
tide increases food intake, simultaneously de-
creases energy expenditure and stimulates growth
hormone release.? Ghrelin is an endogenous li-
gand of growth hormone secretagogue receptor
type la, distributed in the hypothalamus, pitu-
itary and other segments of the gastrointestinal
tract.®* Ghrelin is involved in various functions
of the gastrointestinal tract. It increases gastrin
and acid secretion in the stomach and modulates
gastric motility by increasing the frequency of mi-
grating motor complex. As a result, it accelerates

gastric emptying.® Plasma ghrelin concentrations
are the highest in the fasting state and decrease
after food intake.

When kidney function deteriorates, plasma
ghrelin levels increase, reaching 2- to 3-fold higher
values in patients with stage 5 of chronic kidney
disease than in subjects with normal kidney func-
tion. This suggests that the kidneys play an impor-
tant role in the biodegradation of ghrelin.”8:9

Diabetic nephropathy is the most common
cause of end-stage kidney disease.'® Delayed gas-
tric emptying occurs in up to 50% of patients with
diabetes.!" Diabetic gastroparesis may contrib-
ute to the development of malnutrition and is
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associated with increased mortality in this group
of patients in comparison to the general popula-
tion.'? The pathogenesis of diabetic gastroparesis
has not been fully established. There is a view that
impaired gastric emptying, among others, is a
consequence of sympathetic nervous system dys-
function (diabetic neuropathy), ischemic degener-
ation of the smooth muscle cells of the gastroin-
testinal tract, and hormonal changes (increased
serum motilin and cholecystokinin).'?® Similarly
to diabetic patients, delayed gastric emptying is
a common finding in hemodialysis patients (ure-
mic gastroparesis).'* To date, the role of ghre-
lin in the pathogenesis of uremic gastroparesis
has not been investigated. Recently, Murray et
al. have shown that parenteral administration
of exogenous ghrelin enhances gastric emptying
in patients with diabetic gastroparesis.'® Ghrelin
analogues may have clinical implications and in
the future become a new gastric prokinetic drug.
Moreover, Asai et al. demonstrated that plasma
ghrelin levels are lower in diabetic patients with
gastroparesis than in those without impairment
of gastric emptying.'® In addition, no significant
decrease of plasma ghrelin after oral glucose load-
ing during 180 min has been shown in patients
with diabetic gastroparesis.'®

So far, no study has been designed to assess
postprandial secretion of plasma ghrelin in hemo-
dialysis patients with chronic renal failure with
or without diabetic nephropathy.

PATIENTS AND METHODS Thirty-two hemo-
dialysis patients (16 with a long history of type
2 diabetes and diabetic nephropathy [HD-DM],
16 with other than diabetic nephropathies [HD])

and 15 apparently healthy subjects (C) were en-
rolled into the study. The underlying kidney dis-
eases in HD patients were: chronic glomerulo-
nephritis (40%), chronic interstitial nephritis

(23%), polycystic kidney disease (8%), hyperten-
sive nephropathy (8%), and those of unknown or-
igin (21%). All HD-DM patients were on insulin

therapy. Study protocol was approved by Bioeth-
ics Committee of the Medical University of Silesia

in Katowice. Characteristics of study groups are

given in TABLE 1. All hemodialysed subjects were

recruited from the Dialysis Unit of Silesian Hos-
pital in Cieszyn. Exclusion criteria were as follows:

a past or present history of organic gastric and/
or duodenal disorders (diagnosed during panen-
doscopy), liver and bile duct disease, a history of
abdominal surgery (except appendectomy), poor
glycemic control, acute infections, pregnancy or
lactation. All subjects were asked to discontinue

prokinetic drugs or proton pump inhibitors at

least 2 weeks prior to the study.

In all subjects blood samples were drawn while
fasting and at 30, 60 and 120 min after ingestion
of a test meal. The standard test breakfast con-
sisted of: 40 g corn flakes, 250 ml milk, 100 ml
fresh grapefruit juice and 5 g sugar (14.4% protein,
12.0% fat, 73.6% carbohydrate; caloric value of
370 keal [1545 kJ]), and additionally contained 1 g
of paracetamol. In all hemodialysis patients study
procedures were performed before hemodialysis
sessions. Plasma ghrelin, growth hormone, insu-
lin, and glucose were measured in blood samples.
Gastric emptying was assessed indirectly based
on changes in serum paracetamol concentrations
taken with the test meal.!” Paracetamol absorp-
tion takes place in the small intestine but not in

TABLE 1  Clinical and biochemical characteristics of the study groups

gender (M/F) 7/8 11/5 7/9 0.29
age 4.3 60.6¢ 64.7¢ 0.21
(years) (34.2-48.3) (54.2-65.8) (60.3-69.0)

duration of hemodialysis - 28 25 0.41
(months) (9-51) (6-41)

body mass index 259 26.6 28.9 0.18
(kg/m2) (23.4-28.4) (24.5-28.7) (26.5-31.4)

total fat mass 245 19.7 24.8 0.62
(kg) (17.9-32.2) (15.2-24.1) (19.4-30.2)

serum glucose 78 81 104¢ 0.002
(mg/dl) (74-83) (77-86) (88-119)

serum insulin 6.6 8.1 12.6 0.81
(uU/m) (4.2-9.0) (5.7-10.6) (3.3-21.9)

plasma ghrelin 4.33 6.47° 5.782 0.17
(ng/ml) (3.44-5.23) (5.45-7.48) (4.64-6.92)

plasma growth hormone 1.16 3.562 1.64 0.08
(plU/ml) (0.39-1.93) (1.83-5.28) (0.59-2.70)

Statistical significance vs. healthy subjects:a p <0.05,b p <0.01,¢ p <0.001

Abbreviations: C — control, HD — hemodialysis patients with non-diabetic nephropathies, HD-DM — hemodialysis

patients with diabetic nephropathy
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TABLE 2 Plasma ghrelin, serum glucose, insulin concentrations at 0, 30, 60, 120 min and paracetamol
concentration at 15, 30, 60, and 120 min after ingestion of a test meal

plasma ghrelin 0 min 4.33 +1.62 6.47 £1.90 5.78 £2.14
[ng/ml] 30 min 4.04 +1.242 6.31+2.12 5.49 +2.21¢
60 min 3.89 +1.21b 6.20 +2.142 5.34 +1.82
120 min 4.19 +1.32 6.26 +2.14 5.38 +2.07¢
serum glucose 0 min 78 +8 81+8 104 +29
[mg/di] 30 min 110 +29¢ 139 +19¢ 181 +51¢
60 min 83 +21 138 +23¢ 209 +59¢
120 min 82 +12 104 +23° 210 +61¢
serum insulin 0 min 6.6 +4.0 8.1+4.5 12.6 +17.5
[uU/ml] 30 min 73.4 +40.2¢ 39.2 +28.9¢ 28.6 +26.3¢
60 min 47.5 +32.5¢ 45.4 +34.0¢ 33.9 +28.7¢
120 min 21.7 +18.5¢ 26.6 +15.8¢ 32.7 +26.7¢
serum paracetamol 15 min 3.53 +4.57 2.92 +4.72 4,08 +6.55
[ng/mi] 30 min 7.95 +4.76° 6.17 +4.21¢ 4.99+4.19
60 min 10.00 +4.26" 8.81 +2.67¢ 6.26 +4.27
120 min 9.12 +4.49 7.99 +2.33 6.94 +2.92

Statistical significance to 0 or 15 min: a p<0.05,b p<0.01,c p<0.001

Abbreviations: see TABLE 1

the stomach, therefore measurement of its serum
concentration allows to assess gastric emptying.
Serum paracetamol concentrations were mea-
sured in the blood samples withdrawn at the pre-
viously mentioned time points (at 30, 60 and 120
min after ingestion of a test meal), and addition-
ally 15 min after intake of the test breakfast.

In thawed plasma samples total ghrelin (Ghre-
lin Ria Kit, Linco Research Inc., USA) and growth
hormone levels (BioSource hGH-IRMA, Bio-
Source Europe S.A., Belgium) were measured us-
ing radioimmunoassay. Serum insulin (Elecsys,
Roche Diagnostics GmbH, Germany) and serum
paracetamol levels (AxSYM Paracetamol, Abbott
Laboratories Diagnostic Division, USA) were mea-
sured using an enzyme-linked immunosorbent
assay. Serum glucose in venous blood was deter-
mined directly after drawing by a routine enzy-
matic method in the hospital laboratory.

In all subjects total fat mass was assessed by
dual-energy X-ray absorptiometry (DEXA) us-
ing a Lunar DPX-L (Lunar Radiation Corpora-
tion, USA).

Statistical analysis was performed using Statis-
tica 6.0 software showing results as mean values
and 95% confidence interval. The intergroup dif-
ferences were calculated using the Mann-Whitney
U test. The Spearman test was used to assess cor-
relations between variables. A p <0.05 was con-
sidered statistically significant.

RESULTS Both groups of hemodialysis patients
were about 20 years older than C (TABLE 1). There
was an overrepresentation of males in HD group
and overrepresentation of females in HD-DM

ORIGINAL ARTICLE Postprandial secretion of ghrelin in hemodialysis patients...

group; however, these differences were not sta-
tistically significant. Moreover, the HD-DM group
had the highest body mass index (BMI) (TABLE 1).
In both groups of hemodialysis patients (HD and
HD-DM patients) plasma ghrelin concentrations
were similar, 49% and 33% higher than in C, re-
spectively (TABLE 1). The adjustment for age did
not markedly change ghrelin values (HD 6.3 +1.8;
HD-DM 5.7 +2.0; C 4.3 +1.6 ng/ml). As expect-
ed, mean serum glucose levels were higher in
hemodialiysis patients with diabetes (significant-
ly compared to C alone). Fasting plasma levels of
growth hormone were higher in hemodialysis pa-
tients (significantly in the HD group alone) when
compared to C.

Intake of the test meal (equivalent of standard
breakfast) was followed by a decline in plasma
ghrelin levels, most evident at 60 min, 7.3, 5.4 and
6.7% in C, HD and HD-DM patients, respectively
(TABLE 2, FIGURE). In all groups a reduction in plas-
ma ghrelin levels 60 min after ingestion in com-
parison to the initial values was observed (signif-
icant in HD-DM and C). Suppression of ghrelin
secretion persisted longer (over 120 min after in-
gestion) in both groups of hemodialysis patients,
significant only in HD-DM. After 120 min ghre-
linemia reached the baseline values only in C.

A postprandial increase of insulin secretion at
30 min was significantly higher in C when com-
pared to both groups of hemodialysis patients
(TABLE 2, FIGURE). The highest postprandial insuline-
mia in hemodialysis patients was delayed and was
observed 60 min after ingestion of the test meal.
A postprandial increase in insulin secretion last-
ed even 120 min after meal ingestion. Only in C
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FIGURE Changes in
plasma ghrelin (A),
serum paracetamol (B),
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with diabetic
nephropathy (HD-DM),
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with non-diabetic
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statistical significance
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the peak of insulin secretion preceded maximum
decrease in plasma ghrelin levels.

Plasma growth hormone levels in both groups
of hemodialysis patients were higher than in C,
significantly only in the HD group. In all study
groups postprandial decrease of plasma growth
hormone levels was detected at 30 and 60 min,
the most pronounced and statistically significant
at 60 min in the HD group.

At 15 min after ingestion serum paracetamol
concentrations were comparable in all groups. An
increase in mean serum paracetamol at subse-
quent time points was observed until 60 min in C
and HD groups, and until 120 min in the HD-DM
group (TABLE 2, FIGURE). In individual profile analy-
sis of serum paracetamol concentrations, 50% of
HD-DM and only 31% of HD patients achieved
the peak concentration at 120 min. In HD-DM
patients with delayed paracetamol absorption,
there was a more pronounced decline (compared
to the baseline values) in plasma ghrelin levels 120
min after ingestion (n = 8) compared to HD-DM
patients with normal absorption (n = 8) [(-8.4,
95% CI from -13.2 to -3.6% vs. -5.5, 95% CI from

-11.5 to 0.6%, respectively; p = NS].

A significant inverse correlation was found be-
tween the value of postprandial plasma ghrelin
decline at 60 min and serum paracetamol con-
centrations in C (R = -0.676, p = 0.001). A sim-
ilar correlation at 120 min in this group did not
reach the statistical significance (R =-0.462, p =
0.11). No correlation was observed between a re-
duction in postprandial plasma ghrelin at 60 and
120 min and the corresponding concentrations of
serum paracetamol in both hemodialysis groups,
also in combined analyses (HD + HD-DM).
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In the present study fasting plasma ghrelin cor-
related significantly both with BMI (R = -0.390; p
=0.03) and total fat mass (R = -0.488; p = 0.006)
in the combined group of hemodialysis patients
(HD + HD-DM). In C, the correlation between
fasting plasma ghrelin and BMI alone was close
to the level of statistical significance (R = -0.497;
p = 0.06). Moreover, there was a significant in-
verse association between fasting plasma ghrelin
and serum insulin levels (R = -0.342; p = 0.05)
in the combined hemodialysis patients (HD +
HD-DM). In C none of those correlations were
significant.

DISCUSSION  In the current study we have con-
firmed previous findings showing that plasma
ghrelin levels are elevated in patients with chronic
renal failure.”.8:® Moreover, results of these stud-
ies suggest that the kidneys are an important
site for biodegradation/elimination of circulating
ghrelin. The values of plasma ghrelin levels ob-
tained in our study were similar to those report-
ed by Iglesias et al.® Lower values of plasma ghre-
lin levels were found by Yoshimoto et al. and Per-
ez-Fontan et al.”8 These discrepancies may derive
from different methods used for hormone assess-
ment. Moreover, both groups of hemodialysis pa-
tients were about 20 years older than the control
group. As a plasma ghrelin concentration is de-
creasing with age, the age difference may in part
contribute to a smaller difference in plasma ghre-
lin levels between hemodialysis patients and the
control group than expected.

Ghrelin is an anabolic hormone, thus hyper-
ghrelinemia in patients with chronic kidney dis-
ease appears to be inconsistent with protein-
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-calorie malnutrition, which is a common find-
ing in uremic patients. The incidence of protein-
calorie malnutrition varies from 10 to 70% of
hemodialysis patients'®'9 and contributes to in-
creased morbidity and mortality rates in this pop-
ulation.'? Diminished biological activity of ghre-
lin in patients with chronic kidney disease may
be caused predominantly by an increased con-
centration of desacyl ghrelin, an inactive frac-
tion of total ghrelin in this population.” Anoth-
er explanation might be increased receptor or
postreceptor resistance to endogenous ghrelin
action on target organs in patients with chron-
ic kidney disease.

Circulating ghrelin levels have been reported to
decrease after meal ingestion. The decrease in post-
prandial plasma ghrelin concentrations demonstrat-
ed in our study indicates that physiological mech-
anisms of ghrelin secretion after food stimuli are
preserved in hemodialysis patients. However, there
were considerable differences in postprandial chang-
es in plasma ghrelin levels between hemodialysis pa-
tients and healthy subjects: decreased plasma ghre-
lin levels persisted longer (over 120 min after inges-
tion of a test meal) in both groups of hemodialysis
patients (significant only in hemodialysis patients
with diabetic nephropathy), while in healthy sub-
jects ghrelinemia returned to the initial values at 120
min. This delayed suppression of ghrelin secretion
after ingestion of a test meal may lead to the devel-
opment of impaired gastric emptying (gastroparesis)
in hemodialysis patients, particularly in those with
diabetic nephropathy. The possible participation of
disturbed ghrelin secretion in the pathogenesis of
diabetic gastroparesis had been previously shown by
Asai et al. who demonstrated the lack of ghrelin re-
sponse to oral glucose in patients with diabetic gas-
troparesis and normal kidney function.'® Impaired
gastric emptying is observed even in 50% of diabetic
patients."" Diabetic gastroparesis can be followed by
avariety of metabolic complications: poor glycemic
control, frequent episodes of postprandial hypogly-
cemia and, in advanced stage patients, with feeding
difficulties and vomiting leading to the development
of protein-calorie malnutrition. Prokinetic activity
of ghrelin after parenteral administration has been
already demonstrated both in animal models and in
humans.'5?0 Therefore, ghrelin receptor agonists are
a potential prokinetic agent for treatment of gastro-
paresis and protein-calorie malnutrition.

Plasma ghrelin concentration is inversely re-
lated to body mass. Low plasma ghrelin levels
are found in obese subjects, whereas in anorec-
tic patients they are markedly higher.?! The pres-
ent study demonstrates an inverse correlation
between fasting ghrelinemia and BMI, total fat
mass and serum insulin concentration in hemo-
dialysis patients. Thus, our results confirm previ-
ous findings, suggesting preserved physiological
mechanisms of ghrelin secretion in hemodialysis
patients. The above mentioned relationships, as
well as the inverse correlation between serum
paracetamol concentration and decline in plas-
ma ghrelin levels at 60 min postprandially (in

healthy subjects) do not allow us to establish
mechanisms of ghrelin suppression. The limita-
tion of our study is the lack of assessment of the
degree of autonomic neuropathy that could have
an important influence on gastric emptying in pa-
tients with gastroparesis.

In conclusion, plasma ghrelin levels in hemo-
dialysis patients are significantly higher than in
healthy subjects, suggesting disturbed ghrelin bio-
degradation in uremic patients. Prolonged post-
prandial suppression of ghrelin secretion may
contribute to the pathogenesis of gastric empty-
ing disorders in hemodialysis patients, especially
in those with diabetic nephropathy.
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STRESZCZENIE

WPROWADZENIE  Ghrelina jest hormonem wytwarzanym gtéwnie przez zotadek, przy$pieszajgcym jego
oprdznianie. Zaburzenia wydzielania i/lub biodegradacji ghreliny moga uczestniczy¢ w patogenezie
gastroparezy u chorych hemodializowanych, szczegélnie z nefropatig cukrzycowa.

ceLE  Celem byto poréwnanie popositkowych zmian stezenia ghreliny w osoczu u hemodializowanych
chorych z nefropatig cukrzycows i innymi nefropatiami.

PACJENCI | METODY Badanie przeprowadzono u 32 pacjentéw hemodializowanych: 16 z nefropatig
cukrzycowa i 16 z innymi niz cukrzycowa oraz u 15 oséb zdrowych. Stezenie ghreliny oznaczano przed
oraz po 30, 60 120 minutach po spozyciu positku testowego. Pasaz zotgdkowy oceniano na podstawie
pomiaru stezenia paracetamolu w surowicy, podanego podczas positku.

wynIKI - W obu grupach pacjentéw ghrelinemia na czczo byta znamiennie wyzsza niz w grupie
kontrolnej. Po positku stezenie ghreliny obnizato sie do warto$ci najnizszych po 60 minutach. W od-
réznieniu od grupy kontrolnej, w obu grupach chorych hemodializowanych obnizone stezenie ghreliny
w osoczu utrzymywato sie jeszcze po 120 minutach od spozycia positku. W zadnej z grup pacjentéw
hemodializowanych nie wykazano zalezno$ci pomiedzy wielko$cig popositkowego obnizenia stezenia
ghreliny w 60 i 120 minucie i stezeniem paracetamolu w surowicy, podczas gdy u oséb zdrowych
stwierdzono wystepowanie znamiennej ujemnej korelacji pomiedzy wielkos$cia popositkowego obni-
zenie stezenia ghreliny w 60 minucie a stezeniem paracetamolu w surowicy.

wnioskl  Stezenie ghreliny w osoczu u chorych hemodializowanych jest znamiennie wyzsze w poréw-
naniu do ghrelinemi u oséb zdrowych. Wydtuzenie czasu trwania popositkowej supresji wydzielania
ghreliny moze uczestniczy¢ w patogenezie zaburzen motoryki przewodu pokarmowego u hemo-
dializowanych chorych. Nieprawidtowa popositkowa ghrelinemie obserwowano zwiaszcza u chorych
hemodializowanych z powodu nefropatii cukrzycowe;.
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