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ABSTRACT

The metabolic role of the energy modulating hormone ghrelin and the adipocytokine
resistin is perturbed in uremia and could contribute to nutritional abnormalities.
Malnutrition is an important risk factor for mortality in uremic patients. The present
study aimed to clarify the possible role of ghrelin and resistin in malnutrition
observed in patients with chronic renal failure and to study their interrelationship, as
well as, their correlation with body fat composition and insulin resistance. The study
was performed on sixty patients and twenty control subjects matched for age, sex, and
body mass index (BMI). The patients were classified into two groups: 30 patients with
end-stage renal failure on chronic hemodialysis; and 30 pre-dialysis chronic renal
failure patients on conservative treatment. All patients and control subjects were
subjected to a thorough clinical assessment, and estimation of fasting plasma levels of
lipid profile, creatinine, glucose, insulin, ghrelin and resistin. Insulin resistance was
assessed using the homeostatic assessment model for insulin resistance (HOMA).
Body fat composition was measured in all subjects by means of dual-energy X- ray
absorptiometry (DEXA). Plasma ghrelin and resistin levels were significantly higher
in both hemodialysis and pre-dialysis groups compared to control subjects.
Furthermore, plasma ghrelin and resistin levels were significantly higher in
hemodialysis group compared to pre-dialysis group. In hemodialysis group, a
significant negative correlation was found between plasma ghrelin and each of
resistin, BMI, insulin, HOMAz, and truncal fat mass, while a significant positive
correlation between plasma ghrelin and creatinine was found. In pre-dialysis group,
plasma ghrelin was inversely correlated significantly with BMI, insulin, HOMA, and
truncal fat mass, but positively correlated significantly with creatinine and lean body
mass. As regards plasma resistin, no correlation was found between resistin and any
of the studied parameters in that group. In control subjects, plasma ghrelin showed
significant negative correlation with BMI, and both truncal fat mass and body fat
mass, but a significant positive correlation was detected between plasma ghrelin and
lean body mass. However, plasma resistin was negatively correlated significantly
with truncal fat mass, body fat mass, and positively correlated significantly with lean
body mass. Multiple regression analysis showed that plasma ghrelin was dependent
on BMI in both hemodialysis and predialysis subjects and on truncal fat mass in
control subjects.
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In conclusion, plasma ghrelin and resistin concentration were markedly elevated in
patients with end-stage renal failure, which might be caused by decreased metabolism
or excretion in renal failure. The negative correlation between plasma ghrelin and fat
composition and insulin suggest that anorexia causes increase in ghrelin secretion in
dialysis patients, which might be a compensatory mechanism rather than a causative
factor. However, the lack of association between the increased plasma resistin and fat
composition and insulin resistance suggest that resistin is not likely a mediator of
nutritional status and insulin resistance in patients with end-stage renal failure.
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INTRODUCTION

End-stage kidney failure is a
chronic condition associated with a
high prevalence of nutritional
dysfunction®). Malnutrition is
resistant to intervention and is a major
predictor of morbidity and mortality
in patients who receive
hemodialysis®.  There is a linear
correlation between body mass index
(BMI) and survival in dialysis
patients, to the extent that the usual
association of increased mortality with
obesity is reversed in patients who
receive renal replacement therapy(3).

Understanding of the physiology
of energy metabolism and appetite
regulation has much progressed with
the recent discovery of a number of
important ~ metabolic ~ hormones,
including ghrelin and resistin * %.
Ghrelin is an endogenous orexigenic
28-amino-acid  peptide  recently
identified in the stomach as an
endogenous ligand for the growth
hormone (GH) secretagogue
receptor®.  Also, other tissues
synthesize ghrelin, including the
kidney”. Ghrelin is involved in short-
term regulation of food intake since its
plasma levels increase before meals
and decrease strongly postprandially.
Ghrelin is, also, involved in long-term
body-weight regulation by inducing

adiposity(g’g'lo). In general, loss of

body fat mass and wasting due to
cancer(ll), cardiac cachexia®® or
anorexia nervosa® is associated with
elevated circulating levels of ghrelin.
Ghrelin  levels seem to be
downregulated in human obesity, and
negative correlations between ghrelin
and both serum leptin and plasma
insulin have been reported®?.

Resistin, another recently
discovered adipose-specific secreted
hormone, is also a potent regulator of
glucose homeostasis that is thought to
oppose the action of insulin in
peripheral tissues®. Circulating
resistin levels tend to increase in
obesity and resistin appears to impair
glucose tolerance ™. Patients with
renal diseases are characterized by
resistance to the action of insulin,
which is accompanied by
hyperinsulinemia and glucose
intolerance™. Previous studies have
documented that insulin resistance is
present very early in the course of
renal disease®®). However, it is not
known, whether resistin is associated
with the pathogenesis of anorexia and
cachexia in patients with end-stage
renal disease.

The present study aimed to clarify
the possible role of ghrelin and
resistin in malnutrition observed in
patients with chronic renal failure and
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to study their interrelationship, as well
as, their correlation with body fat
composition and insulin resistance.

SUBJECTS & METHODS

The present study was conducted
on 60 patients with renal failure and
20 healthy subjects; they were divided
into three groups as follows:

Group | (n=30): non-diabetic
patients with end stage renal failure
(ESRF) on chronic haemodialysis, 15
females and 15 males (age range 25 to
67 years).

Group Il (n=30): non-diabetic pre-
dialysis patients with chronic renal
failure (CRF) on conservative
treatment, 14 females and 16 males
(age range 24 to 68 years).

Group Il (n= 20): healthy control
subjects matched for age, sex and
body mass index (BMI), 10 females
and 10 males (age range 23 to 64
years).

The causes of renal failure among
hemodialysis patients varied between
chronic  glomerulonephritis  (15%),
hypertensive nephrosclerosis (46.4%),
polycystic kidney disease (5%), and
unknown causes (26.6%). All the
patients had  required regular
hemodialysis for 3-4 hours a day three
times a week for mean hemodialysis
duration of 102 + 56 months (range 24
to 480 months); they were receiving
unfractionated  heparin as  an
anticoagulant during their
hemodialysis sessions.

All the patients were recruited
from the Dialysis Unit and
Outpatients' Clinic in Kasr Al-Aini
Hospital, Cairo University. All
participants gave their informed
consent before participation in the

study. All patients were clinically
stable; their body weight was stable
for 6 months prior to enrolment with
no sign of clinically overt
malnutrition. They were all free of
acute illness and no clinical or
laboratory signs of infection were
observed (white blood cells within
normal range, CRP < 0.1 mg/dl),
without  administration of oral
contraceptives in women of child-
bearing age, and normal liver function
tests. None of the patients was
receiving steroids, anticoagulants or
cytotoxic drugs.

Forty patients had arterial
hypertension and were receiving
antihypertensive medication.
Antihypertensive medications that are
known to confound the assessment of
insulin sensitivity (B-blockers,
diuretics) were replaced by other
medications one week prior to blood
withdrawal. Treatment with vitamin D
and/or recombinant human
erythropoietin were discontinued at
least two weeks before blood
withdrawal.

Detailed history taking and physical
examination were done to exclude the
presence of cardiac, hepatic, renal,
gastrointestinal or malignant disease
which might affect the parameters to
be investigated. Body mass index
(BMI) was calculated by weight in
kg/height in m* @ for all subjects.

Analytic procedures: Following an
overnight fast (12 hours), venous
blood samples was collected. In
hemodialysis patients, blood was
withdrawn in the morning before the
onset of the first dialysis session of
the week (before heparin
administration). The following
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laboratory investigations were

performed for each subject:

1- Estimation of plasma
creatinine®® glucose @
triglycerides @, total

cholesterol®”, HDL-c _ (High
density lipoprotein cholesterol)
@) and LDL-¢c (Low density
lipoprotein_cholestero)®: using
the corresponding colorimetric
method.

2- Estimation of fasting plasma
insulin: blood was collected on
EDTA only, then -centrifuged
immediately at 4°C, and was
frozen at -80°C for estimation of
fasting plasma insulin by the
ELISA kit  provided by
BioSource, Nivelles, Belgium.

3- Estimation of plasma ghrelin:
blood was collected in tubes
containing EDTA and aprotinin
(500 KIU/ml; Trasylol; Bayer
Corp., Leverkusen, Germany),
then centrifuged immediately at
4°C, and was frozen at -80°C till
time of assay. Plasma ghrelin
levels were measured using an
enzyme linked immunoassay
(ELISA) kit provided by Phoenix
Pharmaceuticals, Belmont, CA,
USA.

4- Estimation of plasma resistin:
blood was collected on EDTA
only, then centrifuged
immediately at 4°C, and was
frozen at -80°C for estimation of
plasma resistin using enzyme
linked immunosorbent assay
(ELISA) kit provided by
BioVendor Laboratory Medicine,
Inc., Brno, Czech Republic.

5- Insulin sensitivity: was estimated
using the homeostatic assessment
model for insulin resistance

(HOMAR) with the formula:

fasting plasma glucose (mmol/l) x

fasting plasma insulin (uIU/ml) /

22.5 @),

Fat composition:

All dual-energy X-ray
absorptiometry (DEXA)
measurements for assessment of fat
composition were done on Lunar
Prodigy, GE medical system, USA.
Total fat and lean tissues were
calculated in kilograms, percentages
of truncal body fat were, also,
assessed, and this was done in
reference to matched age, weight
(according to BMI) and sex.

Statistical Methods:

The results were analyzed using
Statistical Package for Social Science
(SPSS)  program  version 10.0
(Chicago-IL, USA) @, Data were
presented as mean + S.D. Student t-
test was used for analysis of two
quantitative data. Differences among
the three groups were compared by
one-way ANOVA followed by post-
hoc test. Simple linear correlation
(Pearson’s correlation for quantitative
data and Spearman correlation for
qualitative data) was done to detect
the relation between the ghrelin and
resistin with all other demographic
and laboratory data. Stepwise multiple
regression analysis was done for
detection of independent determining
factors affecting ghrelin and resistin.
The  results were  considered
statistically significant at p<0.05.

RESULTS

The main clinical and
anthropometric characteristics (mean
+ SD) in hemodialysis, pre-dialysis
and control subjects are shown in
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table (1). There was no significant
difference between groups regarding
age, sex, systolic and diastolic blood
pressure, BMI, truncal fat mass, and
body fat mass. However, patients on
hemodialysis had significantly lower

mean values (p< 0.05) of lean body
mass compared to pre-dialysis patients
and control groups, while the
difference was insignificant between

the pre-dialysis and the control

groups.

Table 1: Clinical characteristics and anthropometric measurements in
hemodialysis, pre-dialysis and control groups

Hemodialysis  Pre-dialysis Control
Variables Group | Group Il Group Il p-value
n= 30 n=30 n=20
Age (years) 42.4+13.1 433+£13.02 4324123 0.9
Sex (F/M) 15/15 14/16 10/10 0.9
Systolic BP (mmHg) 1254+99 122.7+104 120.7+6.7 0.2
Diastolic BP (mmHg) | 79.7+11.3 78 +£5.9 77+ 6.4 0.6
BMI (Kg/m?) 273+5.6 27.9+53 282+48 0.8
Truncal fat mass (%) 31.4+10.45 32.1+9.9 344+9.6 0.5
Body fat mass (kg) 32.6£11.1 32.1+£9.3 31.7+£8.5 0.9
Lean body mass (kg) | 38.9+7.6" 443+£114° 455+62° <0.05

Values are expressed as means + S.D
P-value is significant if < 0.05*

BP= Blood pressure
BMI = Body mass index

Different symbols indicate significant difference

The biochemical studied results
(mean + SD) of diseased and control
subjects are shown in table (2). The
mean creatinine and fasting plasma
glucose levels were significantly
higher in hemodialysis than the other
two groups, and also, significantly
higher in pre-dialysis patients
compared to control subjects.

Lipid profile showed that there
was no significant difference between
groups regarding mean values of
cholesterol and LDL-c. However,
patients on  hemodialysis  had
significantly =~ higher  levels  of
triacylglycerols compared to the pre-
dialysis and control groups, but, there
was no significant difference between
the two latter groups as regards
triacylglycerols. On the other hand,
the hemodialysis group exhibited

significantly lower levels of HDL-c
compared to both pre-dialysis and
control groups, but, there was no
significant difference between the pre-
dialysis and control groups as regard
HDL-c. The fasting insulin level was
significantly ~ higher in  both
hemodialysis and pre-dialysis groups
compared to controls, and, no
significant difference was observed
between the two groups.

The mean values of plasma
ghrelin and resistin were significantly
higher (p<0.001) in patients with
hemodialysis when compared to both
pre-dialysis and control subjects.
Furthermore, mean plasma ghrelin
and resistin levels were significantly
higher (p<0.001) in pre-dialysis
patients compared to control subjects
(table 2) (figuresl& 2).

253



Bull. Egypt. Soc. Physiol. Sci. 27 (2) 2007

Marzouk et al.

Table 2: Biochemical results of hemodialysis, pre-dialysis and control groups

Hemodialysis | Pre-dialysis Control
Variables Group | Group 11 Group 111 p-value
n= 30 n=30 n= 20

Creatinine (mg/dl) 10.1 +2.7° 4.11+0.77° | 0.89+0.1° <0.001"
F.Glucose (mg/dl) 105.2+9.04* | 98.9+14.0° | 91.3+11.4° | <0.01"
Total cholesterol (mg/dl) | 182.1 £27.7 191.6+20.5 | 1914+195 |03
Triacylglycerol (mg/dl) | 139.9+50.8* | 117.1£23" | 114.1+£27.6" | <0.05"
HDL-c (mg/d]) 42.1 + 4.3 479463 | 49.146.3° <0.001"
LDL-c (mg/dl) 11524203 | 119.1£19 120.6£17.5 | 0.6
Insulin (uIU/ml) 9.5+24° 886+29" |75+21° <0.05"
HOMA 2.3+0.83° 227+05"° [1.7+05 <0.01"
Ghrelin (ng/ml) 10.8 +3.7° 51+1.6° 257+ 1° <0.001"
Resistin (ng/ml) 12.7 +2.6° 56+098 | 47+09° <0.001"

Values are expressed as means + S.D

P-value is significant if < 0.05*

F. Glucose= Fasting plasma glucose

Different symbols indicate significant difference

HOMA r= Homeostasis model assessment of insulin resistance

Plasma ghrelin (ng/ml)

Hemodialysis

Pre-dialysis

Control

Fig.1: Mean plasma ghrelin levels in hemodialysis, pre-dialysis and control groups
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Plasma resistin (ng/ml)

o N B o o

Hemodialysis

Pre-dialysis
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Fig.2: Mean plasma resistin levels in hemodialysis, pre-dialysis and control groups
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In hemodialysis group, the
plasma ghrelin levels were inversely
correlated significantly with plasma
resistin (r = -0.41, p < 0.05) (figure
3), BMI (r =-0.85, p < 0.001), insulin
(r=0.5, p <0.01), HOMAR (r = 0.49,
p < 0.01), and truncal fat mass (r = -
0.4, p <0.05) (figure 4). While, it was

positively correlated significantly with
creatinine (r = 0.7, p < 0.001). By
using stepwise multiple regression
analysis in hemodialysis group,
plasma ghrelin was shown to be
dependent on the BMI (p< 0.001)
only.
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Fig.3: Correlation between plasma ghrelin and plasma resistin in hemodialysis
group (r =-0.41, p< 0.05)
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Fig. 4: Correlation between plasma ghrelin and truncal fat mass in hemodialysis
group (r =-0.4, p <0.05)

In pre-dialysis patients, there was
significant ~ negative  correlation
between plasma ghrelin and BMI (r =
-0.35, p < 0.05), plasma insulin (r = -
0.37,p <0.05), HOMAR (r=-0.3,p <
0.05), and truncal fat mass (r = -0.37,
p <0.05). While, there was significant
positive correlation between plasma
ghrelin and creatinine (r = 0.39, p <

0.01), and lean body mass (r = 0.58, p
< 0.001) (figure 5). As regards the
plasma resistin level in pre-dialysis
group, no significant correlation was
observed with any of the studied
parameters. By using stepwise
multiple regression analysis in this
group, plasma ghrelin was shown to
be dependent on BMI only (p < 0.05).
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Fig. 5: Correlation between plasma ghrelin and lean body mass in pre-dialysis
group (r =0.58, p < 0.001)

In control subjects, plasma
ghrelin was inversely correlated
significantly with BMI (r = -0.45, p <
0.05), truncal fat mass (r = -0.66, p <
0.001), and body fat mass (r =-0.63, p
< 0.01), but, positively correlated
significantly with creatinine (r = 0.47,
p < 0.05). While, plasma resistin level
in controls showed significant
negative correlation with truncal fat
mass (r = -0.45, p < 0.05), and body
fat mass (r = -0.44, p < 0.05), but,
significant positive correlation with
lean body mass (r = 0.52, p < 0.05).
By using stepwise multiple regression
analysis, plasma ghrelin was shown to
be dependent on truncal fat mass (p<
0.001).

DISCUSSION

Anorexia and malnutrition are
common in end-stage renal failure
(ESRF), they could be due to many
causes, which may include uremia per
se, as well as various co-morbidities
and psychosocial factors. Anorexia
and malnutrition are important
predictors of prognosis(zg). The aim of

the present study was to measure the
serum levels of ghrelin and resistin in
chronic renal failure and to evaluate
their interrelationship, as well as their
correlations with insulin resistance
and body fat composition.

The present study demonstrated
that plasma ghrelin levels were
significantly higher in hemodialysis
patients compared to the pre-dialysis
group and control subjects. This could
be attributed to decreased clearance
and/or degradation of ghrelin by the
failing kidney®. The increased
plasma ghrelin concentration may
rather represent a physiological
adaptation to a long-term negative
energy balance associated with
wasting in ESRF patients®”. Wynne
et al.®? reported that subcutaneous
ghrelin administration might improve
short-term food intake in dialysis
patients with mild-to-moderate
malnutrition. Indeed, Masaoka et
al.®? demonstrated in streptozotocin-
induced diabetes in rats that a negative
energy balance may enhance ghrelin
secretion into the blood stream.
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Plasma ghrelin was positively
correlated significantly with serum
creatinine in hemodailysis patients
and even in patients with mild to
severe renal impairment (pre-dialysis
group). Similar results were obtained
by Lglesias et al.®?.

In the present study, plasma
ghrelin was negatively correlated
significantly with BMI and truncal fat
mass, these results were in agreement
with the study of Ayala et al.®” who
investigated patients with ESRF and
found significantly higher plasma
ghrelin concentrations in hemodialysis
group, and its level correlated
negatively with body mass index, and
truncal fat mass. Moreover, the
association between plasma ghrelin
and body composition in ESRF is
indirectly supported by significant
inverse correlations between ghrelin
and plasma insulin and HOMA.
Indeed, findings by Saad et al.®¥
indicated  that insulin is a
physiological and dynamic modulator
of plasma ghrelin. On the other hand,
another study demonstrated that a
reduction in ghrelin is only seen at
supraphysiological insulin
concentrations ®%. A relationship
between ghrelin and adipose tissue
has been reported. Ghrelin stimulates
adipogenesis, and circulating ghrelin
levels are reduced in obesity(14).
Malnutrition associated with uraemia
is characterized by loss of lean body
mass with preservation of fat mass
leading to absolute or relative fat
excess. It has been hypothesized that
this altered pattern of body
composition could be the result of a
direct effect of the adipogenic and
lipogenic effects of hyperghrelinaemia

in these patients(se).

As regards resistin, its plasma
concentration ~ was  significantly
increased in non-diabetic patients with
ESRF treated with hemodialysis
compared to both pre-dialysis and
control groups. This finding confirms
the results of a cross-sectional study
by Diez et al.®” in which elevated
resistin levels were observed in
patients with ESRF in comparison to
the levels in patients with chronic
renal  failure on  conservative
management (pre-dialysis patients)
and to reference values. Necla et
al.® also, reported that serum resistin
levels were increased in the children
with  chronic renal impairment;
however, this elevation was not found
to be associated with hyperinsulinism.
Resistin levels were found to be
increased already in early stages of
renal insufficiency and to rise
progressively  parallel with  the
impairment of renal function®.
Niisken et al.“? reported that resistin
concentrations were  significantly
elevated in hemodialysis and CRF
pediatric subjects compared to healthy
controls, and found that hemodialysis
did not eliminate resistin. On the
basis of the present findings, it is
anticipated that increased resistin
levels in renal failure are due to
reduced renal resistin filtration or
renal resistin catabolism, which is in
parallel with declining glomerular
filtration rate “Y. Resistin as a small
molecule (25 KDa) should pass
unrestricted through the glomerular
membrane. Therefore, glomerular
filtration with subsequent tubular
catabolism is probably involved in the
elimination of resistin?.

The putative association between
resistin and insulin resistance has
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attracted a lot of interest"%!%43
However, in humans, existing data is
more controversial than in rodents.
Relationships of murine resistin
expression with obesity and insulin
resistance cannot be translated to
humans. The exact physiological role
of resistin is unknown®**®. In the
present study, no correlation between
fasting plasma resistin levels and
insulin resistance (HOMAR) was
demonstrated in any of the studied
groups. The current results confirm
those of Filippidis et al.“® who found
no significant correlation between
serum resistin levels and HOMA| or
insulin and glucose levels in
hemodialysis patients, and also, in
agreement of the study of Kielstein et
al.®® who found no relationship
between plasma levels of resistin and
markers of glucose metabolism,
despite markedly elevated resistin
levels in chronic kidney disease
patients with IgA nephropathy.
Although fat mass is likely an
important source of resistin and
several proinflammatory cytokines “”,
no significant relationship between
truncal or body fat mass and resistin
levels were observed in hemodialysis
or pre-dialysis patients in the current
study. This is in accordance with the
result of Axelsson et al.“? who found
no significant correlation between
resistin and fat mass, and contrary to
what has been reported in non-renal
patients“®*)_ In this regard, resistin
appears to differ from ghrelin, which
is related to fat mass. Niisken et al.“?
also, reported that the suggested
hypothesis that elevated serum resistin
in children with chronic renal failure
or ESRF may add to malnutrition and
reduced BMI needs further

investigation and was not supported
by their data.

However, the negative correlation
between plasma resistin and both
truncal and body fat mass and its
positive correlation with lean body
mass in control group was supported
by previous studies®*®.  This
observation is of interest because in
experimental studies, resistin was
found to be secreted mainly by
adipocytes. These indirect
observations at least question the role
of body fat as a major secretory organ
for resistin and the development of
insulin resistance in renal patients.

An interesting finding in the
present study showed that plasma
ghrelin was negatively correlated with
plasma resistin in the hemodialysis
group only. This  observation
concurred with the findings of
Asakawa et al.®® who found that the
administration of ghrelin reduced
resistin mRNA expression in white
adipose tissue.

In conclusion, Plasma ghrelin and
resistin concentration were markedly
elevated in patients with ESRF, which
might be caused by decreased
metabolism or excretion during renal
failure. The inversed relationship
observed between ghrelin and body
fat suggests that the role of ghrelin
elevation in ESRF patients may be
most probably a compensatory
pathway rather than a causative factor
and may raise the possibility that
ghrelin  replacement therapy may
alleviate some of the clinical
symptoms of anorexia in uremic
patients. Lack of association between
the increased plasma resistin and fat
composition and insulin resistance
suggest that resistin is not likely a
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mediator of nutritional status and
insulin resistance in ESRF patients.
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