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Background
Adiponectin and ghrelin are orexigenic hormones involved in the regulation of
appetite in kidney disease patients. The aim of the study is to investigate the plasma
concentration of total adiponectin and ghrelin in hemodialysis (HD) patients, kidney
transplant recipients (KTRs), and chronic kidney disease (CKD) patients not yet on
regular dialysis.
Patients and methods
2The study included 180 patients with a mean age of 34.6±9.53 who were enrolled
from the Nephrology Department of Cairo Medical School. Group 1 included 60 HD
patients; group 2 included 60 KTRs. Group 3 included 60 participants with CKD not
yet on dialysis. Anthropometric measures of all patients were taken. All participants
were investigated for adiponectin, ghrelin, lipid profile, albumin, and hemoglobin.
Adiponectin and ghrelin were correlated with variable parameters.
Results
One hundred and eight patients (60%) were men. Adiponectin was significantly
higher in HD patients than KTRs and CKD groups (17±3.5, 10.8±5.2, and 4.7±2.3,
respectively). Ghrelin was lower in KTRs compared with HD and CKD groups (2.1
±0.2, 2.8±0.25, 2.8±0.3, respectively, P<0.001). Adiponectin and ghrelin were
inversely correlated with BMI in all studied groups.
Conclusion
Adiponectin and ghrelin levels were highest in HD patients. Adiponectin was
superior to ghrelin as a positive predictor of nutritional status in CKD.
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Introduction
End-stage kidney disease (ESKD) is a chronic
condition associated with malnutrition, whether
obesity or undernutrition. These factors contribute
to an increase in both morbidity and mortality,
especially in hemodialysis (HD) patients [1].

Different mechanisms are accused of being responsible
for protein–energy wasting in ESKD, including
inflammatory status, comorbidities, and anorexia.
Orexigenic or appetite stimulants (ghrelin and
adiponectin) and anorexigenic or appetite
suppressants (leptin and cholestatin) are involved in
regulating the appetite [2]. The secretion of such
hormones is influenced by the interplay of the
central hypothalamic signals and the metabolic status
of the peripheral tissues [3].

The levels of adiponectin, ghrelin, and other
anorexigenic hormones in renal dysfunction is quite
variable and such variability has a strong influence on
their classic feedback [4,5].

Adiponectin is exclusively secreted from adipose tissue
into the blood stream. Its levels are inversely correlated
ished by Wolters Kluwer - M
with the body fat percentage [6]. It plays a role in the
suppression of metabolic derangements of type 2
diabetes and is an independent risk factor for
metabolic syndrome in high-risk cardiovascular
disease patients [7]. High adiponectin levels are
associated with a higher mortality risk in HD
patients [8].

Ghrelin remains the only known peripherally produced
and centrally acting orexigenic hormone [9]. Although
secreted into the blood stream primarily from
endocrine cells within the stomach, evidence
suggests that other tissues may also synthesize
ghrelin, including the kidney [10]. Ghrelin is
metabolized and secreted by the kidneys in normal
individuals [11]. It may play an important role in the
pathogenesis of protein–energy wasting, inflammation,
and cardiovascular complications in chronic kidney
disease (CKD) [12].
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Although there are many studies addressing the
nutritional status of ESKD patients [13–15], in
Egypt, there are no available literature studying the
correlation between the nutritional status of ESKD
patients and kidney transplant recipients (KTRs) and
different appetite-regulating hormones notably ghrelin
and adiponectin. The current study aims to assess the
level of both ghrelin and adiponectin in HD patients,
KTRs, and CKD not on HD.
Patients and methods
This is an observational cross-sectional study
conducted on 180 participants who were enrolled
consecutively from the Nephrology Department,
who were divided into three groups:

Group 1 included 60 HD patients receiving three
sessions per week, each lasting for 4 h for more than
5 years and less than 10 years.
Group 2 included 60 KTRs with a serum creatinine
(SCr) less than 1.5mg/dl and having received a graft
more than 2 years ago.
Group 3 included 60 CKD patients not on HD.

Patients less than 18 years, those with diabetes mellitus,
autoimmune disease, infection, decompensated liver
disease, any current acute illness in the previous 3
months prior to the study, or those with positive
family history of dyslipidemia were excluded from
this study. Patients on any antibiotics, multivitamin,
or food supplements apart from folic acid or vitamin B
were also excluded.

All participants were subjected to full history taking and
clinical examination. All patients had their nutritional
status assessed both clinically and by laboratory.
Anthropometric measures included weight, height,
and BMI. The participants were classified as normal
weight, if their BMI was between 18.5 and 25kg/m2,
overweight if their BMI was more than 25.0 kg/m2, and
underweight if their BMI was less than 18.5 kg/m2.
Triceps skin fold (TSF) was also assessed. Patients
stood with relaxed shoulders and freely hanging arms.
Afterplacing the jawsof the calipers at the level ofmarked
midpoint of the upper arm circumference while grasping
the foldof the skinandsubcutaneousadiposetissuegently
with thumb and forefingers, ∼1.0 cm above the marked
points, we recorded the measured skin fold thickness to
the nearest 1mm. If two measurements were within
4mm of each other, the mean was recorded. If the
measurements were more than 4mm apart, four
measurementswere recordedand themeanwas recorded.
Nutritional status was assessed in the laboratory by
measuring both serum adiponectin and grelin. Serum
adiponectin was measured by Orgenium Laboratories’
human adiponectin enzyme-linked immunosorbent
assay test that is a solid-phase enzyme-linked
immunosorbent assay designed to measure the
quantitative amount of total (low, middle, and high
molecular weight) human adiponectin. The procedure
includes standard samples, biotinylated antihuman
adiponectin pipetted into the wells, and adiponectin
present in a sample was captured by the antibody
immobilized to the wells, and by the biotinylated
adiponectin-specific detection antibody. Serum
ghrelin was measured by a double-antibody
sandwich technique. The wells of the plate supplied
with the kit were coated with a monoclonal antibody
specific to the C-terminal part of ghrelin. The
concentration of human acylated ghrelin was then
determined by measuring the enzymatic activity of
immobilized AChE using Ellman’s reagent. Serum
urea, SCr, fasting blood sugar (FBS), albumin,
hemoglobin (Hb), cholesterol, and triglycerides
were estimated using the automated method
(colometric technique).

The Modification of Diet in Renal Disease (MDRD)
equation was used to calculate the glomerular
filtration rate (GFR) as follows: estimated
glomerular filtration rate (eGFR) (ml/min/1.37m2=
186×SCr−1.154×age−0.203)×(0.742 if woman)×(1.210 if
Afro American) [16]. The aforementioned laboratory
parameters were measured in HD patients before a
long dialysis-free weekend interval before the next HD
session, as recommended.

The study protocol conformed to the ethical guidelines
of 1975 of the Helsinki Declaration and was approved
by the Ethics Committee of InternalMedicine, Faculty
of Medicine, Cairo University. Written informed
consents were obtained from the participants in this
study.

Data were analyzed using the statistical package SPSS,
version 12 ((Hong Kong) Ltd, Rm 1804, 18/F,
Westlands Centre, Westlands Road, Quarry Bay,
Hong Kong). Number and percent were used to
summarize qualitative variables. Mean and SDs were
used to summarize quantitative variables. One-way
analysis of variance test was used to compare more
than two groups as regards the quantitative variables. P
value less than or equal to 0.05 was considered
statistically significant. Tables and graphs were used
to illustrate information.
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Results
Mean patients’ age was 34.6±9.53 years. Sixty percent
(108 patients) were men, while 40% (72) were women.
Most patients (126/70%) were eutrophic, 30 (16.7%)
were overweight, and a BMI less than 18.5% was
noticed in 24 (13.3%).

No statistically significant difference was noted
between the studied groups, regarding age, sex,
anthropometric parameters, duration of disease, and
FBS. There was a highly significant difference between
the studied groups regarding Hb level, serum urea and
SCr, albumin, total cholesterol and triglycerides,
adiponectin and ghrelin levels. Adiponectin levels
were significantly higher in HD patients and KTRs
compared with CKD patients (17.3±3.5 and 10.8±5.2
vs. 4.7±2.3), respectively with an F value of 82. Ghrelin
was significantly lower in KTRs, than in both HD and
CKD patients (F value=15, P≤0.001). Demographic,
anthropometric, and laboratory parameters among the
studied groups are summarized in Table 1.

When correlating adiponectin and ghrelin levels to
various variables, they were found to be inversely
correlated to BMI in all groups with a significant
value. Ghrelin was negatively related to eGFR and
Table 1 Demographic, anthropometric, and laboratory characterist

Variables Group 1 Group 2 (renal transp
(N=60) (mean±SD

Age (years) 38±11.6 34±9

Duration of the disease (years) 4.9±3.2 3.3±3

Sex [n (%)]

Male 32 (53.3) 42 (70)

Female 28 (46.7) 18 (30)

Weight (kg) 63±12 60±14

Height (cm) 160±7.7 162±13

SFT (mm) 6.9±1.7 7.9±3

BMI

Mean±SD 22.9±2.2 23±4.5

<18.5 2 (3.33) 8 (13.33)

18.5–24.9 46 (76.6) 40 (66.66)

≥25 12 (20) 12 (20)

eGFR 16.9±4 79.8±16

Hemoglobin (g/dl) 9.9±2.2 12.4±1.1

Creatinine (mg/dl) 9.3±2.3 1.1±0.19

Urea (mg/dl) 137±30 35±13

Triglyceride (mg/dl) 123.7±50 184.7±81

Cholesterol (mg/dl) 135.6±35 200.7±70

Albumin (g/dl) 3.7±0.4 4.4±0.6

Fasting blood sugar (mg/dl) 77.6±10 78.7±10

Serum adiponectin (μg/ml) 17±3.5 10.8±5.2

Ghrelin (μg/ml) 2.8±0.25 2.1±0.2

eGFR, estimated glomerular filtration rate; HS, highly significant; LSD, le
accordingly positively correlated with SCr in both HD
and CKD groups (r=−1.3 and r=0.9), respectively,
with P value less than 0.001.The correlation of both
ghrelin and adiponectin with different variables is
illustrated in Table 2.

There was no significant difference between women
and men regarding the level of adiponectin and ghrelin
among the studied groups.

Adiponectin had a higher sensitivity than ghrelin in
detecting the nutritional status of the patients in HD,
CKD patients, and KTRs. The performance of
adiponectin and ghrelin as markers of BMI in the
different groups is depicted in Table 3.
Discussion
The current study found a significant difference
between the nutritional status of HD patients,
compared with KTRs and CKD patients and this is
in accordance with McCollum et al. [17], who showed
that there is a high prevalence of protein–energy
malnutrition in HD patients; however, the present
study showed no significant difference regarding
BMI among the participants.
ics of the studied participants

lant
)

Group 3
(chronic kidney
disease) (N=60)

(mean±SD)

P value Post-hoc test (LSD)

32.9±8 >0.05 (NS)

3.2±2.6 >0.05 (NS)

>0.05 (NS)

34 (56.7)

26 (43.3)

65.9±7 >0.05 (NS)

168±11 >0.05 (NS)

6.8±3.3 >0.05 (NS)

23.5±3.4 >0.05 (NS)

40 (66.7) <0.001 (HS)

14 (23.3) >0.05 (NS)

6 (10) >0.05 (NS)

44.2±16.6 <0.001 (HS) 2 vs. 1 and 3

9.3±0.7 <0.001 (HS) 2 vs. 1 and 3

3.09±0.8 <0.001 (HS) 1 vs. 2 and 3 3 vs. 2

98.4±5.5 <0.001 (HS) 1 vs. 2 and 3 3 vs. 2

94±18 <0.001 (HS) 2 vs. 1 and 3 1 vs. 3

129.7±36 <0.001 (HS) 2 vs. 1 and 3 1 vs. 3

3.4±0.3 <0.001 (HS) 2 vs. 1 and 3 1 vs. 3

79.3±7 >0.05 (NS)

4.7±2.3 <0.001 (HS) 1 vs. 2 and 3 2 vs. 3

2.8±0.3 <0.001 (HS) 2 vs. 1 and 3

ast significant difference; SFT, skin fold thickness.



Table 2 Correlation of adiponectin and ghrelin versus general data among the studied groups

Variables Group 1 (hemodialysis) Group 2 (renal transplantation) Group 3 (chronic kidney
disease)

Ghrelin Adiponectin Ghrelin Adiponectin Ghrelin Adiponectin

Age (years)

R value −0.23 −0.04 −0.21 0.14 −0.20 −0.11

P value >0.05 >0.05 >0.05 >0.05 >0.05 >0.05

Duration (years)

R value 0.07 0.06 0.03 0.1 0.06 0.09

P value >0.05 >0.05 >0.05 >0.05 >0.05 >0.05

BMI%

R value −0.09 −0.33 −0.39 −0.41 −0.32 −0.28

P value >0.05 <0.05 (S) <0.05 (S) <0.05 (S) <0.05(S) <0.05 (S)

Hb %(g/dl)

R value −0.12 0.09 −0.22 −0.01 −0.42 −0.011

P value >0.05 >0.05 >0.05 >0.05 <0.05 (S) >0.05

eGFR

R value −0.35 −0.1 −0.13 −0.1 −0.33 −0.09

P value <0.05 (S) >0.05 >0.05 >0.05 <0.05 (S) >0.05

Creatinine (mg/dl)

R value 0.32 0.02 0.12 0.13 0.34 0.10

P value <0.05 (S) >0.05 >0.05 >0.05 <0.05 (S) >0.05

Triglycerides (mg/dl)

R value −0.03 −0.22 −0.17 −0.20 −0.12 −0.13

P value >0.05 >0.05 >0.05 >0.05 >0.05 >0.05

Cholesterol (mg/dl)

R value −0.14 −0.18 −0.13 −0.19 −0.11 0.10

P value >0.05 >0.05 >0.05 >0.05 >0.05 >0.05

FBS (mg/dl)

R value 0.07 0.21 −0.10 0.20 −0.45 0.10

P value >0.05 >0.05 >0.05 >0.05 >0.05 >0.05

Albumin (mg/dl)

R value 0.02 −0.26 0.04 −0.14 0.09 −0.16

P value >0.05 <0.05 (S) >0.05 >0.05 >0.05 >0.05

SFT (mm)

R value 0.29 0.19 0.19 0.32 0.18 0.12

P value >0.05 >0.05 >0.05 >0.05 >0.05 >0.05

eGFR, estimated glomerular filtration rate; FBS, fasting blood sugar; Hb, hemoglobin; S, significant; SFT, skin fold thickness. Bold values
significant statistical results only.

Table 3 Receiver operating characteristic curve analyses of ghrelin and adiponectin in prediction of nutritional status (abnormal
BMI)a among different study group

Variables All studied case Group 1 (hemodialysis) Group 2 (renal
transplantation)

Group 3 (chronic
kidney disease)

Adiponectin Ghrelin Adiponectin Ghrelin Adiponectin Ghrelin Adiponectin Ghrelin

Best cut off 11.25 2.31 8.4 2.15 8.4 2.15 8.5 2.1

Area under the curve 0.709 0.701 0.769 0.606 0.769 0.606 0.701 0.75

Sensitivity (%) 74.3 66.4 73.3 66.7 73.3 66.7 77 62

Specificity (%) 73.3 73.3 66.7 66.7 66.7 66.7 65.6 50

PPV (%) 73.3 73.3 66 66 66.7 66.7 68 55

NPV (%) 73.3 64.7 72 64 70.8 66.7 72 65

NPV, negative predictive value; PPV, positive predictive value. aAbnormal BMI means beyond the normal reference range.
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Anja et al. [18] and Ocak et al. [19] stated that BMI is
significantly higher in KTRs, compared with CKD
patients and HD patients. The absence of such a
difference in our study may be explained by the
small sample size and different ethnicity of the
studied populations.
Levels of cholesterol and triglycerides, as well as serum
albumin and Hb were all significantly higher in KTRs,
comparedwithHDorCKDpatients, respectively.Only
FBS showedno significant difference among the studied
groups. Dyslipidemia in KTRs is a consistent finding in
most KTRs studies [20,21]. The variation in lipid
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pattern in such patients appears to be multifactorial,
influenced mainly by the use of immunosuppressive
drugs, namely cyclosporine [22].

Adiponectin and ghrelin are hormones the secretion of
which is affected by various factors such as fasting, age,
and mainly the BMI normal range of adiponectin in the
lean population is 4–37μg/ml while that of ghrelin is
520–700 pg/ml. Prior studies stated that both
adiponectin and ghrelin levels are elevated in CKD
and HD patients [23,24]. This may be attributed to
the inflammatory and poor nutritional status of these
patients [23]. Reduced GFR may also lead to elevated
ghrelin levels.Thiswas found tobe inagreementwith the
current study that showed that the adiponectin level in
HDpatients was higher than inKTR andCKDpatients
(17 vs. 10.8 and 4.7, respectively). Similarly, Ocak et al.
[19] also demonstrated a higher adiponectin level in
HD patients compared with KTR and CKD patients.

Chudek et al. [23] found that before renal
transplantation, adiponectin was significantly higher
than in healthy participants and that after successful
KT, adiponectin level significantly decreased
(P<0.001). Unlike our results, Leibowitz et al. [25]
had found that KTRs had adiponectin levels similar to
adiponectin levels in normal controls. Adiponectinmay
have protective effects on the kidney, although higher
levels have not been associated with better graft survival
in KTRs [26].

Ghrelin levels were higher in the HD and CKD groups
(2.8±0.25 and 2.8±0.3, respectively) compared with
KTRs (2.1±0.2). This was in agreement with many
previous studies [19,27]. A previous study showed
furthermore that HD patients with failed renal
transplants had higher ghrelin levels, higher
inflammation, poorer appetite, with malnutrition as
compared with HD patients who had never been
transplanted suggesting that ghrelin may be
associated with inflammation caused by retained
failed allografts [28].

Contrarily, Iglesias et al. [29] found that adult HD
patients had significantly lower serum ghrelin
concentrations, than predialysis CKD patients.

When correlating adiponectin to BMI, the current
study demonstrated a significant inverse correlation
between them in all groups, which is consistent with
other studies that found that plasma adiponectin levels
were strongly and inversely related to BMI in CKD and
HD. Ghrelin was also negatively correlated with BMI
in the studied population with statistically significant
values in HD, KTRs, and CKD patients [23,30]. This
is somewhat going with the previous studies showing
an inverse correlation between ghrelin and BMI in
CKD and HD patients [31,32]. Genís et al. [33] also
found a significant negative correlation between
ghrelin and both BMI and GFR in KTRs in
previous studies. Our results also showed that
ghrelin was inversely corelated to eGFR and
positively correlated to SCr in both HD and CKD
groups with a significant value.

A recent study in children showed that unacylated
ghrelin and obestatin are negatively related to renal
function and are inverse indicators of the nutritional
status in children with CKD hypothesizing the
potential therapeutic implications in terms of
optimization of their removal in HD patients [34].
The elevation of ghrelin levels could be caused by
impaired renal clearance and/or metabolism of
ghrelin [35]. Alternatively, adiponectin was not
correlated to eGFR, giving it the advantage of being
an independent marker of nutrition in renal diseases
population. Our results are contradictory to many prior
studies that reported a negative correlation between
adiponectin and eGFR [36,37].

The study has shown that there was no relation
between both adiponectin and ghrelin levels versus
fat mass measured by the TSF, despite its relation to
BMI. This is contrary to a previous study that
concluded that adiponectin was negatively correlated
with TSF [4]. This can be for the fact that TSF does
not reflect the whole body fat composition and
distribution. An additional rationale is that in the
present study we did not include proportionate
numbers of obese patients (BMI>25). Moreover,
adiponectin secretion depends on visceral fat rather
than subcutaneous fat [38].The present study noticed
that neither adiponectin nor ghrelin was affected by
sex, age, or duration of the disease among all studied
groups. This is not in accordance with previous studies
that precluded that age, sex, renal disease duration, and
visceral fat were independently associated with
adiponectin levels in CKD patients [39]. Moreover,
various studies demonstrated that plasma adiponectin
levels and ghrelin were higher in uremic women than
men and that this difference remained significant even
after adjustment for BMI [40]. This was also observed
in healthy control participants [24].

Among the study groups, there was no correlation
between ghrelin and other laboratory nutritional
parameters including lipid profile, Hb, and FBS.
This coincides with previous studies showing that
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Hb, triglycerides, albumin, and cholesterol were not
related to ghrelin levels [31,33]. Adiponectin also
exhibits the same findings. This is in contrast to the
published work by Zoccali et al. [24] and Menon et al.
[41], who detected a significant correlation between
adiponectin and both lipid profile and blood sugar.

Adiponectin was negatively related to albumin in HD
patients only. This may be explained by the fact that
adiponectin is a multifunctional cytokine which has a
role in regulating inflammation [5]. It may be related to
albumin synthesis, albumin being a negative phase
reactant agent [40].

In an attempt to compare the value of adiponectin and
ghrelin and assessing their relation to the nutritional
status in various renal dysfunction groups, it was
observed that adiponectin has a higher sensitivity
than ghrelin in HD and KTR groups; thus, it is a
better positive predictor than a negative predictor of
abnormal BMI and nutritional status.

Limitations of the study include the small-sized
sample, lack of long-term follow-up to detect
morbidity and mortality outcomes and to trace
correlation between adiponectin and ghrelin levels
and nutritional consequences and finally the lack of
complementary investigations of body composition and
measurements for more precise informative results.
The study addresses the effect of both hormones
among renal patients in the same sitting which
could be determinant of the nutritional state in such
patients for early recognition and predicting patients’
outcomes.
Conclusion
Our study has shown that both adiponectin and ghrelin
were negatively correlated to BMI in HD patients and
KTRs and that adiponectin was superior to ghrelin, as a
surrogate marker of the nutritional state in this
population of patients.
Financial support and sponsorship
Nil.
Conflicts of interest
There are no conflicts of interest.
References
1 Alice S, Giuseppe R, Marco D, Tommaso DM, Chiara C, Sarah P, et al.

Noninvasive evaluation of muscle mass by ultrasonography of quadriceps
femoris muscle in end-stage renal disease patients on hemodialysis. Clin
Nutr 2018; 19:S0261–5614.
2 Guebre-Egziabher F, Bernhard J, Geelen G, Malvoisin E, Hadj-Aissa A,
Fouque D. Leptin, adiponectin, and ghrelin dysregulation in chronic kidney
disease. J Ren Nutr 2005; 15:116–120.

3 Cummings DE, Overduin J. Gastrointestinal regulation of food intake. J Clin
Invest 2007; 117:13–23.

4 Guebre-Egziabher F, Bernhard J, Funahashi T, Hadj-Aissa A, Fouque D.
Adiponectin in chronic kidney disease is related more to metabolic
disturbances than to decline in renal function. Nephrol Dial Transplant
2017; 20:129–134.

5 Heidari M, Nasri P, Nasri H. Adiponectin and chronic kidney disease; a
review on recent findings. J Nephropharmacol 2015; 4:63–68.

6 Jung UJ, Choi M-S. Obesity and its metabolic complications: the role of
adipokines and the relationship between obesity, inflammation, insulin
resistance, dyslipidemia and nonalcoholic fatty liver disease. Int J Mol
Sci 2014; 15:6184–6223.

7 Christou G, Kiortsis D. The role of adiponectin in renal physiology and
development of albuminuria. J Endocrinol 2014; 221:R49–R61.

8 Rhee CM, Nguyen DV, Moradi H, Brunelli SM, Dukkipati R, Jing J, et al.
Association of adiponectin with body composition and mortality in
hemodialysis patients. Am J Kidney Dis 2015; 66:313–321.

9 Stengel A, Taché Y. Ghrelin − a pleiotropic hormone secreted from
endocrine X/A-like cells of the stomach. Front Neurosci 2102 6:1–15.

10 Mori K, Yoshimoto A, Takaya K, Hosoda K, Ariyasu H, Yahata K, et al.
Kidney produces a novel acylated peptide, ghrelin. FEBS Lett 2000;
486:213–216.

11 Delporte C. Structure and physiological actions of ghrelin. Scientifica
(Cairo) 2013; 2013:1–25.

12 Gunta SS, Mak RH. Ghrelin and leptin pathophysiology in chronic kidney
disease. Pediatr Nephrol 2013; 28:611–616.

13 Christine KA, Klöckener TC, Brüning J. Control of energy homeostasis by
insulin and leptin: Targeting the arcuate nucleus and beyond. Physiol
Behav 2009; 97:632–638.

14 Chung S, Koh ES, Shin SJ, Park CW. Malnutrition in patients with chronic
kidney disease. Open J Intern Med 2012; 02:89–99.

15 Pupim LB, Cuppari L, Ikizler TA. Nutrition and metabolism in kidney
disease. Semin Nephrol 2006; 26:134–157.

16 Levey A, Stevens L, Schmid C, Zhang Y, Castro A, Feldman H, et al. A new
equation to estimate glomerular filtration rate. Ann Intern Med 2009;
150:604–612.

17 Kopple JD. McCollum. Award Lecture, 1996: protein-energy malnutrition in
maintenance dialysis patients. Am J Clin Nutr 1997; 65:1544–1557.

18 Anja KA, Rainer B, Stephan P, Berthold PH, Klause M, Peter FH. Ghrelin
and other appetite-regulating hormones in paediatric patients with chronic
renal failure during dialysis and following kidney transplantation. Nephrol
Dial Transplant 2009; 24:643–646.

19 OcakN, DiricanM, Ersoy A, Sarandol E. Adiponectin, leptin, nitric oxide, and
C-reactive protein levels in kidney transplant recipients: comparison with the
hemodialysis and chronic renal failure. Ren Fail 2016; 38:1639–1646.

20 Chan CM. Hyperlipidemia in chronic kidney disease. Ann Acad Med
Singapore 2005; 35:31–35.

21 Suleiman B, El Imam M, Elsabigh M, Eltahir K, Eltahir A, Miskeen E. Lipid
profile in post renal transplant patients treated with cyclosporine in Sudan.
Saudi J Kidney Dis Transplant 2009; 20:312–317.

22 Razeghi E, Shafipour M, Ashraf H, Pourmand G. Lipid disturbances before
and after renal transplant. Exp Clin Transplant 2011; 9:230–235.

23 Chudek J, Adamczak M, Karkoszka H, Budzinski G, Ignacy W, Funahashi
T, et al. Plasma adiponectin concentration before and after successful
kidney transplantation. Transplant Proc 2003; 35:2186–2189.

24 Zoccali C, Mallamaci F, Panuccio V, Tripepi G, Cutrupi S, Parlongo S, et al.
Adiponectin is markedly increased in patients with nephrotic syndrome and
is related to metabolic risk factors. Kidney Int 2003; 63:S98–S102.

25 Leibowitz A, Peleg E, Sharabi Y, Kamari Y. Normal adiponectin levels in
kidney transplant patients with hypertension. Kidney Int 2013; 27:562–566.

26 Alam A, Molnar MZ, Czira ME, Rudas A, Ujszaszi A, Kalantar-Zadeh K, et
al. Serum adiponectin levels and mortality after kidney transplantation. Clin
J Am Soc Nephrol 2013; 8:460–467.

27 Nagy K, Nagaraju SP, Rhee CM, Mathe Z, Molnar MZ. Adipocytokines in
renal transplant recipients. Clin Kidney J 2016; 9:359–373.

28 Caliskan Y, Yelken B, Gorgulu N, Ozkok A, Yazici H, Telci A, et al.
Comparison of markers of appetite and inflammation between
hemodialysis patients with and without failed renal transplants. J Ren
Nutr 2012; 22:258–267.



Adiponectin and ghrelin role in renal patients El-Khashab and Behiry 105
29 IglesiasP,DíezJJ,Fernández-ReyesM,CodoceoR,Alvarez-FidalgoP,Bajo
MA, Aguilera A, Selgas R. Serum ghrelin concentrations in patients with
chronic renal failure undergoing dialysis. Clin Endocrinol 2006; 64:68–73.

30 Cnop M, Havel PJ, Utzschneider KM, Carr DB, Sinha MK, Boyko EJ, et al.
Relationship of adiponectin to body fat distribution, insulin sensitivity and
plasma lipoproteins: evidence for independent roles of age and sex.
Diabetologia 2003; 46:459–469.

31 Ayala ER, Pecoits-Filho R, Heimbürger O, Lindholm B, Nordfors L,
Stenvinkel P. Associations between plasma ghrelin levels and body
composition in end-stage renal disease: a longitudinal study. Nephrol
Dial Transplant 2004; 19:421–426.

32 Elsayed N, HamedS, El-KhatibM, El-shehaby A. The relation between dual
energy x-ray absorptiometry measurement of body fat composition and
plasma ghrelin in patients with end-stage renal disease. Saudi Med J 2009;
30:109–115.

33 Genís BB, Granada ML, Alonso N, Lauzurica R, Jiménez JA, Barluenga E,
et al. Ghrelin, glucose homeostasis, and carotid intima media thickness in
kidney transplantation. Transplantation 2007; 84:1248–1254.

34 Monzani A, Perrone M, Prodam F, Moia S, Genoni G, Testa S, et al.
Unacylated ghrelin and obestatin: promising biomarkers of protein
energy wasting in children with chronic kidney disease. Pediatr Nephrol
2018; 33:661–672.
35 Muscaritoli M, Molfino A, Chiappini MG, Laviano A, Ammann T, Spinsanti P,
et al. Anorexia in hemodialysis patients: the possible role of des-acyl
ghrelin. Am J Nephrol 2007; 27:360–365.

36 Sedighi O, Abediankenari S. Relationship between plasma adiponectin
level with inflammatory and metabolic markers in patients with chronic
kidney disease. Nephrourol Mon 2014; 6:e11743.
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