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Plasma ghrelin levels in association with left ventricular
function and nutritional status in dialysis patients
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Abstract. The present study investigated the association
between ghrelin levels and the cardiac function and malnutri-
tion of dialysis patients. The aim was to examine the conducive
use of exogenous ghrelin to improve the malnutrition, protect
the cardiovascular function with dialysis patients in the future.
The study included 30 continuous ambulatory peritoneal
dialysis (CAPD) patients and 30 hemodialysis (HD) patients
undertaking treatment between March 2013 and March 2014.
The control group included a total of 30 healthy physical
examinees. The plasma ghrelin levels were measured by the
enzyme-linked immunosorbent assay to collect the clinical
materials and biochemical parameters. The plasma ghrelin
levels were 4.28+1.07, 4.63+1.08 and 2.00+0.48 ng/ml in
the CAPD, HD and control groups, respectively, and statis-
tical significance was identified between the three groups;
F=75.106, P<0.0001. The plasma ghrelin levels in the CAPD
group were positively correlated with left ventricular ejection
fraction (LVEF) (r=0.506, P=0.004) and were negatively
correlated with body mass index (BMI) (r=-0.556, P=0.001).
The plasma ghrelin levels in the CAPD and HD groups were
positively correlated with serum creatinine (Scr) and blood
urea nitrogen (BUN). In conclusion, the plasma ghrelin levels
of patients in the CAPD and HD groups were higher compared
to those of the control group, which demonstrated that dialysis
patients could not effectively remove the plasma ghrelin.
The present study found that the plasma ghrelin levels were
positively correlated with LVEF, and high levels of ghrelin
will exhibit protective effects on the cardiovascular func-
tion of CAPD patients. Plasma ghrelin levels were positively
correlated with Scr and BUN levels in CAPD and HD patients,
and were negatively correlated with BMI in CAPD patients,
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which showed that ghrelin was correlated with malnutrition of
dialysis patients.

Introduction

The development of dialysis technology makes the long-term
survival of the end-stage renal disease patient possible.
However, mortality rates for the dialysis patients remain,
mainly due to malnutrition, inflammation and cardiovascular
problems. According to the latest statistics, 35-50% of the
dialysis patients succumbed due to cardiovascular compli-
cations, which is 15 times greater compared to the general
population. As a newly discovered growth hormone-releasing
peptide, the association of ghrelin with cardiovascular disease
and malnutrition in dialysis patients is receiving increased
attention.

The molecular weight of ghrelin is 3.3 kD and its particle
diameter ranges 90-150 nm. The human ghrelin gene is
located on chromosome 3 q25-26. Ghrelin mRNA is trans-
lated into the protein precursor containing 117 amino acids
and following slicing becomes ghrelin containing 28 amino
acids (1). Ghrelin has two types of molecular forms; symplectic
acylated ghrelin (acyl ghrelin) and des-acyl ghrelin. Acyl
ghrelin has an n-octanoylated serine in position 3, and this
modification is essential for the activity of ghrelin (2). The
majority of animal and human tests have proved that the
total ghrelin level can stimulate growth hormone secretion,
enhance appetite, improve feeding, adjust the positive balance
of energy, regulate gastric motility, promote gastric acid
secretion, protect gastric mucosa, provide direct and indirect
protection for the cardiovascular system, and improve the
immune system function (3).

The present study aimed to understand the association
between ghrelin and cardiovascular function by measuring
the plasma ghrelin levels of the hemodialysis (HD) patients,
continuous ambulatory peritoneal dialysis (CAPD) patients
and the control group, by analyzing the correlation between
ghrelin and the associated indexes and by exploring the
correlation between the plasma ghrelin levels and their corre-
sponding echocardiography indicators in these three groups.
A previous study indicates that ghrelin is closely associated
with malnutrition, inflammation and atherosclerosis (4). The
study of the correlation between ghrelin and malnutrition
with dialysis patients has been reported previously (5), but
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the correlation between ghrelin and cardiovascular function
in patients with dialysis remains to be assessed. Therefore,
the association between ghrelin levels, cardiac function and
malnutrition in dialysis patients remains to be further studied.
The present study aimed to further clarify these associations
to provide better protection for the cardiovascular function of
patients by adopting ghrelin as a primary timing indicator of
the nutritional intervention for the therapy of dialysis patients,
which can reduce the mortality rate and improve the patient
quality of life.

Materials and methods

Patients and healthy controls. A total of 30 CAPD patients
were selected for the CAPD group from the Inner Mongolia
People's Hospital (Hohhot, China) between March 2013
and March 2014. The CAPD time of the patient was
>3 months (19 males and 11 females, with an average age
of 55.43+13.82 years) using the peritoneal fluid produced
by Guangzhou Baxter Healthcare (Guangzhou, China) and
their dialysis doses were between 6-8 litres every 24 h. For
the HD group, clinical data was selected from the patients
who underwent the dialysis treatment with bicarbonate
dialysate at the same time as the CAPD group in our
blood purification center for >3 months. The control group
consisted of 30 healthy physical examinees in our hospital
during the same period who were age- and gender-matched
to the CAPD group. For all three groups, the possibility
was excluded of developing during the observation period
severe infection, malignant tumor, blood disease, active
lupus erythematosus, undergoing hormone and immunosup-
pressive therapy, rheumatic heart disease, cor pulmonale,
congenital heart disease and hyperthyroidism heart disease.
The protocol was approved by the Medical Ethics Committee
of the Guangdong General Hospital, Inner Mongolia People's
Hospital and the Southern Medical University. Informed
written consent was obtained from all the participants prior
to participation in the study.

Research methods. The subjects provided detailed clinical
data, including history and laboratory examination results.
The Vivid T Color Doppler Ultrasonic Diagnostic instrument
produced by GE Healthcare (Pittsburg, PA, USA) was used
for analysis of all groups and 2 ml of fasting venous blood
was obtained from all participants the morning after clinical
treatment or hospitalization. Within 30 min of obtaining
the sample, the ghrelin blood specimens were placed in an
anticoagulant tube with an appropriate amount of ethylene-
diaminetetraacetic acid and were centrifuged for 15 min at
1,509.3 x g. The supernatant fluid was removed and stored in
the refrigerator at -80°C. The ghrelin enzyme-linked immu-
nosorbent assay kit was produced by R&D Systems, Inc.
(New Brunswick, NJ, USA).

Statistical analysis. Statistical software was used to analyze
the data with all the values expressed as mean + standard
error of the mean. The independent sample t-test was adopted
for the comparison of the mean of the two samples and the
Pearson coefficient was used for the correlation analysis. SPSS
version 13.0 software (SPSS, Inc., Chicago, IL, USA) was used

Table I. Comparison of the plasma ghrelin levels between the
three groups.

Group (n) Ghrelin, ng/ml F P-value
Hemodialysis (30) 4.63x1.08 75.106 <0.0001
Peritoneal dialysis (30) 4.28+1.07
Control (30) 2.00+0.48
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Figure 1. Plasma levels of total ghrelin (ng/ml) in patients with ambulatory
peritoneal dialysis (CAPD), haemodialysis (HD) and in healthy controls.
The plasma ghrelin levels of patients on CAPD group and HD group were
significantly higher than those of the control group, "P<0.0001.

for these analyses and P<0.05 was considered to indicate a
statistically significant difference.

Results

Comparison of plasma ghrelin levels between the three
groups. Differences obtained by single-factor analysis of vari-
ance between the three groups were considered to indicate a
statistically significant difference (F-value, 75.106; P<0.0001),
and the comparison between two groups also exhibited statis-
tical significance (P<0.05). The plasma ghrelin levels of the
HD and CAPD groups were significantly higher compared to
that of the controls (Table I and Fig. 1).

Correlation analysis between the plasma ghrelin levels and
echocardiography in the three groups. The plasma ghrelin levels
of CAPD patients were positively correlated with left ventricular
ejection fraction (LVEF) (r=0.506, P=0.004) (Table II).

Correlation analysis between the plasma ghrelin levels
and laboratory index in the three groups. The present study
compared the plasma ghrelin levels and the association
between each laboratory index, which indicates that plasma
ghrelin levels showed a positive correlation with serum
creatinine (Scr) (CAPD group, r=0.506 and P=0.004; HD
group, r=0.478 and P=0.008), blood urea nitrogen (BUN)
(CAPD group, r=0.649 and P=0.002; HD group, r=0.582 and
P=0.001). The present study shows that the plasma ghrelin
levels of CAPD patients were negatively correlated with BMI
(r=-0.556, P=0.001) (Table III).
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Table II. Correlation analysis between plasma ghrelin levels and the echocardiographic in the three groups.

Haemodialysis Peritoneal dialysis Control
Echocardiographic r P-value r P-value r P-value
IVST -0.018 0.932 0.037 0.844 -0.024 0.901
LVPWT -0.041 0.567 0.142 0455 0.060 0.754
LVEDD 0.023 0.806 -0.068 0.720 0.001 0.996
LAD 0.185 0.356 0.080 0.675 -0018 0.924
LVM 0.206 0.184 0.077 0.684 0.023 0.903
LVMI 0.132 0.508 -0.080 0.676 0.104 0.583
LVEF 0.076 0.537 0.506 0.004* -0.120 0.528

‘P<0.01, the plasma ghrelin levels in CAPD group were positively correlated with left ventricular ejection fraction. IVST, interventricular
septum thickness in diastole; LVPWT, left ventricular posterior wall thickness in diastole; LVEDD, left ventricular end-diastolic dimension;
LAD, left atrial diameter; LVM, left ventricular mass; LVMI, left ventricular mass index; LVEEF, left ventricular ejection fraction.

Table III. Correlation analysis between plasma ghrelin levels and the laboratory index in the three groups.

Haemodialysis Peritoneal dialysis Control

Laboratory index r P-value r P-value r P-value
Scr, ymol/l 0478 0.008* 0.506 0.004* 0.113 0.552
BUN, mmol/l 0.582 0.001* 0.649 0.002* 0.267 0.153
Hb, g/l -0.016 0.933 0.091 0.633 -0.224 0.235
Ca, mmol/l 0.188 0.320 0.073 0.701 -0.258 0.169
P, mmol/l -0.150 0429 0.177 0.351 -0.339 0.067
PTH, pg/ml -0.045 0.814 -0.223 0.235 0.092 0.630
TP, g/l -0.139 0.464 -0.042 0.824 0.001 0.997
ALB, g/l -0.053 0.780 0.258 0.168 -0.037 0.845
TG, mmol/l 0.173 0.362 0.035 0.854 0.062 0.747
TC, mmol/l 0.206 0.274 0.232 0218 0.090 0.636
HDL-L, mmol/l 0.042 0.827 -0.018 0.924 -0.339 0.007
LDL-L, mmol/l 0.209 0.269 0.063 0.740 0.288 0.123
BMI, kg/m? -0.556 0.001*

Weight, kg -0.213 0.259

“P<0.01, the plasma ghrelin levels in CAPD groupand HD group was positively correlation with serum creatinine (Scr) and urea nitrogen
(BUN). The plasma ghrelin levels in CAPD group were significantly negative correlated with body mass index (BMI). Hb, hemoglobin; Ca,
calcium; PTH, parathyroid hormone; TP, total protein; ALB, albumin; TG, triglyceride; TC, total cholesterol; HDL, high-density lipoprotein;

LDL, low-density lipoprotein.

Discussion

Animal experiments and clinical trials have confirmed that
ghrelin is significant in promoting growth hormone-releasing
material, such as the growth hormone secretagogue receptor
(GHSR), and has a dose-effect correlation with growth
hormone secretion. It can also stimulate more growth hormone
secretion compared with dose GHSR and unnatural GHS (6).
First ghrelin can enhance appetite, increase energy intake and
maintain a positive balance of energy. Therefore, ghrelin can
improve malnutrition of dialysis patients, and additionally,

ghrelin can enhance myocardial contraction force, increase
LVEF significantly, inhibit vascular calcification, increase the
coronary circulation, improve ischemia reperfusion, and have
a direct or indirect protection on the cardiovascular system.
Therefore, the present study aimed to analyze, using the
plasma ghrelin levels in CAPD, HD and healthy controls, the
plasma ghrelin level and correlation of each index in patients,
and the association between plasma ghrelin levels and each
group echocardiography. The study also aimed to further
define the plasma ghrelin levels, cardiovascular function and
malnutrition in patients with dialysis, assess the conducive
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use of exogenous ghrelin to improve malnutrition and protect
cardiovascular function in dialysis patients in the future, and
provide novel information to improve the quality of survival
and long-term survival in dialysis patients.

The majority of the studies have reported that the plasma
ghrelin levels in dialysis patients were significantly higher
compared to the age- and gender-matched control group (7).
The results of the present study indicate a significantly greater
increase in ghrelin levels in the HD and CAPD groups compared
to the control group, which is consistent with the conclusions of
the majority of recent studies. Pérez-Fontan ez al (8), following
the investigation of plasma ghrelin levels in age-matched
control groups, reported that the plasma ghrelin levels of
20 HD patients and 21 peritoneal dialysis patients were
significantly higher than that of the control group; however, no
significant differences were identified between the former two.
Tentolouris et al (9) studied the ghrelin levels of 57 healthy
controls and 122 chronic renal insufficient patients (65 HD
patients and 57 non-dialysis patients). The results showed that
the fasting total ghrelin plasma levels of the HD group and
non-dialysis patients increased higher in comparison to the
control group, and there was no evident difference between
the dialysis and non-dialysis groups. There are different view
points regarding the reasons for the plasma ghrelin level
elevation. For example, the kidney may be the site where the
clearance and degradation of the hormone occurs. A study
conducted by Yoshimoto et al (10) showed that compared
with the normal controls, ghrelin levels of dialysis patients
increased 2.8-fold. The study also found that ghrelin levels
in rats with partial nephrectomy increased by 1.3-fold, and
3.1-fold in rats with double renal resection. Previous studies
have found that ghrelin can be detected in the urine of healthy
subjects, which suggests that the kidney is an important
metabolic site for ghrelin. The metabolic pathway of ghrelin
remains to be elucidated; however, Mori et al (11) reported
that ghrelin and its receptors exist in the kidney, which means
that the kidney is not only the source of ghrelin, but also its
target organ. Another study suggested that the increase of total
plasma ghrelin levels in patients with chronic kidney disease
(CKD) is mainly caused by less removal and degradation of
ghrelin by kidney, which could be one of the main reasons for
the significant increase of the plasma ghrelin levels in patients
with CKD. Certain investigators have suggested that the adap-
tive compensatory reaction in the body under the condition
of the inadequate energy intake is another cause of the rising
plasma ghrelin level (8,12). In addition, others consider that
insulin can reduce the plasma ghrelin levels in the normal
population; however, it is common for non-diabetic dialysis
patients to develop insulin resistance. Therefore, the weakened
inhibition of plasma ghrelin levels caused by insulin resistance
is also a reason for the elevated plasma ghrelin levels (13).

Cardiovascular disease is one of the major causes of
mortality for dialysis patients. The incidence rate of cardio-
vascular disease in patients with CKD is 10-30 times greater
than that of the general population. The early symptom
of cardiac function insufficiency is lower left ventricular
diastolic function. Left ventricular hypertrophy (LVH) is the
most common cardiomyopathy in patients with CKD, which is
evident in patients with mild renal impairment (the incidence
of LVH is ~30% in CKD patients when creatinine clearance

is 50-70 ml/min), and the incidence rate increases (14) with
worsened renal function damage. Renal damage leads to
cardiovascular disease, which can aggravate kidney damage.
This interaction forms a vicious cycle. Cardiovascular disease
in patients with CKD occurs early without clear symptoms,
which makes it easily ignored. Therefore, the damage is diffi-
cult to reverse once the symptom appears. The study results
show that left ventricular myocardial mass index (LVMI) was
151.56+50.56 g/m?* in the HD group, 157.09+46.14 g/m? in the
CAPD group, and 77.27+18.34 g/m? in the control group (data
not shown). Compared with the healthy controls, the LVMI
levels in the HD and CAPD groups increased significantly,
which indicate that LVH is widespread among the dialysis
patients. This finding is similar to the result of a Canadian
echocardiographic survey of 432 patients with CKD who just
started dialysis (15). In addition, the study found that plasma
ghrelin levels in CAPD patients were positively correlated
with LVEF (r=0.506, P=0.004), which suggests that the
higher the plasma ghrelin level reaches, the higher the LVEF
scores. This may attribute to the protective effects of plasma
ghrelin on cardiovascular function. No such correlation
with LVEF was observed in the HD group. The increasing
plasma ghrelin levels in CAPD patients also prompted LVEF,
increased cardiac output, increased the end pressure of the
left ventricular systolic function and increased the myocardial
contraction ratio. HD patients have greater hemodynamic
fluctuations, which could undermine the protective effects of
ghrelin on the cardiovascular system. The present study found
that LVEF was positively correlated with plasma ghrelin levels
in CAPD patients, which is not consistent with the result of
a study performed in Greece (8) that reported no correlation
between the plasma ghrelin levels and LVEF in patients with
end-stage CKD. In addition, this study showed that there was
no significant correlation between the interventricular septum
thickness and LVMI of CAPD patients with the plasma ghrelin
levels.

Protein malnutrition is common among the dialysis
patients, which can be caused by anorexia, nausea and
vomiting. This leads to lack of energy and protein intake.
According to previously reported statistics, every day an
abdominal peritoneal dialysis patient loses, through perito-
neal fluid, 8-9 g of protein and 2.4 g of amino acid. Those
who develop peritonitis would lose 15 g of protein (16) and
10-30 g of amino acids and peptides after 1 HD. When the
endocrine disorder caused by the metabolic acidosis occurs,
branched chain amino acids can inhibit protein synthesis and
promote the decomposition of protein, leading to a negative
nitrogen balance. Peritoneal dialysis patients frequently suffer
from micro-inflammatory conditions due to factors such as
oxidative stress, toxin retention and biological incompatibility.
Studies have shown that injections of growth hormone can
evidently improve the nutritional status of the dialysis patients
and reduce their risk of developing cardiovascular disease (17).
Following the measurement of 41 patients with CKD in the
study by Yoshimoto et al (10), the plasma total ghrelin levels
were positively correlated with Scr and BUN levels, and nega-
tively correlated with the creatinine clearance rate. However, a
study performed in Taiwan suggested that the plasma ghrelin
levels were significantly negatively correlated with BMI in
dialysis patients, and therefore, ghrelin resistance may exist
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among dialysis patients, which was closely associated with the
nutritional index (18). The present study suggests that plasma
ghrelin levels were significantly positively correlated with
Scr and BUN, indicating that the kidney was the important
site of metabolism of ghrelin. The plasma ghrelin levels of
CAPD patients were significantly negatively correlated with
BMI, but no correlation was observed for BMI in HD patients,
indicating that the plasma levels of ghrelin were closely
associated with malnutrition in CAPD patients. This may be
associated with the two types of dialysis in a different way.
HD on toxin removal is intermittent and HD for the removal of
the ghrelin is intermittent as ghrelin has a weak fluctuation in
the body. However, toxin removal by CAPD is continuous and
smooth, sustaining high levels of ghrelin, which will have a
lasting impact on the nutritional status of CAPD patients. The
plasma ghrelin levels from different dialysis methods indicate
that the nutritional status of patients has different effects. In
addition, malnutrition, inflammation and atherosclerosis are
inseparable interactions in dialysis patients, and therefore, the
effect of ghrelin should be noted with regards to malnutrition,
inflammation and atherosclerosis, and also the occurrence and
development of cardiovascular disease in dialysis patients. The
aforementioned correlation analysis found that plasma ghrelin
levels are associated with malnutrition in CAPD patients;
however, the specific mechanism remains to be elucidated,
and further investigations are required regarding the associa-
tion between the plasma ghrelin levels in dialysis patients and
inflammation and atherosclerosis.

In conclusion, the plasma ghrelin levels may be associated
with protein malnutrition, oxidative stress and the occurrence
and development of cardiovascular disease in end-stage renal
disease and dialysis patients. The significant increase of
ghrelin levels in HD and CAPD patients may be attributed
to the declining function of the kidney to remove and meta-
bolically degrade the hormone. However, the malnutrition
and endocrine disorders of patients should be considered as
another, and possibly more important, cause for this symptom.
The positive correlation between the plasma ghrelin level
and LVEF in CAPD patients demonstrates a significant
correlation. Plasma ghrelin is a recently identified brain-gut
peptide, which can increase appetite, improve energy intake,
regulate weight, protect against malnutrition, protect the
cardiovascular function and adjust immune system function.
Therefore, further study of the cause behind the increase in
plasma ghrelin levels in patients with CKD will be beneficial
for the adoption of exogenous ghrelin for improving malnu-
trition, microinflammation and atherosclerosis in end-stage
renal disease and dialysis patients, which will protect their
cardiovascular function. The present study provides a novel
perspective for improving the quality of life in patients and
reducing complications.
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