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Abstract

Recent findings suggest that ghrelin may have a beneficial effect on vasculature. In the present study, we examined the associations

between plasma ghrelin concentration and metabolic parameters in children and adolescents. We measured fasting plasma ghrelin

concentrations in 50 Korean children and adolescents (28 boys and 22 girls, mean F SD age 12.6 F 2.7 years, body mass index 22.7 F
5.1 kg/m2), and analyzed the associations between fasting plasma ghrelin level and anthropometric measurements, metabolic parameters,

leptin concentration, and fasting insulin level. We found that fasting plasma ghrelin concentration was negatively correlated with height,

weight, body mass index, percent body fat, waist circumference, and hip circumference in both boys and girls. Fasting plasma ghrelin levels

were significantly negatively correlated with triglycerides and fasting insulin levels and positively correlated with high-density lipoprotein

cholesterol in boys, but not in girls. Our results thus demonstrate that higher plasma ghrelin levels have beneficial effects on metabolic

parameters in boys and that the relationships between fasting plasma ghrelin levels and metabolic parameters differed according to sex.

D 2005 Elsevier Inc. All rights reserved.
1. Introduction

Ghrelin is a potent stimulator of growth hormone release

[1,2] that has been implicated in the control of food intake

and energy homeostasis in human beings [3] and rodents

[4,5]. Ghrelin causes weight gain by increasing food intake

and reducing fat use [6,7]. Previous studies have found that

plasma ghrelin levels are lower in obese subjects than in

control subjects [4,8,9]. Plasma ghrelin concentration is

negatively associated with percent body fat [4,10] and

fasting plasma insulin [4,10-14] and leptin concentrations

[4,15]. It has been hypothesized that plasma ghrelin

concentrations are lowered in obese subjects as an adaptive

response to decrease weight or adiposity [16].

More recently, it has been proposed that ghrelin has a

beneficial effect on vasculature based on results showing that

intravenous ghrelin injections decrease mean arterial blood

pressure and cardiac afterload [17]. Ghrelin has also been
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shown to produce endothelium-independent vasodilation via

direct action on smooth muscle [18]. Thus, the low plasma

ghrelin concentration found in obese subjects may have a

detrimental effect on vasculature and promote the develop-

ment of cardiovascular disease. In addition, a recent study

found that low plasma ghrelin is associated with hyperten-

sion and the prevalence of type 2 diabetes in adults [19].

Previous studies have not, however, fully investigated

the relationships between plasma ghrelin concentration and

metabolic parameters in children and adolescents. In

addition, there is insufficient data to determine whether

there are sex differences in those relationships. Therefore,

the present study was undertaken to examine the associa-

tion between fasting plasma ghrelin concentration and

metabolic parameters according to sex in Korean children

and adolescents.
2. Materials and methods

Fifty Korean children and adolescents (28 boys, 22 girls)

were recruited via advertisements on the bulletin board of

Asan Medical Center. Informed consent was obtained from
xperimental 54 (2005) 925–929



Table 1

Basic characteristics of the study subjects

Boys (n = 28) Girls (n = 22)

n (%) n (%)

Age (y) b10 4 (14.3) 3 (13.6)

11-14 19 (67.9) 13 (59.1)

z15 5 (17.9) 6 (27.3)

BMI (kg/m2) b20 8 (28.6) 7 (31.8)

20-24.9 10 (35.7) 10 (45.5)

25-29.9 7 (25.0) 4 (18.2)

b30 3 (10.7) 1 (4.6)

Mean F SD Mean F SD

Age (y) 12.4 F 2.5 12.8 F 3.0

BMI (kg/m2) 23.0 F 5.3 22.2 F 4.9

Waist

circumference (cm)

79.2 F 13.5 73.5 F 11.6

Median (range) Median (range)

Leptin (ng/mL)T 4.76 (0.83-18.48) 9.09 (2.82-19.31)

Insulin (lU/mL) 5.52 (1.2-15.2) 5.32 (1.2-16.96)

Ghrelin (fmol/mL)T 133.2 (69.4-394.5) 189.6 (113.7-389.4)

T P b .05 by Wilcoxon rank sum test.
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the parents all subjects. Exclusion criteria included obesity

secondary to endocrine disease, secondary hypertension,

type 1 diabetes mellitus, familial lipid disorders, and genetic

disorders. Ages ranged from 7 to 19 (mean F SD age

12.6 F 2.7) years. This study was approved by the

institutional review board of Asan Medical Center.

Standing height and weight were measured, and body

mass index (BMI) was calculated. The BMI ranged from

14.7 to 37.4 (mean F SD BMI 22.7 F 5.1) kg/m2. Body

fat was measured using bioimpedance analysis (Inbody 3.0,

Biospace, Korea) [20]. Waist and hip circumferences were

measured with a tape measure. To minimize variations in

anthropometric measurements, all measurements were

obtained by the same experienced staff member. Waist

circumference was measured at a point midway between

the lower border of the rib cage and the iliac crest at the

end of normal expiration; hip circumference was measured

at the widest part of the hip, and waist/hip ratio (WHR)
Table 2

Correlations between anthropometric measurements and plasma concentrations o

Leptina

Boys Girls B

Ageb �0.11 0.30 0

Height 0.21 0.15 0

Weight 0.81TT 0.71TT 0

BMI 0.89TT 0.74TT 0

Percent body fat 0.91TT 0.89TT 0

Waist circumference 0.90TT 0.81TT 0

Hip circumference 0.82TT 0.72TT 0

WHR 0.79TT 0.65TT 0

a Log-transformed values were used.
b Correlation coefficient not adjusted.

T P b .05, correlation coefficient.

TT P b .005, correlation coefficient.
was calculated by dividing the waist circumference by the

hip circumference.

Cardiovascular risk factors, including systolic blood

pressure, diastolic blood pressure, fasting plasma glucose,

total cholesterol, low-density lipoprotein cholesterol, trigly-

cerides, and high-density lipoprotein (HDL) cholesterol, as

well as other metabolic variables, including plasma leptin,

fasting insulin, and plasma ghrelin concentrations, were

measured in all subjects. Blood pressure was measured with

a mercury sphygmomanometer with the individual in a

sitting position; participants were required to rest for

10 minutes before blood pressure measurement. Cuff size

was selected according to the arm circumference of the par-

ticipant. The first appearance of sound (phase 1 Korotkoff

sound) was used to define systolic blood pressure, and the

disappearance of sound (phase 5 Korotkoff sound) was used

to define diastolic blood pressure. Two readings were

recorded for systolic and diastolic blood pressure, and the

average of each was used.

Blood samples were obtained from each subject after a

12-hour overnight fast. Fasting plasma glucose was mea-

sured using the glucose oxidase method, and total choles-

terol and triglyceride levels were measured using enzymatic

procedures with an autoanalyzer (Hitachi-747, Japan). The

HDL cholesterol fraction was measured enzymatically after

precipitation of apolipoprotein B–containing lipoproteins

with MnCl2. Low-density lipoprotein cholesterol was

calculated using the Friedewald equation if the serum

triglyceride levels were below 400 mg/dL [21]. Fasting

plasma leptin concentrations were determined using a highly

sensitive commercial human leptin-specific double-antibody

radioimmunoassay kit (Linco Research, St Charles, Mo).

Fasting insulin was measured by radioimmunoassay

(Dianabott, Japan). Total plasma ghrelin concentration was

measured by radioimmunoassay (Phoenix Pharmaceuticals,

Belmont, Calif). The interassay and intraassay coefficients

of variation, respectively, were 3.4% and 2.5% for leptin,

7.0% and 7.8% for insulin, and 13.6% and 5.3% for ghrelin.

All anthropometric measurement data for the study

subjects are presented as mean F SD. The values for
f leptin, insulin, and ghrelin after adjustment for age

Insulina Ghrelina

oys Girls Boys Girls

.26 0.05 �0.57TT �0.03

.16 0.05 �0.38T �0.53T

.50T 0.57T �0.71TT �0.71TT

.58TT 0.63TT �0.74TT �0.59TT

.59TT 0.48T �0.74TT �0.48T

.54TT 0.61TT �0.76TT �0.51T

.55TT 0.50T �0.69TT �0.73TT

.37T 0.50T �0.66TT �0.15



Table 3

Correlations between metabolic parameters and plasma concentrations of leptin, insulin, and ghrelin after adjustment for age

Leptina Insulina Ghrelina

Boys Girls Boys Girls Boys Girls

Systolic blood pressure 0.27 0.30 0.36 0.28 �0.34 �0.20

Diastolic blood pressure 0.30 �0.06 0.37 �0.09 �0.22 �0.09

Fasting plasma glucose �0.22 �0.37 �0.11 �0.27 0.13 0.27

Total cholesterol 0.24 0.40 0.23 0.05 �0.20 0.02

Triglyceridesa 0.53TT 0.29 0.43T 0.74TT �0.60TT �0.38

HDL cholesterol �0.37 �0.15 �0.27 �0.39 0.66TT 0.24

Ghrelina �0.71TT �0.46T �0.59TT �0.24

Insulina 0.71TT 0.44T
a Log-transformed values were used.

T P b .05, correlation coefficient.

TT P b .005, correlation coefficient.

H.S. Park et al. / Metabolism Clinical and Experimental 54 (2005) 925–929 927
triglycerides, leptin, insulin, and ghrelin were not normally

distributed independently for age or BMI. They were log-

transformed to generate normally distributed data before

statistical analysis, and their concentrations are presented as

medians. Anthropometric measurements of boys and girls

were compared using Student t test, and sex differences in

leptin, insulin, and ghrelin concentrations were compared

using Wilcoxon rank sum test. Partial correlation coeffi-

cients were used to estimate the correlations between the

concentrations of leptin, insulin, or ghrelin and anthropo-

metric measurements and metabolic variables after adjust-

ment for age in boys and girls. All analyses were 2-tailed,

and a P value b .05 was considered statistically significant.

All statistical analyses were performed using SAS 6.12 for

Windows (SAS institute Inc, Cary, NC).
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3. Results

The basic characteristics of the study subjects are listed

in Table 1. The distribution of age and BMI was not

different between boys and girls. Plasma leptin levels and

fasting plasma ghrelin levels were significantly higher in

girls than in boys, whereas fasting insulin levels were

similar in boys and girls.

The correlations between age, anthropometric measure-

ments, and fasting plasma concentrations of leptin, insulin,

and ghrelin are shown in Table 2. In both sexes, circulating

leptin and insulin levels did not correlate with age or height.

Fasting leptin and insulin levels were positively correlated

with weight, BMI, percent body fat, waist circumference, hip

circumference, and WHR. In contrast, fasting plasma ghrelin

levels were negatively correlated with age in boys and with

height in both sexes. Fasting plasma ghrelin levels were

negatively correlated with weight, BMI, percent body fat,

waist circumference, and hip circumference in both sexes.

Table 3 lists the correlations between fasting concen-

trations of leptin, insulin, ghrelin, and metabolic parameters

after adjustment for age. Leptin concentration was positively

correlated with triglycerides concentration only in boys.

Fasting insulin levels were positively correlated with
triglycerides in both boys and girls. Fasting plasma ghrelin

levels were negatively correlated with fasting insulin and

triglycerides and positively correlated with HDL cholesterol

only in boys. No significant correlations were observed

between fasting plasma ghrelin concentration and metabolic

parameters in girls.

Figs. 1 and 2 show scatter plots with regression lines of

the relationship between the fasting plasma ghrelin concen-

tration and several metabolic parameters with untransformed

data. In both sexes, a negative correlation is observed

between the fasting plasma ghrelin and leptin concentra-

tions. However, fasting plasma ghrelin showed significant

negative correlations with fasting insulin and triglycerides
F
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Fig. 2. Relationships of fasting plasma ghrelin concentrations with

triglycerides and HDL cholesterol in boys and girls. Closed circles and
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and a positive correlation with HDL cholesterol in boys but

not in girls.
4. Discussion

In this study, fasting plasma ghrelin levels were

significantly negatively correlated with triglycerides and

positively correlated with HDL cholesterol in boys but not

in girls. The mechanism underlying the observed associa-

tions between fasting plasma ghrelin concentration and

metabolic parameters is currently unknown. However, these

findings are in accord with the results of a recent study

conducted in middle-aged adults, which found that trigly-

cerides decreased and HDL cholesterol increased signifi-

cantly with increasing plasma ghrelin concentration [19].

We observed a negative association between plasma

ghrelin concentration and plasma leptin in both sexes. By

contrast, a significant negative correlation between plasma

ghrelin concentration and fasting insulin was observed in

boys but not in girls. A previous study of obese children and

adolescents, which included boys and girls in a single subject

group, disclosed a negative correlation between fasting

plasma ghrelin concentration and insulin resistance but found

no significant correlation between fasting plasma ghrelin

concentration and leptin level [14]. Thus, the relationships

between plasma ghrelin concentration and plasma leptin,

fasting insulin, and insulin resistance in children and

adolescents require further investigation and may depend

on sex, age, pubertal stage, and severity of obesity.

Among boys, the relationships between fasting plasma

ghrelin levels and triglycerides and HDL cholesterol levels

were more prominent than the relationship between plasma
leptin concentration and those metabolic parameters. A

previous report has suggested that exogenous administration

of ghrelin decreases mean arterial blood pressure and

improves forearm blood flow in healthy individuals [17].

Ghrelin has also been shown to possess direct vasorelaxant

properties in endothelium-denuded human internal mam-

mary arteries and to potently reverse endothelin 1–induced

contractions [22]. Moreover, a recent study suggested that

the native receptor for [125I-His(9)]-ghrelin is widely

distributed in the human cardiovascular system [23].

Furthermore, a link has been established between the

density of ghrelin receptors in an individual and the

likelihood that individual will develop atherosclerosis, and

thus these receptors may represent a novel therapeutic target

in the treatment of cardiovascular disease [23]. When it is

considered that the atherosclerotic process begins at a young

age [24,25], the relationships between plasma ghrelin

concentration and metabolic parameters may influence the

development of atherosclerosis even in adolescents.

One previous study reported a decrease in plasma ghrelin

levels with age [13], whereas others have reported similar

ghrelin levels in healthy lean children and adults, with no

dependence on sex or pubertal status [11]. In our study,

there was a significant correlation between plasma ghrelin

levels and age only in boys, not in girls. These results are in

accordance with a previous report that the decrease in

ghrelin with advancing age or pubertal stage was more

marked in boys than in girls [26]. Further studies are needed

to fully elucidate the sex difference observed in the effects

of plasma ghrelin.

In contrast to our findings in boys, we observed no

correlations between plasma ghrelin concentration and

metabolic parameters including fasting insulin levels in

girls. This sex difference is difficult to explain. One possible

explanation would be the matter of sex differences in levels

of sex steroids. Further differences in sex steroids in female

children and postmenarchal adolescents may have altered

the findings.

The present study has several limitations. The cross-

sectional design of the study prevented us from establishing

casual relationships; hence, the results presented here

reflect only correlations between fasting plasma ghrelin

and metabolic parameters. In addition, we could not

measure acylated ghrelin and des-acylated ghrelin sepa-

rately. Current evidence suggests that the biologic activity

of ghrelin is dependent on its acylation in serine [27,28].

Several studies have reported that des-acylated ghrelin is

metabolically active, as it shares with acylated ghrelin some

nonendocrine actions such as cardiovascular effects, mod-

ulation of cell proliferation, and even some influence on

adipogenesis [27,29,30]. Further studies will be needed to

unravel the relationship between the 2 major molecular

forms of ghrelin (des-acylated and acylated forms) and

metabolic parameters. An additional limitation of the

present work is that single morning fasting measurements

of metabolic parameters including plasma ghrelin levels as
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well as other parameters might not represent the full nature

of the reciprocal relationships because of the multifactorial

dynamic nature of those parameters.

In conclusion, we found that fasting plasma ghrelin

levels were significantly negatively correlated with trigly-

cerides and fasting insulin levels and positively correlated

with HDL cholesterol in boys. These findings suggest that

high plasma ghrelin levels may have beneficial effects on

the metabolic parameters. In addition, our results indicated

that the relationships between fasting plasma ghrelin

concentration and metabolic parameters were sex-dependent

in children and adolescents. The mechanism underlying this

sex difference should be examined in a larger cohort.
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