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Abstract

AIM: To measure plasma ghrelin levels in children
and adolescents, analyze the associated factors,
and investigate the role of ghrelin in obesity, insulin
resistance and reproductive physiology.

METHODS: A total of 283 subjects aged 4.8-15.8
year were enrolled. Fasting blood samples were
collected and plasma ghrelin levels were measured by
radioimmunoassay. Fasting glucose (FG), fasting insulin
(FI), baseline testosterone (T), estradiol (E2), prolactin
(PRL), luteinizing hormone (LH), follicle-stimulating
hormone (FSH), serum total cholesterol (TC), triglyceride
(TG), alanine aminotransferase (ALT) and uric acid
(UA) were measured. Body mass index (BMI), insulin
resistance by homeostasis model (HOMA-IR) and beta
cell function by homeostasis model (HOMA-B) were
calculated.

RESULTS: The median ghrelin level was 290 ng/L
(15.0-1325.0 ng/L). Bivariate correlation analysis showed
that ghrelin levels were inversely correlated with BMI,
ALT, TG, UA, LH, FI and HOMA-IR (all » < 0.05). No
other significant correlation was found between ghrelin
levels and age, gender, TC, E2, FSH, PRL, FG and
HOMA-B. Stepwise multiple regression analysis showed
that only BMI and FI were independent determinants of
plasma ghrelin levels in these children and adolescents
(P = 0.018 and P = 0.046, respectively), which explained
25.4% of the variance.

CONCLUSION: These data suggest that the lower
ghrelin levels in obese subjects may be the result of
obesity and hyperinsulinemia, which is very common in
obese subjects. Moreover, ghrelin may regulate human
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reproductive physiology indirectly.
© 2008 WJG. All rights reserved.
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INTRODUCTION

Ghrelin, recently isolated from rat and human stomachs, is
an endogenous ligand for growth hormone secretagogue
receptor (GHSR) type 12", Recent studies have shown
that ghrelin is secreted from hypothalamus, pituitary,
endocrine pancreas islets, bowel, kidney, heart and
testis'"?. Besides stimulating GH secretion, ghrelin
has been reported to have other endocrine and non-
endocrine actions, including stimulation of lactotroph
and corticotroph secretion, effects on the gonadal axis,
cardiovascular activity, influence on behavior and sleep,
modulation of cell proliferation, repression of apoptosis,
and orexigenic effects””. However, most of these studies
used animal models and there were some discrepancies in
the results. Thus, the regulation of ghrelin secretion and
its specific role in endocrinology in humans, including the
gonadal axis, insulin resistance, energy balance and obesity,
are not completely understood.

In this study, we measured plasma ghrelin levels in
Chinese children and adolescents, analyzed their associated
factors, and investigated the role of ghrelin in obesity,
insulin resistance and reproductive physiology.

MATERIALS AND METHODS

Materials
A total of 283 subjects aged 4.8-15.8 year (mean * SD;
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9.4 £ 2.4 year) were enrolled in this study. They included
133 males and 150 females. Body mass index (BMI)
was 12.15-44.00 kg/m?* (19.88 + 6.23 kg/m?) with a
median BMI Z score of 0.52. Ninety-six individuals were
prepubescent and 187 were pubescent, including 107 with
Tanner II stage breasts, 53 with Tanner IIl, 19 with Tanner
IV and eight with Tanner V. Subjects with obesity were
included and subjects with other endocrine diseases, viral
hepatitis, kidney and infectious diseases were excluded.
Written informed consent was obtained from the parents
and the study was approved by the Ethics Committee of
the Children’s Hospital of Zhejiang University School of
Medicine, China.

Plasma ghrelin measurement

Two-milliliter venous blood samples were obtained by
venipuncture after an overnight fast and were placed in a
tube with 30 pL. 10% EDTA and 20 pl aprotinin. Plasma
was isolated and stored at -70°C until analysis. Plasma
total ghrelin levels, including Ser 3-octanoyl and Ser 3-des-
octanoyl ghrelin, were measured by radioimmunoassay.
The commercially available kits were purchased from
Phoenix Pharmaceuticals (Burlingame, CA, USA). The
assay sensitivity and CV were 10 ng/L and 5%-10%,
respectively.

Biochemistry markers

Fasting glucose (FG) and insulin (FI) levels were measured
by glucose oxidase method and radioimmunoassay (Beijing
North Biotechnology Invest, China). Insulin resistance by
homeostasis model (HOMA-IR) and beta cell function by
homeostasis model (HOMA-) were calculated according
to Matthews e a/": HOMA-IR = FG x FI/22.5 and
HOMA-B = 20 x FI/(FG-3.5).

Baseline testosterone (T), estradiol (E2), prolactin
(PRL), luteinizing hormone (LLH) and follicle-stimulating
hormone (FSH) were measured by chemiluminescence
(Siemens, Gwynedd, UK). Serum total cholesterol (TC),
triglyceride (TG), alanine aminotransferase (ALT) and uric
acid (UA) were measured in the clinical laboratoties of
the Children’s Hospital of Zhejiang University School of
Medicine.

Body composition measurements

Body composition was measured in the morning after an
overnight fast. Body weight was measured to the nearest
0.1 kg on an electronic scale, and body height was measured
to the nearest 0.1 cm, with the subjects in underwear and
barefoot. BMI was calculated as weight (kg) divided by
height (m) squared.

Statistical analysis

Statistical analyses were conducted by using SPSS software
(11.5 Version) (SPSS, Chicago, IL, USA). Quantitative data
with normal distribution were presented as the mean + SD,
and data with skewness distribution were presented as the
median (min-max). The T and E2 levels, which were lower
than measured limits (both 20 ng/dL), were treated as the
lower limit. The relation between fasting ghrelin levels
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r value P value
Age (yr) -0.107 0.073
Gender (male 1, female 0) 0.082 0.167
BMI Z score -0.259 <0.001
FI (mIU/L) 0.283 <0.001
FG (mmol/L) -0.108 0.085
HOMA-IR 0.266 <0.001
HOMA-B -0.049 0.447
ALT (U/L) -0.192 0.002
TG (mmol/L) -0.136 0.029
TC (mmol/L) -0.051 0.258
UA (umol/L) -0.210 0.001
T (ng/L) -0.149 0.016
E2 (ng/L) -0.075 0.226
LH (IU/L) -0.120 0.053
FSH (IU/L) -0.063 0.281
PRL (ng/L) -0.003 0.963

and other factors was analyzed by bivariate correlation
using the Pearson test. Stepwise multiple linear regression
models were used to examine the determinants of plasma
ghrelin levels. Differences were considered statistically
significant at P < 0.05.

RESULTS

In 283 subjects, the levels of FG, FI, HOMA-IR and
HOMA-B were 4.55 £ 0.64 mmol/L, 7.60 mIU/L
(2.0-56.90 mIU/L), 1.57 (0.29-12.39) and 156.80 (-5240 to
10640), respectively. The levels of ALT, TG, TC and UA
were 18.0 U/L (6.0-369.0 U/L), 1.42 mmol/L (0.22-8.64
mmol/L), 4.18 mmol/L (2.12-7.81 mmol/L) and 297.75 *
82.09 pumol/L, respectively. The levels of T, E2, LH, FSH
and PRL were < 200.0 ng/L (< 200.0-2700 ng/L), < 20.0
ng/L (< 20-98.6 ng/L), 0.30 IU/L (0.10-98.60 TU/L), 2.40
IU/L (0.10-100.0 IU/L) and 13.30 pg/L (2.90-69.30 pg/L).
The median ghrelin level was 290 ng/L (15.0-1325.0 ng/L).

Bivariate correlation analysis was performed between
fasting ghrelin levels and other factors, including age,
gender (female as 0, male as 1), BMI Z score, ALT, TG,
TC, UA, T, E2, LH, FSH, PRL, FG, FI, HOMA-IR, and
HOMA-f (Table 1). The results showed the ghrelin levels
were inversely correlated with BMI, ALT, TG, UA, FI and
HOMA-IR (all P < 0.05). LH, age and FG had a marginal
relationship with ghrelin (P ranged from 0.053 to 0.085).
No other significant correlation was found between ghrelin
levels and gender, TC, E2, FSH, PRL and HOMA-p.

Stepwise multiple regression analysis included all the
factors which showed P < 0.1 in the bivariate correlation
analysis. We found that only FI and BMI were independent
determinants of plasma ghrelin levels in these children
and adolescents, which explained 22.7% of the variance
(Table 2). Plasma ghrelin levels were inversely associated
with FI and BMI Z score (P = 0.026 and P = 0.048,
respectively). HOMA-IR, T, LH, ALT, TG, UA and age
were excluded in the equations (all P > 0.05).
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Variable Coefficient (Beta) rvalue P value
FI (mIU/L) -1.208 2244 0.026
BMI Z score -1.107 1.985 0.048
FG (mmol/L) -0.203 1.857 0.065
ALT (U/L) -0.099 1.252 0.212
T (ng/L) -0.081 1.125 0.262
HOMA-IR 0.099 1.251 0.277
UA (umol/L) -0.046 0.574 0.567
Age (yr) 0.026 0.371 0.711
LH (IU/L) -0.017 0.237 0.813
TG (mmol/L) 0.002 0.029 0.977

#* for the model = 0.227.

DISCUSSION

Ghrelin has recently been identified as a ligand of GHSR
type la. It has been reported to have endocrine and
nonendoctine actions” ", although there have been some
contrary results. Also, the regulation of ghrelin secretion
and its exact role have not yet been fully elucidated. In
this study, we measured the plasma ghrelin levels in 283
Chinese children and adolescents and investigated the
associated factors. We found that the median ghrelin level
was 290 ng/L (15.0-1325.0 ng/L), which was similar with
that reported previously™".

We also found that BMI Z scores were inversely
correlated with fasting plasma ghrelin levels, both by
bivariate correlation and multiple regression analyses. This
confirmed the view that ghrelin is closely associated with
obesity. Ghrelin has been considered as a cause of obesity
in some studies, on account of the fact that ghrelin has
orexigenic effects in both rats and humans""'?, However,
the results of most studies in humans, similar to our
own, have demonstrated that ghrelin levels are negatively
correlated with BMI Z score™". Moreover, Marzullo ef a/
have reported that active ghrelin levels in subjects with
obesity are lower than those in lean subjects"”. These
findings are contrary to the view that ghrelin is a factor
in obesity. We speculate that the lower ghrelin levels in
obesity are part of negative feedback to inhibit appetite
and body weight, but not the primary cause of obesity'"”.
This is also supported by the fact that circulating ghrelin
levels increase in anorexia and cachexia*". However,
animals without ghrelin do not have significantly altered
body weight or food intake when compared with their
wild-type littermates"”*”. This suggests that it is a part of
a reversible feedback mechanism, but not a determinant
factor. Further studies are required to investigate the effect
and the mechanism of ghrelin deficiency in individuals
with obesity.

We also report that FI, HOMA-IR, ALT, UA and
TG (but not glucose or HOMA-f) were negatively
associated with plasma ghrelin levels. Moreover, FI was an
independent factor of ghrelin levels by multiple regression
analysis. These findings are supported by several previous
studies™ and suggest that insulin suppresses circulating
ghrelin, independently of glucose. Hence, we speculate
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that hyperinsulinemia, which is very common in children
and adolescents with obesity™ !, might partly explain their
lower ghrelin levels.

Some previous studies have suggested that ghrelin
plays a role in the regulation of reproductive physiology.
Expression of ghrelin in rat and human testes has been

2027 2nd some studies have reported that
28.31]

investigated
ghrelin levels are related to GnRH and androgens[
However, some animal studies have shown that ghrelin
stimulates GnRH and/or androgens in vitrd”>”” but
inhibits these hormones i vivo™”’". However, similar
studies investigating the relationship between ghrelin and
the gonadal axis in humans are rare, and the actual role
of ghrelin in reproductive physiology is still unclear. In
this study, we found that T and LH (but not E2 and FSH)
were negative associated with fasting plasma ghrelin levels,
although T and LH were not independent factors for
ghrelin levels in stepwise regression analysis. This finding
suggests that ghrelin regulates reproductive physiology in
humans indirectly.

There are several limitations in this current study.
Firstly, the sample may have been too small to find major
differences. Secondly, we measured total circulating
ghrelin, including Ser 3-octanoyl and Ser 3-des-octanoyl
ghrelin, but not the active form of ghrelin. Thirdly, the
actual correlation coefficients between serum ghrelin levels
and BMI Z scores and FI were low. These imply that some
other factors play a role in regulating circulating ghrelin
levels.

In summary, our data suggest the lower ghrelin levels
in subjects with obesity are the result of obesity and
hyperinsulinemia, which is very common in these subjects.
Moreover, ghrelin may regulate human reproductive
physiology indirectly. Further studies are required to improve
our understanding of the ghrelin effect and regulation of
ghrelin secretion.
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COMMENTS

Background

Ghrelin is an endogenous ligand for growth hormone secretagogue receptor type
1a and has some endocrine and non-endocrine actions. However, the regulation
of ghrelin secretion and its specific role in endocrinology in humans, including the
gonadal axis, insulin resistance, energy balance and obesity, are not completely
understood.

Research frontiers

Worldwide, obesity has reached epidemic proportions. Obesity also increases the
risk of developing a number of chronic diseases including insulin resistance, type
2 diabetes, hypertension, hypercholesterolemia, stroke, and heart attack. Hence,
analysis of the relationship between ghrelin levels, obesity and insulin resistance
is necessary.

Related publications
The prevalence of obesity has increased in China, which is closely associated with
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metabolic syndrome (Int J Obes 2007; 31: 15-22). Some studies have reported the
relationship between obesity, adipocytokines and cytokines (Endocrin J 2005; 52:
519-524. Indian Pediatr 2007; 44: 275-279).

Innovations and breakthroughs

The lower ghrelin levels in subjects with obesity may be the result of obesity and
hyperinsulinemia, which is very common in these subjects. Moreover, ghrelin might
regulate human reproductive physiology indirectly.

Applications
Regulating ghrelin levels may be beneficial for improving insulin sensitivity,
controlling body weight, or even reproductivity.

Terminology

Insulin resistance is a condition in which the cells of the body become resistant
to the effects of insulin, that is, the normal response to a given amount of insulin
is reduced. As a result, higher levels of insulin are needed in order for insulin to
have an effect. Aimost all individuals with type 2 diabetes mellitus and many with
hypertension, cardiovascular disease, and obesity are insulin resistant.

Peer review

This study is of particular importance to childhood health and obesity, and
correlates many factors with plasma ghrelin in the fasting state. It suggests an
interesting hypothesis linking hyperinsulinemia and obesity to lower ghrelin levels.
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