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Abstract

Background: The utility of ghrelin as a biomarker may be 
different depending on gender. The aim of this study was 
to assess ghrelin levels in a population-based sample of 
adolescents, and to evaluate their association with obesity 
and obesity-related parameters depending on sex.
Methods: The studied population included 601 randomly 
selected 14-to 16-year-old children. Anthropometrical data 
were measured and body mass index (BMI) and waist 
to hip ratio calculated. Body composition was assessed 
using an impedance body composition analyzer. Total 
serum ghrelin levels were determined using a multiplexed 
bead immunoassay. Serum leptin and adiponectin levels 
were determined by ELISA and insulin by RIA.
Results: Ghrelin levels were significantly higher in girls 
than in boys. Serum ghrelin concentrations were sig-
nificantly lower (p < 0.01) in obese than in normal weight 
(NW) girls, but showed no differences by weight category 
in boys. Ghrelin showed a significant negative relation-
ship with waist circumference (WC), waist to hip ratio and 
fat mass (p < 0.05) in both genders, and with weight and 
BMI (p < 0.01) in girls, and insulin (p < 0.01) and HOMA 
(p < 0.05) in boys. Ghrelin also correlated negatively with 
leptin levels in girls (p < 0.01).
Conclusions: Our study describes serum ghrelin levels 
in adolescents, showing a sexual dimorphism in ghrelin 
levels in these 14-to 16-year-old children, and a different 
association of ghrelin levels with obesity by gender that 

suggests a different appetite and energy expenditure con-
trol depending on sex at this age.

Keywords: adolescents; anthropometric data; fat mass; 
ghrelin levels.

Dedicated to the late Prof. Manuel de Oya, as the warmest homage 
to his memory.

Introduction
Ghrelin is an orexigenic peptide derived from the stomach 
[1], that stimulates appetite, in humans, increasing food 
intake and regulating body weight maintenance [2]. It 
seems that ghrelin has a role in glucose homeostasis 
affecting insulin sensitivity [3] by influencing insulin 
secretion through the AMPK-UPC2 pathway in β cells [4].

Studies in adults suggest a negative association 
between ghrelin and obesity and obesity-related pheno-
types. In different ethnic groups, ghrelin levels have been 
observed to be decreased in obese adults [5, 6] and have 
been negatively correlated with body mass index (BMI) 
[6–8] and waist circumference (WC) [9]. Ghrelin levels 
have also been associated with fat mass in some studies 
[5, 9] but not in others [7]. In addition, a negative asso-
ciation of ghrelin concentrations with insulin levels and 
insulin resistance has been reported [7, 10–12].

The association between ghrelin and obesity has also 
been analyzed in different populations of children and 
adolescents. Some studies have found decreased ghrelin 
levels in obese children [13, 14] and a negative correlation 
between BMI and ghrelin concentrations [15–19]. However, 
the results are inconsistent, since these studies were not 
derived from population-based samples, but rather from 
either relatively small population samples, or studies 
including a broader range of age groups. Furthermore, the 
reason behind different ghrelin levels depending on sex 
remains unclear.

The aim of our study was to investigate a potential 
sexual dimorphism in ghrelin levels in pubertal children, 
and the possible different relationship of ghrelin with 
obesity and obesity-related parameters in pubertal boys 
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and girls. Thus, our study examines total ghrelin levels 
by gender in Spanish adolescents between the ages of 14 
and 16, and analyzes their relationship with anthropomet-
ric measurements, body composition, insulin, leptin and 
adiponectin levels in a large population-based cohort of 
healthy adolescents.

Materials and methods
Subjects

The studied population included 601 14- to 16-year-old children (285 
boys and 316 girls). Children were participants in a cross-sectional 
study designed to analyze cardiovascular risk factors in Spanish 
schoolchildren, and were selected by means of random cluster sam-
pling in schools. Parents were required to provide written consent 
for their children to participate in the study. All children reported by 
their parents to be suffering from chronic diseases, including puber-
tal delay, were excluded. The study protocol complied with Helsinki 
Declaration guidelines and Spanish legal provisions governing clini-
cal research on humans, and was approved by the Clinical Research 
Ethics Committee of the Fundación Jiménez Díaz in Madrid.

Anthropometric variables

Measurements were taken with children wearing light clothing and 
barefoot. Weight was determined to the nearest 0.1 kg using a stand-
ardized electronic digital scale, and height was measured to the 
nearest 0.1 cm using a portable stadiometer. WC was measured at the 
narrowest point between the lowest rib and the uppermost lateral 
border of the right iliac crest. Hip circumference (HC) was measured 
at the widest point of the hips with the subject standing with both 
feet together. The waist to hip ratio was calculated based on these 
two circumference values. In a subgroup of children, body compo-
sition [expressed as fat mass (kg) and % of body fat] was assessed 
using a Tanita (Arlington Heights, IL, USA) TBF-300MA impedance 
body composition analyzer. BMI (weight in kg/height in m2) was cal-
culated and BMI z-score was also calculated using reference data 
[20]. According to Cole et al. criteria [21], we considered children to 
be overweight (OW) if their BMI exceeded the cut-off points between 
22.6 and 23.9 kg/m2 for boys and between 23.3 and 24.4 kg/m2 for girls 
depending on age (half a year intervals). We considered children to 
be obese if their BMI exceeded the cut-off points between 27.6 and 
28.9 kg/m2 for boys and between 28.6 and 29.4 kg/m2 for girls. Bio-
chemical data: Fasting (12 h) venous blood samples were obtained by 
venipuncture and collected in Vacutainer tubes. Total serum ghrelin 
levels were quantified using multiplex assay kits that utilize fluores-
cent microbead technology, allowing simultaneous quantification of 
several target proteins within a single serum sample. Serum without 
protease inhibitor was used for ghrelin determination, which may 
result in lower ghrelin levels than using samples with preservative. 
A customized panel from BioRad was used (Bio-PlexProTM Human 
Diabetes Standard; Bio-Rad, Hercules, CA, USA) in the platform 
Luminex 200 System (Luminex corporation, Invitrogen; Caramillo, 

Table 1: Serum ghrelin levels and anthropometrical characteristics 
(mean (95% confidence interval) in 14- to 16-year old boys and girls).

  Boys  Girls  p-Value

n   285  316 
Age, years   14.9 (14.8–15.0)  14.8 (14.7–14.9)  –
Ghrelin, pg/mL  362 (337–387)  424 (397–450)  0.001
Weight, kg   65.2 (63.7–66.8)  56.8 (55.7–57.8)  0.001
Height, cm   170 (169–171)  161 (160–162)  0.001
BMI, kg/m2   22.2 (21.8–22.7)  21.8 (21.5–22.2)  –
z-score BMI   0.18 (0.06–0.30)  0.14 (0.04–0.23)  –

n   163  176 
Fat mass, %   17.0 (15.6–18.2)  28.2 (27.2–29.2)  0.000
Fat mass, kg   12.7 (11.2–15.0)  16.8 (15.7–17.8)  0.001

CA, USA). As previously reported, in our panel, we analyzed visfa-
tin and resistin in addition to ghrelin. Serum leptin and adiponectin 
levels were determined by ELISA using commercially available kits 
(Leptin EIA-2395, DRG Instruments GmbH, Marburg, Germany and 
Adiponectin E-09, Mediagnost® Reutlingen, Germany, respectively). 
Serum insulin concentrations were measured by radioimmunoassay 
(RIA) using a commercial kit (BI-Insulin IRMA, Bio-Rad, France).

Statistical analysis

Statistical analyses were performed using the SPSS software pack-
age, version 9.0 (SPSS, Inc., Chicago, IL, USA). The results are 
expressed as mean (95% confidence interval). Given that serum 
ghrelin levels did not follow a normal distribution, the data were 
normalized prior to the statistical analysis. Gender differences in the 
variables being studied were assessed using a t-test. Differences in 
variables by weight category in boys and girls by age were evaluated 
by one-factor ANOVA. Partial correlation analyses were performed to 
evaluate the relationships between ghrelin and anthropometric vari-
ables adjusted by age, and between ghrelin and insulin levels and 
adipokines adjusted by age and BMI z-score. To ascertain the inde-
pendent predictors of ghrelin levels by gender, stepwise multiple 
regression analysis was performed, including fat mass, insulin and 
leptin as independent variables.

Results
Serum ghrelin levels and anthropometric variables in 14- 
to 16-year-old boys and girls in our study are shown in 
Table 1. Serum ghrelin levels were significantly higher in 
girls (p < 0.01) than in boys.

Serum ghrelin levels in normal weight (NW), OW 
and obese children by sex are shown in Table 2. Serum 
ghrelin concentrations were significantly lower in obese 
than in NW 14- to 16-year-old girls (p < 0.01). No significant 
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differences in ghrelin levels by weight category were 
observed in boys.

Partial correlation analyses were performed between 
ghrelin levels and anthropometric parameters adjusted 
by age (Table 3), and between ghrelin levels and insulin, 
HOMA, leptin and adiponectin levels adjusting by age and 
BMI z-score (Table 4). The analysis showed significant 
negative correlations of ghrelin levels with measures of 
central obesity (WC and waist to hip ratio) and with fat 
mass in both boys and girls. Furthermore, negative cor-
relations between ghrelin levels and weight and BMI were 
observed in girls (Table 3). After adjusting by age and BMI 
z-score, ghrelin correlated negatively with insulin levels 
and HOMA in boys but not in girls. On the other hand, 

Table 2: Serum ghrelin levels (pg/mL) in NW, OW and obese children by sex.

14-to16-year old boys (n = 285)    
 

14-to16-year old girls (n = 316) 

NW (n = 198)  OW (n = 64)  Obese (n = 23) p-Value NW (n = 254)  OW (n = 49)  Obese (n = 13) p-Value

367   345  380  NS   442  373  250  NW-OBa

(335–398)   (294–396)  (310–449)    (413–472)  (302–444)  (157–344)  OW-OBb

p: ANOVA, Post Hoc Tukey. ap < 0.01, bp < 0.05.

Table 3: Correlation analysis between ghrelin and anthropometric 
data and body composition in boys and girls adjusted by age.

 
 

Ghrelin

Boys  Girls

n   285  316
Weight, kg   –0.086  –0.190b

BMI, kg/m2   –0.053  –0.154b

BMI z-score   –0.055  –0.154b

Waist circumference, cm  –0.151a  –0.280c

Waist-to-hip ratio   –0.216b  –0.268c

n   163  176
Fat mass, %   –0.197a  –0.192a

Fat mass, kg   –0.174a  –0.228b

ap < 0.05, bp < 0.01, cp < 0.001.

Table 4: Correlation analysis between ghrelin and insulin related 
variables and adipokines in boys and girls adjusted by age and BMI 
z-score.

 
 

Ghrelin

Boys (n = 285)   Girls (n = 316)

Insulin   –0.166b   –0.079
HOMA   –0.136a   –0.064
Leptin, ng/mL   –0.105   –0.181b

Adiponectin, ng/mL   0.012   0.022

ap < 0.05, bp < 0.01.

negative correlations between ghrelin levels and leptin 
were observed in girls but not in boys, while no significant 
correlations were found between ghrelin and adiponectin 
levels. Stepwise multiple regression analysis revealed that 
insulin accounts for 7.1% of the variance in ghrelin in boys, 
and fat mass accounts for 4.5% of its variance in girls.

Discussion
Data on ghrelin levels in healthy populations coming from 
prospective studies in our area are scarce. Our study pro-
vides data on ghrelin levels from a large sample of Medi-
terranean children analyzed by gender.

In our population of 14- to 16-year-old children, we 
have observed significantly higher ghrelin levels in girls 
than in boys. In the literature, the findings of different 
studies analyzing gender differences in serum ghrelin 
levels are inconsistent. Although some authors failed to 
find any differences between sexes [5–7, 22], some studies 
in adults have also reported higher ghrelin levels in 
females than in males [23–25], suggesting that there are 
important sex-based differences in the regulation and 
action of ghrelin in humans. A possible explanation for 
this sexual dimorphism could be related to sex steroid 
effects, however, no relationship between ghrelin levels 
and sexual hormones has been observed in our population 
(data not shown). As previously suggested [25], the higher 
serum ghrelin concentration in females could be related, 
at least partially, with the different body fat content and 
distribution in women compared to men. Girls in our 
study have significantly higher fat mass than boys.

In both sexes, ghrelin levels were related to WC and 
waist-to-hip ratio and body composition, evaluated as 
total fat mass or % fat mass. The finding of an inverse 
association of serum ghrelin levels with anthropometric 
measurements, such as WC and waist to hip ratio, is in 
agreement with other studies in adults [9, 23], and with 
studies in children in which an association between 
ghrelin and measures of central obesity has been reported 
[26, 27]. In children, some studies have analyzed the 
association between ghrelin and body fat composition 
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previously reported in adults [5, 9]. A negative associa-
tion between ghrelin levels and percentage of body fat 
has been previously reported in Pima Indian children [16], 
obese prepubescent children [26] and children with met-
abolic syndrome [27]. To our knowledge, the analysis of 
the association between these ghrelin concentrations and 
fat mass has not been addressed in previous population-
based studies in Caucasian pubertal children.

Serum ghrelin levels showed an inverse associa-
tion with weight and BMI in girls but not in boys. Also, 
ghrelin levels were lower in obese compared to OW and 
NW 14- to 16-year-old girls, without showing significant 
differences across BMI categories in 14- to 16-year-old 
boys. The association of lower ghrelin levels with obesity 
[5, 6], and the finding of decreased ghrelin levels across 
BMI categories has been described in previous studies 
considering males and females together [25]. Studies in 
children have also found an association between ghrelin 
and obesity [13, 14] and BMI [16–19], however, none of 
these studies analyzed boys and girls separately. In our 
study, in addition to finding decreased levels of ghrelin 
associated with obesity in girls but not in boys, we 
observed gender differences in the associations between 
ghrelin and BMI, which have not been reported previ-
ously in children. In girls, serum ghrelin levels had a 
relationship with weight, BMI and BMI z-score that was 
not present in boys. Our results, showing significant cor-
relations of ghrelin levels with WC and fat mass but not 
with BMI in boys, suggest that it is the amount of fat and 
the body fat distribution that is related to ghrelin con-
centrations, rather than BMI. Different body fat mass 
composition and distribution between sexes could con-
tribute to explain the different ghrelin levels between 
sexes, and the gender differences in the association of 
ghrelin with anthropometric variables.

In our study, we observed a negative association of 
ghrelin with insulin levels and insulin resistance in boys 
independent of anthropometric variables, which has been 
reported in some studies in children [6, 19, 28], but not in 
others [18], although none of these studies analyzed boys 
and girls separately.

We also found a negative association between ghrelin 
and leptin levels in girls. The regulation of ghrelin secre-
tion and its biological effects appear opposite to those of 
leptin, and a negative association between ghrelin and 
leptin has been reported in the literature [28], although 
not all studies have found this association [25]. In our 
population, we have previously described a negative asso-
ciation of fat mass with leptin [29] that could contribute 
to explain the indirect association between ghrelin levels 
with these adipokines, as in our children the relationship 

of serum ghrelin with fat measures appears even stronger 
than with BMI.

The peptides acyl ghrelin (AG) and des-acyl ghrelin 
(DAG) are both encoded by the prepro-ghrelin gene. 
Acylation is catalyzed by the enzyme ghrelin O-acyltrans-
ferase. DAG represents more than 90% of human plasma 
ghrelin immunoreactivity. While AG acts on the GH secre-
tagogue receptor (GHSR) in the CNS to promote feeding 
and adiposity and also acts on GHSR in the pancreas to 
inhibit glucose-stimulated insulin secretion, among other 
actions, DAG has long been considered an inert degrada-
tion product of AG. Recent evidence, however, indicates 
that DAG behaves like a separate hormone, acting as a 
potent functional inhibitor of ghrelin [30].

The main limitation of our study is the absence of 
pubertal stage assessment that prevents us from using 
Tanner stage as a covariate in our analysis. However, in 
our study, we have ruled out delayed puberty, defined 
as the absence of testicular enlargement in boys after 
14  years or breast development in girls after age 13. A 
further adjustment of our analysis by age contributed to 
control this aspect. Other important limitations of our 
study, mainly attributed to methodological issues, are 
the lack of information about active ghrelin concentra-
tions and the variability of the assays used to determine 
ghrelin, which make comparison difficult. Furthermore, 
the fact that serum without protease inhibitor has been 
used may contribute to the lower ghrelin levels observed 
in our study comparing with other studies using samples 
with preservative.

Conclusions
In our study, we reported that in healthy 14- to 16-year-
old children levels of ghrelin are higher in girls than in 
boys, which suggests a sexual dimorphism in appetite 
and energy expenditure control at this age. Serum ghrelin 
levels were related to obesity, but were mainly influenced 
by body composition measures such as fat mass more so 
than by BMI.

Acknowledgments: This article is dedicated to the late 
Prof. Manuel de Oya. Prof de Oya designed the Four Prov-
ince Study and the ideas reflected in our work can be 
traced back to him. We thank Asha Jois for her revision of 
the original manuscript.
Author contributions: All the authors have accepted 
responsibility for the entire content of this submitted 
manuscript and approved submission.

Brought to you by | Karolinska Institute
Authenticated

Download Date | 1/28/19 5:46 PM



Soriano-Guillén et al.: Ghrelin levels and obesity in adolescents      1375

Research funding: This study was supported by grants 
from the Fondo de Investigación Sanitaria (PI 11/00344, PI 
14/00344) and Biobank grant FEDER RD09/0076/00101. 
The contract of Carmen Garcés is co-financed by the Fondo 
de Investigación Sanitaria. 
Employment or leadership: Lorena Ortega and Pilar 
Navarro are fellows of the Conchita Rábago Foundation.
Honorarium: None declared.
Competing interests: The funding organization(s) played 
no role in the study design; in the collection, analysis, and 
interpretation of data; in the writing of the report; or in the 
decision to submit the report for publication.

References
1.	 Kojima M, Hosoda H, Date Y, Nakzato M, Matsuo H, Kangawa K. 

Ghrelin is a growth-hormone-releasing acylated peptide from 
stomach. Nature 1999;402:656–60.

2.	 Klok MD, Jakobsdottir S, Drent ML. The role of leptin and ghrelin 
in the regulation of food intake and body weight in humans: a 
review. Obes Rev 2007;8:21–34.

3.	 Sun Y, Asnicar M, Smith RG. Central and peripheral roles 
of ghrelin on glucose homeostasis. Neuroendocrinology 
2007;86:215–28.

4.	Wang Y, Nishi M, Doi A, Shono T, Furukawa Y, Shimada T, et al. 
Ghrelin inhibits insulin secretion through the AMPK-UCP2 
pathway in beta cells. FEBS Lett 2010;584:1503–8.

5.	 Tschöp M, Weyer C, Tataranni PA, Devanarayan V, Ravussin E, 
Heiman ML. Circulating ghrelin levels are decreased in human 
obesity. Diabetes 2001;50:707–9.

6.	Shiiya T, Nakazato M, Mizuta M, Date Y, Mondal MS, Tanaka M, 
et al. Plasma ghrelin levels in lean and obese humans and the 
effect of glucose on ghrelin secretion. J Clin Endocrinol Metab 
2002;87:240–4.

7.	 Purnell JQ, Weigle DS, Breen P, Cummings DE. Ghrelin levels 
correlate with insulin levels, insulin resistance, and high-den-
sity lipoprotein cholesterol, but not with gender, menopausal 
status, or cortisol levels in humans. J Clin Endocrinol Metab 
2003;88:5747–52.

8.	Bennett NR, Boyne MS, Cooper RS, Royal-Thomas TY, Bennett FI, 
Luke A, et al. Impact of adiponectin and ghrelin on incident 
glucose intolerance and on weight change. Clin Endocrinol (Oxf) 
2009;70:408–14.

9.	Fagerberg B, Hulten LM, Hulthe J. Plasma ghrelin, body fat, 
insulin resistance, and smoking in clinically healthy men: 
the atherosclerosis and insulin resistance study. Metabolism 
2003;52:1460–3.

10.	 Pöykkö SM, Kellokoski E, Hörkkö S, Kauma H, Kesäniemi YA, 
Ukkola O. Low plasma ghrelin is associated with insulin resist-
ance, hypertension, and the prevalence of type 2 diabetes. 
Diabetes 2003;52:2546–53.

11.	 Katsuki A, Urakawa H, Gabazza EC, Murashima S, Nakatni K, 
Togashi K, et al. Circulating levels of active ghrelin is associated 
with abdominal adiposity, hyperinsulinemia and insulin resist-
ance in patients with type 2 diabetes mellitus. Eur J Endocrinol 
2004;151:573–7.

12.	 Amini P, Wadden D, Cahill F, Randell E, Vasdev S, Chen X, et al. 
Serum acylated ghrelin is negatively correlated with the insulin 
resistance in the CODING study. Plos One 2012;7:e45657.

13.	 Reinehr T, de Sousa G, Roth CL. Obestatin and ghrelin levels in 
obese children and adolescents before and after reduction of 
overweight. Clin Endocrinol (Oxf) 2008;68:304–10.

14.	 Zhang N, Yuan C, Li Z, Li J, Li X, Li C, et al. Meta-analysis of the 
relationship between obestatin and ghrelin levels and the 
ghrelin/obestatin ratio with respect to obesity. Am J Med Sci 
2011;341:48–55.

15.	 Whatmore AJ, Hall CM, Jones J, Westwood M, Clayton PE. Ghrelin 
concentrations in healthy children and adolescents. Clin 
Endocrinol (Oxf) 2003;59;649–54.

16.	 Bunt JC, Salbe AD, Tschöp MH, Del Parigi A, Daychild P, Tatarnni PA. 
Cross-sectional and prospective relationships of fasting plasma 
ghrelin concentrations with anthropometric measures in Pima 
Indian children. J Clin Endocrinol Metab 2003;88:3756–61.

17.	 Soriano-Guillén L, Barrios V, Chowen JA, Sánchez I, Vila S, 
Quero J, et al. Ghrelin levels from fetal life through early adult-
hood: relationship with endocrine and metabolic and anthropo-
metric measures. J Pediatr 2004;144:30–5.

18.	 Baldelli R, Bellone S, Castellino N, Petri A, Rapa A, Vivenza D, 
et al. Oral glucose load inhibits circulating ghrelin levels to the 
same extent in normal and obese children. Clin Endocrinol (Oxf) 
2006;64:255–9.

19.	 Zou CC, Liang L, Zhao ZY. Factors associated with fasting plasma 
ghrelin levels in children and adolescents. World J Gastroenterol 
2008;14:790–4.

20.	Carrascosa A, Fernandez JM, Fernandez C, Fernandez A, López-
Siguero JP, Sánchez E, et al. [Spanish cross-sectional growth 
study 2008. Part II. Height, weight and body mass index values 
from birth to adulthood]. An Pediatr (Barc) 2008;68:552–69.

21.	 Cole TJ, Bellizzi MC, Flegal KM, Dietz WH. Establishing a 
standard definition for child overweight and obesity worldwide 
international survey. Br Med J 2000;320:1240–3.

22.	Vilarrasa N, Vendrell J, Maravall J, Broch M, Estepa A, Megia A, 
et al. Distribution and determinants of adiponectin, resistin and 
ghrelin in a randomly selected healthy population. Clin Endo-
crinol (Oxf) 2005;63:329–35.

23.	Greenman Y, Golani N, Gilad S, Yaron M, Limor R, Stern N. 
Ghrelin secretion is modulated in a nutrient- and gender-
specific manner. Clin Endocrinol (Oxf) 2004;60:382–8.

24.	Makovey J, Naganathan V, Seibel M, Sambrook P. Gender 
differences in plasma ghrelin and its relations to body composi-
tion and bone-an opposite-sex twin study. Clin Endocrinol (Oxf) 
2007;66:530–7.

25.	 Ingelsson E, Larson MG, Yin X, Wang TJ, Meigs JB, Lipinska I, 
et al. Circulating ghrelin, leptin, and soluble leptin receptor 
concentrations and cardiometabolic risk factors in a community-
based sample. J Clin Endocrinol Metab 2008;93:3149–57.

26.	Kelishadi R, Hashemipour M, Mohammadifard N, Alikhassy H, 
Adeli K. Short- and long-term relationships of serum ghrelin 
with changes in body composition and the metabolic syndrome 
in prepubescent obese children following two different weight 
loss programmes. Clin Endocrinol (Oxf) 2008;69:721–9.

27.	 Pacifico L, Poggiogalle E, Costantino F, Anania C, Ferraro F, 
Chiarelli F, et al. Acylated and nonacylated ghrelin levels 
and their associations with insulin resistance in obese and 
NW children with metabolic syndrome. Eur J Endocrinol 
2009;161:861–70.

Brought to you by | Karolinska Institute
Authenticated

Download Date | 1/28/19 5:46 PM



1376      Soriano-Guillén et al.: Ghrelin levels and obesity in adolescents

28.	Stylianou C, Galli-Tsinopoulou A, Farmakiotis D, Rousso I, 
Karamouzis M, Koliakos G, et al. Ghrelin and leptin levels in 
obese adolescents. Relationship with body fat and insulin 
resistance. Hormones (Athens) 2007;6:295–303.

29.	Schoppen S, Riestra P, García-Anguita A, López-Simón L, 
Cano B, de Oya I, et al. Leptin and adiponectin levels 

in pubertal children: relationship with anthropometric 
variables and body composition. Clin Chem Lab Med 
2010;48:707–11.

30.	Delhanty PJ, Neggers SJ, van der Lely AJ. Should we consider 
des-acyl ghrelin as a separate hormone and if so, what does it 
do? Front Horm Res 2014;42:163–74.

Brought to you by | Karolinska Institute
Authenticated

Download Date | 1/28/19 5:46 PM


