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Abstract OBJECTIVES: The aim of this study was to investigate the relationship between the 
varying degrees of obesity and blood glucocorticoid levels in obese children and 
adolescents with and without metabolic syndrome features.
METHODS: We studied 241 obese children and adolescents aged between 2 and 
17.6 years; 127 boys and 114 girls. All children underwent an oral glucose toler-
ance test. Measurements included blood pressure, cortisol, ACTH, and lipid pro-
files. The diagnosis of metabolic syndrome was defined according to the criteria 
adapted from World Health Organisation and National Cholesterol Education 
Program Adult Treatment Panel-III guidelines.
RESULTS: Blood cortisol and ACTH levels were higher in patients with MS than 
without MS (p = 0.02). ACTH levels increased with weight (r = 0.13, p = 0.02), 
systolic blood pressure (r = 0.21, p = 0.002), diastolic blood pressure (r = 0.17, p = 
0.01), fasting glucose (r = 0.17, p = 0.01). Cortisol production was only correlated 
with systolic blood pressure (r = 0.12, p = 0.05).
CONCLUSIONS: Results from the present study indicates that there may be a link 
between cortisol production and the metabolic syndrome in obese children and 
adolescents.
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Abbreviations:
AGH –Abnormal glucose homoeostasis 
BP –Blood pressure 
DM –Diabetes mellitus
HDL-C –high-density lipoprotein-cholesterol,
HPA –Hypothalamo-pituitary-adrenal axis
HT –Hypertension 
GCs –Glucocorticoids
GI –Glucose intolerance 
IFG –Impaired fasting glucose 
MS –Metabolic syndrome
OGT –Oral glucose tolerance test 
TG –Triglyceride, 
LDL-C –Low-density lipoprotein-cholesterol 
VLDL-C –Very low-density lipoprotein-cholesterol 
WHO –World Health Organisation 

INTRODUCTION

Glucocorticoids (GCs) are hormones, involved in the 
regulation of a variety of physiological functions, essen-
tial in all aspects of human health and disease. GCs as 
their name suggest, are hormones involved in glucose 
metabolism and play key physiological roles in the reg-
ulation of energy homeostasis [16, 20].

Recently, there has been an increasing interest in the 
role of glucocorticoids in the pathogenesis of metabolic 
syndrome [5, 11]. Clinical similarity between patients 
with excess secretion of glucocorticoids, as in Cush-
ing's syndrome, and those with metabolic disease is the 
major clue for the link between glucocorticoids such 
as cortisol and the origins of metabolic disease [4, 21]. 
And now, there is increasing evidence that patients with 
type 2 diabetes and metabolic syndrome have increased 
cortisol levels [9] .

Cushing’s syndrome is caused by a tumour that stim-
ulates the adrenal glands to produce large quantities of 
glucocorticoids, and has a clinical presentation (central 
obesity, hypertension, dyslipidemia, and insulin resis-
tance) that overlaps with the metabolic syndrome [18].

In recent years metabolic syndrome has become in-
creasingly common, in parallel to increasing frequency 
of childhood obesity and type 2 diabetes mellitus (DM), 
among children and adults throughout the world [10, 
17]. 

Several studies suggested similarities between the 
metabolic syndrome and Cushing's syndrome, and hy-
pothalamo-pituitary-adrenal (HPA) axis activity, based 
on increased cortisol concentration, have been linked to 
metabolic syndrome development in adults [3, 12, 20]. 

To our best knowledge such a relation is not evalu-
ated in children. Therefore the aim of this study was to 
investigate the relationship between the varying degrees 
of obesity and blood glucocorticoid levels in obese chil-
dren and adolescents with and without metabolic syn-
drome features.

SUBJECT AND METHODS

The study protocol was approved by the institutional 
Committee, and informed permission of parents with 
children’s assent was obtained for enrolment in the 
study.

The study included 241 obese (BMI ≥ 95th percen-
tile) children and adolescents between the ages of 2.0 
and 17.6 years; 127 boys and 114 girls. Patients with 
secondary obesity due to endocrine or genetic fac-
tors, and any other definite cause of hypertension were 
excluded. 

Measurements of height (cm) and weight (kg) were 
obtained by the same person using the same scale, and 
without shoes and with light clothing. Patients BMI 
was calculated, as body weight (in kilograms, to near-
est 0.05 kg) divided by height (in meters squared, to the 
nearest 1 mm), to establish a diagnosis of overweight 
or obesity. 

Appropriate medical history was taken and a thor-
ough physical examination was performed by a pae-
diatric endocrinologist on admission. Blood pressure 
(BP) measurements were done with an appropriate size 
cuff manometer from the right arm in a silent room in 
a comfortable sitting position.

All children underwent oral glucose tolerance test 
(OGT). An oral load of 1.75 g/kg body weight (max. 75 
g) glucose solution was given in the morning follow-
ing a 12-hour fasting period, and simultaneous venous 
blood glucose and insulin levels were measured in blood 
samples taken 0, 30, 60, 90 and 120th minutes after oral 
glucose ingestion. Lipid profile (triglyceride (TG), total 
cholesterol (C), high-density lipoprotein-cholesterol 
(HDL-C), low-density lipoprotein-cholesterol (LDL-
C), very low-density lipoprotein-cholesterol (VLDL-C), 
cortisol and ACTH was determined in the first blood 
samples obtained at 0800 h (a.m). Glucose levels were 
determined promptly with glucose oxidase analytical 
method, while insulin levels were measured with radio-
immunoassay (Immunotech kit) method after storage 
of serum samples at –20oC for at least a week. Serum 
lipid profiles were examined using modular analytical 
system (Roche/Hitachi). Serum fasting cortisol was as-
sessed using a radioimmunoassay and plasma ACTH 
was quantified with a commercial immunoradiomet-
ric assay (Nichols Institute Diagnostics, San Clemente, 
CA) with an interassay CV of 6.8% to 7.8% between 36 
and 358 pg/mL ACTH.

Glucose tolerance was defined according to the 
World Health Organisation (WHO) criteria for glucose 
tolerance status [19]. Hyperinsulinism (HI) was defined 
from norms for pubertal stage: prepubertal ≥15 mIU/L, 
mid-puberty (stage 2–4) ≥30 mIU/L, post-puberty ≥20 
mIU/L [2, 15]. 
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Definition of Metabolic Syndrome:
Metabolic syndrome was diagnosed based on the 

criteria modified from WHO and National Cholesterol 
Education Program Adult Treatment Panel-III (NCEP 
ATP III). The diagnostic criteria for metabolic syn-
drome can be grouped under 4 headings [1, 7, 8, 17]:

1. Obesity: BMI ≥95th percentile for age and gender
2. Abnormal glucose homoeostasis (AGH): The pres-

ence of one of the following:
 a. Hyperinsulinemia (with fasting blood or oral glu-

cose tolerance test)
  b. Impaired fasting glucose (IFG)
  c. Glucose intolerance (GI)
3. Hypertension (HT): age and gender adjusted systolic/

diastolic blood pressure within ≥95th percentile
4. Dyslipidemia: presence of one of the following values 

adjusted for age and gender:  
 a. High triglycerides (TG) (≥95th percentile)
 b. Low HDL-cholesterol levels (<5th percentile)
 c. High total or LDL-cholesterol (≥95th percentile)

Metabolic syndrome was established by the coexis-
tence of at least three of the clinical criteria established 
for clinical diagnosis of metabolic syndrome.

Statistical analyses
All statistical analyses were performed using SPSS, 

version 10. Data are expressed as means ± S.D. Inter-
group differences of means were examined with Stu-
dent’s t-test. Associations between baseline pituitary-
adrenal activity and the components of the metabolic 
syndrome were assessed using Pearson correlation anal-
ysis. p <0.05 was considered as statistically significant.

RESULTS

Metabolic syndrome was diagnosed in 43.9% of the 
children involved. A summary of characteristics in-
cluding physical and metabolic profiles of the children 
and adolescents involved in this study are presented in 
Table 1. 

Chronologic age, weight, height, BMI, average sys-
tolic and diastolic pressure values were higher in pa-
tients with metabolic syndrome than the correspond-
ing values in patients without metabolic syndrome (p 
= 0.001) (Table 1). Mean values of birth weight did not 
differ between the groups.

Table 2 shows laboratory findings including plasma 
ACTH, cortisol, lipid, insulin, and glucose. Blood cor-
tisol and ACTH levels were higher in patients with MS 
(p = 0.023, p = 0.042, respectively). Furthermore, fast-
ing levels of blood glucose, insulin, and lipids (TG and 
total C) were found to be higher in cases with metabolic 
syndrome (Table 2).

Correlation analysis revealed that ACTH levels in-
creased with weight (r = 0.13, p = 0.02), increased sys-
tolic blood pressure (r = 0.21, p = 0.002), diastolic blood 
pressure (r = 0.17, p = 0.01), and fasting glucose (r = 
0.17, p = 0.01) levels. Increased cortisol levels were only 
weakly correlated with systolic blood pressure (r = 0.12, 
p = 0.05, data not shown in tables).

DISCUSSION

We have studied a sample of obese children and ad-
olescents to determine whether MS is associated with 
increased HPAA activity, as measured by accurately 
timed fasting morning plasma cortisol concentrations, 
and whether cortisol and ACTH concentrations were 
correlated with weight, blood pressure, and glucose tol-
erance. And, we found higher levels of blood glucose, 

Table 1. Demographic and clinical data of the study population, divided into two subgroups, with and without metabolic 
syndrome

Variable
MS (-)

(n = 135) 
MS (+)

(n = 106) 
Total

(n = 241) P value

Gender (Male/female) 64/71 63/43 127/114 NS

Age (years)         10.8 ± 3.3 12.2 ± 2.5 11.4 ± 3.0 0.001

BW (gram) 3398.5 ± 6 3528.7 ± 573.0  3455.8 ± 573.2 NS

Weight (kg)           57.33 ± 18.11   74.48 ± 19.57  64.87 ± 20.6 0.001

Height (cm)         143.71 ± 16.45 155.12 ± 13.39 148.73 ± 16.2 0.001

Body mass index (kg/m2)        26.98 ± 3.82  30.47 ± 4.37 28.52 ± 4.4 0.001

Systolic blood pressure (mmHg)        109.20 ± 12.26  120.96 ± 14.50 114.4 ± 14.5 0.001

Diastolic blood pressure (mmHg)       69.94 ± 8.88 78.63 ± 11 73.810.8 0.001

Duration of obesity         5.57 ± 2.55       6.15 ± 2.66 NS

Values are mean and standard deviation (SD); M: male; F: female; BW: Birth weight; NS: non significant, MS: metabolic syndrome
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blood cortisol, ACTH, insulin, and lipids in cases with 
metabolic syndrome.

The elevation of ACTH was significantly correlated 
with body weight, systolic and diastolic blood pressure 
and glucose levels. The elevation of cortisol concentra-
tions was weakly correlated with systolic blood pres-
sure. These results are consistent with the related find-
ings in adult obese patients [13]. It is known for long 
time that obese subjects have increased cortisol produc-
tion rate but normal circulating plasma cortisol concen-
tration which is due to accelerated degradation of cor-
tisol [14].

The frequency of metabolic syndrome among obese 
children ranges between 30–50 percent [10, 23]. In our 
study, the frequency of MS was found to be 43.9 %. 
This results reflect that in our country the frequency 
of MS is somewhat lower than developed world but 
reached to a serious proportions among obese children 
and adolescents [6].

In adults, previous studies have shown an associa-
tion between adrenal steroid hormones and the meta-
bolic syndrome development [3, 12, 22]. 

But there is no study investigating any associations 
between cortisol concentration and cardiovascular risk 
factors in children and adolescents. Our study revealed 
relationship between MS and plasma cortisol, ACTH in 
children and adolescents. To our knowledge this is the 
first study demonstrating that increased glucocorticoid 
action may be contributing to development of the meta-
bolic syndrome in children and adolescents with a high 
body mass index. These results also indicates that fast-
ing morning cortisol concentration likely to represent 
individuals may go on to develop cardiovascular risk 
factors, and monitoring these factors may be of impor-
tance in obese children and adolescents with regard to 
the development of metabolic syndrome

In Andrew’s study [3], specifically total glucocorti-
coid production had increased with increasing systolic 
blood pressure, fasting glucose and insulin. In our study, 
ACTH levels increased with weight, systolic blood pres-
sure, diastolic blood pressure, fasting glucose (respec-
tively r = 0.13, p = 0.02, r = 0.21, p = 0.002, r = 0.17, p = 
0.01, r = 0.17, p = 0.01). Cortisol production increased 
only with systolic blood pressure (weakly correlated r = 
0.12, p = 0.05. We have shown that 0800 h fasting plasma 
cortisol concentrations were related to systolic blood 
pressure in child and adolescent. Furthermore, raised 
fasting plasma ACTH concentrations were significantly 
associated with higher blood pressure, plasma fasting 

glucose concentrations, and weight. These observations 
are consistent with the hypothesis that resetting of the 
HPA axis may explain developing of MS. We showed 
that the metabolic syndrome is associated with subtle 
dysregulation of the hypothalamic-pituitary-adrenal 
axis leading to raised circulating cortisol concentrations 
(as there were associations between the components of 
the metabolic syndrome and higher morning cortisol, 
ACTH concentrations). 

In conclusion, this study suggests an association be-
tween plasma cortisol concentration and the metabolic 
syndrome in obese children and adolescents. Because 
the associations observed were relatively weak, although 
of potential etiological relevance, quantification of cir-
culating cortisol, further studies of the relationship be-
tween the circulating cortisol profile and risk of devel-
opment of metabolic syndrome is required for a more 
conclusive statement.

Table 2. Laboratory findings of study population, divided in the two subgroups with and without metabolic syndrome

Variable
MS (-)

(n = 135) 
MS (+)

(n = 106) 
Total

(n = 241) P value

ACTH (ng/L) 24.37 ± 15.99 29.15 ± 18.10 26.52 ± 17.10 0.042

Cortisol (µg/dl) 11.97 ± 4.87 13.61 ± 6.23 12.69 ± 5.56 0.023

TG (mg/dl) 92.80 ± 43.56 151.08 ± 66.53 118.43 ± 61.94 0.001

LDL cholesterol (mg/dl) 94.22 ± 27.538 98.26 ± 31.36 96.00 ± 29.29 NS

HDL cholesterol (mg/dl) 52.66 ± 16.48 45.2 ± 11.78 49.38 ± 15.04 0.001

Total cholesterol (mg/dl) 164.21 ± 33.30 173.33 ± 36.06 168.22 ± 34.76 0.043

Fasting blood glucose (mg/dl) 85.97 ± 7.61 89.02 ± 10.04 87.31 ± 8.88 0.008

Fasting blood insulin (mIU/L) 15.78 ± 10.39 23.37 ± 10.59 19.12 ± 11.12 0.001

120th min blood glucose (mg/dl) 109.00 ± 25.61 119.20 ± 24.80 114.82 ± 25.58 0.01

120th min blood insulin (mIU/L) 77.76 ± 55.85 133.50 ± 79.78 109.56 ± 75.56 0.001

Values are mean and standard deviation (SD). ACTH: adrenocorticotrophic hormone; TG: triglyceride; MS: metabolic syndrome; 
LDL-C: Low-density lipoprotein; HDL-C: high-density lipoprotein-cholesterol; NS: not significant.



145Neuroendocrinology Letters Vol. 29 No. 1 2008 • Article available online: http://node.nel.edu

Children and adolescents with obesity and the metabolic syndrome have high circulating cortisol levels 

  REFERENCES

Abate N. Obesity and cardiovascular disease. Pathogenetic role 
of the metabolic syndrome and therapeutic implications. J Dia-
betes Complications. 2000; 14: 154–74.
Alberti KG, Zimmet PZ. Definition, diagnosis and classification 
of diabetes mellitus and its complications. Part 1: diagnosis and 
classification of diabetes mellitus provisional report of a WHO 
consultation. Diabet Med. 1998; 15: 539–53.
Andrew R, Gale CR, Walker BR, Seckl JR, Martyn CN. Glucocorti-
coid metabolism and the Metabolic Syndrome: associations in 
an elderly cohort. Exp Clin Endocrinol Diabetes. 2002; 110: 284–
90. 
Andrews RC, Walker BR. Glucocorticoids and insulin resistance 
old hormones, new targets. Clinl Sci (Lond). 1999; 96: 513–523.
Asensio C, Muzzin P, Rohner-Jeanrenaud F. Role of glucocorticoids 
in the physiopathology of excessive fat deposition and insulin 
resistance. Int J Obes Relat Metab Disord. 2004; 28: S45–52.
Atabek ME, Pirgon O, Kurtoglu S. Prevalence of metabolic syn-
drome in obese Turkish children and adolescents. Diabetes Res 
Clin Pract. 2006; 72: 315–21.
Bloomgarden ZT. Definitions of the insulin resistance syndrome: 
the 1st World Congress on the Insulin Resistance Syndrome. Dia-
betes Care. 2004; 27: 824–30.
Cameron AJ, Shaw JE, Zimmet PZ. The metabolic syndrome: 
prevalence in worldwide populations. Endocrinol Metab Clin 
North Am. 2004 ; 33: 351–75.
Chiodini I, Torlontano M, Scillitani A, Arosio M, Bacci S, Di Lembo 
S, Epaminonda P, Augello G, Enrini R, Ambrosi B, Adda G, Trischit-
ta V. Association of subclinical hypercortisolism with type 2 dia-
betes mellitus: a case-control study in hospitalized patients. Eur 
J Endocrinol. 2005; 153: 837–844.
Cruz ML, Goran MI. The metabolic syndrome in children and ado-
lescents. Curr Diab Rep. 2004; 4: 53–62.
Dallman MF, Akana SF, Pecoraro NC, Warne JP, la Fleur SE, Foster 
MT. Glucocorticoids, the etiology of obesity and the metabolic 
syndrome. Curr Alzheimer Res. 2007; 4: 199–204.

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

Duclos M, Marquez Pereira P, Barat P, Gatta B, Roger P. Increased 
cortisol bioavailability, abdominal obesity, and the metabolic 
syndrome in obese women. Obes Res. 2005; 13: 1157–66. 
Filipovský J, Ducimetiére P, Eschwége E, Richard JL, Rosselin G, 
Claude JR. The relationship of blood pressure with glucose, insu-
lin, heart rate, free fatty acids and plasma cortisol levels accord-
ing to degree of obesity in middle-aged men. J Hypertens. 1996; 
14: 229–235.
Galvão-Teles A, Graves L, Burke CW, Fotherby K, Fraser R. Free 
cortisol in obesity; effect of fasting. Acta Endocrinol (Copenh). 
1976; 81: 321–329.
Goran MI, Gower BA. Longitudinal study on pubertal insulin 
resistance. Diabetes. 2001; 50: 2444–50.
McMahon M, Gerich J, Rizza R. Effects of glucocorticoids on car-
bohydrate metabolism. Diabetes Metab Rev. 1988; 4: 17–30.
Molnar D. The prevalence of the metabolic syndrome and type 
2 diabetes mellitus in children and adolescents. Int J Obes Relat 
Metab Disord. 2004; 28: S70–4.
Newell-Price J, Bertagna X, Grossman AB, Nieman LK. Cushing’s 
syndrome. Lancet. 2006; 367: 1605–17.
The Expert Committee on the Diagnosis and classification of dia-
betes mellitus. Report of the expert Committee on the Diagnosis 
and Classification of Diabetes Mellitus. Diabetes Care. 2003; 26: 
S5–20.
Vegiopoulos A, Herzig S. Glucocorticoids, metabolism and meta-
bolic diseases. Mol Cell Endocrinol. 2007; 275: 43–61.
Walker BR. Cortisol--cause and cure for metabolic syndrome? 
Diabet Med. 2006; 23: 1281–8.
Ward AM, Fall CH, Stein CE, Kumaran K, Veena SR, Wood PJ, Sydd-
all HE, Phillips DI. Cortisol and the metabolic syndrome in South 
Asians. Clin Endocrinol (Oxf ). 2003; 58: 500–5.
Weiss R, Dziura J, Burgert TS, Tamborlane WV, Taksali SE, Yeckel 
CW, Allen K, Lopes M, Savoye M, Morrison J, Sherwin RS, Caprio 
S. Obesity and the metabolic syndrome in children and adoles-
cents. N Engl J Med. 2004; 350: 2362–74. 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 


