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Role of cortisol in the formation
of metabolic syndrome in children:
literature review and own observations

Abstract. Background. The issue of the pathogenetic influence of cortisol on the development of metabolic syn-
drome (MS) in children is considered. The above-threshold values of cortisol are proposed to be taken as a marker
of MS. The purpose was to study the relationship between blood cortisol and MS components in children. Materials
and methods. We have examined 44 children with MS (study group; waist circumference > 90" percentile of the
distribution according to age and sex) and 14 children without signs of MS (controls). The children of the study
groups did not differ in age and gender. Anthropometric parameters (body weight, height, body mass index, neck,
waist, and hip circumferences, waist/hip circumference index), blood cortisol and leptin, blood lipid and carbohydrate
spectrum (total cholesterol, high- and low-density lipoprotein cholesterol, triglycerides, blood glucose, and insulin,
HOMA-IR and glucose/insulin indices) were evaluated. The measurement of blood pressure with the calculation
of the average level was conducted three times. The diagnosis of MS was formed according to the IDF guidelines,
2007. Results. It was found that the level of blood cortisol in children with MS (362.9 (255.5-634.1) ug/l) was

37.9 % lower than in controls (p > 0.05). The frequency of the above-threshold blood cortisol values in children of
both groups was 31.8 and 50.0 %, respectively (p > 0.05). The study of dependence using the Spearman’s rank
correlation coefficient between blood cortisol and anthropometric parameters (fma = 0.16; p > 0.05), lipids (Fmax = 0.4;
p > 0.05), carbohydrate metabolism (rm.= 0.26; p > 0.05), and blood leptin (r = 0.19; p > 0.05) did not reveal any
significance. A significant correlation was found between cortisol and systolic blood pressure. Conclusions. In chil-
dren with MS, there was no significant difference in the level of blood cortisol compared to those without MS criteria.
The association of blood cortisol and MS criteria other than systolic blood pressure has not been found. Although
cortisol is important in the formation of systolic blood pressure, it cannot serve as a marker of MS in children since

it is not a criterion-forming sign of MS.
Keywords: metabolic syndrome; cortisol; children

Introduction

Recently, the issue of the effect of cortisol on the deve-
lopment of metabolic syndrome (MS) in children has been
intensively discussed. MS is known to consist of a combi-
nation of metabolic and somatic disorders, such as insulin
resistance (IR), hyperglycemia, dyslipidemia, elevated blood
pressure, and visceral obesity [1]. From 6 to 39 % of children
and adolescents with obesity have MS, depending on the
applied diagnostic criteria [2]. There is a general agreement
that timely identification of MS in children is extremely
necessary in order to identify risk groups as early as possible
and prevent its further formation [2].

The similarity between MS and Cushing’s syndrome is
noted [3]. The relationship between physiological indicators
of stress, cortisol directly, and signs of MS in children are
ambiguous [4].

According to a systematic search of the databases
PubMed, Embase, and PsycINFO from the selected 26
studies (19 cross-sectional and 7 case-control) regarding the
relationship between the basal level of cortisol and MS, no
significant difference between individuals with and without
MS was proven [5]. Cortisol did not demonstrate a signifi-
cant relationship with any parameter of MS in children [6]
and therefore, according to the authors, does not have a de-
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cisive pathogenetic significance for the development of MS
in children [7]. The obtained data refute the hypothesis of the
leading role of glucocorticoids and cortisol directly in the de-
velopment of stress on the one hand and obesity, as the main
criterion-forming component of MS, on the other [8, 9].

According to some studies, children with excess body
weight and obesity even had a decrease in blood cortisol
levels [10].

On the contrary, some researchers do not reject the as-
sumption that chronically elevated concentration of cortisol
can be a potential factor contributing to the development
of MS [8], and emphasize the possibility of a connection
between the synthesis of cortisol and MS in obese children
[11]. It has been proven that individuals with a higher level of
free blood cortisol showed a higher chance of MS [4], which
was correlated with adipokines — resistin and leptin [12], and
was associated with a decrease in adiponectin [13].

Blood cortisol and adrenocorticotropic hormone levels
were higher in children with MS than those without MS [11],
and obese children with MS had higher blood cortisol levels
than obese children without MS [6]. Biomarkers of stress
were correlated with the risk of developing MS [13]. A sig-
nificant dependence of basal cortisol levels on age, gender
[5], and body weight at birth [14, 15] was observed. Children
with higher cortisol quartiles had an increased risk of hy-
pertension, hypercholesterolemia, high triglyceride levels,
decreased high-density lipoprotein cholesterol (HDL-C),
and insulin sensitivity [16].

Blood cortisol concentration was inversely associated
with body mass index (BMI) and positively with glucose
concentration and systolic blood pressure (SBP), but not
IR and increased insulin, i.e. cortisol is associated only with
some cardiometabolic risk markers [17]. The pathogenetic
influence of cortisol on the development of MS is manifes-
ted both at the central and peripheral levels [14, 18]. Recent
data indicate that patients with MS have hyperactivity of the
pituitary-hypothalamic-adrenal gland (PHA) axis, which
leads to a state of chronic “functional hypercorticism”. The
reasons for such activation remain unclear but may be partly
related to long-term stress [18].

It is declared that long-term stress due to dysregulation
of the PHA axis and an increase in cortisol contributes to
the accumulation of visceral fat with the development of ab-
dominal obesity [9, 14, 19], which in turn creates low-grade
systemic inflammation mediated by the increased secretion
of adipokines by adipose tissue. That is the pathogenetic
connection between cortisol and abdominal obesity, as the
main criterion-forming factor, and components of MS: IR
and type 2 diabetes mellitus [9].

A pathogenetic link in the development of MS due to
stress is that cortisol stimulates neuropeptide Y and reduces
the sensitivity of the brain to insulin and leptin, increasing
hyperinsulinemia, IR, and leptin resistance, thus creating
preferences for high-fat and high-glucose foods [9, 19]. It
is proposed to use blood cortisol as a diagnostic and prog-
nostic marker of MS [20] and to screen individuals who are
at risk of weight gain and further development of MS [19].
Therefore, data on the relationship between cortisol and
MS in children are contradictory, which requires further
research.

The purpose was to study the relationship between blood
cortisol and MS and its criteria in children.

Materials and methods

Forty-four children with MS on the background of ab-
dominal obesity (group 1; waist circumference (WC) greater
than the 90" percentile of the distribution according to age and
sex) and 14 children without MS with WC less than the 90"
percentile of the distribution (control group) were studied. The
age of the children was 11.0 £ 2.8 years; boys — 23; BMI was
28.2 5.4 kg/m?. Children in the groups did not differ in age
and gender. Anthropometric parameters (body mass, height,
waist and hip circumference, waist/hip circumference index),
such biochemical parameters as cortisol and blood leptin;

blood lipid spectrum: total cholesterol, HDL-C, low-den-
sity lipoprotein cholesterol (LDL-C), blood triglycerides;
carbohydrate metabolism (glucose, insulin, HOMA-IR, and
glucose/insulin index) were determined. Blood pressure was
measured three times with the calculation of the average value.

The blood cortisol level was determined by the solid-phase
chemiluminescent immunoenzymatic method on the auto-
matic analyzer Tecan Sunrise (Austria) with a set of reagents
manufactured by DRG GmbH (Germany). The threshold
value of blood cortisol was 550 pg/l. Diagnosis of MS was
carried out according to the IDF guidelines, 2007 [1].

Ethical approval for the study has been obtained at the
Danylo Halytsky Lviv National Medical University Ethical
Commission on March 13, 2010 (Protocol No. 3).

The research data are presented in the form of Me (25—
75), where Me is the median, 25" and 75" percentile. For the
non-parametric nature of the distribution, pairwise inter-
group comparison of quantitative parameters was performed
using the Mann-Whitney U test, and for the parametric
one — using the Student’s t-test. Research on the relation-
ship between quantitative parameters was carried out using
the Spearman pairwise linear correlation coefficient (r).

Results

Body mass, BMI, neck circumference, WC, and hip cir-
cumference were significantly higher in children with MS
(Table 1).

Blood insulin levels, HOMA-IR, total cholesterol,
LDL-C, triglycerides, and blood leptin were significantly
higher in children with MS (Table 2). The hemodynamic
components — systolic and diastolic blood pressure (DBP) in
children with MS were higher than in children without MS.

It was found that the level of cortisol in children with MS
was 37.9 % lower than in the control group, which was not
significant (Table 3). The frequency of high cortisol values
was found in 14 (31.8 %) children with MS, and in 7 (50.0 %)
children of the control group (p > 0.05).

No significant correlation between cortisol and chil-
dren’s age (r =0.21; p > 0.05) and gender (r = 0.27; p > 0.05)
was observed. The study of the correlation dependence bet-
ween the blood cortisol level and anthropometric parameters
of children with MS did not reveal significance (Table 4).
A similar lack of connection was established between blood
cortisol and parameters of lipid and carbohydrate metabolism
(p > 0.05). Correlation dependence between blood cortisol
and blood leptin was not statistically significant (p > 0.05).
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Table 1. Anthropometric parameters in children with metabolic syndrome

B Ch”drnenzvﬂh MS, Chlldrer:] v:\nmout MS, p
Body mass, kg 75.0 (64.0-89.0)* 51.0 (38.0-57.0)* <0.01
BMI, kg/m? 28.9 (25.5-30.0)* 17.9 (17.3-19.3)* < 0.01
Neck circumference, cm 34.0(33.0-37.0)* 29.3 (28.0-33.0)* <0.01
Waist circumference, cm 86.0 (78.5-93.5)* 66.5 (62.0-69.0)* <0.01
Hip circumference, cm 103.3(100.3-108.8)* 86.0 (81.5-90.5)* <0.01
Waist/hip circumference index 0.83(0.78-0.86) 0.81(0.74-0.84) > 0.05

Notes: here and in Tables 2-4: * — the difference between groups.

Table 2. Parameters of carbohydrate and lipid metabolism, the hemodynamic component in children with

metabolic syndrome

o N Childrﬁr;vl\llilth MS, Childrerr11 vleiitlout MS, p
Insulin, pu/l 11.3 (6.8-17.0)* 6.6 (1.7-8.1)* < 0.005
Glucose, mmol/l 4.8 (4.4-5.6) 4.7 (4.1-5.0) >0.05
HOMA-IR 2.57 (1.54-4.2)* 1.34 (0.42-1.6)* <0.01
Glucose/insulin index 0.43 (0.33-0.62) 0.61 (0.45-0.95) > 0.05
Total cholesterol, mmol/l 4.13 (3.49-5.4)* 3.54 (2.71-4.03)* <0.05
HDL-C, mmol/I 1.60 (1.0-1.89) 1.37 (0.9-1.5) > 0.05
LDL-C, mmol/l 2.51(1.72-3.06)* 1.79 (1.48-2.33)* <0.05
Triglycerides, mmol/l 1.0 (0.87-1.22)* 0.86 (0.69-1.0)* <0.05
Leptin, mmol/l 18.6 (10.2-37.6)* 1.9(0.57-8.7)* < 0.001
SBP, mm Hg 130.0 (120-148)* 112.5(107-120)* <0.01
DBP, mm Hg 78.0 (68.0-89.0)* 69.0 (61.5-73.3)* <0.05

Table 3. Blood cortisol in children with metabolic syndrome

Parameters Childrr(]arlv‘\llllth MS, Childrer:1 v:vi:tltlout MS, D
Blood cortisol level, pg/l 362.9 (255.5-634.1) 582.8 (280.9-706.8) > 0.05
Frequency of high blood cortisol values, n (%) 14 (31.8) 7 (50.0) >0.05

Regarding the hemodynamic component of MS, blood
cortisol was significantly correlated with SBP (r = 0.43;
p <0.05).

Discussion

Early detection of MS in children and screening for
potentially related diseases, orienting children at risk to
prevention with an emphasis on lifestyle and nutritional
changes are extremely important. Effective interventions
and identification of early markers help to reduce the
level and severity of MS in children and adults, and the
development of type 2 diabetes mellitus and cardiovascular
diseases.

According to the results of the study, an elevated blood
cortisol level was detected in 31.8 % of children with MS,
which is identical to the literature data that overweight and
obese children, regardless of the degree of obesity, may have
an elevated blood cortisol level [6, 21]. However, we found
that blood cortisol levels in children with MS did not differ
from a similar parameter in children without MS, which
corresponds to the literature data of normal or lower values
of cortisol in children with MS than without MS [3, 10], and
contradicts the data M.J. Weigensberg et al. [22] of signifi-
cantly higher CT values in children with MS.

Table 4. Correlation of blood cortisol
and anthropometric, biochemical, and hemodynamic
parameters in children with MS

Parameters r p
Body mass, kg 0.16 >0.05
BMI, kg/m? 0.07 >0.05
Neck circumference, cm 0.07 >0.05
Waist circumference, cm 0.06 >0.05
Hip circumference, cm 0.01 >0.05
Waist/hip circumference index 0.14 > 0.05
Insulin, pU/I 0.36 >0.05
Glucose, mmol/l 0.06 >0.05
HOMA-IR 0.04 >0.05
Glucose/insulin index 0.40 > 0.05
Total cholesterol, mmol/I 0.26 >0.05
HDL-C, mmol/l 0.02 >0.05
LDL-C, mmol/l 0.38 >0.05
Triglycerides, mmol/l 0.39 > 0.05
Leptin, mmol/l 0.19 >0.05
SBP, mm Hg 0.43* <0.05
DBP, mm Hg 0.16 > 0.05
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According to research, stress is considered an impor-
tant risk factor for childhood obesity, and the absence of
group differences in cortisol levels is explained by individual
differences. It is inclined to think that the reaction from
the cortisol is partially related to the individual’s geneti-
cally determined reaction to various types of stressors [9].
A greater or lesser tendency to mental or physical changes
under stress is explained by the individual characteristics
of the child [9].

According to the data of our study, the blood cortisol
level did not correlate with the age and gender of children,
which is consistent with the data of E.A. Kjdlhede et al. [10].
However, it was claimed that girls showed significantly higher
blood cortisol concentrations compared to boys, regardless
of the stage of puberty [6].

We did not prove the relationship between blood corti-
sol in children with MS and anthropometric criteria: body
weight, BMI, neck circumference, waist circumference, hip
circumference, and waist/hip circumference index, that is,
markers and the degree of severity of generalized and abdo-
minal obesity, which corresponds to the data of the literature
[22, 23].

No correlation was established between the blood cortisol
and parameters of carbohydrate metabolism, which corre-
sponds to the data of the literature [22]. However, we ob-
served a tendency toward the significance of the dependence
between cortisol and the glucose/insulin index. According to
the data of separate studies, an increased morning cortisol
blood level in obese children was associated with a higher
fasting glucose level, regardless of the presence of IR [21].

It was established that cortisol through B-blockers and
atrial and brain natriuretic peptide promotes lipolysis with
the release of fatty acids and increases insulinemia and
IR [19].

The relationship between cortisol and blood lipid para-
meters has not been proven, which is consistent with the data
obtained by M.J. Weigensberg et al. [22].

However, we observed a tendency toward dependence
between cortisol and blood triglycerides. It is claimed that
although MS as a whole is not associated with cortisol in
girls, individual components are significantly dependent, so
HDL-C is inversely correlated with cortisol, and triglycerides
are directly correlated [7].

According to the data we obtained, cortisol production
correlated only with SBP, which corresponds to the data of
M.J. Weigensberg et al., that SBP has the greatest influen-
ce on the level of cortisol. So, there may be a connection
between cortisol production and MS in children [11]. Our
determination of the correlation between cortisol and SBP
in children without MS did not reveal significance (r = 0.28;
p > 0.05). The pathogenetic influence of blood pressure on
the concentration of cortisol is explained through the effect
on 1lbeta-hydroxysteroid dehydrogenase-1 with stimulation
of the conversion of cortisone to cortisol [14].

Of interest are the data of M.J. Weigensberg et al. [22]
about the increase in blood cortisol with an increase in the
number of MS criteria, i.e. each of the MS criteria has its
own contribution to changes in blood cortisol.

So, although MS as a whole was not related to cortisol,
a separate component SBP was in a direct significant re-

lationship. It should be noted that elevated blood pressure
values are not a criterion-forming pathogenetic sign of MS,
such as abdominal obesity and IR. Therefore, it can be ar-
gued that CT does not have a decisive pathogenetic signifi-
cance for the development of MS in children.

Further long-term observational studies with larger par-
ticipant numbers are now needed to confirm the results of
this study. The long-term cardiometabolic consequences
of hypercortisolemia in obesity and MS in children require
further study.

Conclusions

In children with MS, there was no significant difference
in the level of blood cortisol compared with children without
MS criteria. The association of blood cortisol with MS cri-
teria other than systolic blood pressure has not been found.
Although cortisol is important in the formation of systolic
blood pressure, it cannot serve as a marker of MS in children
since it is not a criterion-forming sign of MS.
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Jlbgiscbkull HayioHanbHUlU MeduyHul yHisepcumem imeHi JaHuna anuybkozo, M. /lbgis, YkpaiHa

Ponb kopTtusony y ¢oopMmyBaHHi MeTabosniuyHOro CMHAPOMY B AiTeil:
AaHi niTepatypu Ta BlaCcHe CMOCTEPEXXEHHSA

Pe3iome. Axmyanvnicme. PosrisinaeTbesi NMATAHHS TATOrEHETHY-
HOT'O BIUIMBY KOPTH30Jy Ha PO3BUTOK META0OIIYHOIO CHHIPOMY
(MC) y niteit. Haamoporosi 3HaueHHsT KOPTHU30Jy IPOIOHYIOThH
BBakatu MapkepomM MC. Mema: BUBUUTH 3B’S30K MK KOPTH-
3omoM i komnoneHtamu MC y niteil. Mamepianu ma memoou.
O6c¢texeno 44 nutuau 3 MC (rpymna QOCHiIKEHHS, OKPYKHICTh
Taii > 90-ro nmepreHTHIs PO3MOAITY 3TiAHO 3 BIKOM i CTATTIO) Ta
14 niteit 6e3 o3nak MC (rpyna KoHTpouo). [liTi 10CTiIKyBaHUX
rpyn He BiAPI3HSUIMCH 3a BIKOM Ta CTAaTTIO. Bu3Havamu aHtpomno-
METpHUYHI OKa3HUKH (Maca Tija, 3picT, iHJAeKC Macu Tijia, OKPYxK-
HICTB LW, Taii Ta CTErOH, 1HJAEKC OKPYKHICTh Tallii/OKPYKHICTh
CTErOH), KOPTH30J Ta JICNTHH KPOBI, JIMIIHUA Ta BYrJIeBOIHUIT
CIEKTp KpOBi (3arajbHHUM XOJIECTEPHH, XOJECTEPUH JIIOMPOTE-
THIB BHCOKOi Ta HU3bKOI M[UTBHOCTI, TPUTIINEPUIN, TIIOKO3a Ta
incymin kpoBi, HOMA-IR, inaekc riaroko3a/incynin). [IpoBonuim
TPHpa30Be BUMIPIOBAHHS apTepialbHOr0 THUCKY 3 MiIpaxyHKOM
CepeIHbOT0 MoKa3HuKa. JliarHo3 cOpMOBaHMiA 3rifHO 3 PEKo-
menpanismu IDF, 2007. Pesyabmamu. YCTaHOBJIECHO, IO PIBEHB

KopTH301y KpoBi B miteit i3 MC (362,9 (255,5-634,1) mkr/a) Ha
37,9 % HwKuMii, HDK y KOHTpoibHIH rpymi (p > 0,05). Yacro-
Ta HaANOPOTOBUX 3HAUYEHb KOPTH30JY KpPOBI B JIiTeH IBOX Iyl
cranoBuia 31,8 ta 50,0 % Binnosiguo (p > 0,05). BuBuenHs 3a-
JIE)KHOCTI KOPTH30JIy KPOBI BiJl aHTPOITOMETPUYHHUX IMOKA3HHUKIB
(rmax=0,16; p > 0,05), moka3HUKIB JMigHOTO (Tmx = 0,4; p > 0,05)
Ta BYIJIEBOJHOTO 0OMiHY (Fmex = 0,26; p > 0,05), nentuny Kposi
(r = 0,19; p > 0,05) 3 BukopucTaHHsIM KoedimieHta Kopemsmii
CrmipMeHa BipOTiTHOCTI He BUSBUIO. Y CTAHOBJIEHO BIpOTiAHY 3a-
JI)KHICTh MK KOPTH30JIOM 1 CHCTOJIIYHUM apTepiadbHUM THCKOM.
Bucnogxu. Y naientis i3 MC He BCTaHOBIICHO BIpOTiAHOI Pi3HHMIL
B PIBHSIX KOPTHU30JIy KPOBI MOPIBHSHO 3 AiTbMu 6e3 kputepiie MC.
He noBexeno acomiamnito KopTu301y KpoBi 3 kpurepismu MC, kpim
CHCTOJIIYHOI'0 apTepialibHOrO THCKY. KOPTH30J1 HE MOXE CIIyryBaTH
mapkepoM MC, xo4a i Mae maToreHeTHYHe 3HaYeHHs y HOpMyBaH-
Hi apTepiallbHOTO THCKY B aitel i3 MC, ToMy 10 reMoJInHaMiTHa
CKJIaJIOBA HE € KPUTEPili-yTBOPIOIOYOI0 03HAKOIO.

KuarouoBi ciioBa: meraGoniunmii chiHAPOM; KOPTU3OI; IiTH
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