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ME TA BO LIC SYNDRO ME IN CHIL DREN
AND ADO LE SCENTS

In tro duc tion: The me ta bo lic syndro me in adults has been de fi  ned as a clu-
ster of the most dan ge ro us risk fac tors for car di o va scu lar di se a se and type 
2 di a be tes mel li tus which in clu de ab do mi nal obe sity, high cho le ste rol, high 
blood pres su re, di a be tes and ra i sed fa sting blood glu co se. (1). Pe o ple with 
the me ta bo lic syndro me are two to three ti mes as li kely to ha ve a he art at tack 
or stro ke and fi  ve ti mes as li kely to de ve lop type 2 di a be tes com pa red with 
pe o ple wit ho ut the syndro me. Al most, fo ur mil lion de aths every year are a 
con se qu en ce od di a be tes-re la ted ca u ses (1).
A qu ar ter of the adult po pu la tion has me ta bo lic syndro me. The pre va len ce 
of this con di tion is ri sing in chil dren and ado le scents due to the gro wing 
pre va len ce of obe sity (2, 3).
The aim to ra ti o na li ze the exi sting mul ti ple de fi  ni ti ons of the me ta bo lic syndro-
me and esta blish a sin gle, uni ver sally ac cep ted di ag no stic met hod easy to use 
in cli ni cal prac ti ce, not only fo un ded upon me a su re ments mostly ava i la ble in 
re se arch set ting, in 2005, the In ter na ti o nal Di a be tes Fe de ra tion (IDF) pu blis hed 
its de fi  ni tion of the me ta bo lic syndro me in adults (1). The use of a sin gle uni-
fed de fi  ni tion ma kes it pos si ble to esti ma te the world pre va len ce of me ta bo lic 
syndro me and ma ke va lid com pa ri sons bet we en co un tri es.
In si mi lar to the de fi  ni tion in adults, the con sen sus de fi  ni tion of me ta bo lic 
syndro me in chil dren and ado le scents was esta blis hed and ob ta i ned a uni-
ver sally ac cep ted tool easy to use for the early di ag no sis of syndro me (1).

Glo bal bur den of chil dren and ado le scents with obe sity

In 2004, the World He alth Or ga ni za tion esti ma ted that ap pro xi ma tely 22 mil lion 
chil dren un der the age of fi  ve years we re over we ight or obe se (4). Ac cor ding to a re-
port from the In ter na ti o nal Obe sity Task For ce (IOTF), at le ast 10% of school-aged 
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chil dren bet we en fi  ve and 17 years are over we ight or obe se re pre sen ting a to tal of 
155 mil lion chil dren. Ap pro xi ma tely 30 - 45 mil lion of the se chil dren are obe se, ac-
co un ting for 2-3% of the world’s chil dren aged 5-17.

The si tu a tion in al most all co un tri es of the world is get ting wor se. For exam ple, 
in the Uni ted Sta tes the ra te of over we ight and obe sity in chil dren and ado le scents 
aged 6 to 18 years in cre a sed to mo re than 25% in the 1990s from 15% in the 1970s. 
(6). The in cre a se of pre va len ce of obe sity is not re stric ted to de ve lo ped co un tri es; it 
has been re gi ste red in many low- and mid dle-in co me co un tri es. It is esti ma ted that 
17 of 22 mil lion obe se chil dren un der fi  ve li ve in de ve lo ping co un tri es (7).

Obe sity in early li fe is of par ti cu lar con cern due to its as so ci a ted he alth con se-
qu en ces and its in fl u en ce on young pe o ple’s psycho so cial de ve lop ment. Tre at ment of 
obe sity is com plex re la ted with sig ni fi  cant mat he rial ex pen ces and of ten un suc ces ful. 
Al most one half of over we ight ado le scents and mo re one third of over we ight chil dren 
re main obe se as adults (7).

Each of the se chi dren is at in cre a sed risk of de ve lo ping me ta bo lic syndro me and 
pro gres sing to type 2 di a be tes and car di o va scu lar di se a se in la ter li fe. Early iden ti fi -
ca tion of chil dren at risk and pre ven ti ve ac tion are the re fo re very im por tant. Un less 
ac tion is ta ken, di a be tes ex perts agree that this is the fi rst ge ne ra tion whe re chil dren 
may li ve shor ter then the ir pa rents (2).

De fi  ni tion and pre va len ce of me ta bo lic syndro me in chil dren and ado le scents

Obe sity is the main phe notypic cha rac te ri stic of me ta bo lic syndro me in adults 
and has been de ter mi na ted as a key pre ci pi ta ting fac tor of the syndro me (1). The 
da ta of in cre a sing pre va len ce of obe sity in chil dren and ado le scents ri se a qu e sti on 
abo ut the pre va len ce of me ta bo lic syndro me in the se age gro ups. The fi n dings of 
the Bo ga lu sa He art Study from Uni ted Sta tes show that al most 50 per cent of obe se 
ado le scents ha ve one or mo re com po nents of me ta bo lic syndro me (8). In chil dren 
and ado le scents with BMI hig her than 85. per cen ti le for age and sex, pro ba bi lity of 
fi n dings of high cho le ste rol le vel we re 2,4 ti mes, high LDL-cho le ste rol 3,0 ti mes, low 
HDL-cho le ste rol 3,4 ti mes, high triglyce ri des 7,1 ti mes, and hyper ten sion 4,5 ti mes 
mo re than in chil dren with nor mal body we ight (8).

The to tal pre va len ce of me ta bo lic syndro me, and pre va len ce of each sin gle 
com po nents of syndro me, in cre a se di rectly with the body we ight in de pen dently of 
the age, gen der and pu ber tal sta ge. The new epi de mi o lo gi cal stu di es show that 4 per 
cent of all ado le scents and 30 per cent of obe se ado le scents from Uni ted Sta tes ha ve 
me ta bo lic syndro me (3). In obe se chil dren and ado le scents pre va len ce of me ta bo lic 
syndro me re ach 30-50 per cent (9, 10, 11).

In spi te of the men ti o ned, it is ne ces sa sry to po int out that me ta bo lic syndro me 
is not a uni ver sal phe no me non even in the chil dren who are over we ight at early age 
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(12). Na mely, in so me chil dren with ex tre me type of obe sity the re is not even one 
sign of me ta bo lic syndro me nor signs in di ca ting di rect risk of de ve lop ment of type 
2 di a be tes. The risk of in su lin re si stan ce in cre a ses in pu berty when sex and et hnic 
dif fe ren ces re gar ding in su lin-sen si ti vity of tis su es be ca me mo re ma ni fe sted. It is as-
su med that the risk ra te of de ve lop ment of me ta bo lic syndro me is al so sig ni fi  cantly 
in fl u en ced by dif fe ren ces in pre na tal and post na tal growth ve lo city, or we ight gain 
which par ti cu larly in cre a sed in chil dren born with low or high body mass (13, 14).

The pe o ple with hig her le vel of cen tral obe sity de ve lop this syndro me mo re fre-
qu ently than pe o ple with pe rip he ral type of obe sity (15). In chil dren the to tal amo unt 
of body fat and amo unt of vi sce ral fat in fl u en ces to the le vel of in su li ne re si stan ce. 
The vi sce ral fat has pre va lent in fl u en ce to fa sting in su li ne le vels (16). In ad di tion to 
pe rip he ral in su li ne re si stan ce, obe se chil dren ha ve ele va ted le vels of me ta bo lic and 
in fl a ma tory fac tors from adi po se cells (17).

The ra ti o na le for the new de fi  ni tion of me ta bo lic syndro me

The new de fi  ni tion is sim ple and easy to apply in cli ni cal prac ti ce. Si mi larly to the 
adult cri te ria, wa ist me a su re ment is the main com po nent be ca u se it is an in de pen dent 
pre dic tor of in su lin re si stan ce, li pid le vels, and blood pres su re (20). In young pe o ple who 
are obe se and ha ve si mi lar body-mass in dex (BMI), in su lin sen si ti vity is lo wer in tho se 
with high amo unts of vi sce ral adi po se tis sue than in tho se with low amo unts (21, 22).

Blood pres su re, li pid le vels as well as body si ze and pro por ti o na chan ge with 
age and de ve lop ment. Pu berty has an im pact on fat di stri bu tion and on both in su lin 
sen si ti vity and sec re tion (23). Alt ho ugh, sin gle cut-off po ints can not be used to de fi  ne 
ab nor ma li ti es in chil dren. Per cen ti les, rat her than ab so lu te va lu es of wa ist cir cum fe ren-
ces ha ve been used to com pen sa te for va ri a tion in child de ve lop ment and et hnic ori gin. 
So for exam ple, va lu es abo ve 90th, 95th or 97th per cen ti le for gen der and age are used. 
Alt ho ugh the re has not been uni ver sal agre e ment as to which le vel to use for the ci te ria 
for me ta bo lic syndro me, se ve ral stu di es, ha ve used the 90th per cen ti le as a cut-off for 
wa ist cir cum fe ren ce. (1, 2 , 24). Chil dren with a wa ist cir cum fe re nec hig her than 90th 
per cen ti le are mo re li kely to ha ve mul ti ple car di o va scu lar di se a se risk fac tors tha ne are 
tho se with a wa ist cir cum fe ren ce be low this le vel (25). IDF has cho sen cut-off for wa ist 
cir cum fe ren ce, which will be re as ses sed when mo re out co me da ta be co me ava i la ble.

Di ag no sis of me ta bo lic syndro me in chil dren and ado le scents

For the dig no sis of me ta bo lic syndro me in chil dren and ado le scents the sa me 
cri te ria for the di ga no sis in adults can be used with adap ta ti ons of cri te ria ac cor ding 
to age and gen der of pa ti ents (17). Cli ni cal de fi  ni tion of me ta bo lic syndro me in clu des 
the fi n dings of three or mo re cha rac te ri stic cli ni cal or la bo ra tory fi n dings:
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obe sity de fi  ned as BMI hig her than 97. per cen ti le (stan dard de vi a tion sco re • 
or z-sco re ≥2,0),

triglyce ri de hig her than 95. per cen ti le,• 

HDL-cho le ste rol be low 5. per cen ti le• 

systo lic or di a sto lic blood pres su re hig her than 95. per cen ti le• 

di sor der of glu co se to le ran ce.• 

The new IDF de fi  ni tion is di vi ded ac cor ding to age-gro ups be ca u se of age-re la ted 
dif fe ren ces in chil dren and ado le scents: age 6 years to youn ger than 10 years; age 10 years 
to youn ger tahn 16 years; and 16 years or ol der (1, 24, 25). IDF sug gests that the me ta-
bo lic syndro me sho uld not be di ag no sed in chil dren youn ger than 10 years, but a strong 
mes sa ge for we ight re duc tion sho luld be de li ve red for tho se with ab do mi nal obe sity. For 
chil dren age 10 years or ol der, me ta bo lic syndro me can be di ag no sed with ab do mi nal 
obe sity and the pre sen ce of two or mo re ot her cli ni cal fe a tu res (ele va ted trygli ce ri des, 
low HDL-cho le ste rol, high blood pres su re, in cre a sed pla sma glu co se). For ado le scents 
ol der than 16 years, the IDF adult cri te ria can be used. The IDF con sen sus de fi  ni tion of 
me ta bo lic syndro me in chil dren and ado le scents are pre sen ted in Ta ble 1. Furt her re se arch 
is ne e ded to iden tify op ti mum cri te ria for de fi  ni tion of the syndro me. 

Ta ble 1. The IDF con sen sus de fi  ni tion of me ta bo lic syndro me in chil dren and ado-
le scents (24).

Age 6 – 10 years
Obe sity de fi  ned as wa ist cir cum fe ren ce ≥90th per cen ti le- 
Furt her me a su re ment sho uld be ma de if the re is a fa mily hi story of me ta bo-- 
lic syndro me, type 2 di a be tes mel li tus, dysli pi de mia, car di o va scu lar di se a se, 
hyper ten sion and/or obe sity

Age 10 – 16 years
Obe sity de fi  ned as wa ist cir cum fe ren ce ≥90th per cen ti le- 
Triglyce ri des ≥1,7 mmol/l- 
HDL-cho le ste rol ≥ 1,03 mmol/l- 
Systo lic blo ood pres su re ≥ 130 or di a sto lic ≥ 85 mmHg- 
Glu co se ≥ 5,6 mmol/l or type 2 di a be tes mel li tus- 

Age >16 years
Use cri te ria for adults- 
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Re com men da tion for pre ven tion and tre at ment

IDF re com mends that pre ven tion and ma na ge ment for the me ta bo lic syndro me 
is a he althy li festyle that in clu de: mo de ra te ca lo rie re stric tion to ac hi ve a 5-10 per 
cent loss of body we ight in the fi rst year, mo de ra te in cre a se in physi cal ac ti vity and 
chan ge in di e tary com po si tion. Phar ma cot he rapy can be in clu ded if its sa fety has 
been cle arly de mon stra ted.

Early de tec tion and tre at ment is li kely to re du ce mor bi dity and mor ta lity in 
adult hood and help ke ep to a mi ni mum bur ded of car di o va scu lar di se a se and type 2 
di a be tes mel li tus.
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