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The prevalence of childhood obesity is increasing worldwide. Childhood obesity
predisposes insulin resistance and type 2 diabetes, dyslipidemia, hepatic steatosis/
steatohepatitis and hypertension. Nonmetabolic complications include sleep apnea, orthopedic
disorders, and stress incontinence. Long-standing obesity and insulin resistance syndrome
(syndrome X, metabolic syndrome) increase markedly the risks of cardiovascular disease,
stroke, and certain malignancies conspire to shorten life spans. This article delineates the
pathogenesis of insulin resistance syndrome in obese children and adolescents. The threatening
situation from growing number of individuals affected by obesity/insulin resistance syndrome
and economic costs associated with the care of obese patients requires urgent public health

approaches directed to their early identification and intervention during childhood.
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BMI percentile
> 5 th and < 85 th = normal weight for height
> 85 th and < 95 th = at risk for overweight (¥iau)
> 95 th = Obese (£u)
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ATUITUANN Actual weight/ ideal weight for height
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Caucasian Asian

BMI (kg/m2) BMI (kg/m2)
Underweight <18.5 <18.5
Normal range 18.5-24.9 18.5-22.9
Overweight 25-29.9 23-24.9
Obese =30 225
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Endocrine Disorders

Cushing syndrome

® Hypothyroidism

® Pseudohypoparathyroidism

® Type 2 diabetes

Genetic Syndromes

® Prader-Labhard-Willi syndrome
® Bardet-Biedel syndrome

® Cohen syndrome

Central Nervous System Disorders
® Hypothalamic tumor

® Trauma

® |nflammation

Miscellaneous

® Drug-induced (eg, risperidone, tricyclic antidepressants)

® Binge eating disorder

® Bulimia nervosa
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Respiratory

® Sleep apnea

® Snoring

® Pickwickian syndrome
® Asthma

Orthopedic

® Blount disease

® Slipped capital femoral epiphysis
Gastrointestinal

® Gallbladder disease
® Steatohepatitis
Cardiovascular

® Dyslipidemias

® Hypertension

Endocrinologic

Insulin resistance
Hyperinsulinism

Impaired glucose tolerance
Type 2 diabetes

Polycystic ovarian syndrome

Menstrual irregularity

Psychological

® Depression

® [Fating disorders

® Social isolation
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Insulin resistance syndrome
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dyslipidemia, hypertension, hyperinsulinemia uag
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Pathogenesis 494 Insulin resistance syndrome'*”

ATIANANIDILNLINYBIADT INUBUARUFD
\agladu (adipocyte) auganaznszsuliiianig
uptake free fatty acid (FFA) inguaad lasiulaenis
nszsuaulsd lipoprotein lipase (LPL) #ael FFA a1
Lipoprotein lunszuslaan sugauaznszsuliiia
glucose transport L‘?J'Wévnmﬂhjﬁu LL@:{EWW\@ glucose
%gmﬂﬁﬂuuﬂmﬁﬂlwﬂu glycerol-3 phosphate
(Glycerol-3P) faulu substrate lunnsaa triglyceride
(TG) azanlumas 1 BugAndadinansysuauled
lunnsas9lesiuda diacylglycerol acyltransferase
(DGAT) LLﬂziugTaLﬂuisnﬂ hormone-sensitive lipase
(HSL) ualaasanAay Idinnsazan triglyceride lu

AR WAL gL 1

lipoprotein

Glucose

Passive
FAT/CD36 and/or diffusion
FABPs and/or FATP in and out
of the cell

o HSL
S

< a a o
g% 1. unumresaeiluuBugausiemad el



PR va o | a a4 o
Wasenelasunasanudauiuviieannisld
ARUTAANARNANIULTULAN (positive net energy
balance) § triglyceride azanlumas lasiunninull
o R 9 o o g Ya Y , a a a4
was lwsiuassiasliudaliifinn1ashasedugauiie
ntlassiaesarinninznasanuiu (caloric overload)
= o val QI . . Q‘
HAARVN IARNTINNTLIUNNS lipolysis WNLSNN U
free fatty acid (FFA) iallazanlu non-adipose
tissues [UNANHe, AU, IWATAR IUALEaU wavda
HANITNUNNANUNAILAANABRIEITAINAIIANZLN 2
Wadlnnzhesedugaudunaiuim o) saunu
NTIANTULRY free fatty acid Wa¥ cytokines F14 7
Mmiiana@ameseiusnigad lwsueey (Beta cells
toxicity) Ml lungaazndsgaugaulitianss unllg
N3¢ impaired fasting glucose (IFG)/ impaired glucose
tolerance (IGT) wazillglsaiunmauailan 2 u
watseNn ludlugjauaunisaenanialdinandes
andulsanialu 5-10 U waludiasidngasioan

Aanannenadund iinn agu natural history 289019

od = (] -
U auna‘gmsaa

Chula Med J

Insulin resistance syndrome #iagi#i 3°

fadudasiaiiayunnziasadugau®

1. Obesity/sedentary lifestyle AMNTNUDY
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3. Positive type 2 diabetes family history
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Reduced energy expenditure
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Increasing ADIPOCYTE
riglyceride stores and
insulin resistance ‘
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Fanv acid ‘spillover’ from
adipose to non-adipose tissue

Triglyceride

Lipopraiein Jat
delivery

MUSCLE
Impaircd muscle glucose
metabalism

accumulation in non-adipose tissues

LIVER

Increased VLDL production
Inspaired hepatic glucose metabohsm
Reduced insulin clearance

Lipoprotein fut -

delivery PANCREAS
B-cell hyperfunciion
f3-cell dysfunction 9
B-cell dumage
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Thrifty genes:
Uncoupling proteins,

TNF - «, PPRA-y, MCR4,
CALPAINI10O

Enviromental influence
Lifestyle influence:
Physical activity
Nutrition

Age

Diahetes
Insulin
Diabetes resistance

Insulinopenia

Imsolin

cesistanmce,
Insulin Normal
resistance glacose
Insulin Increased tolerance

resitance postprandial
I ased

nere glucose level
fasting and

postprandial Decreased firsy phase
glucose levels insulin secretion
IGTT IGTT

al . . .
gﬂvn 3. Natural history 1890172 Insulin resistance syndrome

5. Intrauterine factors WLIATNYNIBULININUY
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1i3a7 2 niniulunguianinnsanduiveuly
UEAIATITLaENgENINRUNWInusnIAATRY (small
for gestational age) Tuntadasiunisliuanganis
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1. Frequently sampled iv glucose tolerance
test (FSIVGTT)

2. Hyperglycemic and euglycemic-hyper-
insulinemic clamp

3. Oral glucose tolerance test (OGTT)

indaesdy Wmanisdenuazonlding
M ll1unn 514 Oral glucose tolerance test Taeidgnns
<4 =] v ¥ ar U
AawTanglng Iudsnuetmsnguanfiulainse
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atNtes 250 nfusaduRnasiany 3 Ju ndsanduld
wammiiungn 12 49lue Gunanagau 181 8.00-
v v

9.00 u.ndsR NIUEFULsT UM glucose 1.75
nfusieiwindaudluiianin (Argegalaiiiiu 75 nfu)

nasa ntuIiuAlet1aanan 0,30,60,90,120 w1#
Wadame9a plasma glucose WAT insulin

msudana”

1. impaired fasting glucose (IFG) AR fasting
plasma glucose 2 100 Was < 126 mg/dL

2. impaired glucose tolerance (IGT) AaszAU
plasma glucose 7 2 dalueudeimieg > 140 uaz
< 200 mg/dL

3. provisional diagnosis of diabetes Lﬁi@
fasting plasma glucose = 126 mg/dL WingEAL plasma
glucose 7 2 drluandeAurima > 200 mg/dL

4. Hyperinsulinemia FaieddninncAese
Augau 1Hunil fasting insulin 19NN 15 mU/mI w3a
HrAUggATReBugauIEyin OGTT NANNda 150
mU/ml u8183019 Insulin resistance syndrome #ia

1 o dl
SULAN 7 A9 luRTI9N 3
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Skin

Hyperkeratotic acanthosis nigricans, skin tags
Striae

Hirsutism

Frontal alopecia

Gastrointestin:

Hepatic steatosis, non-alcoholic
steatohepatitis(NASH), pancreatitis,
cholecystitis, colon cancer

Adipose tissue

Obesity, increased intraabdominal fat

Fat infiltrations of muscle, liver, pancreas

Kidney

Focal segmental glomerulosclerosis

GH axis

Pseudoacromegaly, accelerated linear growth
and bone age, Decreased GH secretion,
low IGFBP-1

Immune system

Impaired cellular mediated immunity
Asthma, eczema

Increased cancer risk, e.g. breast
Inflammation

Increased levels of C-reactive protein, raised

erythrocyte sedimentation rates and increased

Gonads

Virilization or hirsutism, menstrual irregularity,
persistent acne, scalp hair loss, hyperhidrosis,
infertility or precocious pubarche in childhood
Cardiovascular

Increased arterial wall thickness

Endothelial dysfunction

Early atherosclerosis

Coronary heart disease, stroke

Hypertension

Adrenal

Premature adrenarche, increased cortisol
production and excretion, increased adrenal
androgens and DHEA, normal atecholamines
TNF o< levels, increased autoimmune

thyroiditis

- Psychological

Depression, poor self-esteem, cognitive defects
Neurological

Stroke _

Pseudotumor cerebri

Respiratory

Obesity hypoventilation syndrome

Sleep apnea, ventilation/perfusion mismatches
Musculoskeletal

Coxa vara slipped capital epiphysis,
degenerative arthritis,

Blount's disease, gout, muscle cramps

LNUNINARENIE metabolic syndrome ©

I iufinusRiadefiuiueu uifuan
Anariuindluneanifan faatnadu
ATP Ill metabolic syndrome definition
71ad8n119% metabolic syndrome letlfaud 3 criteria
Waist circumference >102 cm Tugfmnaiwas > 88 cm

Tuguega

Serum triglycerides 2150 mg/dl

HDL cholesterol < 40 mg/dl luganeuaz < 50 mg/di

Tugwela
Blood pressure 2 130/85 mmHg
Serum glucose 2 110 mg/dl

WHO metabolic syndrome definition

Diabetes, IFG, IGT, or HOMA insulin resistance 94
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fuldnsauzarunnsise ldiluinndwiamiady 2
criteria
Waist-to-hip ratio > 0.90 Tugfmeuas > 0.85 Tugu
Serum triglycerides 2 150 mg/dl or HDL cholesterol
< 35 mg/dl lugarsuar < 39 mg/dl luguiq
Urinary albumin excretion rate > 20 mcg/min
Blood pressure 2 140/90 mm/Hg
Tuwndelifiinousidasenuiuau lun1side
] ' 2 @ =l ¥ o < o -
#i 7 Wngqueftaaaniinsaianaiaiadulne e
wuwinousintadeluglug faetiady Weiss uay
ALY (2004)® AzAliadan1ay metabolic syndrome
d ar | P v @ aa
\adlsiaus 3 criteria e Fauiauiuannianguas
AR A

— BMI above the 97" percentile (z score, 2.0
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or more),

- triglyceride level above the 95" percentile

- HDL cholesterol level below the 5™
percentile

— systolic or diastolic blood pressure above
the 95" percentile

— impaired glucose tolerance.

Weiss WATADLY ﬁn‘izmm'm‘qn‘uﬂdn’m::
metabolic syndrome luifinang| 4-20 Tauau 439 Au

o 1 2 v ~-J b % o
nUNMEAINaDFRea 38.7 luandaussauLunas
uazfasay 49.7 TANANNNTEIUTULN

] o -3 dl os o dl 1 %4

ﬂ’]MTULﬂﬂVlﬂ')ﬂﬂi‘Uﬂ'ﬁ‘M?')@ﬂﬂﬂ?ﬂ\iLWﬂﬂu
WA metabolic syndrome / wnauailah 2 laun

s oo =

wnAdnous Wmnsan 4
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Criteria

Overweight (BMI > 85th percentile for age and gender, weight for height > 85th percentile, or weight

> 120th percentile of ideal for height)
Plus
® Any two of the following risk factors:

- Family history of type 2 diabetes in first- or second-degree relatives

- Race and ethnicity {American Indian, African American, Hispanic, Asian/Pacific Islander)

- Signs of insulin resistance or conditions associated with insulin resistance (acanthosis

nigricans, hypertension, dyslipidemia, PCOS)

& Age of initiation: age 10 years or at onset of puberty if puberty occurs at a younger age

® Frequency: every 2 years

® Test: fasting plasma glucose test / oral glucose tolerance test

Adapted from American Diabetes Association. Type 2 Diabetes in children and adolescents: consensus statement.

Diabetes Care 2000;23(8):381-9.
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Metformin fuayWusaes hydrophilic
guanidine 2angMaIALIN"TNTEH AMP protein kinase
daein insulin sensitivity ¥ Waefluugugauduiu

ydz o ara; as a‘ o
receptor 15aT wazdsaangnansiuinnininglag
T lduazanuuaunns gluconeogenesis NN IANAR
wananglaasaas Metformin flueniiesdnisamns
wazenresanigainfusas il mauile
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nziesadugduingaldlafuses udamziifion
Fdaunnu1aNLeddn Metformin Tananuaz 1414
atgdannialunisineniag insulin resistance
syndrom"™"®
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3. MsrAnNasnnlsAaIu (Bariatric surgery)
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