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Insulin Sensitivity iIn Man

sensiive - SPECTRUNE e

A state in which a given amount of insulin,
exogenous or endogenous, produces a subnormal
biological response:

- CHO

- Lipid

- Protein



Insulin Resistance in Youth

Risk factors: Modifiable and Unmodifiable
Induction of Insulin Resistance
Alleviation of Insulin Resistance
Youth-Adult Contrast in Insulin Sensitivity
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Longitudinal Study of Physiologic Insulin Resistance

and Metabolic Changes of Puberty..... ccco 1 20d
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Longitudinal Study of Physiologic Insulin Resistance

and Metabolic Changes of Puberty..... ccco 1 20d
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ubertal insulin resistance?
at metabolism?

ways responsible for it"?
teleological function?

What causes p
Does it involve protein and f

What are the metabolic path
Does pubertal IR have a




Protein turnover during puberty in normal children
1996

Correlations Between Fatty Acid and Glucose
Metabolism 1994

Potential Explanation of Insulin Resistance of Puberty

Testosterone Treatment in Adolescents with Delayed
Puberty: Changes in Body Composition, Protein, Fat,
and Glucose Metabolism™ 1997

Dihydrotestosterone Treatment in Adolescents with
Delayed Puberty: Does it Explain Insulin Resistance
of Puberty? 2001

Growth Hormone Treatment in Adolescent Males with
Idiopathic Short Stature: Changes in Body Composition,
Protein, Fat, and Glucose Metabolism 2007




Insulin Resistance of Puberty

Pubertal insulin resistance involves protein and fat metabolism.
Pubertal IR is driven by GH and not gonadal sex steroids.

The A in GH secretion during puberty leads to A lipolysis and
A FFA = to insulin resistance through the Randle cycle.

Pubertal IR and its compensatory hyperinsulinemia may serve
to enhance growth and mass accretion.
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Hyperinsulinemia in African-American Children
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Racial Differences in Adiponectin in Youth

Relationship to visceral fat and insulin sensitivity 2006

Ghrelin and Peptide YY in Youth: Are There Race-
Related Differences? 2006

Lipolysis in African-American Children: Is It a Metabolic
Risk Factor Predisposing to Obesity?* 2001

Fat Oxidation in Black and White Youth: A Metabolic
Phenotype Potentially Predisposing Black Girls

to Obesity 2008

Obesity, Regional Fat Distribution, and Syndrome X in
Obese Black Versus White Adolescents: Race Differential
in Diabetogenic and Atherogenic Risk Factors 2003

Whole-Body MRI and Ethnic Differences in Adipose
Tissue and Skeletal Muscle Distribution in Overweight

Black and White Adolescent Boys 2011




Insulin Resistance: Race/Ethnicity

Adiponectin is W in black youth.

Ghrelin (hunger hormone) suppression is W in black youth.

PYY (satiety hormone) is ¥ in black youth.

Fat oxidation is W in black female youth.

Visceral fat is W in black youth despite similar BMI or total body fat.
Fat/CHO intake is 7" in black youth’s diet, with inverse correlation to IS.

Diabetogenic risk is worse in black you while atherogenic risk is worse
In white youth.
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Insulin Sensitivity

in African-American

Children With and Without Family
History of Type 2 Diabetes
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Family History of T2DM: Impaired Insulin Sensitivity
& B-cell Dysfunction in White Youth
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NAFLD, IUl, etc. Puberty
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: Race
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Insulin Sensitivity in Normal-weight &
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Relationship of BMI and % Body Fat
to Insulin Sensitivity & Fasting Insulin
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Do ‘Apples’ Fare Worse Than ‘Pears’ in Youth”?

Upper-body
obesity

Lower-body
obesity

Science 280: 1372, 1998




Abdominal Adipose Tissue (CT)

Subcutaneous fat




Insulin Sensitivity
(mg/kg/min per pu/ml)

Insulin Sensitivity & Adiponectin in
High vs. Low-VAT Obese Adolescents
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Glucose Disposal (mg/kg/min)
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Prevalence (%)

Link to the components of the metabolic syndrome and biomarkers of

endothelial dysfunction in youth Diabetes Care 30: 2091, 2007
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Insulin Sensitivity Quartiles &
Biomarkers of Endothelial Dysfunction
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Question

Are all obese youth the same or have similar risk for T2DM or CVD?
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Metabolically Healthy vs. Obese Youth

AGE: 13.2 yr

BMI: 32.6 kg/m?
% Body Fat: 42.6%
W/H ratio: 0.86
VAT: 60.0 cm?

Fat metabolically fit obese youth

AGE: 12.8 yr

BMI: 33.2 kg/m?
% Body Fat: 43.8%
W/H ratio: 0.93
VAT: 93.9 cm?

Fat metabolically unfit obese youth Insulin Sensitivity: 1.7

Android obesity




Whole Body, Visceral Adiposity, and Liver Fat in
Metabolically Healthy vs. Obese Youth
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Adipokines & Inflammatory Markers in

Metabolically Healthy vs. Obese Youth
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Atherogenic Lipoprotein Concentrations in
Metabolically Healthy vs. Obese Youth
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Take Home Message

Not all obese youth are the same
g

Metabolically healthy obese youth have more
favorable risk profile than metabolically unhealthy

youth despite similar BMI and total body fat.




Risk Factors for
Insulin Resistance in Youth

NAFLD, IUl, etc. Puberty

Insulin
: Race
Resistance /

Obesity



Insulin Sensitivity in Adolescents with PCOS

J Pediatr 138: 38, 2001
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Risk Factors for
Insulin Resistance in Youth

Puberty

Insulin
: Race
Resistance /
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Youth Type 2 Diabetes

Insulin resistance, B-cell failure, or both?
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Diabetes 58: 773, 2009
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Insulin Resistance in Youth

¢ Risk factors: Modifiable and Unmodifiable
¢ Induction of Insulin Resistance

¢ Alleviation of Insulin Resistance

¢ Youth-Adult Contrast in Insulin Sensitivity



Fat Induced Insulin Resistance Model

Subcutaneous
adipose tissue

Visceral
adipose tissue

{ Lipid storage capacity

{ Lipid storage
capacity

A

Our objective was to create an acute model of
lipotoxicity, and assess how quickly we can induce
Insulin resistance and ectopic fat deposition in youth.

Lwer \ / Skeletal Muscle

Insulin
Am J Physiol Endocrinol metab 265: E1009, 2008 Resistance




Insulin Sensitivity in Response to FFA Elevation
In Prepubertal Youth

Condition P < (L.001
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Paired experiments of NS vs. 20% IL infusion for 3 hrs. followed by a 2hr. hyerglycemic clamp

FFA: AN from ~ 0.21 to 0.61 mmol/L



Effect of Intralipid Infusion on Hepatic & Peripheral Insulin
Sensitivity in Healthy Normal-Weight Adolescents
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Effect of Intralipid Infusion on Fasting Glucose & Insulin
In Healthy Normal-Weight Adolescents
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Effect of Intralipid Infusion on Intramyocellular Lipid (IMCL)
In Healthy Normal-Weight Adolescents

Intramyocellular Lipid by *H-MR Spectroscopy
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Insulin Resistance in Youth

¢ Risk factors: Modifiable and Unmodifiable
¢ Induction of Insulin Resistance

¢ Alleviation of Insulin Resistance

¢ Youth-Adult Contrast in Insulin Sensitivity



Lipid Overflow Theor
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Physiol Rev 93: 359, 2013




Effects of Aerobic Versus Resistance Exercise Without
Caloric Restriction on Abdominal Fat, Intrahepatic

Lipid, and Insulin Sensitivity in Obese Adolescent Boys
A Randomized, Controlled Trial Diabetes 61: 1-9, 2012
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Effects of Aerobic Versus Resistance Exercise Without
Caloric Restriction on Abdominal Fat, Intrahepatic
Lipid, and Insulin Sensitivity in Obese Adolescent Boys

A Randomized, Controlled Trial Diabetes 61: 1-9, 2012
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Insulin Resistance in Youth

¢ Risk factors: Modifiable and Unmodifiable
¢ Induction of Insulin Resistance

¢ Alleviation of Insulin Resistance

¢ Youth-Adult Contrast in Insulin Sensitivity




Treatment Options for type 2 Diabetes in
Adolescents and Youth

Designed in 2002, ended 2/2011, results April 2012


http://www.niddk.nih.gov/resources/nihlogo.htm
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Metformin + Rosi Failure Rate In T2
Adults vs. Youth =
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Natural History of Type 2 Diabetes

Type 2 diabetes

~60-90% Iowe

Figure 6: Natural history of type 2 diabetes and possible inadequacies of the
standard therapeutic approach

Lancet June 25, 2011



Youth Type 2 Diabetes

One or more of the pathophysiological

mechanisms of type 2 diabetes is worse In
youth compared with adults.



Insulin sensitivity across the lifespan from obese adolescents

to obese adults with impaired glucose tolerance: Who is
worse off? Pediatric Diabetes 2017
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Insulin sensitivity across the lifespan from obese adolescents
to obese adults with impaired glucose tolerance: Who is

worse off? Pediatric Diabetes 2017
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