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Life expectancy, 1970 to 2021
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Only 7% of American Adults Have Good
Cardiometabolic/Health

Tufts researchers find that most U.S. adults rate poorly across five components of heart
and metabolic health, with clear racial disparities
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Life expectancy vs. health expenditure

From 1970 to 2018
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The money Is not going to hospitals, physicians,
or Big Pharma

Trends and Projections in U.5. Health Care Costs: 1970-2021 (in billions U.5. §)
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Clinical Practice Guideline for the

Evaluation and Treatment of Children
and Adolescents With Obesity
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CLINIGAL PRACTICE GUIDELINE cestance for the Clintcan in Randering Pediawic Car

=, e

&k N Ews New guidelines for treating childhood obesity include medications and surgery for first time

The guidelines say that pediatricians should offer weight-loss drugs
for children age 12 and up with obesity.

Four drugs are now approved for obesity treatment in adolescents
starting at age 12 — Orlistat, Saxenda, Qsymia and Wegovy — and one,
phentermine, for teens age 16 and older. Another drug, called
setmelanotide (brand name Imcivree), has been approved for kids
age 6 and older who have Barde-Biedl syndrome, a genetic disease
that causes obesity.
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The Fiction

“Beating obesity will take action by all of us, based on
one simple common sense fact: All calories count, no
matter where they come from, including Coca-Cola and
everything else with calories...”

-The Coca Cola Company, “Coming Together”, 2013

low and
no-calorie choices




It’s about calories and obesity —
or Is It?
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Obesity Is the problem (?)

* Obesity Is Increasing worldwide by 2.78% per year
1975-2015

« Diabetes Is increasing worldwide by 4.07% per year
« 1980-2014


http://dx.doi.org/10.1016/S0140-6736(14)60460-8
http://dx.doi.org/10.1016/S0140-6736(16)00618-8
http://dx.doi.org/10.1016/S0140-6736(16)00618-8

Secular trend In diabetes among
U.S. adults, 1988-2012
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Menke et al. JAMA 314:1021, 2015, doi:10.1001/jama.2015.10029
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Meta-analysis: 25% of pediatric T2DM are normal weight

All studies Stratified by race
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THE LITTLE WOMEN OF LOJA — GROWTH HORMONE-RECEPTOR DEFICIENCY IN AN
INBRED POPULATION OF SOUTHERN ECUADOR

ArraN L. Rosensroom, M.D., JaAtME GUEVARA AGUIRRE, M.D., Ron G. RosexreLp, M.D.,
AND PauL J. FieLDER, Pu.D.

B Relatives Bl Control
[ GHRD [ GHRD

I“l# i

Cancer Diabetes Obesity Diabetes

% of diseases
Prevalence (%)

Insulin (pU/ml)
HOMA-IR

T
Relatives GHRD Relatives GHRD

Rosenbloom et al. NEJM 323:1367, 1990; Guevarre-Aguirre et al. Sci Trans Med 3:70ral3, 2011



The Little Women of Loja
are obese yet insulin sensitive

(=]

Table 1. Anthropometric Data, Lipid Metabolism, Carbohydrate Metabolism, and Insulin Sensitivity Measures for
35 Controls and 27 GHRD Subjects

Controls P

=i}
(=

Glucose (mg/dL)

Anthropometrics
Age, y 39.8(13) . .09
SDS ht -1.7(1.2) A1, <.0001
BMI, kg/m? 29.4(4.4) 6 (5. 16
A/G fat 1.08 (0.18) . . .79
% Fat 41.1(6.6) 7 (8. .0014
/F 1.48 (0.47) . . .016

Lipids
Total C, mg/dL 199 (43.9) 229 (47.3) .0124
HDL, mg/dL 435(13.7) 50.9 (12.8) .034
HDL-C, mg/dL 4.87(1.33 4.65(1.10) A9
LDL, mg/dL 123.1(37.5) 157.6(37.4) <.0001
Apo A, g/L 1.24(0.23) 1.34(0.23) .0007
Apo B, g/L 0.95(0.24) 1.085(0.23) .029
VLDL, mg/dL 31.5(18.7) 20.2 (7.6) .0044
TG, mg/dL 158.3 (95.3) 100.7 (37.8) .0001

Carbohydrate metabolism, adipocytokines “H=-GHRD
Fasting glucose, mg/dL 93.2 (22.4) 88.6 (10.6) .34
Postprandial glucose, mg/dL 94.1(35.4) 77.1(13.4) .027 Control
Fasting insulin, pU/mL 13.8(15.5) 4.29 (0.74) .0034
HOMA2%B 141 (103) 90 (48) .0206
HOMAZ2%S 108 (87) 261 (133) <.0001
HOMAZ2-IR 1.74(1.84) 0.59 (0.51) .0025
Leptin, ng/mL 10.36 (5.24) 7.32 (4.7) .0212
Adiponectin, mg/L 6.92 (4.41) 9.94 (4.84) .0128
HMW adiponectin, mg/L 4.29(2.89) 7.59 (4.07) .0004

B
[ =]

(g
(=1

(=1

Abbreviations: SDS ht, SD score for height; C, cholesterol. Data are shown as mean (SD). Conversion factors: glucose to mmol/L, multiply by
0.0555; insulin to pmol/L, multiply by 6.945; LDL and VLDL to mmol/L, multiply by 0.0259; TGs to mmol/ L, multiply by 0.0113.

Insulin (uU/mL)

30 45 60
Guevarre-Aguirre et al. J Clin Endo Metab 100:2589, 2015 Time (min)




The Little Women of Loja
are obese yet insulin sensitive

(=]

Table 1. Anthropometric Data, Lipid Metabolism, Carbohydrate Metabolism, and Insulin Sensitivity Measures for
35 Controls and 27 GHRD Subjects

Controls P

=i}
(=

Glucose (mg/dL)

Anthropometrics
Age, y 39.8(13) . .09
SDS ht -1.7(1.2) A1, <.0001
BMI, kg/m? 29.4(4.4) 6 (5. 16
A/G fat 1.08 (0.18) . . .79
% Fat 41.1(6.6) 7 (8. .0014
/F 1.48 (0.47) . . .016

Lipids
Total C, mg/dL 199 (43.9) 229 (47.3) .0124
HDL, mg/dL 435(13.7) 50.9 (12.8) .034
HDL-C, mg/dL 4.87(1.33 4.65(1.10) 49
LDL, mg/dL 123.1(37.5) 157.6(37.4) <.0001
Apo A, g/L 1.24(0.23) 1.34(0.23) .0007
Apo B, g/L 0.95(0.24) 1.085(0.23) .029
VLDL, mg/dL 31.5(18.7) 20.2 (7.6) .0044
TG, mg/dL 158.3 (95.3) 100.7 (37.8) .0001

Carbohydrate metabolism, adipocytokines “H=-GHRD
Fasting glucose, mg/dL 93.2 (22.4) 88.6 (10.6) .34
Postprandial glucose, mg/dL 94.1(35.4) 77.1(13.4) .027 Control
Fasting insulin, pU/mL 13.8(15.5) 4.29 (0.74) .0034
HOMA2%B 141 (103) 90 (48) .0206
HOMA2%S 108 (87) 261 (133) <.0001
HOMAZ2-IR 1.74(1.84) 0.59 (0.51) .0025
Leptin, ng/mL 10.36 (5.24) 7.32 (4.7) .0212
Adiponectin, mg/L 6.92 (4.41) 9.94 (4.84) .0128
HMW adiponectin, mg/L 4.29(2.89) 7.59 (4.07) .0004

B
[ =]

(g
(=1

(=1

Abbreviations: SDS ht, SD score for height; C, cholesterol. Data are shown as mean (SD). Conversion factors: glucose to mmol/L, multiply by
0.0555; insulin to pmol/L, multiply by 6.945; LDL and VLDL to mmol/L, multiply by 0.0259; TGs to mmol/ L, multiply by 0.0113.

Insulin (uU/mL)

30 45 60
Guevarre-Aguirre et al. J Clin Endo Metab 100:2589, 2015 Time (min)




Familial Partial Lipodystrophy:
Dunningan or Type 2

Peters, et al. Nature Genetics. 18:292-5, 1998

*X-linked or autosomal dominant
*Absence of imb fat

v'Easily visible veins

v'Defined musculature
Normal or excess facial fat
*Cushingoid facies (moon facies)
Dorsocervical fat pad
*Acanthosis nigricans




“Exclusive” view of obesity and
metabolic dysfunction

260 million adults in U.S. .
150 million

110 million

Obese (42.4%) Normal wgight
or overweight (57.6%)

Araujo et al. Met Synd Rel Dis 17:46, 2019; Tomiyama et al. Int J Obe
Chen et al. J Clin Endocrinol Metab 100:4082, 2015
https://www.cdc.gov/nchs/products/databriefs/db360.htm
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“Exclusive” view of obesity and
metabolic dysfunction

260 million adults in U.S. .
150 million

110 million

Obese (42.4%) Normal weight
or overweight (57.6%)

Obese and sick
(80% of 42.4%)

86 million

Araujo et al. Met Synd Rel Dis 17:46, 2019; Tomiyama et al. Int J Obe
Chen et al. J Clin Endocrinol Metab 100:4082, 2015
https://www.cdc.gov/nchs/products/databriefs/db360.htm
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“Exclusive” view of obesity and
metabolic dysfunction

260 million adults in U.S. .
150 million

110 million

Obese (42.4%) Normal weight
or overweight (57.6%)

Obese and sick NL or overweight and sick
(80% of 42.4%) (60% of 57.6%)

86 million 90 million

Araujo et al. Met Synd Rel Dis 17:46, 2019; Tomiyama et al. Int J Obe
Chen et al. J Clin Endocrinol Metab 100:4082, 2015
https://www.cdc.gov/nchs/products/databriefs/db360.htm
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Relation between visceral and subcutaneous obesity:
TOFI (thin on the outside, fat on the inside)

Trunk fat: 12.8 (I)

ASAT: 8.2 (1)
IAAT: 4.6 (1)

IAAT/ASAT: 0.56

Trunk fat: 12.8 (1)

ASAT: 6.5 (1)
IAAT: 6.3 (1)

IAAT/ASAT: 0.97

Thomas et al. Obesity doi: 10.1038/0by.2011.142, 2011
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(75% of all healthcare dollars)



Obesity Is not the problem

Metabolic Syndrome: where all the money goes
(75% of all healthcare dollars)

Diabetes
Hypertension
Lipid abnormalities
Cardiovascular disease
Non-alcoholic fatty liver disease
Polycystic ovarian disease
Cancer
Dementia



Metabolic syndrome is difficult to define in adults

* WHO 1998 * AACE 2003
* EGIR 1998 * IDF 2005

* NCEP/ATPIII 2001 * AHA 2005



Metabolic syndrome is difficult to define in adults

* WHO 1998 * AACE 2003
* EGIR 1998 * IDF 2005

« NCEP/ATPIII 2001 « AHA 2005
And even more difficult to define in children

AHA Scientific Statement

Progress and Challenges in Metabolic Syndrome in Children
and Adolescents

A Scientific Statement From the American Heart Association
Atherosclerosis, Hypertension, and Obesity in the Young Committee of the

Council on Cardiovascular Disease in the Young; Council on
Cardiovascular Nursing; and Council on Nutrition, Physical Activity, and
Metabolism

Julia Steinberger, MD, MS, Chair; Stephen E. Daniels, MD, PhD. FAHA:
Robert H. Eckel, MD, FAHA: Laura Hayman, PhD, EN, FAHA: Robert H. Lustig, MDD
Brian McCrindle, MD., MPH. FAHA: Michele L. Mietus-Snyder, MD




Because each of these definitions sought to define the

metabolic syndrome phenomenologically, with cutoffs



Because each of these definitions sought to define the

metabolic syndrome phenomenologically, with cutoffs

It IS easier to define the metabolic syndrome mechanistically

Where’ s the insulin resistance?



OGTT in ‘healthy’ volunteers from ~1970 till 2014
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OGTT in ‘healthy’ volunteers from ~1970 till 2014
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So in 40-50 years our need for insulin increased 2-4 fold: 5 ,

e.g. did we became 2-4 fold more insulin resistant?
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The standard model of insulin resistance

Medscapes www.medscape.com

sourca: Chin Endocnnal @ 2005 Blackwall Fublishing




The standard model of insulin resistance

Medscapes www.medscape.com
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The standard model of insulin resistance

Medscapes www.medscape.com
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Furthe:

Hyperinsulinemia

; Increased Portal FEA
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sourca: Chin Endocnnal @ 2005 Blackwall Fublishing




Subcutaneous Fat



Relationship between BMI and
Insulin sensitivity (N=220)

Insulin
sensitive
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Insulin
resistant

(pmol/kg fat-free mass per min)

197 20 #25: 30 #35: 40 4% >00: 58 :60: B
Body mass index (kg/m?)

Wildman et al. Arch Intern Med 168:1617, 2008



Insulin sensitivity/resistance is more determinant of
morbidity and mortality than obesity/normal weight

Diabetes

o_: D BMI <25
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Or 1t could be visceral fat,
due to chronic stress

ACUTE & / CHRONIC

STRESS STRESS
Brown (norepi) | (cortisol)

AdipocyV NE . White

thermogenesis Lipolysis,

| . storage
l iprollferatlorpreadipocyte

Proliferation, ' ﬁ
| &/ AGrow fat,
goain weight

Burn fat,
loose weight

Zukowska, Science 2008



Ectopic Fat: Familial Partial Lipodystrophy

*X-linked or autosomal dominant
*Absence of Imb fat
v'Easily visible veins
v'Defined musculature
Minimal visceral fat
Normal or excess facial fat
*Cushingoid facies (moon facies)

R -Dorsocervical fat pad
¥ 1 «Acanthosis nigricans
j i Metabolic Syndrome

Peters et al. Nature Genet 18:292, 1998



Comparison between lipodystrophy and obesity

LD obesity
* Fat mass | t
 Leptin | 4
 Adiponectin | |
* Inflam. Cytokines | t
» Metabolic Syndrome LR +

Asterholm et al. Drug Disc Today Dis Models 4:17, 2007



Comparison between lipodystrophy and obesity

LD obesity
* Fat mass | t
 Leptin | 4
 Adiponectin | |
* Inflam. Cytokines | t
» Metabolic Syndrome LR +

So the metabolic syndrome can arise from too much, or too little fat
i.e. it’ s not the fat that counts

Asterholm et al. Drug Disc Today Dis Models 4:17, 2007



Obesity and lipodystrophy share insulin resistance

Obesity Lipodystrophy

Resistance

Chehab, Endocrinol 149:925, 2008



Intrahepatic fat explains metabolic perturbation
better than visceral fat

0.8
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MRI Fat Fraction Maps

Obese
Low Liver Fat = 2.6%
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MRI Fat Fraction Maps

Obese Obese
Low Liver Fat = 2.6% High Liver Fat = 24% High Liver Fat = 23%



NAFLD is a worldwide problem,
even In normal weight people

Country

United States 11,613 Ultrasound 3.6 % 28.B%,

Xu et al.2013 China &, 90" Ultrasound 7.2% Mot studied

Das et al.2010 India 1.9 Ultrasound/CT .1% 31.7%

Kwon et al.2012 Korea 29 994 Ultrasound 2.6% 50.1%

ltaly Ultrasound 3.4% 75.8%

1% (BMI 20-25)

. - Mot studied
0y [E':r'.-‘l ._-:2[_:] ! [

Sinn et al.2012 Korea h, 878 Ultrasound

Magnetic

Resonance 60.5%

Wei et al2015  Hong Keng 211

xurmar and Mohan, J Clin Trans Hepat 53:216, 2017



NAFLD is associated with diabetes,
even in normal weight people

—e— No Diabetes
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Loomis et al. J Clin Endocrinol Metab. 101:945, 2016



v The American Journal oi
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Article Published: 08 June 2018

NASH Leading Cause of Liver Transplant
in Women: Updated Analysis of
Indications For Liver Transplant and
Ethnic and Gender Variances

Mazen Noureddin MD, MHSC , Aarshi Vipani MD, Catherine Bresee M5, Tsuyoshi Todo MD, Irene K.
Kim MD, Naim Alkhouri MD, Veronica Wendy Setiawan PhD, Tram Tran MD, Walid S. Ayoub MD, Shelly
C. Lu MD, Andrew 5. Klein MD, Vinay Sundaram MD & Nicholas N. Nissen MD

The American Journal of Gastroenterology (2018)  Download Citation =




Insulin Receptor Knockouts (IRKO)
Kahn Lab, Joslin 1998-present

Obesity, Metabolic Syndrome
Liver (LIRKO)
Brain (NIRKO)

Protected from Obesity
Muscle (MIRKO)
White Adipose Tissue (FIRKO)
Brown Adipose Tissue (BATIRKO)
B-cell (BIRKO)
Vascular Smooth Muscle (VSMCIRKO)
Glomerular Podocyte (PODIRKO)

Biddinger and Kahn: Ann Rev Physiol 68:123, 2006



Insulin has two effects on the liver

A Normal Liver Metabolism

Dietary
Glucose

p Liver

4 FoxO1 —— Glucose
i ]
nsuiin 4Srebp-1c——— 1 Tg

Brown and Goldstein, Cell Metab 7:95, 2008




C LIRKO Mouse - Pure Insulin Resistance

Dietary
Glucose

1 Liver
_AX 4Fox01 —» 4 GLUCOSE

| |
PINSULIN . 3¢ | qnotc Ut

L 4
'0
L 4

""" *4GLUCOSE

Result: Obesity
Hyperglycemia, hyperinsulinemia, DM
Low TG, VLDL
Normal BP
NOT Metabolic Syndrome



B Type 2 Diabetes - Selective Insulin Resistance

DIETARY
GLUCOSE

!

Blood
471G

L 4
.0
'.

*TGLUCOSE

Result: Obesity
Hyperglycemia, hyperinsulinemia, DM
High TG, VLDL
Low BP
Metabolic Syndrome




In order to explain Metabolic Syndrome:

* We are looking for a ubiquitous factor that
— promotes obesity (preferably visceral)
— promotes hypertension

— Induces selective hepatic insulin resistance
 blocks Foxol to promote gluconeogenesis
(hyperglycemia, hyperinsulinemia, and diabetes)
 stimulates de novo lipogenesis
(dyslipidemia, atherosclerosis)
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SWEET AND VICIOUS

The case against sugar. By Gary Taubes

risk in Australia p.30

New York Times, April 17, 2011

Nature 487:27-29, Feb 1, 2012
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The toxic truth about sugar

Added sweeteners dangers to health that justify controlling them like alcohol,
argue Robert H. Lustig, Laura A. Schmidt and Claire D. Brindis.
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Only NOVA 1V correlates with chronic disease
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Associations of ultra-processed food consumption with
cardiovascular _disease and all-cause mortality: UK
Biobank

Xuanli Chen , Jiadong Chu, Wei Hu, Na Sun, Qida He, Siyuan Liu, Zhaolong Feng,
Tongxing Li, Qiang Han, Yueping Shen
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Association between ultra-processed foods consumption and risk of

non-alcoholic fatty liver disease: a population-based analysis of NHANES
2011-2018

Zhening Liu, Hangkai Huang, Yan Zeng, Yishu Chen and Chengfu Xu*

Department of Gastroenterology, The First Affiliated Hospital, Zhejiang University School of Medicine, 79 Qingchun Road,
Hangzhou 310003, People’s Republic of China
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Ultra-processed food consumption L
and metabolic syndrome: a cross-sectional

study in Quilombola communities of Alagoas,
Brazil

Lidia Bezerra Barbosa'“®, Nancy Borges Rodrigues Vasconcelos' ®, Ewerton Amorim dos Santos*®,
Tamara Rodrigues dos Santos'®, Thays Ataide-Silva’® and Haroldo da Silva Ferreira®
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Association of Ultraprocessed Food Consumption With Risk of Dementia
A Prospective Cohort Study
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GLOBAL HEALTH PROMOTION AND PREVENTION

Premature Deaths Attributable to the Consumption
of Ultraprocessed Foods in Brazil
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'Ultra-processed’ products now half of
all UK family food purchases

Exclusive: health experts warn increasing popularity of industrially-
made food will lead to negative effects such as obesity and poor health

A Some of the UK's best-selling ultra-processed foods. Photograph: Jill Mead for the Guardian

Sarah Boseley Health editor

doi: 10.1101/2021.05.22.21257615
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Americans Are Eating More Ultra-
Processed Foods: How to Cut Down
on Them

Fast food such as hamburgers are among the ultra-processed foods that people are eating more often. Evrim Ertik/Getty

Images

57% of US consumption
73% of the US food supply
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Detrimental Effects of Fructose
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Sugar Is toxic unrelated to calories

Original Article Obesity
PEDIATRIC OBESITY

Isocaloric Fructose Restriction and Metabolic Improvement
in Children with Obesny and Metabollc Syndrome

Roberr .1 Kathleen Mul usan M. Noworolski’, Viva W. Tal’, Michael J. Wen®, Ayca Enl
Alejandro G ci®, and Je unl vars

Short-term isocaloric fructose restriction lowers apoC-III levels and
yields less atherogenic lipoprotein profiles in children with obesity
and metabolic syndrome

Alejandro Gugliucci *°, Robert H. Lustlg Russell Caccavello °, Ayca Erkin-Cakmak “
Susan M. Noworolski d , Viva W. Tai © Mlchaelj Wen ¢, Kathleen Mulligan *
Jean-Marc Schwarz ©

Effects of Dietary Fructose Restriction on Liver Fat, De Novo
Llpugenesm, and Insulin I{lnetlr.s in Children With Dhemty'

Erkin=Calkn ul |
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Patterson,” Gugliuea,’ Lustig,”

L g -~
Mulligan -




Strategy

Isocaloric fructose restriction x 9 days in children who are
habitual sugar consumers

No change in weight
Substitute complex carbs for sugar

Maintain baseline macronutrient composition of the the
diet

Study in PCRC at Day 0 and Day 10

Assess changes in organ fat, de novo lipogenesis, and
metabolic health



Heart rate (bpm)

Systolic BP (mmHg)

Diastolic BP

Fasting lactate
(mmol/L)

Lactate AUC
(mM/120 min)

HOMA-IR¥
AST (U/L) *

ALT (U/L) ¥

Fasting TG (mM)

Fasting LDL-C (mM)

Fasting HDL-C (mM)

Fasting FFA (mM)

Day 0

83.1 = 10.7
122.6 = 10.5
68.8 + 8.9

1.2 04

160.0 &= 34.5

79 £ 4.8
27.4 = 141

28.9 = 22.8
1.4+ 0.9
2.4+ 0.6
1.2 + 0.2

0.6 = 0.2

80.1 = 11.3

121.1 = 9.9

63.7 = 7.5

09 = 0.3

129.0 = 34.5

52+ 26
23.8 = 8.9

26.7 £ 19.6

1.0 = 0.5

2.1+ 0.6

1.0 + 0.2

0.7 = 0.2

Fasting Labs

Day 10

B-coefficient

(Adjusted Change)
[95% CI]

-2.8 [-6.5, +0.9]
-1.39 [-4.9, +2.1]
-4.91[-8.1,-1.8]

-0.3 [-0.5, -0.2]

-31.2 [-41.9, -20.5]

-2.7 [-3.8, -1.5]

-2.2 [-4.7,+0.3]
-0.4 [-0.6,-0.2]
-0.3 [-0.4,-0.1]
-0.1 [-0.2, -0.1]

+0.1 [+0.1, +0.2]




DNL is the Conversion of Dietary
Carbohydrates into Lipid

New Tracer Method using MIDA: Hellerstein and Neese, AJP 1999




DNL AUC Pre and Post Fructose Restriction
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Endocrine Society, March 5, 2015



Oral glucose tolerance test
before and after iIsocaloric fructose restriction
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Changes In liver, visceral, and subcutaneous fat
(n = 37)

% change in % changein % change in
liver fat fraction visceral fat subcutaneous fat
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Independent Confirmation

m Views 5,870 | Citations 0 | Altmetric 389

Preliminary Communication
January 22, 2019

Effect of a Low Free Sugar Diet vs Usual Diet on
Nonalcoholic Fatty Liver Disease in Adolescent Boys
A Randomized Clinical Trial

Jeffrey B. Schwimmer, MD'+2; Patricia Ugalde-Nicalo, MD'; Jean A. Welsh, PhD, MPH, RN+, gt al

# Author Affiliations
JAMA. 2019;321(3):256-265. doi:10.1001/jama. 2018.20579




Fructose reduces liver mitochondrial
function, while glucose stimulates it
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Softic et al. Cell Metab 30:735, Oct 1, 2019

"The most important takeaway of
this study is that high fructose in
the diet is bad," says Dr. Kahn.
"It's not bad because it's more
calories, but because it has
effects on liver metabolism to
make it worse at burning fat. As a
result, adding fructose to the diet
makes the liver store more fat,
and this is bad for the liver and
bad for whole body metabolism."

Dr. C. Ronald Kahn,
CEO, Joslin Diabetes Center



A different model of insulin resistance
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A different model of insulin resistance
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A different model of insulin resistance

Further £ o <
Hyperinsulinemia )

L
e

e
gy I }
[ ] | |

Hepatic insulin

~ __resistance
[slet Cells L

Decreased Glucose

Uptake

Skeletal Muscle T
Increased Peripheral  —

[nsulin Besistance

. Increased Portal FEA

3 Decreased Insulin Sensitivity

Fructose
) Cytokines

.;::f_fz_lay livey_f_j;"'

~ Laver

7
I,-" { Decreased Hepatic
v !

Insulin Sensitivity

L
-

7 Hyperinsulinemia




» Sugar Is the payload

» Ultraprocessed food Is the vehicle



bietechne | Metabolic Syndrome Signaling

Robert H. Lustig, MD, MSL, Professor of Pediatrics, University of California, San Francisco, CA and Alejandro Gugliucci, MD, PhD, Professor of Biochemistry and Associate Dean of Research, Touro University-California, Vallejo, CA

| Bio-Techne, 614 McKinley Place NE, Minneapolis, MN 55413

oWhat is Mdubolw ? BRAIN
R findinas linki
mrfmd-puﬁu\ i STRESS
resistance, and liver dy!ﬁm:ﬁnn with defective glucose
and lipid trafficking. Type 2 Diabetes, Non-alcoholic

Disease, Cardi lor Disease are some
of the resultant condifi with the

'Ihuhnpnnnlyﬁnrsdﬂusyn&m RESTING
are: 1) su fat (obesity); 2) visceral fat ExpeNDITURE
(stress); and 3) hepatic fat (die).

VAGUS

@ Transcriptional Regulator

@ Other

Visceral fat is acutely
responsive fo
adrenergic innervation
which activates
hormone-sensitive
lipase (HSL) to
promote lipolysis.
Under chronic stress
conditions, cortisol
increases NPY
production and

rol

adrenergic synapses.
Activation of the Y2
recoptors inhibits
lipolysis and allows
lipogenesis. When the

rosistant, disinhibition
of HSL loads fo
Pﬂlmllﬂh/FFA efflux
info the port
circulation,

hepatic uptake,
Iupcnc insulin
resistance, and f
liver. IL-6 offlux info
the poral system
activate:
NADPH avidone (NoX)
ing in ROS

—
Fot, erilpin: N8110-40760
7

in
vi

ing greater energy
dcpumon Strass
increases sympathetic

tone and cortisol, which

rosuls in chronic

o of lipolysis in

T

/
A
""""" ﬂAWArl‘o‘}ﬂ /
Sulumumuus s'»'a"g;;in"':.’.","‘ / %

Insulin _ Ghrelin o Shmoch s
e

Hypothalamus

SYSTEMIC BLOOD

DIAGNOSTIC OTHER BIOMARKERS
CRITERIA K oS

VLDL/TG
LDL/sdLOL
Uric Acid

-
Insulin_ | aptin

iscaral adipocytes.

VISCERAL F,

White Viscarol Adfpocyte . 1A

ANATOMY

HYPOTHALAMIC CIRCUITRY BIOCHEMISTRY/NEUROPHYSIOLOGY

Glucose is normally
stored os glycogen.
However, fructose is
shunted fo the
mitochondria, which
become overwhelmed,
‘with resultant shuttling
of citrate into the.
cytosol. This results in de
novo lipogenesis,
unrelated fo insulin
levels. Fat will oither be
exporied out as VLDL
promoti
_atherogenesis or result
i liver fot droplets
which :Bn!rih‘\li. fo

LN
_——————+Giycorol )\, VIOL—
o

incre
glucose output and
ia. The

.
FEA

Fructose.

Glucose.

Insulin release
under tripas
control: 0 :Iuwu

c: Eu/riﬂ"w >
AMP —| > Uric Add

Sy
i

$nrh||ol

| hyperin:
and increased fa

Glucnge G-6-P—>F-1,6-8P GA 3.p 1 storage intc
y A(cu\@ DAG | subcutaneous and
7 ol Malenyi-coA \ visceral fat
L Citrate l TAG
o
@D

effoct is compounded by
excessive palmitate/free
fatty acids (FFA) coming
rom subcutaneous and
viscoral fot due fo_

Increased
blood-borne glucose
fatty aci

e daored by

skelotal muscle due

io insulin resistance

ind reduction in

Gt mammiocaion,

which compounds the
mic.

Musclo, GLUTS: N8P2-44295

INSULIN

**—c.mmiau

SKELETAL MUSCLE

\
28

Aqn CoA

LPS,
TNF-aipha) ceton INK-1
1o generate reactive
oxygen species (ROS),
which cause cellular
damage.

Efferant vagus nerve

Infestinal dysbiosis
due to poor diet or
antibiofics results in
lipopolysaccheride
producti

entering m. portal
circulation due to
breakdown in
zonulins with

CD36/FAT

Ectopic Fat

yperins:
which both actiy
lipoprotein lipas
drive energ)
circulating VLDL
lomicrons into

BTy rucin £ > Toses —> AcCon,

/ resultant “leaky sbiosis FFA vacuoles to prom
gut”, promoting iot/Antiboi 2t  storag
hepatocyte (DS Anihotics) m;) ‘" SRS 1"" G-3p vesicles. When ¢

flamm hy e ¢
R eirmicotes/ W 8octeroides % die, fat fissu
Acyl-Carritines resiemce: I infiltrated v
addition, lack of Gram+/- N e macrophage
dietary mm results bocilli o “crown-
in decreased and coct
short-chain fatty i,
acids. Anincrecse i
in bile aci A
hydrolase leads 1o
k o
lipase (HSL) leac
vd A site sa Hydrolase fo palmitate/
impaired insulin i release info
secretion.

®

§ Fiber —» scra
) AmMP/ATP

Mitochondria gt

= crcrat
s —>

ircul
‘which result
hepatic inflamma
and ins
resistance. Cell d
loads to reductior
adiponectin, wk
further prome
hepatic ins:
resistar

e SEWEN

-

-



SYSTEMIC BLOOD

DIAGNOSTIC OTHER BIOMARKERS
CRITERIA
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Assessment of metabolic syndrome

« History: esp. FHx, BW, BF, ACE’s
* Physical: esp. WC, BP

« Labs:
— Fasting insulin
— Lipid Profile, esp. TG:HDL (LDL not impt), ApoB
— ALT
— Uric Acid
— Lactate
— Fasting glucose, HbA, . — last thing to change!
— Uncommon tests, e.g. hs-CRP, TNF-a

* Do not draw leptin




REFRAMING THE DEBATE



REFRAMING THE DEBATE
Obesity doesn’t CAUSE metabolic syndrome

Obesity is a MARKER for metabolic syndrome



REFRAMING THE DEBATE
Obesity doesn’t CAUSE metabolic syndrome

Obesity iIs a MARKER for metabolic syndrome

OBESITY IS A “RED HERRING”
VERYONE IS AT RISK OF METABOLIC SYNDROIN



The three faces of metabolic syndrome

« SQ fat — the "bucket” hypothesis

— get the insulin down (reduce CHO, sugar)

* Visceral fat — the “stress” hypothesis

— mindfulness, exercise, sleep

* Liver fat — the “mainlining” hypothesis

—reduce sugar, alcohol, branched chain amino

acids, trans-fats
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