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The money is not going to hospitals, physicians, 

or Big Pharma
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or Big Pharma

It’s going to chronic metabolic disease
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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



It’s about calories and obesity —

or is it?

Basu et al. PLoS One 8:e58783, 2013
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Obesity is the problem (?)

• Obesity is increasing worldwide by 2.78% per year 

1975-2015   Lancet Oct 10, 2017 

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

• Diabetes is increasing worldwide by 4.07% per year

• 1980-2014   Lancet Apr 6, 2016 

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

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


Menke et al. JAMA 314:1021, 2015,  doi:10.1001/jama.2015.10029
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U.S. adults, 1988-2012
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U.S. adults, 1988-2012

25% increase in obese

25% increase in nl wt



Meta-analysis:  25% of pediatric T2DM are normal weight

Cioana et al. JAMA Network Open 5(12):e2247186, 2022

All studies Stratified by race
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Rosenbloom et al. NEJM 323:1367, 1990; Guevarre-Aguirre et al. Sci Trans Med 3:70ra13, 2011 
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The Little Women of Loja

are obese yet insulin sensitive
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Familial Partial Lipodystrophy:  
Dunningan or Type 2

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

•X-linked or autosomal dominant

•Absence of limb fat

✓Easily visible veins

✓Defined musculature

•Normal or excess facial fat 

•Cushingoid facies (moon facies)

•Dorsocervical fat pad

•Acanthosis nigricans



“Exclusive” view of obesity and 

metabolic dysfunction

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

260 million adults in U.S.

110 million

150 million

Araujo et al. Met Synd Rel Dis 17:46, 2019; Tomiyama et al. Int J Obes 40:883, 2016 

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

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

260 million adults in U.S.

110 million

150 million

Araujo et al. Met Synd Rel Dis 17:46, 2019; Tomiyama et al. Int J Obes 40:883, 2016 

Chen et al. J Clin Endocrinol Metab 100:4082, 2015

https://www.cdc.gov/nchs/products/databriefs/db360.htm

Obese and sick
(80% of 42.4%)

86 million 90 million 

Total: 176 million sick

NL or overweight and sick
(60% of 57.6%)

https://www.cdc.gov/nchs/products/databriefs/db360.htm


Relation between visceral and subcutaneous obesity:

(thin on the outside, fat on the inside)

Thomas et al. Obesity doi: 10.1038/oby.2011.142, 2011
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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 

And even more difficult to define in children 

• WHO 1998 • AACE 2003

• EGIR 1998 • IDF 2005

• NCEP/ATPIII 2001 • AHA 2005

Circulation 119:628, 2009



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 



IGT-’pre-diabetic’

So in 40-50 years our need for insulin increased 2-4 fold:
e.g. did we became 2-4 fold more insulin resistant?

OGTT in ‘healthy’ volunteers from ~1970 till 2014 
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The standard model of insulin resistance
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Subcutaneous Fat



Relationship between BMI and 

insulin sensitivity (N=220)

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



Insulin sensitivity/resistance is more determinant of 

morbidity and mortality than obesity/normal weight 

Meigs et al. J Clin Endocrinol Metab 97:2906, 2006 Calgori et al. Diab Care 34:210, 2011

IS IR IS IR



White

Adipocyte

Burn fat, 

loose weight

Brown

Adipocyte NE

Lipolysis,

proliferation

-ADR

ACUTE 

STRESS

(norepi)

-ADR

thermogenesis

CHRONIC

STRESS

(cortisol)

Or it could be visceral fat, 

due to chronic stress

Y2R

Grow fat,

gain weight

Y2R

NPY

Angiogenesis
Lipid 

storage

Preadipocyte

Proliferation,

Adipocyte 

differentiation

Zukowska, Science 2008



Ectopic Fat: Familial Partial Lipodystrophy

•X-linked or autosomal dominant

•Absence of limb fat

✓Easily visible veins

✓Defined musculature

•Minimal visceral fat

•Normal or excess facial fat 

•Cushingoid facies (moon facies)

•Dorsocervical fat pad

•Acanthosis nigricans

•Metabolic Syndrome

Peters et al.  Nature Genet 18:292, 1998



• Fat mass

• Leptin

• Adiponectin

• Inflam. Cytokines

• Metabolic Syndrome

Comparison between lipodystrophy and obesity

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

LD obesity

±+++



• Fat mass

• Leptin

• Adiponectin

• Inflam. Cytokines

• Metabolic Syndrome

Comparison between lipodystrophy and obesity

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

LD obesity

±

So the metabolic syndrome can arise from too much, or too little fat

i.e. it’s not the fat that counts

+++



Obesity Lipodystrophy

Insulin

Resistance

Chehab, Endocrinol 149:925, 2008

Obesity and lipodystrophy share insulin resistance



Intrahepatic fat explains metabolic perturbation 

better than visceral fat

Fabbrini et al. Proc Natl Acad Sci 106:15430, 2009

Hepatic

Insulin

Sensitivity

Index

Insulin

Stimulated

Glucose

Disposal

Rate

Insulin

Stimulated

Palmitate

Suppression
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Secretion
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Of Free
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MRI Fat Fraction Maps

Obese

Low Liver Fat = 2.6%



MRI Fat Fraction Maps

Obese

Low Liver Fat = 2.6%



MRI Fat Fraction Maps

Obese

Low Liver Fat = 2.6%

Obese

High Liver Fat = 24%



MRI Fat Fraction Maps

Obese

Low Liver Fat = 2.6%

Obese

High Liver Fat = 24%



MRI Fat Fraction Maps

Obese

Low Liver Fat = 2.6%

Obese

High Liver Fat = 24%

Thin

High Liver Fat = 23%



MRI Fat Fraction Maps

Obese

Low Liver Fat = 2.6%

Obese

High Liver Fat = 24%

Thin

High Liver Fat = 23%



NAFLD is a worldwide problem,

even in normal weight people



Loomis et al. J Clin Endocrinol Metab. 101:945, 2016

Obese

Normal

Weight

Obese

Over

Weight

Normal

Weight

Over

Weight

NAFLD is associated with diabetes, 

even in normal weight people





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)

-cell (IRKO)

Vascular Smooth Muscle (VSMCIRKO)

Glomerular Podocyte (PODIRKO)

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



Brown and Goldstein, Cell Metab 7:95, 2008

Insulin has two effects on the liver



Result: Obesity

Hyperglycemia, hyperinsulinemia, DM

Low TG, VLDL

Normal BP

NOT Metabolic Syndrome



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 Foxo1 to promote gluconeogenesis

(hyperglycemia, hyperinsulinemia, and diabetes) 

• stimulates de novo lipogenesis

(dyslipidemia, atherosclerosis)



New York Times, April 17, 2011

Nature 487:27-29, Feb 1, 2012



NOVA I
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NOVA 
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NOVA I NOVA II

NOVA 
III

NOVA IV

Only NOVA IV correlates with chronic disease





















57% of US consumption 
73% of the US food supply

doi: 10.1101/2021.05.22.21257615







Sugar is toxic unrelated to calories

Lustig et al. Obesity 24:453, 2016

Schwarz et al. Gastroenterology 153:743, 2017

Gugliucci et al. Atherosclerosis 253:171, 2016



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



Fasting Labs
Day 0 Day 10 β-coefficient 

(Adjusted Change) 
[95% CI]       

p value

Heart rate (bpm) 83.1 ± 10.7 80.1 ± 11.3 -2.8 [-6.5, +0.9] 0.13

Systolic BP (mmHg) 122.6 ± 10.5 121.1 ± 9.9 - 1.39 [-4.9, +2.1] 0.43

Diastolic BP 68.8 ± 8.9 63.7 ± 7.5 - 4.9 [-8.1, -1.8] 0.003

Fasting lactate 

(mmol/L)

1.2 ± 0.4 0.9 ± 0.3 -0.3 [-0.5, -0.2]                                <0.001

Lactate AUC

(mM/120 min)

160.0 ± 34.5 129.0 ± 34.5 -31.2 [-41.9, -20.5]                 <0.001

HOMA-IR¥ 7.9 ± 4.8 5.2 ± 2.6 -2.7 [-3.8, -1.5] <0.001

AST (U/L) * 27.4 ± 14.1 23.8 ± 8.9 0.02

ALT (U/L) ¥ 28.9 ± 22.8 26.7 ± 19.6 -2.2 [-4.7, +0.3]                       0.09

Fasting TG (mM) 1.4 ± 0.9 1.0 ± 0.5 -0.4 [-0.6, -0.2]                         0.002

Fasting LDL-C (mM) 2.4 ± 0.6 2.1 ± 0.6 -0.3 [-0.4, -0.1]                 <0.001

Fasting HDL-C (mM) 1.2 ± 0.2 1.0 ± 0.2 -0.1 [-0.2, -0.1]                <0.001

Fasting FFA (mM) 0.6 ± 0.2 0.7 ± 0.2 +0.1 [+0.1, +0.2]              <0.001



DNL is the Conversion of Dietary 
Carbohydrates into Lipids 

Into    Fat  (lipids) 
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*) *)
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*) *)
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Sugar 

Fructose 
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Palmitate 

* * *

Acetate 
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New Tracer Method using MIDA: Hellerstein and Neese, AJP 1999 
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DNL AUC Pre and Post Fructose Restriction

Endocrine Society, March 5, 2015



Oral glucose tolerance test

before and after isocaloric fructose restriction

Lustig et al. Obesity Society Nov. 4, 2015



Changes in liver, visceral, and subcutaneous fat

(n = 37)
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Fructose reduces liver mitochondrial 

function, while glucose stimulates it

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 
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Cytokines
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Fatty liver
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Hepatic insulin 
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• Sugar is the payload

• Ultraprocessed food is the vehicle







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, HbA1c – last thing to change!

– Uncommon tests, e.g. hs-CRP, TNF-a

• Do not draw leptin 
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REFRAMING THE DEBATE

Obesity doesn’t CAUSE metabolic syndrome

Obesity is a MARKER for metabolic syndrome

OBESITY IS A “RED HERRING”
EVERYONE IS AT RISK OF METABOLIC SYNDROME



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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