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Goal for Today

Examine insulin resistance from the perspective of 
being a carbohydrate intolerant condition and 

the metabolic basis and evidence for why 
low-carbohydrate ketogenic dietary 

patterns are therapeutic

1. Metabolic effects of dietary carbohydrate

2. Emerging aspects of ketone physiology

3. Ketone nomenclature

4. Ketogenic diet formulation

5. Overview of ketogenic diet literature in obesity & prediabetes

6. Safety concerns
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❑Dietary fat and excess body fat have traditionally been viewed as drivers of both the obesity 
and T2D epidemics. 

❑Alternatively, these epidemics are likely driven by a systemic metabolic distortion of fuel 
partitioning from overconsumption of sugars and starches.

What is Driving Insulin Resistance and Type 2 Diabetes
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Ingest Carbohydrate

Blood Glucose 

(1-2 teaspoons)

Glycogen 

(300-400 g)

Oxidation

Path to 

Health

Path to 

Metabolic Syndrome

Lipogenesis (fat synthesis)

Glycogen (100 g)

❑ T2D is a disease of insulin 
resistance (carbohydrate 
intolerance) defined by some 
combination of hyperglycemia & 
hyperinsulinemia 

❑ Characteristics:
•Insulin Resistance = Carb 

Intolerance
•Inherited condition triggered by 

over-consumption of carbs

•Inflammatory antecedents
•Correlated with, but not caused 

by obesity

Insulin resistance from a carbohydrate perspective

Petersen et al. Proc Natl Acad Sci. 104(31):1287-94, 2007
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Expression of an insulin resistant or sensitive phenotype is a continuum that 
is strongly influenced by carbohydrate intake, with modulation based on 

genetic predisposition, age, and lifestyle choices
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Introduction to Nutritional Ketosis

Until recently, much of what is 

taught about ketones to health care 

providers is flawed or outright wrong

▪ Most have not been 
taught to differentiate 
between physiological 
ketones as a fuel source 
and the pathophysiology 

   of diabetic keto-acidosis

▪ Superior energy supply
▪ Robust signaling activities
▪ Hemodynamic effects

In the last decade, our perspective 

and appreciation of BHB has 

changed radically
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Modified from Cunnane et al Front Mol Neurosci. 2016 Jul 8;9:53.

Direct association of plasma ketones 

and BRAIN ketone oxidation

Ketones 0.5 mM = ~5%
Ketones 1.5 mM = ~20%
Ketones 4-5 mM = ~50%

Protection from seizures

Protection from low blood sugar

↓Inflammation

↓ Neurodegenerative 
Disorders/Diseases 
(AD, PD, ALS, TBI)

↑ Neurocognitive 
function
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Provide more energy per carbon than glucose

Require less O2 for ATP than fatty acids

Minimize uncoupling & oxidative stress

↑ myocardial blood flow

↑ Cardiac output & ejection fraction

Monzo et al. Metabol Clin Exp. 115:154452, 2021

Also…Direct association of plasma ketones 

and HEART ketone oxidation
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Cellular energy production

Covalent protein 
modifications

Non-covalent enzyme 
regulation

Receptor 
agonism/antagonism

Feedstock for other 
Metabolites (e.g., GABA)

ATP

Signaling Activities of BHB

BHBylation → gene expression

FFAR3, HCAR2 → metabolism, 
inflammation

HDACs, hnRNPA1, NLRP3
→ gene exp., senescence, 
inflammation

OH

OOH

BHB



Ketones extend 
healthspan
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Ketone Concentrations

Span over 4 orders of magnitude [<0.01 to >10 mM]!!!

0.01 0.1 1 10
0.02 0.2 2

BHB (mM)

Standard American 
Diet

Ketogenic Diet/ 
Exogenous Ketones

Keto-
Acidosis

What is Normal?     What is Optimal?

Hypoketonemia Euketonemia Hyperketonemia

Prolonged 
Fasting
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Keto-
Adapted

Many Ways to Achieve “Nutritional Ketosis”, 
but this is not equivalent to “Keto-Adaptation”

Sustained Euketonemia 
“Nutritional Ketosis”

?Carb Restriction

Fasting

Supplements

Exercise

SGLT2i

Infusion

Time
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Achieving nutritional ketosis (0.5 up to 5 mM)

Biofeedback to personalize carb & protein intake

Individualized carb restriction (30-70 g/d)

Not high or low in protein (1.2-2.0 g/kg ref wt)

Eat until satisfied, no kcal counting, exercise not required

Fat is your friend (fuel, flavor/pleasure, satiety)

Fat type/quality more important than quantity

Saturated fat embraced, not feared or shunned

PUFA limited, but good source of EPA/DHA

Whole food based, nutrient adequacy

Plenty of non-starchy vegetables & some fruits

↑ sodium (4-5 g/d for most people) to prevent “keto-flu”

Attention to micronutrients (e.g., K, Mg, Zn)

↓ requirement for fiber?

Principles 
of a WFKD*

*WFKD=well-formulated ketogenic diet
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A ketogenic diet is superior at facilitating weight loss in individuals 
with metabolic syndrome

Without explicit instruction to reduce calories

-25

-20

-15

-10

-5

0

LFD

Wk 0 Wk 12

-25

-20

-15

-10

-5

0

W
e

ig
h

t 
L

o
ss

 (
k
g

)
VLCKD

Wk 0 Wk 12
LCD

LCD

LFD

Forsythe et al. Lipids. 43(1):65-77, 2008



• All the markers of MetS 
improved, significantly 
better in LC than LF

– Except BP (not 
shown)

• Marker of insulin 
resistance (HOMA-IR)
improved dramatically 
for LC than LF

• Total SFA was 
dramatically lower in LC 
than LF in serum, even 
though dietary intake 
was 3x higher 

– Likely because 
patients are so much 
better at oxidizing it

LCD LFD

A ketogenic diet is superior at 
improving metabolic syndrome

Forsythe et al. Lipids. 43(1):65-77, 2008
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Design
• 3-way cross-over controlled-feeding study
• 16 obese (BMI = 39) adults w/ MetS

Feeding #1
Low-CHO

(LC)

Feeding #2
Moderate-CHO

(MC)

MC 
Diet

Run-In

Week:        1                               4                 6                             10               12             16   

Order Randomized

Washout
Habitual 

Diet

Feeding #3
High-CHO

(HC)

Washout
Habitual 

Diet

Testing

Published June 20, 2019
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%CHO %PRO

2950 kcal/day

%FAT

20%

23%
57%

HC

40 g SFA/d

20%

48%

32%

MC

70 g SFA/d

20%

74%

6%

LC

100 g SFA/d

Hyde et al. JCI Insight. Doi.org/10.1172/jci.insight.128308c
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Metabolic Syndrome

BL

LC

MC

HC

No Metabolic Syndrome

9/16

3/16

1/16

Despite no weight loss, LC more effective in reversing MetSyn

Fraction who 
reversed MetSyn 

in 4-weeks

Hyde et al. JCI Insight. Doi.org/10.1172/jci.insight.128308
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Can humans safely sustain a low carbohydrate diet for decades?

Evidence:  Explorers who lived at least 1 year among and reported dietary choices of 
traditional hunting/herding cultures

• George Catlin, (Great Plains), 1830-1840
• John Rae, (Canadian Arctic), 1840-1855
• Nikolai Przhevalsky , (Mongolia and Tibet), 1870-73
• Frederick Schwatka, (Canadian Arctic), 1880-1882
• Vilhjalmur Stefansson, (Canadian & Alaskan Arctic) 1907-1917, 
• Vilhjalmur Stefansson, (inpatient, Bellevue Hospital, NYC) 1928
• Orr and Gilks, (Great Rift Valley, East Africa), 1928

SAFETY CONCERNS

A lot of myths and hyperbole; little credible evidence

In T2D it is critical to have knowledgeable physicians reduce 
some glucose-lowering meds at the onset of a ketogenic diet! 
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Summary

▪ Low-carbohydrate, especially ketogenic diets, reverse most 
signs of metabolic syndrome and prediabetes in many 
people, and improve a broad range of markers linked with 
the insulin resistant phenotype and CVD risk; an effect that is 
largely independent of weight loss

▪ Ketogenic diets can be sustainable, but it requires education 
and support
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Thank you! volek.1@osu.edu
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