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ÅEarly detection of insulin resistance (IR)
ïLook for history, signs and symptoms of insulin resistance

ïAttempt to clinically assess the stage of IR

ïFind the underlying root cause or causes

ÅDiagnose appropriately IR, IGT, Pre-DM, DM-II
ïClinical exam

ïLaboratory measures

ï If you cannot diagnose but have a high index of suspicion for IR, treat as insulin resistant

Å Individualize Treatment
ïDiet and lifestyle

ïAddress gut microbiota

ïNutraceuticals / pharmaceuticals

Objectives



Which Came First?

Erion K, Corkey B. Curr Obes Rep. 2017; 6(2): 178ς186.



The sequence of events leading to whole body insulin resistance is first a 
positive net energy balance; then triglyceride accumulation in άŦŀǘ-
ōǳŦŦŜǊƛƴƎέ ŀŘƛǇƻǎŜ ǘƛǎǎǳŜ becomes limited by the development of 

adipose tissue insulin resistance. 

This results in diversion of energy substrates to nonadiposetissue, 
which in turn leads to a complex array of metabolic abnormalities 

characteristic of insulin-resistant states and type 2 diabetes.

Adipocyte Dysregulation

Lewis GF, et al. Endocr Rev. 2002 Apr;23(2):201-29.



According to the CDC, only 40% of the risk of 
developing diabetes occurs in people who are obese!

How do we find the other 
60%of the people at risk 
for developing diabetes 

who are NOT obese?



BMI < 25 BMI 25-30 BMI >30

MEN 30% 51% 71%

WOMEN 21% 43% 65%

TOTAL 26% 46% 68%

Rates of Cardiometabolic Syndrome

Wildman RP, et al. Arch Intern Med. 2008 Aug 11;168(15):1617-24.



ά¢ƘŜǎŜ Řŀǘŀ ǎǳƎƎŜǎǘ ǘƘŀǘ ǾƛǎŎŜǊŀƭ Ŧŀǘ Ǝŀƛƴ Ƴŀȅ ƛƴŘǳŎŜ ʲ-cell 
failure in compensation for insulin resistance, resulting in 

ŘƛŀōŜǘŜǎ ǊŜƎŀǊŘƭŜǎǎ ƻŦ ƻōŜǎƛǘȅ ƭŜǾŜƭΦέ

KuwaharaK, et al. Sci Rep. 2017 Mar 7;7:43521.

Body Mass Index



άLƴǎǳƭƛƴ ǊŜǎƛǎǘŀƴŎŜ ǎǘŀǊǘǎ ƛƴ ǘƘŜ .Ŝǘŀ ŎŜƭƭ ǿƛǘƘ 
hyperinsulinemia causing insulin resistance. 
¢ƘŜ ƛƴƛǘƛŀƭ ŎŀǳǎŜ ƛǎ ŘŀƳŀƎŜ ǘƻ ǘƘŜ .Ŝǘŀ ŎŜƭƭΦέ
ïBarbara Corkey

Other Theories

Corkey B. Diabetes. 2012 Jan; 61(1): 4ς13.

Dr. Corkeyinitially observed that mono-
oleoylglycerol, iron, and saccharin may all be 
common dietary ingredients that are capable of 
producing hyperinsulinemia. Then in 2014 she 
published a much more extensive list of food 
additives and toxins leading to insulin 
resistance

Corkey, et al. What Are We Putting in Our Food That Is Making Us Fat?  Food Additives, 
Contaminants, and Other Putative  Contributors to Obesity. CurrObes

Rep. 2014 Jun  1;3(2):273-285. 



The beta-cellςcentric model pre-supposes that all DM originates from a 
final common denominator, the abnormal pancreatic b-cell.

It recognizes that interactions between genetically predisposed b-cells 
with a number of factors, including insulin resistance (IR), susceptibility to 
environmental influences, and immune dysregulation/inflammation, lead 
to the range of hyperglycemic phenotypes within the spectrum of DM.

Schwartz SS, et al. Diabetes Care. 2016 Feb;39(2):179-86.

New Classification System for Diabetes?



Health No Symptoms                           Symptoms/Pathology

Wellness Illness

Continuum of Insulin Resistance

Health 
Insulin Sensitive         Insulin Resistance           IGT        Pre-Diabetes        Diabetes



Where Do You See Manifestations of Insulin 
Resistance or the Metabolic Syndrome?



Impaired Glucose Tolerance
(Uncompensated Hyperinsulinemia)

Hyperinsulinemiawith maintenance of 
normal (or near normal) glucose control 

(Compensated Hyperinsulinemia)

Pre-Diabetes

Diabetes

Insulin Resistance



Consider the Following:
ïFood allergies and/or sensitivities

ïFood additives or excesses

ïDysbiosis, leaky gut, and gut microbiota factors

ïDigestive insufficiencies

ïOxidative Stress

ïMitochondrial dysfunction

ïNutrient deficiencies/excesses 

ïObesity

How Does Someone Develop Insulin Resistance / Type II DM?

ïStress or adrenal fatigue/dysfunction 

ïLack of sleep

ïHormone imbalances

ï Infections (especially occult-dental)

ïToxins

ïRx Drugs (statins and DM)

ïGenetic predispositions/SNPs

ïMore than one cause?

Filomena Trindade, MD, Copyright 2012



"Intakeof gluten, a major component of wheat, rye, 
and barley, affects the microbiota and increases the 

intestinal permeability. Moreover, studies have 
demonstrated thatglutenpeptides, after crossing the 
ƛƴǘŜǎǘƛƴŀƭ ōŀǊǊƛŜǊΣ ƭŜŀŘ ǘƻ ŀ ƳƻǊŜ ƛƴŦƭŀƳƳŀǘƻǊȅ ƳƛƭƛŜǳΦέ

Gluten

Haupt-Jorgensen M, et al. Nutrients. 2018 Nov; 10(11): 1746.



! άƘȅŘǊƻŎƻƭƭƻƛŘ ŎŀƭƭŜŘ carrageenan, found commonly in chocolate 
Ƴƛƭƪ ŀƴŘ ƛŎŜ ŎǊŜŀƳΣ Ƴŀȅ ŎƻƴǘǊƛōǳǘŜ ǘƻ ƛƴǎǳƭƛƴ ǊŜǎƛǎǘŀƴŎŜ ƛƴ ƳƛŎŜΦέ

Food Additives

Saha D, et al. Curr Obes Rep. 2014 Jun 1; 3(2): 273ς285.



άIŜŀƭǘƘȅ ŀǇǇǊƻŀŎƘŜǎ ǘƻ ōŜǾŜǊŀƎŜ ŀƴŘ ŘƛŜǘŀǊȅ ŎƻƴǎǳƳǇǘƛƻƴ ǎƘƻǳƭŘ 
be recommended and hopefully established in infancy, with the 

aim of preventing negative effects on general health in 
later childhoodand adulthood.

Added Sugars



Suez J, et at. Nature.2014 Oct 9;514(7521):181-6.

Artificial Sweeteners



The gut microbiome may be a key factor in influencing predisposition to 
autoimmunity and allergic diseases. LPSproduced by different constituents 
of the human gut microbiome could either stimulate or actively inhibit TLR4, 
bCˁ.activation and endotoxin tolerance. Rather than the mere amount of 

LPS, the nature and composition of different LPS subtypes seem to 
determine the level of immune activation triggered.

VatanenT, et al. Cell. 2016 May 5; 165(4): 842ς853.

Gut Microbiome and Autoimmunity



LPS-producing Gut Bacteria

Campylobacter
E. Coli
Klebsiella
Enterobacter
Salmonella 
Shigella

Detected either through PCR, culture, or Enzyme 
ImmunoAssay(EIA)



The gut microbiota has been shown to interact with host 
metabolism leading to insulin resistance and type 2 

diabetes through several mechanisms including induction 
of low-grade inflammation and alterations of energy 

homoeostasis and glucose metabolism

MIcrobiota and Type 2

Allin KH, et al. Eur J Endocrinol. 2015 Apr;172(4):R167-77.



Allin KH, et al. Eur J Endocrinol. 2015 Apr;172(4):R167-77.



Via alterations in theintestinal permeability, intestinal barrier function 
becomes compromised whereby access of infectious agents and dietary 

antigens to mucosal immune elements is facilitated, which may eventually 
lead to immune reactions with damage to pancreatic beta cells and can 

lead to increased cytokine production with consequent insulin resistance.

De KortS, et al. ObesRev. 2011 Jun;12(6):449-58.

Leaky Gut and DM



Wan HT, et al. PLoS One. 2014 Jan 31;9(1):e87137.

Toxins and DM: Perfluoroalkyl acids (PFAAs)



"Low-level arsenic exposure reported to be associated 
ǿƛǘƘ ƛƴǎǳƭƛƴ ǊŜǎƛǎǘŀƴŎŜΦέ

Navas-AcienA, et al. JAMA. 2008 Aug 20;300(7):814-22.



Our results demonstrate a causative association between 
PCBexposure and obesity-induced insulin resistance and 
hyperinsulinemia independent of body weight changes.

Gray SL, et al. J ToxicolEnviron Health A. 2013;76(12):701-15.

Toxins and DM: PCB Exposure



Testing for PCB Exposure



Hypercortisolismis Associated With Insulin Resistance (IR) 
and Diabetes Mellitus (DM)

Joseph, JJ et al. Psychoneuroendocrinology. 2015 Dec;62:327-35.2015 Dec;62:327-35. 



ά{ƭŜŜǇ ŘŜǇǊƛǾŀǘƛƻƴ Ƴŀȅ ƭŜŀŘ ǘƻ insulin resistance
ŀƴŘΣ ǎǳōǎŜǉǳŜƴǘƭȅΣ ǘƻ ŘƛŀōŜǘŜǎ ƳŜƭƭƛǘǳǎΦέ

Sleep and Insulin Resistance

AldabalL, BahammamAS. Open Respir Med J. 2011;5:31-43.



The risk of new-onset diabetes with statins appears to be 
dose dependent and related to the potency of the 

cholesterol lowering achieved with the statin (the more 
powerful the statin, the higher the risk of diabetes)

Statins and Diabetes Mellitus II

Waters DD, et al. J Am Coll Cardiol. 2011 Apr 5;57(14):1535-45.
ArnaboldiL, CorsiniA. Atheroscler Suppl. 2015 Jan;16:1-27.





Get the History!



ÅObstructive sleep apnea

ÅHypertension 

ÅPolycystic ovary syndrome 

ÅCancer (breast, colon, other)

ÅNonalcoholic fatty liver 

disease (NAFLD) and non-

alcoholic steato-hepatitis 

(NASH) 

Chronic Conditions Linked to the Pathophysiology 
of Insulin Resistance 

ÅElevated liver enzymes 

(AST/ALT) &/or GGT

ÅInflammation

ÅThyroid problems

ÅCardiovascular disease 

Å/ǳǎƘƛƴƎǎ ƻǊ !ŘŘƛǎƻƴΩǎ 5ƛǎŜŀǎŜ



OttmanN, et al. Front Cell Infect Microbiol. 2012 Aug 9;2:104.



Folate Cycle

Cancers

ASCVD

Adverse Drug
Environmental 

Reactions

Depression
Anxiety
Schizophrenia

PVD
Asthma

neuropathies

Dementias
CNS Pathologies
Autism Spectrum

B-Vitamin Status and Methylation



ÅBody shape

ÅAcanthosis nigricans

ÅSkin tags / melasma

ÅHirsutism

ÅHair loss

ÅWaist circumference

ÅAbdominal exam

ÅNails

ÅHair

ÅMuscle bulk

Physical Exam Findings





Å Smooth, velvet-like, hyperkeratotic 
plaques in intertriginous areas (e.g., 
groin, axillae, neck) 

Å Generallycaused by hyperinsulin-emia

Acanthosis nigricans

http://clevelandclinicmeded.com/medicalpubs/diseasemanagement/dermatology/dermatologic-signs-of-systemic-disease/images/dermatologic-signs-fig12_large.jpg
http://dermatology.cdlib.org/DOJvol6num1/original/acanthosis/figure04.jpg


Look at the Nails

Å Shape

Å Color 

Å Pattern of color

Å Texture and strength

Å Growth pattern

Å Surrounding tissue

Lunula

Cuticle

Distal Edge

Eponychium

Lateral recess



ÅAcanthosisnigricans

ïInsulin resistance

ÅWhite spots on nails

ïZinc

ÅHyperkeratosis pilaris

ïOmega 3 deficiency

Summary: Common Findings

ÅTongue fissuring

ïUp-regulated GALT

ÅNew onset abdominal girth

ïCortisol steal

ÅTaste bud atrophy

ïB2, B3, B12, iron





ÅAdiponectin

ÅProinsulin

ÅHgbA1c

ÅFasting insulin, and 30-min insulin after 75g glucose load, 
1-hr and 2-hr insulin level

ÅFasting glucose, 1-hr and 2-hr glucose after 75g load

ÅNMR lipoprotein profile

ÅComprehensive metabolic panel

ÅGGTP

ÅUric acid

ÅComprehensive stool test

ÅBreath test for hydrogen and methane

Suggested Initial Laboratory Work-Up



ά¢ƘŜ ǇǊŜŘƛŎǘƛǾŜ ǾŀƭǳŜ ƻŦ Iō!мŎ ŦƻǊ ǘƻǘŀƭ 
mortality was strongerthan that documented 

for cholesterolconcentration, body mass 
indexand blood pressureΦέ

KhawKT, et al. BMJ, 2001. 322(7277): p. 15-8.

HbA1c



ÅProtective, adipose-derived protein

ÅPlays an important role in regulating glucose and 
lipid metabolism
ïModerates fat tissue

ïPromotes insulin sensitivity

ïIs inversely related to glucose & insulin

ïDecreases hepatic glucose & lipid production

ïProtects against atherosclerosis by suppressing vascular 
inflammation (anti-inflammatory)

Adiponectin



Elevated proinsulin is viewed as symptoms of a functionally compromised 
ß-cell, most often arising from the over-stimulation of chronic 

hyperglycemia or in later disease stage from therapeutic intervention.

PfutznerA, et al. J Diabetes Sci Technol. 2015 Sep 29;9(6):1307-12.

Proinsulin



άLƴǎǳƭƛƴ ŎƻƴŎŜƴǘǊŀǘƛƻƴ ŀǘ ол ƳƛƴǳǘŜǎ ŀŦǘŜǊ ƎƭǳŎƻǎŜ 
consumption has been shown to be a good measure of 
ƛƴǎǳƭƛƴ ǎŜŎǊŜǘƛƻƴ ƛƴ ƘǳƳŀƴǎΦέ

Ludwig D, et al. AJCN.Feb 2008; 87:303-309.

Insulin



ÅMeta-analysis

ÅHigh level of serum 
uric acid is 
independent of other 
established risk 
ŦŀŎǘƻǊǎΧŦƻǊ ŘŜǾŜƭƻǇƛƴƎ 
type 2 diabetes. 

Uric Acid and DM

LvQ, et al. PLoS One. 2013;8(2):e56864. 



Leptin and Adiponectin



Å 25-OH Vitamin D
Å Homocysteine
Å Lipoprotein (a)
Å CRP-HS
Å ApolipoproteinB and ApoliproproteinA1
Å Gliadin antibody
Å Celiac Panel
Å Celiac Genetic panel (HLA-DQ2 and DQ8)
Å Nutrient Analysis
Å LpPLA2
Å PAI-1
Å Inflammatory Cytokines: IL-6, IL-8, TNF-alpha 
Å Resistin?

Additional Labs

Luo Z, et al. Endocrine. 2009 May 8.



ÅGAD 65 antibodies

ÅGFAP antibodies 

ÅHormone Panels

ÅToxic Profiles

Å Infections
ïBacterial
ÅAtypical Bacteria

ÅPotential Pathogens

ïParasitic

ïFungal

ïViral 
ÅReactivated

ÅMarker of Oxidative Stress

Additional Labs (continued)



Å Diet/nutrition protocol
ïSugar
ï Trans and saturated fats
ïPolyunsaturated omega 6 oils (except GLA)
ï Toxins
ï Low fiber

Å Food allergies/sensitivities (consider Elimination Diet 
(gluten, dairy, soy, corn, nightshade family)

Å Dysbiosis/Altered Gut Microbiota/Leaky Gut

Å Toxins in environment/home

Å Hormone imbalance

Å Stress from toxic relationships at work/home

Å Nutrient deficiencies

Å Unhealthy habits

Å Infections (consider occult dental)

Treatment: Address the Triggers and Mediators




