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• Early detection of insulin resistance (IR)
– Look for history, signs and symptoms of insulin resistance

– Attempt to clinically assess the stage of IR

– Find the underlying root cause or causes

• Diagnose appropriately IR, IGT, Pre-DM, DM-II
– Clinical exam

– Laboratory measures

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

• Individualize Treatment
– Diet and lifestyle

– Address gut microbiota

– Nutraceuticals / pharmaceuticals

Objectives



Which Came First?

Erion K, Corkey B. Curr Obes Rep. 2017; 6(2): 178–186.



The sequence of events leading to whole body insulin resistance is first a 
positive net energy balance; then triglyceride accumulation in “fat-
buffering” adipose tissue becomes limited by the development of 

adipose tissue insulin resistance. 

This results in diversion of energy substrates to nonadipose tissue, 
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.



“These data suggest that visceral fat gain may induce β-cell 
failure in compensation for insulin resistance, resulting in 

diabetes regardless of obesity level.”

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

Body Mass Index



“Insulin resistance starts in the Beta cell with 
hyperinsulinemia causing insulin resistance. 
The initial cause is damage to the Beta cell.”

– Barbara Corkey

Other Theories

Corkey B. Diabetes. 2012 Jan; 61(1): 4–13.

Dr. Corkey initially 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. Curr Obes

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



The beta-cell–centric 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)

Hyperinsulinemia with maintenance of 
normal (or near normal) glucose control 

(Compensated Hyperinsulinemia)

Pre-Diabetes

Diabetes

Insulin Resistance



Consider the Following:
– Food allergies and/or sensitivities

– Food additives or excesses

– Dysbiosis, leaky gut, and gut microbiota factors

– Digestive insufficiencies

– Oxidative Stress

– Mitochondrial dysfunction

– Nutrient deficiencies/excesses 

– Obesity

How Does Someone Develop Insulin Resistance / Type II DM?

– Stress or adrenal fatigue/dysfunction 

– Lack of sleep

– Hormone imbalances

– Infections (especially occult-dental)

– Toxins

– Rx Drugs (statins and DM)

– Genetic predispositions/SNPs

– More than one cause?

Filomena Trindade, MD, Copyright 2012



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

intestinal permeability. Moreover, studies have 
demonstrated that gluten peptides, after crossing the 
intestinal barrier, lead to a more inflammatory milieu.”

Gluten

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



A “hydrocolloid called carrageenan, found commonly in chocolate 
milk and ice cream, may contribute to insulin resistance in mice.”

Food Additives

Saha D, et al. Curr Obes Rep. 2014 Jun 1; 3(2): 273–285.



“Healthy approaches to beverage and dietary consumption should 
be recommended and hopefully established in infancy, with the 

aim of preventing negative effects on general health in 
later childhood and 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. LPS produced by different constituents 

of the human gut microbiome could either stimulate or actively inhibit TLR4, 
NFκB 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.

Vatanen T, et al. Cell. 2016 May 5; 165(4): 842–853.

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 the intestinal 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 Kort S, et al. Obes Rev. 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 
with insulin resistance.”

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



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

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

Toxins and DM: PCB Exposure



Testing for PCB Exposure



Hypercortisolism is Associated With Insulin Resistance (IR) 
and Diabetes Mellitus (DM)

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



“Sleep deprivation may lead to insulin resistance
and, subsequently, to diabetes mellitus.”

Sleep and Insulin Resistance

Aldabal L, Bahammam AS. 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.
Arnaboldi L, Corsini A. Atheroscler Suppl. 2015 Jan;16:1-27.





Get the History!



• Obstructive sleep apnea

• Hypertension 

• Polycystic ovary syndrome 

• Cancer (breast, colon, other)

• Nonalcoholic fatty liver 

disease (NAFLD) and non-

alcoholic steato-hepatitis 

(NASH) 

Chronic Conditions Linked to the Pathophysiology 
of Insulin Resistance 

• Elevated liver enzymes 

(AST/ALT) &/or GGT

• Inflammation

• Thyroid problems

• Cardiovascular disease 

• Cushings or Addison’s Disease



Ottman N, 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



• Body shape

• Acanthosis nigricans

• Skin tags / melasma

• Hirsutism

• Hair loss

• Waist circumference

• Abdominal exam

• Nails

• Hair

• Muscle bulk

Physical Exam Findings





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

• Generally caused 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

• Shape

• Color 

• Pattern of color

• Texture and strength

• Growth pattern

• Surrounding tissue

Lunula

Cuticle

Distal Edge

Eponychium

Lateral recess



• Acanthosis nigricans

– Insulin resistance

• White spots on nails

– Zinc

• Hyperkeratosis pilaris

– Omega 3 deficiency

Summary: Common Findings

• Tongue fissuring

–Up-regulated GALT

• New onset abdominal girth

–Cortisol steal

• Taste bud atrophy

–B2, B3, B12, iron





• Adiponectin

• Proinsulin

• HgbA1c

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

• Fasting glucose, 1-hr and 2-hr glucose after 75g load

• NMR lipoprotein profile

• Comprehensive metabolic panel

• GGTP

• Uric acid

• Comprehensive stool test

• Breath test for hydrogen and methane

Suggested Initial Laboratory Work-Up



“The predictive value of HbA1c for total 
mortality was stronger than that documented 

for cholesterol concentration, body mass 
index and blood pressure.”

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

HbA1c



• Protective, adipose-derived protein

• Plays an important role in regulating glucose and 
lipid metabolism
– Moderates fat tissue

– Promotes insulin sensitivity

– Is inversely related to glucose & insulin

– Decreases hepatic glucose & lipid production

– Protects 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.

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

Proinsulin



“Insulin concentration at 30 minutes after glucose 
consumption has been shown to be a good measure of 
insulin secretion in humans.”

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

Insulin



• Meta-analysis

• High level of serum 
uric acid is 
independent of other 
established risk 
factors…for developing 
type 2 diabetes. 

Uric Acid and DM

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



Leptin and Adiponectin



• 25-OH Vitamin D
• Homocysteine
• Lipoprotein (a)
• CRP-HS
• Apolipoprotein B and Apoliproprotein A1
• Gliadin antibody
• Celiac Panel
• Celiac Genetic panel (HLA-DQ2 and DQ8)
• Nutrient Analysis
• LpPLA2
• PAI-1
• Inflammatory Cytokines: IL-6, IL-8, TNF-alpha 
• Resistin?

Additional Labs

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



• GAD 65 antibodies

• GFAP antibodies 

• Hormone Panels

• Toxic Profiles

• Infections
– Bacterial

• Atypical Bacteria

• Potential Pathogens

– Parasitic

– Fungal

– Viral 
• Reactivated

• Marker of Oxidative Stress

Additional Labs (continued)



• Diet/nutrition protocol
– Sugar
– Trans and saturated fats
– Polyunsaturated omega 6 oils (except GLA)
– Toxins
– Low fiber

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

• Dysbiosis/Altered Gut Microbiota/Leaky Gut

• Toxins in environment/home

• Hormone imbalance

• Stress from toxic relationships at work/home

• Nutrient deficiencies

• Unhealthy habits

• Infections (consider occult dental)

Treatment: Address the Triggers and Mediators





• Nutritional support: wholesome food 
(fresh, whole, unprocessed, organic, 
colorful, high fiber, with nuts, seeds) 
omega 3s, fermented foods

• Digestion

• Elimination diet (personalized)

• Decrease insulin stimulation

• Address the underlying cause/causes

• Lifestyle modification

• Exercise/movement

Treatment: My Approach

• Sleep

• Stress

• Modify/address gut microbiota

• Targeted supplementation
– Food is the foundation

• Mind-body-spirit connection

• Support



• Decrease insulin stimulation
• Dietary modifications which decrease insulin release:

• Fiber

• ‘Good’ (vs. ‘bad’) fat

• ‘Good’ (vs. ‘bad’) carbohydrates

• Protein at every meal

• Elimination of most inflammatory food:

• Wheat, dairy, soy, corn, nightshades…

• Modify gut microbiota

• Food first

• Fermented foods

• Probiotics/prebiotics

Management for the Patient with Insulin Resistance

• Increase cellular responsiveness to insulin

• Exercise and lifestyle modification

• Agents that modify insulin responsiveness at the 
cellular level:

• Spices

• Herbs

• Chromium

• Vitamin D

• Magnesium

• Omega-3 

• Balance Hormones
– Adrenal, Thyroid, Sex



The “Westernized” 
Standard American Diet (S.A.D.)

High in saturated and 
trans fatty acids

High sodium/low fruit 
and vegetables

Low in fiber/high 
refined grains

High in refined 
sugars 

“Super Sized” – high 
quantity/poor quality

Shifts Fatty Acid composition toward  
inflammation- Sinopoulus  AP.  J Am Coll 

Nutr 2002; 21:495-505

Supports sodium dominance /low 
potassium and other micronutrients-

Antonios TF et al. Lancet 1996: 348:250-1.

Alters glycemic load/shifts metabolic 
function toward diseases of inflammation-
Rifai n et al. Curr Opin Lipidol 2002;13:383-

9

Alters glycemic load/shifts metabolic 
function toward diseases of inflammation
Lui S, Williet WC. Curr Atheroscler Report 

2002:4:454-61. 

Supports imbalances in Macronutrient 
Composition and Micronutrient density-

Franzo E. US Dept. of Agri 1999





Del Chierico F, et al. Int J Mol Sci. 2014 Jul 1;15(7):11678-99. 



“Together, our results suggest that personalized
diets may successfully modify elevated postprandial

blood glucose and its metabolic consequences.”

Zeevi D, et al. Cell. 2015 Nov 19;163(5):1079-1094.

Personalized Nutrition



• Total GL <80/daily

• Each meal should have a GL of 20 or less

• Each snack should have a GL of 10 or less

• The addition of other food categories (animal protein, non 
starchy vegetables, fat/oils, nuts/seeds, non-carbohydrate
beverages and condiments) will not affect the GL

• These other categories should be modified and limited as 
necessary for specific health concerns

Low GL Dietary Suggestions



Sardines have the best ratio of
Selenium/Mercury

Cabanero AI, et al. Biol Trace Elem Res. 2005 Jan;103(1):17-35.

Sardines



Intermittent Fasting

“ As such, patients with T2D can reverse their diseases without the
worry of side effects and financial burden of many

pharmaceuticals, as well as the unknown long-term risks and
uncertainty of surgery, all by means of therapeutic fasting.”

Furmli S, et al. Case Reports. 2018;2018:bcr-2017-221854.



A hypocaloric diet associated with the consumption of 
microencapsulated fish oil was effective in reducing blood 

glucose, insulinemia and insulin resistance in women with MS.

Soares de Oliveira Carvalho AP, et al. Nutr Hosp. 2014 May 1;29(5):1103-8.

Hypocaloric Diet



“These findings indicate that a short-term intervention emphasizing
protein and fat at the expense of dietary carbohydrate functionally

reversed the diabetes diagnosis, as defined by HbA1c. Furthermore, 
the intervention lowered body weight and blood pressure, while 

eliciting favorable changes in blood lipids.”

Walton CM, et al. J Diabetes Res. 2019 Aug 14;2019:8681959.

Ketogenic Diet



"Most studies suggest that the gut microbiota differs in 
composition between lean and obese individuals and that diet, 

especially the high-fat low-fiber Western-style diet, dramatically 
impacts on the gut microbiota.”

Conterno L, et al. Genes Nutr. 2011 Aug;6(3):241-60.

Gut Microbiota



During chronic or intermittent dietary fiber deficiency, the gut 
microbiota resorts to host-secreted mucus glycoproteins as a nutrient 

source, leading to erosion of the colonic mucus barrier.

Gut Microbiota

Desai MS, et al. Cell. 2016 Nov 17;167(5):1339-1353.e21.



Desai MS, et al. Cell. 2016 Nov 17;167(5):1339-1353.e21.



Three main variants or 
“enterotypes” in adults 
represented by:   
1.   Bacteroides
2.   Prevotella
3.   Ruminococcus

The authors performed a controlled-feeding trial based on a small subject cohort (10 
subjects), which was randomized, subjected to high-fat/low-fiber or low-fat/high-fiber 
diets and sampled over 10 days. The results showed that microbiome profiles clearly 

changed within 24 h of the diet, while the “enterotype” identity remained stable, 
indicating that long-term diet is strongly related with specific “enterotypes.”

Del Chierico F, et al. Int. J. Mol. Sci. 2014, 15(7), 11678-11699.



The microbiota can be manipulated by prebiotics, probiotics, 
and antibiotics. Probiotics affect the microbiota directly by 

modulating its bacterial content, and indirectly through 
bacteriocins produced by the probiotic bacteria.

Million M, et al. Clin Microbiol Infect. 2013 Apr;19(4):305-13.



“Surprisingly, we discovered that oral  L. reuteri therapy alone was 
sufficient to change the pro-inflammatory immune cell profile and 
prevent abdominal fat pathology and age-associated weight gain in 

mice regardless of their baseline diet.”

Poutahidis T, et al. PLoS One. 2013 Jul 10;8(7):e68596.



Jung SP, et al. Korean J Fam Med. 2013 Mar;34(2):80-9.

“Despite there being no change in behavior or diet, administration of only the 
supplement of BNR17 reduced weight and waist and hip circumference. However, there 

were no significant differences between the two groups. These findings warrant a 
subsequent longer-term prospective clinical investigation with a large population.”



The primary findings of the present study are that L. casei ingestion markedly 
prevents rats from the onset and development of glycemia in both fasting 

and postprandial 2h blood glucose levels, as well as OGTT levels.

Zhang Y, et al. Sci Rep 4, 5654 (2015).



Fermented milk with L. Plantarum showed more 
favorable results in women with Met Syn.

Barreto FM, et al. Nutrition. 2014 Jul-Aug;30(7-8):939-42.



"Modulation of the gut microbiota (by an increase in the Akkermansia
spp. population) may contribute to the antidiabetic effects of 

metformin, thereby providing a new mechanism for the therapeutic 
effect of metformin in patients with T2D."

Shin NR, et al. Gut. 2014 May;63(5):727-35.

Akkermansia spp.



Prebiotics act to enhance the growth and/or activity 
of bacteria that are resident in the colon, acting as 

growth substrates to selectively boost numbers 
and/or activities of particular bacteria.

Scott KP, et al. Microb Ecol Health Dis. 2015 Feb 2;26:25877.

Gut Microbiota



More than two-fold increased risk of type 2 
diabetes was determined for subjects eating 

faster vs. subjects eating slower.

Slow Down & Chew Your Food

Radzevičienė L, et al. Clin Nutr. 2013 Apr;32(2):232-5.



Drinking one 12-ounce sugar sweetened soft drink a 
day can increase the risk of type 2 diabetes by 22%

Drinking Soda and Diabetes Risk

Romaguera D, et al. Diabetologia. 2013 Jul;56(7):1520-30.



Television, Computer Viewing of More Than 2 Hours per Day 
May Increase Metabolic Syndrome Risk in Teenage Boys

Television and DM

Hardy LL, et al. Arch Pediatr Adolesc Med. 2010 Jul;164(7):643-9.



Passive smoking is associated with a significantly 
increased risk of type 2 diabetes

Passive Smoking and DM

Wang Y, et al. PLoS One. 2013 Jul 26;8(7):e69915.



• Religious participation predicted steeper ("healthier") cortisol 
slopes at the 10-year f/u1

• Prospective 12 week study exploring yoga, meditation and 
lifestyle intervention (YMLI)2

– Looking cellular markers affecting aging (8-OH2dG, ROS, cortisol telomere 
attrition and TAC, β-endorphin, IL-6, BDNF and sirtuin-1)

– There was decrease in oxidative stress markers and cortisol, and TAC, 
telomerase activity, β-endorphin, BDNF and sirtuin-1 increased

Prayer, Meditation and Yoga

1. Tobin ET, Slatcher RB. Health Psychol. 2016 Dec;35(12):1356-1363.
2. Tolahunase M, et al. Oxid Med Cell Longev. 2017:2784153.



Laughter lowered the increase in 
postprandial blood glucose.

In 19 diabetic patients, (mean age 63, 
mean BMI 23.5, mean HbA1c 7.2, not on 
insulin) the mean blood sugar 2 hr after a 
500 kcal meal rose 121 mg/dl above FBS in 
those who had attended a 40 minute dry 
lecture vs. a rise of 77 mg/dl after 
attending a comedy show during which 
their laughter level was 4-5/5.

Laughter and Diabetes

Hayashi K, et al. Diabetes Care. 2003 May;26(5):1651-2.



• Alters skeletal muscle metabolism and improves glucose uptake

• Reduces low-density lipoprotein, raises HDL

• Lowers blood pressure

• Reduces inflammation and oxidative stress

Exercise

Klein S, et al. Am J Clin Nutr.2004;80(2):257-263.



• Diabetes Prevention Program Research Group – 2002 study

• 3234 prediabetics were randomized to placebo, metformin, or 
lifestyle modification (>7% weight loss and >150 min/wk of physical 
activity) for 2.8 years

• Results: Compared to placebo:
– Lifestyle intervention decreased incidence of type 2 DM by 58%

– Metformin decreased type 2 DM by only 31%

Importance of Lifestyle

Knowler WC. N Engl J Med. 2002; 346(6):393-403.





There is a link between inadequate sleep and type 2 
diabetes in children and adolescents.

Dutil C, Chaput JP. Nutr Diabetes. 2017 May; 7(5): e266.

Sleep and Diabetes



Autonomic 
dysfunction 
increases in parallel 
with worsening 
glucose regulation

HRV & Glucose Regulation 

Heart Rate 
Variability

Perciaccante A, et al. BMC Cardiovasc Disord. 2006; 6:19.



Addition of omega-3 fatty acid with VSL#3 had more pronounced 
effect on HDL, insulin sensitivity and hsCRP.

Hemalatha R, et al. Mediators Inflamm. 2014; 2014: 348959.

Probiotic + Omega 3 & Glucose Regulation 



• Chromium

• Alpha-lipoic acid

• CoQ10

• Vitamin D

• Magnesium

• Vitamin C, vitamin E and other antioxidants

• Omega 3 fatty acids 

• Curcumin

• Vanadium

• Serum kinase receptor modulators (SKRMs)

Nutrients Known to Modify Insulin Responsiveness



• Epidemiological studies show that high daily Mg intake is predictive 
of a lower incidence of NIDDM

• Poor intracellular Mg concentration are found in NIDDM and in 
hypertensive patients

• Daily Mg administration in NIDDM patients and in insulin resistant 
patients restores intracellular Mg concentration and contributes to 
improves insulin sensitivity and glucose uptake

Barbagallo M, et al. Mol Aspects Med. 2003 Feb-Jun;24(1-3): p. 39-52.
Guerrero-Romero F, et al. Diabetes Metab 2004 Jun;30(3):253-8.

Magnesium



“The results of this study indicate that higher dietary magnesium intake 
is strongly associated with the attenuation of insulin resistance and is 

more beneficial for overweight and obese individuals in the general 
population and pre-menopausal women. Moreover, the inverse 

correlation between insulin resistance and dietary magnesium intake 
is stronger when adjusting for %BF than BMI.”

Farrell C, et al. PLoS One. 2013; 8(3): e58278.

Magnesium



• Chromium: If using generally give 200mcg/daily if insulin resistant. Likely most effective if 

deficient, but difficult to test.

• Vitamin D: Test 25(OH)D and supplement as appropriate (or supplement 2000-5000) IU/daily

• Magnesium: Generally give 200-400 mg. Likely most effective if deficient, accurate testing is 

cumbersome. Supplementation if signs and symptoms of deficiency/insufficiency.

• CoQ10 100-200 mg/day: Generally supplement in patients with metabolic syndrome or diabetes if 

also hypertensive.

• Alpha lipoic acid: 600 mg bid  if diabetic or specifically if have peripheral neuropathy. Likely useful 

at lower dosages in insulin resistant.

Micronutrient Recommendations
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