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OBJECTIVES

• Discuss the importance of early detection of insulin 
resistance

• Review how to appropriately diagnose IR, IGT, Pre-
DM, Type2 

• Clinical exam
• Laboratory measures

• Staging
• Focus on the importance of individualizing 

treatment
• Diet, lifestyle, nutraceuticals, gut microbiota
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CARDIOVASCULAR DISEASE AND 
DIABETES ARE LINKED TO EACH 

OTHER THROUGH OBESITY, 
INSULIN RESISTANCE AND 

INFLAMMATION.
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OBESITY TRENDS* AMONG U.S. ADULTS
BRFSS, 1990, 1999, 2010

(*BMI  30, OR ABOUT 30 LBS. OVERWEIGHT FOR 5’4” PERSON)
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CDC: Only 40% of the risk of 
developing diabetes occurs in 
people who are obese!

Filomena Trindade, MD, MPH

6

How do we find 
the 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%
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RATES OF CARDIOMETABOLIC SYNDROME



Metabolic 
Syndrome

Hypertension

High 
Triglycerides

Low HDL‐
cholesterol

Increased 
waist 

circumference

High Fasting 
GLUCOSE

Metabolic Syndrome = 
Constellation of lipid 

and non-lipid risk 
factors of metabolic 

origin

1988: Gerald Reaven
coined the term 
“Syndrome X”

2004: National 
Cholesterol Education 

Program (NCEP) 
update (ATP III):

Any 3 of 5 traits are 
required for the 

definition.

Focus has since shifted to 
insulin resistance as the 

dominant and 
independent predictor of 

age-related diseases.

(40 inches for males; 
35 inches for females)

(<40 mg/dL for males; 
<50 mg/dL for 
females)

(>150 mg/dL)

(>100 mg/dL)

(BP >130/85)
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Health No Symptoms              Symptoms/Pathology

9

WellnessWellness IllnessIllness

Continuum of Insulin ResistanceContinuum of Insulin Resistance

Health Insulin Sensitive  Insulin Resistance      IGT               Pre-Diabetes     Diabetes
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WHERE DO YOU SEE 
MANIFESTATIONS OF INSULIN 

RESISTANCE OR THE METABOLIC 
SYNDROME?
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Impaired Glucose Tolerance
(Uncompensated Hyperinsulinemia)

Hyperinsulinemia with maintenance 
of normal (or near normal) glucose 

control (Compensated Hyperinsulinemia)

Pre-Diabetes

Diabetes



WHAT HAPPENS IN THE PERSON 
WITH DYSFUNCTIONAL INSULIN 

SIGNALING?

How and where does 
insulin resistance start?

And…
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Adipocyte 
Dysregulation

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.

Endocrine Reviews, 2002
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• Barbara Corkey: 
• “Insulin resistance starts in the 

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

OTHER THEORIES
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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. 



" We suggest that HI and 
HL are early indicators of 
metabolic dysfunction 

and treating and 
reversing these 

abnormalities may 
prevent the 

development of more 
serious metabolic 

disease”
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This article issues an 
urgent call for the review 

of the current DM 
classification system 

toward “the consensus on 
a new, more useful 

system”
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WHAT ARE THE CAUSES OF INSULIN 
RESISTANCE?

HOW DO WE APPROACH THE PT WITH INSULIN 
RESISTANCE?

Filomena Trindade, MD, MPH
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AND



HOW DID THIS PERSON DEVELOP 
INSULIN RESISTANCE?

Copyright 2012, Filomena Trindade, MD, MPH

• Consider the Following:
• Food allergies and/or sensitivities
• Dysbiosis, leaky gut and gut microbiota
• Toxins (POP’s, heavy metals, pesticides, endogenous)
• EMF/Dirty Electricity
• Food additives or excesses
• Digestive Insufficiencies
• Oxidative Stress
• Mitochondrial dysfunction
• Obesity
• Stress or adrenal fatigue/dysfunction 
• Lack of sleep
• Hormone imbalances
• Infections (bacterial/fungal/viral/parasitic and occult-dental)
• Nutrient deficiencies/excesses
• Rx Drugs (statins, PPI’s,…)
• Genetic predispositions/snp’s
• More than one cause?



GET THE HISTORY!



• Chief Complaint (CC)
• History of Present Illness (HPI)
• Past Medical History (PMH)
• Family History (FH)
• Dietary History
• Supplement and Medication History
• Lifestyle, Social, and Exercise History 
• Physical Exam Findings
• Laboratory Evaluation

THAT STORY IS TYPICALLY TOLD AS…



• Cardiovascular disease
• Type 2 diabetes 
• Hypertension 
• Polycystic ovary syndrome (PCOS)
• Cancer (breast, colon, other)
• Nonalcoholic fatty liver disease (NAFLD) and non-alcoholic 

steato-hepatitis (NASH) 
• Elevated Liver Function (AST/ALT) &/or GGT
• Obstructive sleep apnea
• Inflammation
• Thyroid Problems
• Cushings or Addison’s Disease
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22CHRONIC CONDITIONS LINKED TO 
THE PATHOPHYSIOLOGY OF INSULIN 
RESISTANCE AND HYPERINSULINEMIA



CRP increased 
significantly in patients 

with PCOS and was 
associated with insulin 
resistance, the most 

probable cause of PCOS.



The presence of OSA in nonobese
individuals is significantly associated with 
impaired glucose metabolism, which can 
be responsible for future risk for diabetes 
and cardiovascular disease.



 The higher breast cancer risk associated with greater 
abdominal visceral obesity may be related to aberrant insulin 
signaling leading to insulin resistance, hyperinsulinemia and 
increased concentrations of endogenous estrogen and 
androgen. 
Overall adiposity in women adversely affects breast cancer 

risk mainly by greater exposure of mammary epithelial tissue to 
endogenous estrogen. 
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25Stoll BA. Upper abdominal obesity, insulin resistance and 
breast cancer risk. Int J Obes Relat Metab Disord, 2002. 26(6): 

p. 747-53.



Noora Ottman et al. The function of our microbiota: who is out there and what do 
they do? Frontiers in Cellular and Infection Microbiology. Aug 2012, (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



• Flatulence
• Timing with meals

• GERD
• Food particles on stool
• Constipation
• Diarrhea
• Abdominal Pain
• Dyspepsia
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HISTORY OF DIGESTION/GUT 
FUNCTION



• Non-alcoholic fatty liver disease (NAFLD), the commonest 
liver problem in the Western world can be seen in patients 
with insulin resistance, metabolic syndrome and pre-
diabetes.
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YUN JW, CHO YK, PARK JH, KIM HJ, PARK DI, SOHN CI, JEON

WK, KIM BI ABNORMAL GLUCOSE TOLERANCE IN YOUNG MALE 
PATIENTS WITH NONALCOHOLIC FATTY LIVER DISEASE. LIVER 

INT. 2009 APR;29(4):525-9.



• NAFLD is the most common cause of elevated LFT’s without 
clinical symptoms. Insulin Resistance is the cause of NAFLD. 

• 1/3 of NAFLD cases progress to NASH and 20-25% of NASH 
cases go on to cirrhosis.

Filomena Trindade, MD, MPH
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NAFLD/NASH



HOW DID THIS PERSON DEVELOP 
INSULIN RESISTANCE?

Copyright 2012, Filomena Trindade, MD, MPH

• Consider the Following:
• Food allergies and/or sensitivities
• Dysbiosis, leaky gut and gut microbiota
• Toxins (POP’s, heavy metals, pesticides, endogenous)
• EMF/Dirty Electricity
• Food additives or excesses
• Digestive Insufficiencies
• Oxidative Stress
• Mitochondrial dysfunction
• Obesity
• Stress or adrenal fatigue/dysfunction 
• Lack of sleep
• Hormone imbalances
• Infections (bacterial/fungal/viral/parasitic and occult-dental)
• Nutrient deficiencies/excesses
• Rx Drugs (statins, PPI’s,…)
• Genetic predispositions/snp’s
• More than one cause?









Serum metabolomics
analysis revealed 
aspartame to be 

rapidly metabolized 
and to be associated 
with elevations in the 
short chain fatty acid 

propionate, a 
bacterial end product 

and highly 
gluconeogenic

substrate, potentially 
explaining its negative 

affects on insulin 
tolerance.



“The gut microbiota contributes to host metabolism by 
several mechanisms including increased energy harvest 
from the diet, modulation of lipid metabolism, altered 
endocrine function, and increased inflammatory tone. 
The gut microbiota could thus be considered to be an
environmental factor that modulates obesity and other 
metabolic diseases.”



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



Kristine H Allin et al. Gut microbiota in patients with type 2 diabetes 
mellitus. European Journal of Endocrinology; 172:4, R167–R177.  



Kristine H Allin et al. Gut microbiota in patients with type 2 diabetes mellitus. European 
Journal of Endocrinology; 172:4, R167–R177.  DOI: 10.1530/EJE-14-0874. 



“The collective evidence as of today suggests that the 
gut microbiota may in fact act as an important mediator 
of a number of environmental factors triggering common 
diseases including type 2 diabetes.”
“One may envision that, in the future, the effect of the 
‘minimal microbiota’ administered as slow-release 
encapsulated microbial cultures may be tested in 
randomised clinical trials together with a healthy diet also 
rich in natural prebiotics.”



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.



• Increased gut permeability-leading to
• Increased absorption of macromolecules from the 

intestinal content resulting in systemic immune 
responses  

• Low grade inflammation
• Altered signaling pathways influencing lipid and 

glucose metabolism

Filomena Trindade, MD, MPH

42GUT MICROBIOTA AND 
INCREASED PERMEABILITY OF 

INTESTINAL EPITHELIUM







“…mitochondrial dysfunction is the common 
factor for most of the risk factors of metabolic 
syndrome, such as central obesity, dyslipidemia, 
hypertension, insulin resistance, and type 2 
diabetes…”





…the overall 
evidence is 
sufficient for 
a positive 
association of 
some ...POPs 
with type 2 
diabetes.



"POPs and hypoxia independently contribute to the 
development of adipose tissue-specific and systemic 
inflammation often associated with obesity".







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









HEAVY METALS AND INSULIN RESISTANCE

Low-level arsenic exposure reported to 
be associated with insulin resistance.

JAMA 2008; 300: 814-22



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 DM

Waters DD, J Am Coll Cardiol. 2011 Apr 5;57(14):1535-45. 
Arnaboldi L, Corsini A, Atheroscler Suppl. 2015 Jan;16:1-27.



Omeprazole is associated with a 
microbiota shift and functional change 

in the distal gut in patients with 
compensated cirrhosis that could set 
the stage for bacterial overgrowth. 



Hypercortisolism is Associated With 
Insulin Resistance (IR) and Diabetes 

Mellitus (DM)

JOSEPH, JJ ET AL. 2015 DEC;62:327-35. 



"Efforts to clarify genetic 
susceptibility and screening for 

environmental factors have 
identified the vitamin D system as a 

contributory pathway that is 
potentially correctable"
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• Body Shape
• Acanthosis Nigricans
• Skin Tags

• melasma
• Hirsutism-women
• Hair loss-men
• Waist circumference
• Abdominal Exam
• Nails
• Hair
• Muscle bulk

Filomena Trindade, MD, MPH
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62APPLE BODY TYPE                     
VS 

PEAR BODY TYPE
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63ANDROID BODY TYPE              
COMMON BIOMARKER 

PATTERNS TO RECOGNIZE

Increased Inflammation Through 
Adipocytokine Communication

Insulin Resistance/Hyperinsulinemia
and Reduced Adiponectin 



“The peri-menopause is associated with a more rapid increase 
in fat mass and redistribution of fat to the abdomen, resulting 
in a transition from a gynoid to an android pattern of fat 
distribution and an increase in total body fat.”

POEHLMAN E , T OTH M J, G ARDNER A . CHANGES IN ENERGY BALANCE
AND BODY COMPOSITION AT MENOPAUSE: A CONTROLLED 

LONGITUDINAL
STUDY . ANN INTERN MED 1995 ; 123 : 673 – 8.



• Overweight
• Inflammation 

• Arthritis, skin rash, urge 
incontinence

• Metabolic Syndrome 
• High blood pressure, obesity, 

high cholesterol
• Any of the high adrenaline or high 

cortisol symptoms

HIGH INSULIN
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HIGH CORTISOL

• Depressed +/- anxiety
• Weight around 

midsection
• Frequent infections
• Elevated cholesterol
• Any of the high 

adrenaline symptoms

67



• Losing weight
• Anxious
• Hot flashes if midlife
• Cold 

• Compensatory 
hypothyroidism

• Muscle wasting if not exercising 
to build muscles

HIGH ADRENALINE
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69GYNOID BODY TYPE:                    
COMMON BIOMARKER PATTERNS TO 

RECOGNIZE

Increased Risk for HPATG Dysfunction

Infecto-obesity Risks

Detoxification Abnormalities

Gastrointestinal Concerns and Allergies
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HIGH ESTROGEN BODY TYPE



Insulin Resistance

Filomena Trindade, MD, MPH
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17-Hydroxy-pregnenolone 

Effects on hepatocytes

Increased insulin
secretion

Increased
testosterone

Increased 17,20 
lyase activity

SHBG preferentially
binds to testosterone

Increased free 
estrogen

Increased DHEA

Decreased 
SHBG



MetSy assessment requires measurement of waist 
circumference - a simple but seldom performed procedure 
in general practice. The most essential components for the 
prevention and management of the MetSy are measures to 
change diet and physical activity in order to achieve and 
sustain weight loss.
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• Ratio greater than:
• 1.0 in men
• 0.8 in women

• Considered obese
• And “apple shaped”

Filomena Trindade, MD, MPH
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WAIST TO HIP RATIO



INSULIN RESISTANCE, DM 
AND 

NUTRITIONAL PHYSICAL EXAM FINDINGS

Eyes to See and Expectation to Find



CONCENTRATE ON TISSUE WITH RAPID 
TURNOVER OR METABOLIC VULNERABILITY

1. Mucosa and Skin
2. Nails and Hair
3. Senses and Nerve Function



TONGUE
COLOR, COVERINGS, BUDS, SIZE, MOVEMENT

• Glossitis (Red Tongue) Protein Under-nutrition, Iron, Riboflavin, niacin,  
B6, folate, B12

• Decreased taste/smell, 
burning tongue Zinc, Vitamin C

• Tongue fissuring Niacin, gut triggered immune issues

• Tongue - taste bud  atrophy Iron, Riboflavin, niacin, B12

• Leukoplakia Vitamin A, B2, niacin, B6, Folate, B12

• Hairy black tongue Not Specific; associated with smoking, sulfur, 
granule positive bacteria, antibiotics



TOUCH THE SKIN ON THE ARM

Character:
• Temperature
• Texture
• Color
• Hydration
• Lesions
• Hair Distribution

Hyperkeratosis pilari



ACANTHOSIS 
NIGRICANS

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

• Generally caused by hyperinsulinemia



LOOK AT THE NAILS

• Shape
• Color 
• Pattern of Color
• Texture and 

strength
• Growth Pattern
• Surrounding Tissue

Lunula

Cuticle

Distal Edge

Eponychium

Lateral recess
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VERTICAL RIDGES ON NAILS



SUMMARY: PE SIGNS
• Acanthosis nigricans

• Insulin Resistance

• White spots on nails
• Zinc

• Hyperkeratosis Pilaris
• Omega 3 deficiency

• Tongue fissuring
– Up-regulated GALT

• Taste bud atrophy
– B2, B12, iron, niacin

• New Onset 
Abdominal Girth
– Cortisol steal



INSULIN’S EFFECTS
• Effects CBO, lipid, Metabolism
• Insulin effects thyroid function…and thyroid function 

effects insulin production 
• Insulin effects endothelial function 
• Other hormones….





Are vasomotor symptoms an independent risk factor for 
metabolic syndrome?

Are vasomotor symptoms an independent risk factor for 
metabolic syndrome?





• Not all overweight individuals are insulin-resistant.
• Not all normal-weight individuals are insulin-

sensitive.
• Not all insulin-resistant individuals develop 

diabetes.

•How can we identify those at risk?

Filomena Trindade, MD, MPH
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IMPORTANCE OF LABORATORY 
EVALUATION



• Compared with a glucose level of 4.2 mmol/l (75 mg/dl), a 
fasting and 2-h glucose level of 6.1 mmol/dl (110 mg/dl) and 
7.8 mmol/l (140 mg/dl) was associated with a relative 
cardiovascular event risk of 1.33 and 1.58 respectively. 

• CONCLUSIONS: The progressive relationship between 
glucose levels and cardiovascular risk extends below the 
diabetic threshold.

Filomena Trindade, MD, MPH
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Coutinho M, et al. The relationship between glucose and incident cardiovascular events. 
A meta regression analysis of published data from 20 studies of 95,783 individuals followed 
for 12.4 years. Diabetes Care, 1999. 22(2): p. 233-40.



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

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

Filomena Trindade, MD, MPH

89

Khaw KT, et al. Glycated haemoglobin, diabetes, and mortality in men in Norfolk cohort 
of european prospective investigation of cancer and nutrition (EPIC-Norfolk). BMJ, 2001. 

322(7277): p. 15-8.



• Homeostatic Model Assessment-Insulin Resistance

• Calculation based on plasma levels of:
* Fasting glucose and Insulin
* Used to assess insulin sensitivity                               

Filomena Trindade, MD, MPH
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HOMA-IR



"In the present study, among the morbidly 
obese subjects, early vascular impairment 
was predicted by the HOMA-IR, which is 
strictly related to visceral fat…..
the HOMA-IR, not BMI, may be more 
suitable for identifying individuals with 
higher cardiovascular risks".



OPTIMAL FUNCTION

92

Intervention = Maintenance of healthy diet & lifestyle
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• Insulin resistance

• Glucose intolerance

• Dyslipidemia

• Increased risk of vascular injury and 

atherosclerosis

• Increased risk of diabetes mellitus

• InflammationFilomena Trindade, MD, MPH

94LOW ADIPONECTIN IS ASSOCIATED 
WITH…



• Pattern recognition:
• LOW Adiponectin
• Normal or slightly high HOMA-IR 
• ‘Normal’ Glucose, HbA1C, Insulin, and Proinsulin

• Treat with diet, lifestyle, supplementation.
Filomena Trindade, MD, MPH
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Stage 1: Early Insulin Resistance

• “Normal” fasting blood sugar = < 100 mg/dL

• Blood sugar >87 mg/dL = progressive increase 
of type 2 DM!

• Blood sugar < 81 mg/dL = low risk of DM
NEJM 2005;353:1454-62.
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• Usually due to a combination of insulin resistance and early 
beta-cell impairment

• 29.1 million cases of type 2 DM in the U.S., but 86 million cases 
of ‘pre-diabetes’

• Pattern recognition:
• LOW Adiponectin
• HIGH or high-normal HOMA-IR 
• HIGH Insulin, but normal Proinsulin
• Mildly elevated glucose and/or HbA1C

• Treat with diet, lifestyle, supplementation, possible
pharmacotherapy.

Filomena Trindade, MD, MPH
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STAGE 2: ELEVATED FASTING INSULIN
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STAGE 3 – ELEVATED PROINSULIN



Stage 3: Elevated Pro-Insulin-cont…

• Pattern recognition:
– LOW Adiponectin
– HIGH HOMA-IR 
– HIGH Insulin, elevated Proinsulin
– HIGH Glucose & HbA1C

– Pre-diabetes
– Fasting glucose 100-125mg/dL
– HgbA1c 5.4%-6.4%

– May or may not meet ADA definition for Type 2 Diabetes Mellitus 
– Fasting Glucose > 125 mg/dL
– HgbA1c ≥ 6.5%

• Treat with diet, lifestyle, supplementation, and +/_ 
pharmacotherapy

Filomena Trindade, MD, MPH

99



©2007 by National Academy of Sciences

Conversion of Proinsulin to Insulin

(cleavag
e)

(cleavag
e)
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• C-peptide is produced when proinsulin splits apart to form 
insulin and C-peptide

• Increased levels reflect insulin resistance

Filomena Trindade, MD, MPH
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C-PEPTIDE



Ludwig, David, et al;  A novel interaction between 
dietary composition and insulin secretion: effects on 
weight gain in the Quebec Family Study.  AJCN Feb 

2008; 87:303-309.
Filomena Trindade, MD, MPH
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INSULIN CONCENTRATION AT 30 MINUTES AFTER 
GLUCOSE CONSUMPTION HAS BEEN SHOWN TO BE A 
GOOD MEASURE OF INSULIN SECRETION IN HUMANS.



Filomena Trindade, MD, MPH
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• Fasting
• <10 µIU/ml
normal

• ≥ 10 µIU/ml
resistant

• Postprandial
• 30 min < 57.5 µIU/ml 
• 2 hour postprandial<25 

µIU/ml
normal

• 30min ≥ 57.5 resistant
• 2hr ≥ 25 µIU/ml resistant

FASTING AND 2 HOUR POSTPRANDIAL
INSULIN FOLLOWING A 75 GRAM 

GLUCOSE LOAD

Lab values based upon clinical experience 
and literature review



Filomena Trindade, MD, MPH

104FASTING AND 2 HOUR POSTPRANDIAL GLUCOSE 
FOLLOWING A 75 GRAM GLUCOSE LOAD

• Fasting
• 70-99 mg/dl 

• normal
• 100-125 mg/dl

• impaired glucose 
tolerance

• >125 mg/dl 
• diabetes (i.e. 126 

mg/dl or 7mmol/L)

• 2 hour postprandial
• 70-139 mg/dl

• normal
• 140-199 mg/dl

• impaired 
glucose 
tolerance

• >199 mg/dl 
• diabetes

Lab values based upon American Diabetes Association diagnostic criteria 



• Adiponectin
• Proinsulin
• HgbA1c
• Fasting Insulin, and 30 min insulin after 75g glucose 

load, 1 hour and 2hr insulin level
• Fasting glucose, 1 hour and 2 hr glucose after 75g 

load
• NMR Lipoprotein Profile
• Comprehensive Metabolic Panel
• GGTP
• Uric Acid
• Breath test (hydrogen and methane)
• Comprehensive stool test

SUGGESTED INITIAL LABORATORY 
WORK-UP



• Meta-analysis
• High level of serum uric acid is independent of other 

established risk factors… for developing type 2 diabetes. 

Filomena Trindade, MD, MPH
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URIC ACID AND DM

High serum uric acid and increased risk of type 2 diabetes: a systemic 
review and meta-analysis of prospective cohort studies.Lv Q, PLoS One. 

2013;8(2):e56864. PMID:23437258



• 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?

Filomena Trindade, MD, MPH

107ADDITIONAL LABS

Luo Z, Zhang Y, Li F, He J, Ding H, Yan L, Cheng H. Resistin induces insulin 
resistance by both AMPK-dependent and AMPK-independent mechanisms in 

HepG2 cells. Endocrine. 2009 May 8.



ADDITIONAL LABS-CONTINUED
• Hormone Panels
• Toxic Profiles
• Infections

• Bacterial
• Atypical Bacteria
• Potential Pathogens?

• Parasitic
• Fungal
• Viral 

• Reactivated
• Marker of Oxidative Stress



• Increased concentrations of interleukin 6 (IL-6) and 
high-sensitivity C-reactive protein (hs-CRP) have 
been associated with an increased risk of T2DM(1). 
Elevated plasminogen activator inhibitor type 1 (PAI-
1) has also been found to be a predictor of the 
development of T2DM(2).

Filomena Trindade, MD, MPH

109IL-6, CRP-HS AND PAI-1

1. Wang, X.; Bao, W.; Liu, J.; Ouyang, Y.Y.; Wang, D.; Rong, S.; Xiao, X.; Shan, Z.L.; Zhang, Y.; Yao, P.; et al. 
Inflammatory markers and risk of type 2 diabetes: A systematic review and meta-analysis. Diabetes Care 2013, 

36, 166–175.
2. Nakamura, T.; Adachi, H.; Hirai, Y.; Satoh, A.; Ohuchida, M.; Imaizumi, T. Association of plasminogen activator 

inhibitor-1 with insulin resistance in japan where obesity is rare. Metabolism 2003, 52, 226–229.



The results indicate that between 
subject variation in the 
percentage excretion of the two 
sugars would be minimized and 
the differences in the temporal 
patterns of excretion would be 
maximized if the period of 
collection of urine used in clinical 
tests of small intestinal permeability 
were restricted to 2K-4 h post 
dosage. This period corresponds to 
a period when the column of 
digesta containing the probes is 
passing from the small to the large 
intestine..



• Diversity
• Microbiology

• Pathogenic bacteria
• Fungi
• Parasites
• Good bacteria

• Lactobacillus
• Bifidobacterium

• SCFA’s
• Proprionate
• Butyrate
• Acetate

• Pancreatic Function
Filomena Trindade, MD, MPH
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COMPREHENSIVE STOOL ANALYSIS



• Methanobrevibacter Smithii-prominent archeon on GIT
• Produces methane from H2, CO2, SCFAs (acetate)
• Methane may influence transit & pH 
• Implicated in constipation prevalent IBS, SIBO, obesity 

and DM-type 2
• Methanogens cause more complete fermentation of 

CBO’s leading to higher production and absorption of 
SCFA’s which can lead to obesity

Filomena Trindade, MD, MPH
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ARCHEA AND METHANOGENIC BACTERIA

Pimentel et al. Am J Gastroenterol Supp. 2012, vol 1:28-33



LDL Particle
Number (LDL-P)

LDL Size

VLDL Particle
Number (VLDL-P)  

VLDL Size

HDL Particle
Number (HDL-P)

HDL Size

Insulin Resistance –
Changes in Lipid Fractions

Large
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LDL
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LDL

IDL Large
HDL
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Med
HDL

Lipoprotein Subclass Particle Numbers:
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Cromwell WC et al.  J Clin Lipidology 2007;1(6):583-592.
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• A more accurate way to capture the risk posed by LDL 
may be to measure the number of LDL particles directly 
using nuclear magnetic resonance (NMR)

• “Many cross-sectional and prospective studies show that 
LDL particle number is a better discriminator of risk than is 
LDL cholesterol.”

• Measurements of apoB or LDL particle number by NMR 
more closely quantitate the atherogenic lipoprotein load. 

Filomena Trindade, MD, MPH

117ADA AND ACC CONSENSUS 
STATEMENT IN PATIENTS AT RISK

Brunzell JD, Davidson M, Furberg CD et al. Diabetes Care 2008;31:811-822

Summary



For women with discordant LDL-related measures, 
coronary risk may be underestimated or 
overestimated when LDL-C alone is used.



Filomena Trindade, MD, MPH
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WHAT ABOUT TOXINS?



Pick the profile you want or do an entire array:









INFECTIONS

• Viral
• Reactivated

• Bacterial
• Atypical Bacteria

• Fungal 
• Parasitic
• Endodontic Infections



DAILY ENERGY PATTERNS
• Morning fatigue-best most restful & refreshing sleep comes 

between 7-9AM
• Afternoon low (2-4pm)
• Usually feels best after 6pm
• Tired by 9-10pm but resists going to bed
• If not in bed by 11pm gets “second wind” a burst of 

energy often lasting until 1-2AM
• Often does best work late at night or early AM

Filomena Trindade, MD, MPH
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REMOVE THE TRIGGERS AND MEDIATORS
• Diet/Nutrition Protocol

• Sugar
• Trans and saturated fats
• Polyunsaturated omega 6 oils (except GLA)
• Toxins
• Low fiber

• Food allergies/Sensitivities? 
• Elimination Diet

• (Gluten, Dairy, Soy, Corn, Nightshade family)

• Dysbiosis/Altered Gut Microbiota/Leaky Gut 
• 4R

• Toxins in environment/home?
• Hormone Imbalance?
• Stress at work/home? or Toxic Relationships? 
• Nutrient Deficiencies?
• Unhealthy Habits?
• Infections? Consider occult--dental

Filomena Trindade, MD, MPH
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HOW DID THIS PERSON DEVELOP 
INSULIN RESISTANCE?

Copyright 2012, Filomena Trindade, MD, MPH

• Consider the Following:
• Food allergies and/or sensitivities
• Dysbiosis, leaky gut and gut microbiota
• Toxins (POP’s, heavy metals, pesticides, endogenous)
• EMF/Dirty Electricity
• Food additives or excesses
• Digestive Insufficiencies
• Oxidative Stress
• Mitochondrial dysfunction
• Obesity
• Stress or adrenal fatigue/dysfunction 
• Lack of sleep
• Hormone imbalances
• Infections (bacterial/fungal/viral/parasitic and occult-dental)
• Nutrient deficiencies/excesses
• Rx Drugs (statins, PPI’s,…)
• Genetic predispositions/snp’s
• More than one cause?



My Approach
• Nutritional Support with wholesome food (fresh, whole, unprocessed, organic, 

colorful, high fiber, with nuts, seeds and omega 3’s) and fermented.
• Digestion
• Elimination Diet 

• personalize
• Decrease Insulin Stimulation
• Address the underlying cause/causes
• Lifestyle Modification
• Exercise/Movement
• Sleep
• Stress
• Modify/address gut microbiota
• Targeted Supplementation

• Food is the foundation
• Mind-body-spirit connection
• Support

Filomena Trindade, MD, MPH
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DIETARY MANAGEMENT FOR THE 
PATIENT WITH INSULIN RESISTANCE

 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

 Increase cellular responsiveness to insulin. 
◦ Agents that modify insulin responsiveness at the cellular level:
 Spices
 Herbs
 Chromium
 Vitamin D
 Magnesium
 Omega-3 

Filomena Trindade, MD, MPH
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GLYCEMIC INDEX AND GLYCEMIC LOAD 

• Foods that have a low GI invariably have a low GL, while 
foods with an intermediate or high GI can range from a 
very low to very high GL, depending on usable 
carbohydrate in a serving. 

• Therefore, one can reduce the GL of the diet by limiting 
foods that have both a high GI and a high carbohydrate 
content.

• The GL then allows for the assessment of the ‘quantity’ as 
well as the ‘quality’ of the carbohydrate intake in the diet.

Filomena Trindade, MD, MPH
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INDIVIDUALS WITH HIGH INSULIN RESPONSE 
TO GLUCOSE ARE MOST SENSITIVE TO 

EFFECTS OF GLYCEMIC LOAD

Ludwig DS. The glycemic index: physiological mechanisms relating to obesity, 
diabetes, and cardiovascular disease. JAMA. 2002;287:2414-2423.

Ludwig DS, Majzoub JA, Al-Zahrani A, Dallal GE, Blanco I, Roberts SB. High 
glycemic index foods, overeating, and obesity. Pediatrics. 1999;103:E26.

Filomena Trindade, MD, MPH
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LOW GL DIETARY SUGGESTIONS

• 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.

Filomena Trindade, MD, MPH
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…kiwifruit 
have low 
glycemic 

impact and 
are suitable 
for patients 

with 
diabetes.  

FILOMENA TRINDADE, MD, MPH



To Achieve Balance Start With
Diet & Supplement.

A diet rich in whole grain and low insulin response grain 
products, fatty fish and berries alter plasma lipid profile 
and improves glucose metabolism and markers of 
endothelial function and inflammation .



“In the light of the current 
obesity epidemic, it is 
prudent to evaluate 

everything that is added to 
our food for potential 

contributions to obesity".

“In the light of the current 
obesity epidemic, it is 
prudent to evaluate 

everything that is added to 
our food for potential 

contributions to obesity".



“We identify NAS-altered microbial metabolic pathways that 
are linked to host susceptibility to metabolic disease, and 
demonstrate similar NAS-induced dysbiosis and glucose 
intolerance in healthy human subjects. Collectively, our results 
link NAS consumption, dysbiosis and metabolic abnormalities,
thereby calling for a reassessment of massive NAS usage.”



NUTRIENTS AND DIABETES RISK

• Diabetic patients had lower intake of vitamin A, riboflavin 
and vitamin B12. 

• There was significantly lower intake of minerals by diabetic 
patients. 

• Dietary carbohydrate and fat were positively correlated 
with HOMA-IR and IL-6. Protein and dietary fiber intakes 
were negatively correlated with HOMA-IR and IL-6.

Filomena Trindade, MD, MPH
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Association of dietary factors with insulin resistance and inflammatory 
markers in subjects with diabetes mellitus and coronary artery disease in 

Indian population. Mahalle N, J diabetes Compications 2014 Jul-
Aug;28(4):536-41. PMID:24746438



In conclusion, our data suggest that, in a 
compromised metabolic state such as type 
2 diabetes, a continual snacking routine will 
cumulatively promote their condition more 
rapidly than in other individuals because of 
the greater exposure to endotoxin.



In this article, calorie 
restriction, improved β-
cell function, improved 

insulin sensitivity, and 
alterations in gut 

physiology, bile acid 
metabolism, and gut 

microbiota are 
reviewed as the 

potential mechanisms 
of diabetes remission 

after Roux-en-Y gastric 
bypass and sleeve 

gastrectomy.



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.



Together, our 
results suggest that 
personalized
diets may 
successfully modify 
elevated 
postprandial
blood glucose and 
its metabolic 
consequences.



SLOW DOWN AND CHEW YOUR 
FOOD

• More than two-fold increased risk of type 2 
diabetes was determined for subjects eating 
faster vs. subjects eating slower.

Filomena Trindade, MD, MPH
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Fast eating and the risk of type 2 diabetes mellitus: a case-
control study.Radzevičienė L, Clin Nutr. 2013 Apr;32(2):232-5. 

PMID:22800734



DRINKING SODA AND DIABETES RISK

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

Filomena Trindade, MD, MPH
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Consumption of sweet beverages and type 2 diabetes incidence in 
European adults: results from EPICInterAct. Diabetologia. 2013 

Jul;56(7):1520-30. PMID:23620057



EXERCISE

• Alters skeletal muscle metabolism and improves glucose 
uptake.

• Reduces low-density lipoprotein, raises HDL. 
• Lowers blood pressure.
• Reduces inflammation and oxidative stress.

Filomena Trindade, MD, MPH
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Klein S, Sheard NF, Pi-Sunyer X, et al. Weight management through lifestyle modification for 
the prevention and management of type 2 diabetes: rationale and strategies. A 

statement of the American Diabetes Association, the North American Association for the 
Study of Obesity, and the American Society for Clinical Nutrition. Am J Clin

Nutr.2004;80(2):257-263. Review.



IMPORTANCE OF LIFESTYLE
• 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%.

Filomena Trindade, MD, MPH
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(Knowler WC. N Engl J Med. 2002; 346(6):393-403.)



Filomena Trindade, MD, MPH
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Filomena Trindade, MD, MPH
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These results suggest that passive
static stretching of the skeletal muscles 

may be an alternative to exercise to help 
lower blood glucose levels.



"The gut microbiota
could thus be 

considered to be an 
environmental

factor that 
modulates obesity 

and other metabolic
diseases.”



"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.”



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.”



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.



We found that probioitcs have beneficial effects on 
glycemic controls, as all human studies showed significant 
reductions in at least one of the primary outcome 
endpoints which were the levels of fasting plasma glucose, 
postprandial blood glucose, glycated haemoglobin, 
insulin, insulin resistance and onset of diabetes



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



Theofilos Poutahidis et al. Microbial Reprogramming Inhibits Western Diet-Associated Obesity. PLoS ONE 
8(7): e68596. doi:10.1371/journal.pone.0068596.



Filomena Trindade, MD, MPH
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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 2 h 
blood glucose 

levels, as well as 
OGTT levels.



Addition of omega-3 
fatty acid with VSL#3 

had more 
pronounced effect 

on HDL, insulin 
sensitivity and hsCRP.



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



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.



MANY PHYTOCHEMICALS WORK 
AS TISSUE SPECIFIC KINASE

RESPONSE MODULATORS (SKRM’S)

Filomena Trindade, MD, MPH
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Suboptimal diet 
74% in US – NHANES N= 9000

Processed foods
Rushed eating (no “rest & digest”)
Poor soil, crop handling, including 

travel time to market –significant loss 
of nutrients 

Filomena Trindade, MD, MPH
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Overweight and Undernourished  

USDA National Agriculture Library: Nutrient Changes over Time: 
Frequently Asked Questions . J Am Coll Nutr. 2004;23(6):669-682 



Sardines have the best ratio of
Selenium/Mercury



NUTRIENTS KNOWN TO MODIFY 
INSULIN RESPONSIVENESS AT THE 

CELLULAR LEVEL• 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 (SKRM’s)

Filomena Trindade, MD, MPH
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• 600 to 1800 mg/day of alpha lipoic acid (ALA) can 
improve insulin sensitivity in patients with type 2 diabetes.

• 600-1200 mg/day of ALA may improve microcirculation 
and diabetic polyneuropathy.

Filomena Trindade, MD, MPH
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Jacob S, et al. Oral administration of RAC-alpha-lipoic acid modulates insulin sensitivity 
in patients with type-2 diabetes mellitus: a placebo- controlled pilot trial. Free Radic Biol

Med, 1999. 27(3-4): p. 309-14.

Haak E, et al. Effects of alpha-lipoic acid on microcirculation in patients with peripheral 
diabetic neuropathy. Exp Clin Endocrinol Diabetes, 2000. 108(3): p. 168-74.



• 120 mg/day of Coenzyme Q10 improves glycemic control 
and blood pressure in NIDDM

• 200mg of CoQ10 daily improved HgA1C and blood 
pressure in NIDDM patients. 

Filomena Trindade, MD, MPH
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Singh RB, et al. Effect of hydrosoluble coenzyme Q10 on blood pressures and 
insulin resistance in hypertensive patients with coronary artery disease. J 

Hum Hypertens, 1999. 13(3): p. 203-8.

Hodgson JM, et al. Coenzyme Q(10) improves blood pressure and 
glycaemic control: a controlled trial in subjects with type 2 diabetes. Eur J 

Clin Nutr, 2002. 56(11): p. 1137-42.



• Positive correlation of 25(OH)D concentration with insulin 
sensitivity. 

• Negative effect of hypovitaminosis D on beta cell function. 
• Subjects with hypovitaminosis D are at higher risk of insulin 

resistance and the metabolic syndrome. 
• Increasing 25(OH)D from 10-30 ng/mL can improve insulin 

sensitivity by 60%.

Filomena Trindade, MD, MPH
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Chiu KC, Chu A, Go VL, Saad MF Hypovitaminosis D is associated with insulin 
resistance and beta cell dysfunction. Am J Clin Nutr. 2004 May;79(5):820-5.



"Cholecalciferol helps improve blood
glucose control and cholesterol profile in 

vitamin D3-deficient type 2 diabetic
patients".

"Cholecalciferol helps improve blood
glucose control and cholesterol profile in 

vitamin D3-deficient type 2 diabetic
patients".



• 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. 

Filomena Trindade, MD, MPH
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1. Barbagallo M, et al. Role of magnesium in insulin action, diabetes and cardio-
metabolic syndrome X. Mol Aspects Med, 2003. 24(1-3): p. 39-52

2.  Guerrero-Romero F, et al: Oral magnesium supplementation improves    insulin 
sensitivity in non-diabetic subjects with insulin resistance. A double-blind placebo-

controlled randomized trial. Diabetes Metab 2004;30:253–258



“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.”



MICRONUTRIENT 
RECOMMENDATIONS

• 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.Filomena Trindade, MD, MPH
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CHROMIUM AND INSULIN 
RESISTANCE

• 92 pts with PCOS and infertility resistant to clomiphene
• “Chromium picolinate effectively reduced insulin resistant and 

treated hyperinsulinemia as well as hyperandrogenemia”
• Randomized clinical trial 

Filomena Trindade, MD, MPH
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Amooee, S. Metformin versus chromium picolinate in clomiphene citrate-
resistant patients with PCOs: A double-blind randomized clinical trial. Iran J 

Reprod Med. 2013 Aug;11(8):611-8



“vitamin C can lower 
serum uric acid”

FILOMENA TRINDADE, MD, MPH



STRESS

• Autonomic dysfunction with sympathetic over-activity 
exacerbates insulin resistance and lipid and glucose 
metabolism and promotes central obesity. 

• Techniques to enhance parasympathetic and reduce 
sympathetic activity, such as yoga or meditation, can 
have protective or even therapeutic benefit in 
metabolic syndrome and diabetes.

Filomena Trindade, MD, MPH
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Rosmond R, Dallman MF, Bjorntorp P. Stress-related cortisol secretion in 
men: relationships with abdominal obesity and endocrine, metabolic 

and hemodynamic abnormalities.
J Clin Endocrinol Metab. 1998;83(6):1853-1859.



PRAYER, MEDITATION AND YOGA
• 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

1. Health Psychol. 2016 Dec;35(12):1356-1363.
2. Oxid Med Cell Longev. 2017: 7928981



Filomena Trindade, MD, MPH

177

“Don’t worry, be 
happy!”



Filomena Trindade, MD, MPH
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“Autonomic dysregulation leading to 

inflammation may represent one common 

pathway through which traditional risk 

factors promote development of CAD.”

(Am Heart J. 2008 Oct;156(4):759.e1-7.)



HEART RATE VARIABILITY 
(CONT.)

• Lower heart rate variability is associated with…
• Hypertension
• Abnormal cholesterol
• Smoking
• Physical inactivity
• Obesity
• Aging
• Inflammation 
• Insulin resistance
• Hyperglycemia and diabetes
• Beta-cell impairment & higher levels of 

Proinsulin…
Filomena Trindade, MD, MPH
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HRV & GLUCOSE REGULATION 

• Autonomic dysfunction increases in parallel with 
worsening glucose regulation…

Filomena Trindade, MD, MPH
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Heart Rate 
Variability

(BMC Cardiovasc Disord. 2006; 6: 19.)



TELEVISION AND DM

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

Filomena Trindade, MD, MPH
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Screen time and metabolic risk factors among adolescents.Hardy LL, 
Arch Pediatr Adolesc Med. 2010 Jul;164(7):643-9. PMID:20603465



PASSIVE SMOKING AND DM

Filomena Trindade, MD, MPH
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Passive smoking and risk of type 2 diabetes: a meta-analysis of 
prospective cohort studies.Wang Y, PLoS One. 2013 Jul 

26;8(7):e69915. PMID:23922856

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



SLEEP AND INSULIN RESISTANCE
“Sleep deprivation may lead to insulin resistance
and, subsequently, to diabetes mellitus.”

Aldabal L, Bahammam AS. Open Respir Med J. 2011;5:31-43



DETOXIFICATION
• BPA, endocrine disruptors, POP’s, metals
• Toxins induce IR and DM
• Toxins induce weight gain
• GGTP elevated or high normal > 30 start to monitor but 

is over 40 then definitely need to work on glutathione 
production.

• Increase antioxidants

1. Endocrine disruptors in the etiology of type 2 diabetes mellitus. Nat Rev Endocrinol. 2011 Jun;7(6):346-53

2. Low dose organochlorine pesticides and polychlorinated biphenyls predict obesity, dyslipidemia, and insulin resistance among 
people free of diabetes. PLoS One. 2011 Jan 26;6(1):e15977.

Filomena Trindade, MD, MPH
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• Can be prevented 
• Can be reversed 
• Can be treated effectively 

• Goal:  Identify underlying metabolic 
processes, before the patient is 
symptomatic 

Filomena Trindade, MD, MPH
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PROGRESSION TO DIABETES


