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Objectives

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




Which Came First?

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




Adipocyte Dysregulation

0183 TR0 5520 000

Erdsrine Favisws 5% e 3250
Pricted o [L2A

Cappright O 2002 by The Endecrire Gseisty

Disordered Fat Storage and Mobilization in the
Pathogenesis of Insulin Resistance and Tyvpe 2 Diabetes

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

US Population at Risk of
Developing Diabetes!:?

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

for developing diabetes
who are NOT obese?

i BmMi >30
i BMI <25
BMI 25-30




Rates of Cardiometabolic Syndrome

ORIGINAL INVESTIGATION

The Obese Without Cardiometabolic Risk Factor
Clustering and the Normal Weight With
Cardiometabolic Risk Factor Clustering

Prevalence and Correlates of 2 Phenotypes Among the US Population
(NHANES 1999-2004)

Rachel P. Wildman, PhD; Paul Muntner, PhD: Kristi Reynolds, PhD; Aileen P. McGinn, PhD;
Swapnil Rajpathak, MD, DrPH; Judith Wylie-Rosett, EAD; MaryFran R. Sowers, PhD

30% 51% 71%
WOMEN 21% 43% 65%
TOTAL 26% 46% 68%

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

SCIENTIFIC REPg}RTS

Body mass index trajectory
patterns and changes in visceral fat

and glucose metabolism before the
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“These data suggest that visceral fat gain may induce B-cell
failure in compensation for insulin resistance, resulting in
diabetes regardless of obesity level.”

identrhed i adults developing and not developing diabetes, respectively. Among adults developing
diabetes, 47.3% were classified as “medivm BMI* (n =895}, and had increased mean BM| within the
obesity category before diagnosis. The “low BMI” group (38.4%, n=726) had an initial mean BMI

of 21.9 kg/m?, and demonstrated small weight gain. The “high BMI” group (n =271} were severely
obese and showed greater increase in BMI until diagnosis. All growps which developed diabetes

showed absolute andfor relative increase in visceral fat and impaired 3-cell compensation for insulin
resistance. All groups not developing diabetes showed measured variables were relatively stable during
observation. These data suggest that visceral fat gain may induce [3-cell failure in compensation for
insulin resistance, resulting in diabetes regardless of obesity level.

Drabetes is of growing concern worldwide. In particalar, East Asla is experlencing a rapidly emerging diabetes
epidemic and accounts for more than 25% of the global diabetic population’. Obesity is a major risk factor for
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Other Theories

“Insulin resistance starts in the Beta cell with

hyperinsulinemia causing insulin resistance.

The initial cause is damage to the Beta cell.”
— Barbara Corkey

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
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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.
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BANTING LECTURE

Banting Lecture 2011

Hyperinsulinemia: Cause or Consequence?

Barbara E. Corkey

The Banting Medal for Scientific Achievement Award is the
American Dishetes Association’s highest scientific awand and hon-
ors an individual who has made sigrificant, long-term contributions
to the inderstanding of diabetes, its treatment, and/or prevention.
The award is named after Nobel Prize winner S Frederick Bant-
ing, who codiscovered insulin treatment. for diabetes. Dr. Barbara
E Corkey received the American Diahetes Association's Bamting
Medal for Scientific Achievement at the Association’s T1st Scientific
Sessions, 24-28 June 2011, San Diego, California. She presented the
Banting Lecture, “Hypernsulinerniz: Cause or Consequence™ on
Sunday, 26 June 2011. DMabetes 61:4-13, 2012

any environmental changes have accompa

mhed the rising onset of obesity and diabetes

Much has changed in our world o explain

this epidemic incidence of obesity and di-
abetes, and many of those changes have not been carefully
studied. Our foods have changed; living conditions, activity
levels, the air we breathe have all changed: so where can
we start looking for culprits?

Siriking correlations between the wxin polybrominated
diphenyl ethers, air conditioning, antidepressant prescrptions
and average home temperature and the prevalence of
obesity have been shown by Allison and colleagues (1).
The wor dwide expansion of metabolic diseases across all
age-groups decreases the likelihood that our air or
unique living conditions are the main culprits. The dif
ferences in activity levels among boys and gids old and
yourg, a farmer and an office worker make it unlikely that
decreased activity, though detrimental, can be the only
main explanation. However, food s now universally
shared across the globe, particulady processed food. Food
is different today than it was in the past; over 4,000 new
agenis have entered our food supply intentionally or in-
advertently: almost none of those have been evaluated as
potential causes of obesity or diabetes. The body weight
and composition of food animals have changed (2): the
average weight of catfle has increased as it has in humans;
however, the percent body fat has actually declined. There
have been dramatic changes in poultry such that the aw
erage age al markel has decreased from 112 days to 42
days (3). The average weight has more than doubled, and
feed efficiency has increased almost threefold with a de-
crease in mortality. Science has likely helped o increase
efficiency and require less food. The mineral content of

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

fruits and vegetables has changed over the past 40 years
(4-T), probably because of optimized and standardized
growing conditions. The packaging and preparation of our
food have also changed leading to an increase in nonedible
packing materdals in the food (5-8). Many foods contain
preservatives, emulsifiers, flavor enhancers, food coloring,
and other fillers that have not been previously consumed
in significant quantities. Virually none of these nonfood
compounds have been carefully assessed for a potential
impact on obesity or diabetes.

There have been extensive studies of pancreatic islets,
liver, fat cells, as well as brain, gat, vasculamre, and muscle.
Evidence now exists o support an imporiant roke for each
in metabolic homeostasis and for a causative role for several
organs in both diabetes and obesity (9-11). Many reatments
for, and much of the msearch in, obesity have foosed on
the role of diet and physical activity. Most pharmacological
research focused on the conirol of food intake, increasing
energy expenditire or improving insulin action. These fo-
ciged efforts were based on excellent models, but despite
evidence to support their utility, they have not yet slowed
the growth in rates of obesity or diabetes.

We need an altemative model. My model proposes that
emvironmentally induced elevated background levels of in-
sulin, superimposed on a susceptible genetic background,
or basal hyperdnsulinemia is the root case of insulin re-
sistance, obesity, and diabetes.

There is a strong relafionship between basal insulin
levels, obesity, and diabotes in humans (12). Increasing
fasting insulin levels compared with those in lean control
subjects have been documented as subjects progress from
obesity to impaired glucose tolerance and severe diabetes
(13,14). This correlation provides no information on can-
sation, and the same relationship with insulin resistance
could be shown. However, there is evidence that hyperse-
crefion of insulin can precede and cause insulin resistance.
For example, rodents infised with insulin via an implanted
minipump become hypednsulinemic and insulin resistant
with impaired glucose tolerance (14). Furthermore, in
human studies, inhibition of hypernsulinemia with diazo-
xide actually causes weight loss and decreases insulin
levels withowt impaiding gucose tolerance in obese hu-
mans ( 15-17). These studies suggest that hyperinsulinemia
can cause insulin resistance and that lowerng insulin se-
cretion in hypernsulinemic individuals may be beneficial.

The wroposed new model (Fig 1) is based on the hy-
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New Classification System for Diabetes?
®

The Time Is Right for a New L S——
Classification System for Diabeteg: —oner s’ e s s’
Rationale and Implications of the

B-Cell-Centric Classification

Schema

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

Wellness . . o . liness
Insulin Sensitive Insulin Resistance IGT Pre-Diabetes Diabetes
Health No Symptoms Symptoms/Pathology
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Where Do You See Manifestations of Insulin
Resistance or the Metabolic Syndrome?




Insulin Resistance

\ 4

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

(Compensated Hyperinsulinemia)

Impaired Glucose Tolerance

(Uncompensated Hyperinsulinemia)

Pre-Diabetes

Diabetes
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How Does Someone Develop Insulin Resistance / Type || DM?

Consider the Following:

Food allergies and/or sensitivities
Food additives or excesses

— Stress or adrenal fatigue/dysfunction
— Lack of sleep

Dysbiosis, leaky gut, and gut microbiota factors — Hormone imbalances

Digestive insufficiencies
Oxidative Stress
Mitochondrial dysfunction
Nutrient deficiencies/excesses
Obesity

— Infections (especially occult-dental)
— Toxins

— Rx Drugs (statins and DM)

— Genetic predispositions/SNPs

— More than one cause?

Filomena Trindade, MD, Copyright 2012 ‘w.ﬂ‘




Gluten

g nutrients MDPY)

Kememo

Possible Prevention of Diabetes with a Gluten-Free Diet

Martin Haupt-Jorgensen =, Laurits ]. Holm", Knud Josefsen t and Karsten Buschard *

The Bartholin Institute, Ole Maaloes Ve 5, Rigshospitalet, 2200 Copenhagen, Denmark;
laurits juulskovholm@regionh.dk (LLH.); knud@eln dk (K].); buschard@dadinet.dk (K.B.)

* Correspondence: Martin Haupt-loergensen@regionh.dk; Tel : +45-3545-5717
t These authors shared sentor authorship.
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Abstract: Gluten seems a potentially important determinant in type 1 diabetes {(T10) and type 2

"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.”

1. Gluten

Dwuring the recent years, there has been a tremendous increase in the number of GF products
available with the promise of diverse health benefits. The incidence of celiac disease (CD) was
estimated to be 33.6 per 10,000 person-years in a recent retrospective cohort study from the United
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Haupt-Jorgensen M, et al. Nutrients. 2018 Nov; 10(11): 1746.




Food Additives
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What Are We Putting in Our Food That Iz Making Us Fat? Food
Additives, Contaminants, and Other Putative Contributors to
Obesity
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A “hydrocolloid called carrageenan, found commonly in chocolate
milk and ice cream, may contribute to insulin resistance in mice.”
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Added Sugars

INTERDIS CIPLINARY UIPDSTE

The effect of added sugars on children’s health
outcomes: Obesity, Obstructive Sleep Apnea Syndrome
(OSAS), Attention-Deficit/Hyperactivity Disorder (ADHD)
and Chronic Diseases

L. Paglia, 5. Friuli, 5. Colombo, M. Paglia |
Departrorent of Feaisdnic Danbstrg Sifuho Stomaiofogioo Malano, 8lan, Tail

“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.

O 10, 23804 fejpd. 2319, 20 .02 0%

e "l‘.'m:r‘ull:.- etablisked in infancy, Sugars added to foods during aciduric bacteria E_EI‘EP-‘I:CI'ED{{i

with the aim of preventing negative processing, preparation or at table, miutans and Lactobadlli especalhyd,

effects on general health in later sweeten food and beverage taste, which decrease salivary and plaque

hildhood and sddthood. improwe their palatability and are pH. Otherwisa, a diet koweer in sugars
used to preserve foods and to confer and fermentable carbohydrates amd
pryperty such as wiscosity, texture high In caloum-nich dheesa may
and color. They provide semsory fareowsr remineralisation.
enhancement to foods and promote Stedies have confirmed the direct
anjoyment but, although they may be correlation betvemaen intake af
required im some clinical siteations, dietary =ugars and carious disease
they are ot a necessary coamponent throughout the course of life. The
of the dist in healthy children. type of food dsolid or beverage),
In addition t> s role in caricus exposure time, and frequency of
disease, for which there is moderate eating also play an important role in
avidence of a direct correlation, the development of caricus disease.
increasing attention hias bEes=r Since the first stedies, additional
paid o hosw distary sugars affect factors, besides the diet, hawve been
abeasity. Type 2 disbetes mellitus, and recognised in the astiopathogenasis
cardiometabolic and kidney diseases of camous disease that include salivary




Artificial Sweeteners

Nature. 2014 Oct 9;514(7521):181-6. doi: 10.1038/nature13793. Epub 2014 Sep 17.

Artificial sweeteners induce glucose intolerance by altering the gut microbiota.

Suez J1. Korem T2, Zeevi D2, Zilberman-Schapira G3. Thaiss CA1, Maza 01, Israeli D4, Zmora N5, Gilad SB,
WeinberqerA7, Kuperman Y8, Harmelin A8, Kolodkin-Gal Ig, Shapiro H1, Halpern 210’ Seqgal E7, Elinav E1.

+ Author information

Abstract

Non-caloric artificial sweeteners (NAS) are among the most widely used food additives worldwide,
regularly consumed by lean and obese individuals alike. NAS consumption is considered safe and
beneficial owing to their low caloric content, yet supporting scientific data remain sparse and
controversial. Here we demonstrate that consumption of commonly used NAS formulations drives the
development of glucose intolerance through induction of compositional and functional alterations to the
intestinal microbiota. These NAS-mediated deleterious metabolic effects are abrogated by antibiotic
treatment, and are fully transferrable to germ-free mice upon faecal transplantation of microbiota
configurations from NAS-consuming mice, or of microbiota anaerobically incubated in the presence of
NAS. 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. ’.,‘
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Gut Microbiome and Autoimmunity
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Variation in Microbiome LPS Immunogenicity Contributes to

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,

NFkB activation and endotoxin tolerance. Rather than the mere amount of
LPS, the nature and composition of different LPS subtypes seem to
determme the IeveI of immune actlvatlon trlggered
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LPS-producing Gut Bacteria SMNOYA ... Gl g e
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Microbiota and Type 2

KH Alln andd othes Gast siorobiota i T2OM w2a RIST-R177
Review

MECHANISMS IN ENDOCRINOLOGY
Gut microbiota in patients with type 2
diabetes mellitus

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

MErences. FMPOrTanTiy, SeWeral TACTONs XNoWN TO INTUSNOR TIC N OT YRS £ JaDeTes, @.4. AT and 2ge, Nawe aso Deen
Irked © alterations n the gut marobiota complcating the nterpretation of correlative studes. However, based upon the
aibble evidence, 1 & hypotheszad that the gut mirobiota may mediate or modulate the mflusnce of ifestyle factors
Tiggerng development of type 2 diabetes. Thus, the aim of the review = to aitcally discuss the potential rale of the

gut microbiota in fie pathophysology and pathogeness of type 2 dabetes
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Introduction

In addition to well established risk faictors for tvpe 2 1 5kg and may be regarded as 2 mikrolnal argan that

2

®
o «
o @
o

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



K H Allin and others Gut microbiota in T2DM 172:4 R170

A. Lipopolysaccharide B. Short-chain fatty acids C. Bile acids
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Allin KH, et al. Eur J Endocrinol. 2015 Apr;172(4):R167-77.




Leaky Gut and DM

obesity reviews doi: 10.1111/.1467-789X.2010.00845.x

Review

Leaky gut and diabetes mellitus: what is the link?

S. de Kort, D. Keszthelyi and A. A. M. Masclee

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.

LIS a /e uitie U ia s e trcacs Lo Ly Aliu LY e £ Ulauscies.

Keywords: Barrier function, diabetes mellitus, gastrointestinal rtract, insulin

obesity reviews (2011)

socioeconomic perspective of the population. For instance,

Introduction the WHO estimates that in the coming 5 vears, China will
According to the reports of the World Health Organization lose over 300 billion dollars income because of heart
(WHO), globally an estimated 220 million people are suf- disease, stroke and diabetes (1).

fering from diabetes mellitus (1). Without further actions Diabetes affects the gwut: there is ample evidence that
or interventions, this number is likely to double by the yvear diabetes mellitus affects gastrointestinal morphology and
2030. In the past decades, the prevalence of both type 1 and function. Conversely, the gut affects diabetes: several recent

S
cees De Kort S, et al. Obes Rev. 2011 Jun;12(6):449-58.
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Toxins and DM: Perfluoroalkyl acids (PFAAs)

PLoS One. 2014 Jan 31;9(1):e87137. doi: 10.1371/journal.pone.0087137. eCollection 2014.

Perinatal exposure to perfluorooctane sulfonate affects glucose metabolism in adult
offspring.
Wan HT, Zhao YG, Leung PY, Wong CK.

«

Author information

Abstract

Perfluoroalkyl acids (PFAAS) are globally present in the environment and are widely distributed in human populations and
wildlife. The chemicals are ubiquitous in human body fluids and have a long serum elimination half-life. The notorious member of
PFAAs, perfluorooctane sulfonate (PFOS) is prioritized as a global concerning chemical at the Stockholm Convention in 2009,
due to its harmful effects in mammals and aquatic organisms. PFOS is known to affect lipid metabolism in adults and was found
to be able to cross human placenta. However the effects of in utero exposure to the susceptibility of metabolic disorders in
offspring have not yet been elucidated. In this study, pregnant CD-1 mice (FO) were fed with 0, 0.3 or 3 mg PFOS/kg body
weight/day in corn oil by oral gavage daily throughout gestational and lactation periods. We investigated the immediate effects
of perinatal exposure to PFOS on glucose metabolism in both maternal and offspring after weaning (PND 21). To determine if
the perinatal exposure predisposes the risk for metabolic disorder to the offspring, weaned animals without further PFOS
exposure, were fed with either standard or high-fat diet until PND 63. Fasting glucose and insulin levels were measured while
HOMA-IR index and glucose AUCs were reported. Our data illustrated the first time the effects of the environmental equivalent
dose of PFOS exposure on the disturbance of glucose metabolism in F1 pups and F1 adults at PND 21 and 63, respectively.
Although the biological effects of PFOS on the elevated levels of fasting serum glucose and insulin levels were observed in both
pups and adults of F1, the phenotypes of insulin resistance and glucose intolerance were only evident in the F1 adults. The
effects were exacerbated under HFD, highlighting the synergistic action at postnatal growth on the development of metabolic
disorders.

PMID: 24498028 [PubMed - in process]  Free full text

A o

@
o ™
o e
o

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



Arsenic Exposure and Prevalence of Type 2 Diabetes in
US Adults

Ana Mavas-Acien, MD, PhD; Ellen K. Silbergeld, PhD; Roberto Pastor-Barriuso, PhD; et al

* Author Affiliations | Article Information

JAMA. 2008;300(7):814-822. doi:10.1001/jama.300.7.814

"Low-level arsenic exposure reported to be associated

with insulin resistance.”
Abstract

Context High chronic exposure to inorganic arsenic in drinking water has been related to diabetes development, but the effect
of exposure to low to moderate levels of inorganic arsenic on diabetes risk is unknown. In contrast, arsenobetaine, an organic
arsenic compound derived from seafood intake, is considered nontoxic.

Toxic Elements - Whole Blood

1.

2.

45

Aluminum 22 f t - } } 1  <=113ppb
5.1

Arsenic 57 ; t ; } —+ 1  <=10.0ppb
0.60

Cadmium 0.36 ; t } + } |  <=1.10 ppb
18

Lead 5 ; *— } } } 1 <=29ppb
43

Mercury 3.9 ; t } } * | <=9.8ppb

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




Toxins and DM: PCB Exposure

J Toxicol Environ Health A 2013:76(12):701-15. doi: 10.1080/15287394.2013.796503.
Chronic Exposure to PCBs (Aroclor 1254) Exacerbates Obesity-Induced Insulin Resistance and
Hyperinsulinemia in Mice.

Gray SL. Shaw AC. Gagne AX, Chan HM.
a Northern Medical Program, University of Northern British Columbia . Prince George . British Columbia , Canada

Ahetrant

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

MEapoNC NOMeOoSIas!s. LNronic exposure Of Qianetes-prone LI/ b/o MICE [0 a POyCNIonnatea Dipnenyl (FLBb) MIXIUre (Arocior
1254, 36 mg/kg/wk, 20 wk) alone or in combination with high-fat diet impairs carbohydrate metabolism was compared to vehicle-
treated control animals. Specifically, PBC exposure was found to produce hyperinsulinemia in both lean and diet-induced obese
mice and exacerbated whole-body insulin resistance in obese mice. These changes in carbohydrate metabolism in response to
Aroclor 1254 occurred without marked effect on body weight in both lean and obese mice. Our results demonstrate a causative
association between PCB exposure and obesity-induced insulin resistance and hyperinsulinemia independent of body weight
changes, an observation that contributes to a growing body of evidence suggesting that exposure to environmental pollutants
represents a novel risk factor contributing to the diabetes epidemic.
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Testing for PCB Exposure

PCBs £
GENOVA ENVIRONMENTAL
DITAGHMOSTICS 3425 Corporate Way
t 2 I 1] Duluth, GA 30096

Patient: SAMPLE

PATIENT
DOB:
S
MREM:

--8-8-8

0761 PCBs Profile - Serum
Mathedoigy. Gas Cheornatogeaphy Mass Spactrormely

Polychlorinated Biphenyls (PCBs

Regulls 5th Percentile™ Lipid Adjusted Resulls’ B5th Percenile™
BR g gl eid Aglg ld

Dioxin-like Polychlorinated Biphenyls
1. PCB 118 Mot Delected 0.22 MIA N3
2. PCB 126 Mot Detacted 0.00048 A 0.069
3. PCB 156 Mot Detected 0.10 A 15.3
4. PCB 169 Mot Dedected Q.00027 MIA 0.041
5 PCBT? Mot Detectad A
Non-Dioxin-like Polychlorinated Biphenyls
6. PCE T4 Mot Detected 0.15 | NiA 223
7. PCB138 Detected 0.06 -0.18* 0.48 | Detected 2000 - g0.0” 753
8. PCB 153 Mot Detacted 0.62 | WA a7 1
9. PCB 180 Datactad 0.08 - 0.26° 0.53 | Detectad 26T -BB.T* 815

Cholesterol B1 ==200 mgidL

Triglycerides ao A5-160 mg/dL

Total Lipids (calc.) 3 gL




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

Psychoneurcendocrinelogy 62 (2015) 327-335

Adrenocortex
Stress Profile
\

Contents lists available at ScienceDiract
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Diurnal salivary cortisol, glycemia and insulin resistance: The @mm

multi-ethnic study of atherosclerosis 0.300 -
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ARTICLE INFO ABSTRACT

Articie lristory: Hypercortisolism is associated with insulin resistance (IR) and diabetes mellitus {DM); however, to our

mez 9 July ZUJEE knowledge prior studies have not examined the association of diumnal cortisol curve features with mea-

Received in revised form 25 August 2015 2. 3 s | : x w Z F

Acrepted 25 2015 sures of glycemia or IR in a population-based setting. Using log-transformed salivary cortisol data on 0.100 =

850 ethnically diverse men and women from the Multi-Ethnic Study of Atherosclerosis, we investigated
the cross-sectional association of cortisel curve features with (1) glycemia in those with and without
Kﬁ":ﬁ? DM and (2) IR, in non-diabetic subjects. The log-transformed salivary cortisol curve features included
Glycemia wake-up cortisol, cortisol awakening response (CAR), early decline slope (30 min to 2 h post-awakening),

late decline slope (2 h post-awakening to bedtime), overall decline slope (Dmin to bedtime, excluding

Insulin resistance
Type 2 Diabetes mellitus 30min cortisol), bedtime cortisol and total area under the curve (AUC). Overall, following multivariable

Hypothalamic-pituitary-adrenal axis adjustment, among those with diabetes mellitus (DM}, early decline slope, overall decline slope, bedtime
cortisol, and AUC were significantly and positively associated with a 5.4% (95% CI: 1.3, 9.7), 54.7% (95%
Cl: 12.4, 112.9), 4.0% (95% C1: 1.6,6.4), and 6.8% (95% Cl: 3.3,10.4) higher HbAlc per 1 unit increase in 0.000
log cortisol feature, respectively. Cortisol curve features were not associated with HbAlc among non- 1 ] ] I
diabetic participants; however, wake-up cortisol and AUC were associated with a 82% lower (95% CI: TAM-GAM 112M=1FM 3IEPM-5PM 10EM=-128M

—133,-2.7) and 7.9% lower (95% Cl: —14.6, —0.6) log HOMA-IR, respectively. This was attenuated by
adjustment for waist circumference. Among participants with DM, cortisol curve parameters sugges-
tive of higher hypothalamic-pituitary-adrenal (HPA) axis activity and dysfunction were associated with
higher HbAlc. In non-diabetic participants, greater HPA activity was paradoxically associated with lower

insulin resistance.
© 2015 Elsevier Ltd. All rights reserved. I
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ceees Joseph, JJ et al. Psychoneuroendocrinology. 2015 Dec;62:327-35.2015 Dec;62:327-35.



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.
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Predictors of New-Onset Diabetes
in Patients Treated With Atorvastatin
Results From 3 Large Randomized Clinical Trials

David D. Waters, MD,* Jennifer E. Ho, M™ = =~ =~ 7 o ST -
Benoit J. Arsenault, PHD # Chuan-Chuan 1
Helen Colhoun, MD), PHD,§ Philip Barter,

San Francisco, California; New York, New Yo
and Sya’ﬂf_].g Austrafia

Objectives We sought Lo examine the incld

3 large randornized trials with atorvastatin.
Background
Methods

Statin therapy might modestly increase the risk of new-onset T2DM.

We used a standan
fied baseline predit
ongat TZDM.

Results I the TNT (Treating
of 3,797 randomiz
95% confidence inl
Through Aggressive
of 3,724 patients n
HR: 1.18, 85% CI: {
lesternl Levels) trial
and in 115 of 1,859
p = U011} In eact
triglycerides were il
oecurred in 11.3%
07T w135 p =

Conclusions L L R N e e ey
creased risk of new-onset T2DM. Baseline fasting glucose level and features of the metabolic syndrome are pre-
dictive of new-snsel T2DM across the 3 trials. () Am Coll Cardial 2011:57:1535-45) @ 2011 by the American

College of Cardiology Foundation

An increased nsk of new-onset type 2 diabetes mellitus recently published meta-analysis (7) of 13 statin trials with

ENOVA

DIAGNOSTICY
seeee

Statins and Diabetes Mellitus i

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)

i Atherosclerosis Supplements
£

_-_ PR . Volurme L4, January 2015, Pages 1-27

Could changes in adiponectin drive the eftect of
statins on the risk of new-onset diabetes? The case
of pitavastatin

rights and comtent

AlEract
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2= high

ithle
t statins

uned
e, bo
control
hels af all
aspective
. ) ect, bt
the mechanismis] is not understood. Among statins, only pravastatin and
pitavastatin do nok deteriorate ﬁl'g.u-rr.ir.' parameters in patients with and wathout
type 2 diabetes mellitus. Interestingly, available data, obtained in small-scale,

retrospective or single-center clinical studies, document that pitavastatin, while

Waters DD, et al. / Am Coll Cardiol. 2011 Apr 5;57(14):1535-45.
Arnaboldi L, Corsini A. Atheroscler Suppl. 2015 Jan;16:1-27.
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Chronic Conditions Linked to the Pathophysiology
of Insulin Resistance

e Obstructive sleep apnea * Elevated liver enzymes

e Hypertension (AST/ALT) &/or GGT

e Polycystic ovary syndrome * Inflammation

e Cancer (breast, colon, other) * Thyroid problems

* Nonalcoholic fatty liver * Cardiovascular disease
disease (NAFLD) and non- * Cushings or Addison’s Disease
alcoholic steato-hepatitis
(NASH)

ENOVA « %o
B1AGNOTT IS ®




solid food

formula-fed

breast-fed

will

Unborn Baby Toddler Adult Elderly
FIGURE 1 | Human microbiota: onset and shaping through life stages and arriving from: Babies braast- and formula-fad (Schwartz et al., 2012}, baby solid
perturbations. The graph provides a global ovarview of the relative abundance food (Koenig et al., 2011), toddler antibiotic treatment (Koanig et al., 2011},
of kay phyla of tha human microbiota composition in different stages of life. toddlar haalthy or malnourished (Monira et al., 2011). adult, aldarly, and
Measurad by either 165 RNA or matagenomic approaches (DNA). Data centanarian healthy (Biagi et al., 2010), and adult obesa (Zhang at al., 2009).

treatment

healthy

healthy

i 65 to 80 years
| obese ’

il..i!!,

malnutrition

antibiotic >100 years

Firmicutes

B Bacteroidetes

B Actinobacteria

M Proteobacteria
others

Ottman N, et al. Front Cell Infect Microbiol. 2012 Aug 9;2:104.
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B-Vitamin Status and Methylation

Methylation Pathway Cycles

[ Urea cydle [METHYLATION MAP]

[Z] Neurotransmitter (BH4) cycle

[3] Folate cycle Methionine

[4] Methionine (methylation) cycle THE = SAMe

[5] Transulfuration cycle
Mutations anywhere in this pathway can compromise m —
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Physical Exam Findings

* Body shape

* Acanthosis nigricans
e Skin tags / melasma
* Hirsutism

e Hair loss

e Waist circumference
 Abdominal exam

* Nails

* Hair

* Muscle bulk
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Acanthosis nigricans

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

Generally caused by hyperinsulin-emia



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

Distal Edge °
Laté;alrecess

Shape
* Color

. Lunula

. * Pattern of color

{ﬁhde
Eponychium e Texture and strength
* Growth pattern

e Surrounding tissue




Summary: Common Findings

e Acanthosis nigricans

— |Insulin resistance

* White spots on nails
— Zinc

* Hyperkeratosis pilaris
— Omega 3 deficiency

* Tongue fissuring
—Up-regulated GALT

* New onset abdominal girth
—Cortisol steal

* Taste bud atrophy
—B2, B3, B12, iron







Suggested Initial Laboratory Work-Up

* Adiponectin

* Proinsulin

 HgbAlc

* 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 (5] ~ GI Effects

e Uric acid Stool Profiles

e Comprehensive stool test

Small Intestinal
* Breath test for hydrogen and methane Bacterial Overgrowth (SIBO)
~ @
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HbAlc

Glycated haemoglobin, diabetes, and mortality in men in
Norfolk cohort of European Prospective Investigation of
Cancer and Nutrition (EPIC-Norfolk)

Kay-Tee Khaw, Nicholas Warcham, Bobert Luben, Sheila Bingham, Suzy Oakes, Ailsa Welch,

Micholas Day
Absiract efforts need w consider not just those with established — Deparusen of
o » . diabetes but whether it 15 possible o reduce the :jrt:r!.l:.'?:l.ﬂ.: vl
::.hJEdl‘ll 1= ol Pabdic
LAETTI0H o 1 Umiversiiy
blood gl The predlctlve value of HbA1c for total i
froa can ,.:. e
veignt  Mortality was stronger than that documented =
Setling :
. 2 rer Rhawe
po for cholesterol concentration, body mass s
g ..;ch . ” fas Wareham
b index and blood pressure. i e
B FLJ'MIJ' Il effrididam
Hut"'&:f JI:'L LI LMY THELT ALAMASNFENS WL ML LSELELLEL 7o nsen i s s s s eyt
1994 |I.l'.‘E I:I-E'EI'I ].II:'IJ[.HH-'EIJ. for the diagnosis of diabees,” Red==i1 Lubes
Main outcome measures Mortality from all causes, based on the relation w risk of mderovasculas :::"‘If;':lﬂ“‘;?:ff
cardiovascular disease, sclhaembe beart disease, and complications of diabetes, particularly retinopathy”  pesmn
pihser canses However, people with disbetes are also al increased Sy Oakes
Resulis Men wiils known disbeies had Increased risk of macrovascular diseases such a8 coronary heart """"'°"""'J’_"'"""'""'""
e e o ks 8 ey e e
Bciaemne disease (relamve risks 2.2, 5.9, and 4.2, ) ! - L
respectively, P < 0001 independent of age and other aich diseases has a “IFE:!JI.II'L:I ar ls @ continun. ‘L;I.:.-:ﬁlj-t'u,lii::::;r.-k
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Khaw KT, et al. BMJ, 2001. 322(7277): p. 15-8.
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Adiponectin

®* Protective, adipose-derived protein

®* Plays an important role in regulating glucose and
lipid metabolism
— Moderates fat tissue
— Promotes insulin sensitivity
— Isinversely related to glucose & insulin
— Decreases hepatic glucose & lipid production

— Protects against atherosclerosis by suppressing vascular
inflammation (anti-inflammatory)




Proinsulin

J Disbetas Sci Technol. 2015 Sep 26;9(6):1307-12. doc 10,1177 832206615607 662,

Elevated Intact Proinsulin Levels During an Oral Glucose Challenge Indicate Progressive B-Cell
Dysfunction and May Be Predictive for Development of Type 2 Diabetes.

3 ]

Phitzner A1. Hermanns IE. Ramljak 53. Demircik F~, F'fiJLz'-BrAH'1, Kann F'HL.‘, VWabar MM~

+ Author information

Abstract
BACKGROUND: Elevated fasting intact proinsulin is a biomarker of late-stage k-cell-dysfunction asscciated with clinically relevant insulin
registance. In this pilot investigation, we explored the potential value of measuring intact proinsulin as a functional predictor of R-cell

Elevated proinsulin is viewed as symptoms of a functionally compromised
B-cell, most often arising from the over-stimulation of chronic
hyperglycemia or in later disease stage from therapeutic intervention.

mgidL, intact proinsulin: 3 £ 2 pmel/L/10 £ 7 pmolfli10 £ 5 pmalil); IGT: glucose: 102 £ & mg/dLM1 58 £ 57 mg/dL/148 £ 34 mg/dL, intact
prainsulin: 7 £ 4 pmolLf23 £ & pmol/L/28 2 & pmoll; T2DM: glucose: 121 £ 20 mg/dL/230 £ 51 mgidL/213 £ 34 mg/dL; intact proinsulin: ¥ £ 7
pmollL/26 £ 8 pmolfLf27 £ 10 pmaolfl). Five years later, all of the 1GT and 2 of the healthy subjects had developed T2DM and cne had
devioped IGT. All of them had elevated 2-hour proinsulin values in the initial OGTT, while patients with nomal intact proinsulin resulis did not
develop diabetes.

CONCLUSIONS: Elevated 2-hour intact proinsulin levels during OGTT were predictive for later type 2 diabetes development. Further studies
need to confirm our findings in larger populations.

i 2015 Diabedes Technology Society.

KEYWORDS: diabetes prediction; nsulin resistance; intact proinsuling oral glucose challenge; B-call dysfunction

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



Insulin

A novel interaction between dietary composition and insulin
secretion: effects on weight gain in the Quebec Family Study'™

FSeasn- Pldlipee Claaput, Anpelo Trerabdgy, Erie i Biam, Claude Beackand, and Daeid Y Ladwip
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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.”
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Uric Acid and DM

Study % d
D RR (95% Cl)  Weight
e Meta-analysis :
Perry(men) (1995) 4 1,50 (0.90, 2.50) 5.39
. Taniguchi(men) (2001) 4 —— 1.24 (0.90, 1.71) 13.66
* High level of serum = ,
Dehghan (2008) — 168 (1.22,2.31) 14.00
uric aC|d IS Chien (2008) —_— 140 (1.02,1.92) 14.07
. Bhole(orignal) (2010) —_— 172 (1.21,2.44) 11.44
independent of other | :
Bhole(offspring) (2010) —— 1.71(1.24, 2.36) 13.59
eStab“Shed r|Sk Wang (2011) —— 1.57 (1.24,1.99) 25.15
. Viazzi (2011) : + » 2.78(1.35,5.71) 2.71
faCtorS'“for developlng Overall (l-squared = 0.0%, p = 0.571) Q 1.56 (1.39, 1.76) 100.00
type 2 diabetes.
T ' T
AT5 1 571

Serum uric acid and risk of incident tvpe 2 diabetes.
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Leptin and Adiponectin

PLoZ One. 2017 Apr 27:12{4):e0176430. doi: 10.137 1/journal. pone. 0176430, eCollection 2017.

Circulating leptin and adiponectin are associated with insulin resistance in healthy
postmenopausal women with hot flashes.

Huang W', Chang CC? Chen DR®, Kor CT*, Chen T¥®, Wu HM®87.

# Author information

Abstract
INTRODUCTION: Hot flashes have been postulated to be linked to the development of metabolic disorders. This study aimed to evaluate the
relationship between hot flashes, adipocyte-derived hormones, and insulin resistance in healthy, non-obese postmenopausal women.

PARTICIPANTS AND DESIGN: In this cross-sectional study, a total of 1531 women aged 45-60 years were stratified into one of three groups
according to hot-flash status over the past three months: never experienced hot flashes (Group M), mild-to-moderate hot flashes (Group M),
and severe hot flashes (Group S). Variables measured in this study included clinical parameters, hot flash experience, fasting levels of
circulating glucose, lipid profiles, plasma insulin, and adipocyte-derived hormones. Multiple linear regression analysis was used to evaluate
the associations of hot flashes with adipocyte-derived hormones, and with insulin resistance.

SETTINGS: The study was performed in a hospital medical center.

RESULTS: The mean (standard deviation) of body-mass index was 22.8(2.7) for Group N, 22.6(2.6) for Group M, and 23.5(2.4) for Group S.
respectively. Women in Group S displayed statistically significantly higher levels of leptin, fasting glucose, and insulin, and lower levels of
adiponectin than those in Groups M and M. Multivariate linear regression analysis revealed that hot-flash severity was significantly associated
with higher leptin levels, lower adiponectin levels, and higher leptin-to-adiponectin ratio. Univariate linear regression analysis revealed that
hot-flash severity was strongly associated with a higher HOMA-IR index (% difference, 58.03%; 93% confidence interval, 31.00-20.64; p =
0.001). The association between hot flashes and HOMA-IR index was attenuated after adjusting for leptin or adiponectin and was no longer
significant after simultaneously adjusting for leptin and adiponectin.

CONCLUSION: The present study provides evidence that hot flashes are associated with insulin resistance in postmenopausal women. It
further suggests that hot flash association with insulin resistance is dependent on the combination of leptin and adiponectin variables.




Celiac & Gluten Sensitivities

IMMUNOLOGY

Additional Labs GO|

e 25-OH Vitamin D

* Homocysteine

* Lipoprotein (a)

e CRP-HS

* Apolipoprotein B and Apoliproprotein Al
e Gliadin antibody

* Celiac Panel

e Celiac Genetic panel (HLA-DQ2 and DQS8)

* Nutrient Analysis h \l UtrEva
* LpPLA2 | “7::53'{5%:“ | meSatenes ooy |
° PA I _ 1 B-"ul’l‘l:alrln
* Inflammatory Cytokines: IL-6, IL-8, TNF-alpha .
e Resistin? ot 512 Py :E?
Omega 3 Index i =40
.,O
ENOVA >
DIAGNOSTICYS
secee Luo Z, et al. Endocrine. 2009 May 8. .




Additional Labs (continued)

e GAD 65 antibodies

. . b d . Methododogy: CuftureMALIN-TOF M5, Awlomated and Manual Biochemical Methods, Viteh® 2 System Microbial idemtification and Anfbiotic suscepbibility -"-"
GFAP antibodies
e Hormone Panels Bacteriology (Culture) S S B
. ] Lactobacillus spp. 4+ |np) | | : —e—
e Toxic Profiles Excheriis cof
. tarium + I } } ——
e Infections proses el
— BaCterial Additional Bacteria
* Potential Pathogens oot speces wlee] | ’ ——
otential Pathoge gamma haemolytic Stoplococcus alne] | I I —e—
—_ ParaSitiC Kiabsialia preumoniae 4+ | f } } —
— Fungal
— Viral

e Reactivated

e Marker of Oxidative Stress




Treatment: Address the Triggers and Mediators

* 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
e Toxins in environment/home

* Hormone imbalance

* Stress from toxic relationships at work/home
* Nutrient deficiencies

* Unhealthy habits

* Infections (consider occult dental)







Treatment: My Approach

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

* Digestion

e Elimination diet (personalized)

* 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




Management for the Patient with Insulin Resistance

e 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

Exercise and lifestyle modification

Agents that modify insulin responsiveness at the
cellular level:

* Spices

* Herbs

e Chromium

* Vitamin D

* Magnesium

* Omega-3

Balance Hormones
— Adrenal, Thyroid, Sex




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

Low in fiber/high
refined grains

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

High in saturated and
trans fatty acids

Shifts Fatty Acid composition toward
inflammation- Sinopoulus AP. J Am Coll
Nutr 2002; 21:495-505

High sodium/low fruit
and vegetables

™ High in refined

. st} sugars
Supports sodium dominance /low Su per Sl;ed - hlgh Alters glycemic load/shifts metabolic
potassium and other micronutrients- q ua ntity/poor q ua I ity function toward diseases of inflammation

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

THAT ARE MAKING

YOU SICK AND TIRED—

anp FEEL BETTER FAST




Figure 2. MD-related positive effects on diseases.
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Personalized Nutrition
Cell

Personalized Nutrition by Prediction of Glycemic

Responses
Graphical Abstract Authors
Dawd Zeevi, Tal Korem, Niv Zmora, ...,
Moeasure personal Predict personal Zamir Halpem, Eran Binav, Eran Segal
features for 800 people glycemic responses i P
eran ehnav@weaeirmann.ac d (EE),
i i eran. segal@weizmann.aci E.S)
Microbso ey g
icTo me - r{_.-) ‘\\ ' ’ ln Brb'

— 2 13 Peo ple eating i dentical meats present

Questannairas &::—.—/ created with the haidp of an accurate
= =3 predictor of biood giucose response that

Blood tosts \‘Qi’/\ hagh variabdlity in post-mes biood
== | logl Glucose response. Personatized diets

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

= Using personal and mecrobiome festures enables accurate
Sluco se response prediction

e Prediction is accurate and supernor 10 Common practice i an
indepeandaent cohort

e Short-term personalized distary interven ons successhily
lower post-mead glucose

Zoowviotal 2015 Cofl 1683 10791092
\,!) St Nowembeor 19, 2018 £2015 Ezowviarinc. ‘ ell
M A o org/ 101016/ oot 2015 11001 C _4 «

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



Low GL Dietary Suggestions

» Total GL <80/daily
e 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




Sardines

@ Copyright 2005 by Humana Press Inc.
All rights of any nature, whatsoever, reserved.
0163-4984/05/10301-0017 $30.00

Quantification and Speciation
of Mercury and Selenium in Fish
Samples of High Consumption
in Spain and Portugal
ANA [. CABANERO,' CRISTINA CARVALHO,?

YoLANDA MADRID," CAMILA BATOREU,?
AND CARMEN CAMARA'*

Sardines have the best ratio of
Selenium/Mercury

NLLEpLlEd iay Ji1, cuues.

ABSTRACT

Mercury (Hg) and selenium (Se) determinations were carried out to
evaluate human exposure to those elements through fish consumption in
Spain and Portugal. Atomic fluorescence spectroscopy (AFS) was applied
in a cold vapor mode for total mercury quantification and was also
hyphenated to gas chromatography (GC) to achieve the speciation of
organomercurial species in fish samples. The results obtained show the
highest concentration of Hg in swordfish and tuna (0.47 + 0.02 and 0.31 =
0.01 pg g!, respectively), and a much lower concentration in sardine,
mackerel shad, and octopus (0.048 + 0.002, 0.033 + 0.001, and 0.024 + 0.001
ug g, respectively). The determination of alkyl mercury compounds
revealed that 93-98% of mercury in the fish samples was in the organic
form. Methylmercury (MeHg) was the only species found in the three fish
species with higher mercury content.

Total selenium concentration was high in sardine, swordfish, and tuna
(0.43£0.02,0.47 £0.02, and 0.92 £ 0.01 pg g~*, respectively), but low in mack-
erel shad and octopus (0.26 +0.01 and 0.13 £ 0.01 ug gt respectively). Spe-
ciation of selenium compounds was done by high-performance liquid

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

CASE REPORT
openaccrss  TNerapeutic use of intermittent fasting for people
with type 2 diabetes as an alternative to insulin
Suleiman Furmli," Rami Elmasry,* Megan Ramos,” Jason Fung™”

“ 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.”

‘Composate Medical Centr Icse sgnificant amaurts of bady weight, reduce their preference, ranging from 16 hours to several days.
Searoanugh, Dniana, Canala wast droumbererice and alsa reduce their gt,'.:a'_gd On eating days, patients are encouraged to eat a
“Dapartment of Medicng, haemaglohin kevel diee low in sugar and refined carbohydrates, which
arkarough Hosplal decreases blood glucose and insulin secretion. The
Scarbarough, Dniaro, Canada full manual of the dsetary regamen used m this study
has been published and is quoted i the references.
As such, pattents with T2D can reverse therr
diseases without the worry of ade effects and
fnancial burden of many pharmaceuticals, as well
as the unknown long-term risks and wncertainty of
surgery, all by means of therapeutc fasting.

Correspandence to BACKGROUND

Dr Suteiman Furmi| Type 1 diabetes (T20) s a chrone disease closely
fumiSSgmailoom linked to the epidemic of obesty that requires
long-term medical attention to limi the develop-

Accepted 6 luly 2018 ment of it wide range of mecrovascalar, macro-

vascular and neuropathie complicasions. Many of

| Sy SN ey SR WSpCINEL W SR Ny L ——
E A

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

Nutr Hosp. 2014 May 1;29(n05):1103-1108.

HYPOCALORIC DIET ASSOCIATED WITH THE CONSUMPTION OF JAM
ENRICHED WITH MICROENCAPSULATED FISH OIL DECREASES INSULIN
RESISTANCE.

Soares de Oliveira Carvalho AP1, Kimi Uehara Sz, Nogueria Netto JF3, Rosa G*.

+/ Author information

Abstract in English, Spanish
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.

placebo group (n = 15) and microencapsulated fish oil group (n = 15) (3 g/day ot microencapsulated fish
oil containing 0.41 g/day of eicosapentaenoic acid and decosahexaneoic acid). Anthropometric, body
composition, clinical and laboratory parameters were assessed before and after the intervention. Paired
t-test was used for comparisons within groups and Student's t-test for comparison between groups. We
considered p < 0.05 as significant values. Results: The comparison between groups revealed a
significant reduction of blood glucose, insulinemia and the homeostasis model assessment in the
microencapsulated fish oil group after 90 days, as opposed to the placebo group. We also observed
reduction of the systolic arterial pressure in the microencapsulated fish oil group. Conclusion: 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.

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



Ketogenic Diet

Hindawi

Joursal of Drabetes Rasearch

Volame 2019, Article 1D B6H1955, 6 pages
bittpecd icdaiang 1011 557201 978681 959

Research Article

Improvement in Glycemic and Lipid Profiles in Type 2

“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 HbAlc. Furthermore,
the intervention lowered body weight and blood pressure, while
eliciting favorable changes in blood lipids.”

Copyright © 2019 Chase M. Walton et al This & an open access article distributed under the Creative Commoans Attribution
License, which permils unrestricted use, distribstion, and reproduction in any medium, provided the original work s
properly cibed.

Because low-carhbohydrate diets are effective grategies to improve insulin resistance, the hallmark of type 2 diabetes, the purpose of

repurting these clinical cases was to reveal the meaningful changes abserved in 90 days of lw-carbohydrate (L) ketogenic dietary

intervention in female type 2 diabetics aged 18-45. Eleven women [BMI 363 ky'm®) who were recently diagnased with type 2

dinbetes based on HbAlc over 65% (E9%) volunteered to participate in an intensive dietary intervention to limit dieary

carbahydrates 1o under 30 grams daily for 90 days. The main outcome was o determine the degree of change in Hbale, while

secomdary oubcomes indudad body weight, blood pressure, and blood Lipids. The volunteers lost significant weight (85.7 4 3 2kg

to 76.7 £ 28 kgl and lowered systolic {134.0 2 1.6 to 123.3 2 1.1 mmHg) and diastolic {89.% + 1.3 1o 82.6 + 1. 0mmHg) blood

pressure. HhAle dropped to 56%. Most blood lipids were significantly altered, including HDL cholesteral (431 £4.4 10 52-3 3

i3 mp;l'dl:-, Lrip;]yn:rri.dc:- (17702198 bo 921 2 8.7 mg-'d.l:l, and the TG :HDL ratio (4.7 4 0.8 to 1.9+ 0.2). LDL chalesteral was

nit significantly different. AST and ALT, plasma markers of liver health, were reported for eight patients and revealed no ‘

significant changes. These fndings indicate that a short-term intervention emphasizing protein and fat at the expense of dieary ad ®
A carbabivdrate functionally reversed the diabetes diagnogs, as defined by HbAle, Furthermore, the intervention lywered bady
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Gut Microbiota

Genes Nutr (2011) 6:241-260
DOI 10.1007/s12263-011-0230-1

REVIEW

Obesity and the gut microbiota: does up-regulating colonic
fermentation protect against obesity and metabolic disease?

Lorenza Conterno - Francesca Fava -
Roberto Viola - Kieran M. Tuohy

"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.”

nanda, e adopron OI  WeSIern -siyle diels and Low-
energy expenditure lifestyles around the world. Recent
studies report an aberrant gut microbiota in obese subjects
and that gut microbial metabolic activities. especially
carbohvdrate fermentation and bile acid metabolism, can
impact on a number of mammalian physiological functions
linked to obesity. The aim of this review is to present the
evidence for a characteristic “obese-type” gut microbiota
and to discuss studies linking microbial metabolic activities
with mammalian regulation of lipid and glucose metabo-
lism, thermogenesis, satiety, and chronic systemic inflam-
mation. We focus in particular on short-chain fatty acids
(SCFA) produced upon fiber fermentation in the colon.
Although SCFA are reported to be elevated in the feces of

QISTAry IMOAUATion O Assoclated d1SEease risk.
Keywords Obesity - Microbiota - SCFA - Fiber -
Prebiotics - Probiotics

Introduction

Obesity is now considered among the top public health
issues worldwide. In many countries, obesity rates reported
before 1980 were below 109%. whereas nearly half of the
Organization for Economic Co-operation and Development
({OECD) countries now report 50% or more of the popu-
lation as being owverweight, with the percentage obese

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

Cell. 2016 Mov 17,1675 133%-1353.€21. doi: 10.1016/.cel 2016.10.043.

A Dietary Fiber-Deprived Gut Microbiota Degrades the Colonic Mucus Barrier and Enhances
Pathogen Susceptibility.

Desai MS' Seekatz AM?, Koropatkin NM2, Kamada N2, Hickey CAZ, Wolter M* Pudlo NAZ, Kitamoto S2, Terrapon N2, Muller A%, Young VB2, Henrissat BY,
Wilmes P7, Stappenbeck TS?, Mufiez G2, Martens ECF.

@ Author information

Abstr: During chronic or intermittent dietary fiber deficiency, the gut
Despit i ) . .
mpact Microbiota resorts to host-secreted mucus glycoproteins as a nutrient -i.c
pamar source, leading to erosion of the colonic mucus barrier. »

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. Dietary fiber deprivation, together with a fiber-deprived. mucus-eroding
microbiota, promotes greater epithelial access and lethal colitis by the mucosal pathogen, Citrobacter rodentium. Our work reveals
intricate pathways linking diet. the gut microbiome, and intestinal barrier dysfunction, which could be exploited to improve health using
dietary therapeutics.

Copyright @ 2016 Elsevier Inc. All rights resenved.
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Gnotobiotic mice with Fiber-rich (FR) diet Fiber-free (FF) diet

charactenzed human
gut microbiota

Dietary
fiber .
deprivation g

Infection
with enteric
pathogen

Mature mucus layer: Microbiota eroded mucus
intact barrier function layer: barrier dysfunction

>4 Fiber-degrading 2% Mucus-degrading ¢ Mucosal pathogen I Cscterial dietary [ Bacterial host-secreted
*  microbiota \; . microbiota o fiber degradation mucus degradation

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




Inr. J. Mol Sci 2014, I5, 11678-11699; doi-10.33909ms150711678

Intemational Joumazl of
hloleculm' Sciences
ISSN 1422-0067

www.mndpl comjouwmal ijms

Reviewn
Mediterranean Diet and Health: Food Effects on
Gut Microbiota and Disease Control

Federica Del Chierico ', Pamela Vernocchi ***, Bruno Dallapiccola '

and Lorenza Putignani *~

' Unit of Metszeromics. Bambino Gest: Children’s Hospital. IRCCS. Pizzzz Sanr’Onoftio,
Fome 400165, Iraly. E-Mazils: federica delchiericowopbz et (F.D.C)

pamela vemocchiia opbs net (P.V.)
* Iaterdeparnmpentsl Centre for Indusmial Research-CIRI-AGRIFOOD. Alma Mater Studiorum,

Universiry of Boloema. Piazza Goidanich Cesenz-FC 27521 Iralv

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.”

Abstract: The Mediterranean dier (VD) is considered one of the bezalilnest distary models
Many of the charactensuc components of the MD have funcroonal fearures with positve
effacts on hezkh and wellne:s. The MD adherepce. calculared through varnous computational

. ——t e FECNE PEPT RN S S TR RSN TN B EP RIS TOR S S

Del Chierico F, et al. Int. J. Mol. Sci. 2014, 15(7), 11678-11699.
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Gut bacterial microbiota and obesity

M Mlon', 1-C Lagier' D. Yabav' snd M Pauf
1) Unee de Rechache 3w s Maodes Infectane ot Tropraies Svwerpoars, Foodes de Medeane, CNRS UMA 7278 IRD 198 Auw-Mamale Unwer e,

Masede, Franoe and 2) Unet of Infecana Disoxes, Ratn Meoa ol Covre, Balvuon Hopad and Sa& e Faculty of Medeew, TerAey Unwers ey, Ta Av, Srosl

Abstract

AlScugh oot snd smslioncs have beon vied for Secades wm groweh Eromoters in simads seedon lsa only recently Beean drdwn Lo
Mg a0 CuSon Betwenn the gut mic rolicts Compo S5.00, 43 manipulaton, snd obesity. Studia in mice have miodaed cthe phylum Frorsute

Wit obesty snd the phylum Bocte radetes with weglhe lcas. Propoaed mechanhma lnking the microbions 1o fa conment and waght indude
differendsl dfecs of Bactaria oo the efMfcivrcy of energy extrcion from the St idchumga » hoat mesbolam of Wacrbed cuverices The

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.

Corrvagoading asthar: M Fud, Uniz of ecacus Ctsase,
Rambam Healthoars Gurpun, Haffa 3109, brad
E-rronl: pacle@poat tacac il

Moobid darges in e human g were proposed s a
pomible case of cbesivy [55,10] Cermn phyda wnvd dusses of
bacesia we msociand widh rgeaved varskr of calories from

Introduction

Ten willion o 100 erilion (10'Y) iy OOrgariaa popsdate the
eddc incescives [1,2]. The vasx majoricy reside in the colon,
where densiges spproadh 10''-10'F cellidond Amosc af of
these organsmvs are bacteria, and a minor Ly we ardaeors,
edaryons, wnd veuses [3.4]. Bacteria we dassified from the

the dec oo the host and with dhanges in dhe hoat messbaliam of
absorbed culovies [11]. G micsoorganians ferment Secwy
po iy mocharides D poondsa ocharides wvd sheow o chado fanty acds,
and ches aicow cthe exracdon of cdories frorn ind gescible Seaey

TP CERIE SSON VO CURENN N RN TR T SR RN TSN

Million M, et al. Clin Microbiol Infect. 2013 Apr;19(4):305-13.
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Microbial Reprogramming Inhibits Western Diet-
Associated Obesity

Theofilos Poutahidis"*™, Markus Kleinewietf ld**®, Christopher Smillie®, Tatiana Levkovich’,

Alison Perrotta®, Siddheshvar Bhela®, Bemard J. Varian®, Yassin M. Ibrahim’, Jessica R. Lakritz’,

Sean M. Kearney'”, Antonis Chatzigiagkos®, David A. Hafler™*, Eric J. AIm****, Susan E. Erdman’*

T Dovt ko n of Carmgmras v Mot e, Moo s uees Inema e of Techna logy, Camnbokd ge, Non schan ey, Linped Staomm of America, 2 Lilbarsaory of Pehdogy, Facu sy of
Vemwommry Nl cirw, Ad w0 e Lrivers oy of Theaosdo ndd, Thw ool ant b, Cowecw, 3 Deparareems of Neard ogy and Imeren akd ogy, Yale Schod of Need dre, Dew Moo,
Camesiouwr, Lided Sfane of Arenics, 4 Brosd s ars, Mecschuses naaee of Techmology aod Mervand Univern By, CamnBnd ge, Mo sschu e, Urioed Soanen of

Amrwrca, 5 Ovil mnd Environ el Lng rsenn g Moo sschen e Ine mews of Tedinadogy Camnd ge, Mao schun ey, Unbed Soaoem of Amecics, S Bdogaal Eng rwering
Novo sch e = I e of Techn clo gy, ©armdr g e, Macosc b wems, Lk sed Soamen of Arwdcs

Abstract

A recert idemioingal stdy showed that catng Bst food’ mems such as potaw chips Inceased Tkelhood of obesity
whommas eaTng yogu s preverned ageassocinted weightgan in humans 2 was demonstased previousy N anmal modes
of obosty That The IMMUNe SySIam Days 3 oioca role In this process Home we camnaed uman sublecs and mouse

“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.”

Copyright: © 013 Parashdn o ol Tho b a0 opn acoeo avch dorbused under B Seorrn of she Creaenve Camsmaom Aeribuason Lceme, wiidh peemi s
Lrwwns mrcted e, o et Buson, ansd repro ducT an In arty meed il Erodded The ong ned authar and ource are comdined .
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MOASTET, U119 ANSA130, UT9AIONRSS, arvd POT AIOWMTT (90 D0, DAM Iy sbo suppase d By s ooz Javies Mot avound (NSDAZT) 50 m e Mas ansd [ souse of
PMurcl og aal Doonders anxd Searcion sexd shw Pen aoen Faundss on and Nency TayorFaund ason far Clworse Dossoens, [nc. Ths funders had 0o role n sasady deagn,
s collemion nd sl v, dedson %0 s, or preperason of She meeen ol B
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Original

Effect of Lactobacillus gasseri BNR17 on Article
Overweight and Obese Adults:
A Randomized, Double-Blind Clinical Trial

Seung-Pil Jung*, Keun-Mi Lee, Ji-Hee Kang', Sung-I1 Yun', Han-Oh Park’,
Yong Moon?, Jong-Yeon Kim®

“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.”

participated in a placebo controlled, randomized, and double-blind trial. For 12 weeks, 57 participants were given either
placebo or BNR17 and were tested by measuring body fat, body weight, various biochemical parameters, vital signs, and
computed tomography at the start of the study and at weeks 4, 8, and 12. The subjects assumed usual daily activities
without having to make behavioral or dietary modifications during the course of the study.

Results: At the 12th week, a slight reduction in body weight was noted in the BNR17 group, but there were no significant
weight changes between groups. Decrease of waist and hip cimumferences in the BNR17 group was more pronounced
than those in the placebo group. The two groups had no special or severe adverse reactions.

Conclusion: Despite there being no change in behavior or diet, administration of only the supplement of ENR17 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.

Keywords: Probiotics; Obesity; Metabolic Disorders; Human Breast Milk
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oren Lactobacillus casei reduces
susceptibility to type 2 diabetes via

SUBECT AREAS: )
wesiiies  microbiota-mediated body chloride ion
NUTRTION .
influx
Receivad Vomo Phomme Name Cian Gl (Clase O3 e ol Viieim Come @ o Thommne

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.

HMF L Fupingddidip GlyRal, SICZ6AZ SIC20A6, GABAAaL Bestrophin-Jand CFIEL A shift inthe caecal microfiara,

sine com) particularly the reduction of b e acid 7Ta dehydro xd ating bacteria, and fecald fle acid profiles also ocourred.
These change coinckded with argan Glarkde influx Thus, we poatulate that the prevention of TZDM onset

by L cases Zhang may be via a microbiota based bile ackd chloride exchange mechanism

* Currert oddes

The Key baborotoey of bty assodated 12D0M has drawn moch sclentific antenson, @ evident by the rapidly increasing
Doy Bootedhndogy number of published ivestigations Data showed Tt e world popalation & fiang a sasgs in
endErgmeing, TIDM as well as individaals wath prediadeses due %o rapid change in Bfestyle” Thas both sraseges

Edsooticn Meahy of for bodh the prevention and Teatmen of dibetws we needad, especially in the dwtary aspact
P.R Chira, Ineae Iet s directly asoc inted wath intesinal nucrobion. 1here la gromang interes in understanding thechangesof

Moegolio Agrcshedl gu'..ms:mbxm in e context of dabetes In TEENT JEATS, MENFENIMICE has openad a new era of mecrobdal
ecology that hasaBowed deeper understanding of microbl ome assocated hyperglycena™'. On the atherhand »

"f'm“’" o & proposedthath gh fat diet indocesa Jow - grade in fammat son @ roagh modif y ng msrafiora andthas increases
Thoowdal: Roac, lpopalysaccharides (LPS) and in turn wiggers the devdlopment of metabolic dissases’. More interesungy,
Hebhat, Chino, commensal microtoota and related Bde acids profile conld be rapidly reapad By diemry aleration”, bt B
Q10218 the pahogensis of T2DM relates with the interaction between hilie aads and chloride don & rarely studiad. This
aspect sof particudar interest bacauseboth hile acds andchoride lons canacted as regalating signaling madecules
for menbalic homeostass®”
Sewerad studies have also shown thar probeotic pmdacts could regalate the Blood glaoose Jevel in diadbenc
E ﬁ human'®. Maoreover, [ cased Shirota has been reparied %0 reduce Slood ghacose lesel through redac ing lpopo

v
ceee Zhang Y, et al. Sci Rep 4, 5654 (2015).
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Bilot study

Beneficial effects of Lactobacdillus plantarum on glycemia
and homocysteine levels in postmenopausal women
with metabolic syndrome

Fabiola Mailaga Barreto M.5c.”, Andréa Mame Colado Simao Ph.D. ",
Helena Kaminami Mo moto Ph D.", Marcell Alysson Batisti Lozovoy Ph.D. ",
Isaias Dichi M.D., Ph.D.~*, Lucia Helena da Silva Miglioranza Ph.D.

3 Dgarmonenr of Rt Srhmore gt TeoAyy Lee i of Lntriny, Lymiiny, Pant, Bl
hmunrﬂ'mm Apatyats awed Towe brobagy, Mﬂﬂyﬂl’m Lometeing, Pamad, Bazil

A RTICLE I NFD ABSTRACT

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

e b 'I'da]d" 'a:nd'r k pepiicame had a signifi@nt redudion both in NP
{P= 043 and P— 0LO36, mﬂy}md!’ﬂmmt?-mﬂmd P = LINA, respecivehy jafter
90 d. wher=as low-denszity lipoprotein cholesteraol showed 2 signifi@nt reduction in NFM group
(F = @i(Z) and trend in the PM group (P = 0UE2 ) Glucose and homoc ine lewels sh d a
significant neduction in the P group mmmmemwp (F = 037 and P= 008,
respectvelyl In nelat o infl L there was a significant deoease in
interie=ukin-G both in NFEM (P — ﬂﬂﬂjaﬂ'ﬂ:nmtﬂ' = L) groups.

Comchy sicn - B with L pk exl mone £ bl ilts than NFM in nelation to crdio-
wvasoular risk fciors in postmenopausal wormen with MetS

&= 2014 Elbevier Inc. All righis neserved.
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Metabolic syndmome (MetS ) s a patholegic aondition that in-
Clisdes inslin resistance, arenial hypertendsion, obseiry, and dys-
lipridhe i a, wihich aomlerate ath emsclens < amnd promdaote a b pher
risk for candiovascular disesse (OWD) |1 MetS also has been
onmsidened a chiomic low-grade | nflammainny syndrome | 2] The

of et Sl 2Med et WA of B IT SOTERT AT 20T B 2] S e
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aumenr Teld: +55 43 3371 23337; fax: +55 43 3371 2328
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prevalence of MetS rises with increasing age, which is mainly

ammmms@mmﬂjnmmwmm@ |3].
Previows human stsdies huve fownd some beneficial effects

Lacrobacillis species  in reduecing  adiposity  in mmelg}n

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

Gut 2014 May;§3(3):727-35. doi: 10.1136/gutjnl-2012-303839. Epub 2013 Jun 24.

An increase in the Akkermansia spp. population induced by metformin treatment improves
glucose homeostasis in diet-induced obese mice.

Shin hFU: Lee JT, Les HY, Kim MS, Whon TW, Les MS, Bae JWV.

+ Author information

"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."

AdIPOSE TESUE INNEAMITIEATON Was SXamimen 0y o CYTOMmEnT ananysrs O e Imimiune Cens present mrvisCerar amposs TIsEUE [ VAT T

RESULTS: Metformin treatment significantly improved the glycaemic profile of HFD-fed mice. HFD-fed mice treated with metformin showed a
higher abundance of the mucin-degrading bacterium Akkermansia than HFD-fed control mice. In addition, the number of mucin-producing
goblet cells was significantly increased by metformin treatment (p<0.0001). Cral administration of Akkermansia muciniphila to HFD-fed mice

without metformin significantly enhianced glucose tolerance and attenuated adipose tissue inflammation by inducing Foxp3 regulatory T cells
{Tregs) in the VAT

CONCLUSIONS: 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. This suggests that
pharmacological manipulation of the gut microbiota in favour of Akkermansia may be a potential treatment for T2D.
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Shin NR, et al. Gut. 2014 May;63(5):727-35.



Gut Microbiota

MICROBIAL
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ln Healrh s0d Disease

ECOLOGY cQ

ENGIHA SUPPLEMENT
Manipulating the gut microbiota to maintain health and
treat disease

Waren B Cantt!  laan Alichal Anbaina® Toce Alidbon it and

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.

and %l mcmbal Taneplans

Resd o Previoncs are hest known $07 ther ahdiny 30 morease the sumber of hifidohacera. However, specific
prediotics could poeatialy alko stionalate other species Doy can ako st e other speces assocated with
feaith, Gke dhkermaensia weciniphila, Rumdnosoccss browdi, the RoseharialExterococcus rectale groap, and
Rwecalhacrerson prawssinid. Probotics tawe henefical fealth efoacs for different disaases and digestive
symopicens These efects can e due 1o the dre offect of the profeo o hacterum or 35 producs e ¥, as well
as effects of the prohiotxc on the resdent mocm eota. Pohiotics can mfuence 1the mocm hedta composton as
well as e actinvity of the resident microheo @ Feca! mucrobial trazsplans are a drastic indervention o the gut
mocwo hoota, amen g Sor total replacement of one moecroteota by another With numeniun sucossiul studies
related 10 anthooticassocaed darrhea and Qerridie dif il afacton, the porental of fecal micmnal
mansplants 10 treat ofher dseases Like 1 of ammatory bowe! dsease, rrnahie howel ssndrome, and meahalic
and cardiovascuiar dsorders i under mvestigeon

Conclusderes: Imprved knowladg on the specfic role of gut mucrohota i presention and yextment of
daexe will belp mare trgeted mangpalaton of tie mtestimal microbiota Purther stodies are necessary 1o see
the fong term ) effects for nealth of these mterventns

Eeywoeds Clarialum dflcie, fca! micoNa! ravp btz iaflavmaon bosw! doaue. lritale bowel! ryadrome, oberk s, ’.‘
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Slow Down & Chew Your Food

Clin Mutr. 2013 Apr;32(23:232-3. doi: 10.1016/j.clnu.2012.06.013. Epub 2012 Jul 135.

Fast eating and the risk of type 2 diabetes mellitus: a case-control study.

Radzevidiené L', Ostrauskas R.

# Author information

Abstract

BackGrounD& A [Mlore than two-fold increased risk of type 2 :2diavetes melius

SUBJECTS AND ME . . . o non diabetic
conais. aspecrica diabetes was determined for subjects eating o me speca or

eating was sefi-repo faster vs. subjects eating slower. - 1he odds ratios

(OR), and 95% conf
RESULTS: varables such as a fﬂm”}" hiStDr}‘ on diabetes, D'Dd‘;.l' mass indeyx, waist circumference, educational level, FI"IOFI'IH"IQ exercise,
smnking and [}|EISF|"IE[ T.Fig|}"CEfidES level were retained in multivariate Ingistic FEQFE‘SSiCIFI models as confounders because thelr inclusion
CHEHQEG the value of the OR D'_'," more than 5% in dlly exXposure CEITEQDI'}‘. After a:jjustment for pussible confounders more than two-fold
increasad risk of Tg..-'pe 2 diabetes was determined for SUD]EETS eating faster I:DF-?. =2.52;95% Cl 1 .55—4.[]5] L SUD]E*:TS EElT.iI'Ig slower,

COMNCLUSIONS: Cur data E“-Llp[:lort d pDSSiDIE‘ FEIE.tiDI'ISI'Iip between faster eating SPEE{I and the increased risk of t'j'pE 2 diabetes mellitus.
Copyright @ 2012 Elsevier Ltd and European Society for Clinical Mutrition and Metabolism. All rights resemved.

PMID: 22500734 DO 101016/ clnu.2012.06.013
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Drinking Soda and Diabetes Risk

Diabetologia. 2013 Jul;36(7)-1520-30. doi: 10.1007/500125-013-2899-3. Epub 2013 Apr 26.

Consumption of sweet beverages and type 2 diabetes incidence in European adults: results
from EPIC-InterAct.

InterAct Consortium, Romaguera O, Morat T, Wark PA, Vergnaud AC. Schulze MB, van Woudenbergh GJ, Drogan D, Amiano P, Molina-Montes E, Sanchez
IJ, Ballkau B, Barricarte A, Beulens JVW, Clavel-Chapelon F, Crispim SF, Fagherazzi G. Franks PW, Grote VWA, Huybrechts |, Kaaks B, Key TJ, Khaw KT,
Milsson P, Overvad K, Palli D, Panico S, Quirds JE, Rolandsson O, Sacerdote C, Sieri S, Slimani N, Spilkerman AM, Tjonneland & Tormo MJ. Tuming B,
van den Berg SW, Wermeling PR, Zamara-Fos B. Feskens EJ, Langenberg C, Sharp SJ, Forouhi MG, Riboli E, Wareham MJ.

Abstr--*
AIMS/

sae  Drinking one 12-ounce sugar sweetened soft drinka %
"™ day can increase the risk of type 2 diabetes by 22%

METH
pal"til:ipal Iz STlTuled TSIl Curuprednl LAinbs pral LG praLinyg il culvpedll FluspoclLuve Nvesilduann e ediivel gl Ui
(EPIC) study. After exclusions, the final sample size included 11,684 incident cases and a subcohort of 15,374 participants. Cox
proportional hazards regression models (modified for the case-cohort design) and random-effects meta-analyses were used to estimate
the association between sweet beverage consumption (obtained from validated dietary questionnaires) and type 2 diabetes incidence.

RESULTS: In adjusted models, one 336 g (12 oz) daily increment in sugar-sweetenad and arificially sweetened soft drink consumption
was associated with HRs for type 2 diabetes of 1.22 (95% CI 1.09, 1.38) and 1.52 (95% CI 1.26, 1.83), respectively. After further
adjustment for energy intake and BMI, the association of sugar-sweetened soft drinks with type 2 diabetes persisted (HR 1.18, 95% CI
1.06, 1.32), but the association of artificially sweetened soft drinks became statistically not significant (HR 1.11, 95% C10.95, 1.31). Juice
and nectar consumption was not associated with type 2 diabetes incidence.

CONCLUSIONS/INTERPRETATION: This study corroborates the association between increased incidence of type 2 diabetes and high
consumption of sugar-sweetened soft drinks in European adults.
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Television and DM

Arch Pediatr Adolesc Med. 2010 Jul; 16447 ):643-9_ doi: 10.1001/archpediatrics. 2010.85.

Screen time and metabolic risk factors among adolescents.
M}LR Denney-Wilson E, Thrift AF, Okely AD, Baur LA

[+ Author information

Abstract

OBJECTIVE: To examine the association between screen time {ST} (ie: television/DVDWideo and cnmputer UEE] guidelines and risk
fad ] ] ] [

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

7 U U

MAIN EXPOSURES: Body mass index, waist circumference, cardiorespiratory endurance, dietary factors, socioeconomic status, and
pubertal status.

MAIN OUTCOME MEASURES: Screen time was categorized as less than 2 hours per day or 2 or more hours per day and calculated for
weekday, weekend, and the entire week. Fasting blood samples were analyzed for levels of high-density lipoprotein and low-density
lipoprotein cholesterol, triglycerides, insulin, and glucose; homeostasis model assessment of insulin resistance (HOMA-IR); levels of
alanine aminotransferase, gamma-glutamyltransferase, and high-sensitivity C-reactive protein; and blood pressure. Abnormal results were
categorized according to published guidelines.

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

PLoS Cne. 2013 Jul 26,8(7):e69915. doi: 10.137 1fjournal. pone 0069215, Print 2013.

Passive smoking and risk of type 2 diabetes: a meta-analysis of prospective cohort studies.
WangY', JiJ, Liu YJ, Deng X, He QQ

# Author information

Abstract

BACKGROUNDS/OBJECTIVE: The prevalence of diabetes is increasing rapidly all over the world. However, studies on passive smoking
and type 2 diak . . . . . . - vhether an association
axsts etween  PASSIve smoking is associated with a significantly

METHODS: \We increased risk of type 2 diabetes ify prospective cohort

studies that ass & overall relative risk

(RR).

RESULT: 4 prospective cohort studies were included for analysis, with a total of 112,351 participants involved. The pooled RR was 1.28
(95% confidence interval (Cl) 1.14 to 1.44) comparing those who were exposed to passive smoking with those who were not. Subgroup,
sensitivity analysis and publication bias test suggested the overall result of this analysis was robust.

CONCLUSIONS: Passive smoking is associated with a significantly increased risk of type 2 diabetes. Further well-designed studies are
warranted to confirm this association.

S
seee Wang Y, et al. PLoS One. 2013 Jul 26;8(7):e69915.
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Prayer, Meditation and Yoga

e Religious participation predicted steeper ("healthier") cortisol
slopes at the 10-year f/u?

* Prospective 12 week study exploring yoga, meditation and
lifestyle intervention (YMLI)?

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

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

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




Laughter and Diabetes

Laughter lowered the increase in
postprandial blood glucose.

In 19 diabetic patients, (mean age 63,
mean BMI 23.5, mean HbAlc 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.

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




Exercise

* Alters skeletal muscle metabolism and improves glucose uptake
* Reduces low-density lipoprotein, raises HDL

* Lowers blood pressure

* Reduces inflammation and oxidative stress

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

* Diabetes Prevention Program Research Group — 2002 study

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

e Results: Compared to placebo:

— Lifestyle intervention decreased incidence of type 2 DM by 58%
— Metformin decreased type 2 DM by only 31%

Knowler WC. N Engl J Med. 2002; 346(6):393-403.
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Copyright 2003 by Randy Glasbergen.
www.glasbergen.com

“What fits your busy schedule better, exercising
one hour a day or being dead 24 hours a day?”




Sleep and Diabetes

Nutr Diabetes. 2017 May 8;7(5).e266. doi: 10.1038/nutd. 2017 .19,

Inadequate sleep as a contributor to type 2 diabetes in children and adolescents.
Dutil ¢, Chaput JP',

@ Author information
Abstract
There is a link between inadequate sleep and type 2
diabetes in children and adolescents.

Illll_l.f'J RIAITIGI RS T 1D 21 G QU Sl g LW U TTCTGUY S 1T D Jluudleg e Iwualiieu 1ILI WD TRUNT D] QI S EAFGIIIIIEIIIEI

studies). Notwithstanding the conflicting results found in these studies and despite being attenuated by adiposity level, maturity, sex and age,
there is still some compelling evidence for an association between sleep duration (for both objective or subjective measurements of duration)
and architecture with one or more T2D biomarkers in children and adolescents. The majority of the studies reviewed did focus on sleep
duration and one or more T2D biomarkers in children and adolescents, but sleep architecture, more precisely the suppression of slow wave
sleep and rapid eye movement sleep, has also been shown to be associated with insulin resistance. Only two studies looked at sleep quality,
and the association between sleep quality and insulin resistance was not independent of level of adiposity. Future experimental studies wil
help to better understand the mechanisms linking insufficient sleep with T2D. Work also needs to be carried out on finding novel and effective
strategies aimed at improving sleep hygiene and health outcomes of children and adolescents.

PMID: 28481337  PMCID: PMCS518801 DOl 10.1038/nutd.2017.19
Free PMC Article

Dutil C, Chaput JP. Nutr Diabetes. 2017 May; 7(5): e266.
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HRV & Glucose Regulation
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Perciaccante A, et al. BMC Cardiovasc Disord. 2006; 6:19.




Probiotic + Omega 3 & Glucose Regulation

Mediators Inflamm. 2014,;2014:348959. doi: 10.1155/2014/348959. Epub 2014 Mar 26.

Effect of probiotic (VSL#3) and omega-3 on lipid profile, insulin sensitivity,
inflammatory markers, and gut colonization in overweight adults: a
randomized, controlled trial.

Rajkumar H1, Mahmood N1, Kumar M1, Varikuti SR1, Challa HR1, Myakala sp!.

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

MIVHMMNY IWUWIV WU, I WIMNWULIV WY, MIMUWRW, WITIWYM W TWMLLY Wuwid, MIWMIWLY VAW LdT W, Wi MWL WM W i

probiotic, for 6 weeks. Blood and fecal samples were collected at baseline and after 6 weeks. The
probiotic (VSL#3) supplemented group had significant reduction in total cholesterol, triglyceride, LDL,
and VLDL and had increased HDL (P < 0.05) value. VSL#3 improved insulin sensitivity (P < 0.01),
decreased hsCRP, and favorably affected the composition of gut microbiota. Omega-3 had significant
effect on insulin sensitivity and hsCRP but had no effect on gut microbiota. Addition of omega-3 fatty
acid with VSL#3 had more pronounced effect on HDL, insulin sensitivity and hsCRP. Subjects with low
HDL, insulin resistance, and high hsCRP had significantly lower total lactobacilli and bifidobacteria
count and higher E. coli and bacteroides count.
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Nutrients Known to Modify Insulin Responsiveness

e Chromium

« Alpha-lipoic acid

« CoQ10

« Vitamin D

« Magnesium

« Vitamin C, vitamin E and other antioxidants
 Omega 3 fatty acids

e Curcumin

e Vanadium

« Serum kinase receptor modulators (SKRMs)




Magnesium

* 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.
ceese Guerrero-Romero F, et al. Diabetes Metab 2004 Jun;30(3):253-8.




Magnesium

OPEN a ACCESS Freely available online @. PLOS | ONE

High Dietary Magnesium Intake Is Associated with Low
Insulin Resistance in the Newfoundland Population

Farrell Cahill’®, Mariam Shahidi'®, Jennifer Shea’, Danny Wadden', Wayne Gulliver’, Edward Randell?,
Sudesh Vasdev', Guang Sun'*

1 Division of Medicine. Facultv of Medicine. Memorial Universitv of Newfoundland, St. John's. Canada. 2 Discipline of Laboratorv Medicine. Facultv of Medicine. Memorial

“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.”

HOMA-B and subjects with the lowest intake of dietary magnesium had the highest levels of these measures, suggesting a
dose effect. Multiple regression analysis revealed a strong inverse association between dietary magnesium with IR. In
addition, adiposity and menopausal status were found to be critical factors revealing that the association between dietary
magnesium and IR was stronger in OW and OB along with Pre-menopausal women.

Conclusion: 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.

Citation: Cahill F, Shahidi M, Shea J, Wadden D, Gulliver W, et al. (2013) High Dietary Magnesium Intake Is Associated with Low Insulin Resistance in the ‘ﬂ

E N V ‘ Newfoundland Population. PLoS ONE 8(3): e58278. doi:10.1371/journal.pone.0058278
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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.

« Co00Q10 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.
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