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Epidemic worsening worldwide!
%2 a billion diabetic patients in the world
UK: 65% increase in CHF in DM vs non DM

48% more likely to have an Ml

331% more likely to have a foot amputation
24.9% more likely to have a CVA
139% more likely to have renal failure

USA and NA 37 million diabetics in 2013
Young people with T2DM increasing
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INAPPROPRIATE DIETARY HABITS
P M
INHERITANCE D YSUPOPROTEINEMIA

OBESITY
LACK OF EXERCISE

CIGARETTE SMOKING HYPERTENSION

PSYCHOLOGICAL PROFILE AND PATTERN OF BEHAVIOR

VIRAL INFECTIONS IMMUNE REACTION
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WHEN YOU NEED

Diabetes and a hear attack




Multiple Co-factors in T2DM

Complex molecular mechanisms
- Single nucleotide polymorphisms - genetic
- Insulin binding to Tyrosine/Kinase receptors

- Glucose transport proteins ( GLUT-4)
- Fat endocrine / § Adiponectin § leptin,
- Incretins GLP-1, GIP stimulate Insulin
- Increased use of FFA by organs

What are the Leading Hypotheses for T2DM?

AV
Lakeland Regional Health




De Fronzo 2009

@ 1. Insulin resistance at level of the liver

* - hepatic outpouring of glucose: gluconeogenesis
and glycogenolysis

@ 2. Insulin resistance in peripheral tissues
- inability to uptake glucose

Food Is convarted into
ghucose (blood sugar)

5

]

[ As blood sugar levols rise,
the pancreas makes insulin

@ 3. Beta cell fatigue and failure
* - declining insulin secretion
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1 — 2. insulin resistance, level of liver
and other cells in periphery

. Beta cell failure
. Lipotoxicity fat cells/FFA release

. Hyperglucagonemia Alpha cell
. Kidney SGLT-2 upregulated

3
4
5. Incretin system GLP-1 and GIP
6
7
8. Brain and GLP-1
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@ 2 Hr plasma glucose on OGITT N <140mg/d|
@ But pts in 120-139 range have lost 2/3 of their Beta cells
® Upper tertile IGT (180mg/dl +) have lost 85% of B function

® Dx of T2 DM usually at over 80% lost B cells!

@ Pts with IGT are Insulin R & 10% have retinopathy already
® Lipotoxicity occurs when FFA¥insulin secretion TZD may 1

@ Primary treatments last few decades:

@ Sulfonylureas to kick start limited B cells
@ Metformin to promote cell use of sugars
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Despite Advances in Therapies

e Diabetes population
e General population

‘l 4x greater incidence
of CV death _y
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STIMATED REDUCTION IN LIFE EXPECTANCY*

HISTORY OF MI TZDMO&F’:;ISTORY
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m AACE Definition
. Insulin
- - Resistancg

BMI over
30

Metabolic syndrome
(Syndrome X)

« Central obesity

« High blood pressure

>130/85

« High triglycerides
igh trigly e

« Low HDL-cholesterol <40 M

<50 F

« Insulin resistance

FBS>110
2 hr Glu

140-200 §
AL AN

Definition prevalence in NHANES >20yo 34.5%
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METABOLIC SYNDROME: DEATH FROM CHD, CVD, AND
ANY CAUSE DURING 11-YEAR FU (KIHD, N=1209)

CHD mortality CVD mortality All-cause mortality

RR (95% Cl)
3.77 (1.74-8.17)

RR (95% Cl)
3.55 (1.96-6.43)

RR (95% Cl)
2.43 (1.64-3.61)

MetS

10 - 10 4 10 -

Cumulative hazard, %

NOT o-

I I T I T T I I T T T I 1 I T I I T

FU(yy 0 2 4 6 8 10 12 0 2 4 6 8 10 12 0 2 4 6 8 10 12

Metabolic syndrome Yes [ No | (Unadjusted Kaplan-Meier curves)
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60 -

40 -

Adjusted incidence of myocardial infarction
per 1000 person-years (%)

Ml
Incidence

& expertconsult.inkling.com

Updated mean hemoglobin A1c concentration (%)
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Proteinuria

2 + 6
Years afier onset of profeinuria

Fg 1. Gumulative incidence of coronary heart disease in patientds
with { e ) and witho ut { O————0 ) protemuria
Chi square: 14.3;p <0001

Adapted fronu: Jerwen T, etal Dishebologia 1987; 30: 14448



@ Other Factors (MetS 5x risk of T2DM)

» - Waist circumference
» - Atherogenic dyslipidemia
» - Elevated apo B, small dense LDL, Small HDL

@ Proinflammatory state
s Increased CRPlevels, I TNF-a 1 1L-6

@ Pro Thrombotic state
» PAl = 1, fibrinogen, hormonal factors HeARTRTIACK
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With NIDDM and in Nondiabetic Patients.
With and Without Prior M|
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B Nondiabetic subjects without prior Ml

— Diabetic subjects without prior Ml
Nondiabetic subjects with prior MI

 Diabetic subjects with prior Ml
01

o S e U T R DN
Years

§eN
o
L

P
£
e
-
-
[
-
'y

rJ
o
!

Kaplan-Maer estimates
Haffner SM et al. N Eng/ J Med 1998;339:229-234
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Diabetic Cardiomyopathy

@ |s this a thing?




Diabetic Cardiomyopathy

@ Is this a thing? YES

® Oh yes, and all diabetics are considered to
have Stage A CHF and

CAD equivalence !
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Stage A
At high risk for
heart failure but
without structural
hearth disease or
symptoms of HF

e.g., Patients with:

* hypertension

* coronary artery
disease

* diabetes mellitus

or

Patients

* using cardiotoxins

* with FHx CM

'

THERAPY

* Treat hypertension

* Encourage smoking
cessation

* Treat lipid disorders

* Encourage regular
exercise

* Discourage alcohol
intake, illicit drug use

* ACE inhibition in
appropriate patients
(see text)

Structural
heart
dsease

Stage B
Structural heart
disease but
without symptoms
of HF

e.g., Patients with:

* previous MI

* LV systolic
dysfunction

* asymptomatic
valvular disease

* left ventricular
hypertrophy

Y

THERAPY

* All measures under
stage A

* ACE inhibitors in
appropriate patients
(see text)

» Beta-blockers in
appropriate patients
(see text)

Structural heart
disease with prior
or current

symptoms of HF

e.g., Patients with:

* known structural
heart disease

* shortness of
breath and
fatigue, reduced
exercise tolerance

Stage C

Y

Stage D
Refractory HF
requiring
specialized
interventions

e.g., Patients who
have marked
symptoms at rest
despite maximal
medical therapy (e.g.,
those who are
recurrently hospitalized
or cannot be safely
discharged from the
hospital without
specialized
interventions)

THERAPY

* All measures under
Stage A

* Drugs for routine use:

ACE inhibitors
Beta-blockers
Aldosterone
antogonists
Loop diuretics
Digitalis
* Dietary salt

l

THERAPY

* All measures under
stages A, B, and C

* Mechanical assist
devices

* Heart transplantation

* Continuous (not
intermittent) IV
inotropic infusions
for palliation

* Hospice care

FIGURE 25-1 (5 ACC/AHA stages of HF evolution and recommended t...
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Stage A
At high risk for
heart failure but
without structural
hearth disease or
symptoms of HF

e.g., Patients with:

* hypertension
* coronary artery
disease
* diabetes mellitus
or
Patients

* using cardiotoxins
* with FHx CM

THERAPY

* Treat hypertension

* Encourage smoking
cessation

* Treat lipid disorders

* Encourage regular
exercise

* Discourage alcohol
intake, illicit drug use

« ACE inhibition in
appropriate patients
(see text)
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Stage C
Structural heart
disease with prior
or current
symptoms of HF

e.g., Patients with:
* known structural

heart disease
* shortness of
breath and

Deveolopment
of symploms

Refractory
S toms of
of HF HF at rest

fatigue, reduced
exercise tolerance

Y

THERAPY

* All measures under
Stage A

* Drugs for routine use:
ACE inhibitors
Beta-blockers
Aldosterone

antogonists

Loop diuretics
Digitalis

* Dietary salt

Stage D
Refractory HF
requiring
specialized
interventions

e.g., Patients who
have marked
symptoms at rest
despite maximal
medical therapy (e.g.,
those who are
recurrently hospitalized
or cannot be safely
discharged from the
hospital without
specialized
interventions)

l

THERAPY

* All measures under
stages A, B, and C

* Mechanical assist
devices

* Heart transplantation

| *Continuous (not

intermittent) IV

inotropic infusions

for palliation

| *Hospice care
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Systolic and Diastolic dysfunction
60% pt with symptomatic chronic HD have T2DM
T2DM & Insulin R are powerful M&M predictors
For females with DM CHEF risk is 5x normal

Diastolic dysfunction occurs early
Diabetic milieu is Toxic

FFAs , Endothelial dysfunction, altered Ca++
] Myocyte injury, fibrosis, microangiopathy
| “Lipotoxicity”
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@ Independent of presence of CAD
@ Cardiac myocytes Normal 2/3 FA use
@ 1/3 glucose, lactate , ketone use

@ 2 Phases, CMPY early and late

@ Early changes
» Myocyte insulin R, endothelial dysfunction
» ¥ FFA oxidation less efficient® O2 demand

» Impaired diastolic compliance, lipotoxicity
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@ Independent of presence of CAD
@ Cardiac myocytes Normal 2/3 FA use
@ 1/3 glucose, lactate , ketone use

@ 2 Phases, CMPY early and late

@ Early changes
» Myocyte insulin R, endothelial dysfunction
» ¥ FFA oxidation less efficient# O2 demand
» Impaired diastolic compliance, lipotoxicity
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Late phase
- Myocyte injury, apoptosis
- CAD, Hypertension, Microangiopathy
- Cardiac autonomic neuropathy

Changes in structure:
- Increased dimensions, ¥ wall thickness, mass
- myocardial microvascular disease
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Triggers and
modulators

Hyperglycemia

Hyperlipidemia
Hyperinsulinemia

T RAAS

1 Cytokines
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Targets and
mediators

M
Akt

AMPK
JNK
KLF15
FoxO
mTOR

Pim1

\,

T PKC

T ROS

1 AGEs

T PPAR
1 Ceramides

Insulin resistance

Lipotoxicity
Autophagy

Altered Ca2+ homeostasis

Apoptosis
Mitochondrial
dysfunction

\

miRs
o

~

Cardiomyocyte

Consequences

Diastolic dysfunction

Systolic dysfunction

Fibrosis & myocardial
stiffness

Endothelial dysfunction

¥

Diabetic
cardiomyopathy




Hypertropy Diabetic cardiomyopathy

OXYgen demand

"ROS &
mitochondrig|
U"COUpling
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Impairment of autonomic control of CV system in DM

- After exclusion of other causes
Poor glycemic control is a contributor, and obesity
In 20 % of diabetics; is a 3.5x predictor of early mortality

Orthostatic Hypotension occurs and predicts mortality
Silent ischemia is present in 30% of CAN

QT prolongation frequent with CAN

Exercise intolerance due to altered SNS

CARTs to diagnose

AV
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BP is consistently higher in T2DM vs controls
-20% difference in SBP = 45% difference CAD
UKPDS showed 12% 1 Ml risk per10mmHg 1 BP

DASH diet / reduce BP 5.5/3.0 mmHg in 8wks!

- low sodium DASH diet can reduce 11.5 /7.1 mmHg
ACE inhibition slight edge in outcomes vs others
- most patients will require more than one agent

Goals for therapy more strict than non DM

AV
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CAD
M

CVA
PAD
JAVAVAN
Microvascular




How Important is ALC Goal?

A R

RISK REDUCTIONS RELATED TO A 1% DECREASE IN A1C*

Myocardial
Heart infarction
Cata ra.ct failure P<0.0001
extraction P=0.016
P<0.0001
5 Microvascular
Peripheral disease

vascular P<0.0001

disease*

P<0.0001

k *Lower-extremity amputation or fatal peripheral vascular disease. )

Prospective observational study in 4585 patients newly diagnosed with type 2 diabetes to evaluate the relation between
glycemia over time to the development of macrovascular and microvascular complications, in which 3642 patients had

complete data for analyses of relative risk.*

—  —=
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Insulin Resistance is primary process
- Visceral fat mass is the key trigger

Increasing circulating insulin then leads
to CV. morbidity and ASHD

Genetic susceptibility is involved

Sustained lifestyle change can be
effective

RCTs have shownl |IGT progress 60%

AV
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@ Multiple RCTs have shown: (US DPP)

* - Physical activity, diet and weight loss key
» - Can slow risk of progression of IGT by 30-60%
* - Metformin use in IGT can § progression

» - Can lower all cause mortality by these methods

Diabetes
Food Pyramid

Lakeland Regional Health




Weight vigilance is key

5 portions / day fruit and vegetables
Olive oil-or veg oil as main fat PUFA
Fibre + and avoid sugars

Fish > 2x per week esp oily fish

Low fat milk and meat products
Whole grains

Lakeland Reg

P\ %
ional Health




Recommendations exercise
- 3 days /wk, 45 to 60 min light/ mod
- 1 to 3 sets of 8 to 15 reps resistance

Physical activity increase results in
- 2 hr post OGTT load # Glu 23 g/dl

Occurs in absence of # weight or waist
loss

AV
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@ Compared 3 interventions for |IGT
* Intensive lifestyle change n = 3234 pts
» Standard lifestyle change + Metformin
» Placebo

Intensive group B 58% vs placebo at 2.8 yrs T2DM
» average wtloss 7 kg at 1 yr

o at 10 yrs 34% less progression to T2DM
Metformin Group less benefit, still § 31% at 2.8y

Similar trial results in Finn and Chinese studies
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Primary Composite Cardiovascular Outcome
Trial Events/Total, n/N Relative risk ratio Risk difference

Intensive Conventional (95% CI) (95% ClI)

Early trials '
UKPDS 33 564/2729 259/1138 .

UKPDS 34 57/342 105/411 -

Subtotal 621/3071 364/1549 ’ 0.79 (0.57 to 1.09) —25 (—56 to 5)

Recent trials

1
i
:
ACCORD 352/5128 371/5123 ;
ADVANCE 557/5571 590/5569 -
_‘_
O

VADT 113/892 131/899 —
Subtotal 1022/11,591 1092/11,591 0.94 (0.86t01.02) —7(—12to —2)

Total 1643/14,662 1456/13,140 0.90 (0.83 to 0.98) 15 (—24 to —5)

Heterogeneity P = 0.20; /2 = 33.3%

T

0.5 1.0 2.0
Relative risk (95% CI)

A/} Intensive DM control VS Conventional control
Lakeland Regional Health
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®
®
@

O)

mprove
mprove
mprove

mprove Beta cell health

nsulin Resistance
ncretin effects
ipids

® Suppress Glucose reabsorption
® Suppress appetite
@ Reach lifestyle goals

7
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Effects of diabetes on the individual Effects on families:

* Retinopathy
¢ Cardiovascular disease
* Nephropathy
* Neuropathy
* Foot ulcers, peripheral vascular
disease, and amputations
* Elevated risk of other conditions
including:
 Tuberculosis and other infections
* Mental health conditions,
including depression
e Alzheimer disease and ::>
general cognitive decline
e Liver and digestive disease
* Erectile dysfunction
* Periodontal disease
» Sleep apnea Effects on society:

- reported gEIvieTie * Cost of treating diabetes and its
* Increased risk of death and lower complications

life expectancy

* Loss of productive life years

» Cost of diabetes care

* Lower quality of life

* Disabilities/early death of family
member with diabetes can affect the
mental health and activities of the
entire family

* Increased absenteeism and losses to
the workforce

AV
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@ Hazard ratios VS
® Risk: -2 -1 0 1x

2.31 (2 to 2.6)

1.82 (1.6 t0 2.1)

1.8 (1.6 t0 2.2)
-iIschemic....

Other Vasc..

2.27 (1.95 to 2.7)

1.73 (1.5 to 2.0)

AV
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I'=insulin

@ M eth rm I n y increases cell sugar use , | effect and decreases gluconeogenesis
@ S U |f0ny| U reaS Stimulate B cell to make more Insulin, can cause § sugar

@ D P P'4 Increase levels of GLP-1-hormone to increase | release - decrease gluconea in liver,
“gliptins” ex. Linagliptin (Trajenta) , sitagliptin (Januvia) , saxagliptin (Onglyza)

@ TZD Improves cell ability to use 1, -can cause fluid retention and liver issues

@ S G LT‘2 Allows filtration of glucose to urine without reabsorption, J cardiac events

@ G LP analOg Acts like GLP-1, potent incretin produced by L cells in‘ileum

@ ‘glutides”, ex Semaglutide (Ozempic) , Linaglutide (Trulicity) Injectable, ~Semaglutide (Rybelsus) Oral

@ ACa rbOSG Slows absorption of starch from Gl tract, limited by Gl side effects

AV
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ACE inhibition, address RAAS

Statins
- Reduce all ApoB lipoproteins and LDL

- 7 Of slight increase in progression to DM in non DM
- Net benefit in all subgroups with T2DM

Fibrates
- improve all lipids and reduce CVD risk (VA-HIT)

Antihypertensives

- Beware diuretics and non vasodilating BB

AV
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Antihypertensives
- Beware diuretics and non vasodilating BB
- Vasodilating alpha B blockers- neutral lipids, FBS
- " No B blockers are contraindicated in T2DM

Orlistat
- Weight loss, may delay onset of DMT2

Acarbose (Precose) and Miglitol

- may confer reduced CV risk, but S/E |

AV
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Can surgical management decrease risk?

Bariatric surgery types:
- Roux- en =Y, (RYGB) Sleeve gastrectomy, (LSG)
Lap adjustable G banding, (LAGB)

BilioPancreatic diversion (BPD)

RYGB, LAGB,LSG no malabsorption
Can have 40 to 75% remission of T2DM
Medical/Lifestyle Rx 10 to 20% remission

AV
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Metformin

SUreas
DPP-4

TZD pio/
Rosi

SGLT-2
GLP analog
Insulin
Glucoside
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Consumer report Guide: SUs

Metformin * * * % +* * O Y S
SUreas ® ® ® e O O O
DIt * * %K X O x*

;(z)gi pio/ ® X * % @ ® 4 Pow
SGLIT-2 XK Kk O K Kk K K K

GLP analog * % * Y

Insulin ® ® " O >k
Glucoside *
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Consumer report Guide: Gliptins

p—

metormin 5 % xx k% S  * O
‘SUreas ® ® ® e 'S o O
‘DPP-4 " * % X O x

;{z}z pio/ ® X% * % @ - 4 Pow
‘SGLT'Z Xk Kk O Kk Kk Kk Kk K

‘GLP analog . o * ve Y

Insulin ® ® % O >k

| Glucoside e
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Consumer report Guide TZDs

Metformin * * K K * e O e O
SUreas ® ® ® e O o O
DIEES * * % X O e

rosi S * xx e e x
SGLT-2 * Kk kk O Kk A Kk K K

GLP analog * % * v Y

Insulin ® ® % O >k
Glucoside e
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Consumer report Guide: SGLT-2 Y

Metiormin % % *x  x % S  * O
SUreas ® ® ® e 'S o O
DPP-4 % x4 X O *

;{z}z pio/ ® X% * % @ - 4 Pow
SGLI-2 ¥k Kk O Kk k Kk K K

GLP analog * % * Y

Insulin ® ® % O >k
Glucoside Y
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Consumer report Guide: GLP *

Metiormin % % *x  x % S  * O
SUreas ® ® ® e 'S o O
DIFE * * %K * O e

;{z}z pio/ ® X% * % @ ® 4 Pow
SGLI-2 XKk KKk O Kk Kk kK

GLP analog * % * ve Yo

Insulin e o x O kK
Glucoside Y
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Consumer report Guide: Insulin

Metiormin % % *x  x % S  * O
SUreas ® ® ® e 'S o O
DPP-4 % x4 X O *

;{z}z pio/ ® X% * % @ ® 4 Pow
SGLIT-2 Kk Kk O A Kk Kk K K

GLP analog * % * Y

Insulin ® ® % O >k
Glucoside Y
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Consumer report Guide : a- Glu

Gl side effects >25% D/C

Metformin * * * % +* * O Y S
SUreas ® ® O ®e O O O
DPP-4 % * % X O x>

resi S ¥ ke ek
SGLT-2 Xk Kk O Kk Kk Kk Kk Kk

GLP analog * % * v e

Insulin ® ® " O >k
Glucoside e .
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@ DMT2 is a burgeoning health problem
@ Has significant cardiovascular risks
@ Strongly associated w CHF and mortality

@ Associated w hypertension and ASCVD

@ Early intervention in IGT important

_ifestyle intervention is key

ncreasingly, Rx are able to preserve B cells
-uture treatments increasingly targeted
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"Apple” vs. "Pear”

Above the
walst
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