Management
of Pre-diabetes

Shadrach Smith, MD
President, Midwest Obesity Society




Introduction

» Diagnosis
 Incidence
« Pathogenesis \ /
* Treatment

Diet
Medical Management




Table 1

Top 10 causes of death for black men compared with black women, white men, and white women, 2013. Data taken from Reference

|U1
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Cause of death Black men | Black women White men White women
Heart disease 1 1 1 1
Malignant neoplasms 2 2 2 2
Unintentional injury 3 7 3 6
Cerebrovascular diseases +4 3 5 -+
Homicide 5 NA NA NA
Diabetes mellitus 6 + 6 7
Chronic lower respiratory disease 7 5 4 3
Nephritis, nephrotic syndrome, and nephrosis 8 6 - -
Septicemia | 9 - 10
Influenza and pneumonia 10 - 9 8

NA, not applicable.




Common Chronic (TIME-related)
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Black men are at highest risk of dying early from heart disease and stroke
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Feasibility of Preventing
Type 2 Diabetes

 There is a long period of glucose intolerance that precedes the
development of diabetes

« Screening tests can identify persons at high risk

* There are safe, potentially effective interventions that can
address modifiable risk factors:

: ObeSIty . _ . Prediabetés_:

- Body fat distribution ~100-125

« Physical inactivity Normal: GRS Diobetes:

o Hi <100  _Z & =S
High blood glucose e /el




THE ROAD TYPE 2 DIABETES

FASTING BLOOD GLUCOSE
AICTEST SUGAR TEST TOLERANCE TEST

6.5% 126 200

or above mg/dL mg/dL
or above or above

DIABETES

PREDIABETES

o o i S i ST S

99

mg/dL
or below or below

NORMAL

Source: American Diabetes Association




Pre-diabetes (Synonyms)

* Prediabetes
Impaired fasting glucose (IFG
Impaired glucose tolerance (IGT)
Borderline diabetes

» Metabolic syndrome (3 or more of the following:g :
ncrease waist size (Men >40 in and Women >35 in)
Elevated blood pressure > 135/85

_ow HDL cholesterol (Men <40 and Women <50)
Elevated triglycerides >150

-asting glucose > 100

* Insulin Resistance Syndrome



Age-Adjusted Prevalence and Awareness
of Predlabetes in U.S. Adults Aged >18 Years
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~ Prediabetes: -

Prediabetes A A

Normal: ¥ Diabetes:

<100 y - >125
mg/dL mg/dL

» Epidemiologic evidence suggests that the
complications of T2D begin early in the progression
from NGT to frank diabetes

* Prediabetes and diabetes are conditions in which
early detection is appropriate, because

 Duration of hyperglycemia is a predictor of
adverse outcomes

* There are effective interventions to prevent
disease progression and to reduce
complications




The CV risk continuum in T2DM: CV risk starts before diagnosis of diabetes

A conceptual look at vascular risk and its
determinants before and during the course of T2DM

CHD equivalence threshold

CV risk starts here

CHD risk

~8-10
years in
duration

Diagnosis gy

v

Age




Insulin Resistance-
A Precursor to Type 2 Diabetes
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Feasibility of Preventing
Type 2 Diabetes

* There is a long period of glucose intolerance that precedes the
development of diabetes

« Screening tests can identify persons at high risk

* There are safe, potentially effective interventions that can
address modifiable risk factors:
* Obesity
« Body fat distribution
* Physical inactivity
 High blood glucose



WHAT CRUSES INSULIN RESISTANCE? I.-i'['t.-:llz.rir?

UNMHEALTHIER CARBS

FEEL HANGRY
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% INSULIN
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SUGAR STORES AS FAT RESISTANT TO INSULIN

CELLS BECOME
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Post-Prandial Stress
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Post prandial stress: The immediate
deleterious effects of a beverage
containing 75 g glucose mixed with i Dl
700 kcal/m2 of whipping cream. ~ mm - Triglycerides
Within 2 to 4 h glucose and e
triglyceride levels double, causing — W8 —Nitrotyrosine (uM)
immediate oxidant stress e @ FUDED
(nitrotyrosine), inflammation (C-
reactive protein [CRP]), resulting in
deterioration in endothelial
function.56 FMD % = Flow mediated
dilation

Glucose (mg/dL)
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Triglycerides (mmol/l)
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)’Keefe et al. JACC 2008;51(3):249-255
Hours Postprandial




Unifying Model

Risk Factors

TLDL TBP

Diabetes

Smoking

> | Oxidative stress

R

L

unI

Endothelial dysfunction

|

4 NO * T Local mediators * T Tissue ACE-All

I | i
| . |
PAI-1 VCAM Endotheli Growth Proteolysis
ICAM fraothetn factors
l Cytokines l matrix 1
¥ ¥
Thrombosis Inflammation Vasoconstriction Vascular Plaque rupture
lesion and
remodeling

NO=nitric oxide; All=angiotensin II; VCAM=vascular cell adhesion molecule;

ICAM=intracellular adhesion molecule.

Clinical Sequelae

Dzau VJ et al. Am J Cardiol. 1997;80:331-391.

®




Glucose and Insulin
Response to Macronutrients

.' o Fat
Carb

Blood Sugar

Protein

Fasting
Blood Sugar




Why Manage Disease Early

Prevention is better than cure
Halt Progress of Disease

Prevent complications of disease

Keep people healthy longer



Interventions to Reduce Risks
Associated With Prediabetes

» Therapeutic lifestyle management is
the cornerstone of all prevention

" Prediabetes:

efforts 1006—16228,5

: . mg/dL .
* No pharmacologic agents are Mol _f“-g/ B Disbetes:
currently approved for the mg/dL mg/dL

management of prediabetes

* Pharmacotherapy targeted at
glucose may be considered in
high-risk patients after individual
risk-benefit analysis




Prediabetes Algorithm

IFG (100-125) | IGT (140-199) | METABOLIC SYNDROME (NCEP 2001)

LIFESTYLE THERAPY

(Including Medically Assisted Weight Loss)

TREAT HYPERGLYCEMIA
FPG > 100 | 2-hour PG > 140

-~

TREAT ASCVD WEIGHT LOSS
RISK FACTORS THERAPIES

- - -

ASCVD RISK FACTOR NORMAL 1 PRE-DM MULTIPLE PRE-DM
MODIFICATIONS ALGORITHM GLYCEMIA CRITERION CRITERIA
DYSLIPIDEMIA HYPERTENSION ’ ’ :
e — Low-risk Consider with
ROUTE ROUTE : ’ . .
Progression Intensify Medications Caution
Weight ;
B SO T
OVERT s | Acarbose / | GLP-1 RA/
DIABETES
LEGEND I ’
Orlistat, lorcaserin, PROCEED TO

phentermine/topiramate ER,

naltrexone/bupropion, liraglutide 3 mg, GLYCEMIC CONTROL
or bariatric surgery as indicated ALGORITHM

for obesity treatment

If glycemia not normalized

PYRIGHT © 2018 AACE MAY NOT BE REPRODUCED IN ANY FORM WITHOUT EXPRESS WRITTEN PERMISSION FROM AACE. DOI 10.4158/CS-2017-0153




AACE Prediabetes Consensus

Statement: Summary

» Untreated individuals with prediabetes are at increased risk
for diabetes as well as for micro- and macrovascular
complications

* Treatment goals are to prevent deterioration in glucose
levels and modify other risk factors such as obesity,
hypertension, and dyslipidemia

* The same blood pressure and lipid goals are suggested
for prediabetes and diabetes

* Intensive lifestyle management is the cornerstone of all
prevention efforts; pharmacotherapy targeted at glucose may
be considered in high-risk patients



Prevention of Diabetes:
Lifestyle Studies



Prevention of T2D:
Selected Lifestyle Modification Trials

Baseline | Intervention
BMI period RRR
Study Country (kg/m?2) (years) (%) NNT

Diabetes

Prevention 3234 34.0

Program

Diabetes

Prevention Finland 523 31
Study

Da Qing China o177 25.8




Intensive Lifestyle Intervention Effectively
Prevents Progression From IGT to T2D

Diabetes Prevention Program

(N=3234)
(2
@ § 31%
g >
= 5 58%
Il L
ga
28
S T
0 o
o
Intensive lifestyle Metformin Placebo
intervention”* 850mg BID (n=1082)

(n=1079) (n=1073)




Lifestyle Intervention More Effectively
Prevents Diabetes as Populations Age

Diabetes Incidence

per 100 Person-Years

Diabetes Prevention Program

48%

ﬂ

(N=3234)

59%

:

Age (years)

1%



Effectiveness of Lifestyle Intervention for Diabetes
Prevention Wanes as Weight Increases

Diabetes Prevention Program
(N=3234)

51%

61%

B

65%

-




Maintenance of Long-Term Weight Loss

DPP Outcomes Study
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10-Year Incidence of T2D
DPP Outcomes Study- (N=2766)

Placebo
—— Metformin
—— Lifestyle
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Prevention of Diabetes:
Pharmacotherapy and
surgical Studies

Prediabetes Management



Medical and Surgical Interventions
Shown to Delay or Prevent T2D

Reduction in Risk of T2D
Intervention Follow-up Period (P value vs placebo)

Antihyperglycemic agents
Metformin’ 2.8 years 31% (P<0.001)

Acarbose? 3.3 years 25% (P=0.0015)

Pioglitazone? 2.4 years 72% (P<0.001)

Rosiglitazone* 3.0 years 60% (P<0.0001)
Weight loss interventions

Orlistat® 4 years 37% (P=0.0032)

Phentermine/topiramate® 2 years 79% (P<0.05)

Bariatric surgery’ 10 years 75% (P<0.001)




The Effect of Metformin on the
Progression of IGT to Diabetes Mellitus

65%

Incidence of Diabetes (%l/yr)



Effect of Lifestyle Modification and Metformin on
Cumulative Diabetes Incidence

29% 26% 28%
P=0.02 P=0.03 P=0.02




Effect of Pioglitazone on Development
of T2D in Patients with IGT

Kapian-Meier plot of Hazard Ratios for Time
to Development of T2D

©
P
S
N
L]
I
v
>
-’
e
S
E
3
v

Pioglitazone

|
18 24 30

Months since Randomization

No. at Risk
Placebo 299 259 228 204 191 134 83

Pioglitazone 303 262 244 228 218 140 87




Special Considerations for
Thiazolidinedione Use in Patients
With Prediabetes

« Because of the known adverse effects of the TZDs, these
agents should be considered only for patients at the greatest
risk of developing future diabetes and those failing more
conventional therapies



Effects of Exenatide and Lifestyle Modification on
Body Weight and Glucose Tolerance
in Obese Patients With and Without Prediabetes

e Patients

« N=152, weight 108.6 +/- 23.0 kg, BMI 39.6 +/- 7.0 kg/m? (IGT
or IFG 25%)

e Design

» 24-week randomized controlled trial: exenatide or placebo
plus lifestyle intervention

 Results:

+ Exenatide-treated patients lost 5.1 kg from baseline vs 1.6 kg with
placebo (P<0.001)

» Both groups reduced their daily caloric intake

* IGT or IFG normalized at end pointin 77% and 56% of exenatide
and placebo subjects, respectively




Effect of Phentermine/Topiramate ER on
Weight Loss in Obese Adults Over 2 Years

CONQUER Trial SEQUEL Extension




Effects of Phentermine/Topiramate ER on
Glucose, Insulin, and Progression to T2D

Glucose and Insulin Annualized Incidence of T2D

- EEN s
ng A

P=NS

P=0.008




Effects of Phentermine/Topiramate ER in
Patients at High Risk of Developing T2D

77% 80%

‘;S;@’ 89% P=0.009 " p<g.001

P=0.013




Relationship Between Weight Loss and
Prevention of Type 2 Diabetes

ITT-LOCF Analysis

Annualized incidence
rate of T2D



Semaglutide 2.4 mq: treating obesity/adiposity-
based chronic disease to target

T2D prevention'2

Physical function3#
T2D glycemia>®
CV risk reduction®

Hypertension>-7

Cardiometabolic Sleep apnea?

Biomechanical T2D remission’-°

Garvey W.T, et al. Presented at the 39 Annual Meeting of The Obesity Society (TOS) held at Obesity\Week®, virtual meeting, November 1-5, 2021.




Nutrient-stimulated hormone (NuSH)-based therapies

DUAL agonists TRIPLE agonist

S ey
GLUCAGON AMYLIN GIP GLUCAGON

GLP-1 GLP-1 GLP-1 |1 GIP/GLP-1

GLP-1/Glucagon Co-Agonist GLP-1/GIP Co-Agonist GLP-1/GIP/Glucagon Triagonist

T P F
)| e
i} _7 Sends K\ W"l’n ﬂ - _&_l Z?

signal GCGR

! ' b . el esssaaeal e Z? , 01 :
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Nutrient-stimulated ™
hormone-based therapies

Improves Improves Improves

Increased Body weight Glycemic control Body weight
4_\ insulin <} GLUCAGON Energy Expenditure Body weight Glycemic control
AMYLIN 2, Glycemic control Lipolysis Hepatosteatosis
‘ Cholesterol Cholesterol Cholesterol
Energy Expenditure
Lipolysis

Adapted from https://dtc.ucsf.edu/types-of-diabetes/type 1/understanding-type-1-diabetes/how-the-body processes-sugar/blood-sugar-other-

hormones/; Muller et al, Pharmacological Reviews, 2018. Jastreboff & Kushner, Annual Review of Medicine, Volume 74, 2023 Yale SCHOOL OF MEDICITNE




Efficacy of TRE compared to other obesity therapies

Roux-en-Y gastric bypass

Sleeve gastrectomy

Tirzepatide 15 mg

Semaglutide 2.4 mg
Phentermine-topiramate 15-92 mg
Liraglutide 3 mg
Bupropion-naltrexone 360-32 mg
Intensive lifestyle therapy
Alternate-day modified fasting

Time-restricted eating

Malik 10 et al. (2022) Obesity 30(9):1718-1721

Varady KA et al. (2022) Nat Rev Endocrinol 18:309-321

Webb VL, Wadden TA. (2017) Gastroenterol 152(7):1752-1764
Coleman KJ et al. (2022) JAMA Surg 157(10):897-906.

J ' 1
20 30

Weight loss vs. control group (%)



Shift from baseline to week 104 in glycemic status

Participants with prediabetes at baseline

Semaglutide 2.4 mg Placebo
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Proportion of participants (%)

Week 0 (N=152)" Week 104 (N=74)t Week 0 (N=152)t Week 104 (N=54)t

B Normoglycemia © Prediabetes B Type 2 diabetes

Data are observed data during the in-trial period (reqardiess of treatment discontinuation or rescue intervention) Glycemic category was eveluated by the investigotor based on ¢ll available
relevont information (e.g. concomitant medication, medical records, and blood glucose parameters) in accordance with American Diabetes Association definitions
*Number of participants in overall population; 'Number of participants with prediabetes at boseline and evaluable data at week 104,

Garvey W.T, et al. Presented at the 39™ Annual Meeting of The Obesity Society (TOS) held at ObesityWeek®, virtual meeting, November 1-5, 2021.




On Treatment

Change in Fasting Insulin Legome

Boece Insulin Insulin
I tirzepatide 10 mg absolute change percent change [ placebo

B tirzepatide 15 mg [l tirzepatide pooled
0
(510156 mg)

-
o

Baseline insulin

11.75 miuiL

g

.
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%
5
;
£
=2
£
E
£
ES
=
=
o

Percent change in fasting insulin (%)

:

Fasting insulin levels Fasting insulin
decreased by 4-5 miU/L decreased by nearly 47%
with tirzepatide with tirzepatide

astreboff AM. Aronne LJ, Ahmad NN, Wharton S et al. NEJM., in press Yale SCHOOL OF MEDICINE




Mean at baseline (mg/L): 3.4 35 34

Semaglutide 1.0 mg Semaglutide 2.4 mg Placebo

Estimated C-reactive protein change
from baseline (%)

ETD: -12% ETD: -39%
95% Cl: -23; 1 95% CI: -46; -30
NS p<0.0001




Weight Reduction Over 72 weeks: absolute change

SN, Ittt Weight (Ibs)

cacy cstmand
absolute change

placebo

- -2.4%

0 )

.

-

o
A

Baseline weight

231 1bs

8

[ placebo

[[] tirzepatide 5 mg
B tirzepatide 10 mg
B tirzepatide 15 mg

Change in body weight (Ib)
& 8

8

Weight change from baseline (¢

I T Average
12 16 20 24 36 Weight Reduction

Time from randomization (weeks) 35-52 Ibs

Jastreboff AM. Aronne LJ, Ahmad NN, Wharton S et al. NEJM, in press Yale SCHOOL OF MEDICINE




Tirzepatide

* Weight loss of 15-22.5% depending on dose

= Up to 96% of participants achieved >5% weight reduction, with up to 63% of
participants 220% weight reduction, up to 40% >25% weight reduction

= Significant improvement in all cardiometabolic risk factors:
Systolic/Diastolic blood pressure
Fasting glucose and HbA1c
Lipids
Liver enzymes (AST, ALT)
Waist circumference
Fasting insulin
* 95.3% of participants on tirzepatide with prediabetes at baseline reverted to
normoglycemia at week 72 as compared to 61% of those on placebo and diet

10
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June 26, 2023
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Retatrutide Obesity: | A

Efficacy and Safety Results of the 48-week Obesity ’
Phase 2 Trial :

Ania M. Jastreboff, MD, PhD

Associate Professor, Yale University
Internal Medicine, Endocrinology & Metabolism
Pediatrics, Pediatric Endocrinology
Director, Yale Obesity Research Center (Y-Weight)
Board of Directors (ABOM)

Twitter: @AniaJastreboff

Yale scHOOL OF MEDICINE \gSE]




Weight Reduction Over 48 Weeks — Key Secondary Outcome
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-17.8%

-21.7%
-23.9%

—1212%]

B Placebo

RETA 1 mg

RETA 4 mg [ID 2 mg]
B RETA 4 mg [ID 4 mg)
B RETA 8 mg (ID 2 mg]
Bl RETA 8 mg [ID 4 mg)
R RETA 12 mg [ID 2 mg]

1 T

T T
20 24 36 48
Time from randomization (weeks)

Average weight reduction of 24.2% with 48 weeks
of treatment with retatrutide (12 mg)

Weight (kg)
absolute change
at 48 weeks

Absolute Change in Weight (kg)

—
1.8

Average
Weight Reduction

26 kg / 58 Ibs

at 48 weeks

Baseline weight
107 kg / 237.4 Ibs

Yale scHOOL OF MEDICINE




Summary

s 7~

* Prediabetes
Increasing Incidence

» Pathogenesis-
Insulin Resistance

 Treatment- can reverse Pre-diabetes
Diet- Goal is to prevent spikes in glucose
Medical Management-
- goals are treat insulin resistance and obesity




~ Prediabetes: -

Prediabetes A A

Normal: ¥ Diabetes:

<100 y - >125
mg/dL mg/dL

» Epidemiologic evidence suggests that the
complications of T2D begin early in the progression
from NGT to frank diabetes

* Prediabetes and diabetes are conditions in which
early detection is appropriate, because

 Duration of hyperglycemia is a predictor of
adverse outcomes

* There are effective interventions to prevent
disease progression and to reduce
complications
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