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Each patient has a doctor inside him

4

| ["Direct HCP contact per year |

Chaney, D. (2015). Practical Diabetes, 32(6), 212.
Funnell, M. M. and R. M. Anderson (2000). JAMA 284(13): 1709-1709.
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More time 1S needed!

TABLE 1. CDE Estimation of Time Needed for Self-Care
Activities for an Adult With Established Type 2 Diabetes on Oral
Medications and Performing SMBG Twice Daily
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TABLE 2. CDE Estimation of Time Needed for Self-Care
Activities for a Child (and Family) With Established Type 1
Diabetes on Basal-Bolus Insulin Therapy (Four Shots/Day) and
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ADA-Recommended Task Time Needed + SD (minutes) ADA-Recommended Task Time Needed £ SD (minutes)
SMBG 11£26 SMBG 17+12

Recordks ~ - A dlnaning (o o
and b,

Takin
Foot
Oral ¢
Probl
Obta
Meal
Shop
Prepa

Exercise Farentalv O SChOOITOr problen
(hypoglycemia/hyperglycemia)

Stress management 1619 Support/support groups 1421

Support/support groups 13£19 Obtaining supplies 11416

Scheduling medical appointments 9+13 Scheduling medical appointments 9+15

Shubrook JH et al. Diabetes Spectrum. 13, 2018
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Extra decisions, Extra burden!

T1DM: 180 extra decisions every day, on average
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Adults With Type 2 Diabetes

A Consensus Report of the American
Diabetes Association, the Association of A .

Diabetes Care & Education Specialists, Key CIInlcaI BenEfltS Of DSMES
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the American Academy of Family

Physicians, the American Academy of

PAs, the American Association of Nurse
Practitioners, and the American
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o Marjre ypres, PO, CANP COCES s Coe el o, o o S 1o complications
Martha M. Funnell, MS, RN,CDCES Pediatric Endocrinology, Diabetes, and Matabolism, University of Chicago, Chicago,
9)) Da, H um:,p - I"r,c:’(:km Fischi); gllm Am: Community l-lr;n;’:: -l;e(rngczzﬂ_mm
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Powers MA, et al. Diabetes Care. 2020, 43:1636-49.
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PROBLEM SOLVING
REDUCING RISKS
MONITORING 8EING acTIVE
TAKING MEDICATION
HEALTHY EATING
HEALTHY COPING
BEING ACTIVE



SepS[5

i
ig,

'
1]

AT DIAGNOSIS ANNUALLY AND/OR WHEN NOT MEETING

TREATMENT TARGETS
'®

Four critical
times to provide

and modify
DSMES

BEING AcTIVE

WHEN TRANSITIONS IN LIFE AND CARE OCCUR

Powers MA, Bardsley JK, et al. DSMES Consensus Report, Diabetes Care Jul 2020, 43 (7) 1636-1649



DSMES Consensus Report Recommendations

DSMES Improves Health Outcomes, Quality of Life, and Is Cost Effective, and People With Diabetes Deserve the Right to
DSMES Services. Therefore, It Is Recommended That:

Providers:
1. Discuss with all persons with diabetes the benefits and value of initial and ongoing DSMES.

2. |Initiate referral to and facilitate participation in DSMES at the 4 critical times: (1) at diagnosis, (2) annually and/or when not
meeting treatment targets, (3) when complicating factors develop, and (4) when transitions in life and care occur.

3. Ensure coordination of the medical nutrition therapy plan with the overall management strategy, including the DSMES plan,
medications, and physical activity on an ongoing basis.

4. ldentify and address barriers affecting participation with DSMES services following referral.
Health policy, payers, health systems, providers, and health care teams:

5. Expand awareness, access, and utilization of innovative and nontraditional DSMES services.

6. Identify and address barriers influencing providers’ referrals to DSMES services.

/. Facilitate reimbursement processes and other means of financial support in consideration of cost savings related to the
benefits of DSMES services.

Powers MA, Bardsley JK, et al. DSMES Consensus Report, Diabetes Care Jul 2020, 43 (7) 1636-1649
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Summary of DSMES Benefits to Discuss With People With Diabetes'®30-33:40.89
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e Provides critical education and support for implementing treatment plan

e Reduces hypoglycemia

e Addresses weight maintenance or loss

e Enhances self-efficacy and empowerment

e |Increases healthy coping

e Decreases diabetes-related distress

e Promotes lifestyle behaviors including healthful meal planning and engagement in regular physical activity
e |mproves quality of life

e Reduces all-cause mortality

o Reduces emergency department visits, hospital admission, and hospital readmission
e LowersAlC

No negative side effects

Medicare / most insurers covers costs

Powers MA, Bardsley JK, et al. DSMES Consensus Report, Diabetes Care Jul 2020, 43 (7) 1636-1649



If DSMES were a pill, would you prescribe it?

Comparing the benefits of DSMES/MNT vs metformin therapy

I Benefits rating —

CRITERIA DSMES/MNT METFORMIN
Efficacy High High
Hypoglycemia risk Low Low
Weight Neutral/Loss Neutral/Loss
Side effects None Gastrointestinal

Cost Low/Savings Low
Psychosocial benefits* High N/A

N/A, not applicable. *Psychosocial benefits include improvements to quality of life, self-efficay, empowerment, healthy
coping, knowledge, self-care behaviors, meal planning, healthier food choices, more activity, use of glucose monitoring,
lower blood pressure and lipids and reductions in problems in managing diabetes, diabetes distress, and the risk of
long-term complications (and prevention of acute complications).

Powers MA, Bardsley JK, et al. DSMES Consensus Report, Diabetes Care Jul 2020, 43 (7) 1636-1649



The global challenge

Low Utilization of DSME despite its
proven benefits

(Li, Shrestha et al. 2014)



PONE

Low Utilization of DSMES

6.8

UK:
Of MEDICARE beneficiaries Of individuals with . .
with newly diagnosed diabetes newly diagnosed T2D with ggi:élents with T2DM attended

used DSMT services' PRIVATE HEALTH insurance received
DSMES within 12 months of diagnosis?

Iran:

Phase 2 analysis from nationwide diabetes report of National Program for
Prevention and Control of Diabetes (NPPCD-2018)

The prevalence of patients who received education for nutrition therapy or
diabetes self-management was 16.3% and 23.3% respectively.

Li R, et al. Morbidity Mortality Weekly Report, 2014
Strawbridge LM, et al. Health Educator, 2015

Li, Shrestha et al. 2014

Esteghamati, A. et al. Primary Care Diabetes, 2020
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* Diabetes School Model:
e 20 different programs
e 8 different target groups
* Elementary to advanced level

*Elementary (E) * 1 Basicsof diabetes and the pass to seltmanagement
®KeepoAdventures(EKA) D 2 Simplfied educationsl concepts for chidren wih dobetes
[ mmwunmmam
{E\ education.
Gestational Diabetes (E.GDM) H | 1 | ,‘d pugmdaw
1(1T1 ‘ 3 Addressing the daily skills for diabetes self- management
Type 2-Insulin (L.T21) B 3 vty
. Getting to know carbohydrates and nutritonal needs as
Type 2-Oral Mems(mzo) C 2 mahmnmddmm.
Type 1 “'Tl) AE 2 Meal planning in practice, practical carbohydrate
Type 2-Insulin (1.T21) B 2 counting exercise program and blood glucose pattern

and dose adjustment, sick day care

Type 2-Oral Agents (1.T20) C
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Tailored Diabetes Education

Patients with TIDM Parents of children with TIDM
B Patients with T2DM (insulin) Healthcare professionals
Patients with T2DM (oral agents) General/at risk population

a Children with TI1DM Women with GDM

Individualized Education Path




Gabric Diabetes School:

What we have learned
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Health topics

Data and statistics

Information for authors

GABRIC Diabetes School: an innovative education centre for people

Information for reviewers

with diabetes

Articles in press
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Republic of Iran 3Gabric Diabetes Education Association, Tehran, Islamic Republic of Iran (Correspondence to: Sara Sedaghat: s.sedaghat@gabric.ir).
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Abstract

Diabetes prevalence and deaths attributable to diabetes continue to rise across globally. Diabetes Self-Management
Education and Support (DSME/S) is a critical resource designed to help people with diabetes (PWD) successfully self-
manage their disease; however, its utilization is too low. In the Islamic Republic of Iran, there are currently limited
structured educational programmes and no national standards for DSME/S protocol. In response to this, the GABRIC
Diabetes Education Association (GDEA) has been developed as a school for diabetics, which has a comprehensive DSME/S
programme for PWD with 18 distinct courses on 5 levels for 8 target groups. In addition, GABRIC has developed a database
registry with more than 100 000 members throughout the country, of whom 95% are diabetic with a proportion of 82%
Type 2 diabetes and 13% Type 1 diabetes. The success of the GABRIC school model results is yet to be investigated through
study trials, and offers a fruitful line of research.

Keywords: Diabetes, diabetic, education, self-management, noncommunicable diseases
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GAERIC Diabetes School: an innovative education centre for people with
diabetes

Report B] PDF version
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s.sedaghat@gabric.ir).

Abstract

Diabetes prevalence and deaths attributable to diabetes continue to rise across globally.
Diabetes Self-Management Education and Support (DSME/S) is a critical resource
designed to help people with diabetes (PWD) successfully self-manage their disease;
however, its utilization is too low. In the Islamic Republic of Iran, there are currently limited
structured educational programmes and no national standards for DSME/S protocol. In
response to this, the GABRIC Diabetes Education Association (GDEA) has been
developed as a school for diabetics, which has a comprehensive DSME/S programme for
PWD with 18 distinct courses on 5 levels for 8 target groups. In addition, GABRIC has
developed a database registry with more than 100 000 members throughout the country, of
whom 95% are diabetic with a proportion of 82% Type 2 diabetes and 13% Type 1
diabetes. The success of the GABRIC school model results is yet to be investigated
through study trials, and offers a fruitful line of research.

Keywords: Diabetes, diabetic, education, sel-management, noncommunicable diseases

Citation: Esteghamati A, Hosseinpanah F, Adel Jahed S, Harati H, Astaneh MTCB,
Kaykhanzadeh H, et al. GABRIC diabetes school: an innovative education centre for
diabetics. East Mediterr Health J. 2018;24(1):99-103. https://doi.org/10.26719
12018.24.1.99



New initiative in HCP education
Based on 10 years of experience!

&S 5809 "_n..iké Basies of Diabetes Care Approach
Diabetes in Practice Diabetes Education Fellowship Training Workshop

Providing online scientific courses

GABRIC

Virtual Diabetes Academy

Scientific platform for diabetes care

WWW.GABRICVIDA.COM
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Diabetes In Practice

Fellowship Practical
workshop

Basics of Diabetes
Education




A Holistic Approach

Diabetes Care

Fellowship Training Workshop
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Take home messages

« DSMES is a right for all.

 Know 4 critical times to refer for a DSMES program.
 Not every Education have benefits of DSME.

« Addressed psychosocial issues and behavioral strategies.
* A cost effective and accessible DSMES is needed!

« Still there is a gap in DSMES research!
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First, we will briefly review the evidence and
new guidelines about prediabetes.

We will discuss the importance of prediabetes
and its management in different scenarios.

1- a person with impaired fasting blood
glucose with hypertension and hyperlipidemia

2- a woman with a history of GDM and
Impaired fasting glucose

3- a known case of ASCVD ( previous CABG)
with IFG and IGT.

4- a patient with newly diagnosed type 2
diabetes




The Defects in Glucose Metabolism May Begin Many Years Before

Patients Are Diagnosed with T2D?*2

Prediabetes and Diabetes

Onset Diagnosis
I

|
|
|
B-cell function 1

Insulin resistance

Insulin secretion

Postprandial glucose
Fasting glucose

Microvascular complications

Macrovascular complications

Prediabetes Type 2 Diabetes

T2D: Type 2 Diabetes.

References:
1.Nathan DM. N Engl J Med 2002; 347: 1342-9 [164]. 2. Piya, M. et al. British journal of clinical pharmacology 70 5 (2010): 631-44.




Goals of diabetes prevention

1- Preventing

2- Preserving

3- Preventing or delaying microvascular cardiovascular
4- Reducing costs



45 - year - old obese man referred for consultation
BP =140/95 mmHg
FBS = 115 mg/dI

FI rst CaSe Repeated 2 days later =118 mg/d|

Ch=265 mg/dI

Stu dy LDL= 174 mg/d|

HDL= 35 mg/dl

Triglyceride=280 mg/dlI

HbAlc= 6.3%




Questions?

How do you
approach to his
dysglycemia?

What do you
recommend for
management of

hypertension and
hyperlipidemia?

)
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Definition and diagnostic criteria of
prediabetes

eomseres Screening of diabetes and prediabetes in

/ ‘.& asymptomatic persons

i
GLUCOSE LEVELS CHART

Diabetes Prevention Program & CV risk
factors



Definition and diagnostic criteria of
prediabetes

PREDIABETES

GLUCOSE LEVELS CHART



Fasting Plasma
Glucose

Diabetes Mellitus

126
Prediabetes mg/dL
Impaired Fasting
Glucose
100
mg/dL

Classification and Diagnosis of Diabetes:
Standards of Care in Diabetes - 2023. Diabetes Care 2023;46(Suppl. 1):519-S40

Diabetes Mellitus

Prediabetes

Impaired Glucose
Tolerance

2-hour Plasma Glucose On Hemoglobin A1C
OGTT

Diabetes Mellitus

200 mg/dL 6.5%
Prediabetes
140 5.7%
mg/dL




°
0000000

‘Prediabetes” is the term used for
Individuals whose glucose levels do
not meet the criteria for diabetes yet

have abnormal carbohydrate
metabolism.

People with prediabetes are defined by the
presence of IFG and/or IGT and/or

screening for prediabetes and
diabetes may be limited in the presence of
hemoglobinopathies and conditions that affect
red blood cell turnover.




FREDIABETES

i‘

GLUCOSE LEVELS CHART

Screening of diabetes and prediabetes in

asymptomatic persons

11



Are you at risk for type 2 diabetes?

Diabetes Risk Test: il

1: HOW Ol Are YOUR covcoconcvcnunnisasnnnismisssangss

v Height Weight (Ibs.)
410" | 119-142  143-190 191+
411" 124-147 148-197 198+

Less than 40 years (0 points)
4049 years (1 point)
50-59 years (2 points)
60 years or older (3 points)

2. Are you a man or a woman? ...........cccceeeeeeneennnen.
Man (1 point) Woman (0 points)

3. If you are a woman, have you ever been
diagnosed with gestational diabetes?....

Yes (1 point) No (0 points)

4. Do you have a mother, father, sister or brother
with diabetes? ...

Yes (1 point) No (0 points)

5. Have you ever been diagnosed with high
DIoOd PresSsuUre R i s sy

Yes (1 point) No (0 points)

6. Are you physically active? ..........cccccceeiviiieniees

Yes (0 points) No (1 point)
7. What is your weight category? ............ccccccceeees <
See chart at right.
ADD UP
If you scored 5 or higher: HOUR SOORE:

You are at increased risk for having type 2 diabetes.
However, only your doctor can tell for sure if you do
have type 2 diabetes or prediabetes, a condition in
which blood glucose levels are higher than normal

but not yet high enough to be diagnosed as diabetes.
Talk to your doctor to see if additional testing is needed.

Type 2 diabetes is more common in African Americans,
Hispanics/Latinos, Native Americans, Asian Americans,
and Native Hawaiians and Pacific Islanders.

Higher body weight increases diabetes risk for everyone.
Asian Americans are at increased diabetes risk at lower
body weight than the rest of the general public (about 15
pounds lower).

Leam more at diabetes.org/risktest | 1-800-DIABETES (800-342-2383)

Figure 2.1—ADA risk test (diabetes.org/socrisktest).

i 128-152 153-203 204+
B 132-157 158-210 211+
52 136-163 164-217 218+
53 141-168 169-224 225+
54 145-173 174-231 232+
518" 150-179 180-239 240+
5"6% 155-185 186-246 247+
S 159-190 191-254 255+
5 8 164-196 197-261 262+
59 169-202 203-269 270+
54107 174-208  209-277 278+
511" 179-214  215-285 286+
60" 184-220  221-293 294+
BEAS 189-226  227-301 302+
62 194-232 233-310 311+
63 200-239  240-318 319+
6 4” 205-245 246-327 328+

1 point 2 points 3 points

the left column: 0 points

If you weigh less than the amount in

Adapted from Bang et al., Ann Intern Med

151:775-783, 2009 * Oniginal algorithm was validated

without gestational diabetes as part of the model.

The good news is you can manage your
risk for type 2 diabetes. Small steps make
a big difference in helping you live a longer,
healthier life.

If you are at high risk, your first step is to

visit your doctor to see if additional testing
is needed.

Visit diabetes.org or call 1-800-DIABETES
(800-342-2383) for information, tips on

getting started, and ideas for simple, small
steps you can take to help lower your risk.

Diabetes Risk Test | American Diabetes Association®
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1- Screening for prediabetes and type 2 diabetes
with an informal assessment of risk factors or
validated risk calculator

Who should be

2-Testing for prediabetes and/or type 2 diabetes
Screened fOr In asymptomatic people should be considered in
prediabetes adults of any age with overweight or obesity

(BMI 225 kg/m2 or 223 kg/m2 in Asian American
and T2D|\/| Individuals) who have one or more risk factors B




Screening for
prediabetes and
T2DM in adults

\ 4

Table 2.3—Criteria for screening for diabetes or prediabetes in asymptomatic
adults

1. Testing should be considered in adults with overweight or obesity (BMI =25 kg/m? or

=23 kg/m? in Asian American individuals) who have one or more of the following risk factors:

e First-degree relative with diabetes

e High-risk race/ethnicity (e.g., African American, Latino, Native American, Asian
American, Pacific Islander)

e History of CVD

e Hypertension (=140/90 mmHg or on therapy for hypertension)

e HDL cholesterol level <35 mg/dL (0.90 mmol/L) and/or a triglyceride level >250 mg/dL
(2.82 mmol/L)

e Individuals with polycystic ovary syndrome

e Physical inactivity

e Other clinical conditions associated with insulin resistance (e.g., severe obesity,
acanthosis nigricans)

. People with prediabetes (A1C =5.7% [39 mmol/mol], IGT, or IFG) should be tested yearly.

. People who were diagnosed with GDM should have lifelong testing at least every 3 years.

. For all other people, testing should begin at age 35 years.

2
3
4
5

. If results are normal, testing should be repeated at a minimum of 3-year intervals, with
consideration of more frequent testing depending on initial results and risk status.

6. People with HIV

CVD, cardiovascular disease; GDM, gestational diabetes mellitus; IFG, impaired fasting glu-
cose; IGT, impaired glucose tolerance.

14



Prediabetes and Type 2 Diabetes follow up
after screening

If tests are normal, repeat screening recommended at
a minimum of 3-year intervals is reasonable

sooner with symptoms or change in risk (i.e., weight
gain).C

To screen for prediabetes and type 2 diabetes:
fasting plasma glucose

2-h plasma glucose during 75-g OGTT

AlC
are each appropriate. B




Screening for
Prediabetes and
Type 2 Diabetes In

children &
adolescent

Risk-based screening for prediabetes and/or
type 2 diabetes should be considered after
the onset of puberty or after 10 years of age,
whichever occurs earlier, in children and
adolescents

with overweight (BMI =85th percentile) or
obesity (BMI 295th percentile) and who have
one or more risk factors for diabetes. B



Screening for
prediabetes and
T2DM In children

& adolescent

Table 2.4 —Risk-based screening for type 2 diabetes or prediabetes in
asymptomatic children and adolescents in a clinical setting

Screening should be considered in youth® who have overweight (=85th percentile) or
obesity [(=95th percentile) A and who have one or more additional risk factors based on
the strength of their association with diabetes:

ﬁ Maternal history of diabetes or GDM during the child's gestation A \

o Family history of type 2 diabetes in first- or second-degree relative A

e Race/ethnicity (Mative American, African American, Latino, Asian American, Pacific
Islander) A

¢ Signs of insulin resistance or conditions assodated with insulin resistance (acanthosis nigricans,
hypertension, dyslipidemia, polycystic ovary syndrome, or small-for-gestational-age birth

! weight) B J

GDM, gestational diabetes mellitus. *After the onset of puberty or after 10 years of age,
whichever occurs earlier. If tests are normal, repeat testing at a minimum of 3-year intervals
(or more frequently if BMI is increasing or risk factor profile deteriorating) is recommended.
Reports of type 2 diabetes before age 10 years exist, and this can be considered with nu-
merous risk factors.

Classification and Diagnosis of Diabetes:
Standards of Care in Diabetes - 2023. Diabetes Care 2023;46(Suppl. 1):519-S40



Prediabetes and Type 2 Diabetes
CV risk factors

When using OGTT as a screen for diabetes,
adequate carbohydrate intake (at least 150 g/day)
should be assured for 3 days prior to testing. A

In people with prediabetes and type 2 diabetes,
Identify and treat cardiovascular disease risk
factors. A




Prediabetes and Type 2 Diabetes
HIV patients

» People with HIV should be screened for diabetes and
prediabetes with a fasting glucose test

» Before starting antiretroviral therapy
At the time of switching antiretroviral therapy

« 3-6 months after starting or switching antiretroviral
therapy.

« If initial screening results are normal, fasting glucose
should be checked annually. E
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Diabetes Prevention Program & CV risk
factors
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Table 1 Description of major diabetes prevention studies reporting long-term complications
Study Total number  Cohort Duration® Post-trial £ Intervention \ HR (95% CI)° HbA,. at study end?,
of participants follow- active vs control (%)
upb (mmol/mol)
DQDPS [7] 577 IGT 6 Lifestyle 0.49 (0.33, 0.73)
DQDPOS [8] 20 Lifestyle 0.57 (0.41,0.81) NA
DQDPOS [12] - - - 30 Lifestyle 0.61 (0.45,0.83) NA
DPP [13] 3234 IGT + IFG® + 2.8 Lifestyle 0.42 (0.34,0.52) 59 vs6.1 (41 vs 43)
BMI >25 Metformin 0.69 (0.57,0.83) 6.0 vs 6.1 (42 vs 43)
DPPOS [14] 15 Lifestyle 0.73 (0.65, 0.83) 6.2 vs 6.3 (44 vs 45)
Metformin 0.82 (0.72,0.93) 6.1 vs 6.3 (43 vs 45)
FDPS [34] 522 IGT + BMI >25 39 — Lifestyle 0.42 (0.3, 0.7) NA
NAVIGATOR [22, 23] 9306 IGT + CVD or — Nateglinide 1.07 (1.0, 1.15) 6.1 vs 6.3 (43 vs 45)
CVD risk factors Valsartan 0.86 (0.8, 0.92) NA
ACE [26] 6522 IGT + CHD 5 — Acarbose 0.82 (0.71,0.94) 5.88vs5.94 (41 vs41)
ACT NOW [30] 602 IGT + IFG + 2.3 — Pioglitazone J 0.28 (0.16, 0.49) 5.50 vs 5.70 (37 vs 39)
BMI >25
STOP-NIDDM [24] 1429 IGT + IFG + 33 - Acarbose 0.75 (0.63, 0.90) NA
BMI >25
ORIGIN [32] 1456 CVD + IGT 6.2 — Glargine 0.72 (0.58,0.90) 6.3 vs 6.5 (45 vs 48)
or IFG
DREAM [27, 28] 5269 IGT and or IFG 3 - Rosiglitazone § 0.38 (0.33, 0.44) NA
Ramipril 0.91 (0.80, 1.03)

21



Several major randomized controlled trials, including:
» The Diabetes Prevention Program (DPP) trial 2Vinysio g

Reverse G & 1

* The Finnish Diabetes Prevention Study (DPS) Prediabetes gy
* The Da Qing Diabetes Prevention Study (Da Qing study)

« Demonstrate that lifestyle/behavioral intervention with an individualized reduced-
calorie meal plan is highly effective in preventing or delaying type 2 diabetes and
Improving other cardiometabolic markers (such as BP, lipids, and inflammation).

22



Follow-up of three large studies of lifestyle intervention for diabetes prevention

showed sustained reduction in the risk of progression to type 2 diabetes:
39% reduction at 30 years in the Da Qing study

43% reduction at 7 years in the Finnish DPS

34% reduction at 10 years

27% reduction at 15 years in the U.S. DPPOS.

23



The Diabetes Prevention Program/Diabetes Prevention Program

Outcomes Study (DPP/DPPOS)?

DPP Lifestyle Modified DPP Lifestyle Change Program
Change Program and Self-management Classes

+)

2.8 yr

Metformin 850 mg
Twice Daily

Modified DPP Lifestyle
Change Program and Metformin

10 yr

+)

Modified DPP Lifestyle

Placebo Change Program

9
>
t E
9
a o
¥
°
c
Ve
= c
s O
o
=

+)

15 yr

DPP: Diabetes Prevention Program; DPPOS: Diabetes Prevention Program Outcomes Study.

Reference:
1. Aroda VR et al. Metformin for diabetes prevention: insights gained from the Diabetes Prevention Program/Diabetes

Prevention Program Outcomes Study. Diabetologia.9. 2017.




Lifestyle Modification Program Goals

OBJECTIVE:

At least a 7% weight loss and
at least 150 min of physical activity/week!

ﬁ 1+—F

™ —3

Low-calorie Moderate-intensity
Low-fat diet Physical activity
Increased fiber

First 24 weeks: Subsequent individual
A one-on-one, 16-lesson curriculum sessions (usually monthly)
(diet, exercise, behavior modification)?! and group sessions!

Reference:
1. Diabetes Prevention Program Research Group, Knowler W, et al. N Engl J Med. 2002;346(6):393-403.
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Diabetes Incidence Rates After 2.8 Yearst

14 -

-31% -589%

Reduction Reduction

DPP

Number of cases per
100-person-years (n)

0 \ / 0

Placebo Metformin Lifestyle

2.8 Years
Reference:

1. Knowler WC, et al.N Engl J Med. 2002 Feb 7;346(6):393-403.




Challenges of Lifestyle Modification

Lifestyle modification is associated with adherence issues and high failure rates

Poor compliance?

Regaining lost

Difficu‘t tO maintain1 weight over timel

Pharmacotherapy can be considered for those who didn’t improve
despite lifestyle modification3



Diabetes Incidence Rates
After 10 Years?

-18% -349%

Reduction Reduction

14
12
0
QV
a3 DPPOS
> 8
£
55
» m
0 =
23
£ 5 4 _
38
< 2 _|
0

Placebo Metformin Lifestyle

10 Years
Reference:

2. Diabetes Prevention Program Research Group. Lancet. 2009 Nov 14;374(9702):1677-86.




> & ® Long-term effects of lifestyle intervention or metformin on
~ diabetes development and microvascular complications over

15-year follow-up: the Diabetes Prevention Program
Outcomes Study

Diabetes Prevention Program Research Group*
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—— Placebo
—— Metformin
— Lifestyle intervention

Curul ative incidence of diabetes (%)

—

—
[

]

1 3 3 & 7 8 g 10

Time since DPP randomisation (years)

Mumbser at risk
Placebo go0 7o9 599 640 Ch2 L2 48 44 416
Metformin g18 241 ThE 6q2 611 7S C29 499 465
Lifestyle gog 876 £29 Fi:¥ LT ol7 CHZ CEO Cog
intervention

Figure 2: Cumulative incidence of diabetes by treatment group in the 2776 DPP-DPPOS participants

The Diabetes Prevention Program (DPF) and DPP Qutcomes Study (DPFPOS) periods, and the overlap between them, are shown. Over the entire study, the comulative
incidence was Z7 % lower for the lifestyle group tham for the placebo group (p-0-0001) and 18% lower for the metformin group than for the placebo group
(p=0-0001). The difference between the lifestyle and metformin groups was not significant {p=0-10).




Diabetes Incidence Rate After 15

Years3
Lifestyle Metformin
0
S -5 _
c
i
hd ~N
58 -10
33 DPPOS
- 9
Q90 -20
38 ]
- Declining between-
§ =25 | group differences
& over time
-27% -18%

o _ 15 Years
eference:

3. Diabetes Prevention Program Research Group.Lancet Diabetes Endocrinol. 2015 Nov; 3(11): 866-875.2015 Nov;3(11): 866-875.




Figure 3: Prevalence of aggregate microvascular complications and
individual microvasoular components at DPPOSend

M icrovascul ar disease preva ence (%)

Aggregate

Mephropathy

Il Flacebo
Il M etformin
B Lifestyle intervention

Meuropathy Retinopathy

Aqgreqate microvascular disease prevalerce (%)

204

The prevalence of the
aggregate microvascular
outcome were not
significantly different between
treatment groups

Men Women Mo diabetes Diabetes
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Both Prediabetes & Diabetes Increase the Risk of
Macrovascular Complications?*?

34 28 pl 55 64 74
80 —
AR
70 |
£ 60 |
 u
:§ 50 |
d
o8
-U.E 40 _|
.qE)E
%% 30 |
93T
& 20 |
(=]
10 _|
0
cvD CHD Stroke cvD CHD Stroke
IGT Diabetes

2-Hour Glucose Criteria
IGT is a stronger predictor of CVD and total mortality than IFG.1.2

IGT: Impaired Glucose Tolerance; IFG: Impaired Fasting Glucose; NGT: Normal Glucose Tolerance.

References:
1. Milman S et al. Mechanisms of vascular complications in prediabetes. Med Clin North Am. 2. 2011. 2. DECODE Study Group, the European Diabetes Epidemiology Group. Glucose tolerance and cardiovascular
mortality: comparison of fasting and 2-hour diagnostic criteria. Arch Intern Med . 3. 2001.




Prediabetes and Diabetes are Associated
with Microvascular Complicationsi3

4

Published 1n final edited form as:
Diabet Med. 2007 February ; 24(2): 137-144.

Retinopathy!?

The prevalence of retinopathy in impaired glucose tolerance and
recent-onset diabetes in the Diabetes Prevention Program

Diabetes Prevention Program Research Group

~— - -~ -

increase in increase in chronic

polyneuropathy in kidney disease in
1. Diabetes Prevention Program Research Group. The prevalence of retinopathy in impaired glucose tolerance and recent-onset diabetes in the Diabetes Prevention Program. Diabet Med. 2. 2007. 2. Ziegler D

increase in retinopathy
in diabetic subjects.! : . . : :
impaired glucose prediabetic subjects.3
tolerance subjects.?
IGT: Impaired Glucose Tolerance; IFG: Impaired Fasting Glucose; NGT: Normal Glucose Tolerance.
References:
et al. Prevalence of polyneuropathy in pre-diabetes and diabetes is associated with abdominal obesity and macroangiopathy: the MONICA/KORA Augsburg Surveys S2 and S3. Diabetes Care. 3. 2008. 3.
Plantinga LC et al.Prevalence of chronic kidney disease in US adults with undiagnosed diabetes or prediabetes. Clin J Am Soc Nephrol.4. 2010.




Results—Retinopathy consistent with diabetic retinopathy was detected in 12.6 and 7.9% of the

diabetic and non-diabetic participants, respectively (P = 0.03, comparing prevalence in the two
groups). Systolic blood pressure and HbA ;. were higher at baseline in the diabetic participants who
had retinopathy compared with the diabetic participants without retinopathy.

Retinopathy?

Conclusions—Retinopathy characteristic of diabetes is present in persons with elevated fasting
glucose and impaired glucose tolerance and no known history of diabetes. The prevalence of
retiopathy 1s significantly higher in persons who develop diabetes, even within 3 years of diagnosis.

12.6%

7.9%

o
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>
S
© 10% -
Q
2
.-l: 80/0 =
]
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(o) —
‘s 6%
Q
g 4% -
9
S 200
(]
| 58
& 0%

Non-diabetic Diabetic
Subjects Subjects
References:

1. Diabetes Prevention Program Research Group. The prevalence of retinopath¥ in impaired glucose tolerance and
recent-onset diabetes in the Diabetes Prevention Program. Diabet Med. 2. 2007.




Prediabetes and Diabetes are Associated
with Microvascular Complicationsi3

y, 4 [ 4
Retinopathy! -@ Polyneuropathy? Nephropathy:3

A2590% I A75% W A267%

increase in increase in chronic
olyneuropathy in kidney disease in
impaired glucose rediabetic subjects.3

—

increase in retinopathy
in diabetic subjects.!

Prevalence of Polyneuropathy in Pre-
Diabetes and Diabetes Is Associated With @

Abdominal Obesity and Macroangiopathy
The MONICA/KORA Augsburg Surveys S2 and S3

1. Diabetes Prevention Program Research Group. The prevalence of retinopathy in impaired glucose tolerance and recent-onset diabetes in the Diabetes Prevention Program. Diabet Med. 2. 2007. 2. Ziegler D
et al. Prevalence of polyneuropathy in pre-diabetes and diabetes is associated with abdominal obesity and macroangiopathy: the MONICA/KORA Augsburg Surveys S2 and S3. Diabetes Care. 3. 2008. 3.
Plantinga LC et al.Prevalence of chronic kidney disease in US adults with undiagnosed diabetes or prediabetes. Clin J Am Soc Nephrol.4. 2010.




Polyneuropathy?
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The prevalence of polyneuropathy was:
28.0% in DM 13.0% in IGT 11.3% in IFG 7.4% in NGT
(P 0.05 for diabetes vs. NGT, IFG, and IGT)

2. Ziegler D et al. Prevalence of polyneuropathy in pre-diabetes and diabetes is associated with abdominal obesity and macroangiopathy: the MONICA/KORA Augsburg
Surveys S2 and S3. Diabetes Care. 3. 2008




Prediabetes and Diabetes are Associated
with Microvascular Complicationsi3

4 [ 4
Polyneuropathy? Nephropathy3

4

Retinopathy!?

A75%

increase in

A67%

increase in chronic

25990/

increase in retinopathy

polyneuropathy in
impaired glucose
tolerance subjects.?

kidney disease in

AR e
in diabetic subjects. prediabetic subjects.>

IGT: Impaired Glucose Tolerance; IFG: Impaired Fasting Glucose; NGT: Normal Glucose Tolerance.

References:

1. Diabetes Prevention Program Research Group. The prevalence of retinopathy in impaired glucose tolerance and recent-onset diabetes in the Diabetes Prevention Program. Diabet Med. 2. 2007. 2. Ziegler D
et al. Prevalence of polyneuropathy in pre-diabetes and diabetes is associated with abdominal obesity and macroangiopathy: the MONICA/KORA Augsburg Surveys S2 and S3. Diabetes Care. 3. 2008. 3.
Plantinga LC et al.Prevalence of chronic kidney disease in US adults with undiagnosed diabetes or prediabetes. Clin J Am Soc Nephrol.4. 2010.




The 1999 through 2006 National Health

Nephropathy? and Nutrition Examination Survey
N = 8188
10.6% 17.7%
S T (o
16% -
>
g 14% - _
2 Conclusions: CKD
- 129% - . .
30 prevalence is high among
£ S 10% 4 eople with undiagnosed
5 peop u g
53 8% - diabetes and prediabetes
Q .=
e° 6% |
9
g 4% |
& 2% |
0% - y,
Subjects without Subjects with
Diabetes Prediabetes

References:
3. Plantinga LC et al.Prevalence of chronic kidney disease in US adults with undiagnosed diabetes or prediabetes. Clin J Am Soc Nephrol.4. 2010.




Reviews/Commentaries/ADA Statements
REVIEW A RTICLE

A1C Level and Future Risk of Diabetes: A
Systematic Review

Zhang X, Gregg EW, Williamson DF, et al. A1C level and future risk of diabetes: a systematic review.
Diabetes Care 2010;33:1665-1673
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In a systematic review of 44,203 individuals from 16 cohort
studies with a follow-up interval averaging 5.6 years (range
2.8—-12 years)

1-Those with A1C between 5.5% and 6.0% had a substantially
Increased risk of diabetes (5-year incidence from 9% to 25%).

2-Those with an A1C range of 6.0-6.5% had a 5-year risk of
developing diabetes between 25% and 50% and a relative risk 20
times higher compared with A1C of 5.0%.

Zhang X, Gregg EW, Williamson DF, et al. A1C level and future risk of diabetes: a systematic review. Diabetes Care 2010;33:1665-1673



A1C Level and Future Increased Risk of Diabetes?
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HbAlc Range (%)

Reference:
1. Zhang X. Gregg EW. et al. A1C Level and Future Risk of Diabetes: A Systematic Review. Diabetes Care. 33:1665-1673, 2010.
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CrossMark

HbA]_C as a Predj_Ctor Of Diabetes gi:::fs Prevention Program Research
and as an Outcome in the Diabetes

Prevention Program: A
Randomized Clinical Trial

Diabetes Care 2015,38:51-58 | DOI: 10.2337/dc14-0886

Diabetes Prevention Program Research Group. HbAlc as a predictor of diabetes and as an outcome in the
diabetes prevention program: a randomized clinical trial. Diabetes Care 2015; 38:51-58




Diabetes defined by HbAlc

Evaluation of treatment effects in the 2,765 participants who
did not have diabetes at baseline according to FPG, 2hPG, or
HbAlc

RESULTS
Baseline HbAlc predicted incident diabetes in all treatment groups.

Diabetes incidence defined by HbAlc > 6.5% :

was reduced by 44% by metformin and 49% by lifestyle during the DPP

and by 38% by metformin and 29% by lifestyle throughout follow-up.

Unlike the primary DPP and DPPQOS findings based on glucose criteria,
metformin and lifestvle were similarlv effective in preventina diabetes
defined by HbAlc.




CONCLUSIONS

metformin and lifestyle interventions had similar
effects in preventing HbAlc-defined diabetes.
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Study (DPPOS) report,

prediabetes to diabetes

b

In the most recent NIH Diabetes\
Prevention Program Outcomes

prevention of progression from

4

for diabetes and microvascular disease in the Diabetes Prevention Program Outcomes Study (DPPOS).
Diabet Med 2017;34:1747-1755

E’erreault L, Pan Q, Aroda VR, et al.; Diabetes Prevention Program Research Group. Exploring residual risk }
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Diabet Med. 2017 December ; 34(12): 1747-1755.do1:10.1111/dme.13453.

Exploring residual risk for diabetes and microvascular disease
in the Diabetes Prevention Program Outcomes Study (DPPOS)

L. Perreault’, Q. Pan?, V. R. Aroda®, E. Barrett-Connor?, D. Dabelea®, S. Dagogo-Jack®, R. F.
Hamman?, S. E. Kahn’, K. J. Mather®, and W. C. Knowler® for the Diabetes Prevention

Program Research Group
'University of Colorado, Aurora, CO




Approximately half of the participants in
the DPPOS had diabetes after 15 years
of follow-up, whereas nearly all the
others remained with pre-diabetes.

We examined whether formerly
unexplored factors in the DPPOS
coexisted with known risk factors that
posed additional risk for, or protection
from, diabetes as well as microvascular
disease.
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Results: In models adjusted for demographics
and known diabetes risk factors, two formerly
unknown factors were associated with risk for
both diabetes and microvascular disease
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Number of medications taken
HR = 1.07, for diabetes

OR = 1.10 for microvascular
disease

Variability in HbAlc

HR = 1.02, for diabetes

OR = 1.06, for microvascular
disease per SD.




Diabetologia (2019) 62:1319-1328
https://doi.org/10.1007/s00125-019-4928-8
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Does diabetes prevention translate into reduced long-term vascular
complications of diabetes?
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Does diabetes prevention translate into reduced long-term vascular
complications of diabetes?

* The limited long-term data, largely from the Da Qing Diabetes Prevention
Study (DQDPS) and the Diabetes Prevention Program (DPP) and their
respective follow-up studies (DQDPOS and DPPQOS)

Suggest :
« Reduction In microvascular complications and
« Amelioration of CVD risk factors.




Does diabetes prevention translate into reduced long-term
vascular complications of diabetes?

* Only the DQDPOS and Study to Prevent Non-Insulin- Dependent
Diabetes Mellitus (STOP-NIDDM) studies have shown:

 Areduction in CVD events

« Only DQDPOS has demonstrated a decrease in CVD and overall
mortality.
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Diabetologia (2019) 62:1385-1390
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SHORT COMMUNICATION

Reversion from prediabetes to normoglycaemia and risk

of cardiovascular disease and mortality: the Whitehall Il cohort study

®
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What is already known about this subject?
e Prediabetes is associated with an increased risk of cardiovascular disease (CVD) and death

e Reversion from prediabetes to normoglycaemia has been shown to improve cardiovascular risk factors

What is the key question?

e |[sreversion from prediabetes to normoglycaemia associated with a lower risk of CVD and death?

(What are the new findings?

e [ndividuals reverting from fasting glucose- or from HbA:-defined prediabetes to normoglycaemia were not at
reduced risk of future CVD or death

\ of CVD and death

~N

e Reversion to normoglycaemia from prediabetes defined by 2 h glucose was associated with a halving in future risk

J

How might this impact on clinical practice in the foreseeable future?

e People with elevated 2 h glucose seem to have a strong potential to decrease their CVD risk through reducing
glucose levels, and therefore this group should be identified for early preventive strategies




Glycated Hemoglobin, Prediabetes,

and the Links to Cardiovascular
Disease: Data From UK Biobank

Diabetes Care 2020;43:440-445 | https://doi.org/10.2337/dc19-1683
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Glycated Hemoglobin, Prediabetes, and the Links to Cardiovascular Disease

 HbAlc levels are increasingly measured in screening for diabetes

« We investigated whether HbAlc may simultaneously improve CVD risk assessment, using
QRISK3, (ACC/AHA),and (SCORE) scoring systems.

« UK Biobank participants without baseline CVD or known diabetes (n 5 357,833) were
iIncluded



* The near twofold higher unadjusted risk for
CVD In people with prediabetes is driven
mainly by abnormal levels of conventional
CVD risk factors.

CONCLUSIONS

* While HbA1c adds minimally to
cardiovascular risk prediction, those with
prediabetes should have their conventional
cardiovascular risk factors appropriately
measured and managed.




Diabetes Prevention Program

(N=3234)
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*Goal: 7% reduction in baseline body weight through low-calorie, low-fat diet and 2150 min/week moderate intensity exercise .
DPP Research Group. N Engl J Med. 2002;346:393-403.
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Diabetes Prevention Program
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*Goal: 7% reduction in baseline body weight through low-calorie, low-fat diet and 2150 min/week moderate intensity exercise .

DPP Research Group. N Engl J Med. 2002;346:393-403.
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Loss in Prediabetic Subjectst

Weight changes from baseline (kg)

1996 @ 2001 2002 2013

PLACEBO

METFORMIN

LIFESTYLE
MODIFICATIONS

DPP: Diabetes Prevention Program.
Metformin is not indicated for weight loss or obesity treatment.

Reference:
1. Diabetes prevention program research group. Long-term effects of lifestyle intervention or metformin on diabetes development and microvascular complications over 15-

year follow-up: the Diabetes Prevention Program Outcomes Study. Lancet Diabetes Endocrinol, 2015.

Metformin Is Associated with a Long-term and Sustained Body Weight

Results from
DPP/DPPOS

Mean weight loss of

4 KG

(from 94 Kg to 90 Kg)
with metformin
maintained over

15 years




Weight loss in DPP

* In the DPP, weight loss was an important factor in reducing the risk of
progression

* With every kilogram of weight loss conferring a 16% reduction in risk of
progression over 3.2 years.

* In postpartum individuals with GDM, the risk of type 2 diabetes increased by
18% for every lunit BMI above the preconception baseline.
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Importance of prediabetes




1- Prediabetes should not be viewed as a clinical entity in
Its own right but rather as a risk factor for progression to
diabetes and cardiovascular disease (CVD).

Prediabetes
and CV risk 2- Prediabetes is associated with:

factors » Obesity (especially abdominal or visceral obesity)

 Dyslipidemia with high triglycerides and/or low HDL
cholesterol

« Hypertension.

3- The presence of prediabetes should prompt
comprehensive screening for cardiovascular risk factors.




Prediabetes
and CV risk factors

Similar to those with IFG and/or IGT, individuals with A1C of
5.7—-6.4% should be informed of their increased risk for
diabetes and CVD and counseled about effective strategies to
lower their risks

Similar to glucose measurements,




‘ . ’ Type 2 Diabetes

‘ . ’ Prediabetes Pharmacologic diabetes prevention

68



Various pharmacologic agents used to treat
diabetes have been evaluated for diabetes
prevention.

Pharmacologic
diabetes

prevention Metformin

a-glucosidase inhibitors
GLP-1 RA (liraglutide, semaglutide)
Thiazolidinediones

Testosterone
e |nsulin

have been shown to lower the incidence of
diabetes in specific populations.

* Whereas diabetes prevention was not seen
with nateglinide
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Pharmacologic diabetes prevention

* No pharmacologic agent has been approved by the U.S.
FDA for a specific indication of type 2 diabetes prevention
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PREVENTION OF DIABETES:

METFORMIN ROLE

Metformin
CaHnNs

Tl
N
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Metformin was overall less
effective than lifestyle
modification in the DPP, though
group differences declined over
time in the DPPOS, and
metformin may be cost-saving

over a 10-year period.

Metformin has the longest history
of safety data as a
pharmacologic therapy for
diabetes prevention.

/
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Diabetes Prevention Program

(N=3234)

12 -
10 -
4
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g > 8-
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£ 92 6
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0

Intensive lifestyle
intervention*
(n=1079)

*Goal: 7% reduction in baseline body weight through low-calorie,
IGT, impaired glucose tolerance; T2D, type 2 diabetes.
DPP Research Group. N Engl J Med. 2002;346:393-403.

Metformin Placebo
850mg BID (n=1082)
(n=1073)

low-fat diet and 2150 min/week moderate intensity exercise .
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Type 2 Diabetes Can Be Prevented

58% decreased risk with lifestyle modification
31% decreased risk with metformin

407 Flacebo
. i
% — 30 - 1 -
o 5 Metformin
L o =
=3 I Lifestyle
s VIS PR Ty —
- O
==
B . — 1
50 .
= o _
= 10 N e S
-

il I_ T I |

0 05 1.0 1.5 2.0 25 3.0 3.5 4.0
Year

*From New England Journal of Medicine, Knowler WC, Barrett-Connor E, Fowler
SE, Hamman RF, Lachin JM, Walker EA, et al. Reduction in the incidence of type 2
diabetes with lifestyle intervention or metformin, Vol. 346, pp. 393-403,

Copyright © 2002, Massachusetts Medical Society. Reprinted with permission
from Massachusetts Medical Society.



DPP Outcomes Study

(N=2766)
60— ---- Placebo
—— Metformin
50— — Lifestyle

Cumulative Incidence (%)

DPP, Diabetes Prevention Program; T2D, type 2 diabetes.
DPP Research Group. Lancet. 2009;374:1677-1686.
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Diabetes Prevention Program Outcomes Study (DPPOS)

15 years follow-up in 2015 & 22 years in 2022

< DPPOS
60 4 DPP >
— Placebo
— Metformin
— Lifestyle intervention
50
2
g 404
=
.0
-
g
g 304
=
= . .
g — B Risk of Diabetes:
I 2p-
E .
3 _|_4|_|_|7 Lifestyle \26% (17-35)
]
10 . 0
jl_l_l Metformin N 18% (7-28)
0 | | | 1 | | | | 1 | | | | | |
0 1 2 3 4 5 6 7 ] 9 10 11 12 13 14 15
Number at risk Time since DPP randomisation (years)
Placebo 935 S00 799 699 640 585 562 522 485 445 416 387 364 339 317 255
Metformin 926 018 841 766 692 647 611 575 529 439 465 441 410 393 o 289
Lifestyle 915 908 876 829 782 730 671 617 582 550 509 475 443 400 372 285

intervention

Diabetes Prevention Program Research Group Lancet 2015;3: 866-875

76




Follow-up after 15 years showed a continued benefit in the original
lifestyle intervention and metformin groups

With long-term reductions in diabetes development of 27 and 18 %,
respectively

compared with the original placebo group (cumulative incidence of
diabetes 55, 56, and 62 % In the lifestyle, metformin, and placebo groups,
respectively).




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

The Chinese Prevention Study

(N=321)
14 -
S 12 11.6
S
w10 -
()
15
3 87
(@]
5 6
(D)
e 4 -
(&)
T
2 27
0

Control Metformin

IGT, impaired glucose tolerance; RRR, relative risk reduction.
Yang W, et al. Chin J Endocrinol Metab. 2001;17:131-136.
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3-y Cumulative Incidence (%)

Effect of Lifestyle Modification and Metformin on
Cumulative Diabetes Incidence

The Indian DPP

(N=531)
60 1 55.0
29% 28%

39.3 39.5

40 -
30 -
20 -
10 -
0 - _ .
Control Lifestyle Metformin Lifestyle
(n=136) Modification (n=133) Modification
(n=133) + Metformin
(n=129)

DPP, Diabetes Prevention Program; LSM, lifestyle modification; MET, metformin; RRR, relative risk reduction.
Ramachandran A, et al. Diabetologia. 2006;49:289-297.
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* In the DPP, metformin was as effective
as lifestyle modification in participants
with BMI > 35 kg/m2 and in younger
participants aged 25-44 years.



Metformin role

Metformin was particularly effective in individuals who:
1- were younger (<60 years of age)

2- with class Il obesity (BMI >35 kg/m?),

3- and at highest risk for developing diabetes



Cost-effectiveness analysis

A cost-effectiveness analysis
using data from the DPP
(three years) and the DPPOS
(seven years) showed that
lifestyle intervention was cost
effective compared with
placebo.

J

Moreover, metformin was
actually cost-saving.




PREDIABETES ALGORITHM

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

LIFESTYLE THERAPY

(Including Medically Assisted Weight Loss)

TREAT ASCVD WEIGHT LOSS TREAT HYPERGLYCEMIA
RISK FACTORS THERAPIES FPG >100 | 2-hour PG >140

ASCVD RISK FACTOR NORMAL 1 PRE-DM MULTIPLE PRE-DM
MODIFICATIONS ALGORITHM GLYCEMIA CRITERION CRITERIA

DYSLIPIDEMIA HYPERTENSION . . .
ROUTE ROUTE Low-risk Consider with
Progression Intensify Medications Caution

Weight

-

OVERT
DIABETES

Orlistat, lorcaserin,
ine/topi PROCEED TO
phentermine/topiramate ER, . .
- naltrexone/bupropion, liraglutide 3 mg, GLYCEMIC CONTROL If hyperglycemia persists
or bariatric surgery as indicated ALGORITHM

for obesity treatment

COPYRIGHT © 2020 AACE | MAY NOT BE REPRODUCED IN ANY FORM WITHOUT EXPRESS WRITTEN PERMISSION FROM AACE. WWW AACE COM/PUBLICATIONSS|OURMAL-REPRINTS-COPYRIGHTS-PERMISSIONS | DOI 100,41 58/05-2019-0472



National
|Institute for
Health and

Care
Excellence
(NICE)

In the UK, NICE guidelines
suggest metformin for patients with:

1- Elevated FPG (FPG; 100 to 125 mg/dL or
A1C (6 to 6.5 % who are unable to
participate in lifestyle interventions

2- or in whom FPG or A1C values
deteriorate despite participation in a lifestyle
Intervention program.




NICE Guidance on metformin use in prediabetes

* Add metformin to lifestyle support when plasma glucose
blood test has deteriorated over 3-6 months, particularly
for overweight (BMI>35)

* Check renal function initially then every 6 months

« Start with 500mg then increase gradually to 2000mg daily

* Prescribe for 12 months initially and stop if no benefit has
been noted

NICE Guidance on diabetes Prevention 2018
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For selected patients :

* (age <60 years and/or BMI 235 kg/m?, women with a
history of GDM) with IGT, IFG, or A1C of 5.71t0 6.4 % ,
In whom lifestyle interventions fail to improve glycemic

Choice of indices

drug therapy

« Metformin is suggested for diabetes prevention (850
mg once daily for one month; if tolerating, increase to
850 mg twice daily).
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Choice of « Metformin has been approved for prevention
In several countries internationally but
drug therapy remains off-label for prevention in the US
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(ﬁ() Cochrane
y/o# Library

Cochrane Database of Systematic Reviews

Metformin for prevention or delay of type 2 diabetes mellitus and
its associated complications in persons at increased risk for the

development of type 2 diabetes mellitus (Review)

Madsen KS, Chi Y, Metzendorf MI, Richter B, Hemmingsen B
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Meta-analysis of RCT on Metformin

« A meta-analysis of randomized trials of metformin for the prevention of
diabetes in high-risk individuals showed that metformin decreased new-
onset diabetes compared with standard diet and exercise, with or without
placebo (141 versus 281 per 1000, risk ratio [RR] 0.5, 95% CI 0.38-0.65).

« Madsen KS, Chi Y, Metzendorf MI, et al. Metformin for prevention or delay of type 2 diabetes mellitus and its associated
complications in persons at increased risk for the development of type 2 diabetes mellitus. Cochrane Database Syst Rev 2019;
12:CD008558.
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Metformin

Metformin did not reduce the development of
type 2 diabetes compared with intensive diet
and exercise (133 versus 167 per 1000 in
the intensive intervention group, RR 0.80,
95% C10.47-1.37).

There were Insufficient data to address
patient important outcomes, such as micro-
and macrovascular outcomes and mortality.
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The DPP trial

* In the largest trial in the meta-analysis, the DPP, metformin reduced the rate
of progression to diabetes compared with placebo (22 versus 29 % at an
average follow-up of three years [in the intensive lifestyle arm, the incidence

of diabetes was 14 %).

 Metformin was effective in males and females and in all ethnic groups but
was relatively ineffective in older patients and in those who were less

overweight.

Knowler WC, Barrett-Connor E, Fowler SE, et al. Reduction in the incidence of type 2 diabetes with lifestyle intervention or metformin. N

Engl J Med 2002; 346:393.



Delay or prevention?

* There has been concern that the diabetes prevention benefit
of metformin might represent a delaying of the development of diabetes
rather than true prevention since follow-up OGTT in most studies was done
while patients were still taking the medication.

 In one follow-up study of 1274 subjects in the DPP metformin group (who
had not developed diabetes), follow-up OGTTs after stopping metformin (on
averagedll days) showed that approximately 75 % of the metformin benefit
persiste

Diabetes Prevention Program Research Group. Effects of withdrawal from metformin on the development of diabetes in the diabetes
prevention program. Diabetes Care 2003; 26:977.



Although the authors suggested that this finding is consistent with prevention, longer
drug-free trials are needed to firmly draw this conclusion.

« Patients treated with metformin require at least annual monitoring (A1C or fasting
glucose).
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35 - year - old overweight lady with history of GDM in previous
labor 5 years ago

BP =120/75 mmHg

FBS = 122 mg/dl

S e CO n d Repeated 2 days later =117 mg/dl
case Ch=220 mg/d|
Stu dy LDL= 130 mg/d|

HDL= 49 mg/dI

Triglyceride=200 mg/dl

HbAlc=6.15 %




ORIGINAL ARTICLE
S

Endocrine Care

Prevention of Diabetes in Women with a History of
Gestational Diabetes: Effects of Metformin and
Lifestyle Interventions

Robert E. Ratner, Costas A. Christophi, Boyd E. Metzger, Dana Dabelea, Peter H. Bennett,
Xavier Pi-Sunyer, Sarah Fowler, Steven E. Kahn, and The Diabetes Prevention Program Research Group*

(J Clin Endocrinol Metab 93: 4774-4779, 2008)
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A total of 2190 women were randomized into the DPP and
provided information for past history of GDM.

This analysis addressed the differences between

Patients

350 women providing a past history of GDM

1416 women with a previous live birth but no history of GDM.

97




Results

women with a history of GDM
randomized to placebo had a crude incidence
rate of diabetes 71% higher than that of
women without such a history.

placebo m——

both intensive lifestyle and metformin therapy
reduced the incidence of diabetes by

Intervention s approximately 50%

49 and 14%,



Results

These data suggest that
metformin may be more

effective in women with a
GDM history as compared
with those without.




Conclusions

Progression to diabetes

lifestyle and metformin
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Weight change
without history
of GDM

Weight change
with a history
of GDM

FIG. 3. Change in weight during DPP by randomized treatment group. Panel A, Women without a history of GDM; Panel B, women with a history of GDM.
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Metformin in GDM

« Metformin was most effective in reducing the risk of diabetes
In younger people with obesity, and particularly in women
with a history of gestational diabetes .

* Metformin is relatively inexpensive and has no long-term,
serious side effects.

* Ratner RE, Christophi CA, Metzger BE, et al. Prevention of diabetes in women with a history of gestational diabetes:
effects of metformin and lifestyle interventions. J Clin Endocrinol Metab 2008; 93:4774.



Metformin in
GDM

In individuals with a history of
GDM In the DPP, metformin and
Intensive lifestyle modification
led to an equivalent 50%
reduction Iin diabetes risk.

Both interventions




* In contrast to the findings in the entire DPP
cohort (lifestyle intervention more effective
than metformin therapy)

Hlstory i « Metformin and lifestyle intervention were

GDM similarly effective in reducing the incidence of
diabetes in women with a history of gestational
diabetes.

+ Ratner RE, Christophi CA, Metzger BE, et al. Prevention of diabetes in women with a history of gestational
diabetes: effects of metformin and lifestyle interventions. J Clin Endocrinol Metab 2008; 93:4774
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Effectiveness of Metformin for Diabetes Prevention in Patient
Subgroupst2

Diabete 5 Prevention Program (N =3234)

53% 50% 48% 31-449%,
80% —
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References:
1. Knowler et al. Reduction in the incidence of type 2 diabetes with lifestyle intervention or metformin. The new England journal of medicine, 346, 2002.

2. Aroda, V. et al. Metformin and Type 2 Diabetes Prevention. Diabetes Spectr. 2018 Nov; 31(4): 336-342.




Pharmacologic

Interventions

“Metformin therapy for the prevention of type 2 )

diabetes should be considered in adults at

>hiqh risk of T2DM
as typified by the DPP

A"
)

4
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Measurement of
vitamin B12

* Long-term use of metformin may
be associated with biochemical
vitamin B12 deficiency

» Consider periodic measurement of
vitamin B12 levels in metformin-
treated individuals

« Especially in those with anemia or
peripheral neuropathy. B



Metformin & Heart
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= Randomized, interventional study, overweight patients Median treatment duration 10.7 years
15 SITES in UK

N=342, Metformin

N=277, Glibenclamide
N=409, Insulin

N=265, Chlorpropamide

CEEE

& Time to first occurrence of ©  Myocardial infarction
- any diabetes-related clinical complication @  Stroke
p— - - diabetes-related death © Amputation/death due to PVD

- all-cause mortality . L
& Microvascular complications

N o e e o o e e o e e o e e e e e ”

Source: UKPDS 33: Lancet, 1998, 352: 837-53.




FIGURE 1 Summary of randomized
allocation of patients to treatment in the
UK Prospective diabetes study. SU,
sulphonylurea; T2D, type 2 diabetes.
“Conventional treatment policy in the
UKPDS. PThese patients were included in
the main trial analysis (UKPDS 33).
‘UKPDS 34. “Defined as fasting plasma
glucose 6.1-15 mmol/L (110-270 mg/

dL) without symptoms of hyperglycaemia.

Adapted from references”® with
permission from Elsevier

4209 newly-diagnosed T2D

patients eligible for

randomization

® Non-overweight patients
from 15 centres

® All patients from 8 centres

Randomized to

® |[ntensive

treatment
with SU or
insulin

(n=1778)°

N\

® Dieta®
(n=727)

® 1704 overweight patients
from 15 centres

Randomized to

® Intensive ® Dietabe ® Intensive
treatment (n=411) treatment with
with SU or metformin
insulin (n=342)
(n=951)>°

e

537 overweight or non-overweight patients became
hyperglycaemic? on maximum doses of SU

Re-randomized to

Continued SU
monotherapy

Addition of
metformin to SU
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Randomized, interventional study, overweight patients Median treatment duration 10.7 years
15 SITES in UK

— B . Diabetes Trials Unit
b Diabetes OCDEM, Churchill Hospital
4 01d Road, Headington

| § Trials Oxford OX37L)
Tel: +44 (0)1865 857240

P Unit Fan: +44 (0)1565 637241
i i E-mail: diu@ diw.ox ac.uk

ﬂ N=411, Diet N=342, Glucophage®
N

Tuesday, March 4, 2003

Clinical endpoint versus diet m 1o Whom 1 My Concem:

UKPDS - Metformin Tablets

Any diabetes related complication 4 32% (p=0.002) (G e s L i o o RIS (epant 97 S
Diabetes-related deaths 1 42% (p=0.017) R

All-cause mortality ~ 136% (p=0.011) prlone

Myocardial infarction ~~ 139% (p=0.01)

Stroke ~ latw(p=0.13)

Amputation/death due toPvD - L26% (p=0.62)

Microvascular complications 129% (p=0.19)

{::, The Oxford Centre

' for Dialetes, Endocrinolosy and Mctabolism WWW diu.ox.ac.uk

: UKPDS 34: Lancet, 1998, 352:854-65.




UKPDS - legacy effect

Median monitoring duration 10 years ‘»

= Post-trial monitoring for 10 years
15 SITES in UK

N=309, conventional therapy
Any diabetes-related complication

_ : : - o
N=279, intensive Glucophage® therapy . 10_ o001 Comventiona|
§ 0.8 therapy
m -
Clinical endpoint versus conventional m '§ 0.6+
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g 03-
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Microvascular complications { 16% (p=0.31) g 0.4 therapy
§ 024
a . Metformin
@ 00_ I I I | 1
0 5 10 15 20 25
legacy effect :

: UKPDS 34: Lancet, 1998, 352:854-65.




UK Prospective Diabetes Study: Intensive Glucose Control with

Metformin & Cardiovascular Outcomes?:2

MEDIAN DOSE 2,550 MG OF METFORMIN

START OF 1 2
INTERVENTION 20 YEARS 30 YEARS

UKPDS endpoints Intervention

Follow up

-21%

Any diabetes-related endpoint '3 20/0

Diabetes-related death -420/0 '300/0

All-cause mortality '360/0 -27%

Myocardial infarction -390/0 -33%

References:
1. UKPDS Group. Lancet. 1998 Sep 12;352(9131):854-65.
2. Holeman, R. N Engl J Med 2008; 359:1577-1589.



» People with prediabetes often have other
cardiovascular risk factors, including

Prediabetes hypertension and dyslipidemia,

and CVD risk and are at increased risk for cardiovascular
disease.

+ PanY, Chen W, Wang Y. Prediabetes and outcome of ischemic stroke or transient
ischemic attack: a systematic review and meta-analysis. J Stroke Cerebrovasc Dis
2019;28:683—-692

*+ Huang, Cai X, Mai W, Li M, Hu Y. Association between prediabetes and risk of
cardiovascular disease and all cause mortality:




ARTICLES | VOLUME 6, ISSUE 5, P392-403, MAY 2018

Cardiovascular and renal burdens of prediabetes in the USA: analysis of
data from serial cross-sectional surveys, 1988-2014

Mohammed KAli, MD 2 X « Kai McKeever Bullard, PhD * Sharon Saydah, PhD e Giuseppina Imperatore, MD ¢
Edward W Gregg, PhD

Published: February 27,2018 * DOI: https://doi.org/10.1016/S2213-8587(18)30027-5 »




A
[ Not treated, not controlled [ Treated, not controlled [ Treated and controlled

Diagnosed diabetes Undiagnosed diabetes Prediabetes Normal

ypertension {7

In the USA

* 1- More than a third of adults with IFG or
Increased HbAlc had hypertension

« 2-More than half had dyslipidemia

3- More than a quarter smoked

4- about 11% had some form of CKD
6% reported a previous MI or stroke

Fatientswi

/- The mean 10-year risk of a cardiovascular
event was about 6%.

Fatients wi yslipidaemia ( 7o
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RESEARCH ARTICLE | VOLUME 28, ISSUE 3, P683-692, MARCH 2019

~, Download Full Issue

Prediabetes and Outcome of Ischemic Stroke or Transient Ischemic
Attack: A Systematic Review and Meta-analysis

Yuesong Pan, PhD e Weigi Chen, MD, PhD e Yongjun Wang, MD A~

Published: November 26, 2018 ¢ DOI: https://doi.org/10.1016/j.jstrokecerebrovasdis.2018.11.008




Prediabetes & stroke

* Prediabetes was at increased risk of stroke compared with normal
glucose metabolism ( HR: 1.42, P = 003).

« Poor outcome was also more frequent in patients with prediabetes
compared with normal glucose metabolism (odds ratio: 1.33, 1P
=.002), while mortality was not significant (HR: 1.69, P =.14).

* There was no evidence of statistical heterogeneity among the
Included studies for stroke and poor outcome, but for mortality.
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: Prediabetes was associated with an
Conclusions increased risk of new stroke and poor

outcome, compared with normal glucose
metabolism among patients with ischemic

stroke or TIA.




N

=EROPENACEESS - Association between prediabetes and risk of cardiovascular

@ disease and all cause mortality: systematic review and
ot meta-analysis

Yuli Huang,! Xiaoyan Cai,? Weiyi Mai,?> Meijun Li,"# Yunzhao Hu'
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« 53 prospective cohort studies with 1 611 339
Individuals were included for analysis.

Result

« The median follow-up duration was 9.5
years.




Result

Compared with normoglycemia, prediabetes was
associated with an increased risk of

Composite cardiovascular disease (relative risk
1.13, 1.26, and 1.30 for IFG-ADA, IFG-WHO,
and IGT, respectively)

Coronary heart disease (1.10, 1.18, and 1.20,
respectively)

Stroke (1.06, 1.17, and 1.20, respectively)
All cause mortality (1.13, 1.13 and 1.32)




Increases in HbAl1lc to 5.7 to 6.4 % or 42-47 mmol/mol were both associated with an

Increased risk of composite cardiovascular disease (1.21 and 1.25, respectively)

Coronary heart disease (1.15 and 1.28, respectively)

But not with an increased risk of stroke and all cause mortality.
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 Prediabetes, defined as IGT , IFG, or raised HbAlc, was
associated with an increased risk of CVD

" « The health risk might be increased in people with a fasting
CO”C' USIoONS glucose concentration as low as 100 mg/dL or HbAlc of

5. 7%

125




Lifestyle
Interventions &

cardiovascular
risk factors

* The lifestyle interventions for
weight loss In study populations at
risk for type 2 diabetes have
shown:

A reduction In cardiovascular risk
factors

 And the need for medications used
to treat these cardiovascular risk
factors.



* In longer-term follow-up, lifestyle interventions for
diabetes prevention also prevented the

Lifestyle development of microvascular complications among

; : women enrolled in the DPPOS and in the study

Interventions & population enrolled in the China Da Qing Diabetes

cardiovascular Prevention Outcome Study.

risk factors

* The lifestyle intervention in the latter study was also
efficacious in preventing cardiovascular disease and
mortality at 23 and 30 years of follow-up.
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Prediabetes

& risk factor Treatment goals and therapies for
Management hypertension and dyslipidemia in the primary
prevention of cardiovascular disease for
people with prediabetes should be based on
their level of cardiovascular risk.
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Pioglitazone In IRIS trial

* The IRIS (Insulin Resistance Intervention after Stroke) trial was a dedicated study
of people with a recent (<6 months) stroke or TIA, without diabetes but with

iInsulin resistance, as defined by a HOMA index of > 3.0, evaluating (target dose
of 45 mg daily) compared with placebo.
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IRIS trial

At 4.8 years, the risk of stroke or MI, as well as the risk of diabetes,
was lower within the pioglitazone group than with placebo,

though risks of weight gain, edema, and fracture were higher in the
pioglitazone treatment group.

Lower doses may mitigate the adverse effects, though
further study is needed to confirm the benefit at lower
doses .




Prevention or Delay
of Type 2 Diabetes
and Assoclated
Comorbidities




Overall

Recommendation

* Monitor for the development of
type 2 diabetes in those with
prediabetes at least annually;
modified based on individual

risk/benefit assessment. E




» Refer adults with overweight/obesity at
high risk of type 2 diabetes, as typified by
DPP, to an intensive lifestyle behavior
change program to achieve and maintain a

LifeSty_Ie weight reduction of at least 7% of initial
Behavior body weight through healthy reduced-calorie
diet and 2150 min/week of moderate
Ch_ange for Intensity physical activity. A
Diabetes
Prevention

« A variety of eating patterns can be
considered to prevent diabetes in individuals
with prediabetes. B



Lifestyle
Behavior
Change for
Diabetes
Prevention
(continued)

certified technology-assisted diabetes
prevention programs




Pharmacologic
Interventions

» Metformin therapy for the prevention of
type 2 diabetes should be considered In
adults at high risk of type 2 diabetes, as
typified by the DPP, especially those :

« Aged 25-59 years with BMI 235 kg/m?

» Higher fasting plasma glucose (e.g.,
2110 mg/dL)

 and higher A1C (e.g., 26.0%)

« and in individuals with prior GDM. A



65 - year - old obese man with a history of HTN , HLP and
CABG 4 years ago

BP =145/95 mmHg
FBS = 118 mg/dI

Repeated 2 days later =123 mg/dI

Third case
study

Ch=245 mg/dl
LDL= 151 mg/dI

HDL= 30 mg/dl

Triglyceride=320 mg/dI

HbAlc= 6. 35%




Metabolism 130 (2022) 155160

Contents lists available at ScienceDirect

Metabolism

journal homepage: www.journals.elsevier.com/metabolism

Review

Metformin and the heart: Update on mechanisms of cardiovascular

protection with special reference to comorbid type 2 diabetes and
heart failure

Guntram Schernthaner® , Kerstin Brand ", Clifford J. Bailey ¢
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Table 1
Randomised, controlled cardiovascular outcomes trials that evaluated metfor-

min in populations with type 2 diabetes.

a) UK Prospective Diabetes Study (UKPDS): 753 overweight (>120% ideal weight)
people with newly diagnosed type 2 diabetes randomised to metformin (n = 342) or to
diet intervention (n = 411).

Outcome Randomised phase

(median 10.7 y) [4]

10 y post-trial follow-
up [7]

RR (95% p RR (95%
cn*® cn*

0.68 (0.53,
0.87)
0.61 (0.41, 0.01

0.0023  0.79 (0.66
to 0.95)

0.67 (0.51

Any diabetes-related endpoint

Myocardial infarction

Diabetes-related death
All-cause death

Stroke, peripheral vascular
disease, microvascular disease

0.89)
0.58 (0.37,
0.91)
0.64 (0.45,
0.91)

No significant reduction associated with
metformin vs. control (diet) for any of these

endpoints

0.017

0.011

to 0.89)
0.70 (0.53
to 0.92)
0.73 (0.59
to 0.89)




com

SPREAD-DIMCAD Trial showed a significant reduction in a cardiovascular
posite for metformlln compared with a sulfonylurea after 5 years of

randomized treatment~

Outcome

Overview

Aim
To evaluate the different effects

of glipizide and metformin on
the major cardiovascular events

and mortality among type 2
diabetic patients with a history
of coronary artery disease.

Outcome

Primary
cardiovascular
— composite®

Study design

304 type 2 diabetes patients
with coronary artery disease

randomised to metformin 1500
mg/day or glipizide 30 mg/ day;
median follow-up 5 years.

RR (95%
Cl)a

p?

0.54 (0.30 to 0.90) 0.026

* Prospective,
randomized,
double-blind,
placebo-
controlled trial.

a HRs and p values are for metformin vs. non-metformin control, as specified (values <1 favour metformin). b Non-fatal myocardial infarction or stroke, revascularisation, cardiovascular death or all-cause death). c Myocardial infarction; heart failure; prespecified ECG changes; acute
coronary syndrome; diabetic foot; stroke; transient ischemic attack; peripheral arterial disease; peripheral arterial reconstruction; percutaneous transluminal coronary angioplasty (PTCA); coronary artery bypass graft (CABG); nontraumatic amputation; sudden death; progression of
retinopathy, nephropathy, or neuropathy; death by any other cause; myocardial infarction, stroke, PTCA, CABG, cardiovascular death, all-cause death. HR: hazard ratio; RR: relative risk. d Microvascular and microvascular components of the primary endpoint. Adapted from ref. [1].

SPREAD-DIMCAD - Study on the Prognosis and Effect [1] - Hong J, Zhang Y, Lai S, Lv A, Su Q, Dong Y, Zhou Z, Tang W, Zhao J, Cui L, Zou D, Wang D, Li H, Liu C, Wu G, Shen J, Zhu D, Wang W, Shen W, Ning G; SPREAD-
DIMCAD Investigators. Effects of metformin versus glipizide on cardiovascular outcomes in patients with type 2 diabetes and coronary artery disease. Diabetes

of Antidiabetic Drugs on Type 2 Diabetes Mellitus
with Coronary Artery Disease

Care. 2013 May;36(5):1304-11. doi: 10.2337/dc12-0719. Epub 2012 Dec 10. PMID: 23230096; PMCID: PMC3631843.




HOME Trial concluded that the primary endpoint (a mixture of macrovascular and microvascular .

endpoints) was not affected significantly, although there was a significant reduction in the

secondarx macrovascular comEosite1

Outcome Overview

* ltis hypothesized
that patients with
T2D treated with
insulin,
metformin, compa
red with placebo,
would have
sustained beneficia
| metabolic effects,
even at the same
level of glycemic
control, and thus
decrease cardiovas
cular disease.
Follow up period —
4.3 years

Aim Outcome RR (95%
Cl)2

Primary 0.92 (0.72 to 1.18)
composite®

Cardiovascular 0.60 (0.40 to 0.92)
composite®

To investigate the effects of
metformin in patients with T2D
intensively treated with insulin

on the quality of the
metabolic control of diabetes.

Study design

Microvascular 1.04 (0.75 to 1.44)
composite®

c) Kooy et al, metformin versus
placebo in insulin-treated people
with diabetes: 390 insulin-

treated type 2 diabetes patients
with diabetes duration >13 years
were randomised to additional
metformin (up to 2550 mg/day)

a HRs and p values are for metformin vs. non-metformin control, as specified (values <1 favour metformin). b Non-fatal myocardial infarction or stroke, revascularisation, cardiovascular death or all-cause death). c Myocardial infarction; heart failure; prespecified ECG changes; acute
coronary syndrome; diabetic foot; stroke; transient ischemic attack; peripheral arterial disease; peripheral arterial reconstruction; percutaneous transluminal coronary angioplasty (PTCA); coronary artery bypass graft (CABG); nontraumatic amputation; sudden death; progression of
retinopathy, nephropathy, or neuropathy; death by any other cause; myocardial infarction, stroke, PTCA, CABG, cardiovascular death, all-cause death. HR: hazard ratio; RR: relative risk. d Microvascular and microvascular components of the primary endpoint. Adapted from ref. [1].

HOME - Hyperinsulinemia: the Outcome of its Metabolic Effects  [1] - Kooy A, de Jager J, Lehert P, Bets D, Wulffelé MG, Donker AJ, Stehouwer CD. Long-term effects of
T2D — Type 2 Diabetes metformin on metabolism and microvascular and macrovascular disease in patients with type 2 diabetes
mellitus. Arch Intern Med. 2009 Mar 23;169(6):616-25. doi: 10.1001/archinternmed.2009.20. PMID:




b) Hong et al, metformin versus glipizide [8]: 304 type 2 diabetes patients with
coronary artery disease randomised to metformin 1500 mg/day or glipizide 30 mg/
day; median follow-up 5 years.

Outcome RR (95% CD* p

Primary cardiovascular composite”  0.54 (0.30 to 0.90)  0.026

c) Kooy et al, metformin versus placebo in insulin-treated people with diabetes [9]:
390 insulin-treated type 2 diabetes patients with diabetes duration >13 years were
randomised to additional metformin (up to 2550 mg/day) or placebo for median 4.3 y

Outcome RR (95% CI)" p’

Primary composite® 0.92(0.72t0o 1.18) p=0.33
Cardiovascular cump:::site“l 0.60 (0.40 to 0.92) 0.04
Microvascular composite* 1.04 (0.75t0 1.44) p=10.43




* Arecent comprehensive meta-analysis that
Included 701,843 people with type 2 diabetes
who had received metformin and 1,160,254

Observational controls noted reduced risks of mortality (OR

0.44) or adverse cardiovascular outcomes (OR

studies 0.73) for metformin versus no metformin.

Cardiovascular risk following metformin treatment in patients with type 2 diabetes mellitus: results
from meta-analysis. Diabetes Res Clin Pract 2020 Feb;160:108001.
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* A meta-analysis from 2019 that included data
from >1 million subjects with type 2 diabetes
and coronary artery disease reported similar
results .

Observational

studies

» Effect of metformin on all-cause and cardiovascular mortality in patients with coronary artery
diseases: a systematic review and an updated meta-analysis. Cardiovasc Diabetol
2019;18:96.
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A database study of 4030 patients with type 2
diabetes with incident MI showed that receipt
of metformin at hospital admission was
associated with an increased risk of major
adverse cardiovascular events (MACE) In
survivors after discharge.

Observational

studies

* Metformin use and cardiovascular outcomes after acute myocardial infarction in patients with type 2
diabetes: a cohort study. Cardiovasc Diabetol 2019;18:168
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« Accordingly, metformin may be harmful in the
setting of acute myocardial ischemia,
consistent with its contraindications.

Observational

studies

* However, the risk of subsequent MACE was
reduced in patients who received metformin
after the period of acute ischemia.
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7z <\
« Metformin can be prescribed for
patients with stable HF, but is \

contraindicated for patients with
decompensated HF
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A meta-analysis of 9 observational studies included 34,504
patients with type 2 diabetes and HF (6624 were receiving

metformin).
Metformin
treatment in « Compared with non-metformin controls (mostly sulfonylurea),
: metformin was associated with reduced risk of mortality (relative
people with type 2 risk 0.80 [0.74, 0.87], p < 0.001).

diabetes and HF

« Eurich DT, Weir DL, Majumdar SR, et al. Comparative safety and effectiveness of metformin
in patients with diabetes mellitus and heart failure: systematic review of observational studies
involving 34,000 patients. Circ Heart Fail 2013;6: 395-402.
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Metformin treatment in people with type 2 diabetes and HF

* Findings were similar in a meta-analysis of 11 observational studies
(N = 35,950 with diabetes and HF), where treatment with versus
without metformin was associated with a 22% reduction in mortality
(HR 0.78 [0.71, 0.87], p = 0.003]).

Crowley MJ, Diamantidis CJ, McDulffie JR, et al. Clinical outcomes of metformin use in populations with chronic kidney disease, congestive heart failure, or chronic
liver disease: a systematic review. Ann Intern Med 2017;166:191-200.
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Metformin treatment in people with type 2
diabetes and HF

» Risk reductions became non-significant in two studies
In patients with severely reduced left ventricular
ejection fraction (LVEF <30% or <40%) or in two
studies in patients with comorbid chronic kidney
disease (CKD), but there was no adverse safety signal
In these sub-populations




Antihyperglycaemic Cardioprotective
mechanisms mechanisms

Skeletal muscle Myocardium
¥ Insulin resistance Altered mitochondrial bioenergetics
Improved microcirculation Altered substrate utilisation

7 Reduced cardiocyte apoptosis

Adipose tissue /
Lipid homeostasis
Glucose metabolism

Vasculature
A Endothelial function
¥ Coagulability
¥ Oxidative stress
- ¥ Inflammation
Liver ¥ Monocyte adhesion
¥ Gluconeogenesis ¥ Neointima formation
¥ Insulin resistance ‘ ¥ Reduced glyco-oxidation

Gut N A Gut
# Glucose turnover 7 Y ) Altered microbiome (?)
Altered microbiome G ‘

Fig. 1. Overview of mechanisms for the antihyperglycaemic and cardioprotective mechanisms for metformin that have been presented in the literature.




* The potential to improve myocardial function
In chronic HF is perhaps the next chapter in
metformin's long story, and the results of the
DANHEART study are awaited with great
interest.




 HFpEF, In particular, is regarded increasingly as a
hitherto under recognized cardiovascular
complication of diabetes and is associated with a

severely adverse prognosis.

» Papp Z, Radovits T, Paulus WJ, Hamdani N, Seferovi’c PM. Molecular and pathophysiological links between heart failure
with preserved ejection fraction and type 2 diabetes mellitus. Eur J Heart Fail 2018;20:1649-52.




The EMPEROR Preserved trial

« The EMPEROR Preserved trial recently identified a SGLT2 inhibitor as the first
pharmacologic intervention to improve hard clinical outcomes in this
population

* The suggestion of improved outcomes in metformin-treated patients with
HFpEF from a meta-analysis and retrospective studies, described above,
merits further study.

« Halabi A, Sen J, Huynh Q, Marwick TH. Metformin treatment in heart failure with preserved ejection fraction: a
systematic review and meta-regression analysis. Cardiovasc Diabetol 2020;19:124.
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VA-IMPACT trial

» Elsewhere, VA-IMPACT (Investigation of Metformin in Pre-
Diabetes on Atherosclerotic Cardiovascular Outcomes;
NCT02915198) is a large (>7000 participants) multicenter,
prospective, randomized, double blind, secondary prevention
study to investigate whether metformin reduces mortality and
cardiovascular morbidity in people with pre-diabetes and
established atherosclerotic cardiovascular disease.




VA-IMPACT trial

« The primary outcome of this trial is the time to first occurrence of death, non-fatal
myocardial infarction or stroke, hospitalization for unstable angina with evidence

of acute myocardial ischemia, or coronary revascularization driven by acute or
progressive symptoms.

» Recruitment to this trial is on temporary hold during the coronavirus pandemic: it
was due to complete late 2024 but will now be later.
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LIMIT trial

« Several other studies are assessing related
conditions, including LIMIT (NCT04500756) Iin
abdominal aortic aneurism.
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 The ongoing SMARTEST study (NCT03982381)

Ongoing will be the first head-to-head comparison
between metformin and an SGLT?2 inhibitor in an
SMARTEST extended rage of cardiovascular outcomes, and

sStu dy this study is also due for 2024.
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Ongoing studies

« These ongoing studies will extend the clinical database on metformin with respect
to effects on clinical cardiovascular outcomes and will clarify the extent to which
metformin protects the cardiovascular system in people with type 2 diabetes.
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Prevention of Vascular Disease and Mortality

* Prediabetes Is associated with heightened
cardiovascular risk; therefore, screening for
and treatment of modifiable risk factors for
cardiovascular disease are suggested. B




Prevention of Vascular Disease and Mortality

 Statin therapy may increase the risk of type 2
diabetes in people at high risk of developing type 2
diabetes.

* In such individuals, glucose status should be
monitored regularly and diabetes prevention
approaches reinforced.

* [t is not recommended that statins be
discontinued. B



Prevention of Vascular Disease and Mortality

* In people with a history of stroke and evidence of
Insulin resistance and prediabetes, pioglitazone
may be considered to lower the risk of stroke or
myocardial infarction.

 However, this benefit needs to be balanced with
the increased risk of weight gain, edema, and
fracture.

» A Lower doses may mitigate the risk of adverse
effects. C




Patient-Centered Care Goals

In adults with overweight/obesity at high risk of type 2
diabetes, care goals should include weight loss or
prevention of weight gain, minimizing the progression
of hyperglycemia, and attention to cardiovascular risk
and associated comorbidities. B

Pharmacotherapy (e.g., for weight management,
minimizing the progression of hyperglycemia,
cardiovascular risk reduction) may be considered to
support person-centered care goals. B




Patient-Centered Care Goals

More intensive preventive approaches
should be considered in individuals who
are at particularly high risk of progression
to diabetes, including :

Individuals with BMI 235 kg/m?

Those at higher glucose levels (e.g.,
FBS=110-125 mg/dL, 2-h post-challenge
glucose 173—-199 mg/dL, A1C =26.0%)

and individuals with a history of GDM. A






Case study

168

A 48 — years- old overweight lady diagnosed with T2 DM

Her BMI =28, she is otherwise healthy, advised for lifestyle
modification

Her most recent

Y

Lipid profile was normal, e GFR= 80 ml/min

Normotensive
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Pharmacologic Therapy for Adults With Type 2 Diabetes

First step

Healthy lifestyle behaviors

a) Diabetes self-management education and support
b) Avoidance of clinical inertia

c) Social determinants of health

person-centered treatment



_ Hypogly- . CV effects Renal effects
Efficacy’ . Weight change? Oral/SQ Cost
caemia Effect on MACE HF Progression of DKD Dosing/use considerations*
Metformin High No Neutral (potential | Potential Neutral Neutral » Contraindicated with eGFR <30 ml/min | Oral Low
for modest loss) | benefit per 1.73 m?

Traditionally recommended as first-line glucose-

lowering therapy for type 2 diabetes, because of its

high efficacy in lowering HbA, ., minimal hypoglycemia

risk when used as monotherapy, potential for some

modest weight loss, good safety profile, low cost
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———
MECHANISM OF ACTION

* Decrease hepatic glucose production E | Q
through a mild inhibition of the

mitochondrial respiratory-chain

Intestine Liver Skeletal muscle

complex 1.2 f Lactate W ’
* Decrease intestinal absorption of

1 Anaerobic glucose ' Gluconeogenaesis Insulm -mediated
g]ucose metabolism ¥ Glycogenolysis Qlu(O%O uptake

’ ; . " 2 jon ¥ Glycogenesis
» anti-oxidative properties of S o & Mncihtaniiniiod
metformin on endothelial cells|2)

Metformin inhibits this
complex

The consequence of inhibition of the

respiratory chain complex | by metformin

IS a transient reduction in cellular energy
status.

AMPK
activation



OCT1 @

Metformin

Mitochondrion

Com lex 1 mGPD*

’ Cytosolic redox

NADH NiD-P FAD FADH 2 - ——— * Gluconeogenesi

$[AMP/ADP]:[ATP]

P

tamPK

Glucose metabolism Glucose metabolism I

Lipid metabolism Lipid metabolism

mGPD*= mainly hepatic enzyme Anti-inflammation
Redox regulation

ﬁ Inhibition anti -aging / Cancer
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Healthy dist Physical activity Smoking cessation Walght management

SGLTZi Metformin RAS inhibitor at maximurm Moderate- or
— Firstlina (Initiate if eGFR =20; (if eGFR =30) tolerated dose (if HTN®) high-intensity statin
drug therapy continue until dialysis @{55
or transplant) % % 3 = %

Ragular reassassment

of glycemia, albuminuria, l

BP. VD risk, and lipids

L J

GLP-1RAifneededto  Nonsteridal MRA'If  DihydropyridineCCB Antiplatelet Ezetimibe, PCSK9),
Additional achieve individualized  ACR =30 mg/g and and/or diuretic* if agent for or icosapent ethyl if
risk-based glycemic target normal potassium neededtoachieve  clinical ASCVD indicated based on

- e B8 ew B TR

Other glucose-lowering Steroidal MRA if
drugs if needed to needed for resistant :
achieve individualized hypertension T20 only
glycemic target ifeGFR =45 All patients

@ E“'u {T1D and T2D)

Figure 3—Huolistic approach for improving outcomes in patients with diabetes and CKD. lcons presented indicate the following benefits:
BP cuff, BP lowering; glucometer, glucose lowering; heart, cardioprotection; kidney, kidney protection; scale, weight management. eGFR is
presented in units of mL/min/1.73 m®. *ACEi or ARB (at maximal tolerated doses) should be first-line therapy for hypertension when albu-
minuria is present. Otherwise, dihydropyridine calcium channel blocker or diuretic can also be considered; all three classes are often
needed to attain BP targets. *Finerenone is currently the only ns-MRA with proven clinical kidney and cardiovascular benefits. ACE|,
angioctensin-converting enzyme inhibitor; ACR, albumin-to-creatinine ratio; ARB, angiotensin |l receptor blocker; ASCVD, atherosclerotic
cardiovascul ar disease; BP, blood pressure; CCB, calcium channel blocker; CVD, cardiovascular disease; eGFR, estimated glomerular filtra-
tion rate; GLP-1 RA, GLP-1 receptor agonist; HTN, hypertension; MRA, mineralocorticoid receptor antagonist; ns-MRA, nonsteroidal mineralo-
corticoid receptor antagonist; PCSKSi, proprotein convertase subtilisin/kexin type 9 inhibitor; RAS, renin-angictensin system: SGLT2i,
sodium—glucose cotransporter 2 inhibitor; T1D, type 1 diabetes; T2D, type 2 diabetes.
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Table 2—Considerations for selecting glucose-lowering agents in patients with T2D and CKD (2,17)

Glucose-

Progression ASCVD  Heart failure In'll'mng "'1"""'-"""“'"“" ""i"“

of CKD
e -

Metformin

e — SR
GLP-1 receptor -
il . - --- o
DPP-4 inhibitors Neutral FE“'B"‘“'I “""‘"m] High
l'igll (analogs)

Insulin Meutral Meutral Meutral
Sulfonylureas Meutral
a-Glucosidase
inhibitors Neutral

Meuiral Potential risk or high cost to patient

Potantial benafit or intermediate glucose-lowering efficacy B increased risk for adverse effacts

| Benefit (organ protection, high efficacy, low hypoglycemia risk, weight loss, or low cost)

*Benefit supported by primary and secondary outcome data. "Berefit supported by secondary outcome data. “Benefit or risk is agent specific. ASCVD,
atherosclerotc cardiovascular disease; CED, chronic kidney disease; DPP-4, dipeptidyl peptidase 4; GLP-1, glucagon-like peptide 1; SGLT2, sodium—
glumose cotransporter 2.
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Table 3—Key monitoring and risk mitigation strategies for preferred glucose-lowering agents

Medication

Consideration

Monitoring and/or risk mitigation strategies

Metformin

SGLT2i

GLP-1 receptor agonists

hMetformin-associated lactic acidosis

B,; malabsorption

Genital mycotic infections
Volume depletion

Diabetic ketoacidosis

Hypoglycemia

MNausea,vomiting /diarr hea

Hypoglycemia

o Monitor e GFR with increasing frequency as eGFR falls to <60 mL/min/1.73 m*

o Adjust metformin dose as appropriate per eGFR (see Table 4)

¢ Consider dose reduction in the presence of conditions that predispose patients
to hypoperfusion and hypoxemia for eGFR 45-5% mL/min/1.73 m*

e Discontinue for eGFR <30 mL/min/1.73 m*

s [nstitute a sick day protocol

¢ Monitor patients for vitamin By, deficiency when treated with metformin for
=4 years

s Counsel on genital hygiene

s Monitor for hypovolemia and consider proactive dose reduction of diuretics in
patients at high risk

s Hold SGLT2i during illness

o Educate about signs/symptoms to facilitate early recognition

¢ Monitor blood or urine ketones in the case of very high risk

s [nstitute a sick day protocol

¢ Maintain at least low-dose insulin in insulin-reguiring individuals

o Adjust background glucose-lowering agents (e.g., insulin or sulfonylureas) as
appropriate

¢ Educate on tolerability and symptom recognition

e Start at lowest recommended dose and titrate slowly
s Adjust background glucose-lowering agents (e.g., insulin or sulfonylureas) as
appropriate
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Stage 3b Stage 4 Stage 5

(eGFR 30—44 mL/min/.73 m?) (eGFR 15-29 mL/min/1.73 m?) (eGFR <15 mL/min/1.73 m?)
Metformin Reduce dose to 1000 mg/day Contraindicated
Insulin Initiate and titrate conservatively to avoid hypoglycemia

SGLT2 inhibitors*®

Initiation not recommended; may continue 100 mg daily if

SEELL T tolerated for kidney and CV benefit until dialysis
Hozin Initiation not recommended with eGFR <25 mL/min/1.73 m#;
Dapag| may continue if tolerated for kidney and CV benefit until dialysis
Initiation not recommended with eGFR <20
Empadgliflozin mL/minA.73 m? may continue if tolerated for
kidney and CV benefit until dialysis
Ertugliflozin Use not recommended with eGFR <45 mL/min1.73 m?
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Pharmacologic Therapy for Adults With Type 2 Diabetes

In adults with type 2 diabetes and
1- Established/high risk of ASCVD
2- Heart failure
3- and/or CKD

the treatment regimen should
Include agents that reduce
cardiorenal risk. A




Pharmacologic
Therapy for Adults
With Type 2

Diabetes
(continued)

—
” <\
« Pharmacologic approaches that provide
adequate efficacy to achieve and maintain
treatment goals should be considered, such

as metformin or other agents, including
combination therapy. E

« Weight management is an impactful
component of glucose-lowering management
In type 2 diabetes.

« The glucose-lowering treatment regimen
should consider approaches that support
weight management goals A



Pharmacologic Therapy

for Adults With Type 2
Diabetes (continued)

Metformin should be continued upon initiation of
iInsulin therapy (unless contraindicated or not
tolerated) for ongoing glycemic and metabolic
benefits. A

Early combination therapy can be considered in
some individuals at treatment initiation to extend the
time to treatment failure. A

The early introduction of insulin should be considered
If there is evidence of ongoing catabolism (weight
loss), if symptoms of hyperglycemia are present, or
when A1C levels (>10% ) or blood glucose levels
(=2300mg/dL) are very high. E




Pharmacologic Therapy for
Adults With Type 2 Diabetes
(continued)

« A person-centered approach
should guide the choice of

pharmacologic agents.

» Consider the effects on
cardiovascular and renal
comorbidities, efficacy,
hypoglycemia risk, impact on weigh
cost and access, risk for side effec
and individual preferences. E




Pharmacologic
Therapy for
Adults With

Type 2
Diabetes
(continued)

Among individuals with type 2 diabetes who have
established ASCVD
iIndicators of high cardiovascular risk

established kidney disease

heart failure

a SGLT2 inhibitor and/or GLP-1 receptor agonist with
demonstrated cardiovascular disease benefit is
recommended as part of the glucose-lowering regimen
and comprehensive cardiovascular risk reduction,
iIndependent of A1C and in consideration of person-
specific factors. A
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USE OF GLUCOSE-LOWERING MEDICATIONS IN THE MANAGEMENT OF TYPE 2 DIABETES

HEALTHY LIFESTYLE BEHAVIORS; DIABETES SELF-MANAGEMENT EDUCATION AND SUPPORT (DSMES); SOCIAL DETERMINANTS OF HEALTH (SDOH) it

RIGULARLY
e ]

PSS ————

+Indicators of high risk +HF +CKD Blycemic Management: Choose Achievement and Maintenance of
While definitions vary, most Carrent or prior #GFR <60 mLimin per 1.7 m* OR approaches that provide the Weight Management Goals:
ﬁtllm :;I::m “ I ::TI:I;: 130 .-,;I.Tﬂ x50 mugimemsl efficacy to achieve goals: [ Set individualized weight management goals ]
. measurements Metlormin OR includi
P S—— P— may vary over time; thus, a repeat COMBINATION |:::a|:yu|'u:1:pmr:a -
Ivypertension, smeking, HFrEF or HFpEF measure is required te document CKD. ad N General lifestyle advice: |Fibensive evidence-
o Sty equate EFFICACY lo achieve medicsl natrition based structured
dystipidemia, or albumipuria) and mairtain lreatmenl goals fealing y ik
Cansider aveidance of hypoglycemia a physical activity pregrarm
+CKD {on maximally telerated dose ariarity in high-risk individuzls
DLATRURY i Consider medication | | Consider metabelic
SELTZ PREFERABLY In general. higher efficacy approaches for weight lass surgery
have greater likelibood of achieving
SELT2i¥ with primary evidence of ]
*I-IIEIL"::I. reducing ;ﬂp:gessio:e ghycemic goals When choosing glucose-lowering therapies:
+ASCVD/Indicators of High Risk in this Use SELT2 i peoples with an e Efficacy for glucase lowersing Consider regimen with high-lo-very-high dual
population 220 mLimin par 1.73 m; once initiated Very High: glucose and weight efficacy
GLP-1 RA" with praven SGLTZIF with proven should be continsed until initiation Dulaglutide (high dose],
VD henefit £V benefit of dialysis or trangplastation Semaglutide, Tirzepatide |
rapea— Sy i
proven en
o Combinatian Oral, Combination Very High:
| SELTZ nottolerated or containdicated Injectable (6LP-1 RA/Insulin} Semaglutide, Tirzepatide
High: High:
If A1C abave target, far patients on GLP-1 RA (not listed abowe), Metformin, Dulaglutide, Liraglutide
) SGLT21, consider incarporating a SGLTZ, Sulonylurea, T0 Intermediate:
+ For palienls on a GLP-1 RA, consider adding SGLTZI with BLP-1 RA ar vice versa Int diate: GLP-1 RA (not listed above), SELT2
) :;;v:n CVD bensfit ar vice versa DPP-Ai N i
DPP-&i, Metformin
. 2 l v

[ If additional cardiorenal risk reduction or glycemic lowering needed

If ATC above target ]

* In peapie with HE CKD, establishes CVD or multiple risk tactors for VD, the decizon to use 2 GLP-7 RA or SGLTE with sroven benefil should be indesende=t of Sackgreund use of metiomin:t & slraeg Identify barriers to geals:

recommendation is warranted for peeple with CVD and @ wezker recommendation for Hose with indicators of Bigh OV risk. Moresver, 2 Righer absolute nisk raduction and thus lower numbers peeded to reat « Consider DSMES referral 1o support self-efficacy in achievemnent of goals

are seen al higher bevels of baseline rise and should be taclored inla the shared dicisun-making precess, See lext for detals; * Low-tose TZ0 mary be belter tnlesated and similary offectae § Far SET2CV « Consider technelogy |e.9. diagnostic CGM) to identify therapeutic gaps and taflor therapy
renzl oubcomes irals demanstrate their efficacy in reducing the risk of composite MACE OV death. all-cause mortality, M1 BHE, and renal oulcames in indwideals with TI0with established'high risk of CVI; « |dentify and 2ddress SDOR thal impact achievement of goals

¥ For GLP-T R4, CVOTs demcnsirate their efficacy is reducieg cemposite MACE, OV ceath, all-cacse mortality, M, stroke. and resul endgeints i individuals sith T20 wilh establishedthigh risk of 000

Diabetes Care 2023;46(Suppl. 1):S140-S157



Goal: Achievement and Maintenance of Glycaemic and Weight Management Goals

Glycaemic Management: Choose
approaches that provide the

efficacy to achieve goals:

—Melformin OR Agent(s) including

COMBINATION therapy that provide
adequate EFFICACY to achieve
and maintain treatment goals

Consider avoidance of hypoglycaemia a
priority in high-risk individuals

In general, higher efficacy approaches
have greater likelihood of achieving
glycaemic goals

Efficacy for glucose lowering

Very High:
Dulaglutide (high dose),
Semaglutide, Tirzepatide

Insulin

Combination Oral, Combination
Injectable (GLP-1 RA/Insulin)

GLP-1 RA (not listed above), Metformin, —

SG6LT2i, Sulfonylurea, TZD

Intermediate:
DPP-4i
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Glycaemic Management: Choose
approaches that provide the
efficacy to achieve goals:

Metformin OR Agent(s) including
COMBINATION therapy that provide
adequate EFFICACY to achieve
and maintain treatment goals

Consider avoidance of hypoglycaemia a
priority in high-risk individuals
0

In general, higher efficacy approaches
have greater likelihood of achieving
glycaemic goals

Efficacy for glucose lowering
Very High:
Dulaglutide (high dose),
Semaglutide, Tirzepatide

Insulin

Combination Oral, Combination
Injectable (GLP-1 RA/Insulin)
High:

GLP-1 RA (not listed above), Metformin,
SG6LT2i, Sulfonylurea, TZD

Intermediate:
DPP-4i

Achievement and Maintenance of
Weight Management Goals:

[ Set individualised weight management goals

General lifestyle advice: Intensive evidence-
medical nutrition based structured
therapy/eating patterns/ weight management
physical activity programme
Consider medication Consider metabolic
for weight loss surgery

When choosing glucose-lowering therapies:

Consider regimen with high-to-very-high dual
glucose and weight efficacy

Efficacy for weight loss
Very High:
Semaglutide, Tirzepatide
High:
Dulaglutide, Liraglutide

Intermediate:
GLP-1RA (not listed above), SGLT2i

Neutral:
DPP-4i, Metformin
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FIGURE 4: HOLISTIC PERSON-CENTRED APPROACH TO T2DM MANAGEMENT
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1 = American Diabetes Assaciation Professional
Practice Committee. 10. Cardiovascular Disease
and Risk Management: Standards of Medical
Care in Diabetes-2022. Diabetes Care. 2022 Jan
1;45(Suppl 1):5144-74.

ACEi, Angiotensin-Converting Enzyme Inhibitor;
ARB, Angiotensin Receptor Blockers; ASCVD,
Atherosclerotic Cardiovascular Disease; BP,
Blood Pressure; CKD, Chronic Kidney Disease;
CV, Cardiovascular; eGFR, Estimated Glomerular
Filtration Rate; GLP-1 RA, Glucagon-Like
Peptide-1 Receptor Agonist; HF, Heart Failure;
SGLT2i, Sodium-Glucose Cotransporter-2
Inhibitor; T2D, Type 2 Diabetes.
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of health “‘?’“f.“"" physiology Care in Diabetes-2022. Diabetes Care. 2022 Jan
inertia 1;45(Suppl 1):S144-T4.

ACEi, Angiotensin-Converting Enzyme Inhibitor;
ARB, Angiotensin Receptor Blockers; ASCVD,
Atherosclerotic Cardiovascular Disease; BP,
Blood Pressure; CKD, Chronic Kidney Disease;
CV, Cardiovascular; eGFR, Estimated Glomerular
Filtration Rate; GLP-1 RA, Glucagon-Like
Peptide-1 Receptor Agonist; HF, Heart Failure;
SGLT2i, Sodium-Glucose Cotransporter-2
Inhibitor; T2D, Type 2 Diabetes.
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FIGURE 4: HOLISTIC PERSON-CENTRED APPROACH TO T2DM MANAGEMENT
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Achievement and Maintenance of
Weight Management Goals:

Consider local Complication
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setting and and
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making
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Set individualised weight management goals
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1 = American Diabetes Assaciation Professional
Practice Committee. 10. Cardiovascular Disease
and Risk Management: Standards of Medical
Care in Diabetes-2022. Diabetes Care. 2022 Jan
1;45(Suppl 1):5144-74.

ACEi, Angiotensin-Converting Enzyme Inhibitor;
ARB, Angiotensin Receptor Blockers; ASCVD,
Atherosclerotic Cardiovascular Disease; BP,
Blood Pressure; CKD, Chronic Kidney Disease;
CV, Cardiovascular; eGFR, Estimated Glomerular
Filtration Rate; GLP-1 RA, Glucagon-Like
Peptide-1 Receptor Agonist; HF, Heart Failure;
SGLT2i, Sodium-Glucose Cotransporter-2
Inhibitor; T2D, Type 2 Diabetes.
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FIGURE 4: HOLISTIC PERSON-CENTRED APPROACH TO T2DM MANAGEMENT

Ensure strategies are in place to detect and optimise
management of CV risk factors' including

Consider local Complication
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ACEi, Angiotensin-Converting Enzyme Inhibitor;
ARB, Angiotensin Receptor Blockers; ASCVD,
Atherosclerotic Cardiovascular Disease; BP,
Blood Pressure; CKD, Chronic Kidney Disease;
CV, Cardiovascular; eGFR, Estimated Glomerular
Filtration Rate; GLP-1 RA, Glucagon-Like
Peptide-1 Receptor Agonist; HF, Heart Failure;
SGLT2i, Sodium-Glucose Cotransporter-2
Inhibitor; T2D, Type 2 Diabetes.
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FIGURE 4: HOLISTIC PERSON-CENTRED APPROACH TO T2DM MANAGEMENT

+CKD (on maximally tolerated dose of ACEi/ARB)
PREFERABLY

SGLT2i with primary evidence of reducing CKD progression

Use SGLT2i in people with an eGFR = 20 mUmin per 1.73 m once initiated should be

continued until initiation of dialysis or transplantation

____________ 1]

GLP-1 RA with proven CVD benefit if SGLT2i not tolerated or contraindicated

If additional cardiorenal risk reduction or glycaemic control

needed consider combination SGLT2/GLP-1 RA

+ASCVD/Indicators of High Risk

GLP-1 RA with
proven CVD benefit

SGLT2i with
proven CVD benefit

If additional cardiorenal risk reduction or glycaemic
control needed consider combination SGLT2/GLP-1 RA

SGLT2i with proven HF
benefit in this population

1 = American Diabetes Assaciation Professional
Practice Committee. 10. Cardiovascular Disease
and Risk Management: Standards of Medical
Care in Diabetes-2022. Diabetes Care. 2022 Jan
1;45(Suppl 1):5144-74.

ACEi, Angiotensin-Converting Enzyme Inhibitor;
ARB, Angiotensin Receptor Blockers; ASCVD,
Atherosclerotic Cardiovascular Disease; BP,
Blood Pressure; CKD, Chronic Kidney Disease;
CV, Cardiovascular; eGFR, Estimated Glomerular
Filtration Rate; GLP-1 RA, Glucagon-Like
Peptide-1 Receptor Agonist; HF, Heart Failure;
SGLT2i, Sodium-Glucose Cotransporter-2
Inhibitor; T2D, Type 2 Diabetes.
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FIGURE 4: HOLISTIC PERSON-CENTRED APPROACH TO T2DM MANAGEMENT

+CKD (on maximally tolerated dose of ACEi/ARB)

SGLT2i with proven HF
benefit in this population

PREFERABLY

SGLT2i with primary evidence of reducing CKD progression

Use SGLT2i in people with an eGFR = 20 mUmin per 1.73 m? once initiated should be Glyl:a;mll: :lda"age'_':le"t;l Chl'l;se
continued until initiation of dialysis or transplantation approaches that provide the efficacy

____________ R = = — m m e m e e e e \ to achieve goals:

Metformin OR Agent(s) including

COMBINATION therapy that provide

adequate EFFICACY to achieve and
maintain treatment goals

If additional cardiorenal risk reduction or glycaemic control
needed consider combination SGLT2/GLP-1 RA

Consider local Complication . . .
e S i Consider avoidance of hypoglycaemia a

setting and and priority in high-risk individuals

+ASCVD/Indicators of High Risk Shared decision [ESILCS screening Health hehaviour
making modification

GLP-1 RA with
proven CVD benefit

SG6LT2i with proven
CVD benefit

Monitoring and

Language matters . ?
ongoing review

If additional cardiorenal risk reduction or glycaemic
control needed consider combination SGLT2/GLP-1 RA

PRINCIPLES OF CARE

Diabetes structured Reducing risk of
education and support GOALS OF CARE hypaglycaemia
«+ Prevent complications
« Optimise quality of life

Ensure strategies are in place to defect and

optimise management of CV risk factors' including Achievement and Maintenance of

Psychosocial Effective practice and Weight Management Goals:
organisation of

. . ; fact
CV risk factor screening and surveillance . o care [ Set individualised weight management goals ]
ocla

1 = American Diabetes Assaciation Professional
Practice Committee. 10. Cardiovascular Disease

Consider

BP lowering determinants lhe‘::o:!itic unpdheyrsliyl:r:gy General lifestyle advice: Intensive evidence- and Risk Management: Standards of Medical
L EE inel:'tia medical nutrition based structured Care in Diahetes-2022. Diabetes Care. 2022 Jan
therapy/eating patterns/ | | weight management 1:45(Suppl 1):8144-74.
Lipid lowering physical activity programme ACEi, Angiotensin-Converting Enzyme Inhibitor;
ARB, Angiotensin Receptor Blockers; ASCVD,
Atherosclerotic Cardiovascular Disease; BP,
Antithrombotic agents Consider medication Consider metabolic Blood Pressure; CKD, Chronic Kidney Disease;
for weight loss surgery LV, Cardiovascular; eGFR, Estimated Glomerular
Filtration Rate; GLP-1 RA, Glucagon-Like
: : Peptide-1 Receptor Agonist; HF, Heart Failure;
Smoking cessation When choosing glucose-lowering therapies: S6LT2, Socium- lucose Cotanspoter-2
Consider regimen with high-to-very-high dual Inhibitor; T2D, Type 2 Diabetes.
glucose and weight efficacy
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As we stand today, we have evidence for cardiovascular
protection with metformin, including from randomized
trials, many observational studies, and substantial
experimental data.

However, the nature of the clinical trial evidence has
The IaSt but been overtaken by the new constellation of outcomes
trials that were designed to address questions of clinical
safety that were formulated long after the randomized
nOt the IeaSt evaluations of metformin were conducted.

Interpreting the current evidence base for metformin is
undoubtedly a challenging task, but no less important
for that.
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