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Challenges in the Treatment of T2DM

= Progressive disease?!
= Numerous pathophysiological dysfunctions?

= Effective treatment requires multiple drugs used in combination
to correct multiple pathophysiological defects?

= | ack of Cardiovascular Benefit of conventional treatments

Diabetes 2009;58:773-795
2Diabetes Care 2001;24:89-94

Paradigm Shift in T2DM Management

Slow
progression
of disease
(Renal, CV,
HF)

Patient-
centric

Glucose-
centric
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Paradigm Shift in T2DM Management

7

. T2DM X| 2 7}0| E2}Q12 2018 S 7| MO 2 SHIXISH Ol $HH= £ 3K} SAI0| X2 HEAI

2023, 2024

American American American American American
A Diabetes ,ggmm A Diabetes A Diabetes A Diabetes
. Association. -Association. . Association. . Association.
% Metformin and % Metformin and % Metformin and % Depends on co- % Not mentioned
comprehensive comprehensive comprehensive morbidities, patient-
lifestyle management lifestyle management lifestyle management centered factors, etc
Monotherapy unless Established ASCVD, HF Indicators of high risk of Indicators of high risk of Goal: Cardiorenal risk
Alc 2 9% or CKD eASCVD, ASCVD, eASCVD, ASCVD, reduction in high-risk
Step-wise therapy HF or CKD HF or CKD patients with T2DM
Patient-& disease- Independent of Alc Independent of Alc Indicators of high risk of
specific factors (Consider) or Metformin eASCVD, ASCVD,
(Recommend) HF or CKD

Independent of Alc
or Metformin

1. Diabetes Care 2016;40(Suppl) S64-574 2. Melanie J Davies et al., Diabetologia. 2018 Dec;61(12):2461-2498 3. Diabetes Care 2020;43(Suppl. 1):598-5110 4. Diabetes Care 2022;45(Suppl. 1):5125-5143 5. Diabetes Care 2023;46(Suppl. 1):5140-5157
6. Diabetes Care 2024;47(Suppl. 1):5158-5178

Cardiovascular outcome trials (CVOTs)

2008

2015-2020
FDA

ADA/EASD, AACE/ACE, ACC/AHA

Diabetes Care

Guidance for Industry
Diabetes Mellitus — Evaluating
Cardiovascular Risk in New
Antidiabetic Therapies to
Treat Type 2 Diabetes

CVOTs for all new drugs:
DPP-4i
GLP-1RA
SGLT2i
Insulin

~p 1
STANDARDS OF
EDICAL

—202!

2019 ACC/AHA Guideline on the Primary Prevention of
Cardiovascular Disease: Executive Summary

"Recommendations:

To establish the safety of a new antidiabetic
therapy to treat type 2 diabetes, sponsors should
demonstrate that the therapy will not results in an

unacceptable increase in cardiovascular risk”

NEW GUIDELINES

AACE, American Association of Clinical Endocrinologists; ACC, American College of Cardiology; ACE, American College of Endocrinology;

AHA, American Heart Association: CV, cardiovascular; CVOT "cardiovascular outcomes trial; DPP- 4i, dipeptidyl peptidase-4 inhibitor;
EASD, European Association for the Study of Diabetes; FDA, U.S. Food and Drug Administration; GLP-1RA, glucagon-like peptide-1receptor agonist;
SGLT2| sodium-glucose co-transporter 2 inhibitor.

2025 MZOHER ety 0| 475



Diagnosis and Classification of Diabetes

Comprehensive medical evaluation and assessment of
comorbidities

Facilitating Positive Health Behaviors and Well-being to
o Improve Health Outcomes

Glycemic goals and hypoglycemia

2025 ADA ©
Guideline

.
Sections ¢
Q Pharmacologic Approaches to Glycemic Treatment
(]

CVD and Risk Management

CKD and Risk Management

Diabetes technology

Obesity and Weight Management for the Prevention
and Treatment of T2D

Retinopathy, Neuropathy, and Foot Care

VD, cardiovascular disease; CKD, chronic kidney disease; T2D, type 2 diabetes
Standards of Care in Diabetes - 2025: Diabetes Care, January 2025, Vol.48, Supplement 1

Diagnosis and Classification of Diabetes

Comprehensive medical evaluation and assessment of
comorbidities

Facilitating Positive Health Behaviors and Well-being to
o Improve Health Outcomes

Glycemic goals and hypoglycemia

2025 ADA ©
Guideline

.o
Sections ¢
0 Pharmacologic Approaches to Glycemic Treatment
o

CVD and Risk Management

CKD and Risk Management

Diabetes technology

Obesity and Weight Management for the Prevention
and Treatment of T2D

Retinopathy, Neuropathy, and Foot Care

VD, cardiovascular disease; CKD, chronic kidney disease; T2D, type 2 diabetes
Standards of Care in Diabetes - 2025: Diabetes Care, January 2025, Vol.48, Supplement 1
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Chapter 04

MASLD and MASH Screening

Recommendations

Screen adults with T2D or with prediabetes, particularly those with obesity or other cardiometabolic risk factors or established

cardiovascular disease, for their risk of having or developing cirrhosis related to MASH using a calculated FIB-4, even if they have normal
liver enzymes.

Adults with diabetes or prediabetes with persistently elevated plasma aminotransferase levels for >6 months and low FIB-4 should be
evaluated for other causes of liver disease.

Adults with T2D or prediabetes with a FIB-4 21.3 should have additional risk stratification by liver stiffness measurement with transient
elastography, or, if unavailable, the ELF test.

Refer adults T2D or prediabetes at higher risk for significant liver fibrosis (i.e., as indicated by FIB-4, liver stiffness measurement, or ELF)
to a gastroenterologist or hepatologist for further evaluation and management.

Refer to diagnostic algorithm for risk-stratification and prevention of cirrhosis in individuals with MASLD

ELF, enhanced liver fibrosis; Fib-4, fibrosis-4; MASH, metabolic dysfunction-associated steatohepatitis; MASLD, metabolic dysfunction-associated steatotic liver disease; T2D, type 2 diabetes.
Standards of Care in Diabetes - 2025: Diabetes Care, January 2025, Vol.48, Supplement 1

Chapter 04

Diagnostic algorithm for risk stratification in individuals with MASLD

Diagnostic Algorithm for the Prevention of cirrhosis in people with MASLD

Managed by primary care

Lower risk of future (and interprofessional team)

cirrhosis Repeat FIB-4 every 1-2 years
Groups with the highest risk of Optimize lifestyle and treatment of comorbidities
future cirrhosis
T2D
Is FIB-4 (Age, AST, ALT, Platelet;
: S FIB-4( S ) Is LSM 28.0 kPa*?
Prediabetes =
Rule out Yes
Obesity secondary
With 21 CV factors causes of
steatosis - - Manages by liver specialist
or T ALT H'gher_r'Sk Of .............................. > (and interprofessional team)
future cirrhosis If FIB-4 * Additional imaging and biomarker risk stratification
>2.67 * Treatment + long-term follow up

¢V, cardiovascular; ELF, enhanced liver fibrosis test; FIB-4, fibrosis-4 index; LSM, liver stiffness measurement, as measured by vibration-controlled transient elastography; MASLD, metabolic dysfunction-associated steatotic liver disease; T2D, type 2 diabetes. *In the
absence of LSM, consider ELF a diagnostic alternative. If ELF 9.8, an individual is at high risk of metabolic dysfunction-associated steatohepatitis with advanced liver fibrosis (2F3~F4) and should be referred to a liver specialist. Standards of Care in Diabetes - 2025:
Diabetes Care, January 2025, Vol.48, Supplement 1, Figure 4.2
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Chapter 04

Treatment algorithm in individuals with MASLD

Weight loss (if indicated)

Obesity Diabetes MASH
pharmacotheraphy pharmacotheraphy pharmacotheraphy
MASLD  ivveeeennenesp
= with FO-F1 Prefer GLP-1RA, dual GIp | _Frefer GLP-1RA, dual GIP
4 and GLP-1RA, pioglitazone, Not indicated
and GLP-1RA -
SGLT2i
Individualize care, targeting the
following: MASLD Obesity Diabetes MASH
. . with F2-F3 e pharmacotheraphy [LEIETGTTET pharmacotheraphy
* Adoption of a healthy lifestyle (“at risk” Prefer GLP-1RA, dual GIP | Prefer GLP-1RA, dual GIP Resmetirom
i MASH) and GLP-1RA and GLP-1RA, pioglitazone

Optimal diabetes management Obesity

pharmacotheraphy

Cardiovascular risk reduction Compensated , ,, ..

cirrhosis As with F2-F3 with caution*

Need for metabolic surgery (as

Diabetes
pharmacotheraphy

As with F2-F3 with caution*

recommended by guidelines) ( i )
Obesity
o) Decompensated pharmacotheraphy

C_9 cirrhosis

u /N Avoid

*Individualised care and close monitoring needed in compensated cirrhosis given limited safety data available.
FO-F1, no to minimal fibrosis; F2-F3, moderate fibrosis; F4, cirrhosis; GIP, gl insuli i
associated steatotic liver disease; SGLT2i, sodium~glucose cotransporter-2 inhibitor. Standards of Care in Diabetes - 2025: Diabetes Care, January 2025, Vol.48, Supplement 1. Figure 4.3

Diabetes
pharmacotheraphy

Only use insulin

MASH

pharmacotheraphy

/N Avoid

MASH

pharmacotheraphy

/N Avoid

GLP-1RA, glucagon-like peptide-1 receptor agonist; MASH, metabolic dysfunction-associated steatohepatitis; MASLD, metabolic dysfunction-

PAN

Diagnosis and Classification of Diabetes

Facilitating Positive Health Behaviors and Well-being to
o Improve Health Outcomes

o

2025 ADA ©
Guideline

Sections ¢
(=] %57

G

CKD and Risk Management

Compr ion and of

comorbidities

Glycemic goals and hypoglycemia

Diabetes technology

Obesity and Weight Management for the Prevention
and Treatment of T2D

Pharmacologic Approaches to Glycemic Treatment

CVD and Risk Management

Retinopathy, Neuropathy, and Foot Care

CVD, cardiovascular disease; CKD, chronic kidney disease; T2D, type 2 diabetes
Standards of Care in Diabetes - 2025: Diabetes Care, January 2025, Vol.48, Supplement 1
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Chapter 06

Recommendations

Glucose assessment by continuous glucose monitoring

Fig 6.1. AGP report: Continuous Glucose Monitoring

An HbA,_goal of <7% (<53 mmol/ mol) is
appropriate for many nonpregnant adults without
severe hypoglycemia

or frequent hypoglycemia affecting health or
quality of life.

Time in Ranges
Goals for T1D and T2D

Goal: <5%

[ veryHigh

20%

44% Goal: <25%

A goal time in range of >70% in people using CGM
is appropriate for many nonpregnant adults.

High

Goal 46% Goal: >70%

A goal percent time <70 mg/dL (<3.9 mmol/L) of
<4% (or <1% for older adults) and a goal percent
time <54 mg/dL (<3.0 mmol/L) of <1% are
recommended in people using CGM to prevent
hypoglycemia. Deintensify or modify therapy if
these goals are not met.

Each 5% increase is clinically beneficial

Low 5%

Very Low 5%

Goal: <1%

10% Goal: <4%

Each 1% time in range =
~15 minutes

Test Patient DOB: Jan 1,1970
14 Days: August 8-August 21, 2021

Time CGM Active: 100%

Glucose Metrics

Average Glucose

............... 175 dL
Goal: <154 mg/dL me/
Glucose Management

Indicator (GMI) e 7.5%

Goal: <7%

Glucose Variability

Defined as percent coefficient of,.,
variation

Goal: <36%

S

AGP, ambulatory glucose profile; CGM, continuous glucose monitoring; DOB, date of birth; HbA,,, glycated hemoglobin; T1D, type 1 diabetes; T2D, type 2 diabetes; TIR, time in range
Standards of Care in Diabetes - 2025: Diabetes Care, January 2025, Vol.48, Supplement 1

Chapter 06

Glycemic goals Figure 6.2

Recommendatio

Good health and

Most

Based on health care professional judgment and the preference Jnction low aduls
of the person with diabetes, achievement of lower HbA,_ levels ond burdens o
adults

than the goal of 7% (53 mmol/mol) may be acceptable and
even beneficial if it can be achieved safely without significant
hypoglycemia or other adverse effects of treatment.

Less stringent glycemic goals may be appropriate for individuals
with limited life expectancy or where the harms of treatment
are greater than the benefits.

|
<6.5% <7.0%

. g . . . . Favor more stringent goal
Reassess glycemic goals based on the individualized criteria

Short diabetes duration

. @mjﬁ%& 5 |65

<7.5%

Individualized HbA, goals for nonpregnant adults.

Older adults Older adults
with complex/ with complex/
intermediate poor health
health
Any adults
with limited life
expectancy

<8.0% No HbA, goal

Favor less stringent goal

Long diabetes duration

shown in Fig. 6.2.

Low hypoglycemia risk

High hypoglycemia risk

Low treatment risks and burdens

High treatment risks and burdens

Pharmacotherapy with cardiovascular, kidney,
weight, or other benefits

Set a glycemic goal during consultations to improve outcomes.

Pharmacotherapy without nonglycemic benefits

No cardiovascular complications

Established cardiovascular complications.

Few or minor comorbidities

Severe, life-limiting comorbidities

HbA,,, glycated hemoglobin
Standards of Care in Diabetes - 2025: Diabetes Care, January 2025, Vol.48, Supplement 1

PAN
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Novo Nordisk®
Diagnosis and Classification of Diabetes

Comprehensi dical luation and of
comorbidities

Facilitating Positive Health Behaviors and Well-being to
o Improve Health Outcomes

2025 ADA ©
Guideline :
Sections ¢

o %(9 Pharmacologic Approaches to Glycemic Treatment

Diabetes technology

Obesity and Weight Management for the Prevention
and Treatment of T2D

@B CVD and Risk Management
CKD and Risk Management
Retinopathy, Neuropathy, and Foot Care

VD, cardiovascular disease; CKD, chronic kidney disease; T2D, type 2 diabetes
Standards of Care in Diabetes - 2025: Diabetes Care, January 2025, Vol.48, Supplement 1

Benefits of weight loss across the disease continuum

o [
2
s Hyperglycaemia
g
b
hc) .
= B-cell function
S Insulin resistance
3
2
=3
o
% Adiposopathy
a L
N
>15% TBWL Obesity
Prevention of Metaholic syndrome | g
. i g
. Welght IOSS comorbidities %
d H h Resolution of Prediabetes | | Diabetes | g
|SruptS the metabolic 2
i syndrome K a
disease Improvementin | | Improvementin | | Microvascluar 3
continuum g Prevention of metabolic metabolic and
: 2 prediabetes syndrome syndrome macrovascular
& complications
2 Resolution of Resolution of ’
= : N
3 prediabetes diabetes I
Prevention of Prevention of diabetes
) licati )
diabetes complications Rl
improvement, or
stabilisation
of complications
L

1. Presented by Ildiko Lingvay at ADA 2022 —~Weighing the evidence -Should Obesity Be the Primary Target of Treatment in Type 2 Diabetes?
2. lldiko Lingvay et al. Lancet 2022. Jan.399;394-405

2025 M20pHE R Bzt TH Q| Y EL

14



Novel nutrient-stimulated hormone (NUSH)-
based therapies for obesity treatment

amylin

(Duodenum) (Pancreas)

1 et 1 nauses

1 fdintte 1 appte” L nasea 1 et p— Yo 1 s A
P

| it
1 il 1 gucagn 1 sl 1 gucagn 1 g 1 isun

4 e emptyng
1 guticonping 4 gastic aid eceton S 1 hepatc e 1
1 tpoysis  lpid depusiion 1 lpogeesis s Lt
T crupotecion 1 etrte 4 tone estpion L ostentstacity 1 ottty 1 everyepedire

1 heatate

Int J Obesity 2024, Epub ahead of print

. . . .
.
Semaglutide: Weight Loss in the STEP Trials
STEP1 STEP 2 STEP 3 STEP4 STEP 5 STEP 6 STEP 8
Obesity or Obesity or Obesity or Obesity or Obesity or Obesity or Obesity or
overweight overweight overweight overweight overweight overweight overweight
without with T2D without T2D without T2D  without T2D with or without without T2D
T2D n=1210 adjunct to IBT  after 20 week n=304 T2D n=338
n=1961 68 weeks n=611 run-in with 104 weeks n=401 68 weeks
68 weeks 68 weeks semaglutide 68 weeks
n=803
24mg 100 m— Semaglutide 68 weeks
5 80— = Paceto 75.3 790
"3’ Liraglutide
L Weekly injection s
S5 604
=3 456
25 a0
<8
2 204
Dose e
escalafion to 0-
maximum 104
tolerated dose =
X 54
every <
4eeks 5
[
H
>
T 54
8
£ -
o 10
5
= e 15 o
(3] ~14.9 160 -15.2 -15.8
-20-
Diabetologia 2023;66:1846
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Tirzepatide: Weight Loss in the SURMOUNT Trials

@®GLP-1

\IJﬁ t m "
@GIP \ ) 44 4Satiety

- | + ¥Nausea/Emesis

Brown Adipose — g + #Neuroprotection

+Metabolism

( ) Heart

o ind!m #Cardioprotection

o $Lipid metabolism
$Heart Rate

Islets
4 #Insulin
+ tGlucagon

4+ $Somatostatin

: — Intestine
o0 {Lipoprotein

'-;_‘_ secretion
Bone

+Bone Resorption

White Adipose |
#Lipolysis { #Bone Formation
4#Lipogenesis |
4 Adipokines Vasculature
#vasodilation/
Blood Flow

Cell Metab 2023;35:1519-1529

V‘elght change from baseline, %

SURMOUNT 11 SURMOUNT 212 SURMOUNT 31

Weight management in

Weight management Weight management in T2D

SURMOUNT 411

Long-term weight

addition to ILI management
31 -32
45
99
128
15 147
-195
209
=25 253
mPlacebo wTZP5mgvsPBO ®TZP 10mgvs PBO wTZP 15mgvs PBO  mTZP 10/15 mg vs PBO

ILL intensive lfestyle intervention; TZP, tirzepatide
1. Jastreboff AM, et al; SURMOUNT-1 Investigators. N Engl J Med. 2022,387:205-216; 2. Garvey TM, et al; SURMOUNT-2 Investigators. Lancet. 2023:402:613-626; 3. Wadden TA, et al. Nat Med. 2023,29:2909-
2918; 4. Aronne L, et a; SURMOUNT-4 Investigators. JAMA. 2024;331:3848

GLP-1 Backbone for NUSH in Development

GLP-1 agonists

u GLP-1 injectable
m GLP-1 oral

GIP agonist

=m GLP-1 + GIP agonists
um GLP-1 + GIP antagonist

Glucagon agonist

=m GLP-1 + glucagon agonists
umm GLP-1 + GIP + Glucagon agonist

Amylin agonists
mm GLP-1 + amylin agonists

PYY agonists
=m GLP-1 + PYY agonists

Int J Obesity 2024, Epub ahead of print
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Diagnosis and Classification of Diabetes

Comprehensi dical evaluation and of
comorbidities
Facilitating Positive Health Behaviors and Well-being to
o Improve Health Outcomes

o 0 _ _
2025 ADA ©
Guideline :
Sections ¢

0 %§ Pharmacologic Approaches to Glycemic Treatment

Diabetes technology

Obesity and Weight Management for the Prevention
and Treatment of T2D

@ﬁ CVD and Risk Management
CKD and Risk Management
Retinopathy, Neuropathy, and Foot Care

VD, cardiovascular disease; CKD, chronic kidney disease; T2D, type 2 diabetes
Standards of Care in Diabetes - 2025: Diabetes Care, January 2025, Vol.48, Supplement 1

Chapter 09

Pharmacologic treatment of hyperglycemia in adults with T2D

USE OF GLUCOSE-LOWERING MEDICATIONS IN THE MANAGEMENT OF T2D
HEALTHY LIFESTYLE BEHAVIORS: DIABETES SELF-MANAGEMENT EDUCATION AND SUPPORT (DSMES); SOCIAL DETERMINANTS OF HEALTH (SDOH)

therapeutic
inertia reassess
and modify

treatment
regularly

Goal: Cardiovascular and Kidney Risk Reduction in High-Risk individuals with T2D* T

+Indicators of +HF +CKD

+

+ASCVD high CVD risk Current or prior eGFR < 60 mL/min/1.73 m2 OR albuminuria (ACR P- (ASCVD)
symptoms of HF 2 3.0 mg/mmol (30mg/g)). Repeat measurement [ pe

with documented is required to confirm CKD

+ASCVD/indicators of high CVD risk™ SGLT2i¢ + CKD (on maximally tolerated
s with proven HF dnce nf ACFi/ARR)
GLP-1RA* SGLT2i benefit in this
N N SGLT2i® with primary evidence H
with proven with proven population ot reducing (XD progresson Pump (Heart Failure)

CVD benefit CVD benefit
SGLT2i can be started with eGFR 2 20

mL/min/1.73 m?

Continue until initiation of dialysis or
transplantation

Glucose-lowering efficacy is reduced with eGFR
<45 ml/min/1.73m?

GLP-1RA" with proven CKD beneft Filter (CKD)

If HbA,  is above goal, for individuals on SGLT2i,
consider incorporating a GLP-1RA or vice versa

* For individuals on a GLP-1RA, consider adding SGLT2i
with proven CVD benefit and vice versa
* Pioglitazone®

If additional cardiovascular and kidney risk reduction, management of other metabolic comorbidities,
and/or glycemic lowering is needed

y MASLD (MASH)

+ mitigating risk of MASLD or MASH

Agents with potential benefit in MASLD or MASH
GLP-1RA, dual GIP and GLP-1RA, piogli or ination of GLP-1RA with pit
Use insulin in the setting of decompensated cirrhosis

2025 M20pHE R Bzt TH Q| Y EL



Pump, pipes, and filter: do SGLT2 inhibitors cover it all?

Cardiorenal efficacy of SGLT2i

Renal HHF .
2° Prevention

Diabetes ) )
+ Benefits on HF, renal disease and MACE

eCardiovascular

Disease

1° Prevention
Diabetes
+
Multiple risk factors

Benefits on HF, renal disease
but may on MACE

Lancet. 2019;393(10166):3-5.

Chapter 09

Achievement and maintenance of weight and glycemic management
goals in those without established ASCVD, CKD or HF

Goal: Achievem

and Maintenance of Wi

and Glycemic Goals

+ Weight management + Achievement and maintenance of glycemic goals
¥
Metformin or other agent (including combination therapy) that provides adequate EFFICACY to achieve and maintain
Efficacy for weight loss glycemic treatment goals
Very High: Prioritize avoidance of hypoglycemia in high-risk individuals
Semaglutide, Tirzepatide L2

Efficacy for glucose lowering

High: .
. : . Very High:
Dulaglutide, Liraglutide D ide (high dose), ide, tirzepatide, insulin
Intermediate: Combination oral, combination injectable (GLP-1RA and insulin)
GLP-1RA (not listed above), SGLT-2i High:

GLP-1RA (not listed above), metformin, pioglitazone, SGLT2i, sulfonylurea
Neutral:

} . Intermediate:
Metformin, DPP-4i

DPP-4i

If HbA,_ is above goal or significant hypoglycemia or hyperglycemia or

barriers to care are identified

« Refer to DSMES to support self-efficacy in achievement of treatment goals
* Consider technology (e.g. diagnostic or personal CGM) to identify therapeutic gaps and tailor therapy
* Identify and address SDOH that impact achievement of treatment goals

ASCVD, atherosclerotic cardi disease; CV, car, ' CKD, chronic kidney disease; DPP4i, Dipeptidyl peptidase-4 inhibitor; HbA1c, glycated hemoglobin; HF, heart failure; GLP-1RAs, glucagon-like peptide-1 receptor agonists; SGLT2i, sodium~glucose
cotransporter-2 inhibitors; T2D, type 2 diabetes; TZD, thiazolidinedione. Standards of Care in Diabetes - 2025: Diabetes Care, January 2025, Vol.48, Supplement 1; Figure 9.3 A
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Algorithm for intensifying to injectable therapies (1/2)

Use Principles in Figure 9.3 including reinforcement of behavioral interventions (weight management and physical activity) and provision of DSMES, to meet individualized
treatment goals

If injectable therapy is needed to reduce HbA, !

¥
Consider GLP-1RA or dual GIP and GLP-1RA in most individuals prior to insulin?
INITIATION: Initiate appropriate starting dose for agent selected (varies within class)
TITRATION: Titration to maintenance dose (varies within class)

Y.
If already on GLP-1RA or dual GIP/GLP-1RA or if these are not
appropriate, OR if insulin is preferred

If HbA,, is above goal

Considerations for adding basal insulin®
Choice of basal insulin should be based on person-specific considerations, including cost. Refer to Table 9.4 for insulin
cost information. Consider prescription of glucagon for emergent hypoglycemia

¥

Initiation and titration of basal analog or bedtime NPH insulin®

INITIATION: Start 10 units per day OR 0.1-0.2 units/kg per day

TITRATION:

« Set FPG goal (see Section 6: “Glycemic Goals and hypoglycemia”)

« Choose evidence-based titration algorithm, e.g., increase 2 units every 3 days to reach FPG goal without hypoglycemia
« For hypoglycemia: determine cause, if no clear reason, lower dose by 10-20%

¥

Assess adequacy of insulin dose at every visit
Consider clinical signals to evaluate for overbasalization and need to consider adjunctive therapies (e.g., elevated bedtime-to-morning and/or
ial-to-preprandial di ial, ia [aware or unaware], high glucose variability)

!

1. Consider insulin as the first injectable if symptoms of hyperglycemia are present, when HbA, levels (>10% [86 mmol/mol]) or blood glucose levels (2300 mg/dL [216.7 mmol/L]) are very high, or a diagnosis of T1D is  possibility.

2. When selecting GLP-1RA, consider: individual preference, HbA,, lowering, weight-lowering effect, or frequency of injection. If CVD, consider GLP-1RA with proven CVD benefit. Oral or injectable GLP-1RA are appropriate.

3. For people on GLP-1RA and basal insulin combination, consider use of a fixed-ratio combination product (iDegLira or iGlarLixi).

4. Consider switching from evening NPH to a basal analog if the patient develops hypoglycemia and/or frequently forgets to administer NPH in the evening and would be better managed with an AM dose of a long-acting basal insulin.

VD, cardiovascular disease; DSMES, diabetes self-management education and support; FPG, fasting plasma glucose; GIP, gluc insul GLP-1RA, glucagon-like peptide-1 receptor agonist; HbA,,, glycated hemoglobin; NPH, Neutral

Protamine Hagedorn; T1D, type 1 diabetes

Standards of Care in Diabetes - 2025: Diabetes Care, January 2025, Vol.48, Supplement 1; Figure 9.4

Algorithm for intensifying to injectable therapies (2/2)

*  IfHbA,, is above goal and the individual not already on a GLP-1RA or dual GIP and GLP-1RA,
consider these classes in combination and with insulin (may use fixed-ratio product, if available and appropriate).

*  IfHbA, remains above goal:

v

nitiation and titration of prandial insulin>¢
Usually one dose with the largest meal or meal with greatest PPG excursion; prandial
insulin can be dosed individually or mixed with NPH as appropriate

If on bedtime NPH, consider converting to
twice-daily NPH regimen
Conversion based on individual needs and current glycemic
management. The following is one possible approach:
INITIATION:
* Total dose = 80% of current bedtime NPH dose
* 2/3 given in the morning
+ 1/3 given at bedtime
TITRATION:
* Titrate based on individualized needs

INITIATION:

* 4units per day or 10% of basal insulin dose

« If HbA, <8% (64 mmol/mol) consider lowering the basal dose by 4 units a day or 10% of basal dose
TITRATION:

* Increase dose by 1-2 units or 10-15% twice weekly

* For hypoglycemia: determine cause, if no clear reason, lower corresponding dose by 10-20%

If HbA,, is above goal .. - If HbA,, is above goal
Stepwise doses of prandial insulin Consider self-mixed/split insulin plan Consider twice-daily premixed insulin plan
(i.e., two, then three additional injections) Can adjust NPH and short/rapid-acting insulins separately INITIATION:
INITIATION: « Usually unit per unit at the same total insulin dose, but may
l « Total NPH dose = 80% of current NPH dose at the same total require adjustment to individual needs
« 2/3given before breakfast TITRATION:
Proceed to full basal-bolus plan + 1/3 given before dinner + Titrate based on individualized needs
(ie., basal insulin and prandial insulin with each meal) + Add 4 units of short/rapid-acting insulin to each injection or 10% of reduced NPH dose
TITRATION:
« Titrate each component of the plan based on individualized needs

. Prandial insulin options include injectable rapid- and ultra-rapid-acting analog insulins, injectable short-acting human insulin, or inhaled human insulin.

6. If adding prandial insulin to NPH, consider initiation of a self-mixed or premixed insulin plan to decrease the number of injections required.

HbA,, glycated hemoglobin; FPG, fasting plasma glucose; GLP-1RA, glucagon-like peptide-1 receptor agonist; GIP, gluc insulinotropi ide; NPH, Neutral Protamine Hagedorn; PPG, postprandial glucose
Standards of Care in Diabetes - 2025: Diabetes Care, January 2025, Vol.48, Supplement 1; Figure 9.4
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Injectables

Use principles in Figure 9.3, including reinforcement of behavioral
interventions (weight management and physical activity) and provision
of DSMES, to meet individualized treatment goals

Consider GLP-1 RA or dual GIP and GLP-1 RA in most individuals prior to insulin?
INITIATION: Initiate appropriate starting dose for agent selected (varies within class)
TITRATION: Titrate to maintenance dose (varies within class)

Add basal insulin®
Choice of basal insulin should be based on person-specific considerations, including cost|
Refer to Table 9.4 for insulin cost information. Consider prescription of glucagon for .-
emergent i

Add basal analog or bedtime NPH insulin*

INITIATION: Start 10 units per day OR 0.1-0.2 units/kg per day

TITRATION:

» Set FPG target (see Section 6, “Glycemic Goals and Hypoglycemia”)

= Choose evidence-based titration algorithm, e.g., increase 2 units every 3 days to

reach FPG target without hypoglycemia
= For hypoglycemia determine cause, if no clear reason lower dose by 10-20%
v
Assess adequacy of basal insulin dose

Consider clinical signals to evaluate for overbasalization and need to consider
adjunctive therapies (e.g., basal dose more than ~0.5 units/kg/day, elevated
bed dor ial-t ial differential, i
[aware or unaware], high variability)

&L GLP-1 RA HX 12{

Basal Insulin add-on

Basal Insulin HX Al835t10
AACHH GLP-1 RA add-on or
FRC change

Diabetes Care 2024;47:5158-S178

Options after Basal Insulin Failure

2024 ADA Guideline

Use principles in Figure 9.3, including reinforcement of behavioral
interventions (weight management and physical activity) and provision
of DSMES, to meet individualized treatment goals

Consider GLP-1 RA or GIP/GLP-1 RA in most individuals prior to insulin? It already on GLP-1 RA or dual GIP
INITIATION: Init i (varies within class) and GLP-1 RA or if these are not
TITRATION: Titrate to maintenance dose (varies within class) ORir referred

e e ———————————
: ‘Add basal insulin® 1
Choice of basal insui i H

1 Refer to Table 9.4 i i i ider prescription of glucag k |
: T ) 1
1

: ‘Add basal analog or bedtime NPH insulin® 1
1 INITIATION: Start 10 units per day OR 0.1-0.2 units/kg per day 1
1 TITRATION: :
: = Sot FPG target (see Section 6, “Glycemic Targets") 1

R . Tt . . ©

: reach FPG target without hypoglycemia :
H = For hypoglycemia determine cause, if no clear reason lower dose by 10-20% H
1 1
1 Assess adequacy of basal insulin dose 1
1 i linical signals i to consider 1
1 adjunctive ies (e.g., basal dose more than elevated 1
1

: unaware], high variability 1
i o e e e o o e e e e e

2023 KDA Guideline

[ Diagnosis of type2 diabetes mellitus ]
3

(polydipsia, polyuria, weight loss, etc.)? B

Isthere any comorbidities such as eASCVD?, HF ®or CKD?
A

I ¥

Q
- (Current ALC)-{Target ALC) = 1.5% or ALC = 7.5%
A

. e
| o

| contraindication)
sothers

s
e et Ll
4 eded

Basal insulin «—i

) ( £0AD(s)
3

GLP-1RA

Basal insulin

£0AD(s)

nter ulin therapy
lus / Premixed / Ba:

+OAD(s)

Diabetes Care 2024;47:5158-5178 Diabetes & Metabolism Journal 2023;47:575-594.

2025 M20pHE R Bzt TH Q| Y EL

20



Diagnosis and Classification of Diabetes

Comprehensi dical luation and of
comorbidities

Facilitating Positive Health Behaviors and Well-being to
o Improve Health Outcomes

2025 ADA ©
Guideline :
Sections ¢

e %(9 Pharmacologic Approaches to Glycemic Treatment

Diabetes technology

Obesity and Weight Management for the Prevention
and Treatment of T2D

@B CVD and Risk Management
CKD and Risk Management
Retinopathy, Neuropathy, and Foot Care

VD, cardiovascular disease; CKD, chronic kidney disease; T2D, type 2 diabetes
Standards of Care in Diabetes - 2025: Diabetes Care, January 2025, Vol.48, Supplement 1

Novo Nordisk”

; Screening and Treatment

In people with established CKD, urinary albumin (e.g., spot UACR) and eGFR should be monitored 1-4 times per year depending on the stage of
the kidney disease.

Recommendations

Optimize glucose management to reduce the risk or slow the progression of CKD.

Optimize blood pressure management (aim for <130/80 mmHg) and reduce blood pressure variability to reduce the risk or slow the progression
of CKD and reduce cardiovascular risk

In nonpregnant people with diabetes and hypertension, either an ACEi or an ARB is recommended for those with moderately increased
albuminuria (UACR 30-299 mg/g creatinine) (B) and is strongly recommended for those with severely increased albuminuria (UACR 2300 mg/g
creatinine) and/or eGFR <60 mL/min/1.73 m? to maximally tolerated dose to prevent the progression of kidney disease and reduce cardiovascular

events. (A)

An ACEi or an ARB is not recommended for the primary prevention of CKD in people with diabetes who have normal blood pressure, normal
. UACR.

Continue renin angiotensin system blockade for mild to moderate increases in serum creatinine (€30%) in the absence of signs of extracellular
fluid volume depletion.

ACEI, angiotensin converting enzyme inhibitor; ARBs, angiotensin receptor blockers; CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; UACR, urinary albumin creatinine ratio
Standards of Care in Diabetes - 2025: Diabetes Care, January 2025, Vol.48, Supplement 1

g B
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;Treatment

>20 mL/min/ 1.73 m2.

commendations

For people with T2D and CKD, use of a SGLT2i is recommended to reduce CKD progression and cardiovascular events in individuals with eGFR

To reduce cardiovascular risk and kidney disease progression in people with T2D and CKD, a GLP-1RA with demonstrated benefit in this
population is recommended.

To reduce cardiovascular events and CKD progression in people with CKD and albuminuria, a nonsteroidal MRA that has been shown to be
effective in clinical trials is recommended (if eGFR is 225 mL/min/1.73 m2). Potassium levels should be monitored.

Aim to reduce urinary albumin by 230% in people with CKD and albuminuria 2300 mg/g to slow CKD progression.

CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; GLP-1RAs, glucagon-like peptide-1 receptor agonists; SGLT2is, sodium-glucose cotransporter-2 inhibitors; T2D, type 2 diabetes

Standards of Care in Diabetes - 2025: Diabetes Care, January 2025, Vol.48, Supplement 1

diabetes and CKD
)4

LIFESTYLE Physical activity
SGLT2i
(initiate if eGFR 220; continue
FIRST-LINE until dialysis or transplant)

DRUG THERAPY % \_‘%D

Regular reassessment of

D e
1
v

Other glucose-lowering drugs
if needed to achieve individualized
glycemic goal @

ACR, albumin-to-creatinine ratio; ASCVD,

glycemia, albuminuria, BP,CVD ~ '======== s mmmms--e-
risk, and lipids v
GLP-1RA®
if needed to achieve individualized
glycemic goal
ADDITIONAL
RISK BASED
THERAPY

Weight management

Metformin
(if eGFR is >30)

Nonsteroidal MRA *
if ACR 230 mg/g
and normal potassium

SR 2

c
ist; PCSK9i,

disease; B, blood-pi

MRA, oid receptor

Standards of Care in Diabetes - 2025: Diabetes Care, January 2025, Vol.48, Supplement 1; Figure 11.2

Healthy eating

d §

Co—

RAS inhibitor at a maximum
tolerated dose
(if albuminuria and/or

HTN) % %h

Dihydropyridine CCB and/or diuretic”
if needed to achieve individualized BP
target

1
v
Steroidal MRA

if needed for resistant hypertension
if eGFR 245

Smoking cessation

Moderate- or

Novo Nordisk”

Holistic approach for improving outcomes in patients with

Regular
risk factor
reassessment
(every 3-6 months)

high-intensity statin

Antiplatelet
agent for
clinical ASCVD

B

Ezetimibe, PCSK9i or
icosapentethyl

if indicated based on
ASCVD risk and lipids

T2D only

All patients
(T1D and T2D)

< Semaglutide can be used as another first-line agent for people with CKD; *Finerenone is currently the only ns-MRA with proven clinical kidney and cardiovascular benefits. * ACEi or ARB (at maximal tolerated doses) should be first-line therapy for hypertension when

albuminuria is present. Otherwise, dihydropyridine calcium channel blocker o diuretic can also be considered; all three classes are often needed to attain BP targets.

; CCB, calcium channel blocker; CVD, cardiovascular disease; eGFR, estimated glomerular filtration rate; GLP-1RA, GLP-1 receptor agonist; HTN, hypertension; ns-
in type 9 inhibitor; RAS, renin-angiotensin system; SGLT2i, sodium~glucose cotransporter-2 inhibitor; T1D, type 1 diabetes; T2D, type 2 diabetes

PAN
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Diabetic Nephropathy

* Low Na delivery to MD
« AA vasodilatation

N O o Oxidative stress
CJ —._/\Q O ¢ Reduced NO availability

% >
__a * EA Vasoconstriction

Hyperglycemia

Decreased tubuloglomerular feedback

. ® Increased
* Increased Metabolic Hemodynamic sodium/glucose
adiposity Dysregulation Perturbations reabsorption
e Dyslipidemia
. . ” *Renal perfusion
PROGRESSIVE L :
FIBROSIS Macrophage-MR Activation fca""'a“’"’essm
e Hexosamine
Pathway
* Polyol Pathway s
o PKC Inflammation
'w 00 =99
. ///\ MO macrophages M1 macrophages
i ¢ (
Macrophage recruitment oy N L./

Diabetes Care 2023,46(9):1574-1586

4 Pillars for Diabetic Nephropathy

PILLAR 1: RAS blockers

POTENTIAL PILLAR 4: GLP- 1RAs « Decrease efferent arteriole tone
. DecrEESEwelgh't i « Decrease hyperfiltration
* Decrease dyslipidemia » Decrease endothelial XD
* Decrease oxidative stress dysfunction ) |
s Decrease endothelial dysfunction + Decrease cardiac remodeling \
= | L
<
\
[
|
J EN
Metabolic Hemodynamic W ‘

Dysregulation Perturbations
PILLAR 2: SGLT2 inhibitors
Increase afferent arteriole
PILLAR 3: Finerenone tone

Decreases inflammation Improve tubuloglomerular

» Decreases fibrosis feedback

* Decreases endothelial » Decrease hyperfiltration
dysfunction Inflammation * Decrease proteinuria

» Decreases tissue remodeling * Decrease oxidative stress

= Decreases proteinuria * Increase anti-inflammatory

and anti-fibrotic effects

Diabetes Care 2023,46(9):1574-1586
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CREDENCE"?

HR = 0.66 (95% Cl, 0.53-0.81);
P <.001

Time Since Randomization, mo

® X,
o 620

€ 20 o

g § 16
15 Placebo -]

£ 2127
£ 2 8-
S s

8 ® 3 47
5 o Canagllflozm =

= T 3 0
E 0 6 12 18 24 30 36 42 o

SGLT2i and CKD

DAPA-CKD?2b

HR = 0.56 (95% ClI, 0.45-0.68);
P <.001

Patients
with  without T2DM

36% 50%
RRR RRR

Patients

Placebo

Dapagliflozin

4 8

Time Since Randomization, mo

IS
o

w
o

-
o

EMPA-KIDNEY?3<

HR =0.72 (95% Cl, 0.64-0.82);
P <.000001

Patients  Patients
with without T2DM

36% 18%
RRR RRR

Placebo

Empagliflozin

Patients With an Event, %
o S

o

18 24

Time Since Randomization, mo

» KDIGO prioritizes SGLT2 inhibitors with documented kidney or cardiovascular benefits in CKD#

* Only dapagliflozin and empagliflozin are indicated for CKD in the European Union and United States®6

aKidney-specific composite outcome of ESKD, doubling of serum creatinine level, or renal death. ® Kidney-specific composite outcome of a sustained decline in eGFR
of 250%, ESKD, or death from renal causes. °Kidney disease progression defined as ESKD, sustained decrease in eGFR t0 <10 mL/min/1.73 m2, sustained 240%

decrease in eGFR from baselines, or death from renal causes.

1. Heerspink HJL et al. N Engl J Med. 2020;383:1436-1446. 2. Perkovic V et al. N Engl J Med. 2019;380:2295-2306. 3. The EMPA-KIDNEY Collaborative Group et al.
N Engl J Med. 2023;388:117-127. 4. KDIGO Diabetes Work Group. Kidney Int. 2022;102(5S):s1-s127. 5. https://www.accessdata.fda.gov/scripts/cder/daf/.

6. https://www.ema.europa.eu/en/medicines.

30

eGFR, mL/min/1.73 m?

SGLT2i and CKD

Which SGLT2i Should You Use in a
Patient With CKD?
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SGLT2i and eGFR

STAGES — GFR —
§
WE 1 290 "o 1730
Mio 2 60-89 m%nin/mmﬂ
/ ScizislE Tl o
iviuDeRATE 33_5?’“}’min 173m? EEERER 45)
. . AlEX] AlEX]
Skvenk AL S A getzsl 211 212 (20) n-:'-"lﬂ’::lr-,; |
o

Kidney failure <15 mF’r'|v1in /173m2

Finerenone (non-steroidal MRA)

Drivers of CKD progression in T2D-3

Finerenone

Anti-inflammatory and anti-fibrotic effects in
preclinical models!!-14 and reduction in albuminuria,
independent of measured changes in BP in patients
with CKD and T2D*>

ACE inhibitors and ARBs*>

Thiazide-like diuretics and

dihydropyridine Ca?* channAeSI mEcE e
blockers* intraglomerular

SGLT-2 inhibitors®—® pressure)

ki%?‘
Inflammation
and fibrosis'=3

KIDNEY AND HEART
PROTECTION!-14

SGLT-2 inhibitors®1©
GLP-1RAs™®

Metformin®®

Other anti-hyperglycaemic
agents!®

Metabolic’?
(poor glycaemic control)

=
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Finerenone (non-steroidal MRA)

FIDELIO-DKD, FIGARO-DKD, and FIDELITY:
Study designs and their main outcomes

[®) FIDELIO-DKD!

©
L4

Run-in Screenlng Initial dosing of study drug based on eGFR at screening; during the g ‘€ 5,734
i i study, dosing was guided by serum [K*] levels and eGFR changes E=I]

period period S3 @ FIGARO-DKD?

©
- * =

Finerenone 10 mg od or 20 mg od 7,437

@ FIDELIO-DKD'

@ FIGARO-DKD?

/©\ FIDELITY34
w Pooled analysis

Clinical
efficacy
primary
endpoint

Composite endpoint:
Time to kidney failuret,

sustained 240% eGFR decline,
or renal death (

€

Key
secondary
endpoint

Same as primary endpoint
in FIGARO-DKD

4

%)

4
€

Composite endpoint:
Time to CV death, non-fatal
MI, non-fatal stroke, or
hospitalization for HF

Same as primary endpoint
in FIDELIO-DKD

Key outcomes

CV composite:

Time to CV death, non-fatal
MI, non-fatal stroke, or
hospitalization for HF

57% kidney composite:
Time to kidney failuret,
sustained 257% eGFR
decline, or renal death

Finerenone (non-steroidal MRA)

o3 &
reduced risk of CV morbidity reduced risk of CKD
Pres |f|ed led analy5|s 4% and mortality 2 3% progression*
the (HR 0.86; 95% CI 0.78-0.95; (HR 0.77; 95% Cl 0.67-0.88;
FIDELI ARO-DKD trials p=0.002)' p=0.0002)"
>13,000 patients ac he disease continuum
of CKD and T2D (CKD stage 1-4) with 0/ reduced risk of first HHF* 0/ reduced risk of ESKD
moderate-to-severely elevated albuminuria O (HR 0.78; 95% Cl 0.66-0.92; O(HR 0.80; 95% CI 0.64-0.99;
(UACR =30 mg/g) p=0.003)! p=0.040)"+
- W - v U J U )
% 3 2% reduction in UACR (ratio of LS mean change from baseline 0.68; 95% Cl 0.66-0.70)'
Kerendia® is indicated to reduce the risk of sustained eGFR decline, end-stage kidney disease,
cardiovascular death, nonfatal myocardial infarction, and hospitalization for heart failure in adult
patients with chronic kidney disease (CKD) associated with type 2 diabetes (T2D)?2
*First HHF defined as first event after randomisation; “ESKD or an eGFR <15 ml/min/1.73 m?; events were classified as renal death if: (1) the patient died; (2) KRT had not been initiated despite being clinically indicated;
and (3) there was no other likely cause of death; *analysis for p-value not prespecified. HHF, hospitalisation for heart failure; KRT, kidney replacement therapy; LS, least-squares
1. Agarwal R, et al. Eur Heart J 2022;43:474-484; 2. 7| Il C| Ot LS| 7kALE} (415 2| 2FF CHE A hitps://nedrug.mfds.go.kr/searchDrug) 42
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2024 ADA Recommendation on non-steroidal MRA

SGLT-2is

Agents with
cardiovascular R .
and kidney In patients with an eGFR

benefit* 220 mL/min/1.73 m? and
UACR 2200 mg/g (LoE: A)

Glycaemic

pressure
management

management
management

In patients with an eGFR
220 ml/min/1.73 m? and
UACR ranging from normal
to 200 mg/g (LoE: B)

JUL !ULLL JUUUL jJUUL

Recommended agents with cardiovascular
and kidney benefits include?:

Finerenone
(nonsteroidal
MRA)

In patients with CKD
and albuminuria who
are at increased risk for
CV events or CKD
progression
(if eGFR

225 mL/min/1.73 mzj

@H_HJJLIFESTYLE MODIFICATION AND DIABETES EDUCATION Q

*Risk reduction interventions to be applied as individually appropriate
1. American Diabetes Association. Di 2024;47(Suppl 1):5179-5218;
2. American Diabetes Association. Diabetes Care 2024;47(Suppl 1):5219-5230

43 43

American
Diabetes
.Association.

=L} Finerenone = O 7§ A|

O AHHC|0*H 2% 0] X 7|F

H2Y 7t U= 2 {‘_"é“c’;‘ ’é!‘ﬂ B2 M, ACE YRIN| == Angiotensin || £2X|
AHHE ZUHSB(LHY) BF2R 45 04 FYHO R 0] B0 S+t Cs RUS 2F
ObESH= 4 BEQH(ACE QHIHI EE— Angiotensin Il £&X| XIHA[) 2 EE5H0] £E0iE
CHot XI&XQ1 S4S H0l= 2Hd A2 SXHNYHA class I~MV)E MILE

£=3

1) UACR>300 mg/g = 2 A|EX|2 ZAHurine dipstick test) 24(1+ 0]4)
2) 25< eGFR <75 mL/min/1.73m* 2 4

£0§ ZH: eGFRO| 15 mL/min/1.73m? DI ZASH= A2 £ STSHO{0F &

« AT 10 mg B3 2471 1,670« HZC|01®H 20 mg 28 247t 1,670
Y BB k= 2 201 7IE8 UESH= 242, BRAIZ 0l TRt APHE 71242 BAISH 202 i EXl0| T2t MK SYSHS HetE + AUS.

N182 2Hd MEH
N183 g MEE
N184 2Hd ME'H

E112 U8 &EFS SUd

Mg S8

E1125 H| QI3 N18N182,N183,N1842] HS
Mo St 2 HHAS ET1/E13/E14 7|AHS
EEF7HER
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Results of exploratory kidney analyses from GLP-1RA CV outcome trials

Trials with human GLP-1-based agents Trials with exendin-4 based agents
I L [ I 1
i LEADER™ REWIND® SUSTAIN 6° EXSCEL™ ELIXAY AMPLITUDE-O"'?
(liraglutide (dulaglutide (OW semaglutide (exenatide ER (lixisenatide (efpeglenatide
vs. placebo) vs. placebo) vs. placebo) | vs. placebo) | vs. placebao) vs. placebo)
Exploratory renal : :
composite endpoint HH: 0.78 [0.67:0.92]" [3: 0.85 [0.77:0.93]* HEH  0.64 [0.46:0.88] ¥4 0.88 [0.76;1.01] INR H 0.68 [0.57:0.79)"
Macroalbuminuria r—:HE(]‘H; [0.60;0.91] DED,?? [0.68,0.87]  HEH 50‘54 [0.37;0.77]" v ém,a? [0.70;1.07] H}én,m [0.66;0.99] e %0.68[0.58;0.80]*
i1.28[0.64;2.58] INR £1.16 [0.74;1.83] 10,35 0.101.27]
Worsening eGFRT Hi 0.89 [0.67;1.19] 1T 0.89[0.78,1.01] : : = H—
Renal replacement 50,8? [0.61;1.24] 30.75 [0.39;1.44] fn,m [0.40;2.07] NR ENR iNR
therapy : : : : : :
0.0 0.5 1.0 1.5 2.0 0.0 0.5 1.0 1.5 20 0.0 0.5 1.0 15 2.0 0.0 0.5 1.0 1.5 2.0 0.0 0.5 1.0 1.5 20 0.0 0.5 1.0 1.5 2.0
HR [95% CI] HR [95% CI] HR [95% CI] HR [95% CI] HR [95% CI] HR [95% CI]
Favours Favours Favours Favours Favours Favours Favours Favours Favours Favours Favours Favours

GLP-1RA placebo GLP-1RA placebo GLP-1RA placebo GLP-1RA placebo GLP-1RA placebo GLP-1RA placebo

Nephrol Dial Transplant 2023: 38 :2041-2051

Prognosis of CKD by eGFR Albuminuria categories
and albuminuria categories Description and rage
Al A2 A3
GLP-1RA CVOTs
_ Normal to Moderately Severerely
L = LEADER
R = REWIND Mildly increased Increased increased
E = EXSCEL
A = AMPLITUDE-O <30 mg/g 30-299mg/g =300 mg/g
S = SUSTAIN <3 mg/mmol 3-29 mg/mmol | =30 mg/mmol
G1 Normar or high 290
£ :
I Mildly
5 G2 decreased 60-89 @@@@ @
~ @
£ Mildly to
i E| G3a Moderately 45-59
E S Decreased
% S
< g Moderately to
s =l G3b severely 30-44
& o
22 decreased
g
5]
™ Severely B
5 G4 decreased 15-29
]
G5 Kidney failure <15

46
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Flow trial: the first

Methods
Participants:
g *Aduliswith T2D
* eGFR 250 to <75 ml/min/1.73 m* and
UACR 2300 to <5000 mg/g OR
* 8GFR 225 to <50 ml /min/1.73 m? and
UACR =100 10 <5000 mg/g

Composite primary endpoint:
Time o first occurrence of:
+ Kidney failure [persistent eGFR <15 ml/
min/1.73 m? or initiafion of CKRT);
* Persistent 250% reduction in eGFR; or
+ Death from kidney or CV causes

kidney disease outcomes trial in T2DM

o

Randomisafion 11

j 1.0 mg semaglutide s.c. OW +
””H { 2| 12D and CKD standard-of-care
N=3534 1.0 mg placebo s.c. OW +

T2D and CKD standard-of-care
W-3 W0 W4 W EOT

0.25mg 05mg

L i I ]
Screelming Treament period Fo\lu:.v—up
{up to 3 weeks) |5 weeks)

Eveni-driven frial with expected duration of approximately 5 years

Nephrol Dial Transplant 2023: 38 :2041-2051

Flow trial: the first kidney disease outcomes trial in T2DM

Table 2. Efficacy and Safety Outcomes.® A First Major Kidney Dissase Event
Semaglutide Placebo Hazard Ratio Estimated Difference 100 5
Hazard ratio, 0.76 (95% C1, 0.66-0.88)
Outcome (N=1767) (N=1766) (95% C1) (95% C1) P Value 004 8 ionoes
Primary outcome: major kidney disease events — no. (%) 331 (18.7) 410 (23.2) 076 (06610088) | 24% Risk reduction|  0.0003 2 s ié PIA(':,:/./
Components of primary cutcome — no. () § 70 1 -
3 .
Persistent =50% reduction from baseline in eGFR 165 (9.3) 213 (12.1) 0.73 (0.59 to 0.89) = = E 60+ 10 I Semaglutide
Persistent eGFR <15 mlfmin/1.73 m? 92(5.2) 110 (62) 0.80 (0.61t0 1.06) — — 5 50 I
Initiation of kidney-replacement therapy 87 (4.9) 100 (5.7) 0.84 (0.63t01.12) = = g 40. 0 6 12 13 24 30 35 42 48
Death from kidney-related causes 5 (0.3) 5(03) 0.97 (0.27t0 3.49) — — E 30 ~
Death from cardiovascular causes 123 (7.0) 169 (9.6) 0.71 (0.56t0 0.39) — — § 20 o~
-
Composite of kidney-specific components of the primary outcome 218 12.3) 260 (14.7) 0.79 (0.66 to 0.94) — — 10 e
Confirmatory secondary outcomes o - TR T T T T
0 6 12 18 24 30 36 42 48
Mean annual rate of change in €GFR — mi/min/L.73 m* 219 3.36 — 1.16 (086 to 1.47) <0.001 :
Major cardiovascular events — no. (%) 212 (12.0) 254 (14.4) 0.32 (0.68t0 0.95) = 0.029 Monthe since Rumicmication
_ _ Ne. at Risk
Death from cardiovascular causes 123 (7.0) 169 (9.6) 0.71 (0.56 o 0.89) ek TR Eor e e 1 ke Likd
Nonfatal myecardial infarction 52 (2.9) 64 (3.6) 0.80 (0.5 to 1.15) - - Semagluide 1767 1738 1693 1640 1572 1439 1131 742 392
Nonfatal stroke 63(3.6) 51(29) 122 (084t 1.77) — —
Death from any cause — no. (%) 227 (12.8) 279 (15.8) 0.80 (0.67 to 0.95) = 001 D Total eGFR Slope
Supportive secondary outcomes
Ratio of urinary albumin-to-creatinine ratio at week 104 to urinary 0.60 0.8 0.68 (0.62t0 0.75)¢ = =
albumin-to-creatinine ratio at baseline T
Mean change in body weight from baseline to week 104 — kg -5.55 145 — 410 (-4.56 to -3.65) — a Semagluride
Mean change in glycated hemoglobin level from baseline to week 087 -006 = ~0.81 (-0.90t0 -0.72) = = L —y
104 — percentage points E g
s ]
Mean change in systolic blood pressure from baseline to week -3.79 155 - -223 (333 10-113) - 3 — ) !
104 — mm Hg E T ».r/ {
- Placebo
Mean change in diastolic blood pressure from baseline to week -023 -101 = 0.78 (0.16 t0 1.41) - § 3 )
104— mm Hg 4 Difference in annual slope, 1.16 mi/min/1.73 m?
{95% C1, 0.86-1.47)
Mean change in eGFR from baseline to week 12 — ml/min/L1.73 -107 -105 - 003 (-0.56 10 0.51) - 36, poo01
e
T T T T
Mean annual rate of change in eGFR from week 12 to end of trial -236 330 = 0.94 (0.62 to 1.26) = 12 52 104 156 208
el 1,73 e Months since Randomization
Mean change in eGFR by the cystatin C equation from baseline to 201 -5.41 — 339 (263 o 4.15) — :
week 104 — ml/min/1.73 m* No. at Risk
Placebo 176616631573 1609 1490 1441 1284 876 609 199
Semaglutide 17661665 15901606 1521 1468 1345 952 €51 218

N EnglJ Med 2024;391:109-121
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Proposed mechanisms of GLP1RA’s reno-protective effect

Conventional treatment
(e.g. insulin and RAS inhibition)

| |

1 Plasma glucose W f_ 4 Blood pressure
»

(—“—b 1—\

[ “. I I ]
\l/RenaI Jf Renal Weight ,LAthero- Vaso-
oxidative stress inflammation loss sclerosis dilation

| l 1 |

= GLP1 receptor agonists —

»

Nat Rev Nephrol. 2018:14:659

SGLT2 Inhibitor CVOTs: Cardiovascular Outcomes

|

MACE CV death
HR (95%Cl) HR (95% Cl) HR (95% Cl)
0.86 0.62 0.65

] 1
EMPA-REG OUTCOME (0.74-0.99)

0.86
(0.75-0.97)

CANVAS Program?

0.93

K 3
DECLARE-TIMI 58 (0.84-1.03)

0.97¢

4
VERTIS CV (0.85-1.11)

1. Zinman B et al. N Engl J Med. 2015;373:2117-2128. 2. Neal B et al. N Engl J Med. 2017;377:6. 3. Wiviott SD et al. N Engl J Med. 2019;380:347-357. 4. Cannon CP et al. N Engl J Med.

2020;383:1425-1435.

(0.49-0.77)

0.87
(0.72-1.06)

0.98
(0.82-1.17)

0.92*
(0.77-1.11)

(0.50-0.85)

0.67
(0.52-0.87)

0.73
(0.61-0.88)
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Therapy for HFpEF:
A step forward brings new hope for people with obesity and diabetes

@ OBESITY
@ DYSGLYCAEMIA
@ HYPERTENSION

‘.

o

« | functional status
« | exercise capacity
« { quality of life
« 1 HF readmissions
« 1 hospital stay
+ 1 death

« Ectopic fat deposition §M1 ’ c
« 1 volume overload | “ e

é"
« Altered sodium handling =
o . m

« 1 cardiac remodeling
« Chronotropic incompetence
« Microvascular dysfunction

Non-steroidal Dual GIP/GLP-1
receptor
MRA co-agonists
DELIVER EMPEROR-Preserved STEP-HFpEF STEP-HFpEF DM FINEARTS-HF SUMMIT
(LVEF >40%) (LVEF >40%) (LVEF 245%) (LVEF 245%) (LVEF 240%) (LVEF 250%)
« Dapagliflozin 10mg daily « Empagliflozin 10mg daily < Inj semaglutide 2.4mg weekly « Inj semaglutide 2.4mg weekly « Finerenone 10-40mg daily « Inj tirzepatide weekly
-l worsening HF or CV death « L HF hospitalization or CV death « L HF symptoms, physical « L HF symptoms, physical « Primary endpoint: « Co-primary endpoints:
« Class 1 recommendation « Class 1 recommendation limitations limitations > HF events or CV death > KCCO-CSS
 Net weight loss 10.7% « Net weight loss 6.4% « Trial ends in June 2024 > HF events or CV death
(NCT04435626)  Trial ends in July 2024
o (NCT04847557)

Fundamental 4 Pillars for HFrEF Therapy

Foundational Disease-
modifying Therapies in HFrEF

ARNI
(Superior MRA Beta-

to blocker
ACEi/ARB)
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HFrEF, HFpEF EHXH0J| M Empagliflozin 10 mga2 0 Q17

-} K-
O ZHMA £=7|50| Xtz e M B 3EXFNYHA class [1~1V) S, Tt Al BHE S (LVEF: Left

Ventricular Ejection Fraction)O| 40% O| 3} Q! 2tXt 2 A H = X| & (RASi, Sabutril/Valsatan, Aldosterone
antagonist)E CHE X Ol E2k(stable dose) 22 £ 0] 51 AL

O e T4 X AZ7I Ao HAM ZAH EH=E(LVEF: Left Ventricular Ejection Fraction)O|
40% Z=2tot Xt M O & SHLHE PtESH= 49

Lh 1270 O|L 77 stz S22 S LESIUAL et 87

2.2 B0 Fof Al [LRHAA] S EH "HRAE HE oM 2YSHE ¥R

— .

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)

Glycemic Management: Choose Achievement and Maintenance of
approaches that provide the Weight Goals:
efficacy to achieve goals: [ Set individualized weight management goals ]
Metformin OR Agent(s) including
COMBINATION therapy that provide " A frmy e
. General lifestyle advice: Intensive evidence-
adequate EFFICACY to achieve medical utrition based structured
. and maintain treatment goals - weight
Pi pe (AS CVD) Prioriize avoidance of hypoglycemiain physical activity program
high-riskindividuals
H b A1 d 1 Consider medication Consider metabolic
can In general, higher efficacy approaches for weight loss surgery
. have greater likelihood of achieving
Hyp°g|ycem 1a glycemic goals When choosing glucose-lowering therapies:

Efficacy for glucose lowering Consider regimen with high-to-very-high dual

Very High: glucose and weight efficacy
Dulaglutide (high dose),
. Semaglutide, Tirzepatide |
Obesity Management Insulin Efficac for weigh oss
Combination Oral, Combination Very High:
Injectable (GLP-1 RA/Insulin) Semaglutide, Tirzepatide
High: High:
GLP-1 RA (not listed above), Metformin, Dulaglutide, Liraglutide
S6LT2i, Sulfonylurea, TZD Intermediate:
Intermediate: GLP-1RA (not listed above), S6LT2i
DPP-4i Neutral:

l DPP-4i, Metformin
—[ If A1C above target

iin;t A strong Identify barriers to goals:
i needed fo treat « Consider DSMES referral to support self-efficacy in achievement of goals
ve; § For SGLT2LCVI- | consider technology (e.g.,diagnostic CGM) to identify therapeutic gaps and tailor therapy

/s 'L"i'; g;; of eVl « Identify and address SDOH that impact achievement of goals
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Efficacy, Risk of Hypoglycemia and Weight Change

Analogs

5 Hypogly- o L
Efficacy’ comia Weight change®
Metformin High No Neutral (potential
for modest loss)
. Hypogly- | ., .
Efficacy e{m‘a Weight change? [~
SCUZINbIE Intermetfate. | No s DPP-4 inhibitors Intermediate | No Neutral
to high (intermediate)
Thiazolidinediones | High No Gain
GLP-1RAs High to No Loss
very high (intermediate to
very high)
r Sulfonylureas High Yes Gain
(2nd generation)
Dual GIP and GLP-1 RA | Very high No Loss (very high) Insulin | Human High to Yes Gain
very high

Diabetes Care 2024;47:5158-5178

HbA,. response (mmol/mol)

DPP4i vs. SGLT2i;
Patient Baseline Characteristics Are Crucial

—— SGLT2 inhibitor
—— DPP-4 inhibitor

Lancet Digit Health 2022;4:e873-83

T |
60 70

80

Baseline HbA,. (mmol/mol)

90
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DPP4i vs. SGLT2i;
Patient Baseline Characteristics Are Crucial

A Baseline A1C Range (%)
<8.0 =>8.0 to 9.0 29.0
@
£
i
iz
E <
S
E5
o @
oo &
§3
&%
9]
< -2.0 -1.87
B SAXA 5+MET (n=176) ™ DAPA 10+MET (n=179)
Mean Baseline A1C (%) 7.5 8.5 10.0
B Baseline A1C Range (%)
o <8.5% >8.5
£
i
iz
§3
&
o @
& &
§3
&%
©
<

EMPA 10+MET (n=137) B EMPA 25+MET (n=140) B LINA 5+MET (n-128)
Mean Baseline A1C (%) 7.62 7.56 7.58 9.17 9.29 9.26

Clin Ther. 2017;39:2438-2447

Korean
Diabetes
Association

Efficacy for Glucose Lowering Glycemic Manageme! Risk for H I i = - x =] 340 Ol &-
oo [T | e, | "E 28 FERE KR, ATEBAE 9
Semaéluﬁde, FDC‘Yy s A 1 Sét‘}‘zRA‘ N‘!et{crr;un, DPP4i,
3 j i, a-glucosidase-i o
@ Other GLP-1RA H . OL|X|' _7](_7% k"7l-xl ;EE X-”Al
H | Degree of Weight Change
B H @ Insulin, TZD, Sulfonylurea, o -
) / o C x =
e s T M - S 2SN AHESY X =0 oo ZX (ST
uniroate ] ltformin, DPP4i, aglucosidase-
8 GLPARA SGLT2 o o
© Glinide, a-glucosidase| OADs only With injectables 5 @ :z'r:zp:;z‘::“:jii =l %I‘O'” CHSH K| Ll'xl_l 4= XI‘X‘”)
"Fixed-dose combination: basal insulin + GLP-TRA Dekniessficstion
2HbA1c < 8.0% = H =X >
« oA S XY (BRFE 22EY AILH
P, e %N StOf| M EdiSt= &Ml 50 A ALZ|E=0f 2f3l,
& Lifestyle Modification & i
Self Management Education “ X.I |:<|3|- Xl xI:! Ol QH _I|I_E| E -?'-_1 Aol- _7't_9_|)
Hypercatabolic State or Cardiovascular-Renal o AZTEADL Tal XL7|3bZ| 8l Lol =2QA C
Islet Failure Management Risk Management © Sl |’ I- l = | * 4= l oo I-
[ascvpd|| HF || ckp | stroke?| INIPAEN
[ = . . o -
_ oD banet \ « FMIEY HW MAl (2S5 MEE, MT)
s Basal-Plus / Premixed s @@ s
g - bllor|Q s =
: 5 qE o HIEERIASHAZEAM Sl #A AP, Stxt 7
2 Basal-Bolus? (o] 0]
S oF E X
%Can be delivered via MDI or insulin pump “Atherosclerofic cardiovascular disease (ASCVD) 2I-El_l — X-” IAJ —Illl 7C> -4
“Individuals with ischemic stroke, including transient ischemic
attack, but excluding hemorrhagic stroke.
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Korean
Diabetes
Association

Efficacy for Glucose Lowering Risk for Hypoglycemia s e al 3
@ I, Trzepatice, @ Insulin, Sulfonylurea, Glinide ° (2;%“ ﬂE_l'!O-“ 9101*1 ‘-’_I'a' Onlél' Io—iél‘ .*I I!;I-xI'Q-
‘Semaglutide, FDC" 5 A 1 Sét‘}‘zRA‘ N‘!et{crr;un, D‘PPM,
23 i, a-glucosidase-i o| sk = I-'_I.
© Other GLP-1RA ;;:‘: Degree of Weight Change _I - I = 1
H @ Insulin, TZD, Sulfonylurea, . -
in, Sulfonylurea, 2 inide _ok2o| = =13 Zt2E (<] 3
‘ g‘;‘p{?‘rﬂ.&; S"g[-yrlz(ea Trlgle °I'e,, g :etf:nmn DPP4i, o-glucosidase-i - E—l e 7 9" = 7}” S o“ I:H I_I- - E:i x‘” Al
quadrupl = ! |
. m—— 8 @ Other GLP-1RA, SGLT2i o S = =
© Ginide, arglucosidase- 0ADS only With injectables |5 @ .T\:Zpaﬂde, P - M KE AR Al 2HXE9| o|stA E Mo haf,
“Fixed-dose combination: basal insuin + GLP-1RA Deintonsiication
(GeE A 2 ETOH N GLPIRA
x A o S A O
p, : %N QI=ElS HiE MES = U F Al
& Lifestyle Modification & %
Self Management Education % - X 7| X_-ll ;ll.&! I:CF:! %R tlg 23}_{
Hypercatabolic State or Cardiovascular-Renal L 7C§—_|-|-°_||= 4X-|| Al--g- E-7-| X-"Al

Islet Failure Management

=

Basal-Plus / Premixed

Risk Management

[ascvpd|| HF || ckp | stroke?| - GLP-1RA%} (SU, metformi O|9|) Crefst A+

| ' OFF| AFZ Al
-

IR - GLP-1RARF CHot =&l K™ (premixed

insuli 2 HA|
9Can be delivered via MDI or insulin pump “Atherosclerotic cardiovascular disease (ASCVD) Insu In) A|-C> X A

9Individuals with ischemic stroke, including transient ischemic
attack, but excluding hemorrhagic stroke

+ CVD benefit

GLP-1RA

<
=
ad
-
[}

Intensification

Basal-Bolus®

Korean
Diabetes
Association

Degree of Weight Change

Efficacy for Glucose Lowering Risk for Hypoglycemia P =] ==
© Insuin, Tizepatide @ nsulin, Sulfonylurea, Glinide ° T-II ETE (33 E)I'.Iﬂ'. tg) xl = %I'}_
Semaglutide, FDC? s 1 GLP-1RA, Matiomin, DPP,
‘ig i, a-glucosidase-i SL=A ol * = ol =
@ Other GLP-1RA ;‘: - J——'|.0|2|>C> (DI-Ol M71 L‘l-, T‘"E_l_xl_-lol M= A| —-li

i @ Insulin, TZD, Sulfonylurea,
i ? : ;T ' X 0| Ool&2 =g X
@ Metformin, Sulfonylurea, Z g Glinide
DPP4i, TZD, SGLT2i Triple or = o i AL = o=
iz Metformin, DPP4i, a-glucosidase-i
quadruple? 5
i @ Other GLP-1RA, SGLT2i
© Giinide, a-glucosidase- OADSs only With injectables |5 “ B
i3 @ Tirzepatide, Semaglutide
Deintensification

"Fixed-dose combination: basal insulin-+GLP-1RA

. A Y
. SHEE QoI 2
o

D - ol M A EEEES SNE SR EEst 1,
o Lifestyle Modification & o
Self Management Education % I:ﬂ-)él_ql_ % _7'<_7|.&|| oz 7 E;I OH OI: oEI- OI_| xl.g X‘"

Hypercatabolic State or

Cardiovascular-Renal A |
Islet Failure Management

Risk Management

B“q scvol| HF | cko | swoker| | - & 2FABFS cardiovascular-renal risk2 |2}
: \ \ [ o
5 Basal-Plus / Premixed + OVD benefit s @@ s o':'l-

Zé Basal-Bolus? % [ GLP-1RA | GLP-1RA] °',@ - =H REE0 =S liljo:“k_l'.l'% III‘E ol
D ————————— getot ofF Nl X|IE HA|

9Individuals with ischemic stroke, including transient ischemic
attack, but excluding hemorrhagic stroke
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Pharmacological Management
of Type 2 Diabetes Mellitus

Risk for Hypoglycemia
@ Insulin, Sulfonylurea, Glinide

Efficacy for Glucose Lowering

@ Insulin, Tirzepatide,

2
<
o
o
)
=
o
3
o
Q
)
3

Semaglutide, FDC" 5 GLP-1RA, Metformin, DPP4i,
8 SGLT2i, a-glucosidase-i
-
%
@ Other GLP-1RA é Degree of Weight Change
- A\ @ insulin, TZD, Suffonylurea,
@ Metformin, Sulfonylurea, Z Glinide
DPP4i, TZD, SGLT2i
ql.:-;ls:::I:” oD Metformin, DPP4i, a-glucosidase-
inide, a- idase-i o @ Other GLP-1RA, SGLT2i
Glinide, a-glucosidase- OADs only With injectables ' @ )
5 . @ Tirzepatide, Semaglutide
Deintensification

FFixed-dose combination: basal insulin+GLP-1RA
2HbA1c < 8.0%

Lifestyle Modification & )
Self Management Education “

Cardiovascular-Renal

Hypercatabolic State or

Islet Failure Management Risk Management

[ascvpt|| HF || ckp | stroke? |
z
3

“Can be delivered via MDI or insulin pump “Atherosclerotic cardiovascular disease (ASCVD) Korean
Diabete:
Slindividuals with ischemic stroke, including transient ischemic Aesmintion]

+ CVD benefit

<
=
o
)
o

Intensification

Basal-Bolus®

attack, but excluding hemorthagic stroke

Core Components Consisted with Evidence-Based Medicine

Best Available Clinician's
Scientific Judgment o HE0lE 0|8 THs £|Mo| 274E W7t ol8)
[ Evidence * Individualized | _ N _
( | risk profile ‘ © U4 TEhS SOl 7HE 2xte| X| 20 HE
\ « Absolute benefit « Prognosis? | .
‘ andS%:r;sene ) « Socio-personal / o ._X|-2| )zkn'il' 7}*'% J_'_E:i
« Time horizopAo context?

benefit

e O £z 2l 1xtekx]| A7}
L S B2 Jhx|0f M 2| M2 X2
M S Hgtstn A=t

. Yes !

“Estimated on the basis of age, comorbidities, and functional status. ®Includes an individual's lifestyle, social support, financial circumstances, and workload capacity.

EBM, evidence-based medicine.
Reference 1. Makam AN and Nguyen OK. An Evidence-Based Medicine Approach to Antihyperglycemic Therapy in Diabetes Mellitus to Overcome Overtreatment. Circulation. 2017135(2):180-195
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2023 KDA
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Take Home Message

2025 ADA guideline: Complication oriented guideline

1.

2. 2025 KDA guideline:
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Session ZAAEL 7SN, S0l Mtk L5l

2% P2 O

o] OO LBt

2t QA YAS HOls LSO R, BTHHOI BT TS QoA BRfe)

O
Ltol, MZ, 2715, g 52 1t &

rre

Sg Tafoh WA O AlEo| TARo|CH S5] Kj20)E of2f XRI|HS
THEl BB} 0| THS SR T2} 7| XIZ0|Ae] | MEH 8 OfLI2t 2|, 3H|, Liot7t 4H)

O
HE2u | HOt MRl Fo| 2718t

I — |

XA FAHQI GLP-1 484 X2H 3 SGLT2 dXMMe ¥WE 7oA CHROZE ogo|az, =
TN HuA MFSHQ FAULYSIME A SH-olM 2 aAo| 0 QFMSHA &-857| e XM
LOIRE 3Q6H= |0l 72l XM FULL. 0]of| Metformin, sulfonylurea, thiazolidinedione (TZD),
% DPP-4 ANNE o= 2 2H|Q| F2 X 7| HELE LMY X5l 5 E7 SZoMQ AL Al
FONYLES FHOZ MIEHIX; ST fESE 2| 29| Q4 o171 ZANE HIYOE ofNH EYut 2utE
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GLP-1RA Metformin

DPP-4i

Decreased
Incretin Effect

L o 4

Gl Tract

l

Sulfonylureas

GLP-1 RA

Sulfonylurea
DPP-4i

TZD

Increased

o ma Rasbsorption JReBE]
DPP-4i (555 400y & inhibi
SNR% DPP4 inhibitor

Increased s dn o

Glucagon

Secretion
Decreased TZD . e
Glucose MET SGLT2 inhibitor
Uptake GLP-1 RA

Neurotransmitter
Dysfunction T

GLP-1 RA
DPP-4i
Bromocriptine QR

GLP-1RA

Alpha glucosidase inhibitor

Am | Cardiol. 2017 Jul 1;120(1S):54-S16
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Metformin

Sulfonylurea

TZD

DPP4 inhibitor

Am J Cardiol. 2017 Jul 1;120(15):54-516
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2025 KDA Guidelines

Glycemic Management & Hypercatabloic State/Islet Failure Management & Cardiovascular-Renal Risk Management
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Metformin - History

Timeline of the history of metformin

1772
G. officinalis

used to treat

1922
Metformin

1957
Metformin first
used to treat

/ 1929

Metformin

1970-1990
Biguanides received little use

2022

Metformin use
in pregnancy

5 synthesis lowers iy
thirst and Werner & Bell glucose in iabetes
frequent animals 1960-1980 195 2011
urination Hesse & Efficacy of UKPDS: Metformin in WHO list
i " Ta;:;n:;‘n, : PR Iong-term of essential medicines
CHs ) Il fhesche confirmed in il
\N C-NH-C-NH | : and CV ~2005
N-C-| —NH, arge trials h
H Jean Sterne effects of Metformin adopted as
John Hill 3 1909-1997 metformin First line in guidelines
1714-1775 7 7
1 E | 1 1 | 1 1 Il 1 Il
T I T T 1 T T T U T T
1750 1850 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010 2020
N = i i
>y ke 1959 Late 1970s 1995 2000
NH,~C-NH, Guanidine lowers N, S e Gt
blood glucose el T introduced release
in the formulation

Guanidine in
G. officinalis

in Europe

1949
Metformin tested to treat

malaria and influenza

withdrawn
because of lactic
acidosis

United States

2017
Indication for use

Galega officinalis in prediabetes

Eusabio Garcia

Goat’s rue, French lilac

Diabetes Obes Metab. 2024 Aug:26 Suppl 3:3-19

Metformin in ADA Guidelines

Therapeutic positions of Metformin

Lifestyle + metformin
+
ITHbAL > 7%
+ +
Add Add basal Add
su insulin gltazone.
+ +
IFHBAL > 7% Triple
3 . " o therapy
Add Add basal Intensity Add basal add
gltazone. insuiin insulin insulin s
A 4 A 4 ¥ ¥
If HBAL, > 7%
¥
Further intensify insulin or add basal insiin + metformin  gitazone®
injectable
therapy’

2007
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Metformin in ADA Guidelines

Therapeutic positions of Metformin

Recommendations

9.4a First-line therapy depends on comorbidities, patient-
centered treatment factors, and management needs and
generally includes metformin and comprehensive lifestyle
modification. A

9.4b Other medications (glucagon-like peptide 1 [GLP-1]
receptor agonists, sodium-glucose cotransporter 2 [SGLT2]
inhibitors), with or without metformin based on glycemic
needs, are appropriate initial therapy for individuals with type 2
diabetes with or at high risk for atherosclerotic cardiovascular
. > disease (ASCVD), HF, and/or chronic kidney disease (CKD).

2025 ADA Guidelines

Diabetes-related complications and end-organ effects & weight and glucose management goals

Goal: Cardiovascular and Kidney Risk Reduction in Goal: Achievement and Maintenance

High-Risk Individuals with Type 2 Diabetes* of Weight and Glycemic Goals
+Indicators of
+ASCVD" iyl +HF +CKD l +Weight ] +Achievement and maintenance
ig! nisl Current or prior €GFR <60 mL/min/1.73 m* OR of i
symptoms of HF albuminuria (ACR >3.0 mg/mmol \ Ead g
i 30 maal)
HFIEF or HFpEF s required to confirm CKD l l
+ASCVD/indicators of high CVD risk*
Metformin or other agent (inclucing
GLP-1RA SGLT2i with combination therapy) that provides
‘with proven proven CVD SGLT2it +CKD (on maximally tolerated ‘adequate EFFICACY to achieve and
CVD benefit benefit withproven HE beneit dose of ACEi or ARB) S maintain glycemic treatment goals
i . Prioritize avoidance of hypoglycemia
SGLT2i* with prir lutide, in high-risk individuals
of reducing CKD progression tirzepatide

« SGLT2i can be started with
€GFR 220 mL/min/173 m*

« Continue until initation of
dialysis or transplantation

- Glucose-lowering efficacy is reduced
with €GFR <45 mL/min/1.73 m?

GLP-1RA* with proven CKD benefit

If A1C is above goal, for individuals
on SGLT2i, consider incorporating
2GLP-1 RA or vice versa

If A1Cis above goal

liraglutide Efficacy for glucose lowering

Very high:
Dulaglutide (high dose), semaglutide,
tirzepatide, insulin
Combination oral, combination
injectable (GLP-1RA and insulin)

« Forindividuals on a GLP-1 RA, consider adding
'SGLT2i with proven CVD benefit or vice versa
+ Piogitazone®

High:

GLP-1 RA (not fisted above), metformin,

ploglitazone, SGLT2, sutfonylurea
Intermediate:

DPP-4i

If additional cardiovascular and Kidney risk reduction, management of other
metabolic comorbidities, and/or glycemic lowering is needed

If ATC is above goal or significant hypoglycemia or
hyperglycemia or barriers to care are identified

L4

1
'
'
'
'
[ +Mitigating risk of MASLD or MASH ] H « Refer to DSMES to support self-efficacy in achievement of
T H treatment goals
' ' « Consider technology (e.g., diagnostic o personal CGM) to
- ! identify therapeutic gaps and tailor therapy
! .
Agents with potential benefit in MASLD or MASH ' treatment goals,
GLP-1RA, dual GIP and GLP-1RA, plogitazone, or combination of GLP-1RA with plogiitazone -
Use insulin i the setting of decompensated cirthosis
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2023 KDA Guidelines

Diabetes-related complications and end-organ effects & glucose management goals (based on characteristics of OADs)

J3 1 ¥ AEXE L0 F

(S

AzZiet DHY(AIC >9.0%)1} 2| DHYC 2 QI SY(Chix, CHS, S UL 5)0| SE(0] =7k =)
¥

SUZASHIEEES, MET EE QR MUTES0| SHEY YT .
\ ;
g S T 500lOP I} SR 56018 B8R

S
w42
- ) - SGLT2i" ¥ : |
GLP-1RA’ SGLT: GL : o)
GLP-TRA® Metformin : 6
l Others : l

! !

47

+Metformin H2ey
( o ol oa d ice =
o el +GLP-1RA et scura cura orr-a ™ m cind o
+Others +SGLT2i
+TZD7 (TzpE 37)
+Others +Others o I Kaes
GLP-IRAE AI82HA| 20 2= B2 [ T olaRlo| WaRES

Basal insulin 4

1) A history of an acute coronary syndrome or
myocardial infarction, stable or unstable angina,
coronary heart disease with or without

ization, other arterial

stroke, or peripheral artery disease assumed to
in origin

+OAD(s) +OAD(s)
¥ ¥

GLP-1RA
Basal insulin
+OAD(s)
k2

Intensive insulin therapy: Basal-plus / Premixed / Basal-bolus 4+

( +OAD(s)

a-Gl, alpha-glucosidase inhibitors; DPP-4i, dipeptidyl peptidase-4 inhibitor; GLP-1RA, glucagon-like peptide-1 receptor agonist; SGLT2i, sodium-glucose cotransporter 2 inhibitors;
OAD, oral antidiabetic drug; SU, sulfonylurea; TZD, thiazolidinedione

be

2) Current or prior symptoms of heart failure (HF)
with documented HF with reduced ejection
fraction (HFrEF, LVEF < 40) or HF with
preserved ejection fraction (HFpEF, LVEF > 40)

3) €GFR < 60 mLimin/1.73 m? or urine albumin-
creatinine ratio > 30 mg/g

4) Dulaglutide, liraglutide, semaglutide

5) Dapagliflozin, empaglifiozin

6) Dapaglifiozin, empaglifiozin, ertuglifiozin

7) Pioglitazone

2025 KDA Guidelines

Glycemic Management & Hypercatabloic State/Islet Failure Management & Cardiovascular-Renal Risk Management
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Metformin

Key tissues contributing to the glucose-lowering effect of metformin

[ Metformin J
|

Intestine Liver Muscle

@ =P | actate = ' l

Glucose uptake
’]‘ Anaerobic glycolysis  J Gluconeogenesis T’l‘ Glveo enpesis
4 Lactate production J Glycogenolysis yeos

Adipose tissue

i

A Glucose uptake

J Lipogenesis
M FA oxidation

A Glucose oxidation
! !
N

@ Y (
/M Splanchnic J Hepatic ‘ N Peripheral N Energy
glucose turnover ) glucose output glucose utilization L dissipation
| | | J

|
[ J/ Hyperglycaemia ]

Diabetes Obes Metab. 2024 Aug:26 Suppl 3:3-19

. Metformin - Potency

Potent glucose lowering effect

A Model-Based Meta-Analysis of 24 Antihyperglycemic Drugs for Type 2 Diabetes:
Comparison of Treatment Effects at Therapeutic Doses

Metformin Sitagliptin Liraglutide Empagliflozin Pioglitazone
— 2550 mg 100 mg 0.6 mg 1.8 mg 10mg 25mg 15mg  45mg
& 00 oo i R i i [
o Vo i [ i i o
Q
Q O i N i i Lo
g " I I ' I I I I I I
S 05 — i | i i L
g 8 = u — N |
(9] [ ] 1 1 1 1 1
[=2} [ ] 1 | ] 1 1 1
§ -1o- | i W 1 1 o
5 | : : : R {1 ]
3} o I I | ! ' ' I
< Co i [ 4 = i i Lo
Q [ ] ] 1 1 ] 1 1 1 1
I 15 I : I : : I

0 1000 2000 3000 4000 5000 0 50 100 150 200 00 06 12 18 24 30 0 10 20 30 40 50 0 15 30 45 60 75
Metformin dose (mg) Sitagliptin dose (mg) Liraglutide dose (mg) Empagliflozin dose (mg) Pioglitazone dose (mg)

Clin Pharmacol Ther. 2019 May;105(5):1213-1223.
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. Metformin - Potency

Potent glucose lowering effect

Treatment estimates and 95% credible intervals (bars) vs. placebo for a drug-naive population with a
baseline HbA1c of 8.0%, a baseline weight of 90 kg, after 26 weeks of treatment.

HbA1c Weight Hypoglycemia

- Botor
Metformin 2,000 mg 101 |05
Metformin 2,550 mg -1.00 | 05

ek ¢ o
Aloglptin 25 mg 066
Linagliptin 5 mg 05
‘Saxagliptin 5 mg )
Saxagliptin 10 mg 067
o7z
L]
o0
Fosl

Sitagliptin 100 mg

Viidaglptin 50 mg

Vidagiiptin 100 mg

Albiglutide 30 mg

Abiglutide 50 mg ~096

Dulaglutide 0.75 mg =148
Dulaglutide 1.5 mg s
Exenaide BID 20 ug )

Exenatide QW 2 mg =%T]
Exenatide QWS 2 mg 7 -
Liraglutide 0.6 mg

Liraglutide 1.2 mg

Liraglutde 1.8 mg

Unisenatide 10g  E0MA]

)

B

=088

Lixisenatide 20 ug EX

Semaglutide 0.5 mg

‘Semaglutide 1 mg

Canagiflozin 100 mg

Canagiflozin 300 mg

Dapeghfiozin 5 mg 065

Dapagifozin 10 mg 078

<069
077

073

5

Empagifiozin 10 mg
Empagifiozin 25 mg
Ertugifiozin 5 mg
Ertugifiozin 15 mg 08
Gliclazide 80-320 mg (=104
Glimepiride 1-8 mg 097
Glipizide 520 mg 086
Glyburide 1.25-20 mg
Piogltazone 15 mg B8
Pioglitazone 30 mg fo8s
o5
o5

5o

|
i [ |
b Bl

Piogitazone 45 mg
Rosiglitazone 4 mg. L
Rosigitazone 8 mg

T T T + T T T T T T
-05 -10 -15 20 4 2 0 -2 -4 16 8 4 2

HbA1c - Change versus Placebo (%) Weight - Change versus Placebo (kg) Hypoglycemia - Relative Risk versus Placebo

Clin Pharmacol Ther. 2019 May;105(5):1213-1223.

. Metformin - Cardiovascular protection
Clinical outcomes and Underlying mechanisms

Metformin Control Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
A o A Hong 2013 7 1586 14 148 13.0% 0.45[0.18,1.15] ™
RISk,Of 3 pomt M,ACE UKPDS 34 55 342 109 411 87.0% 0.53 [0.37,0.76] ‘.‘
with metformin .
(VS. other active i Total (95% CI) 498 559 100.0% 0.52[0.37,0.73] -3
Total events 62 123
mparator. | , . )
compa ato S) Heterogeneity: Tau®= 0.00; Chi*=0.11,df=1 (P=075); F=0% o 01 10 100
Testfor overall effect: Z= 3.80 (P = 0.0001) .

Favours [metformin]  Favours [control]

Nutr Metab Cardiovasc Dis. 2021 Mar 10;31(3):699-704

Reduced atherosclerosis and

[ | | ]

improved thrombolysis

Heart Endothelium Haemostasis Immune cells
q
& (4 o3 @
# a
Alter substrate utilization  Nitric oxide synthase < Platelet aggregation & NFKB
Alter mitochondrial 4 Vaso-relaxation J FVil and FXIII P < fl t
energetics 4 Capillary vasomotion 4 von Willbrand factor ro-llr: ammaéerZ
4 Postischaemic J Adhesion molecules J PAI-1 ITE:; .IE_"LSI': il
perfusion J Glyco-oxidation A fibrinolysis 0 &

{ Atherosclerosis {4 Thrombosis

Clin Pharmacol Ther. 2019 May;105(5):1213-1223.
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. Metformin - £17|S0f [ E 2F5 =H

CKD1-2 CKD3a
(mLimin/1.73m: 5945

53 o)
Mot I B 77
Meglitinides
e |
oo ]
DPP4 inhibitors
St [, e T =
o
Tecilpin
Evediotn m— e xnsae
SGLT2 inhibitors. 2eGFR > 45 mLmin/1.73 m? 88 £H 249,
Dopeit w3 o RATAGIE SR 38R ey
Empaglfiozin 10 mg/25 mg ERY 2 AR 22 M2 10mg B AE.
Ertuglifiozin a= CKD, chronic kidney disease
Ipraglifiozin 2 ESKD, end-stage kindney disease.
Enavoglifiozin e
Sulfonylureas
imepie - ]
Alpha-glucosidase inhibitors
earase 1 —
Veaihes ] e 23
Thiazolidinediones
Pioglitazone

Lobeglitazone

GLP-1 receptor agonists.
Liraglutide
Dulaglutide

Atz QS

Metformin - 2 2EXAXN| AL A| FTO|AtSt

CKD stage

QIEZXAKN| A

48A|ZE7HR| S EESt

CKD, chronic kidney disease.
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. Metformin-associated lactic acidosis (MALA)

Plasma Glucose

Glucose-— Glycogen
;00 Cicke ( j Risk Factors for MALA
NADH HAD*
Pyruva Lactate
Cytosol
iochondre o,pmn.; = Renal impairment (eGFR <60, especially <30 mL/min/1.73m?)
Acetyl CoA = Acute kidney injury
| TCA Cycle ) P
CD#:T;P'“’““"“"’ = Hepatic dysfunction (impaired lactate clearance)

= Conditions increasing lactate production
(sepsis, CHF, hypoxia, poor perfusion)

Circulatory failure Renal insufficiency
Congestive heart failure | * Advanced age
Respiratory insufficiency = High plasma metformin levels (>5 pg/mL)
Metformin = Increased metformin absorption (e.g., bariatric surgery)
Muscles accumulation /- | ;o ; ; : :
= Continued metformin use during acute illness
Hypoxia = Alcohol use, shock, severe dehydration
— (e -
Cellular Anaerobic Gluconeo- Hepatic
anoxia glycolysis genesis hypoperfusion

Metabolism. 2016 Feb;65(2):20-9. doi: 10.1016/j.metabol.2015
Rev Med Suisse. 2013 Aug 28;9(395):1527-33.

. Metformin - Profiles and Tips

Therapeutic profiles of Metformin

Glucose-  Hypo-

5 . Weight Renal CKD MASH I A q
Drug Class lowering glycemia CV Effects A Key Clinical Considerations
Efficacy Risk Effect Effects Progression Effect
Neutral Contraindicated if eGFR <30
Metformin . R Potential mL/min;
(oral) High None (pqsyble CV benefit Neutral Neutral Neutral risk of B12 deficiency;
weight loss)

GI side effects

Start with low dose (500mg) with food to minimize GI side effect
If GI intolerance develops, try extended-release formulations
Discontinue in acute illness

Don't forget to lower doses or discontinue in case of renal dysfunction

American Diabetes Association. Diabetes Care 2025;48(Suppl 1):5181-5206
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Tips for prescribing oral antidiabetic agents

a Combination therapies for type 2 diabetes - Sulfonylurea, TZD, DPP4 inhibitor

. Sulfonylurea

Mechanism of action and Potency

Sulfonylurea . _)

> |
i L ]
Depolarization of cell C Kare channel ® [ ]

membrane
Ca2+ _). Increased intracellular

calcium

l ,

Pancreatic beta-islet cell

Insulin release

o ®
[ ]
®

Metformin  SGLT2I GLP-1RA  DPP-4i

TZD

su Glinide oGl

i

(1] =
L

=+

EEAUL  ROEL B

SeEML 24 Bt (THE)

Metformin 1.0-2.0%
SGLT2i 0.5-1.0%
GLP-1 RA 0.8-1.5%
DPP-4i 0.5-1.0%
SsuU 1.0-2.0%
TZD 0.5-1.4%
AGI 0.5-1.0%
Meglitinide 0.5-1.5%

Pharmacology & Therapeutics, 2000
2023 Ciet g Hote| ZE XY
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Sulfonylurea - Durability

A Diabetes Outcome Progression Trial (ADOPT)

Cumulative Incidence of Monotherapy Failure

Glycated Hemoglohin

at 5 Years
B
£ 4 8.0~ Treatment difference (95% Cl)
= Hazard ratio (95% Cl) Rosiglitazone vs. metformin,
£ Rosiglitazone vs. metformin, 0.68 (0.55-0.85); P<0.001 i ~0.13 (-0.22 to —0.05); P=0.002
T Rosiglitazone vs. glyburide, 0.37 (0.30-0.45); P<0.001 fyburide 76 Rosiglitazone vs. giybu;ide
g T -0.42 (-0.50 to -0.33); P<0.001
2 ]
z E 7.2
= ol Metfor
\B 20 etformin g
E Rosiglitazone f 6.8+
“E " g Annualized slope (95% Cl
. nnualized slope
f; k3 G4 -sRosiglitazone, 0.07 (0.06 to 0.09)
E w ~sMetformin, 0.14 (0.13 to 0.16)"
S o G Glyburide, 0.24 (0.23 to 0.26)"
Years 0 8 - T ' T - T ' T - —
No. at Risk 0 1 2 3 4 s
Rosiglitazone 1393 1207 1078 957 844 324
Metformin 1397 1205 1076 950 818 311 Years
Glyburide 1337 114 958 781 617 218
No. of Patients 4012 3308 2991 2583 2197 822

N EnglJ Med. 2006 Dec 7;355(23):2427-43.

Sulfonylurea - Efficacy and Durability

The Glycemia Reduction Approaches in Type 2 Diabetes: A Comparative Effectiveness (GRADE) Study

N=1262

Glycated Hemoglobin =7.0%
Mean follow-up, 5 yr

38.1
30.4
26.5 26.1
201
107
0

Insulin glargine  Liraglutide Glimepiride Sitagliptin

Rate per 100 Participant-Yr

2
/Melfonnln

[ Tablets

Glimepiride

Cumulative Incidence (%)

N=1254

~2000 mg daily

Primary Outcome Glycated Hemoglobin Level

100 ; 7.6
20 i 4
E ok
. = e
H D 7.0
40 / 3
P<0.001 by log-rank test ;‘ 6.3-
20 I g 66
: =
g | No. Contributing Data over Time 64
5047|] 1202
| : —C o.oT T "
0 4L 2 2 4 55 6 0 1 2 3 4
Years since Randomization Years since Randomization
——Glargine =~ —— Liraglutide =~ Glimepiride -~ Sitagliptin

*The primary metabolic outcome was a glycated hemoglobin level, measured quarterly, of 7.0% or higher that was subsequently confirmed,

and the secondary metabolic outcome was a confirmed glycated hemoglobin level greater than 7.5%.

N Engl ) Med. 2022 Sep 22;387(12):1063-1074
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Sulfonylurea - Safety

The Glycemia Reduction Approaches in Type 2 Diabetes: A Comparative Effectiveness (GRADE) Study

Adverse Event

p

Death

Severe hypoglycemia

Any adverse event

Weight gain 1

Gastrointestinal
symptoms

Glargine
(N=1263)

no. of no. of
articipants  event rate  participants
(%) (95%Cl) (%)

42 (3.3) 0.65 (0.47-0.87) 43 (3.4) 0.67 (0.48-0.90) 27 (2.1) 0.2 (0.27-0.60) 41 (3.2) 0.63 (0.45-0.86)

-
16 (1.3) 032 (0.19-0.49) 28 (22) 0.6l (0.43-0.84) 12 (L0) 0.21(0.11-035) 9 (0.7) 0.16 (0.08-0.29) /I

66 (13.1) 3.0 (26-3.5) 152 (12.1)

| Glargine

Glimepiride
(N=1254)

468 (37.1) 15.3 (14.3-16.3) 480 (38.3) 16.0 (15.0-17.0) 427 (33.8) 13.7 (12.8-14.7) 452 (35.7) 14.9 (13.9-15.8)

28(23-32)  77(61) 13 (L1-17) 115(9.1)

G Glimepiride

--- P=<0.01

I G
451 (35.7) 16.5 (15.0-18.0) 422 (33.7) 15.1 (13.7-16.6) 551 (43.7) 22.9 (21.0-24.9) 435 (34.3) 15.1 (13.7-16.6) E’I
S L
L Liraglutide S Sitagliptin
— P=0.001 No statistical

event rate  participants  event rate  participants  event rate
(95% Cl) (%)

Pairwise
Liraglutide Sitagliptin Treatment
(N=1262) (N=1268) Comparisons
no. of no. of

(95% Cl) (%) (95% Cl)

None are
significant

2.0 (L7-2.4)

difference

N Engl ) Med. 2022 Sep 22;387(12):1063-1074

Age distribution

%
20

15

10

50-54 55-59 60-64 6569 70-74 7579

80-84 85-89 90-94 9599

Years

Sulfonylurea - Hypoglycemia

Severe hypoglycaemia during treatment with sulphonylureas in patients with type 2 diabetes in the Capital Region of Denmark

Real-life data on SU use, and prevalence of severe hypoglycaemia & precipitating factors

Putative reasons

Unchanged SU dose despite of decreased

food intake 56 (35)
Excessive use of other medications 17 (11)
Alcohol intoxication 9 (6)
Concomitant infection 11(7)
Dehydration 27 (17)
Combined infection, decreased food intake 36 (22)
and unchanged SU dose

No obvious reason 32(20)

*Number (%)

Diabetes Res Clin Pract. 2015 Nov;110(2):202-7.
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. Sulfonylurea - Profiles and Tips

Therapeutic profiles of sulfonylurea

Glucose-  Hypo- A
Drug Class lowering glycemia gzgrt
Efficacy Risk

Weight
gain

Sulfonyl-

ureas High Yes

Renal CKD MASH
QTR E5E Effects Progression Effect
Neutral Neutral Neutral

Key Clinical Considerations

un- Hypoglycemia risk (especially
known  with renal impairment);

Highly effective in lowering glucose at first
Use the lowest effective dose

Reduce dose in CKD, and avoid in patients with history of severe
hypoglycemia

American Diabetes Association. Diabetes Care 2025;48(Suppl 1):5181-5206

. Mechanism of action and Potency

Tos 4 » Metformin ~ SGLT2i  GLP-IRA  DPP-4i  TZD SU  Glinide  aGl
AN FRAER | 2 St -
. EEﬂEEﬂ i S ] R )
llnﬂamma(o okines 1 1 i_i - — -
'FFAl_Jp(akef.SK_orage INEB Ty Oyt || || L AN RN
::‘::;L:::;:mww PRARY } Adiponectin Molecules Hedttant I SEYEE | el
A >>O<\ >o<<\ TSt A ZA B} (BHE)
M AN o] [ ! Metformin 1.0-2.0%
SGLT2i 0.5-1.0%
/ Muscle GLP-1RA 0.8-1.5%
T Glucose uptake and diposal .
DPP-4i 0.5-1.0%
) ) SuU 1.0-2.0%
Adipose tissue Improvement
IR r e i metobolc TZD 0.5-1.4%
AGI 0.5-1.0%
0.5-1.5%

1 Glucose uptake

/ Meglitinide
' Liver

Trends Endocrinol Metab. 1999;10:9-13

2025 M20pHE R Bzt TH Q| Y EL

57



TZD

Mechanism of action and Potency

Intramuscular

Fat
Intrahepatic
Fat
Intra-arterial Intraabdominal
Fat Fat

Vasc Health Risk Manag 2010;6:671-90

TZD - Cardiovascular outcome trial

Secondary prevention of macrovascular events in patients with type 2 diabetes in the PROactive Study
(PROspective pioglitAzone Clinical Trial In macroVascular Events): a randomised controlled trial

Primary endpoint Secondary endpoint

*Death from any cause, non-fatal myocardial infarction (including silent myocardial *Death from any cause, non-fatal myocardial infarction (excluding silent myocardial
infarction), stroke, acute coronary syndrome, leg amputation, coronary revascularisation, infarction), or stroke.
or revascularisation of the leg.
25 25
—— Fioglitazone (514 events) Ll
—— Placebo (572 events) — Pioglitazane (301 events)
—— Flacebo (358 events)
20+ 20
£ £
£ 154 ) i
3 HR=0-90 (5% C1 0-80-1.02) g 15
“g p-0:095 -
£ 104
E‘ 5 10
E‘ HR=0.84 (95% C1 0:72-0-08)
iy =
5| p=0-027
? : ' Ig ;i ! IE, o T T T T T 1
’ ¢ e o o ! 0 6 12 18 24 0 3
Time fromn randormisation (meaths) o]
Numbess at risk & o Time from randomisation (months)
Finglitazone 2488 2373 302 2218 2146 348 Pioghtazons 1536 2487 2435 2381 2336 356
Hlaceba 3n 413 2 215 e 3 pacebo 2566 2504 2442 17 215 3%0

Vasc Health Risk Manag 2010;6:671-90
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TZD and Stroke prevention

PROactive (PROspective pioglitAzone Clinical Trial In macroVascular Events 04)
IRIS trial (Insulin Resistance Intervention after Stroke)

Stroke in DM patients
with previous stroke

Stroke in insulin resistant
patients with previous stroke

Kaplan-Meier event rate 100%
012 _ K
Placebo E
wv
0.10 @ 95%
o
-
ot
c
0.08 | 9
@
pres
Pioglitazone g. 90%
0.06 | £
=z
o
K
0.04 | & gs%
g
.i Hazard ratio, 0.75; 95% Cl, 0.60-0.94
0.02 4 HR 95% CI p value 2
o £ Log-rank p=.01
‘ Pioglitazone  versus placebo  0.53 0.34,0.85 0.009 3 so%
00 1 : 0 365 730 1005 1460 1825
Nat Risk: 984 952 926 903 877 849 132 (42)
T T T T T T T 1 nme (days)
0 6 12 18 24 30 36
Time from Randomization (months) No. at Risk:
Pioglitazone 1939 1804 1712 1509 1214 536
Placebo 1937 1780 1698 1495 1199 505
Circulation. 2018 Jan 30;137(5):455-463.
. TZD and Fracture risk
Time to first fracture
5-year risk of first fracture, 13.6% vs 8.8% 100%
Risk difference (RD), 4.9% 3 lacebo
R .~ e N S
. o,
HR, 1.53; 95% CI, 1.24 to 1.89 5 i
100% k- Pioglitazone
. Risk -~
g { N\,
= . 90% e Placebo
£ Scoring g -
@ 95% k] ~
© 4
£ .
] 85% High Risk
)
= o i
= 9% Age Wilcoxon log-rank test:
= g p=0.16 (low risk) Pioglitazone
z Race-ethnicity goy | P0-0003 (highrisk)
B Pioglitazone
E 8% Sex ©
2
=
g BMI 75% T T T T ]
T s0% Disability 0 365 730 1095 1460 1825
E . . Days
g Log-rank p<0.0001 Medications No. at risk:
Low risk stratum:
5% Pioglitazone 680 648 618 544 442 203
8 363 30 1095 1460 1825 Placebo 667 630 612 552 447 193
Time (days) o
High risk stratum:
No. at Risk: Pioglitazone 1214 1110 1041 895 700 281
Pioglitazone 1939 1798 1694 1469 1164 494 Placebo 1227 1137 1063 907 724 302
Placebo 1937 1809 1717 1499 1208 511

J Clin Endocrinol Metab. 2016 Dec 9;102(3):914-922
Stroke. 2019 Jan;50(1):95-100
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. TZD: optimum agent with SGLT2 inhibitor?

Revitalization of pioglitazone: the optimum agent to be combined
with a sodium-glucose co-transporter-2 inhibitor
R. A. Defronzo', R. Chilton?, L. Norton', G. Clarke?, R. E. J. Ryder* & M. Abdul-Ghani'

Effect on 3-point MACE

Empagliflozin in EMPA-REG

20+
HR 0.86
95.02% C1 0.74 to 0.99
154 p=0.04

Placebo

Patients with event (%)
3

*Three-point major adverse cardiac events include cardiovascular death, stroke,
myocardial infarction.

Pioglitazone in PROactive

54 Empagliflozin
0 T T T
0 12 24 36
Month

25-
g HR 0.84
£ 3 204 95% C10.72 to 0.98
6= p=0.027
S € 154
a
8 2 10-
5%
59
o

: 0
48 0 12 24 36

Diabetes Obes Metab. 2016 May;18(5):454-62

. TZD: optimum agent with SGLT2 inhibitor?

Pioglitazone

HbA1c ‘

Cardiovascular death

Heart failure

Fluid retention

» = = @

Fat weight gain

SGLT2 inhibitors

Net effect expected

2 33
L 2 R 2

2 R

Diabetes Obes Metab. 2016 May;18(5):454-62
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. TZD and Fatty liver disease

Hepatic
. . . : T effects Pl .
TABLE 2 RCTs Reporting Histological Outcomes in People With NASH Treated With Pioglitazone GLP-1RAs  PIO PIO Other main effects
T " - 2 " . . SGLT2i GLP-1RAs GLP-1RAs

Study n Pioglitazone Patients With Duration, weeks Patients With People With  appettes, 1 satiety

Dose, mg/day Type 2 Diabetes, NASH Resolution, Fibrosis | Fibrosis progression S R

% %* Improvement, %* AT

Belfort et al. (29) 55 45 42 24 Not reportedt 13 ﬁ + Cardiovaseular - seLTai
Aithal et al. (30) 4 30 0 50 Not reportedt 9 o 1 Insulin secretion "
Sanyal etal. (32) 247 30 0 9% 261 13 Wetabolic (TS | Giucagon secretion | SLP-1RAS
Cu.sl etal. (31) 101 4.5 i 51 72 32% 14 LA . + Giyoosurta SGLT2i
Bril et al. (34) 105 45 + vitamin E 100 72 314 22 o . s
Huang et al. (33) 90 30 23 24 16 1 €& | Froessbody vt e
*Resolution of NASH and fibrosis impl are rounded, b data. tHi ical data are not reported as NASH resolution;
improved necroinflammation (Belfort et al. [29]): 47%; |mproved hepatocellularlnjury (Aithal et al. [30]): 22%. tSignificant vs. placebo.

Diabetes Spectr. 2024 Winter;37(1):48-58.

*

n
—
-

Ztsts| ZI2X|E (2021)

oM RXH2tF S A7 =

1. Pioglitazone2 T ¥ 4t O£} FatstA 7+ = E| 2 2t
= ol AHESH & == QUCE (B1)

7 C}
—
Fa7F AR, FI7) K= A G0 22{7F A0 O|Sel2HIE 1

2. Metformin2 F=0| = HLIZ X7t Ao M S| 14 X 2H =2 44 AFEE 4 UL (B1)

. TZD - Profiles and Tips

Therapeutic profiles of TZD

Glucose-  Hypo-

. . Weight Renal CKD MASH - . .
Drug Class lowering g!ycemla Effect CV Effects Effects Progression Effect Key Clinical Considerations
Efficacy Risk
Possible CV Risk of HF, fluid retention,
Pioglitazone .. Weight benefit Potential edema
(oral) High None gain (but increased Neutral  Neutral benefit  Risk of fractures
HF risk) Avoid in bladder cancer

Effective, durable and potential benefit in CV risk and MASH

Don't forget side effect and contraindications - edema/HF, fracture and
bladder cancer

American Diabetes Association. Diabetes Care 2025;48(Suppl 1):5181-5206
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DPP4 inhibitors

Mechanism of action

DPP-4 inhibition leads to post-prandial GLP-1 plasma concentrations
that mediates the glucose-dependent inhibition of glucagon secretion

Food DPP-4 enzyme inactivates GLP-1!

DPP-4i block
the DPP-4 enzyme.

_—

GLP-1

Stimulation of
Insulin Secretion.

Suppression of
Glucagon Secretion

Small
Intestine

Front Endocrinol (Lausanne). 2019 Jun 19;10:389

DPP4 inhibitors & SGLT2 inhibitors

Mechanism of action

SGLT2 inhibitor

4 Plasma glucose

t Catechol
¢ Glucocorticoids

t Ketogenesis
t Acetyl CoA

1

|1‘ Gluconsogenesis ]

] Biol Chem. 2020 Oct 16;295(42):14379-14390

2025 2ot

MY Tty TRle] AL

62



DPP4 inhibitors & SGLT2 inhibitors
Complementary effect
Mediating pathways DPP-4i SGLT-2i
Glucose-dependent insulin secretion Vv
Glucose-dependent decrease in glucagon secretion Vv It
Increased glucagon secretion \4 v
Increased glucosuria \Y
Increased B-cell sensitivity/function \% \Y
Decreased glucotoxicity \Y
Inhibit degradation of incretin hormones (GLP-1, GIP) \%
Anti-inflammatory effects \%
Physiologic effects DPP-4i SGLT-2i
HbA1c reduction \ \Y
FPG reduction \% \Y
Weight loss \Y
Blood pressure reduction \Y
Postgrad Med. 2017;129(4):409-420.

DPP4 inhibitors & SGLT2 inhibitors

Efficacy and safety
SGLT-2i as add-on to DPP-4i DPP-4i as add-on to SGLT-2i

SGLT2 inhibitor + DPP-4 inhibitor vs DPP-4 inhibitor Ot 2 inhibitor + DPP-4 inhibitor vs SGLT2

inhibitor
Efficacy outcomes n N WMD (95% CI) (%) n N WMD (95% Cl) 1 (%)
HbA1c (%) 8 2522 -0.71 (-0.80, -0.61)° 8.4 7 2648 -0.31 (-0.38, -0.24) 34
FPG (mg/dL) 8 2511 -25.62 (-39.38,-11.86)° 969 7 2627 -8.94(-11.93,-595° 358
PPG (mg/dL) 1 301 -44.00 (-53.70, -34.30)> - 1 298 -9.00 (-18.65, 0.65) =

SGLT2 inhibitor + DPP-4 inhibitor vs DPP-4 inhibitor  SCL12 inhibitor + DPP-4 inhibitor vs SGLT2

inhibitor

Safety outcomes n  E/N RR (95% Cl) (%) n E/N RR (95% CI) 2 (%)
Overall adverse events 8  1628/2616 0.98 (0.90, 1.06) 445 7 1844/2764  1.01(0.96, 1.07) 9.9
Serious adverse events 8  116/2616 0.84 (0.55, 1.30) 157 7 126/2764 0.85(0.60, 1.21) 0.0
Hypoglycaemia 8 55/2616 1.07 (0.62, 1.85) 00 7 55/2764 0.82(0.46, 1.46) 0.0
Severe hypoglycaemia 8 3/2616 1.19 (0.15, 9.63) 00 7 1/2764 0.33(0.01, 8.10) -
Drug-related adverse events 5 172/1490 1.21 (0.89, 1.64) 00 5 382/2091 091(0.75, 1.10) 0.0
Adverse events leading to discontinuation 8  67/2616 1.23 (0.66, 2.28) 18.6 7 88/2764 0.86 (0.55, 1.34) 0.0

* As dual add-on or subsequent add-on.
CI, Confidence Interval; WMD, Weighted Mean Difference. bResults with statistical differences between comparisons.

Diabetes Obes Metab. 2018;20(8):1972-1976
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eGFR
(mUmin/1.7:
Metformin
Meglitinides
Repaglinide
Mitiglinide
Nateglinide
DPP-4 inhibitors
e T
Vidagiiptin | oomg [ e
ot
Teneliglptin
Evogliptin 5mg | EEESEST
Anaglptin | wme  [GORG 2§48 YoGFR 2 50 mUmin/t 73 m? §2 £ BEE.
SGLT2 inhibitors. 2eGFR > 46 mLmin/1.73 m? 8% ZH 2Ea.
QERECUREMN 0l /7o weota= guaasas nane
Empaglifozin Z ASSHR] 22 M2 10mg B AE.
Ertugiiozin Xz g8 CKD, chronic kidney disease
Ipraglifiozin RERt ESKD, end-stage kindney disease.
Enavoglifiozin xE S
Sulfonylureas
imepide ]
Alpha-glucosidase inhibitors
ot |
Thiazolidinediones
Pioglitazone

Lobeglitazone

GLP-1 receptor agonists
Liraglutide
Dulaglutide

£
o

Az

. DPP4-inhibitor - 47|50 [} & k5 =H

Outcomes for Inappropriate Renal Dose Adjustment of DPP-4 inhibitors (Korea)

A retrospective observational cohort study of 82,332 patients aged 30 to 75 years with T2DM and CKD being treated with DPP-4 inhibitors from January 1, 2012,
through December 31, 2014, using the Korean National Health Information Database

TABLE 2. Risk of Death, Emergency Department Visits, and Severe Hypoglycemia in Patients With Type 2 Diabetes and Chronic Kidney Disease (Stage 3 or 4) by Cox Proportional Hazards

Regression Analysis®

Rate (No. [95% CI] Model | Model 2 Model 3
Patients ~ Events Duration of events per Hazard ratio Hazard ratio
Variable (No.) (No)  (person-days) 1000 person-days)  Hazard ratio (95% Cl) P value (95% Cl) P value (95% Cl) P value

Severe hypoglycemia

Appropriate dosing group 60,773 805 78,644.02 1024 (9.55-10.97) | (Reference) | (Reference) | (Reference)

Inappropriate dosing group 21,559 372 29,662.12 12.54 (11.33-13.88) 1.199 (1.061-1.357) 004 1.194 (1.056-1.351) 004 1.192 (1.054-1.349) 005
Emergency department visits

Appropriate dosing group 60773 4845 75,095.49 64.52 (62.73-66.36) | (Reference) | (Reference) | (Reference)

Inappropriate dosing group 21,559 1885 2831003 66.58 (63.65-69.66) 1076 (1.02-1.135) 007 1072 (1.017-1.131) 0l 1.074 (1.018-1.133) 009
Death

Appropriate dosing group 60,773 1134 80,202.27 14.14 (13.34-1499) | (Reference) | (Reference) | (Reference)

Inappropriate dosing group 21,559 529 30,514.98 17.34 (15.92-18.88) 1.149 (1.036-1.275) 008 1.142 (1.03-1267) 0l I.1'15 (1.005-1.237) 04

*Model | is adjusted for age, sex, and history of emergency department visits or severe hypoglycemia events. Model 2 is adjusted for age, sex, smoking and alcohol drinking status, systolic blood pressure, total cholesterol level, and
history of emergency department visits or severe hypoglycemia events. Model 3 is adjusted for age, sex, smoking and alcohol drinking status, systolic blood pressure, total cholesterol level, other antidiabetic drug treatment, and
history of emergency department visits or severe hypoglycemia events.

Mayo Clin Proc. 2020 Jan;95(1):101-112
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. DPP-4 inhibitors - Profiles and Tips

Therapeutic profiles of sulfonylurea

Glucose-  Hypo- .
A . Weight Renal CKD MASH et . .
Drug Class L(;:\ilce;::r;g g:z;emla Effect CV Effects Effects Progression Effect Key Clinical Considerations
DPP-4 ?leoL:gr?tlial HE Risk of joint pain;
inhibitors Moderate  None Neutral rIiDsk with Neutral  Neutral Neutral rare pancreatitis;
(oral) saxagliptin) dose adjust in renal impairment

Effective in lowering postprandial glucose with great safety

Don't forget to adjust dose in renal impairment

American Diabetes Association. Diabetes Care 2025;48(Suppl 1):5181-S206
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Tips for prescribing oral antidiabetic agents

u Oral quadruple combination therapy
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Metformin

Decreased

Sulfonylureas Incretin Effect

TZD
GLP-1RA

Sulfonylurea
DPP-4i

Increased

— HYPERGLYCEMIA 2 ansorption IESL
-~ -

GLP-1 RA
DPP-4i

@
m DPP4 inhibitor
Gluceaon

Secretion

Decreased TZD

I Glucose MET (1} SGLT2 inhibitor

Uptake GLP-1RA

Neurotransmitter
Dysfunction T

OLP-1 RA ﬂ Alpha glucosidase inhibitor
Bromocripti:'ue QR

Am | Cardiol. 2017 Jul 1;120(1S):54-S16

BHUEI|=

DA H2025-51% [LEHAA]] e &K (2025-04-01)

¢ tg -g- 2 hg (ZI‘" 2 té"l ) T2 MET | SU | Glinide | AGI | TzD | DPP-di SGLT2i
DAPA | IPRA | EMPA | ERTU | ENAVO
MET kS oIy oy | o™ | 2d™ oy | el | ™ ks oIy

su ks X oy | od | od oy | o | ™ ks X

Glinide oy X oy | o RiES X X X X X

AGI oy | od oy X X X X X X X

TZD oy | od oI X oI X X X X X

DPP-41 oIy | od X X oy X X X X X
DAPA oy | oy X X X X
IPRA oy | ol X X X X
SGLT-2I EMPA | OIF | oI X X X X
ERTU oy | od X X X X
ENAVO | QI X X X X X

¢ EERY 3Hal)

28 Q-0 QAFEIX| @i ofHC| =80| ZHE|O{ M= OfLE|Lt ChE2 3H g2 217 8e
(1) metformin + SGLT-2 inhibitor + DPP-IV inhibitor

(2) metformin + SGLT-2 inhibitor(ertugliflozin, enavogliflozin X[2[) + Thiazolidinedione
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Evidence on Oral Quadruple Combination therapy

Systematic Review and Meta-analysis (2025)

E nM Original B i Uncontrolled type 2 diabetes mellitus under oral triple combination therapy
ENDOCRINOLOGY g Article PISSN 2093-596X - cISSN 2093-5978
AND METABOLISM

&

Effectiveness and Safety of Oral Quadruple Combination Oral quadruple combination therapy
Therapy in Patients with Type 2 Diabetes: A Systematic Further HbA1c reduction of 111% Comparable efficacy to injectable regimens
Review and Meta-Analysis

Standardlsed Mean

Gy 0 D e Difference Comparison with regimens including GLP-1RA
Jachyun Bac*, Min Heui Yu™*, Minyoung Lec?, Bong-Soo Ch’, Byung-Wan Lee* Lee, E. Y,(2023) 0 Y Standardised Mean
Ku E. 1. (202 9 Gty 0 & CEeE Difference
Division of Endocrinology and Metabolism, Department of nternal Medicine, Hallym University Kangnam Sacred Heart 8
Hospital, College of Medi lallym University; *Division of Endocrinology, Department of Internal Medicine, Yonsei 3 Lee, E. Y.(2023) 76 -0.26 [050;-0.02] —i
University College of Medicine, Seoul, Korea o Kim, M. (2023) 50 000 [0.40; 0.40] —
-1.32) :
Background: s type 2 diabetes (T2D). This study aimed o eval- 5 Randomeffectsmodel ~ -018 [-0.41; 0.05] QL
i e i 2D, o Heterogeneity: /= 16%, 1*=0.0055, p <0.27 2 45 1 -05 0 05
Methods: Thi therapy for T2D,
tal and observational studies with a minimum duration of 12 weeks. The primary endpoint was the change in glycated hemoglobin S:g; jj ggg]; S
(HSALE) frombasln o llow-up The secondaryendpint was h inidene e of advrse events Two investgtos idepr Ghosh, $. (2020) 4 Comparison with regimens including basal insulin
biss. O Cho, Y. K. (2020) 2
. Cho, Y. K. (2020) 3 ;
3 v Standardised Mean
Results: The rets-analysis inchiuded 17 stdiss. Oral quadruple combination therspy resulted in an addiional mean recuction in P o g sy 0 & e Difference
HbAI levels of 1.1% in patients who did not achieve glycemic control with oral triple combination therapy. Compared with switch- Ku, E. J. (2019) 1
5 even Ku, E. J. 2019) 77) Ku,E. J. (2028) 154 -042 [-065;-0.20]
demonstrating a slightly superior ghicose-lowering effect. Furthermore, it was determined o be safe, with an adverse event rate of e:r!‘?ﬁ B (zn‘ 9)) & 3 Ku,E. J: @019) 42 -0.26  [-0.50; -002)
o ’
P " o . s i Sosale, B. (2016) 25 & Random effects model -0.35 [-0.51;-0.018]
withoral . Random effects model [-1.22; -0.99] <> Heterogenaty: /= 0%, 15=0,p=0.34
terogeneiy: 7= 83%, e 00870 p<nc1 536 4 6 o5

Keywords: Diabetes mellitus, type 2; Hypoglycemic agents; Meta-analysis

Endocrinology and Metabolism 2025;40(2):258-267

. Evidence on Oral Quadruple Combination therapy

Systematic Review and Meta-analysis (2025)

Study N SMD 95% ClI SMD

added = SGLT2i

Lee,E. Y. (2023) 76 083 [1.17,-050]
Ku, E.J. (2023) 154 163 [187.-139]
Hong, Y. (2023) 126 -1.00 [1.26;-0.73]
Saleem M. (2022) 100 -106 [-136.-0.77]
Ku, E. J. (2021) 185 -169 [1.99,-1.40]
Ku, E. J. (2021) 177 -110 [-1.37,-0.82]
Bae, J. (2021) 60 -120 [153,-087]
Cho, Y. K (2020) 47 108 [144,-073]
Ku, E.J. (2019) 142 149 [173;-125)
Ku, E. J. (2019) 176 -1.31 [1.52:-1.11]
Ku, E. J. (2019) 174 095 [1.13:-0.77]
Hong, A R (2019) 52 093 [1.33,053]
Jeon, H. J. (2018) 162 -0.95 [-1.14,-0.77]
Sosale, 8.(2015) ---25--1% [-143’.,--0.53} 3 . oy o
Random scts model [1.32;102] < sGLT-2iasamagent |  SGLT2inhibitors showed the most
m——— potent effect when added as the fourth
a ea = ]
Lee, M. (2022) 51 089 [129,-049] —+=— OAD, followed by TZD and DPP4
Ghosh, S. (2020) 953 .081 [0.88,-074] = o
£+G00, KKok2020hrrer1000 Beb -0 B 1.2 BT O s snsnessnnss TR , inhibitors (p<0_01) .
Random effects model -0.82 [-0.89; -0.75] < A h :
erogenetty: I = 0%, ¥ =0, p =0 DPP-4i as4h agent
added = TZD
Bae, J. (2021) 59 090 [1.20,-060] ——
gm"fl&mf 48%..1,00 . 4 47;-0.82] .
e o W S = | nasanagent
Rmdommm -1.10 [122 -0.98] <
*=83%, =0.0521,p <0 I T T T 1

Test for subgroup differences: 1,‘ 18.78, ur 2(p<001) -2 15 1 05 0 05

Endocrinology and Metabolism 2025;40(2):258-267
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o

Insulin Single Use Syringe

v

S FAXNRH =

Ql=2IFA(AID)

e R o /S|

ol=2l Q& 2+GLP-1RA
> 13 H| 25 %A (Fixed-ratio combination, FRC)

(Wﬂaug v.»am&m ‘)

tseﬁum_ wawum

m NOCOIGS 52014 Listaszane

wegovy™

(semaglutide) injection

24mg/0.75 mL

Uso Wegowy 1 time 3 wesk.

GLP-1RA
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Basal insulin <+

+0AD(s) |

[ +0AD(s) ]

Basal insulin

[ +0AD(s) |

Intensive insulin therapy: Basal-|

plus / Premixed / Basal-bolus

+0AD(s)

gdl, 71 e E X|2HIX| T ™3]

History of Diabetes Medications

15, The Nobel Prize in
| Physiology or Medicine
] 1923

10

W

John James Rickard
Madeod
prizeshare: 112

Frederick Grant

Banting
Prize share: 172

The Nobel Prize in Physiology or Medicine 1923 was awarded joi
5 to Frederick Grant Banting and John James Rickard Macleod "foi
discovery of insulin”

Su'E X 2N 2EHE?

SGLT2 inhibitors O
Bromacriptine
Colesevelam >
DPP4 inhibitors O
Inhaled insulin >
Pramlintide
GLP-1 receptor agonists
Glinides
Thiazolidinedione O
Insulin analogues "J

a-glucosidase inhibitors T
’—g—l_ —1- T
Human insulin {7

Classes of glucose-lowering drugs
1

. Metformin
. Animal insulin | Sulfonylurea antidiabetics [
0 | I | T | T T T | T T
0 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010
Year
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Fast-acting analogues Long-acting analogues
Insuiin lispro (@) Insulin aspart Insulin glulisine Insulin glargine (@) Insuiin detemir
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e
List 452414

wegovy™

(semaglutide) injection
2.4 mg/0.75 mL

Use Wegovy 1 time a week

4 Single-Dose Prefilled Pens
Each pen delivers a single dose of 2.4 mg semaglutide

For subcutaneous use only
Single-Dose only
Rx

Contains: 4 Wegovy pens, Product Literature.
Dispense the enclosed Medication Guide to each patient.

®
novo nordisk
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Severe Therapeutic inertia in Use of Insulin in Korea

ssass9Us@ Of insulin in Korea: 3%

People with Years Mean HbA,, F f Mean bodyweight,

type2 (95% centiles) people treated kg (95% centiles)

diabetes™ with insulin,

among those
diagnosed

US National Health and Nutrition Examination 1441 2009-14 7-4% (5-2-12.2) 22.2% 89.5(537-1482)
Survey
US National Institutes of Health Global Health 1842 2012 9:1% (5-4-14-6) NA 83.0 (51-0-125-0)
Centers of Excellence surveys from South
Africa
US National Institutes of Health Global Health 1605 2015 87%(55-13-4) NA 679 (43-0-98-2)
Centers of Excellence surveys from India
South Africa National Health and Nutrition 747 2012 7:7% (5-4-12-8) 44% 780 (44-0-116.6)
Examination Survey
UK National Health Service National Diabetes 16585 2016-17 7:3% (51-12:1) 12.5% 803 (481-133.0)
Audit
Indian Jaipur Diabetes Registry 8699 2014 9-0% (6-3-14-8) 91% 604 (30-6-101-2)
Swedish National Diabetes Register 17827 2016 84% (61-101) 117% 756 (48-5-1027)
Danish Adult Diabetes Registry 11205 2014-15 77% (5-4-127) 15-8% 70-9 (33-9-1235)
Turkish Nationwide survey of Glycemic and 4672 2017 7:5% (5:3-12-4) 9.6% 847 (52.2-117.2)
Other Metabolic Parameters of Patients with
Diabetes Mellitus
China Health and Nutrition Study 1422 1999-2015 7-8%(5-2-127) 183% 655 (45-2-900)
DiabCare study of the Philippines 770 2008 8.0% (5-6-13-2) 25.0%
Japan National Health and Nutrition Survey 1434 2016 7-2% (5-0-11-8) 7-0% 59.5(32.2-90-4)
Korea National Health and Nutrition 1341 2010-12 8.2% (57-13.5) 3.0% 66.0(385-937)
Examination Survey
Joint Asia Diabetes Evaluation Registry 28111 2007-12 77% (54-12.7) 21.0% 76.8 (58-4-90.0)

References for each cohort dataset are provided in the appendix. NA=not available. *Previous diagnosis, treatment, or laboratory results.

Lancet Diabetes Endocrinol 2019;7:25-33

Clinical study of therapeutic inertia in Korea

Delay of insulin initiation in patients with type
2 diabetes mellitus inadequately controlled
with oral hypoglycemic agents (analysis of
patient- and physician-related factors): A
prospective observational DIPP-FACTOR study
in Korea

Sin Gon Kim', Nam Hoon Kim', Bon Jeong Ku? Ho Sang Shon® Doo Man Kim®*, Tae Sun Park®, Yong-Seong Kim®,
In Joo Kim’, Dong Seop Choi™*

Table 1 | Baseline and demographic characteristics

Insulin-initiated group
(n = 386)

Patient characteristics

Age (years) 560 + 120
BMI (ka/m?) 253 + 43

[ HbAIC %) 97+ 15
FPG (mg/dL) 20391 758
Duration of diabetes (years) 85+ 69
Microvascular complications, n (%) 144 (37.3)
Macrovascular complications, n (%) 73 (189)

A prospective, observational disease registry study (69 centers in Korea, 2009-2012)

« To assess the time to initiation of insulin therapy

« investigate both patient- and physician-related factors associated with delaying insulin therapy in Korean patients with

type 2 diabetes

+ Type 2 diabetes patients (n=1959) who had received two or more OADs within the past 5 years, had an A1C 28%

J Diabetes Investig 2017; 8: 346-353
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Clinical study of therapeutic inertia in Korea

-o- Insulin -& GLP-1RA

100 Mean HbA1c
-9.79+1.84% * Aretrospective, observational study (10
9.5 centers in Korea, 2015-2021)
< 00 Mean time « To assess the time to initiation of
< :3.09 yrs -
2 85 y injectable therapy
2
8.0
Mean: HbA1c
. . :8.70+1.2%
78 Mean time :
70 : 3.3 yrs
-72 66 -60 -54 -48 -42 -36 -30 -24 -18 -12 -6 0
Time since injectable therapy (months)
Endocrinol Metab 2025 Forthcoming. Posted online 2025
. Overcoming
merican i Home Patient Practic Programs Clinical
Agi?sitieaiion L']ee.-;iaapeun‘: peutic Inertia Engagement Toolkit Resources &E:ems Self-Assessment

Overcoming
Therapeutic Inertia

Introducing the OTI Initiative

Despite the approval of more than 40 new diabetes treatment options since 2005, as
well as advancements in guidelines and treatment algorithms, we still haven't been
able to make a meaningful difference in improving glycemic control in people with
type 2 diabetes. In fact, between 1999 and 2014 the percentage of patients with
diabetes with an A1C over 8% actually increased. This phenomenon is known as
therapeutic inertia—delay or inaction to initiate or intensify therapy when glycemic
treatment goals have not been met.

https://www.therapeuticinertia.diabetes.org/

2025 M20pHE R Bzt TH Q| Y EL



Therapeutic inertia happens in all aspects of diabetes treatment

Clinician-Related

Patient-Related System-Related
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+Metformin

+Others
azpE 371

s ey TrErTTmErET

Basal insulin

+0AD(5) 20AD(s)

GLP-1RA
Basal insulin
+OAD(s)

ulin therapy: Basal-plus / Premixed / Basal-bolus

+OAD(s)

2025 S W EX|E HoH, et HEZ

Pharmacological Management of Type 2 Diabetes Mellitus

Efficacy for Glucose Lowering G|ycemic Management Risk for Hypoglycemia
B @ Insulin, Sulfonylurea, Glinide
@ insuin, Tizepalide, izt GLP-1RA, Metformin, DPP4i,
G

S utide, FRC
)emagiutide, SGLT2, o-glucosidase-i

Insulin
+ OADs

Degree of Weight Change

@ Other GLP-1RA
ok g Insulin, TZD, Sulfonylurea,

Intensification
e e

Glinide
@ Metformin, Sulfonylurea, Ny g y .
DFP4i, TZD, SGLT2i I RAE e S DPP4i, o-glucosidase-i
+0ADs -;; Metformin
Giinide, o-glucosidase- OADs only With injectables {5 E ® Other GLP-1RA, SGLT2i
e @ Tirzepalide, Semaglutide

Clinical Practice “Fixecbratio combinalion: basal insulin+GLP-1RA
E_I- Iﬂ Guidelines fnsuiin herapy should not be delayed
o o for Diabetes

2025 Y8 E

TEXH g

o )

&
&5 2]

5%  Lifestyle Modification & %,

Self Management Education

Hypercatabolic State or Islet Failure
Cardiovascular-Renal

= Insulin Management

Hypercatabolic State or
Islet Failure Management

Risk Management

[ascvDs|[ HF || cKD |[Stroked

»
Basal Insulin "9
i é J J
I8 +CVD benefit
g SGLT2i g
§ | [=]
H i3 or bl 07 [
i o
£ |
“Can be delivered via MDI or insulin pump 'Atherosclerotic cardiovascular disease (ASCVD)
Individuals with ischemic siroke, including transient ischemic.
L35 e 8312, Stix ST X2 A9 E, 2025, SHT O|2E AF2 YLIC) F2 Y315 8513 F4/ZH0/X 1 21X E X2 2 2F0I3JA] 7] HFEILICH attack, but excluding hemorrhagic stroke
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Insulin Use in Glycemic Management

Efficacy for Glucose Lowering Risk for Hypoglycemia

X X , @ Insulin, Sulfonylurea, Glinide
g AT . GLP-1RA, Metformin, DPP4i

X i
Semaglutide, FRC SGLT2i, a-glucosidase-i

Dual : .
E + 0OADs Degreg of Weight Change
o Mok @ Insulin, TZD, Sulfonylurea,

Sl
’ Glinide

@ Other GLP-1RA

Intensification |

@ Metformin, Sulfonylurea,
DPP4i, TZD, SGLT2i

i DPP4i, a-glucosidase-i
Triple or

Quadruple therapy? Metformin

UonesLisusItiag

® Other GLP-1RA, SGLTZi
@ Tirzepatide, Semaglutide

Glinide, a-glucosidase-i

Fixed-ratio combination: basal insulin+GLP-1RA
2Insulin therapy should not be delayed

i GHENH HO T, 2025, ST O/ AR YLICE 3 S e 58] SHSH0NE Fof GHE A=

Insulin Use in Hypercatabolic State

o Xzot MEsa o X7
hypercatabolic state0i|A{

CHE, Chix, MISH 20}

hypercatabolic symptoms e e e
AL W2 &2l X 27} © ZM Bz HE TS

Lifestyle Modification &
Self Management Education

Hypercatabolic State or
Islet Failure Management

- . ASC
Basal Insulin =
i [ E +CVD benefit
- il Basal-Plus /Premixed Insulin - é
0 -]
2 ! : = Al C
S| ‘ : a
5| | i : =
ko i) i o
z Basal-Bolus Insulin i
%Can be delivered via MDI or insulin pump “Atheros
sndividu
SN ZHO|X|E E3Y 21X E A2
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Intensive insulin therapy: Basal-plus / Premixed / Basal-bolus

+0AD(s)

2025 M20pHE R Bzt TH Q| Y EL

79



Use principles in Figure 9.3, including reinforcement of behavioral
interventions (weight management and physical activity) and provision
of DSMES, to meet individualized treatment goals

INITIATION: Initiate appropriate starting dose for agent selected (varies within class;
TITRATION: Titrate to maintenance dose (varies within class)

Diabetes Care 2024,48 (Supplement_1)

GLP-1RA, consider 1st choice of injectable therapy prior to insulin

TO AVOID

If already on GLP-1 RA or dual GIP
and GLP-1 RA or if these are not
appropriate OR insulin is preferred

Metformin 2,000 mg
Metformin 2,550 mg
Aloglptin 12.5 mg
Aogliptin 25 mg
Linagliptin 5 mg
Saxaglptin 5 mg
Saxagiptin 10 mg
Sitagliptin 100 mg
Vildagiptin 50 mg
Vildagliptin 100 mg
Albiglutide 30 mg

‘ mg

HbA1c

101
-1.09

GLP-1RAS| & (1): Z=st gdustant

Weight

0.5
-05

Hypoglycemia

B

‘Dulaglutide 075 mg
Dulaglutide 1.5 mg
Exenatide BID 20 ug
Exenalide QW 2mg
Exenatide QWS 2 mg
Liraglutide 0.6 mg
Liraglutide 1.2 mg
Liraglutide 1.8 mg
Lixisenatide 10 pg
Lixisenatide 20 pg
Semaglutide 0.5 mg
Semaglutide 1 mg

i o,

00w
Canagiflozin 300 mg
Dapagifiozin 5 mg
Dapaglifiozin 10 mg
Empaglfiozin 10 mg
Empagifiozin 25 mg
Ertuglfozin 5 mg
Ertuglfozin 15 mg
Gliciazide 80-320 mg
Glimepiride 1-8 mg
Glipizide 520 mg
Glyburide 1.25-20 mg
Piogltazone 15 mg
Piogltazone 30 mg
Piogltazone 45 mg
Rosightazone 4 mg
Rosigltazone 8 mg

Clin Pharm Ther 2019; 105 (5)

B
101
~0.65
-0.73
~0.69
-orr
-0.73
081
-1os
<097
086
AT
o
o
R
L4
-0

=i =
55

10
10

|

T T T
-0.5 -10 -15 -20 4
HbA1c - Change versus Placeba (%)

T u T
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Weight - Change versus Placebo (kg)

Hypoglycemia - Relative Risk versus Placebo
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GLP-1RAS| &H(2): | &2 MY 2

20
17.78%

15

10.51%
10 8.86%

OR

4.77%

1.13% 1% 0.92% 0.45% 0.4% 1.1%

T T T T T
Premixed Megliti- SUs Basal DPP-4 Placebo GLP-1 RA TZDs AGIs  SGLT2t

insulin nides insulin  inhibitor (Reference)

Liu SC, et al. Diabetes Obes Metab. 2012;14:810-820; Fujita Y, et al. J Diabetes Investig. 2014;5:2650275.

0

GLP-1RAS| &H(2): 1 %2 MY 2

Glucose Nucleus
Krebs
Cycle

Upregulated

@ P Glucoses-Phosphate cose-6-P cAMP Insulin gene
transcription

A > h G‘u/ ¢
ot ¢ ; PKA /
‘ oy ’ T retio 'l ATP/ADP rises
ADP ATP Caz"¢ *

Voltage Sensit Potentiation

Calcium Chani
+ I ATP-sensitive K* Insulin rich
: I hannel cl granules
ekl Ca** influx

l Glucokinase

DEPOLARIZATION

Pancreas B (Beta) Cell

Depolarisation

Voltage sensitive Ca**
channel opens

Sulfonylurea / Glinide GLP-1RA
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GLP-1RA E3(3): EF-CEXH N5 &4 =21}

Vomiting

|

g
2 Diarrhoea
E : Nausea :
= : Abdominal pain :
®e 1 TR
: e, ~ GLP-13AHH|
e i GLP-1 levels | (_T'_-g-Eo-t, HI?_")
- EET— s E hieved |
& i © Appetite —> Sl s
(z i O Foodintake wﬂ::{:::n GLP'1 %AI'I'“
i O Weightl d i ;
e e o (M8, Sia'l)
-y g :
0 B < i GLP-1levels |
- : X . prr———————— : hieved (o] ] x." x."
o : © Insulin secretion Py ; achl ey DPP-4%
o E ) i —p i O Plasmaglucose i with incretin :
§ OGlucagonsecretlon ..... : CO Y enhancers ('é!'_ln-_ tg)
GLP-1effets
Madsbad, Lancet 2009; 373: 438-439
b N F.S - A | Xl =
GLP-1RA B (4): ME-LUTO|5
REWIND LEADER SUSTAIN-6
Patients, n 9,901 9,340 3,297
Drug Dulaglutide Liraglutide Semaglutide SC
Dose 1.5 mg/week 1.8 mg or ma/);;;Ierated dose 0.5 mg or 1 mg/week
Duration of follow up (years) 5.4 3.8 21
Baseline A1C (%) 7.2 8.7 8.7
Duration of diabetes (years) 9.5 12.8 13.9
Baseline statin (%) 66.0 72.0 73.0
Baseline ASCVD/HF (%) 31.0 81.0 72.0
Baseline HF (%) 9.0 18.0 24.0
Primary outcome 0.88 (0.79-0.99) 0.87 (0.78-0.97) 0.74 (0.58-0.95)
CV death 0.91 (0.78-1.06) 0.78 (0.66-0.93) 0.98 (0.65-1.48)
All-cause mortality 0.90 (0.80-1.01) 0.85 (0.74-0.97) 1.05 (0.74-1.50)
HF hospitalization) 0.93 (0.77-1.12) 0.87 (0.73-1.05) 0.86 (0.48-1.55)
Renal composite outcome 0.85 (0.77-0.93) 0.78 (0.67-0.92) 0.64 (0.46-0.88)
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« Mild NPDR, mild DSPN, U-ACR 413 mg/g, eGFR 64 ml/min/1.73m?

* Metformin 1700mg, sitagliptin 100mg, empagliflozin 25mg

« 56AM| OfXL, 158 cm, 71 kg, BMI 28.4 kg/m?

« 28 2009 EE AEK|E AR
* HbA1c 8.1%, c-peptide 4.21 ng/ml

=
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il

« Metformin 1700mg, sitagliptin 100mg, empagliflozin 25mg
* HbA1c 8.1%, c-peptide 4.21 ng/ml
= Metformin 1700mg, dulaglutide 0.75 > 1.5mg, glimepiride 2mg
HbA1c 6.4%, Zt2 XM MEY, HF 57t (+4kg)
= Metformin 1700mg, dulaglutide 1.5mg, empagliflozin 10mg (100:100)

HbA1c 6.1%, M2 glZ, HF &= (-5kg)
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Rapid-acting analog insulins: lispro, aspart, glulisine

Short-acting insulin: human regular insulin Intermediate-acting insulin

" Intermediate-acting human insulin: NPH * NPH (Humulin N®)
© Long-acting analog insulin: detemir . .
3 Long-acting analog insulin: glargine Long-acting insulin
= » Determir (Levemir®)
§ * Glargine U-100 (Lantus®)
'é Ultralong-acting insulin
@ NS + Glargine U-300 (Toujeo®)
a \ \ \\\ + Degludec (Tresiba®)
12 24

Time (Hours)
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N = 10; Mean (SE); *P<0.05

Nauck MA, et al. Diabetologia 1993;36:741-744

Insulin (pmol/L)

. PBO
. GLP-1 .

A -
>
[ ]

300 -
-@- Placebo
- GLP-1
200
* o
100 A

LL
0 1777

30 0

Time (min)

160

Glucagon (pmol/L)

GLP-1 Effects Are Glucose-Dependent in Type 2 Diabetes
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Insulin (U/L)
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Fixed ratio combination of basal insulin with GLP-1RA
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Intensive insulin therapy: Basal-plus / Premixed / Basal-bolus
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Insulin Use in Islet Failure

Hypercatabolic State or
Islet Failure Management
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- Basal-Plus /Premixed Insulin 2
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= Basal-Bolus Insulin® 5

3Can be delivered via MDI or insulin pump
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=» Multiple daily injection (MDI) = multiple subcutaneous insulin injection (MSII)
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Rapid-acting analog insulins: lispro, aspart, glulisine
Short-acting insulin: human regular insulin
Intermediate-acting human insulin: NPH
Long-acting analog insulin: detemir
Long-acting analog insulin: glargine

Plasma insulin levels

\

0 1|2
Time (Hours)

Premeal (prandial) insulin

Rapid-acting insulin
* Lispro (Humalog®, Lyumjev®))
 Aspart (Novorapid® Fiasp®)
* Glulisine (Apidra®)
Short-acting insulin
« Human regular insulin (Humulin R®, RI)

[
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Humalog mix 25 kwik pen®
Humalog mix 50 kwik pen®
Humulin mix 70/30 kwik pen®
Novomix 30 flex pen®
Novomix 50 flex pen®
Ryzodeg flex pen®

e 50:50 mix insulin
v ORE : BN MY Al =1:1:1

e 70:30 or 75:25 mix insulin
v ORM M X AT =2:1

75% NPL 25% Lispro
50% NPL 50% Lispro
70% NPH 30% RI
70% NPA 30% Aspart
50% NPA 50% Aspart
70% Degludec 30% Aspart

et X2 A ASEIFY7| 8317

CONTINUOUS GLUCOSE MONITORS

2024 ADA 2025 ADA

7.14 Real-time CGM (rtCGM) A or intermittently scanned CGM
(isCGM) B should be offered for diabetes management in adults
with diabetes on multiple daily injections (MDI) or CSII who are
capable of using the devices safely (either by themselves or with
a caregiver). The choice of device should be made based on the
individual’'s circumstances, preferences, and needs.

7.15 rtCGM A or isCGM B should be offered for diabetes
management in adults with diabetes on basal insulin who are
capable of using the devices safely (either by themselves or with
a caregiver). The choice of device should be made based on the
individual’'s circumstances, preferences, and needs.

7.16 tCGM A or isCGM E should be offered for diabetes
management in youth with type 1 diabetes on MDI or CSIl who
are capable of using the devices safely (either by themselves or
with a caregiver). The choice of device should be made based on
the individual’s circumstances, preferences, and needs.

7.17 rtCGM or isCGM should be offered for diabetes management
in youth with type 2 diabetes on MDI or CSIl who are capable
of using the devices safely (either by themselves or with a
caregiver). The choice of device should be made based on the
individual’s circumstances, preferences, and needs. E

7.15 Recommend real-time CGM

(rtCGM) A or intermittently scanned CGM
(isCGM) for diabetes management to

youth C and adults B with diabetes on any
type of insulin therapy. The choice of CGM
device should be made based on the
individual’s circumstances, preferences, and
needs.
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Insulin Use in Islet Failure

Hypercatabolic State or

Islet Failure Management

Insulin Pumps and Automated Insulin Delivery (AID) Systems

Basal Insulin

Intensification

Basal-Plus /Premixed Insulin

asal-Bolus |Insulin®

v

>

uofiesyisusiule]

Can be delivered via MDI or insulin pump

121804 21318, Bt HHZAE HOB: 2025, ST /24 X

Diabetes Care 2025;48 (Supplement_1)

7.26. AID systems should be the preferred insulin
delivery method to improve glycemic outcomes and reduce
hypoglycemia and disparities in youth and adults with type 1
diabetes A and other types of insulin-deficient diabetes
E who are capable of using the device (either by themselves
or with a caregiver).

7.27 Insulin pump therapy, preferably with CGM, should
be offered for diabetes management to youth and adults on
MDI with type 2 diabetes who can use the device safely
(either by themselves or with a caregiver).
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Severe NPDR, DSPN, U-ACR 965 mg/g, eGFR 38 ml/min/1.73m?

Metformin 500mg, dulaglutide 1.5mg, insulin degludec 30 iu

HbA1c 9.1%, c-peptide 2.98 ng/ml
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SGLT2 inhibitor
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Hyperfiltration in early stages SGLT2 inhibition reduces
of diabetic nephropathy hyperfiltration via TGF

Cardiovascula

r outcome trials in DM
M1 EMEE w CAMNN

DPP4-i saxagliptin alogliptin sitagliptin linagliptin

Comparator

N

Results 2013 2013 2015 2018 2019

EM@YIREGE CANGM & -r)7 (CR{QIMNICE)® D Bg#ARE? VE

SGLT2- empagliflozin canagliflozin canagliflozin dapagliflozin ertuglifiozin

Comparator _(\ (_1 (_I l I

N B ~ T

Results 2015 2019 2019
613 E

GLP1-RA lixisenatide liraglutide semaglutide exenatide LR dulaglutide albiglutide

Comparator

N

Results 2015 2016 2016 2018 2019 2018

FDA, Food and Drug Administration; DPP4-i;, di peptidyl peptidase-dinhibitor; SGLT2-i, sodium, porter 2-inhibitar; GLP 1-RA, glucagon |ike pepti

1. Scirica BM, etal. N Engl 1 Me 69(14)
5. CAROLINArial 6. Zinman B, etal NEngl ] Med. 2015373
Med. 2019;280(4):347-357. 10. VERTIS CV'trial 11. Pfeffer M
1844.14. HolmanRR, etal. N Engl ) Med. 2017;377(13)
ExenatideER, Semaglutide, Albiglutide and Canagliflozin

etal. N Eng I Med. 201

39, 15. Gerstein HC, etal. Lancet,
approv

reen B, et al. N Engl ) Med. 2015,
):644-657. 8. PerkovicV, etal. NEn,

1 50SP, etal. NEngl ) Med. 2016;3
19. pii: 50140-6736(19)31149-3, 16. Hernandez AF,

A. 2019;321(1)59-79.
306.9. Wiviott 5D, etal. NEngl J
NEngl |Med. 2016;375(19):1834-
157):1519-1529.

):311-22.13.
etal.Lancet. 2018;38

vedin Korea
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Renal Composite kidney outcome

‘ Reduced risk

EMPA-REG OUTCOME"?

(empaglifiozin)

CANVAS Program3#
(canaglifiozin)

DECLARE-TIMI 58°
(dapaglifiozin)

VERTIS CV?
(ertuglifiozin)

CREDENCE™
(canagliflozin)

3P-MAGET ' ‘ p=0.17 p=0.001 for non-inferiority ‘
p=0.04 p=0.02 p=0.01
CV death ; ‘ ‘ B ‘
or HHF# p=0.11
p<0.001% p=0.0025 p=0.005"* p<0.001
Composite
kidney p=NR#
outcome*® - = -
£<0.0013% L=NRA P=NRH £=0.0011T
CV death* ‘ p=NRY Pp=NRY p=NRY
<0.0015 p=0.05
¥ ¥
=0.0025 p=0.002% P=NRT p=NRT p<0.001

Highlights indicate that the upper bound limit of the confidence interval for the active versus placebo comparison is below unity (<1.00)

Comparison of studies should be interpreted with caution due to differences in study design, populations and methodology
*CREDENCE was a kidney outcomestrial in patients with T2D and albuminuric chronic kidney disease: ‘Primary endpoint was 3P-MACE in EMPA-REG OUTCOME and CANVAS Program (co-primary endpointin
DECLARE-TIMI 58), p-values are for superiority, exceptfor 3P-MACE in VERTIS CV, which isfor non-inferiority- ‘Secondary endpoinis as defined in the study protocols; SNominal p-value; p-value not reported in
publication; **Co-primary endpoint in DECLARE TIMI £8; *Primary endpoint in CREDENCE
See slide notes for definitions of kidney outcomes, abbrewations and references

2025 ADA guideline

+ASCVD!

+Indicators of

high CVD risk

~

+ASCVD/indicators of high CVD risk*

GLP-1RA* ) ( SGLT2i* with
with proven proven CVD
CVD benefit ) L benefit

Goal: Cardiovascular and Kidney Risk Reduction in
High-Risk Individuals with Type 2 Diabetes*

Goal: Achievement and Maintenance

of Weight and Glycemic Goals

+HF +CKD +Weight Achi and mai
Current or prior eGFR <60 mL/min/1.73 m* OR of glycemic goals
symptoms of HF albuminuria (ACR =3.0 mg/mmol
with documented [30 mg/g]). Repeat measurement 7S
HFrEF or HFpEF is required to confirm CKD l l
l l E"i‘:ﬂ_cy Metformin or other agent (including
for weight combination therapy) that provides
SGLT2it +CKD (on maximally tolerated loss ade_ﬂgc'g'é EFHCAC;‘ lﬂ‘ﬂc""?\'e ﬂil"d
. maintain 'cemic treatment goals
with proven HF benefit dose of ACEi or ARB) Very high: e e goes
in this ion | Prioritize avoidance of hypoglycemia
Semaglutide, in high-risk individuals

SGLT2# with primary evidence
of reducing CKD progression

If A1Cis above goal

« Pioglitazone®

+ Forindividuals on a GLP-1 RA, consider adding
SGLT2i with proven CVD benefit or vice versa

. J Wi
eGFR =20 mL/min/1.73 m?

« Continue until initiation of
dialysis or transplantation

= Glucose-lowering efficacy is reduced
with eGFR <45 mL/min/1.73 m?

| GLP-1 RA* with proven CKD benefit

If A1C is above goal, for individuals
on SGLT2i, consider incorporating
a GLP-1RA or vice versa

tirzepatide

l
Dulaglutide,
liraglutide Efficacy for glucose lowering
Intermediate: Veryhigh:
GLP-1RA (not Dulaglutide (high dose), semaglutide,
listed above), tirzepatide, insulin
£8hr Combination oral, combination
— injectable (GLP-1RA and insulin)
Metformin, High:
DPP-4i GLP-1RA (not listed above), metformin,
SGLT2i,
Intermediate:
DPP-4i
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SGLT2 inhibitor

4g71H

SGLT-2 - AOIMZER UMY (oL 0 o0 ma agap B2 -FNFUER
inhibitor e T me = S X -33 7ttof
oo

v Empagliflozin 10mg, 25mg
v Dapagliflozin 10mg
v Enavogliflozin 0.3mg
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Glucose filtration

Macula densa

S1 segment of
proximal tubule

Glucose reabsorption

Collecting duct

53 segment of
proximal tubule

Glucose excretion
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Table 2: Incidence rate of urogenital infections.

Infections No. of infected idence rate (per 100 Persons)
l.lmgmital infections 58/300 19.3
Males 35/193 18
Females 23107 21
47/300 15.6
Bacterial infection Males 25/193 12.95
Female 22/107 20.56
11/300 3.6
Fungal infection Males 10/193 0.051
Females 1/107 0.009

Benoy A et al. Int J Adv Med. 2025 Jan;12(1):50-56

Reasons for discontinuation of the SGLT2 inhibitors

Total <3 Months 3 to 12 Months 12 to 24 Months
(n=97) (n=22) (n =43) (n =32)
Frequent urination 19 (19.6%) 4 (18.29%) 7 (16.2%) 8(22.8%)
Genital infection 11 (11.3%) 2(9.1%) 3(9.3%) 6 (17.1%)
i 2(9.1%) 5(11.6%) 1(2.9%)
Urinary tract infection 7 (7.2%) 0 (%) 5 (11.6%) 2 (5.7%)
Fatigue 4 (4.1%) 2(9.1%) 2 (4.7%) 0 (0%)
Digestive symptoms 4 (4.1%) 0 (0%) 3(7.0%) 1(2.9%)
Body weight loss 5(5.2%) 2(9.1%) 2 (4.7%) 1(2.9%)
Diabetic ketoacidosis 3(3.1%) 0 (0%) 2 (4.7%) 1(2.9%)
Drug allergy 3(3.1%) 1 (4.5%) 2 (4.7%) 0 (0%)
Unknown 23 (23.7%) 8 (36.4%) 7 (16.3%) 8(22.9%)
Improved glycemic control 10 (10.6%) 1 (4.5%) 5 (11.6%) 4 (17.1%)
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SGLT2i Placebo Risk Ratio Risk Ratio
Study or Subgrou Events Total Events Total Weight M-H, Random, 95% CI M-H. Random, 95% CI
Baenett AH et al. 2014(1) 4 187 2 187 3.2% 2.50([0.49,12.72] -
Baenett AH et al. 2014(2) 12 195 6 85 T.4% 0.87 [0.38, 2.52] 1
Bailey CJetal. 2013 53 409 7 137 9.7% 2.54 [1.18, 5.49] -
Haerting Hetal. 2015 23 441 z 226 3.8% 5.87 [1.40, 24.66]
Kohan DE et al. 2014 15 168 3 84 52% 2.50 [0.74, 8.40] T
Kovase CS etal. 2015 24 333 5 165  7.4% 2.381(092,612] T
Merker Letal 2015 38 431 1 206 2.3% 18.16(2.51,131.37)
Roden M etal. 2015 29 670 4 2280 6.6% 2.48[0.88,6.97] T
RosenstockJ etal. 2015 21 324 3 170 53% 367[0.11,12.14] —
Wanner C etal, 2016{1) 64 1212 10 607 11.4% 3.21 [1.66, 6.20] —
Wanner C etal, 2016(2) 234 3473 32 1726 17.7% 3.63[2.52,5.23] -
Wilding JP etal, 2014 70 610 ] 197 9.0% 3.77 [1.66,8.54] -
Wiviott SD etal, 2019 76 8574 9 8569 10.9% 8.44[4.23,16.83] —
Total (95% CI) 17027 12597 100.0% 3.34 [2.44,4.5T] <
Total events 664 g0
Heterogeneity: Tau®=0.11; Chi*=19.17, df= 12 (P = 0.08); F= 37% T o1 . P

Test for overall effect: Z=7.57 (P = 0.00001)

Favours[SGLT2i] Favours[Placebo]

2|8 X
(Fournier gangrene)

ORIGINAL RESEARCH Annals of Internal Medicine

Fournier Gangrene Associated With Sodium-Glucose
Cotransporter-2 Inhibitors

A Review of Spontaneous Postmarketing Cases

HIZ w2 AbgSts %ol 52
xjo| LhAEH HQ 8l 2K IS E
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0.006
P-value for log-rank test = 0.93
0.005
o
I}
§ 0.004
=
S
£
g 0.003
'.g SGLT2
5 DPP4
£ 0.002
S
(=]
0.001
0
0 3 6 9 12 15
Months Since Cohort Entry
At risk 0 3 6 9 12 15
(months), n
DPP4 61,876 44,268 30,983 20,951 13,675 8,679
SGLT2 61,876 45,804 32,513 22,800 15,280 9,405
Ann Intern Med. 2019 Jul 30;171(4):248-256
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2z

SGLT2i Placebo Risk Ratio Risk Ratio

Study or Subgrou Events Total Events Total Weight M-H. Random. 95% CI M-H. Random, 95% CI
Baenett AH et al. 2014(1) 31 187 29 187 4.4% 1.07 [0.67,1.70]
Baenett AH et al. 2014(2) 23 195 15 95 2.7% 0.75[0.41,1.36] —
Bailey CJetal 2013 41 409 11 137 24% 1.25[0.66, 2.36] ]
Haering H et al. 2015 73 441 36 2125 B5.9% 1.03[0.72,1.49] I
Kohan DE etal. 2014 18 168 12 o4 21% 0.75[0.38, 1.48] —
Kovasc CSetal. 2015 74 333 44 165 8.6% 0.83 [0.60, 1.15] I
Merker L etal 2015 53 431 28 208 51% 0.80[0.58, 1.39] R
Roden M etal. 2015 61 670 25 228 4.8% 0.83[0.54,1.300 7
RosenstockJ etal. 2015 43 324 15 170 31% 1.50[0.86, 2.63] |
Wanner Cetal, 2016 842 4636 423 2333 432% 0.99[0.89,1.10] -
Wilding JP et al, 2014 72 E10 11 197 2.6% 211 [1.14,3.91]
Wiviott SD et al, 2019 127 B5G9 133 8574 142% 0.96[0.75,1.22] -
Total (95% CI) 17023 12602 100.0% 0.99 [0.89, 1.09] L 4
Total events 1458 782

i 2 - ChiE= - - CE= : 7 —
Heterogeneity, Tau®= 0,00; Chi*=12.14, df=11 (P=0.35); F=9% 05 07 15 2

Testfor overall effect: 7= 022 (P = 0.82)

Favours[SGLT2i] Favours[Placebo]

Diabetes & Metabolism Journal 2020;44(4):489-497
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*O|lE %00

Lto] //dtH: 50/M
+ Metformin + empagliflozin + linagliptin
- CIOJO|E 3 AARRF 22, 2471 & Uil

+ Lab: HbA1c 7.2%, FPG 150, &% A E 3.5

‘25,79, AE St

Kidneys

§

Glycosuria
Natriuresis
TKelone bodies reabsorption

B-oxidation 1 Plasma Ketone Bodies

1 Insulin secretion
+ Glucagon secretion

Adipose

Free fatty acid
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SGLTZ2i Placebo Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H. Random, 95% CI M-H. Random, 95% CI
VWanner C et al, 2016 4 4535 1 2333 838% 1.98[0.22,17.81] E—
Wiviott SD et al, 2019 27 8574 12 8569 91.2% 225114, 4 44) _-_
Total (95% Cl) 13259 10902 100.0% 2.22 [1.16, 4.26] -
Total events 31 13
Heterogeneity, Tau®= 0.00; ChF= 0.01, di=1 (P = 0.92); F= 0% ! t t |
Tostite tyatal RenZ= 34z P =0.02) ( > el ol I R
} : ) Favours[SGLT2i] Favours[Placebo]

Diabetes & Metabolism Journal 2020;44(4):489-497

TeBAHAEMS

« SGLT2YMIM|2f LA El T FHEAMT 2 LTS SHISH] = FHET T
B3| EAFS(euglycemic diabetic ketoacidosis)E B0t Xt 022
« S AF7E AR AR Bteot S5, 278 HEL 1Y, o=

— HEALS HEM Q|SH0| ZII5H 4 Qo0 2 SGLT2AUK|N| YA|XOZ FCt

o AAF 2 58 FTHSick-day rule) BEEA| A4
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Lto| [/dtH: 78/F

« 113Qt0 & Olmesartan+ Hydrochlorothiazide

Metformin 28 & gt =

« OIXO
2T 2T

d
2
A
ot
oI)l
HIJ
=
10

™ otk|of Dapagliflozin £7t

EI-_JIk_’ x-l od OF

Risk Ratio

Total Weight M-H. Random, 95% CI

= — . — |
SGLT2i Placebo

__Study or Subgroup Events Total Events
Baenett AH et al. 2014(1) 7187 5 187
Baenett AH et al. 2014(2) 1 195 1 95
Bailey CJ etal 2013 5 409 2 137
Haering H etal. 2015 3 441 1 225
Kohan DE etal. 2014 19 168 5 84
Kovase CS etal. 2015 2 333 0 1685
Merker L etal. 2015 3 4 0 206
Roden M et al. 2015 1" 670 1 229
Wanner C et al, 2016 239 4687 115 2333
Wilding JP et al, 2014 14 @10 2197
Wiviott SD et al, 2019 213 8574 175 8569
Total (95% CI) 16705 12427
Total events 517 307

1.6%
0.3%
0.7%
0.4%
2.2%
0.2%
0.2%
0.5%
42.2%
0.9%
50.8%

100.0%

Heterogensity Tau®= 0.00; ChiF= 5.85, df= 10 (P = 0.83); F= 0%

Testfor overall effect: Z=2.09 (P = 0.04)

Risk Ratio
M-H, Random, 95% CI

1.40 [0.45, 4.33]
0.49[0.03, 7.70]
0.84 [0.16, 4.27]
1.53[0.16, 14.63]
1.90 [0.74, 4.91]
2.49[0.12, 51.47]
335017, 54.63]
2,76 [0.49, 28.06]

1.03[0.83,1.28]
2.26 [0.52, 9.56]
1.22[1.00,1.48]
1.16 [1.01, 1.34] »
01 1 10 50

Favours[SGLT2i] Favours[Placebo]
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Table 4. Summary of Overall Safety and Selected Adverse Events (AEs) According to Age: Safety Population

<75 =75
Non- Canaglifiozin  Canaglifiozin Non- Canagliflozin  Canagliflozin
canagliflozin, 100 mg, 300 mg, canaglifiozin, 100 mg, 300 mg,
Parameter n=3,107 n = 2929 n=2913 n =155 n =163 n=172
Any AE 2,048 (65.9) 1,965 (67.1) 1,997 (68.6) 112 (72.3) 118 (72.4) 136 (79.1)
AE leading to discontinuation 109 (3.5) 113 (3.9) 163 (5.6) 12 (7.7) 16 (9.8) 10 (5.8)
AE related to study drug® 553 (17.8) 716 (24.4) 850 (29.2) 32 (20.6) 49 (30.1) 62 (36.0)
Serious AE 235 (7.6) 211 (7.2) 228 (7.8) 36 (23.2) 28 (17.2) 21 (12.2)
Death 14 (0.5) 10 (0.3) 13 (0.4) 4(286) 2(12) 0
Selected AE
Urinary tract infection 131 (4.2) 158 (5.4) 163 (5.6) 10 (6.5) 13 (8.0) 12 (7.0)
Genital mycotic infection
Men®© 20 (1.1) 98 (5.8) 130 (7.9) 0 6(5.8) 10 (8.5)
Women®* 29 (2.3) 153 (12.4) 154 (12.2) 1(1.7) 8 (13.3) 7(12.7)
Qsmotic dincecic relatad AF' 55 (1.8) 7(45)
45 (1.4) 63 (2.2) 90 (3.1) 4 (2.6) 8(4.9) 15 (8.7)
Not Iakmgmsuhn, sulfonylurea, or 1,502 1,386 1,390 45 47 42
meglitinide, n
Documented hypoglycemia” 192 (12.1) 73 (5.3) 68 (4.9) 7 (15.6) 2(43) 2 (48)
Severe hypoglycemia 14 (0.9) 6 (0.4) 4(0.3) 1(2.2) 0 1(24)
Taking insulin, sulfonylurea, or 1,515 1543 1,523 110 116 130
meglitinide, n
Documented hypoglycemia” 492 (32.5) 617 (40.0) 646 (42.4) 43 (39.1) 61 (52.6) 55 (42.3)
Severe hypoglycemia 31 (2.0) 34 (22) 39 (256) 6(55) 4(34) 5(38)
Am Geriatr Soc 2016;64(3):543-52
EltA T{cdOf
=1, -I = -
= al ol EFA Ol 40}t L Ad
. o =0 1 = 1=
° X ®|= &dot g|O
AMEFHHE, FY, Cr=el
=i =
o AFRod M EFHE A%}
ES =2 xO| B [ xo| Zlo
« 55| O|=XIE 58 52 BXIOIM = AFBOl 2| HQ
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*OlE:Zloo

- Lto| /AdtH: 65/M

* HTN, eGFR 60

 Metformin + Dapagliflozin -8 37H< i

« G| 2, 7|HX5} HIF 6kg HA

Protective Detrimental
Effects Effects

N
/ Favorable FFA \‘\.
rofile -
1 Protein s 4 Gluct e}nry
> synthesis {Inflammation VU
-
T Amino acid /\ 1 Amino acid| de
;gnei:‘zig:ag;ial content & entry é's'ﬁ:'a':'ce '“°§\ﬁ g cdown
\>‘ \
1PISK-AKT LS
i signaling
signaling
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WESHME g4, 2HLT

Experimental Control Mean Difference Mean Difference
i % Cl IV, Random, 95% CI

Fadini (2017) 29 6.03 15 01 52 16 0.6% -3.00 [-6.60,0.60] ™
Horibe (2022) -0.64 13 26 -0.12 13.03 24 01% 0.52[-7.74,6.70] * »
Hoshika (2021) -019 863 22 134 856 29 03% -1.53 [-6.30, 3.24]
Inoue (2019) -0.58 1388 22 0.01 1235 24 01% -0.59[-8.21,7.03]
Javed (2019) 11 828 19 02 1118 20 02% -0.90 [-7.05, 5.25]
Kayano (2020) 03 228 36 02 1479 38  0.1% -0.50[-9.31, 8.31]
Latva-Rasku (2019) 09 6585 15 04 7096 16 0.3% 1.30 [-3.60, 6.20]
Shimizu (2019) -09 108 33 03 735 24 03% -0.60 [-5.31, 4.11]
Sugiyama (2017) -02 587 28 03 699 22 06% 0.10 [-3.54, 3.74]
Tsurutani (2018) -027 074 52 003 075 49 887%  -030[-059, -0.01] -
Yamakage (2020) 01 999 26 02 877 24 03% 0.30 [-4.90, 5.50] =
Zeng (2022) -044 244 46 063 23 51 84%  -1.07[2.02,-0.12] - &
Total (95% CI) 340 337 100.0% I -0.38 [-0.65, -0.10] - I

Heterogeneity: Tau? = 0.00; Chi* =5.21, df = 11 (P =0.92); I = 0% ‘2 _'1 0 1' é
Test for overall effect: Z=2.71 (P = 0.007) Favours [SGLT-2 inhibitors]  Favours [control)

Front Endocrinol (Lausanne) 2023;14: 1203666.

WESHHE g4, 2HLT
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GLP-1 =&X| 2 X,

et A AO[O[NM FHE 7|

Nutrient-stimulated hormone

Cardiovascular safety of GLP-1-
based treatments in T2D
A
’ Cardiovascular safety of GLP-1-
GLE=1RA based treatments in obesity

GLP-1 increases GLP-1 inhibits GLP-1RA for y
Discovery of GIP insulin secretion food intake weatment of T2 e
GLP-1 and GLP-1RA
phase 3 trials in:
HFpFF, PAD, DKD,
NASH, AD, PD
1971 1987 1993 1996 2005 2006 2014 2016 2023
B
Neural protection
Food intake
Parenteral
agonist Al fesac
1Heart rate
|Blood pressure
. e . {
GLP-10” 3
o GLP-10 QGLP"R_ IHepati gucose §
GLP-1RA® ‘ reduction
i B A
° o \ £ nsuin
@ Beta cell Y \é secretion ?
Pinsulin 1GI motiity
secretion
1 Glucagor * p
secretion Oral agonist

GLP-1 producing cells

J Clin Invest. 2024;134(2):e175634
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NuSH-based pharmacology

[Exenalide. Iixisenatidej [Liraglutide. dulaglutide, semaglutide] [Oral semaglutide]

f f f

[ Short-acting subcutaneous Long-acting subcutaneous Oral ]

Monoagonist

GIP receptor GLP-1 receptor Glucagon receptor
agonism agonism agonism

Dual argonrist Triple agoniét [ Dﬁél ééonist
( Tirzepatide | (SAR441255, LY3437943) | Cotadutide, SAR425899 |
.~
Retatrutide

Diabetologia 66, 1796-1808 (2023).

2025 ADA guidelines

: Use of Glucose-Lowering Medications in the Management of Type 2 Diabetes

Goal: Cardiovascular and Kidney Risk Reduction in
High-Risk Individuals with Type 2 Diabetes*

Goal: Achievement and Maintenance
of Weight and Glycemic Goals

+Indicators of + + y
[ +ASCVD! I [ Piah CUD riek ] HF CKD +Weight +Achievement and maintenance
9l ns! Current or prior E€GFR <60 mLimin/1.73 m* OR management| of glycemic goals
symptoms of HF albuminuria (ACR 23.0 mglmmol
with documented 130 mg/g)). Repeat
HFIEF or HFpEF s required 1o confim CKD. l l
+ASCVD/indicators of high CVD risk~
( Metformin or ather agent fincluding
GLP-1 RAY SGLT2E with ‘combination therapy) that provides
with proven proven CVD SGLT2it +CKD (on maximally tolerated adequate EFFICACY to achieve and
VD benefit | bene it proven 4 banoft dose of ACEi or ARB) maintain glycemic treatment goals
his populat Pricritize avoidance of hypoglycemia

SGLT2# with primary evidence 3 in high-risk indivicuals

of reducing CKD progression u

+ SGLT2i can be started with
eGFR 220 mL/minf1.73 m*

If AC s above goal « Continue until initiation of
dialysis or transplantation

* Glucase-lowering efficacy is reduced
with eGFR <45 mLimin/1.73

J Very high:
5 Duaglutide [high dose), semaghitide,
+ For individuals on a GLP=1 RA, consider adding ) ticzepatide,insulin
SGLTiwith proven CVD benefit or vice versa i L e e
+ Piaglitazone® injectable ‘
GLP-1 RA* with proven GKD benefit L (ETACRT T )
tf

Efficacy for glucose lowering

High:
GLP-1 A (ot isted above), metformin,
piogltazone, SGLT2|, sulfonylurea

Intermediate:
DPP-di

If &1C |5 above godl, for indivicuals
0N SGLT2I, consider incorporating
8 GLF1 RA of vice versa

I additional cardiovascular and kidney risk reduction, management of ather 1f A1C is above goal or significant hypoglycemia or
metabolic comorbidities, andjor glycemic lowering is needed hyperglycemia or barriers to care are identified

1
1
'
'
I
[ +Mitigating risk of MASLD or MASH ] | + Refer to DSMES to support self-afficay in achievement of
T H weatment goals
H I + Consider technology (e.g., diagnosti o personal COM to
+ ' ideniify therapeutic gaps and tailor therapy
! |+ Idenfy and address SDOH that impact achievement of
Agents with potential benefit in MASLD or MASH I vreatment goals
GLP-1RA, dual GIP and GLP-1 RA, pioglitazone, or combination of GLP-1 RA with pioglitazone -
T Use insulin in the setting of decompensated Cithosis
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2025 ADA guidelines

Features of medications for lowering glucose in type 2 diabetes

Medication Glucose- CV effects Kidney effects
(route of lowering Hypoglycemia Progression of MASH
administration)  efficacy’ risk Weight effects? | Effect on MACE | Effect on HF CKD Dosing/use considerations* effects | Clinical considerations and adverse effects
GLP-1RAs High to No Loss Benefit: Neutral Benefit for renal | » See labels of individual Potential |+ Thyroid C-cell tumors identified in rodents;
(sq; very high (intermediate | dulaglutide, end points in agents for dosage benefit human relevance not determined.
semaglutide to very high) liraglutide, CVOTs, driven considerations for kidney = lleus: risk level is not well established; provide
also available in semaglutide by albuminuria function guidance on discontinuation prior to surgical
oral formulation) (sa) outcomes: = No dose adjustment for procedures.
dulaglutide, dulaglutide, liraglutide, or = Pancreatitis: acute pancreatitis has been
liraglutide, semaglutide reported, but causality has not been established.
semaglutide « Monitor kidney function Do not initiate if at high risk for pancreatitis, and
(sQ) when initiating or discontinue if pancreatitis is suspected.
MNeutral: Demonstrated escalating doses in « Biliary disease: evaluate for gallbladder disease if
exenatide benefit for individuals with kidney cholelithiasis or cholecystitis is suspected; avoid
once weekly, progression impairment reporting use in at-risk individuals.
lixisenatide of CKD for severe adverse Gl « Diabetic retinopathy: close monitoring of
semaglutide reactions retinopathy in those at high risk (older individuals
(sQ) and those with longer duration of T2D [210 years]).
- » Impact on drug absorption: orally administered
) drug absorption may be impaired during dose
GLP-1 receptor - Ego|E Qs 2H| e re=) 08-15% | «Fol HTY, SEUTLEY, S5 {FXTH)H, dEEo, titra%’an (in(?ludl’ng 0{ oral cgntraceptivegsl.
agonists E7h A= 227H= 2 £ olotH|E mettt 55 ofztetdel(@EEX] 28), - Gl side effects: counsel on potential for Gl side
Exenatide ZtA; 2lHlE 2R Chp M ofok= 3 SAChtEIst eﬁegt‘s: prov‘\dg guidance on d‘\etgry I:nudiﬁcations
) , to mitigate Gl side effects (reduction in meal
LlraglUt|de - AlsEet M « 27| ZAMER r= MEN 21’9_| A = 2t EY size, mindful eating practices [e.g. stop eating
Dulag[ut]de N once full], decreasing intake of high-fat or spicy
S lutid - AALQ} 2HA|QIO| IS AL food); consider slower dose titration for those
emaglutiae (°| 128 e = l§|) experiencing Gl challenges. Not recommended
= =T for individuals with gastroparesis.
| | reacuons

2023 KDA guidelines

2025 KDA guidelines =
- Metformin| LXtOFX] 1 LIS ALK @ !

- AMzZbst 1Y (A1c>9.0%) 7| =0 MM g1 1
o 2 Olst T4 LAl O|3HatE T4

+Hetfurm|n +Metformin +Me‘rfarmm

Metformin SGTU GUE-IRA BRP Gliie

. %ﬁ%ﬁ%ﬁ%@

+0thers
+Others W S

GLP1-RAE

MBS R

L - 2
GLP1-RA

Basal insulin

+0AD(s)

+OAD(s) J

Hzft DEH(AIC >5.0%)2H B0 DY oS eist SY(CHE, i, HSHA §)ol Y=ol =217 — )
(=)
2
SAFNHEIEN HRH = O UEES0| SUEo] s

+0AD(s) +0AD(s) | +—
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Exenatide

~®— Exenatide group (n = 275) ;; "
w ®57 ~@- Insulin glargine group (7 = 260)
s .é 2
Z., - i
3
» 654 E
g
£ : "
£ oo+
; : . i
o 12 26
Weeks . ¢
Exenatide group, 0 275 3 2 g pon e Pat Mo ot dooam  fwweg  for e Rt me  fon  Jooam
Insulin glargine group, n 260 249 242 A . e e
Time Time
-:[E::\Ilm;s.gmup(n=2(7n§)- e O v - Insulin glargine, week 0
- Insulin glargine group (n = - Insulin glargine, week 26
2 ol
1 . B
& "
¥
g 4 i
L ® 5 ¢
Bl T i
> *
3 2 o §
a8 * H
-3 ) §
¥ .3 T T T u F-1 8
024 8 1 18 26 H
Weeks |
g
Exenatide group, n 281277275 261 245 235 231 == - = . s s = - n3 ~
Insulin glargine group, n 267266261 253 251 246 244 o -

Exenatide, 10 pg twice daily, or insulin glargine, 1 daily dose titrated to maintain
fasting blood glucose levels of less than 5.6 mmol/L (<100 mg/dL).

Ann Intern Med. 2005 Oct 18;143(8):559-69.

Liraglutide

Body weight (kg)
=4
o
1

Q T T T T T T T T T T T T T 1

L e e R
0 2 4 6 8 10 12 14 16 18 20 22 24 26 6 2 4 B 8 40 12 14 18 18 20 22 24 26

Time (weeks) Time (weeks)

o

Liraglutide 1.8 mg (squares)
Glargine (diamonds)
Placebo (triangles)

Change in body weight (kg)
o
1

"

Liraglutide Placebo Glargine

Diabetologia. 2009 Oct;52(10):2046-55.
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AWARD-4

: combination with

prandial insulin lispro

AWARD-2

:add-on to
metformin + SU

Dulaglutide

90 —=- Dulaglutide 1.5mg 749
~&- Dulaglutide 0.75 mg
& Glargine
854 L69.4 =
: F
> 2
z 80 [640 = b}
T z o
3 g £
3 z 5
2 757] bsss 3 &
g 3 &
z 3 Z £
E = ] s 2
2 704 530 5 =
g g
= H
65+ 475
6 T T 421
13 26 52
Time (weeks) Time (weeks)
B —@— Dulaglutide 1.5 mg
Dulaglutide 0.75 mg
84 —A— Glargine 68 g
2
82 & :
: Tt
w X o i 34—
N\ T 3
g e \ e E
\ 60 § '
i \ 3—F—=3[ 3 H
3 e e e ks M “ 2 i
z L 3 I £ E (e
S 12 - i H =
5 ¢ % 3F % Tes gl "Nte s R
70 E] R = "
; L L =2 5 g 3 N |
68 # 50 £ -3 i ; E ? f
66 ® 2 3 & & % l & L
64 26 g
L 5 ® bl 2 = ® 024 8 14 20 26 35 44 52 65 78
Time (Weeks) Time (Wesks)

Lancet. 2015 May 23;385(9982):2057-66.

Diabetes Care. 2015 Dec;38(12):2241-9.

Mean change in HbA1c (%)

Dulaglutide (AWARD program)

1. Umpierrez G, et al. Diabetes Care 2014;37:2168-76. 2. Dungan KM, et al. Lancet 2014;384:1349-57. 3. Nauck M, et al. Diabetes Care 2014;37:2149-58. 4. Dungan KM, et al. Diabetes Obes Metab 2016;18:475-82.
5. Wysham C, et al. Diabetes Care 2014;37:2159-67. 6. Giorgino F, et al. Diabetes Care 2015;38:2241-9. 7. Pozzilli P, et al. Diabetes Obes Metab 2017;19:1024-31. 8. Blonde L, et al. Lancet 2015;385:2057-66.

M Trulicity 1.5 mg

W Trulicity 0.75 mg

M Comparator

AWARD-3' AWARD-62 AWARD-53 AWARD-8* AWARD-15 AWARD-26 AWARD-97 AWARD-43
vs metformin vs liraglutidle vs sitagljptin vs placebo vs exenatide BID vs insulin glargine vs placebo with vs insulin glargine
monotherapy with metformin with metformin with SU with metformin with metformin insulin glargine with insulin lispro
(26 weeks (26 weeks) (52 weeks) (24 weeks) and TZD (26 and SU (52 weeks) + metformin + metformin
7.6% 8.1% 8.1% 4% weeks) 8.1% (28 weeks) (26 weeks)
8.1% 8.4% 8.5%
/
B | : .
. / %
b / _
5o _ = _
g % : .
40 % - %
] % /
1.2 % %
1.4 2, g 3 :on - ‘_/
1.6 < - ~” T - 3 o
- N o - o T
1.8 ! o ! k.

I Placebo

2p<0.025 superiority vs comparator; p<0.0001 noninferiority vs comparator; <p<0.001 superiority vs comparator; 9p<0.001 superiority vs placebo;
¢p<0.001 noninferiority vs comparator; fp=0.005 superiority vs comparator; 9p=0.015 superiority vs comparator.

-1.64f
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Liraglutide and Cardiovascular Outcomes (LEADER)

A Primary Outcome B Death from Cardiovascular Causes E Death from Any Cause
1009 207 Hazard ratio, 087 (95% C1,078-097) [, 1007 209 paard ratio, 0.78 (95% CI, 0.66-0.93) 1007 209 payard ratio, 0.85 (95% CI, 0.74-0.87)
90 P<0.001 for noninferiority acebo 950 P=0.007 90 P=0.02
@ 504 15 P=0.01 for superiority I3 20 §_ 204
£ Liraglutid k3 - Placebo
§ 01 10 e § ] 1 Placebo § 707 0
F L S e Uraglutide
g s ° S ogd 3 g 5 g
= £ Liraglutide = 50
= kS =
R I — R I e T e —
% 304 0 6 12 18 24 30 36 42 48 54 ::: 30 0 6 12 18 24 30 36 42 48 54 ."él 304 0 6 12 18 24 30 36 42 48 54
L 2 k]
5 2 F 20 RS
104 104 104
0 T T T y T 7 T 7 1 0 T T T T T T T T | 0 T T T T T T 7 1
0 6 12 18 24 30 36 42 43 54 0 6 12 138 24 30 36 42 48 54 b & 12 13 2 30 36 42 45w
Months since Randomization Months since Randomization Months since Randomization
No. at Risk No. at Risk No. at Risk
Liraglutide 4668 4593 4496 4400 4280 4172 4072 3982 1562 424 | Lirsgluide 4668 4641 4599 4558 4505 4445 4382 4322 1723 484 | Lilide 4668 4641 4559 4558 4505 4445 4382 4322 1723 434
Placebo 4672 4588 4473 4352 4237 4123 4010 3914 1543 407 Placebo 4672 4648 4601 4546 4479 4407 4338 4267 1709 465 Placebo 4672 4648 4601 4546 4479 4407 4338 4268 1709 465

N EnglJ Med. 2016 Jul 28;375(4):311-22.

A Composite cardiovascular outcome

184 — Placebo
—— Dulaglutide

15 9

I i

2

£ 9

£

3

E 6

3

HR 0-88 (95% C10-79-0-99)
p=0.026

B Cardiovascular death

HR=0-91 (95% C1 0-78-1.06)
p=0-21

1 2 3 42 5 &
Number at risk

Placebo 4952 4791 4625 4437 4275 3575 742
Dulaglutide 4949 4815 4670 4521 4369 3686 741

C Non-fatal myocardial infarction

18 HR 0-96 (95% C1 0-79-116)
p=0-65
%
= 1
£
g 9
=
g2 6
S
3
0 T T T T T 1

0 1 2 3 4 5 6
4952 4854 4748 4617 4499 3813 802
4949 4866 4773 4663 4556 3887 807

D Non-fatal stroke

HR 076 (95% C1 0-61-0-95)
p=0-017

0 1 2 3 4 5 6

Number at risk Time since randomisation (years)

Placebo 4952 4819 4680 4518 4372 3672 766
Dulaglutide 4949 4833 4705 4574 4443 3772 767

T T T T T T 1

0 1 2 3 4 5 6
Time since randomisation (years)

4952 4826 4692 4534 4396 3710 777
4949 4847 4736 4606 4476 3796 776

Dulaglutide and Cardiovascular Outcomes (REWIND)

Lancet. 2019 Jul 13;394(10193):121-130.
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0.0

Change from baseline
in HbA,. (%)

-2.0

# Semaglutide 0.5 mg mSemaglutide 1.0 mg = Placebo

Change from baseline
in BW (kg)

= Semaglutide 0.5 mg

mSemaglutide 1.0 mg

= Placebo

u Insulin glargine = Dulaglutide 0.75 mg

Semaglutide (SUSTAIN program)

a SUSTAIN 3 SUSTAIN 4 SUSTAIN 5 SUSTAIN 6
SUSTAIN 1 SUSTAIN 2 vs exenatide ER vs basal vs placebo SUSTAIN 7 vs pl
vs placebo vs sitagliptin (MET, MET+SU, insulin (add-on vs dulaglutide  (0-2 OAD=basal or
Background: (treatment-naive) (MET£TZD) other™) (MET£SU) insulin£MET) (MET, MET/SU)  premixed insulin)
Treatment duration: 30 weeks 56 weeks 56 weeks 30 weeks 30 weeks 40 weeks 104 weeks
HbA, at baseline: 8.1% 8.1% 8.3% 8.2% 8.4% 8.2% 8.7%

=1Glar = Dulaglutide 0.75 mg = Dulaglutide 1.5 mg = Placebo 0.5 mg = Placebo 1.0 mg

SUSTAIN 5 SUSTAIN 6

b SUSTAIN 1 SUSTAIN 2 SUSTAIN 3 JUSTAIN 4 vs placebo SUSTAIN 7 vs placebo
vs placebo vs sitagliptin vs exenatide ER  vs basal insulin {add-on vs dulaglutide (0-2 OAD£basal or
Background: (treatment-naive)  (MET+TZD) (MET, MET+SU, other™") (MET£5U) InsulinMET) (MET, MET/SU) premixed Insulin)

Treatment duration: 30 weeks 56 weeks 56 weeks 30 weeks 30 weeks 40 weeks 104 weeks

BW at baseline: 92 kg 89 kg 96 kg 93 kg 92 kg 95 kg 92KG
2 1.2

mDulaglutide 1.5 mg

= Sitagliptin 100 mg Exenatide ER 2.0 mg

= Sitagliptin 100 mg Exenatide ER 2.0 mg

= Placebo 0.5 mg u Placebo 1.0 mg Diabetes Metab. 2019 Oct;45(5):409-418.

Semaglutide and Cardiovascular Outcomes(SUSTAIN-6)

A Primary Outcome

B Nonfatal Myocardial Infarction

Weeks since Randomization

No. at Risk
Placeba 1649 1629 1611 1597 1571 1548 1528
Semaglutide 1648 1630 1619 1606 1593 1572 1558

100 100
a0 104 Hazard ratio, 0.74 (95% CI, 0.58-0.95) a0 59 Hazard ratio, 0.74 (95% CI, 0.51-1.08)
94 P<0.001 for noninferiority Placebo. P=012 Placebo.
g ? P=0.02 for superiority — g 80 4 /
g . 0
2w s 2 w0
£ 50 ; £ 50
[ H
i w0 1 5
= T T T T T T T T T T T T =
£ 0 24 32 40 48 56 64 12 30 33 9 104108 £
10 10
+— ———— 1T T —
o g 16 24 2 0 48 56 2] n 20 83 9% 104 109 o g 18 4 2 0 48 56 2] 7 20 83 9 104 109
‘Weeks since Randomization Weeks since Randomization
No. at Risk No. at Risk
Placsbo 1649 1616 1586 1567 1534 1508 1479 Placebo 1649 1624 1598 1587 1562 1542 1516
Semaglutide 1643 1619 1601 1584 1568 1543 1524 Semaglutide 1643 1623 1609 1595 1582 1560 1543
C Nonfatal Stroke D Death from Cardiovascular Causes
100 100
. 54 Hazard ratio, 0.61 (95% CI, 0.33-0.99) 0 5+ Hazard ratio, 0.98 (95% CI, 0.65-1.48)
P-0.04 P-092
= 4 = 80 4
& &
# 70 3 Placebo £ 70 3 Placebo
E w ~ 2
£ £ z
n 40 n 40 1
i 5§
= = e S e AL A 1
& X £ 0 8 16 24 32 40 48 56 64 72 80 33 95 101108
10 10

Weeks since Randomization

No. at Risk
Placeba 1649 1637 1623 1617 1600 1584 1566
Semaglutide 1648 1634 1627 1617 1607 1589 1579

N Engl J Med. 2016 Nov 10;375(19):1834-1844.
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Established and emerging evidence
supporting use of GLP-1 medicines

GLP-1 medicines

(" Investigational ) Evidence-based medicine Established benefit
; Type 2 Cardiorenal .
Metabolic
’ Liver Diabetes disorders OREEIS
Disease $MACE .
Ty $HbA, W HFpEF Weight loss
O 49 0 $DKD

&

3 lzheimr
PAD
o

Parkinson

$CV death T
X
€,

/

Diabetes Care 2024;47(11):1873-1888

Established and putative adverse events
associated with GLP-1 medicines

CIAe

| Sy
Nausea, diarrhea, [ Possible AE
constipation, vomiting
: : [ Doubtful AE
| J\ : !N /
)
H %
§
Reduced \ / Neuro- r
bowel motility psychiatric
events

Retained 2ileus

gastric ; | 4
contents,
aspiration

GLP-1RA |

?Retinopathy

Gallbladder

?Thyroid
disease f

cance

Acute ?Pancreatitis
kidney ?Cancer
injury  Sarcopenia

€ Q=

Diabetes Care 2024;47(11):1873-1888

2025 M20pHE R Bzt TH Q| Y EL 123

[



Dose-response relationships for the effects of GLP-1

|

Increasing plasma GLP-1 concentrations

Gastric emptying

i @ Insulin secretion
(y) Glucagon secretion

Diarrhoea
: Nausea H
: Abdominal pain :

GLP-1 levels
i achieved i

); with incretin
mimetics |

O Appetite
i O Food intake
= Weight loss

.........................

GLP-1 levels

: ML i achieved
—» | © Plasma glucose i with incretin :
H L — enhancers

GLP-1 effects

Trends Mol Med 2008;14:161-68.

Typical Gl side effects of GLP-1RAs

FULLNESS

VOMITING

v Dose-dependent

v Mild-to-moderate in severity

v’ Transient

v Mostly occur during initiation and up-titration

GASTROPARESIS
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b (A)
pooled
1004
Gl AE 72.9 47.1 90
£ a0
Serious Gl AE 13 0.4 g 70
— £ oo
Severity: mild 65.7 40.6 5 504
3 40
Severity: 32.7 14.3 ] 20
moderate s
S 20
Severity: 41 0.9 R
severe 0
Permanent 43 0.7
discontinuation No. of participants
Temporary 5.9 1.4
interruption
Dose reduction 8.0 0.5

Time to onset of first (8)
gastrointestinal adverse event

Semaglutide 2.4 mg
Placebo

s

T T T T T T T —T
0 10 J20 30 40 50 60 68 75

Time since first dose of trial product (weeks)

Praportion of participants (%)

3888833888

No. of participants

Placebo 1261 1250 1201

Diabetes Obes Metab. 2022 Jan;24(1):94-105.

Gastrointestinal tolerability of once-weekly semaglutide 2.4 mg in
adults with overweight or obesity, and the relationship between
gastrointestinal adverse events and weight loss

Time to permanent treatment discontinuation

Semagluide 2.4 mg 2116 980 670 601 558 534 504 484173  Semaglutide 2.4 mg 2116 2068 1987
Placebo 1261 883 766 705 656 619 578 563 189

due to gastrointestinal adverse events
Semaglutide 2.4 mg

Placebo

0

£

£ o

&

ﬁ &

g

T 4

5

g z

i o ‘

b o] 2 % s e
Time since randomization

7 T T T T
8 20 36 52 68

Time since randomization (weeks)

1926
1135

1870
1072

1781
1017

Gastrointestinal tolerability of once-weekly semaglutide 2.4 mg in
adults with overweight or obesity, and the relationship between
gastrointestinal adverse events and weight loss

Incidence of most common Gl AEs

Incidence of other Gl AEs reported
in 25% of participants

Nausea 43.9 16.1 peielse °
Diarrhea 29.7 15.9 Dyspepsia 90 3.2
Vomiting 245 6.3 Abdominal pain 8.8 4.3
Constipation 24.2 11.1 :\:::rminal pain 7.9 4.2
Abdominal 7.5 5.1
distension
Eructation 7.4 0.4
Flatulence 5.9 4.2
GERD 5.4 2.5
Diabetes Obes Metab. 2022 Jan;24(1):94-105.
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Proportion of participants (%)

Proportion of participants (%)

Nausea in STEP 1-3

Nausea / Vomiting

Vomiting in STEP 1-3

509 Median duration
509 Median duration
Semag\\um’:{e 2.4 mg: 8 days Semaglutide 2.4 mg: 2 days
40| Placebo: 7 days
40 TS
30 30
20+ 204
104 104
0-—t T T T T T T T B T T v T T u T
0 10 20 30 40 50 60 68 75 0 10 20 30 40 50 60 68 75
Time since first dose of trial product (weeks) Time since first dose of trial product (weeks)
Nausea in STEP 4 Vomiting in STEP 4
507 Semaglutide « Randomized 509 semaglutide « Randomized
run in | period run in period
40 ' 40
' Median duration,  Run-in Randomized Median duration,  Run-in Randomized
| days period period days period period
30 , Semaglutide 2.4 mg 15.0 8.0 304 Semaglutide 24 mg 1.0 1.0
! Placebo NA 5.0 ace NA 20
204 " 204
104 104
T T T T T T T T T 0 T T T T T T
0 10 20 30 40 50 60 68 75 0 10 20 30 40 50 60 68 75

Time since first dose of trial product (weeks)

Time since first dose of trial product (weeks)

* Provided that 30 min have passed
since the last GLP-1 RA dose

¢ Eat foods able to ease the
symptoms of nausea

¢ Avoid strong smells

¢ Consider anti-emetics, prokinetics
(domperidone)

Diabetes Obes Metab. 2022 Jan;24(1):94-105.

Diarrhea

Diarrhoea in STEP 1-3

» Avoiding trigger foods (high-fiber foods, raw fruits
and vegetables, spicy or greasy foods, caffeine, and

¢ Small, frequent meals
* Dose reduction or discontinuation of metformin

¢ Anti-motility drugs(loperamide), protectants

50 Median duration
= Semaglutide 2.4 mg: 3 days
& Place 4
- 404
€
g
S 304
=
g
k]
S 204
(=]
=
g 104
a
alcohol)
0-— T T T T T T T T
0 10 20 30 40 50 60 68 75
Time since first dose of trial product (weeks)
Diarrhoea in STEP 4
504 Semaglutide . Randomized
runin period
40 -
Median duration,  Run-in Randomized
days period period
304 Semaglutide 24 mg 4.0 4.0
Place NA 5.0
20
104
0-—r T T T T T T T T
0 10 20 30 40 50 60 68 75

Time since first dose of trial product (weeks)

(dioctahedral smectite), probiotics etc

Diabetes Obes Metab. 2022 Jan;24(1):94-105.
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Constipation in STEP 1-3
507 Median duration
Semaglutide 2.4 mg: 47 days

Proportion of participants (%)

Constipation in STEP 4

507 semaglutide « Randomized
runin period
404
Median duration,  Run-in Randomized
days period  period
30 Semaglutide 2.4 mg 46.0 420
Placet NA 8.0
204
10 “’""“"’""’\-\___N
- v
0

Constipation

¢ Increase fluid & fiber intake

¢ Increase physical activity

¢ A 15-30 minute walk after meals
e Maintain regular bowel habits

¢ Short-term use of stool softeners
(docusate sodium etc)

Diabetes Obes Metab. 2022 Jan;24(1):94-105.

0 Eating habits
Smaller
portions

Eat Only if really down
slowly hungry after meal
@D X @ JeX

Increase meal
frequency No straw J

distractions,
enjoy .
savouring

e) Food composition

&\ 3 Y E
{ spicy or

Low-fat Bol Water-ric Canned
diet oods foods

iling, oven,
griddie

Clinical Recommendations to Manage Gastrointestinal Adverse Events in Patients
Treated with GLP-1 Receptor Agonists: A Multidisciplinary Expert Consensus

Eat crackers, apples, mint, ginger-based
drinks 30 min after GLP-1 RA

J Clin Med. 2022 Dec 24;12(1):145.
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Dietary Recommendations for the Management of Gastrointestinal Symptoms in
Patients Treated with GLP-1 Receptor Agonist

CEREALS
FAT YES to the consumption of

Use extra virgin olive oil, cereals which can help you fight

adding it raw to dishes. nausea. Avoid those in whole

form.

VEGETABLES
Choose cooked vegetables with
low fibre content: YES to
courgettes and cucumbers
without their peel and seeds,
pumpkin and beets.

PROTEIN
NO to foods high in fat (mature
cheeses, cold cuts, red meat).
YES to fish, fresh cheeses and white|
meat. Eat legumes for lunch.

* Eat small, frequent meals, and eat slowly.

* Use simple cooking methods such as steaming, baking,
and boiling, avoiding frying and sautéing.

* Avoid complex or heavily seasoned dishes, spicy foods,
and alcoholic drinks.

* Avoid consuming liquid foods like soups, and broths
during the evening meal, as they may slow down
digestion and increase symptoms.

* Stay hydrated by drinking water in small sips, avoiding
excessive intake during meals.

* Avoid lying down or vigorous activity after meals.

* Avoid wearing tight clothes or belts.

Diabetes Metab Syndr Obes. 2024 Dec 19:17:4817-4824.

Managing the gastrointestinal side effects of GLP-1 receptor agonists in obesity:
recommendations for clinical practice

[ ducation and explanation @ffective management of Gl side effects

$ Patient consultation & counseling

« Counsel patients on:
- The potential for Gl side effects and their typically mild-t derate, temporary nature
- Dietary modifications: recommend reducing meal size, mindfulness to stop eating once full,
avoiding eating when not hungry, avoiding high-fat or spicy food, and moderating alcohol intake
+ Discuss any current Gl symptoms, treat if needed, and counsel the patient on how to manage any
potential worsening after GLP-1RA initiation

@scalation to an appropriate dose

Initiation with gradual dose escalation

+ Follow the gradual dose escalation strategy recommended in the GLP-1RA prescribing information
« Consider slower dose escalation for patients reporting challenges with GI symptoms in the first
few weeks of treatment

If patient presents with Gl side effects

Short-term or mild side effects WLLEEEIEE L 2 Persistent or more severe Gl effects

Patient counseling on dietary
modifications for upper Gl side effects
Recommend increasing fiber and water 11 Pause GLP-1RA dose escalation
intake for constipation, and consider
stool softeners
£ Differential diagnosis
Identify/rule out any underlying Gl disorders

: Optional e
If GERD If vomiting -
v v
[ Pharmacological treatment & GERD treatment ‘ Maintaining hydration &
Over-the-counter remedies for the GI If GERD exacerbation or onset is dietary intervention
symptoms may be considered (not identified, consider proton-pump Advise patients on maintaining
universally recommended). Any use inhibitors or H2-blockers. Use hydration and consider suggesting
should be short term only should be short term only smaller volumes of food intake

If vomiting is severe, persistent and
symptomatic, consider emergent care

If It

) A

~#% GLP-1RA dose adjustment

Consider using lower doses for patients unable
to tolerate the standard maintenance doses

* If unsuccessful

Switching to an alternative GLP-1RA

p Consider switch lo an alternative
& GLP-1RA, if available

e OPHIONAl cersnsreene| I UNSUCCOSSTUI

H
#. Pharmacological treatment St A GLP-1RA treatment cessation

Consider short-term antiemetic use for nausea/vomiting Stop GLP-1RA treatment and consider
in select patients on a case-by-case basis other therapies
(not universally recommended)

Postgrad Med. 2022 Jan;134(1):14-19.
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Other possible adverse effects of semaglutide

Acute gallbladder disease
* Acute pancreatitis

* Gastroparesis and bowel obstruction

* Retained gastric contents and risk of pulmonary aspiration for endoscopy or general anesthesia

* Diabetic retinopathy progression and Nonarteritic Anterior Ischemic Optic Neuropathy (NAION)

Recommendations from American Society of Anesthesiologists

Pre-surgical screening |

Woekly dosing | | Daily dosing |

»

[Hold x 1 woak] [ Hold day of surgery |

1f hold longer in T20M |

[ mmmmoﬂ;nﬂ

ASA fast]

Curr Opin Anaesthesiol. 2024 Jun 1;37(3):323-333.

Type 2 diabetes
Obesity

Heart disease
Kidney disease

GLP-1

Adverse Events

| HbA,.
| Body
weight

| HFpEF
1 MI

| Stroke
| CKD

Nausea, vomiting, constipation, diarrhea, abdominal discomfort, fatigue,

gallbladder disease, acute kidney injury

CKD, chronic kidney disease; GLP-1, glucagon-like peptide 1; HFpEF, heart failure with preserved
ejection fraction; M|, myocardial infarction.

Diabetes Care 2024;47(11):1873-1888
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Introduction

owne/  Asan Medical Center

Case 1

Brief History

Duration of T2DM: since 2014

Current Medications
- Glimepiride/Metformin 2/500 mg 1T BID

Past Medical History
- DM/HTN/Dyslipidemia (+/-/-)

Age 54 years
Gender ol - Alcohol: T 43|, AF 1H/73|
Weight 83.5 kg
Height 175cm Laboratory Findings
BMI 27.3 kg/m? - AST/ALT 82/121 I1U/L, GGT 211 IU/L
- HbAlc 8.5%
| () Mo

awng/  Asan Medical Center
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Case 1

(3

Abdomen USG

Age 54 years
Gender Male
Weight 83.5 kg
Height 175 cm
BMI 27.3 kg/m?
O 2XIZ 2 CHAIO| X[zt Eete = TITe = ASNR?
| (A MEopras
¢/ Asan Medical Center
HI-7I"'O| x |-I=III:I=II:I=|H-I
X2 ZrZ2to] EHH AL Sl THHEH
“Fatty liver” “NASH” “NAFLD” “MAFLD” “MASLD” “CHALO| K| 2h 2 2t
First proposed Named by Used by Suggested by Introduced by ~ The KASL coined
by Ludwig and Schaffner and Eslam and Pan-national the Korean term
Thomas Addison colleagues Thaler colleagues liver societies of MAFLD and
in APASL MASLD
1836 1980 1986 2020 2023 2024

(A MEoes

/' Asan Medical Center

Clin Mol Hepatol. 2025

2025 M2otHEH
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NAFLD and related definitions

» NAFLD: the entire spectrum of fatty liver disease without
significant alcohol consumption

» NAFL: Presence of 25% hepatic steatosis without evidence
of hepatocellular injury or fibrosis

NASH

cirrhosis » NASH: Presence of 25% hepatic steatosis + inflammation
and hepatocyte injury (ballooning) with or without fibrosis

NASH > Causes of secondary hepatic steatosis

: Alcohol, hepatitis C, Wilson’s disease, starvation, parenteral
nutrition, medications (amiodarone, methotrexate, tamoxifen,
steroids, valproate,...)

NAFLD

A ASO0pHy

Asan Medical Center

Hepatology. 2018

Metabolic associated fatty liver disease

Hepatic Steatosis in adults
(Detected either by imaging, blood biomarkers/scores or by liver histology)

L N

Overweight or obesity
(defined as BMI 2 25 kg/m’

Lean/normal weight
(defined as BMI < 25 kg/m*
in Caucasians or
BMI < 23 kg/m’ in Asians)

Type 2 diabetes mellitus
(According to
international criteria)

in Caucasians or
BMI 2 23 kg/m’in Asians)

Presence of 2 two metabolic risk abnormalities:

® Waist circumference 2102/88 cm in Caucasian men and women (or 2 80/80 cm in Asian
men and women).

® Blood pressure >130/85 mm Hg or specific drug freatment.

® Plasma triglycerides = 150 mg/dL (= 1.70 mmol/L) or specific drug treatment.

® Plasima HDL-cholesterol < 40 mg/dL (< 1.0 mmol/L) for men and < 50 mg/dL (< 1.3
mimol/L) for women or specific drug treatment.

* Prediabetes (ie, fasting glucose levels 100-125 mg/dL (5.6 - 6.9 mmol/L), or 2-h
post-load glucose levels 140-199 mg/dL (7.8-11.0 mmol) or HbA1¢ 5.7%-6.4% (39 -
47 mmol/mol)).

® Homeostasis model assessment (HOMA) - insulin resistance score = 2.5

® Plasma high-sensitivity C-reactive protein (hs-CRP) level > 2 mg/L

C MAFLD )
n M20pnEe

Asan Medical Center Liver Int. 2020
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Steatotic liver disease
Hepatic steatosis identified by imaging or biopsy

Presence of any of the cardiometabolic
criteria?

|
YES

¥

|
NO

¥

Metabolic dysfunction-associated steatotic liver disease (MASLD)

Clinical Practice Guidelines

Presence (history) of
alcohol consumption >20 g/day in women
and >30 g/day in men?

Metabolic dysfunction-
associated

steatotic liver disease

NO

(MASLD)

T
YES

Alcohol intake
>50 g/day in women and
>60 g/day in men?

if inflammation and

<
m
(7]

Other causes of
steatosis?

YES NO

ballooning on histology NO YES
' { i
Metabolic dysfunction- MetALD Alcohol-related liver * Drug-induced liver Cryptogenic SLD
associated (20-50 g/day in women disease (ALD) disease (DILI)
steatohepatitis and (>50 g/day in women » Monogenic diseases
(MASH) 30-60 g/day in men) and >60 g/day in men) + Miscellaneous
o o
MS0pLrE e

Asan Medical Center

J Hepatol. 2024

Comparison between diagnostic criteria

Hepatic steatosis in adults

(detected either by liver biopsy, imaging methods, or blood-based biomarkers/scores)

in the absence of other causes of steatosis in the presence of at least one of these

three metabolic conditions

L

in the absence of other causes of steatosis

N

1. Overweight or obesity: BMI 225 kg/m? in Caucasians or B
MI 223 kg/m? in Asians

. Type 2 diabetes mellitus

At least two out of seven metabolic abnormalities:

Waist circumference 2102/88 cm in Caucasian men and wom

en (or ethnic adjusted criteria)

- Prediabetes (i.e., fasting glucose 5.6 to 6.9 mmol/L, or 2-hour
post-load glucose 7.8 to 11.0 mmol/L, or hemoglobin Alc 39 t
047 mmol/mol)

- Blood pressure 2130/85 mmHg or specific drug treatment

Plasma triglycerides 21.70 mmol/L (150 mg/dL) or lipid-loweri

1. Significant alcohol consumption
(defined as alcohol intake >20 g/day for women and >3
0 g/day for men)
2. Chronic viral hepatitis B or C 3.
. Other specific causes for hepatic steatosis
- Drug-induced hepatitis
- Autoimmune hepatitis
- Hemochromatosis
- Wilson’s disease
- Alpha 1 anti-trypsin deficiency

~

- Malnutrition
- Coeliac disease ng treatment
- Overt hypothyroidism - Plasma HDL-cholesterol <1.0 mmol/L (40 mg/dL) for men and

<1.3 mmol/L (50 mg/dL) for women or lipid-lowering treatm
ent

HOMA-insulin resistance score 2.5

High-sensitivity C-reactive protein concentration >2 mg/L

\ 4

- Other secondary causes of steatosis

4

A

BUT in the presence of
Vs

At least one out of five metabolic abnormalities:

- Overweight or obesity: BMI 225 kg/m? in Caucasians (BMI
223 kg/m? in Asians), or waist circumference 294/80 cm in
Caucasian men and women, or ethnic adjusted criteria

- Fasting glucose 5.6 mmol/L (100 mg/dL), or 2-hour post-I
oad glucose >7.8 mmol/L (140 mg/dL), or hemoglobin Alc
239 mmol/mol (5.7%), or type 2 diabetes mellitus or treat
ment for type 2 diabetes

- Blood pressure >130/85 mmHg or specific drug treatment

- Plasma triglycerides >1.70 mmol/L (150 mg/dL) or lipid-low
ering treatment

- Plasma HDL-cholesterol <1.0 mmol/L (40 mg/dL) for men a
nd <1.3 mmol/L (50 mg/dL) for women or lipid-lowering tr

eatment

NAFLD

holic fatty liver di: )

MAFLD

(Non-al

fatty liver disease)

MASLD

(Metabolic dysfunction-associated
steatotic liver disease)

VL

Asan Medical Center

Diabetes Metab. 2024
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Patient

207

212

342

Set size

500 400 300 200 100 0

200+ 196

150+

‘ Labels
MAFLD
MASLD
122 MetALD
100+

50-
24
1
5
0 e s s

MetALD

MASLD

NAFLD

MAFLD

Comparing intersections of MASLD/MAFLD/NAFLD

- % ME0HrE

Asan Medical Center

J Hepatol. 2024

Worldwide prevalence of NAFLD

European United
American Kingdom

African
American

Hispanic
American

NAFLD prevalence (%)
<10
10.0-19.9
= 20.0-29.9
m =30
Data not available
(D PNPLA3 15738409
genotype distribution

Belgium  Germany  Denmark Italy Finland Poland Turkey ~ Uzbekistan  China

Taiwan

Philippines

India e \\/ Australia
O° /My 9

% ®

Argentina Malaysia v ¥y
| 9 ‘

= The prevalence of NAFLD is constantly increasing (15% in 2005 to 25% in 2010).
= The prevalence of NASH in the general population ranges between 1.5% and 6.45%.

- % ME0prEa
Asan Medical Center Nat Rev Gastroenterol Hepatol. 2018
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NAFLD in Korea

25+
~ ¥~ [ 1998-2001
[] 2016-2017
20 R 295
£ 15 \
@ f }
Q
2. /
@
ES ;
© 10+ [ A
o | £
5+
0
Non-alcoholic fatty liver Alcohol-related liver disease Chronic hepatitis B
disease

» The prevalence of NAFLD increased from 18.6% to 21.5% between 1998-2001 and 2016-2017.

EE
Asan Medical Center Clin Mol Hepatol. 2020

I i di burd f NAFLD
. 70 China, 2016 China, 2030 ‘Germany, 2016 Germany, 2030
NASH population 0 s [ ine
é 50 pe H i 33 E] 15
E) e [ oo 23 = 1]
] =2 L o 0 o
" i e Mg e B2 e g L& K=
Total FO F1 F2 F3 F4 Total FO F1 F2 F3 F4 Total FO F1 F2 F3 F4 Total FO F1 F2 F3 F4
France, 2016 France, 2030 45 Italy, 2016 - Italy, 2030
38 s . §O ar
gitl.. ., £ e b om O s
ER [ o S5 O e [ s
3 [ s BN cx k) e W cs
5 FE g2 on [+ JEER ol = Y L=
Total FO F1 F2 F3 F4 Total FO F1 F2 F3 F4 Total FOO F1° F2 F3 F4 Total FOO F1 F2 F3 F4
Japan, 2016 Japan, 2030 4s. UK, 2016 a7 UK, 2030
g 48 on
s Som 0w £351m S
5 4 0% L] s 233
Rl mpE | 238 [ o o1
i O on & . 15 @ o N
i [ JEE = oz 03 ot = WY o e
Total FOO F1 F2 F3 F4 Total FO F1 F2 F3 F4 Total FOO F1 F2 F3 F4 Total FOO F1 F2 F3 F4
Spain, 2016 ‘Spain, 2030 35 Us, 2016 Us, 2030
35 260 30- 270
5 30 052 o 30 39
E2w L. | ﬁ 3 %les o, [ “D"
3 15 [ ost 056 S 15 . 68 61
i O o o - g [E m
b L= [ e 5 [ ] 1.4 o
Total FO F1 F2 F3 F4 Total FOO F1 F2 F3 F4 Total FO F1 F2 F3 F4 Total FOO F1 F2 F3 F4
2 China, 2015-2030 1 France, 2015-2030 18,  Germany, 2015-2030 16. Italy, 2015-2030
7 o 16 14
Outcome ] 1
B . @ 12
(cirrhosis, HCC, 19
. S 6
liver-related death) £ g
£ 42 Japan, 2015-2030
£
2
&
H
£ TELEZiESiNI0ESEEE ZEEEE SYSEE
& AEGNRNRINRS NINRININESN
S OIAIH S e cocompenese s st HCG — ncsn er et st
MS0pLrE e
Asan Medical Center J Hepatol. 2018
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Global prevalence of NAFLD in T2DM

Europe
68.0% (62.110 73.0)

’ 1
United States

East Asia
52.0% (45.4 to 58.6)

South Asia

57.0% (52.910 62.7)
Latin America
56.8% (34.110 77.0)

Global prevalence of NAFLD among T2DM patients 55.5%
(95% confidence interval: 47.3-63.7)

NAFLD prevalence in T2DM is more than 2-fold higher than in the general population.
= The global prevalence of NASH in T2DM is 37.3%.
_ ME0prEa

Asan Medical Center

J Hepatol. 2019

Prevalence of Liver Disease in T2DM patients

e Prevalence of NAFLD and advanced fibrosis in T2DM patients ~N
A Prevalence of NAFLD using different diagnostic tools B Overall prevalence of advanced fibrosis
8 General Population 8 General Population
= T2DM m T2DM
g 60 % 60
£o § 40
[} [l
£ I £ I I
) ol el
Plasma Computed Liver Controlled 'H-MRS Fibro Test NAFLD  Vibration-controlled
ALT  tomography us attenuation fibrosis score transient
parameter elastography
ZH4§3  NAFLD  ZHebd=7n
S ALT EECT 781 CAP EE2MRI Ilﬂgf} MesEa

- % ME0HrEH

Asan Medical Center

Diabetes Care. 2017
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Case 1

Age
Gender
Weight
Height

BMI

| ) MEopras
wwng/  Asan Medical Center

54 years
Male
83.5 kg
175 cm
27.3 kg/m?

Brief History

Past Medical History
- DM/HTN/Dyslipidemia (+/-/-)
- Alcohol: = 43|, A~ 194/39|

Laboratory Findings
- AST/ALT 82/121 1U/L, GGT 211 IU/L
- HbA1c 8.5%

OF 28g/dayl| SF Y2 SISt ME| 2 MetALDE T
£to| 715 & NAFLD= OfL| M, MAFLDOj| = sH et

| MEopiras
wwng/  Asan Medical Center

Prognosis of MASLD
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Case 2

Brief History

Past Medical History
- DM/HTN/Dyslipidemia (+/+/+)
- Alcohol: none

Age 65 years
Gender Male Laboratory Findings
Weight 76 ke - AST/ALT 132/242 1U/L, GGT 120 IU/L
Height 170 cm
- ANA Speckled 1:80, IgG 1785 mg/dL
BMI 26.3 kg/m?
- USG: moderate degree fatty liver
,,,,, - Fibroscan: LSM 9.8 kPa, CAP 321 dB/m
() MS0[HEH
Case 2

Age 65 years
Gender Male
Weight 76 kg
Height 170 cm
BMI 26.3 kg/m?
() MS0H s

Liver biopsy

DIAGNOSIS :
A) Liver, US guided core needle biopsy:
- Mild fatty change with ballooning degeneration
- Moderate portal inflammation
- Septal and perisinusoidal fibrosis,
consistent with steatohepatitis, grade 2, stage 3

O] gtxto| o 20l 71 T2t A E7?

awng/  Asan Medical Center
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Natural history of NAFLD

Hepatoeellular
carcinoma
(with cirthosis)

Liver diseases

¢ NASH
e LC
e HCC

ME0HrE

Cardiovascular and

metabolic disease
e DM, HTN, DL
e CVD

—®

Asan Medical Center

Cell Biol Toxicol. 2017

Natural history of NAFLD/MASLD

MASLD FO-F3

3% over 15-20 years™

MALO

v

2:5-12:7 4-6-212

Time to cirrhosis or decompensation

Cirrhosis
F4 0-5-2:6%
ON @ peryear

>

9% per year,
median time
5-6 years

3035 years >

Hepatocellular
carcinoma

Decompensation

FO-F1
F2 ~19 years>
Sl E—TT
‘A M20prEA
Asan Medical Center Lancet Gastroneterol Hepatol. 2024
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Outcome of NAFLD in meta-analysis

Incidence and IRR for progression of NAFLD and NASH

Incidence Rate Per

Population QOutcome 1,000 Person-Years* Number of Studies 95% Cl 2 (%) Follow-up (Years)
NAFLD CVD-specific mortality 4.79 6 (3.43-6.7) 91.17 12.96
NAFLD HCC 0.44 3 (0.29-0.66) 0.00 5.82
NAFLD Liver-specific morfality 0.77 7 (0.33-1.77) 91.84 13.17
NAFLD Overall mortality 15.44 7 (11.73-20.34) 97.17 13.17
NASH Advanced fibrosis 67.95 3 (46.84-98.56) 9.80 4.05
NASH HCC 5.29 1 (0.75-37.56) NA 4.50
NASH Liver-specific mortality 11.77 3 (7.1-19.63) 0.00 8.08
NASH Overall mortality 25.56 2 (6.29-103.8) 73.85 6.17
IRR*
NAFLD Liver-specific mortality 1.94 b (1.28-2.92) 26.78 13.38
NAFLD Overall mortality 1.05 5 (0.7-1.56) 97.99 13.38
NASH Liver-specific mortality 64.6 3 (36.43-117.8) 0.00 8.08
NASH Overall mortality 2.56 2 (0.63-10.39)  73.76 6.17
A A SOoHHEY

Asan Medical Center

Hepatology. 2016

Most important predictor for mortality in NAFLD

Case: 229 patients with biopsy-proven NAFLD
Controls: the National Registry of Population
Mean follow-up: 26.4 (range 6-33) years

c Total number of deaths

8
Cause of Death Number of Patients (n = 96) o Somim e pX008
15
Cardiovascular disease 41 (43%) 2 >
Non-gastrointestinal mali y 18 (19%) S -
Hepatocellular carcinoma 5 (5%) E
Infection 5 (5%) o | P<0.001
Gastrointestinal malignancy 4 (4%) st ' v 1
Cirhosis 4 (4%) o 19 o2 o
Endocrine 3 (3%)* Number at risk
Respratory 3(3%) SpemE B wm  w
Other 7(7T%) Fibrosis>2 25 21 13 [}
Missing 6 (6%) Controls ~ ===== Fibrosis<3
--e------= Fibrosis>2

= Fibrosis stage was the most useful marker to predict future mortality in patients with NAFLD

SRENGE:

Asan Medical Center

Hepatology. 2015
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MASLD and risk of cardiovascular disease

= Nationwide study in Korea (n = 9,775,066)

51 61
o MASLD )
R MASLD/related SLD B .+ Other* with advanced
s 41 g liver fibrosis
o S 4- ,» MetALD
c 8 G
3} z
3]
% 31 £ gﬁgkp ]wwthout advanced
c o : ) )
< No MASLD/related SLD 2 MetALD  fiver fibrosis
821
£ 21 2
© £
=1 3
2 o
£
S 14
6] 0- T T T J
0 4 6 8 10 12
0 T r T T T ? Follow-up, years
0 2 4 6 8 10 12 Number at s
Follow-up, years .. 1,494,969 1,482,394 1462467 1,439,493 1413,062 1383291 1,350,610
Numb: trisk 69,709 68,925 67,551 66,074 64,462 62,692 60,862
umberatrisk 273,778 271,859 268,684 264,752 260,432 255591 250,221
—— 2,843,377 2,823,677 2,792,122 2,755,519 2,713,819 2,666,460 2,614,396 —— 840071 836241 830266 823,328 615432 606,168 795917
—— 5965117 5939,062 5893,258 5840,866 5782078 5715043 5640,851 —— 41731 41511 41119 40671 40,191 39,638 38,440
— 123119 122,745 122,028 121,199 120,239 119,078 117,718
2 (=] HH O
A MSoHrEd
Asan Medical Center Gut. 2023

= Risk factors: Obesity, type 2 diabetes

Thyroid
Prostate Stomach &
Esophagus

Kidney

A MSoprss

Lung

Pancreas

Intestine

Uterus

MASLD and extrahepatic malignancy risk

Asan Medical Center

Clin Mol Hepatol. 2025
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Fibrosis progression rate of NAFLD

F1
Total stages Person-years Time taken to
Final fibrosis of fibrosis of follow-up FPR progress by 1 stage E
stage progressed evaluation (95% Cl) (95% Cl)
NAFLD (11 studies)
0 1 2 3 4
Baseline fibrosis 0 (131) 79 28 13 7 4 +91 968 0.13 (0.07-0.18) 7.7 (55-14.8)
stage 1(119) 26 44 32 15 2 +43 628.4 0.10 (0.04-0.16) 10.0 (6.2-25.0)
2 (1) 9 17 14 13 8 —6 331.8 NA -
3 (34) 2 5 10 7 10 —16 153.4 NA
4 1) 0 0 1 6 14 -8 63.8 NA
Overall (366) +104 2145.4 NA -
Stage 0 plus stage 1 fibrosis (250) +134 1596.4 0.12 (0.07-0.16) 8.3 (62-14.3)
NAFL (6 studies)
0 1 2 3 4
Baseline fibrosis 0 (81) 52 16 8 4 1 +48 751.3 0.07 (0.02-0.11) 14.3 (9.1-50.0)
stage 13) 6 13 14 6 0 +20 112.6 0.15 (-0.09 to 40) N
2 (13) 2 3 5 2 1 -3 40.7 NA =
30 0 0 0 0 0 0 0 NA
4 (0) 0 0 0 0 0 0 0 NA
Overall (133) +75 904.6 NA -
Stage 0 plus stage 1 fibrosis (120) +68 863.9 0.09 (0.04-0.14) 1.1 (7.1-25.0)
NASH (7 studies)
0 1 2 3 4
Baseline fibrosis 0 (21) 10 7 2 1 1 +18 115.5 0.14 (0.07-0.21) 71(48-14.3)
stage 149 9 25 9 5 1 +13 396.6 0.08 (-0.01 t0 0.17) NA
2 (25) 3 10 4 4 4 —4 222.3 NA
3 (16) 0 4 4 2 6 —6 95.8 NA
4 (5) 0 0 0 1 4 -1 12.6 NA
Overall (116) +20 842.8 NA
Stage 0 plus stage 1 fibrosis (70) +31 512.1 0.10 (0.03-0.17) 10.0 (5.9-33.3)
= Patients with NAFL progresses one stage of fibrosis every 14 years.

= Patients with NASH progresses one stage of fibrosis every 7 years.
A MS0HLHge

Asan Medical Center

Clin Gastroenterol Hepatol. 2015

Case 2 ] .
Liver biopsy

DIAGNOSIS :
LT A) Liver, US guided core needle biopsy:
- Mild fatty change with ballooning degeneration
- - Moderate portal inflammation
- Septal and perisinusoidal fibrosis,
e 65 years consistent with steatohepatitis, grade 2, stage 3

Gender Male
Weight 76 kg = - — —
Helght b of 2txtof| M 717 STt 0| £ 2IXt= 7Hd {212
— 0| M, CHAO| AFX| 27kt BHE| S bt A] oF 74
ol ZHEMS o R T T e 4
ME0H S

Asan Medical Center
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A MBopras

Asan Medical Center

L

Diagnosis of MASLD

Case 3

Age
Gender
Weight
Height

BMI

N MEoparss

e/ Asan Medical Center

66 years
Female
62kg
158 cm
24.8 kg/m?

Brief History
3 M EnES I YN YA 58 FoR
ds2dH2o LA

Past Medical History
- DM/HTN/Dyslipidemia (+/+/+)
- Alcohol: none

Laboratory Findings
- AST/ALT 95/211 IU/L, GGT 234 IU/L,
- Platelet count 131x103/uL
- Hepatic steatosis index 46.6 (>36)
- FIB-4 index 3.29

2025 M20pHE R Bzt TH Q| Y EL
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Imaging tests for NAFL: 2) Fibroscan (CAP)

1 = -
g

w

£
@
-
. ks
200 .
@
Y ®
¢ : ] 100+ .
O L
q None Grade 1 Grade 2 Grade 3
d (n=17) (n=139) n=107) (n = 95)

Steatosis grade
Trend test P < .0001
Controlled Attenuation Parameter (CAP):

— S1(5-33%): 299> CAP value 2250 dB/m
Content  w  S2(34-66%): 327> CAP value 2299 dB/m
= S3(>66% steatosis of hepatocytes): CAP value = 327 dB/m

Pulse
B

A M0

Healthy

20%

Asan Medical Center

Liver Int. 2014

Imaging tests for NAFL: 3) CT

ClTis =15 HU CTws = -40.5 HU

" Lm0y

O

o
‘ O 105 HU :.

A : Normal / B : Hepatic steatosis

= Unenhanced CT scans are usually preferred.
= Moderate-to-severe hepatic steatosis when hepatic-splenic attenuation ratio is <0.8.

VL

Healthy

AT S
s

10-30%
NASH

20%
Cirrhosis

Asan Medical Center

World J Gastroenterol. 2019
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Non-invasive tests for fibrosis: Blood marker

Healthy

Table 2 | Biomarkers and prediction scores of liver fibrosis in NAFLD

F2 F3
Class | or Il

Score Components biomarkers  Sensitivity Specificity Sensitivity Specificity
Specific

for NAFLD
NAFLD Age, hyperglycaemia, BMI, platelet, albumin, 1l - - 0.77 0.96

fibrosis score®?  AST/ALT ratio (dual cut-offs)
BARD score™ BMI, AST/ALT ratio, diabetes 1] — — 0.62 0.66
FibroMeter Glucose, AST, ferritin, platelet, ALT, body 1 0.79 096 = =

NAFLD"? weight, age
Not specific

for NAFLD
AST/ALT ratio"®  AST, ALT I - 0.21 0.90
APRI™ AST, platelets (dual cut-offs) Il - - 0.65 097 )
ELF™ Hyaluronic acid, TIMP1, PIIINP (dual cut-offs) | 0.80 0.67 0.80 090 20%
[FiB-a™ Age, AST, platelet, ALT (dual cut-offs) I — _ 0.74 098 | Cirrhosis
FibroTest™” Total bilirubin, GGT, @-macroglobulin, ApoAl, 1 and Il 0.71 098 0.88 099

AgOprR

haptoglobin (dual cut-offs)

Asan Medical Center

Nat Rev Gastroenterol Hepatol. 2018

Non-invasive tests for fibrosis: Fibroscan

o LY

Controlled

AgOprR

Wil
é = High AUROC
= LC:0.87-0.98
phy (VCTE):
Liver
Stiffness

Absent or mild  Significant

o
—emm =

Severe

Cirrhosis

(F4)

= Significant fibrosis 0.75-0.93

= Limitations: Ascites, obesity
= XL probe (2.5MHz); Lower value than M probe

75 kPa

Healthy

20%
Cirrhosis

Asan Medical Center

J Hepatol. 2008
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Proposed strategy for identifying high-risk patients

Type 2 diabetes
or

obesity + 21 cardiometabolic risk factor(s)

or

persistently elevated liver enzymes

<13

. |

1.3-2.67 ﬁ >2.67

Intensified management
of comorbidities™*

re-assess FIB-4
at<1 year

Hepatology referral

« Diagnostic work-up and management plan for
liver-related outcomes

Re-assess FIB-4 FIB-4
every 1-3 years <13

« Intensified management of comorbidities (in a
multidisciplinary team)

A Moprss

* FIB-4 thresholds valid for age <65 years (for age >65 years: lower FIB-4 cut-off is 2.0)
** e.g. lifestyle intervention, treatment of comorbidities (e.g. GLP1RA), bariatric procedures
*** e.g. MRE, SWE, ELF, with adapted thresholds

®and ® are options, depending on medical history, clinical context and local resources

wiz/ Asan Medical Center

J Hepatol. 2024

Case 3

Age 66 years
Gender Female
Weight 62kg
Height 158 cm

BMI 24.8 kg/m?

A B0

Liver biopsy

DIAGNOSIS :
A) Liver, US guided core needle biopsy:
- Moderate fatty change with ballooning degeneration
- Severe portal inflammation
- Septal fibrosis
consistent with steatohepatitis, grade 3, stage 3

S HO| = XM = 5ER XS0 E 0| 2510
CHAFO| A+ X| Bk ZEE SHoj| CHot ME A ALE H 116,
FIB-4 index, Fibroscan ZAIE Sl ZS S22 19
70| 2tH M ZHRAOZ refers 1

v/ Asan Medical Center

2025 M20pHE R Bzt TH Q| Y EL
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A B0

e/ Asan Medical Center

Treatment of MASLD

Case 4

Age
Gender
Weight
Height

BMI

N B0

e/ Asan Medical Center

Brief History

O™ AYSIEH R 2 AZHT Al
K4S A2d B0 LT

Past Medical History
- DM/HTN/Dyslipidemia (-/-/-)
- Alcohol: none

45 years Laboratory Findings
F‘;’::; - AST/ALT 74/121 IU/L, GGT 184 IU/L
S - Baseline HbAlc 6.4%

28.0 kg/m? - Fibroscan LSM 9.8 kPa, CAP 321 dB/m

ol

2025 M2ofLHgH Tt 7H A2




Lifestyle modification

T

Prospective study, 293 patients with histologically proven NASH

52 weeks of lifestyle intervention

% Weight loss (WL)

NASH-resolution 10%
FIBROSIS-regression 45%
STEATOSIS improvement 35%
% Patients achieving WL  70%

5% 7%
26%
38%

65%

12%

10%

64% 90%
50% 81%
76% 100%
9% 10%

Asan Medical Center

Gastroenterology. 2015

Lifestyle management algorithm for MASLD

[

Recommendations to all MASLD

Implementation

—
[ Weight loss goals ]
»
@2
MASLD ] 25% for steatosis
with 2 reduction
overweight > K]
Jobesity © 5 27-10% for MASH
£2 N ’
23 and fibrosis reduction
SE
2= Consider incretin-
8 based weight loss
$C drugs
MASLD 82
with | 2 o Consider bariatric
class Il or Il 2 § procedures
obesity o ©
39
T o
£a8
2
s
k]
MASLD g
wih | F 3-5% weight reduction
normal
weight
-
Prevention of MASLD and HCC
« Preventing obesity
+ Healthy diet
« Regular physical activity
+ Avoiding smoking and alcohol

ET

Asan Medical Center

Diet quality

« Mediterranean diet

+ Minimising processed
meat, ultra-processed
foods and sugar-
sweetened beverages

Increasing unprocessed/
minimally processed foods

Physical activity

* Tailored to the individual's
preference and ability

+ >150 min/week of
moderate- or 75 min/week
of vigorous-intensity
physical activity

* Minimising sedentary time

Other lifestyle habits

+ Smoking: avoidance

+ Alcohol: discouraged or
avoidance in advanced
fibrosis or cirrhosis

MASH cirrhosis

« Lifestyle adapted to the severity of liver disease and

nutritional status

« Sarcopenia or decompensated cirrhosis: high-protein diet

and late-evening snack

« Compensated cirrhosis with obesity: moderate weight
reduction plus high-protein intake and physical activity

Multidisciplinary care
Lifestyle evaluation during
healthcare visits
Affordable structured
lifestyle interventions
Individualised plan
depending on the

patient’s preferences and
economic constraints

Behavioural therapy

Long-term goals:

Quality of life and survival
Cardiometabolic benefits

Prevention of cirrhosis, HCC, T2D, cardiovascular disease

J Hepatol. 2024
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Case 4 ]
Disease Course

67HE 7t skg M| S A0l 83 ¢

-

Laboratory Findings (670 & )
- AST/ALT 25/34 1U/L, GGT 45 IU/L
- HbAlc 5.9%

Age 45 years S g o 70f A g10] CHALO| & X| L ZHE gt hK}
Gender  Female OflM 7-10% B =2| H| S Z™Y¥S =eteh WS M
Weight 70kg ﬂ % :'l._-l i
Height 158 cm
BMI 28.0 kg/m?
‘A MS0HE
Case 5 o
Brief History

HZ elE S ekg B MS S7t7H AU AT
Mo ZheX| dS2 2 LA g

Past Medical History
- DM/HTN/Dyslipidemia (-/+/+)
- Alcohol: none

Age 39 years Laboratory Findings
Gender Female - AST/ALT 111/157 1U/L

Weight 86.5 kg Fasti | % L
Height 155.8 cm - Fasting glucose mg.
BMI 35.6 kg/m? - USG: Moderate fatty liver
- Fibroscan LSM 11.9 kPa, CAP 271 dB/m
‘A Mo

w2/ Asan Medical Center
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Treatment recommendations beyond lifestyle intervention

Vitamin E
Pioglitazone
Resmetirom(ZL{ £2I%)

Resmetirom

Hepatocyte
Specific THR-B agonists “ o o o o o o
Selective Thyroid {8:0: resmtiron) ; / \
Hormone Receptor ) + — \\
. atic specific = - - H g
(THR)-B agonist i Pl N vl N
. ’ §°A — ool N
Resmetirom . G "Cmre A/ )
po B : N \\L—TRE ) Tfm" HMGCoA "
= A —I ol . N 4 reductase
242830| 93 e - W, s o o
F2/F32| 214 Q3p} U e a2 y
CHALO| & X[ 2+A \ ’
\- L X r X ¥r ¥ X ¥ ¥ ¥ J .’

- % ME0prEa
Asan Medical Center Clin Mol Hepatol. 2025

Drug treatment: Hepatotonics (UDCA, Legalon, DDB...)

UDCA + DDBI[PEG] 2|Hlc] 258 | 774®l | M@ | J5E7% SOPTHESH RE RANS
Adenine, Antitoxic liver,
iti TEIA

Pyridoxine, Riboflavin

| 4l
DDB + Garlic ol @iz | 330 | ogm | BE | ERacklinztysd 3e oy

(=] ~ =

esn | S0 20 EY =
UDCA e 180 540 | ME  IIse MY/ HES

(H=) 273 546 | H2

. g7 EEEE B EES, T4,

Carduus marianus s 241 723 Ut 7H7Mo| Hxk|=

DDB: Diphenyl dimethyl bicarboxylate

- % ME0HrEH
Asan Medical Center

Hepatology. 2018
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A Randomized Trial of Silymarin for the Treatment
of Nonalcoholic Steatohepatitis

Chan Wah Kheong," Nik Raihan Nik Mustapha, and Sanjiv Mahadeva*

Drug treatment: Hepatotonics (UDCA, Legalon, DDB...)

Clinical Gastroenterology and Hepatology 2017;15:1940-1949

A significantly higher percentage of subjects in the
® silymarin group had 30% improvement in
liver stiffness measurement compared with the
placebo group (24.2% vs 2.3%; P =.002).

*Gastroenterology and Hepatology Unit, Department of Medicine, Facuity of Medicine, University of Malaya, Kuala Lumpur,
Malaysia; *Department of Pathology, Hospital Sultanat Bahiyah, Alor Setar, Malaysia

Changes in noninvasive measures of hepatic fibrosis

APRI FIB-4 NAFLD fibrosis score
0.00° 0.30 N 0.10~
. lacebo Pacebo
020-| 000-| 2
-0.05- Placebo
X 0.10- 0.0
010 000-| 020+
-0.10 -0.30
-0.15-]
s P Silymarin
Silymarin
Silymarin
Q0 4 0.
Baseline 3 6 9 12 Month Baseline 3 6 9 12 Month Baseline 3 6 9 12 Month

A M0

Asan Medical Center

Clin Gastroenterol Hepatol. 2017

Drug treatment: Hepatotonics (UDCA, Legalon, DDB...)

W O ZHE S 2Kt 608
B S8 UDCA 450mg (n=30), UDCA + silymarin 400mg (n=30), 3 months
* * p=0.05
20% - N p=
20% - * = He E
. 2|7t2 3 UDCAS B8 S0iAl,
70% - UDCA EH= S090] H|ol RUFEQl 2t £X| 74 &3} 4t
60% - ’—‘
50% -
mUuDCA
40% -
B UDCA +Silymarin
30%
20%
10% -
0% -
ALT AST y-GT FA
\) MS0HHE
Asan Medical Center Clin Ter. 2002
2025 ME20:HE it THAQ| AP E
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Drug treatment: Hepatotonics (UDCA, Legalon, DDB...)

_ Legaloﬂﬁ vs_DDEB

ES';‘E,L".,“ RO - CONCISE COMMUNICATION
ALT(Alanine Aminotransferase) v v . " - aps
DDB Treatment of Patients With Chronic Hepatitis
AST{Aspartate Aminotransferase) v ?
We repnn 13 Pll‘.lenu (10 with chronic hepatitis C, 1 with chronic hepatitis B, 2 with
- v > patitis) with persistently elevated alanine ami ferase (ALT) lev-
s els who were treated with dimethyl-4,4’-dimethoxy-5.6,5",6-dimethylencdiaxybip}
> 2,2’ dicarboxylate (DDB). ALT rapidly normalized in 12/13 patients and remained nurmal
Total bifrubin v : during treatment. Unlike ALT levels, asp 1 erans-
ferase and glutamate dehydrogenase levels were not affected. Furthermore, there was no
Prothrombin time v ? beneficial effect on the histological grade and stage of liver disease. In vitro experiments with
hepatocytes resulted in a significant decrease of hepatocellular ALT levels in the DDB treated
Liver Histological improvernent v ? cells, suggesting, that DDB affects the synthesis and/or degradation of ALT in liver cells. In
: conclusion, the normalization of ALT during DDB treatment does not indicate therapeutic
. efficacy. In view of the wide use of DDB in patients with chronic liver diseases who partic-
Surviol Rate increesing v i ipate in clinical studies DDB use should be excluded. (HEPATOLOGY 2004;39:1732-1733.)
AN /

AgOprR

Asan Medical Center

Hepatology. 2004

Drug treatment: Hepatotonics x| %2| Al |

1. 817AR B9 LjOI A B R XS] ARl 20 21X
2.5{7kA 3 ZPUE0) ALBALS Of2fet 22 7 EO2 £0] Al RYFOIS UHID, & UHTIE 0/9lo] £osts B0l
oY MU BT RYES B

.OI. EH-

(1) EHQ‘QI} _"<__9_ Q%E!E
o £E0J7jA| : AST(Aspartate Transaminase) &t = ALT(Alanine Transaminase) £=X|7} 60U/Lo|40l A

= AST = ALT 4:%| 7} 40~60U/LQI 2= 371 0] At 40U/LO| A O 2 X|SE|= AL K70 &4AZM 7td K7 =4 7tEst
o £0{ §:AST L= ALT £=X|7} 40U/L 0| 2to| 2} EX|2t = EHXfe| AEfLt o Afe| 270 what X|£F0f 21 oo 225X 7ol Mex

= 2heh ZHAM BT IS EHHSH A0 SUH IIEHE K3 oo niztey M4 glag=
2) EojutH JIEt A E 2 2HgHro| 2
(2) oy K15 qg 0O - BB Soo

° O|HXIE ZHst0] 27 23 oL A%
srAUABLY aYIolel /10l B8 7% (421 2930ie] HBIIE LYY AT LS. FAbel z20f
Hers 220 Soto] HZTH 151 A 15 A

(3) &tHto|2{ A X|(Lamivudine, Clevudine, Telbivudine, Entecavir, Adefovir, Tenofovir disoproxil, Tenofovir alafenamide,
Besifovir, Asunaprevir, Daclatasvir, Sofosbuvir, Ledipasvir+ Sofosbuvir, Elbasvir+Grazoprevir, Ombitasvir+Paritaprevir
+Ritonavir, Dasabuvir 4 1x|, QIE{H 2 A, I 1 HHEX X HEEFOA| 152 A4t MHES SIXJt HEEE &t

coT i )

AgOoprR

Asan Medical Center
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Drug treatment: Vitamin E

Biopsy-proven NASH patients without diabetes enrolled between 2005 and 2007
Pioglitazone (n=80), Vitamin E (n=84), placebo (n=83) for 96 weeks
Primary outcome: improvement in histologic findings

Variable Placebe  Vitamin E Pioglitazone P Value*

Vitamin E  Pioglitazone
vs. Placebo  vs. Placebo

Primary outcomef

No. of subjects randomly assigned 83 84 30
Subjects with improvement (%) 19 43 34 0.001 0.04
A Alanine Aminotransferase C Insulin Resistance D Wweight
- 1
¥’ g -
= ioglitazone g
S Placebo 2 = glazone -
3 Aa 3 2 -
< ok K] Placebo 5 3 25
& -20 E 0 @
< g £ -
£ s & oo
& 3 Pmimamne & i -
& - £ H
§ o v =
g L] -1 Y s
. T T T T T T T T T
o 0 %6 120 o 24 a8 72 9% 120
Weeks Weeks Weeks
S OFAEH S
ME0prEd
Asan Medical Center N Engl J Med. 2010
- .
Drug treatment: Vitamin E
L]
Steatosis
Vitamin E Control Mean Difference Mean Difference
Study or Subgroup _ Mean _SD_Total Mean SD_Total Weight _IV,Random.95%Cl IV, Random, 95% C
Dufour 2006 105 0.6 14 196 0.8 17 25.8% -0.91[140,042 —=—
Lavine 2011 15 08 50 17 0.8 47 356%  -0.20(-0.52,0.12] —u
Sanyal 2010 12 09 80 18 08 72 385%  -0.60(087,0.33 -
Total (95% Cl) 144 136 100.0%  -0.54 [-0.90, -0.17] -
Fieterogeneity: Tau = 0.07; Chi* = 6.58, df = 2 (P = 0.04); I = 70% T 05 b o5 |
Test for overall effect: Z = 2.88 (P = 0.004) : p

Favours vitamin E  Favours control

Lobular inflammation

Vitamin E Control Mean Difference Mean Difference
Study or Subgroup _ Mean SD_Total Mean _SD Total Weight IV, Fixed,95%Cl IV, Fixed,95% CI
Dufour 2006 084 02 14 1.03 065 17 20.0% -0.19[-0.52,0.14] I
Lavine 2011 12 06 50 14 06 47 37.2% -0.20 [-0.44,0.04] —a
Sanyal 2010 12 07 80 14 07 72 428% -0.20[042 002 —a—
Total (95% CI) 144 136 100.0% -0.20 [-0.34, -0.05] -
Heterogeneity: ChF = 0.00, df = 2 (P = 1.00); = 0%
Test for overall effect: Z = 2.66 (P = 0.008) 05 025 025 05

Favours vitamin E Favours control

Fibrosis

Vitamin E Control Mean Difference Mean Difference
StudyorSubgroup _ Mean SD Total Mean SD Total Weight _IV.Fixed.95%Cl IV, Fixed, 95%Cl
Dufour 2006 1107 14 14 1 17 154% -0.30[-0.90,0.30] —_—
Lavine 2011 09 1 50 11 47 351% -0.10[0.50,0.30] ——
Sanyal 2010 12 1 80 15 11 72 49.4% -0.30[-0.64,0.04] L
Total (95% Cl) 144 136 100.0% -0.23 [-0.47, 0.01] -
Heterogeneity: Chi? = 0.63, df = 2 (P = 0.73); 12 = 0% W o5 1
Test for overall effect: Z = 1.91 (P = 0.06) - o

Favours vitamin E  Favours control

R

Asan Medical Center

Nutrition. 2015
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Case 5

Disease Course

118 2F vitamin E 800 IU/day =& A| X

Laboratory Findings (13 F)
- AST/ALT 29/16 1U/L
- USG: Moderate fatty liver
- Fibroscan LSM 7.9 kPa, CAP 264 dB/m

Age
Gender
Weight
Height

BMI

A B0

w2/ Asan Medical Center

41 years
Female
82.5 kg

162.8 cm

31.1 kg/m?

Past Medical History
- DM/HTN/Dyslipidemia (+/-/+)
- Alcohol: none

Laboratory Findings
- AST/ALT 56/132 IU/L
-HbA1c 7.1%
- USG: Moderate fatty liver
- Fibroscan LSM 9.6 kPa, CAP 311 dB/m

re  39vears Shu 7} gl CHALO| X ZHe SXtOI M= 18
Gender Female H|E}ZI E (800 IU/day) X|2E 12{s] 8 £+ UAS
Weight 85.6 kg
Height 155.8 cm

BMI 35.3 kg/m?

A MEopres
Case 6 o
Brief History
19 H Six TITH 2 metformin 58 52 MEfZ Z7H¢
X dsF22 AL

2025 ME0t:Hy
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Drug treatment: GLP-1 receptor agonists

Caloric intake

Energy expenditure = J \

Macrophage infiltration4 +— Adipose tissuemass! = -

3

Body weight 4 XK
. | '

Adipokine production/
M1l M2t o secretion:
Inflammatory cytokines ¢ Lipolysis Adiponectin
161 NEFAs, Glycerol I  paistin i
TNF-al | Leptin
GLP-1 RAs \

Substrate flux 4

// Insulin T

Glucagon
Insulln/glucagon molar ratio &

Insulin sensitivity
Plasma glucose ¢

b, i
Strate y Donove Infldmmation {
- lipogenesis {
|~ Chylomicronl HL4

. Alteration in gut

. microbiota * Fibrosis &
z 1

CRP{

Triacylglycerols ¢

- % ME0prEa
Asan Medical Center Trends Endocrinol Metab. 2022

Drug treatment: Semaglutide for MASH with liver fibrosis

Phase 3: Semaglutide SC once weekly (GLP-1 receptor agonists)
Indication: biopsy-proven NASH and F2-3 (55.4-56.8% with DM)
Higher rates of histologic resolution of steatohepatitis, fibrosis (at 72 weeks)

A Resolution of Steatohepatitis with No Worsening of B Reduction in Liver Fibrosis with No Worsening of
Liver Fibrosis Steatohepatitis
Estimated difference,
28.7 (95% Cl, 21.1-36.2)

1007 P<0 001 1007

70 70
@ ] Estimated difference,
£ 60 S 601 14.4 (95% Cl, 7.5-21.3)
£ sof £ sof - Y
‘s ‘s

N = 36.

g" 40 g" 40 6.8
= 304 = 304
g g 22.4
S 20 S 20

10 10|

0 0

Semaglutide, 2.4 mg Placebo Semaglutide, 2.4 mg Placebo
(N=534) (N=266) (N=534) (N=266)

Side effects: nausea (36.2%), diarrhea (26.9%), constipation (22.2%), vomiting (18.6%)

- ME0HrEH
Asan Medical Center N Engl J Med. 2025

2025 M2ofHE Tt TS

BT




Drug treatment: Survodutide for MASH with liver fibrosis

PARTICIPANTS

wHO 293 adults
18-80 years of age
Women: 53%; Men: 47%

::L::fsu Biopsy-confirmed
MASH

Fibrosis stage F1
through F3

TRIAL DESIGN

«PHASE 2
+DOUBLE-BLIND

+ RANDOMIZED

+ PLACEBO-CONTROLLED
+ DOSE-FINDING

+LOCATION: 155 SITES IN 25 COUNTRIES

Phase 2: Survodutide SC once weekly

(GLP-1 and glucagon receptor dual agonists)

Histologic Improvement in MASH

(P<0.001)
62%
43%
14%
Survodutide Survodutide  Survodutide Placebo
2.4 mg 4.8 mg 6.0 mg
Adverse Events
M Survodutide, all groups [l Placebo
66%
o
49% 1%
23% 23% 20%
Ela . =
Nausea Diarrhea Vomiting Trial

Discontinuation

Decrease in Liver Fat Content by at Least 30%

67%

57%

14%

Placebo

Survodutide  Survodutide  Survodutide
2.4 mg 4.8 mg 6.0 mg

Asan Medical Center

- % ME0HrE

N Eng J Med. 2024

Drug treatment: Tirzepatide for MASH with liver fibrosis

PARTICIPANTS

wHO 190 participants
18 to 80 years of age
Women: 57%; Men: 43%

cumicAL  Biopsy.confirmed MASH

STATUS
Stage 2 or 3 fibrosis
BMI, 27 to 50

With or without type 2
diabetes mellitus

TRIAL DESIGN
PHASE 2
* MULTICENTER
+ DOUBLE-BLIND.
«RANDOMIZED
+ PLACEBO-CONTROLLED.

+ LOCATION: 10 COUNTRIES.

Phase 2: Tirzepatide SC once weekly

(GLP-1 receptor and GIP dual agonists)

A Resolution of MASH and No Worsening of Fibrosis
Risk difference,
34 (95% Cl, 17-50)
P<0.001

Risk difference,
46 (95% Cl, 29-62)
P<0.001
1
Risk difference,
53 (95% Cl, 37-69)
90 P<0.001
| —
80

62
70+ 56

204 10

Percentage of Participants
w
g
T
_|

Tirzepatid Ti id Tirzepatid Placebo
5mg 10mg 15mg (N=48)
(N=47) (N=47) (N=48)

]

B Decrease of =1 Fibrosis Stage and No Worsening of MASH

Risk difference,
25 (95% CI, 5-46)

Risk difference,
22 (95% Cl, 1-42)
1

1009 Risk difference,
90 21 (95% Cl, 1-42)
| ——
2 0
3 70
S 7 55
E i 51 51
s 60 T
5 504
@
B0 40 30
g
£ 30
-
S 209
104
0= s . g . :
Tirzepatid, Tirzepatidi Tirzepatids Placebo
5mg 10 mg 15mg (N=48)
(N=47) (N=47) (N=48)

Common S/E: Nausea (~40%), Diarrhea (~30%), Constipation (~20%)

- % ME0HrE

Asan Medical Center

N Eng J Med. 2024
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Drug treatment: SGLT-2 inhibitors

Urinary glucose (calorie) losses T |
SGLT2 inhibitors —i ‘ Compensatory hyperphagia (1)
Uric acid/urate {

Energy expenditure =
Tubular uric acid/urate excretion T

| Adipokine production/

Adipose tissue mass | eralion,

Macrophage infiltration { «— Body weight 4

/ Adiponectint
Leptind
M1l M21 /
Inflammatory cytokines 4 . s Lipolysis =
IL-64 Insulin;sensitivity,t NEFAs, Glycerol = or (1)
TNF-al
1 |
Inflammation &
I Substrate flux 4
B-Hydroxy-butyrate T

—— MOENT
stress

Acetoacetate T .
Inflammation 4

De novo

Ketogenesis T lipogenesis 4,

T

" Insulin !
Glucagon T -oxidation t ibrosi
Insulin/glucagon molar ratio { b Fibrosis 4
CRP!
o o
- % ME0prEd
Asan Medical Center Trends Endocrinol Metab. 2022;33(6):424-442.
. . ag_ =
Drug treatment: SGLT-2 inhibitors
(A) Elastography (B) Histology
. or SGLT:2Is
90 % Bl Dapagiifiozin
= 0 £ 8o+ " Il Canaglifiozin
E fé s § 70F —/ Empagliflozin
Z"é -5 gg 601 B Ipragliiozin
§9 £2 s0r
SE 10| é’_& I GLP-1 RAs
& 345 lg 301 Il Liraglutide
2 20H B Dulaglutide

20k 191 Il Semaglutide

(wks) 24— ——24— 12 72 (wks;) —24— 48 24 T2

(n) 57 100 90 106 44 40 52 15 160 ™ 9 9 45 10 281

[mg] 5 10 10 10 50 15 0.750.10.200.4 [mg] 100 25 18 09 0104

60
g
/- & 50F
£8 =8 *
== 2 5 ab
S 52
55 £
88 g2 .
] g8 ]
8e £ 20
2
s
10f|
Wsooninaaaananoso; jl (X
© DD B D © S A
»P \')9'1'10'1' \q,@' \ﬂ“& NS \q,@' ’9\'}& ’L&Q'L@’ 'L“\ro ’19’&’79’19
RS SIS S D a7 o N o5
o .,guf@\“ @7 ¢ <O & go%e® G & &S
N 5 x¢ & ;ﬁ.@n S S
- e
JSOpAHEL) 5
= O

Asan Medical Center

Trends Endocrinol Metab. 2022;33(6):424-442.
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Treatment recommendations beyond lifestyle intervention

Preferred pharmacological options for treating comorbidities

MASH-targeted T2D Dyslipidaemia Obesity
GLP1RA
MN‘I\ :SLI-II) / If locally approved: (e.g. semaglutide,
ithout cirrhosis resmetirom liraglutide, dulaglutide) GLP1RA )
o in F2/F3 fibrosis and coagonists (e.g. semaglutide,
(FO-F3) (e.g. tirzepatide) liraglutide) and
coagonists
SGLT2 inhibitors (e.g. tirzepatide)
(e.g. empagliflozin, .
dapagliflozin) Statins
- Bariatric
o Metformin interventions
MASLD/ ?heck |nd|clat|on.for . (special caution in
MASH with L ertan s antation Insulin case of compensated
compensated MEER (in case of cirrhosis)
: . decompensation or decompensated
cirrhosis (F4) HCe ainhosis)

*if glomerular filtration rate >30 ml/min

N 2o

Asan Medical Center

J Hepatol. 2024

Case 6 ]
Disease course

Saxenda (liraglutide) H| =0 £2F A%, 670 E 5l MZ

okg Z 4.

Laboratory Findings (670 & )
- AST/ALT 25/32 1U/L
- HbA1c 6.4%
- Fibroscan LSM 7.9 kPa, CAP 261 dB/m

Age 41 years
Gender  Female S 7t Q= CHAO| S XY ZHE X0 M = GLp-1
Weight 73.5kg receptor agonistLt SGLT-2 inhibitor X| 2 & SMHS
Height 162.8 cm 214

BMI 27.7 kg/m?

A B0

Asan Medical Center
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Take home messages

jof 50, =&
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Thank you for your attention
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56/M

» A&7t O] LI=2CF

» HbAlc 7.5%

» Metformin 1000 mg BID, Linagliptin 5 mg QD

» BUN/Cr: 21/1.3 mg/dL, eGFR 54 mL/min/1.73 m?
» U/A: SG 1.015 pH 5.5 Alb(+++) OB(-) WBC(-)

» Urine Albumin/creatinine ratio: 2,150 mg/g

|
—
Ol 2ok O| 2| O
- O O E O—| = L—
1990 2017
34 3
@
c
2
£, 2
«
>
o
<
a
1 14
000000000 hy o < o < o N o < o < v = < o < o < o < o hy o < o < o N o < o < by
1317383831833 15333¢ g1l 73§3%1i1%33303¢%¢9%
T T = T R R - I - I 27 7 o w o w o Ww o wWw o VW o vw o v o v o
g NNNNNN ¥ ¥ v v vV O N N © © o g ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ N N © © o
2 g
3 38
o Age group (years) a Age group (years)
Cause CKD due to T1D CKD due to T2D CKD due to glomerulonephritis
CKD due to hypertension Il CKD due to other and unspecified causes

2025 M20pHE R Bzt TH Q| Y EL
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A A A

Typical diabetic kidney disease
Type 1 diabetes for >10 years
Retinopathy

Previous microalbuminuria

No macroscopic hematuria

No red cell casts

Enlarged kidneys on ultrasound

( Diabetes and proteinuria ]

Y

Exclude urinary tract infection

Urine microscopy: Red cells, white cell casts?
Quantitate proteinuria
Renal ultrasound

Serology if glomerulonephritis suspected
ANCA, DNA antibodies, C3, C4

A

Atypical proteinuria

Type 1 diabetes for <10 years

No retinopathy

Nephrotic-range proteinuria
without progression through
microalbuminuria

Macroscopic hematuria
Red cell casts

4 N\
Atypical
Azotemia with proteinuria <1 g/day

Papillary necrosis (pyuria,
hematuria, scarring)

Tuberculosis (pyuria, hematuria)

Renovascular disease (other
occlusive vascular disease)

( No renal biopsy ] [ Renal biopsy ] ( No renal biopsy )
Comprehensive Clinical Nephrology, 7t Edition
—
» China
> 1993-2003
> Diabetic patients with over proteinuria but no severe renal failure for kidney biopsy
» N=110
Clinical manifestations DN (n = 60) NDRD (n = 30)
Haematuria 10 (16.7%) 34 (68.0%)T
Nephrotic syndrome 25 (41.7%) 13 (26.('_)%)T
Renal insufficiency 21 (35.0%) 5 (10.0%)7 ,
Hypertension 46 (76.7%) 25 (50.0%)!
Hyperlipidaemia 39 (65.0%) 38 (76.0%)
Hyperuricaemia 13 (21.7%) 14 (28.0%)
Cardiovascular disease 32(53.3%) 17 (34.0%')*
Diabetic retinopathy 46 (76.7%) 5(10.0%)7
*P < 0.03, TP < 0.01 versus DN.
Nephrol Dial Transplant (2008) 23: 1940-1945
2025 MESotHE e ity i AT
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M

Pathological types Case Percentage (%)
IgA nephropathy 17 34.0
Membranous nephropathy 11 22.0
Mesangial proliferative GN? 7 14.0
HBV-associated GN 4 8.0
Minor glomerular abnormalities 3 6.0
Minimal change disease 2 4.0
Hypertensive nephrosclerosis 2 4.0
FSGS 2 4.0
Crescentic GN 1 2.0
Lupus glomerulonephritis 1 2.0
Nephrol Dial Transplant (2008) 23: 1940-1945

u
Hemodynamic Changes in Diabetes

Normal Diabetes ACE Inhibitors/Angiotensin
Receptor Blockers

Decreased
pressure

Dilated
afferent arteriole

Constricted
efferent arteriole
(increased
pressure)

Glomerular loss
of proteins

Proteins stored in
cytoplasm cause cell
activation and inflammation

Comprehensive Clinical Nephrology, 7t Edition
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M

[ [ (] (]
Natural course of diabetic kidney disease (DKD)
Onset of
diabetes
¢ Primary Secondary Tertiary
prevention prevention prevention
GRF Proteinuria (albuminuria) =
=
160 A ESRD 6 §
] Hyperfiltration LE<E
e 5
£ 110 -4 S
% . Onset [ 3 2
o . nephropathy o
% 601 Sy, l2 K
§ ¢ Mig @
4 Microalbuminuria 1 5
20
0 5 10 15 20 25 30
Years of diabetes ) . .
Comprehensive Clinical Nephrology, 7t Edition

Trajectories of kidney function in DKD

Albuminuria categories (mg/g)

Al:<30 A2:30-299 A3:2300

lure?
_ _J 2. Regression

£ G1:290
o

R |

S G2:60-89
;E_ |

E G3a:45-59
5

= G3b:30-44
g

8 G4:15-29
o

o

5 G5:<15

of albuminuria

4. Non-

proteinuric :
or non- fK'_?ne%
albuminuric dLLIE

Kidney failure

2025 M2opHg Tt IO AP E
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Pathophysiology of diabetic kidney disease (DKD)

—— : ———=

. D,abetlc milieu ! | Recruitment of bone @ %—- @ :
* High glucose ! | marrow—derived / :
levels : @ Macropriage |
* Advanced i :
glycation i e :
end o ETCon —i#. -
: o

O
fe) 0 (5— Cytokines and
e o chemokines

@— DAMPs Adhesion —@
molecules (]

* Differentiation
of monocytes

* Infiltration of
macrophages

| NF-kB, MAPK and
/1 TGF-B pathways

Comprehensive Clinical Nephrology, 7t Edition

KDIGO guideline Regular
risk factor
--
"
Lipid management Additional
risk factor
control
/ = Additional
Glycemic Blood s
control pressure control heart and
kidney
protection
= o N First-line
& o KD drug
o > ¥ therapy
GLP-1 RA Antiplatelet therapies ns-MRA
(T2D) (ASCVD) (T2D) Liteatyln
O o~ and self-
@y ) ( “ ‘management
Jo S @ a8
Metformin SGLT2 inhibitor RAS blockade Statin
(T2D) (T2D) (HTN)
5 . 7
z&% S @ A_J
Diet Exercise Smoking cessation Weight
Diabetes with CKD Kidney Int. 2022;102:990-999.
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Lifestyle

First-line
drug therapy for
most patients

Targeted therapies
for complications

&8

Healthy diet

SGLT2i
continue until dialysis
or transplant

g 1=

Manage hyperglycemia
as per the KDIGO
Diabetes Guideline,
including use of
GLP-1 RA where indicated

@

} 2

Physical activity tobacco products

Aim for SBP <120 mm Hg
RAS inhibitor* at maximum
4 tolerated dose (if HTN)

BP
Use ns-MRA in Dihydropyridine CCB
people with diabetes and/or diuretic if

and an indication needed to achieve
for use individualized

% BP target -
R

Steroidal MRA if needed
for resistant hypertension
if eGFR =45

Regular
risk factor
reassessment
(every 3-6
months)

g

Weight management

Statin-based therapy
moderate- or
high-intensity statin

&

ASCVD risk, lipids

Antiplatelet Manage anemia,
agent for CKD-MBD, acidosis,
clinical ASCVD and potassium
abnormalities,
% where indicated

Ezetimibe, PCSK9i
indicated based on
ASCVD risk and lipids

B

Use the same principles
to diagnose and manage
ASCVD and atrial fibrillation
as in people without CKD

Kidney International, 2024, 684-701

v

DM (20YA Dx)
» HTN (10YA Dx)
» DM retinopathy

(+)

» Smoking/alcohol (+/+)
» Exercise: 1hr/1wk

» BP135/85 mmHg
» BUN/Cr: 28/1.9 mg/dL, eGFR 40 mL/min/1.73 m?

60/M

» U/A: SG 1.010 pH 5.5 Alb(+++) OB(-) WBC(-),
» Urine albumin/creatinine ratio: 2,850 mg/g

2025 M2ofLHgH Tt 7H A2
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ACE inhibitor/ARB

Recommendation 1.2.1: We recommend that treatment with an angiotensin-converting enzyme inhibitor
(ACEi) or an angiotensin Il receptor blocker (ARB) be initiated in patients with dia-
betes, hypertension, and albuminuria, and that these medications be titrated to the
highest approved dose that is tolerated (1B).

Initiate ACEi or ARB

Monitor serum creatinine and potassium
(within 2-4 weeks after starting or changing dose)

Normokalemia Hyperkalemia > 30% increase
in creatinine

< 30% increase

increatinine
Increase dose of ACEi or ARB « Review concurrent drugs « Review for causes of AKI
or continue on maximally - Moderate potassium intake « Correct volume depletion
tolerated dose - Consider: - Reassess concomitant medications
- diuretics (e.g., diuretics, NSAIDs)
- sodium bicarbonate - Consider renal artery stenosis

- potassium binders

Reduce dose or stop ACEi or ARB

if mitigation strategies ineffective Kidney International (2022) 102 (Suppl 5S), S1-S127 S21

ACE inhibitor/ARB

Continue ACEi or ARB
— |If serum creatinine increases <30% within 4 weeks after initiation or dose
escalation, treatment can be continued.

Manage hyperkalemia without stopping the drug
— Do not discontinue ACEi or ARB immediately; instead, use strategies to lower
serum potassium levels.

Avoid dual RAS blockade

— Use only one agent at a time.

— Combining an ACEi with an ARB, or with a direct renin inhibitor, is potentially
harmful.

Kidney International (2022) 102 (Suppl 5S), S1-S127 S21
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SGLT2 inhibitor

Recommendation 1.3.1: We recommend treating patients with type 2 diabetes (T2D), CKD, and an eGFR =20 ml/
min per 1.73 m® with an SGLT2i (1A).

therapy is initiated.

For kidney and cardiovascular protection

Kidney International (2022) 102 (Suppl 5S), S1-S127 S21

Once an SGLT2i is initiated, it is reasonable to continue an SGLT2i even if the eGFR
falls below 20 ml/min per 1.73 m2, unless it is not tolerated or kidney replacement

It is reasonable to withhold SGLT2i during times of prolonged fasting, surgery, or critical
medical illness (when patients may be at greater risk for ketosis).

Areversible decrease in the eGFR with commencement of SGLT2i treatment may occur
and is generally not an indication to discontinue therapy.

Diabetic kidney disease

TFiltered glucose TGep

and NaCl

/;i\j '
Glomerular v S\
hypertrophy / p%\\((i //\\

T Glucose
and NaCl
reabsorption

Efferent arteriole
vasoconstriction:

angiotensin
\

|

\/

\

Ny |\

Afferent arterio
vasodilation:
Jadenosine

\
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to JGA
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Glucosuria

Tubular hypertrophy

Effect of DM and SGLT2i on tubuloglomerular feedback

Diabetic kidney disease with SGLT2 inhibitor

LFiltered glucose
and NaCl

Normal GCP
=

’7 \ZZ) ";
/ \\\;/j\

Reversal of
~ vasodilation

"

LGlucose /1 ‘
and NaCl Reversal of TMacula densa
reabsorption vasoconstriction feedback
via SGLT2 [
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DCT, distal convoluted tubule; GCP, glomerular capillary pressure; PCT, proximal convoluted tubule.
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Defronzo, RA, Reeves, W.B. & Awad, A Pathophysiology of diabetic kidney djsease: impact of SGLT2 inhibitors. Nat Rev Nephrol 17, 319-334 (2021). https://doi.org/10.1038/541581-021-00393-8
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CREDENCE trial

» Double-blind, randomized trial

» 4401 patients with T2DM and albuminuric CKD

» eGFR 30~<90 ml/min/1.73m2 & albuminuria (>300~5000)
» RAAS blocker

» Canagliflozin 100mg or placebo

» Primary outcome
» A composite of ESRD (dialysis, Tx, eGFR<15 ml/min/1.73m2)
» A doubling of the serum Cr level
» Death from renal or CV causes

N Engl ] Med 2019;380:2295-306.

A Primary Composite Outcome B Renal-Specific Composite Outcome
10097309 42 7ard ratio, 0.70 (95% CI, 0.59-0.82) 1009 209 41 ard ratio, 0.66 (95% Cl, 0.53-0.81)
3 90+ 254 p-0.00001 Placeh g 90 15 P<0.001
S 80 20 acebo S 804 Placebg
§ 70 15 § 70 10
% 60 s 604
£ 10 3
S 504 5 Canagliflozin = 50 5 Canagliflozin
$ 40 $ a0
= 0 T T T T T T J 3 0 T T T T T T 1
2 304 0 6 12 18 24 30 36 42 8 309 0 6 12 18 24 30 36 42
§ 5
2 204 2 204
® ]
o 104 o 10+
0 T T T T T T 1 0 T y T T T T 1
0 6 12 18 24 30 36 42 0 6 12 18 24 30 36 42
Months since Randomization Months since Randomization
No. at Risk No. at Risk
Placebo 2199 2178 2132 2047 1725 1129 621 170 Placebo 2199 2178 2131 2046 1724 1129 621 170

Canagliflozin 2202 2181 2145 2081 1786 1211 646 196 Canagliflozin 2202 2181 2144 2080 1786 1211 646 196

C End-Stage Kidney Disease D Dialysis, Kidney Transplantation, or Renal Death
100+ }z Hazard ratio, 0.68 (95% CI, 0.54-0.86) 1009 109 i zard ratio, 0.72 (95% CI, 0.54-0.97)
g %0 3] P=0o02 g 07 s
S 804 Placebo S 804 o Placebo
g 704 g 704
o w 4
F 60 < 60
5 Canagliflozin s 09 2 Canagliflozin
.; 407 ‘; 407 0 T T T T T T T 1
g 304 % 30 0 6 12 18 24 30 36 42
2 20 2 20
] s
e 104 e 10+
0 T T 7 T T T 1 0 T T 7 T T T 1
0 6 12 18 24 30 36 42 4] 6 12 18 24 30 36 42
Months since Randomization Months since Randomization
No. at Risk No. at Risk
Placebo 2199 2182 2141 2063 1752 1152 641 178 Placebo 2199 2183 2147 2077 1776 1178 653 180
Canagliflozin 2202 2182 2146 2091 1798 1217 654 199 Canagliflozin 2202 2184 2148 2100 1811 1236 661 199

N Engl ] Med 2019;380:2295-306.
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A Urinary Albumin-to-Creatinine Ratio Median Baseline
Canagliflozin Placebo
9135 918.0
1200
10001 Placebo
5 F 3 T T T T T
H - -
$ a0 L e e |
u
g o0 —3 3% %3 —*+—3
g 400 Canagliflozin
o
200
0+ T T T T T T J
0 6 12 18 24 30 36 42
Months since Randomization
No. of Patients
Placebo 2113 2061 1986 1865 1714 1158 685 251
Canagliflozin 2114 2070 2019 1917 1819 1245 730 271
B Change from Baseline in Estimated GFR Baseline (ml/min/1.73 m2)
Canagliflozin Placebo
56.4 56.0
0
@
2 24
S~ 4l
SE e =
3R -8 ——a_ Canagliflozin
wg 10 i
EE 12 = —~3
ERS —
SE -14 x
bR Placebo ™ _
a -18
@
Bk s ‘ ‘ T T ‘ ‘
0 3 6 12 18 24 30 36 42
Months since Randomization
No. of Patients
Placebo 2178 1985 1882 1720 1536 1006 583 210
Canagliflozin 2179 2005 1919 1782 1648 1116 652 241
N Engl ] Med 2019;380:2295-306.

DAPA-CKD

» 4304 patients regardless of the presence or absence of diabetes

» eGFR 25-75 ml/min/1.73m2 & urine albumin/creatinine ratio 200-5000
mg/g

» Dapagliflozin 10mg or placebo

» Primary outcome
» A composite of a sustained decline in the eGFR at least 50%
» ESRD
» Death from renal or CV causes

N Engl | Med 2020:383:1436-46.
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A Primary Composite Outcome

249 Hazard ratio, 0.61 (5% Cl, 0.51-0.72)
100 59 P<0.001
901 16 Placebo
R
g 704
] 8
3 Dapaglifiozi
E sod 4 apagliflozin
£ 5] 0 4 8 12 16 20 24 28 32
E
g 24
10
T 7 T T T T v J
0 4 8 12 16 20 24 28 32
Months since Randomization
No. at Risk
Placebo 2152 1993 1936 1858 1791 1664 1232 774 270
Dapaglifiozin 2152 2001 1955 1898 1841 1701 1288 831 309

B Renal-Specific

Composite Outcome

207 Hazard ratio, 0.56 (95% CI, 0.45-0.68)
1004 P<0.001
_ Placebo
£ =04 12
g 0
3 60|
2 ol 4 Dapaglifiozin
_E 304 8 12 16 20 24 28 32
5 2o
104
T T 7 T y v T ,
4 8 12 16 20 24 28 32
Months since Randomization
No. at Risk
Placebo 2152 1993 1936 1858 1791 1664 1232 774 270
Dapaglifiozin 2152 2001 1955 1898 1841 1701 1288 831 308

C Composite of Deatl
for Heart Failure

h from Cardiovascular Causes or Hospitalization

109" Hazard ratio, 0.71 (95% CI, 0.55-0.92)
100 P-0.009
904 Placebo
£ s 6
g g,
2 o0q 5 Dapaglifiozin
£ 50+
2 5] 0o 4 8 12 16 20 24 28 32
E
5 o
104
T 7 T T T —
0 4 8 12 16 20 24 28 32
Months since Randomization
No. at Risk
Placebo 2152 2023 1989 1957 1927 1853 1451 976 360
Dapagliflozin 2152 2035 2021 2003 1975 1895 1502 1003 384

D Death from Any Cause

129" Hazard ratio, 0.69 (95% CI, 0.53-0.88)
1001 1o P-0004
01
& 304 Placebo
b 6
§ 70
H
€ eof *
ol 2 Dapaglifiozin
2 ] o 3 12 16 20 24 28 32
E
SR
10
T T 7 7 — T .
o 4 8 12 16 20 24 28 32
Months since Randomization
No. at Risk
Placebo 2152 2035 2018 1993 1972 1902 1502 1009 379
Dapaglifiozin 2152 2039 2029 2017 1998 1925 1531 1028 398

N Engl | Med 2020;383:1436-46.
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-14
& 34
=T 2
B 3
So 4 s
S5 -5- Dapaglifiozin
e £ _g-
s=
SE 77
8E
30 o]
g3 )]
-
#.E -l2-
§E 13-
-14-
-15 T T T T T T T T T 1
0 2 4 8 12 16 20 24 28 32 36
Months since Randomization
No. of Participants
Placebo 2152 2029 1981 1866 1795 1753 1672 1443 935 447 157
Dapagliflozin 2152 2031 2001 1896 1832 1785 1705 1482 978 496 157
N Engl | Med 2020;383:1436-46.
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Patient
selection

Glycemia

Assessment

SGLT2 inhibitor

Practical provider guide to initiating SGLT2 inhibitors
in patients with type 2 diabetes and CKD

Intervention

Follow-up

* Assess adverse effects

+ Review knowledge

= Anticipate an acute
drop in eGFR, which is
generally not a reason
to stop the SGLT2
inhibitor

* Ask about
hypoglycemia

+ Reduce sulfonylurea
or insulin if needed

Education:
" * Re-assess volume
Volume * Vo|ume depleh_ (0 S * Reduce concomitant
Consider diuretic dose diuretic if needed
reduction
Kidney International (2022) 102 (Suppl 5S), S1-S127 S21
Lifestyle =
Stop use of -
Healthy diet Physical activity tobacco products Weight management
SGLT2i Aim for SBP <120 mm Hg Statin-based therapy
First-line continue until dialysis RAS inhibitor* at maximum moderate- or
drug therapy for or transplant 4 tolerated dose (if HTN) high-intensity statin
S 1 X %9 %
ASCVD risk, lipids
BP
Manage hyperglycemia Use ns-MRA in Dihydropyridine CCB Antiplatelet Manage anemia,
as per the KDIGO people with diabetes and/or diuretic if agent for ‘CKD-MBD, acidosis,
Targeted therapies Diabetes Guideline, and an indication needed to achieve clinical ASCVD and potassium
for complications including use of for use individualized abnormalities,
GLP-1 RA where indicated a ’ BP target a where indicated

@

-

Steroidal MRA if needed Ezetimibe, PCSK9i
for resistant hypertension indicated based on
if eGFR =45 ASCVD risk and lipids
&
Use the same principles
to diagnose and manage

ASCVD and atrial fibrillation
asin people without CKD

Kidney Int. 2022;102:990-999.
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Mineralocorticoid Receptor Antagonists

Recommendation 1.4.1: We suggest a nonsteroidal mineralocorticoid receptor antagonist with proven kidney
or cardiovascular benefit for patients with T2D, an eGFR 225 ml/min per 1.73 m?,
normal serum potassium concentration, and albuminuria (=30 mg/g [=3 mg/mmol])
despite maximum tolerated dose of RAS inhibitor (RASi) (2A).

A nonsteroidal MRA can be added to a RASi and an SGLT2i for treatment of T2D
and CKD.

A steroidal MRA should be used for treatment of heart failure, hyperaldosteronism,
or refractory hypertension, but may cause hyperkalemia or a reversible decline in
glomerular filtration, particularly among patients with a low GFR.

Kidney International (2022) 102 (Suppl 5S), S1-S127 S21

MR overactivation: targeting systemic impact with non-steroidal
mineralocorticoid receptor antagonists

< LT
Aldosterom _ Fmerenone: r‘g’

osterone :,® :H 0
|

MR
= eNOS activer | "

P

t——

NADPH : 7
oxidase ] /s
" W MR
NOt oxidase stress|
1 4> Aldosterone
ROS il

R
X 1

MR —+MR activation
/ \ ==#MR inhibition

endolhelial fibrosis macrophage infiltration
dysfunction stiffness T cell activation
Podocyte damage and VSMC proliferation Heart failure
effacement Vascular remodeling Myocardial remodeling
Glomerular injury Endothelial damage Fibrosis

Albuminuria/proteinuria

Renal-Cardio damage
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Differential MR binding of steroidal MRAs vs finerenone

S \\\]
) {

Spironolactone Eplerenone Finerenone

Structural properties Flat (steroidal) Flat (steroidal) Bulky (nonsteroidal)'*

Potency to MR High*1© Low!/4/10 High!-210

Selectivity to MR Low#10 Moderate1° High'210

CNS penetration Yes Yes No, based on preclinical data®

Sexual side effects Yes (gynecomastia)* Less than spironolactone? No signal, based on phase Il data”-?

Hyperkalemia Yes* Yes* Moderately increased*7-?

Tissue distribution Kidney > heart (at least 6-fold)é'° Kidney > heart (~3-fold)®'° Balanced kidney : heart (1:1)81°
Based on preclinical data and ARTS phase Il

programme

Barfacker L, et al. Discovery of BAY 94-8862: a nonsteroidal antagonist of the mineralocorticoid receptor for the treatment of cardiorenal diseases.
29 ChemMedChem. 2012;7:1385-403

N
FIDELIO-DKD

Randomized double-blind trial

5734 patients with CKD and T2DM

1:1 to receive finerenone or placebo

Urine Alb/Cr ratio 30-<300/ eGFR 25-<60/ diabeteic retinopathy
Urine Alb/Cr ratio 300-5000/ eGFR 25-<75

vV v . v.VvyyYy

» Primary composite outcome
» Kidney failure
» A sustained decrease of at least 40% in the eGFR from baseline
» Death from renal causes
» Secondary composite outcome
» Death from CV causes
» Nonfatal myocardial infarction
» Nonfatal stroke
» Hospitalization for heart failure

N Engl ] Med 2020;383:2219-29.
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A Primary Composite Outcome
100~ 40— Hazard ratio, 0.82 (95% Cl, 0.73-0.93)

Finerenone

Cumulative Incidence (%)
@
3
T

Months to First Event

No. at Risk
Placebo 2841 2724 2586 2379 1758
Finerenone 2833 2705 2607 2397 1808

1248
1274

792
787

453
441

82
83

B sustained Decrease of 240% in the eGFR from Baseline

100~ 40~ Hazard ratio, 0.81 (95% Cl, 0.72-0.92)
g
o
S
e
@
T N
2 Finerenone
£
@
2
k]
_E 30 12 18 24 30 36 42 48
S 204
104
0 T T T T T T T 1
0 6 12 18 24 30 36 42 48
Months to First Event
No. at Risk
Placebo 2841 2722 2583 2379 1758 1249 793 453 82
Finerenone 2833 2703 2606 2396 1808 1275 783 442 83

C Kidney Failure

D Secondary Composite Outcome

No. of Patients

Months since Randomization

100 407 Hazard ratio, 0.87 (95% Cl, 0.72-1.05) 100 40 Hazard ratio, 0.76 (95% Cl, 0.65-0.90)
90+ 30 90+ 30
& 804 7] & 504 |
g 709 204 g 704 20
3 60| Placebo 2 60
S S
£ 504 109 £ 504 107
o Finerenone o Finerenone
2 40 2 40
E L e T N ——— E I R —
g 304 6 12 18 24 30 36 42 48 E 30+ 0 6 12 18 24 30 36 42 48
5 204 & 2
] _’F,_,—;# 104
0 T T T T T T 1 o T T T T T T T 1
0 6 12 18 24 30 36 42 48 0 6 12 18 24 30 36 42 48
Months to First Event Months to First Event
No. at Risk No. at Risk
Placebo 2841 2741 2645 2508 1911 1390 892 513 103 Placebo 2841 2740 2636 2490 1887 1364 873 499 98
Finerenone 2833 2733 2658 2506 1932 1393 897 510 104 Finerenone 2833 2732 2655 2492 1915 1377 883 501 101
N Engl ] Med 2020;383:2219-29.
A Urinary Albumin-to-Creatinine Ratio B Mean Serum Potassium
1.4 6.0
£ ] .
o 12 £ ss Finerenone
3 Placebo g
8 10¢ £ 5.0
2 E
& 08 3 45
v
g a
s 0.6 E 4.0
9 Finerenone c
s | 3 35
S 049 Geometric mean albumin-to-creatinine ratio at baseline: 5 . . Placebo
o " ! A Mean serum potassium at baseline:
L2l Finerenone, 798.79 (geometric SD, 2.65) < Fi 4372046
% 02  Placebo, 814.73 (geometric SD, 2.67) S 30 inerenone, 4.37 £0.
g Placebo, 4.38+0.46
S = /r
0.0 T T T T T T T T 1 0.0 T T T T T T T T T T T 1
0 4 8 12 16 20 24 28 32 36 01 4 8 12 16 20 24 28 32 36 40 44

No. of Patients

Months since Randomization

Finerenone 2831 2725 2582 1841 856 Finerenone 2827 2708 2600 1872 882 344
Placebo 2840 2726 2598 1825 834 Placebo 2831 2709 2596 1865 862 348
Mean Change Mean Change
from Baseline from Baseline
(percent) (mmoljliter)
Finerenone Ref. -34.7 -41.3 -39.9 -29.3 Finerenone Ref. 0.25 0.24 0.21 0.21 0.20
Placebo Ref. -4.7 -3.0 -2.0 4.1 Placebo Ref. 0.02 0.04 0.05 0.07 0.07
N Engl ] Med 2020;383:2219-29.
o ol C o A
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CKD and type 2 DM
Finerenone or placebo

RAAS blocker

» Primary outcome

» A composite of death from CV causes, nonfatal MI, nonfatal stroke or hospitalization for

heart failure
Secondary outcome

v

» A composite of kidney failure, a sustained decrease from baseline of at least 40% in the

FIGARO-DKD

Randomized, double-blind study

eGFR or death from renal causes

Urine albumin/Cr ratio 30~<300 and eGFR 25-90 ml/min/1.73m2 or
Urine albumin/Cr ratio 300-5000 and eGFR = 60 ml/min/1.73m2

N Engl ) Med 2021;385:2252-63.

A Primary Composite Outcome
100+ 20+
504 Hazard ratio, 0.87 (95% Cl, 0.76-0.98)
P=0.03
80 154 Placebo
&
%’ 70 Finerenone
o
g g0 107
3
1=
£ 504
o
>
S 40 51
=
£ 304
=1
v}
20 0 T T T T T T T T 1
0 6 12 18 24 30 36 42 48 54
10
e
0 T T T T T T T T 1
6 12 18 24 30 36 42 48
Months to First Event
No. at Risk
Placebo 3666 3577 3479 3389 3267 2730 2125 1657 1076
Finerenone 3686 3600 3517 3427 3320 2781 2184 1712 1093

585
598

N Engl ] Med 2021;385:2252-63.
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Finerenone  Placebo Finerenone  Placebo
Outcome (N=3686)  (N=3666) (N=3686) (N=3666)
no. of patients with event
no. of patients with event (%) per 100 patient-yr
Primary composite outcome 458 (12.4) 519 (14.2) 3.87 4.45
Death from cardiovascular causes 194 (5.3) 214 (5.8) 1.56 1.74
Nonfatal myocardial infarction 103 (2.8) 102 (2.8) 0.85 0.85
Nonfatal stroke 108 (2.9) 111 (3.0) 0.89 0.92
Hospitalization for heart failure 117 (3.2) 163 (4.4) 0.96 136
Kidney composite outcome with 350 (9.5) 395 (10.8) 3.15 3.58
=40% decrease in eGFR
Kidney failure 46 (1.2) 62 (1.7) 0.40 0.54
End-stage kidney disease 32(0.9) 49 (1.3) 0.26 0.40
Sustained decrease in eGFR of 28 (0.8) 38 (1.0) 0.24 033
<15 ml/min/1.73 m?
Sustained =40% decrease in eGFR 338 (9.2) 385 (10.5) 3.04 3.49
from baseline
Death from renal causes 0 2(0.1) — —
Hospitalization for any cause 1573 (42.7) 1605 (43.8) 16.9 17.5
Death from any cause 333 (9.0) 370 (10.1) 2.68 3.01
Kidney composite outcome with 108 (2.9) 139 (3.8) 0.95 1.23
=57% decrease in eGFR
Sustained =57% decrease in eGFR 90 (2.4) 116 (3.2) 0.79 1.02
from baseline

Hazard Ratio (95% Cl) P Value

—m 0.87 (0.76-0.98) 0.03
— 0.90 (0.74-1.09) —
—a— 0.99 (0.76-1.31) —
—a— 0.97 (0.74-1.26) —
—a— 0.71 (0.56-0.90) —
—E— 0.87 (0.76-1.01) —
—.— 0.72 (0.49-1.05) —
e 0.64 (0.41-0.995) —
[ = — 0.71 (0.43-1.16) —
—— 0.87 (0.75-1.00) —
i _ _
HEH 0.97 (0.90-1.04) —
— 0.89 (0.77-1.04) —
—a— 0.77 (0.60-0.99) —
—— 0.76 (0.58-1.00) =

T ; 1

0.40 1.00 2.00

Finerenone Better

Placebo Better

N Engl ) Med 2021;385:2252-63.

Finerenone is recommended to slow CKD progression
and reduce CV events in patients with CKD and T2D

ACEi/

993 :
A
(oo}

AACE 20221

Recommended for persons with
albuminuria (T1D or T2D) to reduce
risk of DKD or CKD in DM
progression

Recommended for persons with T2D,
an eGFR 225 mL/min/1.73 m?,
normal serum [K*], and albuminuria
(UACR 230 mg/g) despite a
maximum tolerated dose of a RASI

1A

Recommended as foundational
therapy for persons with T2D

and CKD with eGFR 220
mL/min/1.73m? to reduce
progression of CKD and risk of
CV disease

Recommended for persons with
T2D and DKD or CKD in diabetes
with eGFR 215 mL/min/1.73 m? for
glycaemic control and to reduce
risk of ASCVD and progression of
albuminuria

n non-pregnan
1. Blonde L
4. Mancia G

KDIGO 20242

Recommend starting RASi (ACEi or
ARB) for people with CKD and
moderately-to-severely increased
albuminuria (G1-G4, A2 and A3) with
diabetes (1B)

Suggest Nonsteroidal mineralocorticoid
receptor antagonist with proven kidney or
cardiovascular benefit for adults with T2D,

an eGFR >25 ml/min per 1.73 m?2, normal
serum potassium concentration, and
albuminuria (>30 mg/g [>3 mg/mmol])
despite maximum tolerated dose of

RAS inhibitor (RASi) 2A

Recommend treating patients with
T2D, CKD, and an eGFR 220
ml/min/1.73 m%(1A)

In adults with T2D and CKD who have not
achieved individualized glycemic targets
despite use of metformin and SGLT2
inhibitor treatment, or who are unable to
use those medications, we recommend
a long-acting GLP-1 RA (1B)

for patie
KDIGO. Ki
874-2071

8:923
2023: Dec 1;41(12);

1 T2D and CKD; fin p:
2Q24;105(Supp! 4S):S1

ADA 20243

Strongly recommended in patients
with UACR 2300 mg/g and/or
eGFR <60 mL/min/1.73 m?*(LOE A)
Recommended in patients with
UACR 30-299 mg/g* (LOE B)

Recommended for patients with CKD
and albuminuria who are at increased
risk for CV events or CKD progression
(if eGFR 225 mL/min/1.73 m? to reduce
CKD progression and CV events.

Potassium levels should be

monitored. @ A
Recommended for patients with an eGFR

220 mL/min/1.73 m? and UACR 2200 mg/g to
reduce risk of CKD progression and CV events*
(LoE: A)

Recommended for patients with an eGFR

220 mL/min/1.73 m? and UACR ranging from

normal to 200 mg/g to reduce CKD progression
and CV events* (LoE: B)

Should be considered for
additional CV risk reduction:

with T2D and diabetic kidney d

S$314; 3. American Diabetes

iation. Diab

ESH 20234

Antihypertensive treatment in T2D is
recommended for macrovascular and
microvascular protection
Recommended for patients with CKD
and UACR >30 mg/g, titrated to
maximum tolerated dose

Finerenone is recommended for
patients with CKD and albuminuria
associated with T2D if eGFR 225
ml/min/1.73 m? and serum [K*] <5.0
mmol/l — the drug has a BP @
1A

lowering effect

Recommended to reduce cardiac and
kidney events in T2D — they have a BP
lowering effect

Recommended for patients with diabetic
and non-diabetic nephropathies CKD if
eGFR is at least 20 or 25 ml/min/1.73 m? *

2GFR 225 mL/min/1.73 m:

2024;47(Suppl 1):S219

2025 M20pHE R Bzt TH Q| Y EL

196



—

Finerenone 2% 20| H& 7|

H4

H2d St A= g MEE G #xpz A,

ACE XN = Angiotensin Il =&KX XITHH|E X OIS E(LHS) BH = AMHTIC: ChHy SISO} 240 | {4t A| N18 FEE 7FSH T}
4% O[A QN O S0 F0|E EROL [ ZUS BF BESHE 4P

HEQH(ACE AHH EE£ Angiotensin Il 88| XTHH|)at H8310] F0{5t E1 + N1

Cieh XS0 42 B0l= 2hd 4ET SHXHNYHA dlass lI~1V)= H 2|8 2% ot Bl AgTE BHY A3

e

N182 RHILIEE (27])
N183 2HAIZHE(37])
N184 TR MZIH(47])
N189 AMIEHe] ph Al

1) uACR >300 mg/g 2= 2 AEX|E Z Al(urine dipstick test) 2/ (1+ 0| 4)
2) 25< eGFR <75 mL/min/1.73m2Q! A2

0] L eGFRO| 15 mL/min/1.73m2 0|t O 2 ZtASH= 4@ F0 SEHSHO{OF &t

f2YItE Y 20 7|F8 UESE 22, BHYTS A0 et AYE 7tA S BAISH A2, JiE et det M4 REHSHS et + AL

ota

UACR, urine albumi inine ratio

ACE, angiotensin-converting enzyme; eGFR, estimated glomerular filtration rate; NYHA, New York Heart

References 1. "2 YZ012| HE87|F U W0 St M 2ALY, YRINY (EHEXE DA| H|2024-205(2024.01.31)). 2. T EEH B AL F(KCD), hitps://www. koicd.kr/ked /ked.do?degree=08
accessed on Jan 2024. 3. A4 XS OI S EUF O AT HHE YL INH(HHSX| 5§ 1 A| H2024-115(2024.01.26)).

The complementary MoA of Finerenone and SGLT-2is have
the potential for additive beneficial effects

CVD, ilar disease; MoA,

A e @R -
- . o = + Preload ;m‘m
Finerenone: Inhibits MR o B ‘ § !
A : : A n Arterial stiffness % gt S \ r g Y e Ensing
overactivation, which may contribute Wil J Improved diastolic function
to CKD progression (driven by | endothelil function 0 =
metabolic factors, haemodynamic B |
g c g - { Smooth muslcleﬁ - A_\_‘m ra
factors, inflammation and fibrosis) cell poliferation | h, pa—a 1} improved conaciiiny @9
/ ¥ Oxidative stress Al gfﬁciency }
=, . . (A"\" )’ .:;: § ~
SGLT-2i: Kidney haemodynamic % (75 ., (¥ Fibrosis Adown ‘sJ
effect that induces glucosuria and . lolepnce y adiposstissue
natriuresis, resulting in a reduction o , {‘21;}?5‘“2“‘ &
- . ) Ketogenesis 4 = Y # Fat utilization/
in intraglomerular hypertension Hepatic steatosis + weight loss
4 Natriuresis 5":”
Complementary MoA > + Albuminuria
potential for additive beneficial SGLT-2i ¥ Intraglomeruar pressure
effect in CKD + T2D and CVD Y

Finerenone

of action; MR, mineralocorticoid receptor

This figure is reproduced from Green, et al. 2022, under the terms of the Creative Commons Attribution-NonCi
Green JB, et al. Nephrol Dial Transplant 2023;38(4):894-903. 38

License (http: it y-nc/4.0/)
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| Finerenone with Empagliflozin in CKD and T2DM

o} ]

@

Steroidal MRA if needed
for resistant hypertension
if eGFR =45

S

. 7] Urinary Albumin-to-Creatinine Ratio 0407 Serum Potassium Level
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N Engl J Med. 2025 Jun 5.
Regular
@ risk factor
Lifestyle ! reassessment
Stop use of (every 3-6
Healthy diet Physical activity tobacco products Weight management months)
SGLT2i Aim for SBP <120 mm Hg Statin-based therapy
First-line continue until dialysis RAS inhibitor* at maximum moderate- or
drug therapy for or transplant 4 tolerated dose (if HTN) high-intensity statin
most patients (e
%9 @ B ACE i}
4|; ASCVD risk, lipids
BP
Manage hyperglycemia Use ns-MRA in Dihydropyridine CCB Antiplatelet Manage anemia,
as per the KDIGO people with diabetes and/or diuretic if agent for CKD-MBD, acidosis,
Targeted therapies Diabetes Guideline, and an indication needed to achieve clinical ASCVD and potassium
for complications including use of for use individualized abnormalities,
GLP-1 RA where indicated BP target % where indicated

Ezetimibe, PCSK9i
indicated based on
ASCVD risk and lipids

al

l

Use the same principles
to diagnose and manage

ASCVD and atrial fibrillation

as in people without CKD

Kidney Int. 2022;102:990-999.
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Risks of progression to kidney failure, HF and death can be
dramatically reduced with new therapeutics

Anticipated event-free survival* with optimal kidney therapeutics in people with diabetes and CKD*:3

HHE 260/(25:28.260)}vears mRASi + SGLT-2i + finerenone

RASI

22.1 (21.2 -23.0) years

All cause death

17 years to get evidence into
practice?

19.3 (17.9 —20.4) years
Kidney failure

Opportunity to gain many
event-free years will have

16.7 (155 -17.9
Composite kidney { ) years been lost

outcome T

Figure adapted from Luyckx VA, et al. Am J Nephrol 2024;55(3):298-315

*Estimated event-free survival for various outcomes if indicated therapies were initiated at age 50 years in subjects with diabetes and CKD (eGFR <60 mL/min/1.73?
1Composite kidney outcome = doubling of serum creatinine, kidney failure, and death from kidney failure.

41 Data derived from Heerspink H, et al (2024)*
1. Luyokx VA, etal. Am J Nephrol. 2024;55(3):298-315; 2. Rubin R. JAMA. 2023,329(16):1333-1336; 3. Heerspink H, et al. Diabotos Obos Metab. 2023,25(11):3327-3336

GLP1 receptor agonists

Recommendation 4.2.1: In patients with T2D and CKD who have not achieved individualized glycemic targets
despite use of metformin and SGLT2i treatment, or who are unable to use those
medications, we recommend a long-acting GLP-1 RA (1B).

To minimize gastrointestinal side effects, start with a low dose of GLP-1 RA, and
titrate up slowly

GLP-1 RA should not be used in combination with dipeptidyl peptidase-4 (DPP-4)
inhibitors.

The risk of hypoglycemia is generally low with GLP-1 RA when used alone, but risk
is increased when GLP-1 RA is used concomitantly with other medications such as
sulfonylureas or insulin. The doses of sulfonylurea and/or insulin may need to be
reduced.

GLP-1 RA may be preferentially used in patients with obesity, T2D, and CKD to
promote intentional weight loss.

Kidney International (2022) 102 (Suppl 5S), S1-S127 S21
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GLP1 receptor agonists

GLP-1RA Dose
Dulaglutide 0.75 mg and 1.5 mg once weekly
Exenatide 10 pg twice daily

Exenatide extended-release 2 mg once weekly

Liraglutide 1.2 mg and 1.8 mg ance daily

Lixisenatide 10 pg and 20 pg once daily

Semaglutide (injection) 0.5 mg and 1 mg once weekly

Semaglutide (oral) 3 mg, 7 mg, or 14 mg daily

CKD adjustment

No dosage adjustment
Use with eGFR >15 ml/min per 1.73 m?

Use with CrCl >30 ml/min
Use with eGFR >45 ml/min per 1.73 m?

No dosage adjustment
Limited data for severe CKD

No dosage adjustment

Limited data for severe CKD

Not recommended with eGFR <15
ml/min per 1.73 m*

No dosage adjustment
Limited data for severe CKD

No dosage adjustment
Limited data for severe CKD

Kidney International (2022) 102 (Suppl 5S), S1-S127 S21

-o- Placebo

-+~ Semaglutide/liraglutide pooled -+ Semaglutide 0.5 mg

-+ Liraglutide 1.8 mg

-+ Semaglutide 1.0 mg

40 Pooled 404 SUSTAIN 6 404 LEADER
=5 30 =5 30 _ A i 304
E] e B s o-8F oy
E B S E ~ E
zzo'_\.’/ 0 20 4 \ ; e : 2 204
] &) ]
< < <
=} > o
10 10 4 10+
0 0 - 0
T T T 1 T T T 1 T T T 1
0 6 12 18 24 0 6 12 18 24 0 12 24 36 48
Time from randomization Time from randomization Time from randomization
(months) (months) (months)

Estimated treatment ratio at 2 years (treatment vs placebo) [95% CIJ; p value*

Overall pooled trial SUSTAIN 6

LEADER

population Semaglutide 0.5 mg

Semaglutide 1.0 mg

Liraglutide 1.8 mg

0.76 [0.73, 0.80]; p<0.001 0.80 [0.72, 0.90]; p<0.001

0.67 [0.60, 0.76]; p<0.001

0.77 [0.73, 0.82]; p<0.001

Estimated treatment ratio at 2 years (by-treatment comparisons) [95% CI]; p value

Liraglutide 1.8 mg

vs semaglutide 0.5 mg 0.96 (0.85, 1.09]; p=0.53

Liraglutide 1.8 mg
vs semaglutide 1.0 mg

1.15[1.02, 1.31]; p=0.024

Circulation. 2022;145:5675-585.
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® Semaglutide 0.5 mg vs placebo m Semaglutide 1.0 mg vs placebo ® Liraglutide 1.8 mg vs placebo

All patients by treatment Baseline eGFR Baseline eGFR
<60 mL/min/1.73m? 260 mL/min/1.73m?
p=0.057
I |
3 20 =037
o=
2o I p=0.0003 |
& §
52 p=0.008
55 | |
E
g = 1.0 p<0.0001
g g p=0.0001 p=0.01
2=
ElE
g =} p=0.0009 p=0.42 NS
o
& [ 0.26 | 0.15 I

Circulation. 2022;145:5675-585.

Regular
risk factor
reassessment
(every 3-6

w 4% f 2 ¢

Healthy diet Physical activity tobacco products Weight management months)
SGLT2i Aim for SBP <120 mm Hg Statin-based therapy
First-line continue until dialysis RAS inhibitor* at maximum moderate- or
drug therapy for or transplant 4 tolerated dose (if HTN) high-intensity statin

most patients %a @ % , @.@ %

ASCVD risk, lipids

BP
Manage hyperglycemia Use ns-MRA in Dihydropyridine CCB Antiplatelet Manage anemia,
as per the KDIGO people with diabetes and/or diuretic if agent for CKD-MBD, acidosis,
Targeted therapies Diabetes Guideline, and an indication needed to achieve clinical ASCVD and potassium
for complications including use of for use individualized abnormalities,
GLP-1 RA where indicated % ’ BP target @ where indicated
@ B Qe
Steroidal MRA if needed Ezetimibe, PCSK9i
for resistant hypertension indicated based on
if eGFR =45 ASCVD risk and lipids

D al

Use the same principles
to diagnose and manage
ASCVD and atrial fibrillation
as in people without CKD

Kidney Int. 2022;102:990-999.
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Nutrition intake

Recommendation 3.1.2: We suggest that sodium intake be <2 g of sodium per day (or <90 mmol of sodium per
day, or <5 g of sodium chloride per day) in patients with diabetes and CKD (2C).

B
HASZIIPWHO) - " E[AEOR 2 M| ¥717|7WHO)2|
If‘“ L 3% LIEE A} #3200 B2
-'HJJ 1 E|AZ LEE ME2F 11 o|E
=8 2 43 Hpol s

R LT

A3y ;
y 4 {NaCl)2 LIEE(Na) D
/-’ y 4 BL(C)Z T4 AUk

WALIER & LUERS

2 5&|A“ 4% FIX/H YoU
. =

23190 EUEE2
400mg 7F=0ICt,

L5129
LIEE 4191mg

https://m.health.chosun.com/article/article.html?contid=2016031002577

Nutrition intake

Recommendation 3.1.1: We suggest maintaining a protein intake of 0.8 g protein/kg (weight)/d for those with
diabetes and CKD not treated with dialysis (2C).

Patients treated with hemodialysis, and particularly peritoneal dialysis,
should consume between 1.0 and 1.2 g protein/kg (weight)/d.
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Recommendation 1.5.1: We recommend advising patients with diabetes and CKD who use tobacco to quit
using tobacco products (1D).

Recommendation 3.2.1: We recommend that patients with diabetes and CKD be advised to undertake
moderate-intensity physical activity for a cumulative duration of at least 150

minutes per week, or to a level compatible with their cardiovascular and physical
tolerance (1D).
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Cognitive impairment represents a frequent yet under-recognized complication of diabetes
mellitus, particularly affecting older adults. Diabetes significantly increases the risk of
all-cause dementia (RR 1.73), Alzheimer's disease (RR 1.53), and vascular dementia (RR 2.27),
with cognitive changes emerging during prediabetic stages and progressing gradually over
years. Central insulin resistance emerges as a key pathogenic pathway, involving dysregulated
insulin signaling in critical brain regions and promoting advanced glycation end-product
formation and neuroinflammation. Glycemic variability correlates more strongly with cognitive
decline than average glycemic control alone. Routine cognitive screening is recommended for
diabetes patients aged 65 and older using validated assessment tools. Pharmacological
interventions show promise, with GLP-1 receptor agonists demonstrating consistent
neuroprotective effects, while SGLT-2 inhibitors show emerging cognitive benefits and
metformin's role remains controversial. Lifestyle interventions prove highly effective: structured
exercise programs (23 times weekly, 240 minutes, 224 weeks) and MIND diet adherence
significantly improve cognitive outcomes, For patients with established cognitive impairment,
diabetes management requires individualized glycemic targets while rigorously avoiding
hypoglycemia, emphasizing treatment simplification and multidisciplinary care coordination.
This evidence-based approach provides clinicians with practical frameworks for integrating
cognitive health assessment and protection into routine diabetes care.
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Synopsis

* Understand the epidemiology and pathophysiology of diabetes-related
cognitive impairment

* Implement appropriate cognitive screening protocols in diabetes patients

* Apply evidence-based protective strategies in clinical practice

* Modify diabetes management for patients with cognitive impairment
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Epidemiology and pathophysiology of
diabetes-related cognitive impairment

Stages of cognitive dysfunction related to diabetes mellitus

Diabetes-associated cognitive decrements
- Slow progression, stable course

MCI, dementia
- Over 65 years of age
- Year-by-year cognitive decline

Not a continuum

Subtle cerebral alterations

Age (years)

1| Cognitive performance  Dementia incidence r70 19 Type.Z diabetes

— Type 2 diabetes —— Type 2 diabetes ---- No diabetes

---- No diabetes ---- Nodiabetes —
— Leo @ g A
4 7 p
b ! 2
N H s 37 Y
T T [ iro o2 0
g ! g 32 Allzheimer’s
k=) g 7 disease
S a o 4
d 4 m b4 B &
g N
g 3 2§
g - E
8 -
I . . & o A Impaired cognition
o - Impaired cognition r2o0 2 2|
25 [ S C g E
= 2 B
S -2 10 o =2

4 T T T 0 707/ 2‘0 3’0 4’0 5’0 6‘0 7‘0 8‘0
0 20 30 40 50
Age (years)

GJ Biessels, Nat Rev Endocrinol 2018;14(10):591-604
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Risk of Alzheimer’s Disease

Diabetes Mellitus and Risk of Alzheimer Disease
and Decline in Cognitive Function

Diabetes mellitus may be associated withan increased risk of developing AD and may affect cognitive systems differentially

1.0
---------- Persons With Diabetes Mellitus
Persons Without Diabetes Mellitus
0.8
Table 1. Characteristics of the 824 Participants, 2
According to the Presence or Absence of Diabetes Mellitus* 5 0.6+
g
Diabetes Mellitus £
T 1 e
Present Absent E 0.4
Characteristic (n=127) (n = 697) g
Age at baseline, y 74 4 (6.1) 75.2 (7.1) 3
Male sex, No. (%) 57 (44.9) 200 (28.7)
Education, y 18.0 (3.3) 18.1(3.4)
MMSE score at baseline 28.3(1.7) 28.5(1.7)
0 3 6 9
Time, y

Figure 1. Cumulative hazard of Alzheimer disease (AD) among persons with
diabetes mellitus compared with those without diabetes mellitus.

Z Arvanitakis, et al . Arch Neurol. 2004,61:661-666

Diabetes Mellitus and Risk

Results From the Framingham Study

Cumulative incidence of AD in entire sample

of Developing Alzheimer Disease

and sex

: comparison of groups with and without DM, adjusted for age
06
+ NoDM

3 0.5 =DM
2
S04
2
© 03
=
So2
15
5
S04 .

0 - Y Tcald

65 70 75 80 85 90 9% 100

Age,y

Cumulative incidence of AD in low-risk group
: comparison of persons with and without DM, adjusted for age

and sex

0.6

e o o 2o
P ow = o
N\

L]

Cumulative Incidence

e

>

65 90 95

Table 2. Multivariable Cox Proportional Hazards Models Examining the Relation Between Diabetes and the Risk of All-Cause
Dementia, Alzheimer Disease, and Vascular Dementia Using Standard and Time-Dependent Cox Models

All-Cause Dementia Aizheimer Disease Vascular Dementia
Vanahlss Adjusted for r 1T 1T |
Analysis Cases/N HR (95% C1) Cases/N HR (95% C1) Cases/N HR (95% C1)
Al cases
Age, sex 319/2210 1.19(0.79-1.78) 237/2210 1.07 (0.65-1.75) 32/2210 1.81(0.63-5.23)
Multivariable* 233/1594 1.20 (0.74-1.96) 176/1594 1.15 (0.65-2.05) 23/1594 0.81(0.18-3.70)
Age <75y, multivariable* 122/1183 1.99 (1.04-3.7) 82/1183 1.21 (0.99-4.96) 17/1183 1.21(0.23-6.37)
(P=04)
Time-dependent, multivariable* 233/1594 1.14(0.61-2.11) 176/1594 1.35(0.68-2.70) 23/1594 1.60 (0.34-7.62)
Subjects with APOE &4 information
Agey, sex 186/1290 1.18 (0.64-2.18) 140/1290 1.02 (0.48-2.19) 18/1290 3.54 (1.01-12.44)
(P=.049)
Multivariable* 142/1009 1.40 (0.70-2.81) 107/1009 1.44 (0.66-3.18) 13/1009 1.24 (0.15-10.11)
Multivariable* + APOE e4 142/1009 1.20 (0.60-2.40) 107/1009 1.14(0.52-2.51) 13/1009 1.24(0.15-10.11)
Age <75y, multivariable* 86/853  22.20(0.94-5.18) 58/853 2.39(0.84-6.81) 12/853 1.74 (0.21-14.55)

Time-dependent, multivariable* + APOE e4 142/1009 1.58 (0.78-3.20) 107/1009  1.88 (0.84-4.19) 13/1009 2.93 (0.54-15.75)

Subjects with plasma homocysteine in lower 3
quartiles and without APOE &4

AQE, SeX 65/684 2.48 (1.10-5.60) 44/684 291 (1.10-7.71) 9/684 1.80(0.21-15.27)
(P=.03) =03

Multivariable* 58/607 2.39 (0.96-5.91) 39/607 2.98 (1.06-8.39) 7/607

P= .04
X i 58/607 1.88 (0.93-3.80) 39/607 224 (0.97-5.21)
Subjects <75 y with plasma homocysteine in
lower 3 quartiles and without APOE &4

Age, sex 37/591 3.37 (1.30-8.73) 21/591 3.94 (1.15-13.54) 8/591 2.28 (0.27-19.28)
(P=.01) (P=.03)

Multivariable* 32/517 3.54 (1.17-10.770 18/517 4.77 (1.28-17.72) 6/517
(P=.03) (P=.02)

Time-dependent, multivariable* 32/517 213 (0.85-5.30) 18/517 246 (0.73-8.21)

APOE, apoli inE; Cl, [ interval; HR, hazard ratio.

*Adjusted for age, sex, education, plasma homocysteine, systolic blood pressure, body mass index, current smoking, alcohol use, prevalent stroke, and
cardiovascular disease.

Diabetes mellitus did not increase the risk of incident AD in the Framingham cohort overall;
however, DM may be a risk factor for AD in the absence of other known major AD risk factors.

A Akomolafe, et al. Arch Neurol. 2006,63:1551-1555
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Risk of Cognitive Impairment

Table 3. Random Effects Models Examining the Relation of Diabetes Mellitus to Baseline Level of and to Annual Rate of Change 0.5
in Cognitive Function* e Persons With Diabetes Mellitus
Persons Without Diabetes Mellitus
Cognitive System Model Terms Estimate SE P Value
Global cognitive function Time -0.03 0.01 <.001
Diabetes mellitus -0.16 0.04 <.001
Diabetes mellitus X time -0.02 0.01 .06
Episodic memory Time -0.03 0.01 001 3
Diabetes mellitus -0.16 0.05 .003 &
Diabetes mellitus X time -0.02 0.02 .26 =
Semantic memory Time -0.05 0.01 <.001 2
Diabetes mellitus -0.14 0.06 .01 §
Diabetes mellitus x time -0.01 0.01 .43 &
Working memory Time -0.03 0.01 <.001
Diabetes mellitus -0.18 0.06 .001
Diabetes mellitus x time -0.01 0.01 .30
Visuospatial ability Time -0.02 0.01 <.001 10
Diabetes mellitus -0.21 0.06 .001 -
Diabetes mellitus x time -0.02 0.01 .08
Perceptual speed Time -0.08 0.01 <.001
Diabetes mellitus -0.08 0.07 28 6 :'; é
Diabetes mellitus x time -0.03 0.02 .02 N
Time, y
*Analyses were adjusted for the effects of age, sex, educational level, and time interactions with age, sex, and educational level.
Figure 2. Predicted 9-year paths of change in perceptual speed in typical
participants with and without diabetes mellitus.
Z Arvanitakis, et al . Arch Neurol. 2004,61:661-666
Risk of Dementia
Outcome measure Reference Quality  Results (95% Cl)
Table 2—Estimated mean differences (95% CI) Ll
Any dementia* Schnaider Beeri* 7 OR2-8(1-4-5-7)
Unadjusted Adjusted for NART-1Q Curb® 5 RR1-1(0-7-1-8)
Abstract reasoning —0.20 (—0.48 t0 0.08) —0.01 (—0.26 10 0.23) Whitmer” 5 HR 1.5 (1:2-1-8)
Memory —0.21(=0.32 10 —0.08)F —0.15(—0.28 to —0.03)t Alzheimer's disease ~ Yamada™t 7 OR 4-4 (p<0-01)
Working memory —0.20 (—0.42 t0 0.01) —0.07 (—=0.27 t0 0.13) Curb®t 5 RR 10 (0-5-2-0)
Immediate memory and . ”
learning rate —0.24 (~0.41 to —0.06)* —0.18 (—0.35 to —0.003)7 \eecllacementia Yam?da i 7 ORIE3I(pS0.00)
Forgetting rate 0.04 (=0.18 t0 0.26) 0.04 (—0.18 10 0.26) Curb®*s 5 RR 1.5 (0-8-2-8)
Incidental memory —0.49 (=0.73t0 —0.17)* —0.42 (—=0.71to —0.14)*
Information processing speed =0.26 (-0.48t0 —0.03)f  —0.13(~0.33 t0 0.08) Risk of dementia in people with diabetes relative to those without diabetes. Results
éuenuon and executive functions _85:35 E_g;}g to gg;;“ﬁ _g' 113 E_ggs to 8(1)2 were adjusted for age, sex, and education, and in one study,” also for vascular risk
isuoconstruction —0.23 (-0.52t0 0. —0.10 (—0.37 t0 0. q G o S - - Ny s
Language comprehension Z0.35 (=065 10 —0.04)F  —0.10 (—0.49 10 0.11) factors. Diagnostic criteria for dementia: *DSM 111 or DSM IV;* 1DSM IV; :NINCDS

*p < 0.01; TP < 0.05
C Ruis, et al. Diabetes Care 2009;32:1261-1265

ADRDA;*S§(California criteria.” OR=o0dds ratio; HR=hazard ratio; RR=relative risk.

Table 3: Risk of incident dementia in patients with diabetes mellitus—

studies with midlife diabetes assessment

GJ Biessels, Lancet Neurol 2006; 5: 64—74
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Epidemiological Studies

“Increased risk of all-cause dementia & AD in patients with diabetes”

Diabetes-associated cognitive decrements

- Subtle changes in cognitive dysfunction

- Develop during the prediabetics stages

- Evolve very slowly over the course of many years (up to faster than that of normal cognitive aging)

MCI
-HR 1.5 (95% Cl 1.0-2.2), 1.6 (95% Cl 1.2-2.2) for amnestic MCI
-HR 1.2 (95% CI 0.9-1.8), 1.4 (95% Cl 0.8-2.2) for nonamnestic MCl
- Prognosis is worse in patients with diabetes than in patients without diabetes
- RR of conversion to dementia 1.7 (95% Cl 1.1-2.4) compared with patients with MCI+DM

Dementia

- RR for all types of dementia 1.73 (95% CI 1.65-1.82)
- RR for AD 1.53 (95% Cl 1.42-1.63)

- RR for VaD 2.27 (95% Cl 1.94-2.66)

-HR 1.16 (95% Cl 1.15-1.18) for dementia in newly diagnosed diabetes
- Elevated plasma glucose conc. (without diabetes) -> increased risk of dementia

Epidemiological Studies

Diabetes increases the risk of a clinical diagnosis of AD
Biomarker and neuropathological studies — burden of AD pathologies is not increased in pts with diabetes
>> Majority of individuals with diabetes,

the clinical phenotype of cognitive dysfunction/dementia is due to multiple pathologies

a Genetic predisposition

Prediabetes — type 2 diabetes mellitus
)

‘ M Environmental, behavioural and lifestyle factors

M Vascular risk factors

Risk factor profile/exposure

e AD pathologies are still the most common cause of dementia

in pts with T2DM
* 40% of T2DM pts. -> Intermediate to severe AD pathology at
w the time of death

o

Cd

Alzheimer disease pathologies
Non-Alzheimer-di

Vascular disease

Cumulative disease processes

Time (years)

0 20 40 60 80 GJ Biessels, Nat Rev Endocrinol 2018;14(10):591-604
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Risk Factors for Cognitive Impairment

A Participants without Diabetes

2.00+
Increased HbA1lc 1801
. . . o oy 1.60
- Linked with diabetes-associated cognitive decrements Lo
- Weak relationship - nonlinearity £ 00l
. o . . -
- Both low & high HbAlc: related to increased dementia risk T
§ 1.00
Fluctuations or peaks in glucose levels 080
Cogpition* Dementia Brain abnormalities 060 ; " ; " ; " ;
0.6 _ 90 95 100 105 110 115 120
N 0.05 (-0.05,0.14) -0.19 (-0.45, 0.07) -0.38 (-0.56, -0.21) Average Glucose Level (mg/dl)
5 -0.71 (p-value=0.322) (p-value=0.162) (p-value<0.001) oA
3 .
N 087 A — B Participants with Diabetes
g -0.9 .|- § n=36 n-3 n-11
-value = 0. o astir loc lucose .
&) -1.04 P 8 Fasting blood gl - 1.80: N yd
g 414 g 23 -8 1.604 v L
) Non-fasting blood glucose I N e
N .24 =5 1.404 < L
Glucose varabiity — 2 \ e c
g 13 Slope - 0262 L s o & 120 AN P Pl
‘% Pvalue - 0013 _ Hypoglycaemicevents I — ] N ‘,/ o
w1490 1,5-Anhydroglucitol =10 ug/mL g e =t E 100 PN -
1.5 @ 1,5-Anhydroglucitol <10 pg/mL § [ rosung nsutn f— — — T -7 ~r-
T T T =
No Diabetes HbA4; <7% HbA ¢ 27% 3 | nowam — — 0.807
Diabetes § Glucose Towering treatment’
2 regularversus intensifed ned o1
1,5-anhydroglucitol (1,5-AG) level, = 0601, T T T T T T
<10 ug/mL are associated with glucose peaks -ﬂbnerm;lwl\esonMRl high risk of dementia, or more brain 140 150 160 I 170 ISIO ];:IO 200
“1,5-AG > 10 + DM” -> similar decline in cognitive function = Wore ghcaemi s Average Glucose Level (mg/d)

compared with those with “1,5-AG > 10 - DM”

AM Rawlings, et al. Diabetes Care 2017;40:879-886.

abnormalities on MRI

S Geijselaers, et al. Lancet Diabetes Endocrinol 2015;3:75-89.

PK Crane, et al. N Eng J Med 2013;369(6):540-8.

Pathophysiology

“Complex relationships” between insulin signaling in the brain and elsewhere in the body in health and disease

Periphery

Insulin
resistance '

Healthy :
metabolism .

Causative factors,
e.g. obesity, genetic
predisposition

Metabolic and

Causative factors,
< | e.g. obesity, genetic
predisposition

Insulin
resistance

v

Brain dysfunction

l,_}

AD-type
>| processes

[vascular disturbances]

GJ Biessels, Nat Rev Neurosci 2015;16(11):660-671.
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Pathophysiology

Insulin effects in major cell types of the brain

Neuron

« IRo: predominant isoform

IR and IRS1 and IRS2 enriched in
presynaptic and postsynaptic
compartments

* Regulates expression and
localization of ion channels,
including GABA, NMDA and AMPA
receptors

* Modulates catecholine release

* Regulates balance of LTP and LTD

* Facilitates GLUT3 and GLUT4
trafficking

* Neurogenesis

* Inhibits apoptosis

Microglia

IR, IRS1 and IRS2 present

* Modulates inflammatory
response, cytokine secretion

Astrocytes

< IRB predominant isoform

* Signals via IRS1 and IRS2

* Promotes glycogen storage

* Enhances BBB glucose uptake

* Modulates inflammatory
cytokine secretion

Arterioles, capillaries and BBB

* IR-mediated transport of insulin
into brain across BBB

© Regulates BBB GLUT1 expression

 Promotes NO-mediated
vasodilation, enhancing cerebral
perfusion

Oligodendrocytes
¢ IR, IRS1 and IRS2 present
* Insulin effects not well studied

A AN

Box 2 | Brain insulin resistance in ADRDs

* Increasing age is associated with decreasing cortical insulin concentration and

receptor binding in older adults without dementia

Brain tissue from those with Alzheimer disease (AD) shows major abnormalities in

insulin signalling, including

- Decreased insulin, insulin receptor and insulin receptor substrate 1 (IRS1) mRNA
and/or protein expression levels

- Decreased activation of insulin pathway molecules (for example, IRS1 and AKT)

with ex vivo stimulation

- Increased basal phosphorylation levels of multiple insulin-IRS1-AKT pathway

molecules

- Positive correlation between phosphorylated IRS1 and other pathway molecules

and AD pathology

¢ Intranasal insulin administration improves cognitive functioning in humans with AD
or mild cognitive impairment and improves measures of insulin signalling, amyloid-p
and cognitive behaviours in AD model mice
* Brain insulin resistance might be a feature of other neurodegenerative diseases
- Insulin receptor expression is decreased and AKT signalling is abnormal in the
substantia nigra in Parkinson disease
- Abnormal phosphorylated IRS1 expression is observed in tauopathies but is not
seen in synucleinopathies or TDP-43 proteinopathies

IR densityT — olfactory bulb, hypothalamus, hippocampus, cerebral cortex, striatum, cerebellum

SE Arnold, et al. Nat Rev Neurol 2018;14:168-181.

Pathophysiology

Alzheimer’s Disease and Diabetes: Insulin Signaling as the Bridge

Linking Two Pathologies

Diabetes Mellitus
Autoimmunity/
inflammation

) AP

signaling

()
HAP1/AHI-1
APP  Kinesin

Alzheimer’s Disease

Amyloidogenic

processing

Tau

®

Tau hyper

hosphory

Cytoplasmic Neurofibrillary @
tangles

Amyloid
plaques

Amyloid plaques degrade IRs and competes with
insulin in IR activation -> inhibition of insulin signaling

Extracellular domain Amyloidogenic pathway
T  —

Non-amyloidogenic pathway

Insulin signaling:

m Cell membrane || Insulin Receptor
i ‘ Amyloid plaques
@ Phosphorylation @ Insulin

J Shieh, et al. Molecular Neurobiology (2020) 57:1966-1977
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Pathophysiology

Advanced Glycation End Products
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The Receptor for Advanced Glycation End Products (RAGE) Is a Key Pathway for Inflammatory
Complications in Aging and Chronic Disease
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Controls AD

Plaques extracted from AD brains show a 3-fold increase in
AGE content compared to age-matched healthy individuals
MP Vitek, et al. PNAS 1994;91:4766-4770

Glycation (AGE formation)

- TAPP expression, TAS levels

- TPhosphorylation of tau prot.

- Colocalize with nNOS, caspase-3
(neurodegeneration markers)

J Chaudhuri, et al. Cell bolism 2018,28(3):337-352.

Alzheimer-Like Changes in Rat Models of Spontaneous
Diabetes

Immunoblots

A APP B B-secretase C B-Amyloid
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0.0
Control BBMWor BBZDR

0
Control BB/MWor BBZDR

D SsAPP
119 kd -10kd
-6.5kd
51 kd s -51kd
Actin
A - -38kd - -38kd
230 > 40 _—
{7 ‘»
5 c
320 g .
2 g &5
T 10 =
) °
['4 o (14

Control BBMWor BBZDR

Control BB/Wor BBZDR

Immunoblotting of APP (A),5-secretase (B), and S-amyloid (C) from
frontal cortices in control and type 1 and type 2 diabetic rats
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Z Li, et al. Diabetes 2007;56:1817-1824.
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Pathophysiology

Altered insulin signal transduction & autophagy
~ correlated with 1 activities of S-secretasel & y-secretase &
N soluble amyloid-beta in the brains of rats and mice

Insulin resistance-induced autophagosome accumulation resulted in
alteration of APP processing through enrichment of secretase proteins
in autophagosomes

- Alter APP processing through autophagy activation

SM Son, et al. Autophagy 2012,;8(12):1842-1844.

Pathophysiology: Central Insulin Resistance

Brain insulin resistance
-> Promoting amyloid-beta generation & hyperphosphorylation of tau

Altered insulin signal transduction & autophagy
~ Correlated with T activities of S-secretasel & y-secretase &
 soluble amyloid-beta in the brains of rats and mice

Stimulating hippocampal insulin receptors by direct administration of insulin into the hippocampus
-> M Learning ability in normal mice
-> Less effect in diabetic mice

Tx that improved insulin availability and/or sensitivity
-> | Levels of amyloid-f and tau hyperphosphorylation in the brain (AD mouse model)

>> Complex role of brain insulin resistance
-> Promoting AD pathology
-> Promising therapeutic target to slow the progression of cognitive decline in humans
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Implement appropriate cognitive screening protocols
in diabetes patients

Risk Stratification

Bcoefficientt Hazard ratio Risk
(95% Cl) score
o o e . N .
prege Risk score for prediction of 10 year dementia risk in
60-64 0 1.00 0
o o e . .
569 o7 aokass2m 3 individuals with type 2 diabetes: a cohort study
7074 128¢ 361(323-403) 5
7579 187% 6:51(582-727) 7
80-84 239¢ 1094(9:68-1236) 8
>85 273t 1541(1312-1809) 10 Points Points Points
Education 60-64years 0 Acute metabolicevent 2 Up to high-school education 0
High school or less Y 100 o 65-69years 3 Microvascular disease 1 (<12 years)
(s12years) 70-74years 5 Diabetic foot 1 College or higher education -1
(‘fl”;g;",;;"g“' ouk 087(082-:092) - 7579years 7 Cerebrovasculardisease 2 (-12years)
- - 80-84years 8 Cardiovascular disease 1

Microvascular disease§ g
Yes 0284 133(119-1.48) . 285 years 10 Depression 2
No 0 1.00 0 ¢ ¢ ¢
Diabetic foots | Add up points and look up predicted 10 yearrisk of dementia |
Yes 040t 150 (130-1.72) 1
No 0 100 0
Cerebrovascular disease§ Predicted 10 year risk
Yes 0:50F 1.65 (1-50-1-82) 2 of dementia (%)
No 0 1.00 0 EY 5
Cardiovascular disease§ 0 7
Yes 019% 121 (1:13-129) 1 1 10
No 0 100 0 2 13
Acute metabolic eventq] 3 15
Yes 0-45% 158 (137-1-81) 2 4 21
No 0 1.00 0 5 25
Depressionf 6 34
Yes 0-46% 158 (1:48-1-69) 2 7 40
No 0 100 0 8 50

. . 9 58
#2449 patients form the total cohort (n=29 661) were not included in the model s
because of missi for education or ethnic origin. 1C: ith the Cox 10 3
proportional hazards model. $p<0-0001. $Based on medical history, 1979-97. 1 66
iBased on medical history, 1996-97. 12119 73
Table 2: Fi del of the diab ific d isk
scorein 27512 patients®

LG Exalto, et al. Lancet Diabetes Endocrinol 2013,1:183-90.
S OFAIHIL| ChL B (=] o] ALK
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Risk Stratification

Research Article

The Diabetic Cognitive Impairment Score for Early Screening of
Cognitive Impairment in Type 2 Diabetes Patients

0 10 20 30 40 50 60 70 80 90 100
Points ) A L ) . . A -
i T
H ! b
| 54-62 [
Age | — —
<53 | | 263
H |
Low |
Education . ] !
High |
: |
Yés : 10
DR T 4 i
No !
! 08
9.5-13.6 |
P-taul81 r 4 {
. >13.6
<9.5 EO.G
g
) z
Total points T T T T T T T ! 3 04
0 50 100 150 200 250 300 350 400 -
Linear predictor r . . r . : . g 02
3 25 -2 -5 -1 05 0 05 1 15 2 25 3 35

Predicted risk T :

T T T T T
03 04 05 06 07

T U
08 0.9

TABLE 3: Nomogram-based preoperative score: Four-variable

model.
Variable Category Points
<53 0
Age (years) 54-62 39
=63 62
Hij 0
Education igh
Low 53
No 0
DR
Yes 80
<95 0
P-Taul81 (pg/mL) 9.6-13.6 34
> 136 96

Note:

: Possible score ranges from 0 to 291.

Abbreviation: DR, diabetic retinopathy.

AUC: 0770

AUC: 0795

95% Cl: 0.751-0.840 95% CI: 0.716-0.824

Validation cohort

Training cohort

0.6 04 08 06 04 02 0.0

Specificity

02 0.0

Specificity

Zhang S, et al. J. Diabetes Res. 2025;2025(1):8029913.

Cognitive Screening

Table 1. Examples of assessment tools and procedures'?-2'*

Assessment domain Examples of assessment tools and procedures  Comments

Gait, balance, and mobility

IDOP 3-steps package”

Easily adapted to guideline resource; contains information
on assessing gait speed and balance ability

ADL and IADL Barthel ADL and IADL Universally used; minimal training required

Cognition MiniCog or Montreal Cognitive Assessment Tool Easy to use; good evidence as screening tools for
cognitive impairment

Mood level Geriatric Depression Score Widespread use; little training required

Frailty measures
Hypoglycaemia risk

Self-care abilities
Nutritional assessment

Pain

Clinical Frailty Scale or CHSA 9-point Scale
A comprehensive history to identify risk factors

(see Chapter 20-3: Hypoglycaemia)
SCI-R
MNA-SF tool or MUST Tool

Pain thermometer?

Can be used as a quick assessment for features of frailty

Reguires a positive commitment to consider risk factors
by the clinician

A13-15 item self-completed questionnaire suitable for
type 1 and type 2 diabetes

Well validated tools in widespread use; minimal training
required

For peaple with diabetes who have moderate to Severe

M-RVBPI® cognitive/communication disorder; easy to use but full
validity has not yet been established?
International Dementia Federation 2023 Guideline
2025 M20tiHg e Pty THAL| At
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Cognitive Screening

Summary of recommendations on cognitive dysfunction in
diabetes from recent guidelines
Managing older people with type 2 diabetes: International Diabetes Federation (IDF) global guideline,
2013 [8]

Assessment of older people with diabetes should be a multidimensional and multidisciplinary process de-
signed to collect information on medical, psychosocial and functional capabilities and how these may limit
activities. Use of cognitive screening tests (e.g. MiniCog or MoCA) can be considered for annual assessment.
As a minimum, the consultation should include enquiring about functional capacity and cognitive and mental
health

Set more lenient treatment targets, particularly for glycaemic control, in patients with cognitive impairment

Diabetes and dementia in older people: a best clinical practice statement by a multidisciplinary
national (UK) expert working group, 2014 [31]

Routinely employ a brief cognitive screening test as part of the annual review process

Manage cognitive deficit: ensure self-management deficits are addressed in context of cognitive impairment
in partnership with carers

Eliminate diabetes symptoms and/or minimise therapy risk in people with cognitive impairment:
e Avoid overly intensive management
e Use therapies that reduce risk of hypoglycaemia

e  Focus education and support on carers as well as patient

Biessels GJ, et al. Diabetologia. 2020;63(1):3-9.

Biomarkers

Affected

White matter microstructure AtrophyA

White matter
hyperintensity ——

Perivascular

Microinfarct
nE

Not affected

High
Number of studies

GJ Biessels, Nat Rev Endocrinol 2018;14(10):591-604
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Biomarkers

Fluorodeoxyglucose PET in Alzheimer’s disease and type 2 diabetes

GJ Biessels, et al. Lancet Neurol 2020;19:699-710

Biomarkers

To identify markers for vascular
and neurodegenerative changes
underlying cognitive dysfunction

Fundus photography ~ OCT angiography

Ultrawide field FFA

Hard exudate
Microbleeding
Tortuosity

Microvascular assessment

Type2
diabetes

Mild cognitive impairment

Diabetes-induced small vessel disease

> oemert |

T

Neuroretinal assessment

Spectral-domain OCT

nasal
ith diab:

temporal  fovea

B Years

temporal

>

Diabetes-induced neurodegeneration

fovea

(andno

nasal

Distance [*]

Microperimetry

b

Fixation graph

4
7 Eo e L il

Distance [*]

Normocognition

Distance [*]

M

il i

Alzheimer's disease

Measuring retinal sensitivity and gze fixation
: progressive impairment of gaze fixation occurring
with cognitive decline

Y
- | o
A

GJ Biessels, et al. Lancet Neurol 2020;19:699-710
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Apply evidence-based protective strategies
in clinical practice

Metformin

Metformin Use Is Associated With

Slowed Cognitive Decline and *  DM+MF had significantly slower global cognition and executive function decline compared
Reduced Incident Dementia in with DM-noMF.
Older Adults With Type 2  Incident dementia was significantly higher in DM-noMF compared with DM1MF (odds ratio
Diabetes: The Sydney Memory 5.29 [95% Cl 1.17-23.88]; P = 0.05).
and Ageing Study
Diabetes Care | https://doi.org/10.2337/dc20-0892
A Global Cognition B Executive Function C Dementia-Free Survival
0 0 1.00 :
05 05 g
i 0.75
o - g - == DM+MF 2
s’ § ------ DM-noMF g 0507
N -15 N .15 c
No-DM 'é’ ........... DM-noMF
> R 0264 |———e—- DM+MF
. 2 3 g NoDM
=0032* = - %
25 8 25 i - et T T T T T T T T
0 2 4 6 0 2 4 6 0 1 2 3 4 5 6 7
Time (years) Time (years) Time (years)
Case Subjects With Dementia
DM-noMF 4 2 2
DM+MF 0 0 4
NoDM 5 4 64

Samaras K, et al. Diabetes Care. 2020;43:2691-2701.
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Metformin

In comparison with non-users and SU users, metformin users manifested a connection with a decreased risk of dementia.

%

D HR (95% CI) Weight
Sun (2024) . 0.34(0.33,036)  4.74
Doran (2024) :n 0.87(0.79,0.94) 468
Wu (2024) oy 1.05(0.96,1.15)  4.67
Zheng (2023) i 0.90(0.84,096)  4.71
Chen (2023) - 0.72(0.60,0.85) 4.4
Tang (2022) _SU * 0.89(0.87,092) 475
Tang (2022)_TZD vl 128(1.23,133) 474
Newby (2022) . 0.80(0.73,0.88)  4.66
Kim (2020)_Men_Mid —- 0.77(0.58,1.01)  4.02
Kim (2020)_Women_Mid -~ 0.61(0.50,0.76)  4.31
Samaras (2020) —_— 0.19(0.04,085) 072
Shi (2019) - 063(0.50,079) 423
Orkaby (2017)_below 75 y | 0.89(0.79,099) 462
Orkaby (2017)_above 75y + 0.96(0.87,1.05)  4.66

Kuan (2017)

Hsu (2011)

Hui (2024)
Zimmerman (2023)
Torrandell-Haro (2022)
Tseng (2019)

Tang (2023)

Huang (2023)

Cheng (2014)_SU
Cheng (2014)_TZD —_—
Overall, DL (I* = 99.2%, p = 0.000)

- 166(1.35,2.04) 432
076 (0.58,0.98)  4.09
0.88(0.80,097)  4.66
0.83(0.77,089) 470
066 (0.65,067) 476
0.71(0.63,079) 462
065 (0.45,094) 357
092(0.88,096) 474

- 0.82(0.52,128) 321

0.19(0.07,053)  1.38

079(0.68,0.91) 100.00

1'$‘+'Q't""'+

o_._

T
.03125 1 32

Tang C, et al. Diabetes, Obes Metab. 2025;27:1992-2001.

Metformin
For specific dementia types, metformin correlates with lower non-Alzheimer's dementia risk (HR = 0.58, 95% Cl = 0.57-0.59, p < 0.001), but
not for AD (HR = 0.96, 95% Cl = 0.71-1.31, p = 0.816) or VD (HR = 1.10, 95% Cl = 0.77-1.56, p = 0.610) (P interaction <0.001).
TABLE 2 Subgroup meta-analysis of included studies.
Variables Comparisons, n HR (95% CI) p value P % P for interaction
Overall 24 0.79 (0.68,0.91) <0.001 99.2
Study design 0.212
Prospective cohort 3 0.98 (0.69, 1.40) 0.925 99.1
Retrospective cohort 21 0.77 (0.67,0.89) <0.001 987
Contrast types 0.258
Metformin user versus non-user 17 0.76 (0.65,0.91) 0.002 98.9
Metformin versus TZD 2 0.53(0.08, 3.41) 0.503 92.7
Metformin versus SU 5 0.88 (0.85, 0.90) <0.001 9.7
Geographic regions 0.365
The West 13 0.85(0.72, 1.00) 0.044 99.2
Asia 11 0.71(0.50, 1.01) 0.055 99.2
Sex 0.328
Male 4 0.86(0.79, 0.93) <0.001 11.0
Female 4 0.79 (0.67,0.91) 0.002 771
( Types of dementia <0.001 \
AD 8 0.96(0.71,1.31) 0816 98.4
VD 7 1.10(0.77, 1.56) 0.610 98.1
Non-Alzheimer's dementia 1 0.58 (0.57, 0.59) <0.001
Type 2 diabetes status 0.035
Newly diagnosed type 2 diabetes 5 1.01(0.81,1.27) 0.900 911
\ Type 2 diabetes 19 0.75 (0.64, 0.89) < 0.001 99.3 )
( HbA1c level 0.469 )
<7% 5 0.95(0.77,1.17) 0.629 98.1
L 27% 5 0.95(0.77,1.17) 0.645 94.8 )
AD, Alzheimer disease; HbA1c, glycated haemoglobin Alc; HR, hazard ratio; SU, sulfonylureas; TZD, thiazolidinedione; VD, Vascular dementia.
Tang G, et al. Diabetes, Obes Metab. 2025,27:1992-2001.
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Metformin

Long-term metformin exposure in patients with T2DM may lead to the development of NDs including dementia and PD.

@A)z (B) £ 4
— Wirou Mt — Wiroahetomn
~ Wi tlefomn Wi edomin
Logeanktest Paake<0 001 Logranktest Paabe<0001

A cohort randomly sampled from people enrolled in
the National Health Insurance program

Cumulatve incidence of Parkinson's disease
Cumutve incidence of Dementa

(N =1,000,000)
|
v 3 8
Newly diagnosed T2DM patients aged Newly diagnosed T2DM patients
>50 years who received metformin in aged >50 years without metformin
2000-2010 (N = 18.770) use in 2000-2010
g
Excluded patients with PD Exclusion criteria: ° T T T T T
and dementia before index Used same criteria 0 2 s 5 s 10 2 0 2 4 6 s 02
date (N =505) as case group years years
Matched criteria: 1:1 matched by the propensity score Incidence and subhazard ratios of Parkinson's disease and dementia according to medi-
The propensity score was calculated by logistic regression to estimate the probability of the treatment assignment according to the : PR :
bascline variables, including year of receiving metformin treatment, age, sex, CCI score, aDCSI, comorbiditics, antidiabetic medications, cation status based on the competing-risk regression.
antihypertensive medications, and statins.
Metformin
l Unable to match (N = 13,614) l
T2DM with metformi t baseli i i No Yes
with metformin use at baseline T2DM wuh.out metformin use at Variables (N = 4651) (N = 4651)
(N =4.,651) baseline (N = 4.651)
Parkinson's disease
cSHR (95% CI) 1 (Reference) 2.08 (1.57, 2.76)***
aSHR* (95% CI) 1 (Reference) 2.00 (1.50, 2.66)***
Dementia
- - cSHR (95% CI) 1 (Reference) 1.50 (1.24, 1.83)*
’ Total 9,302 T2DM with and without ‘ aSHR" (95% CI) 1 (Reference) 1.51 (1.24, 1.84)"

metformin use in the study cohort

Abbreviations: cHR, crude hazard ratio; aHR, adjusted hazard ratio; cSHR, crude sub-
hazard ratio; aSHR, adjusted subhazard ratio; CI, confidence interval.
*** P < 0.001.

Kuan Y-C, et al. Prog Neuro-Psychopharmacol Biol Psychiatry. 2017;79:77-83.

Metformin

Improves cognitive function with alleviation of microglial activation and enhancement of autophagy in the hippocampus

. - - B () ® 600 o=0.066 © 75 @ _ 360 s
Effects of Metformin TAreatment 5 e i 1500 ] The bar charts a-c show a reduced concentration of
H s B g sof = .
to the Aged Brain é‘g =k 0 iy §§ 1 55 _ proinflammatory markers TNF-a (a), IL-1B (b), and
Reati @ . . ) 2™ g H Ex Y i MIP-1a (c) in the hippocampus of the MET-treated
eactive M2 Microglia 2l o =% plh aged mice compared to untreated aged mice.
lAstrocyleV \ - ¥ v o
» W
Rad l f‘?g Eg 80) F‘ g% 06 Eﬂé““"
3% g% o z S5
ytokines ] £E i E =R
(TNFq, IL1, MIP-10) o
Becli L ‘(@‘ P W
MPK eclin & .

IA I ATGS v The bar charts i-k show MET treatment enhanced

lmTOf LC3B ‘_" “)E s 3 o the levels of autophagy-related proteins beclin-1 (i),
g3 a§ . . . .

N Autophagy | p62 % Aé;é 2 3t autophagy protein 5 (j), and microtubule-associated

ai P - £ £s =% rotein 1 light chain 3 beta (MAP1-LC3B; k) in the

EE 1 <F P )
Improved Cognitive Function ] LK =5 hippocampus.

The bar chart (o) compares the area fraction
of p62+ structures in the CA3 subfield
of the hippocampus across three groups.

At7FE Al(autophagy) £t TH E (beclin-1,
ATGS, MAP1-LC3B) 57t X p62+ 7=
Da(Rp7tEA 2E B

Aged-MET )
Ten weeks of MET treatment to 18-month-old mice reduced
astrocyte hypertrophy but had no effects on neurogenesis or
synapses in the hippocampus.

Kodali M, et al. Aging Cell. 2021,20:e13277.

2025 M20pHE R Bzt TH Q| Y EL 220

[



GLP-1 Receptor Agonists

Sequential trial emulation from 1st January 2010 to 30th June 2020 using data from
Swedish national registers

Aged 65 or older, had T2DM & initiated GLP-1 agonists, DPP-4 inhibitors, or sulfonylureas
Followed for up to 10 years to assess the risk of dementia

Assignment to treatment of GLP-1 agonists, DPP-4 inhibitors, or sulfonylureas at baseline
and remaining on the assigned drug without taking the other two drugs during follow-up.

f= iqibili N\
Assessment of eligibility /
Emulated trial 1 Treatment assignment
. Lg::;iize‘:‘e{z‘dd'gxa"gg!? Follow-up for incident dementia
< t t -
-5 years January 2010 December 2020
\. J
= N\
; Assessment of eligibility /
Emulated trial 2 Treatment assignment
| L:g::;f;":f{m'gﬂﬁ:ﬂ:y Follow-up for incident dementia
: Ll T :
\_ -5 years February 2010 December 2020 P
+123 emulated trials by
the following months
. Assessment of eligibility /
Emulated trial 126 Treatment assignment
L:g:;ziﬂ:&?mgﬂﬁ:ﬂ? Follow-up for incident dementia
< } T T >
-5 years June 2020 December 2020

Baseline is defined as the month in which all eligibility criteria are met

Participants could meet the eligibility criteria in multiple months and be included multiple

times
Fixed 5-year look-back period was used to assess disease histories for each trial

GLP-1 agonists were associated with a lower risk of
dementia compared to sulfonylureas and DPP-4
inhibitors in older individuals with T2DM.

Initiation of drugs at baseline — DPP4 inhibiors — GLP-1 agonists — Sullonykureas.

01s{

0104

Cumulative hazard (%)

00s{

[] 0 E) » “ E) E 70 [ % 3 110 120 130
Months from baseline
Number at risk
1 43850 40141 33073 26338 19930 14696 10731 7840 5673 3844 2503 1593 765 138
Geiaenssd 12351 11164 8572 6537 4809 3735 2824 2127 1589 1157 786 487 187 21
ssompress| 32216 30760 28756 26632 24100 21278 18193 15438 12560 9746 7033 4622 2362 457
3 o » » © % % o o L) 150 o 120 30
Cumulative number of events
1 0 381 728 1021 1240 1415 1525 1617 1696 1760 1798 1824 1842

0 42 79 127 160 186 210 232 247 260 269 277 278 278
0 287 578 838 1135 1381 1628 1847 2049 2193 2316 2306 2454 2477
3 3 %

% E) ® E) 7o ® Wm0 10 10

1849 ‘

Cumulative number of censoring

{1 0 3328 10049 16491 22680 27739 31594 34411 36481 38246 39549 40433 41243 41863

Grtagassd 0 1145 3700 5687 7382 8430 9317 9996 10515 10934 11296 11587 11886 12052

Sutompress{ O 1169 2882 4746 6972 9557 12395 14971 17608 20277 22867 25198 27400 29282
3 o EJ EJ ® % @ L) ® % Wm0 0 1o

Tang B, et al. eClinicalMedicine. 2024;73:102689.

GLP-1 Receptor Agonists: Semaglutide

Risk of first-time diagnosis of Alzh

with type 2 diabetes

ison b 1 matched gl

P

Exposure Group
Size/Group Exposure group Comparison group Cases (overall risk)

itide vs other ar

Comparison Group
Cases (overall risk)

dications groups)

HR (95% CI)

1,911,424 patients who:

 had medical with between
December 1, 2017 and May 31, 2021
o were other anti-diabe

(insulins, metformin, DPP-i, SGLT2i, SU, TZD, or other GLP-1RAS)
between December 1, 2017 and May 31, 2021 (date of first
prescription defined as index event)
«  had a diagnosis of T2DM on or before index event
had no diagnosis of AD on or before index event
had a diagnosis of obesity, hypertension, hypercholesterolemia,
hyperlipidemia, heart diseases, stroke, chronic kidney disease, or
A1C28.5% before index event

17,087 Semaglutide Insulin 27 (0.16%)
17,080 Semaglutide Metformin 27 (0.16%)
15,878 Semaglutide DPP-4i 27 (0.17%)
15,288 Semaglutide SGLT2i 26 (0.17%)
16,503 Semaglutide SuU 27 (0.16%)
10,847 Semaglutide 12D 24 (0.22%)
17,029 Semaglutide Other GLP-1RAs 27 (0.16%)

| 105,917 excluded with a history of

v

1,805,507 eligible users of semaglutide or other antidiabetes
medications at the time of index event

type 1 diabetes, thyroid
[ cancer,or gastroparesis

Y

703,798 excluded with a history of
intion of antidi o

in 6 months to year before index event

1,101,709 eligible new users of or other
medications at the time of index event

and other

[
v

medications on the index event date

| 1,094,761 eligible new users in final cohorts

| 6,948 excluded with co-prescription of

]

b

1,077,657 other antidiabetes medications*
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Hazard ratio (HR)

0.33 (021 10 0.51)
0.38 (0.24 10 0.59)
0.40 (0.26 10 0.63)
0.60 (0.37 t0 0.98)
0.31(0.20 t0 0.48)
0.43 (0.26 10 0.70)

0.59 (0.37 t0 0.95)

Semaglutide
(IZ10Y) Insulin Metformin DPP-4i seLT2i su 20 aaher,
(n=708.989) || (n=550.105) || (n=95547) || (n=48150) || (n=183382) || (w=26207) || SLEIEES
Wang W, et al. Alzheimer’s Dement. 2024;20:8661-8672.
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GLP-1 Receptor Agonists

Cumulative AD incidences for the seven comparisons between propensity-score-matched semaglutide vs. other antidiabetic medication groups
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GLP-1 Receptor Agonists
The pathogenesis of AD and PD and the effects of SEM
i Mechanism of action of SEM and its impact on dopamine in AD and PD
decreased motor bssigiannisng

dysfunction inflammatory
responses

activity

autophagic dysregulation Protection of dopamine neurons

Influence
Gn mitochondrial function

misfolded protein oxidatiye stress

aggregation

N

disrupted DNA

\

~cnhanced dopamine synthesis

-protection against apoptosis

~reduction of ROS

apoptosis

Reduction in pro-
inflammatory cytokines
e.g.. IL-1B, TNF-q)
Neurodegenérative disorders,
AD and PD)

Activation of Influence on
CAMP/PKA pathway mitochondrial function

curotrophic f
(e.g., BDNF)

disorders

Impacton AD Impact on PD

~decreased AB plaques ~decreased a-synuclein aggregation

~enhanced synaptic plasticity -improved motor control through enhanced dopamine availability

-improvement in cognitive function

leading to slowed disease progr
-mitochondrial dysfunction

-oxidative stress

-autophagy -reduction in

|-neuronal survival
-DNA repair
icarning memory

-apoptosis
-inflamation

Semaglutide

Meca AD, et al. Curr Issues Mol Biol. 2024;46:5929-59489.
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SGLT-2 Inhibitors

Network meta-analysis of a total of 41 observational studies
(3,307,483 participants) and 23 RCTs (155,443 participants)
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LiZ, et al. Alzheimer’s Res Ther. 2024;16:272.
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SGLT-2 Inhibitors vs. DPP-4 inhibitors

Association of Sodium—Glucose Cotransporter-2 Inhibitors With Time to
Dementia: A Population-Based Cohort Study

Design and Methods

Residents of Ontario, Canada older than 66 years old

Dementia-free
L

[ )
oo Observation
L J|L J

Y { ]
No prescription of either drug | 1-year lag time

in the past year

v

Cohort entry
f . 1
New users of New users of
DPP-4 inhibitors ¢° SGLT2 inhibitors &’
N =70,390 N =36,513
I\ )

Y
Compare time to dementia using

a propensity score-weighted Cox regression model

Cumulative incidence

Results
A
Hazard ratio 0.80 (95% Cl 0.71-0.89)
2
S
5 DPP-4 inhibitor ¢®
o
o
o
SGLT2 inhibitor &

Time to dementia

SGLT2 inhibitor use was associated
with a 20% lower dementia risk
compared with DPP-4 inhibitor use

Wu C-Y, et al. Diabetes Care. 2022;46:297-304.
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SGLT-2 Inhibitors: Empagliflozin

ek
- [l Empagliflozin
[ Metformin
g O Insulin
O 20+
(2]
<
(8]
[}
=
154
Baseline Follow-up
Fekk
* Il Empagliflozin
Metformin
0.7 =

5mGS (m/s)
S

o
2]

Baseline Follow-up

Significant beneficial effects of the SGLT2 inhibitor empagliflozin on cognitive and physical
impairment in frail older adults with diabetes and HFpEF.

Table 2—Logistic regression analysis in the entire p

dependent variable

using the impt

t in the MoCA score as the

Regression Odds 95% CI

coefficient SE ratio Lower Upper P
Age 0.020 0.032 1.021 0.958 1.087 0.526
BMI 0.084 0.122 1.088 0.857 1.381 0.490
Heart rate 0.002 0.023 1.002 0.958 1.047 0.933
Glycemia —0.004 0.005 0.996 0.986 1.006 0.411
Hypertension —0.308 0.391 0.735 0.341 1.581 0.430
Hyperlipidemia 0.619 0.393 1.857 0.859 4.012 0.115
Chronic obstructive pulmonary disease 0.297 0.392 1.345 0.624 2.900 0.449
Chronic kidney disease —0.214 0.380 0.807 0.383 1.699 0.573
Empagliflozin 1.284 0.426 3.609 1.566 8.321 0.003

Mone P, et al. Diabetes Care. 2022;45:1247-1251.

Exercise

Change of cognition throughout intervention duration

S,

Intervention Control std.
Study or Subgrou Mean SD Total Mean SO Total Weight IV, Random, 95%

A “Chidananda Kaiigal 2023 35 495 25 07 755 25 84% 0.43(-0.13,0.99]
Daroonwan Suksom 2023 33 167 17 -03 256 17 79% 163(0.84,2.42]
Edgardo Molina-Sotomayor 2020 093 11 55 085 104 52 86% 1.85[1.21,2.09]
Edgardo Molina-Sotomayor 2021 1104 38 -02 104 38 85% 1.14 (0,66, 1.63]
Joyla A Furlano 2023 415 386 13 22 32 11 78% 0.20 -0.61,1.00]
M. L. Callisaya 2017 014 056 26 -002 059 24 B84% 0.27-0.28,0.83]
Mark A, Espeland 2016 003 005 199 -012 005 216 88% 2991271,3.28)
Martinez:Velilla 2021 17 245 54 01232 49 87% 066(0.27,1.06)
Nafiseh Ghodrati 2022 31485 12 02 53 9 76% 0.55-0.33,1.44]
Yannan Chen 2023 320 275 107 143 300 111  88% 063(0.36,091)
YiZhu 2018 18219 20 18 185 31 85% 0.00 [0.51,0.51]
Yutaro Yamamoto 2021 02 17 18 1226 17 81% 0.59-0.09,1.27)

Total (95% CI) 593
Heterogeneity: Tau* = 1.16; Chi*= 235,93, df= 11 (P < 0.00001); F = 95%
Test for overall effect Z= 2.82 (P = 0.005)

600 100.0%

0.91[0.28, 1.54)

1V, Random, 95% C}

4
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Post-intervention cognitive scores

B

4 2 2 4
Favours [experimental] Favours [control]

YiZhu 2018 25
Yutaro Yamamoto 2021 287

24 29 247 24
17 18 275 26

31 1.2% 0.1210.38,063]
17 95% 05410.14,1.21]

Intervention Control std. st
Study or Subgroup Mean _SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Chidananda Kaligal 2023 937 38 25 887 74 25 104% 084(0.26,1.42) g
Daroonwan Suksom 2023 285 1 17 268 19 17 90% 1.09(0.37,1.82) ——
Edgardo Molina-Sotomayor 2020 2396 098 55 225 098 52 120% 1.48(1.05,1.91] o
Edgardo Molina-Sotomayor 2021 241 12 38 229 12 38 115% 099(0.51,1.47] =
Joyla A, Furlano 2023 56 09 13 31 04 11 48% 337 (2,05, 4.68]
M.L. Callisaya 2017 02 041 26 -008 059 24 105% 066(0.09,1.23) R
Nafiseh Ghodrati 2022 211 54 12 199 53 9 77% 02210.65,1.08] | P
Yannan Chen 2023 2467 272 107 2277 329 111 134% 0.63(0.35,0.90) A3

*

Total (95% CI)

Heterogeneity: Tau® = 0.22; Chi* = 36.43, df= 8 (P < 0.0001); = 75%

Testfor overall effect Z= 4.86 (P < 0.00001)

335 100.0% 087052, 1.23)
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Table 6. The moderating effect test of exercise intervention on cognitive function in people living with diabetes. LI
Regulated variable Homogeneity-testing Category SMD 95%CI Two-tail test | Documents quantity | Sample size
x* P /% z P
Means of intervention 23593 | <0.00001 | 95 Aerobic exercise 1.07 ‘ (0.81,1.33) | 8.09 | < 0.00001 4 277
Resistance exercise 0.43 | (-0.09,0.94) = 1.61 0.11 2 59
Multi-component exercise |(T:86) (1.65,2.07) | 17.68 | < 0.00001 4 589
Mind-body exercise | 059 (0.35,0.84) | 4.76 | < 0.00001 2 268
Frequency of intervention | 236.27 | < 0.00001 | 95 <3 times/week | 0.77 (0.60,0.94) = 881 | <0.00001 | 8 590
>3 times/week (189) (1.68,2.09) | 17.89 | < 0.00001 4 603
Intervention cycle 227.81 | <0.00001 | 96 <12 weeks 0.47 | (0.15,0.79) | 2.29 0.004 4 165
>12 & <24 weeks 0.83 | (0.64,1.02) @ 8.59 | <0.00001 | 5 475
>24 (2.38,2.90) | 19.95 | < 0.00001 | 2 450
Intervention time 235.93 | <0.00001 | 95 <40 min/times (0.16,0.73) | 3.05 0.002 3 198
>40 min/times (1.27,1.56) | 18.90 | < 0.00001 9 995

Sun Z, et al. PLOS ONE. 2024;19(6):e0304795.
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MIND Diet

The effect of MIND diet on sleep

status, mental health, and serum
level of BDNF in overweight/obese
diabetic women with insomnia: a

|

Green leafy vegetables

Berries

Nuts

Olive oil

» leidative stress

‘ ‘ Inflammatory

Intervention

Intervention Control

Control

. R s Whole grain A
randomized controlled trial a o
HPA axis activity
g Beans » ‘Cortisol levels
E Poultry
BDNF (pg/ml) Buttel
Baseline 116 (0.12) 118 (0.11) 0.01 (- 0.06,0.08) 0,003 [037(0.13,061) 0.004" i ‘ 1 BDNFlevels
End of trial | 1.67 (0.46) 1.33 (0.27) 0.004" Cheese
Pvalue | <0.001% 0.009* -
Cortisol (nmol/L) Red meat . lMentaI health
Bascline | 560.90 (169.83) 59341 (216.52) 3251 (-85.88,150.91) 0251 [ 8158 (- 141.14, - 2201) [ 0.009" » 4 Melatonin
End of trial | 416,82 (125.60) 49845 (128.77) 0,022 Fried foods Jad
Pvalue | <0.001* 0.009"
Sweets
Golmohammadi M, et al. Sci. Rep. 2025;15(1):8237.
. A —e— Intervention group
* DESIGN: 18-month, multi-centered, RCT ool —e— Control group
e SETTING: 12 hospitals in Japan
* PARTICIPANTS: Outpatients with type 2 diabetes aged 70-85 years with .
cognitive impairment g 010
e 361 participants were screened, and 154 were randomly assigned to é
* either the intervention group (n = 81) or the control group (n = 73). £
. .. . £ 0.004
Finally, 110 participants completed the trial. 2
b
A. Changes in intakes of nutrients - e
p=0.139 p=0.018 p=0.111
. 0.078 1.389 p— 0.098 T T - T
.g) 0.08 (0.005,0.151) s (0471, 2.607) g} ol (0.001,0.196) Baseline 6 months 18 months
=]
E 006 E" 10 E o0s B —e— Intervention group
2 0.04 =05 0.174 8 096 3.004 —=*— Control group
E | (100390088 E o CLSTA29 E 0.04 :
g 0.02 2 == 5 o (-0.066.0.108)
= 0 =93 Z 35 M
Control Intervention Control  Intervention Control  Intervention g 2004 *
B. Changes in intakes of food groups %; 1.00d
<) =0.144 =0, $3 —
- 5 POl 30.266 2 0020:5.sxv £ ; SR o
- e (1.505, 59.026) (5.889, 25.889) 8 5 e
2% 15 2% 000 =
23 5 S
é Cgl) 2 [-B.bl;"v.x;’;lbﬁ) E’l 10
o -
220 8 -1.00]
g3 = 0202 - T y
a7 (11652, 12.255) Baseline 6 months 18 months
> 8
=)

Sugimoto T, et al. J Prev Alzheimer’s Dis. 2024;11(6):1604-14.
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Multidomain Intervention Trial

I General population [l People with diabetes
O No association with dementia link

Glucose dysmetabolism

Prediabetic stages ‘ Type 2 diabetes

Socioeconomic and lifestyle factors

Vascular risk factors

: Diabetes related factors

Vascular disease

Age (years)

Biessels GJ, et al. Lancet Diabetes Endocrinol. 2014;2(3):246-55.
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Optimizing Glycemic Control

Maintaining individualized targets while rigorously avoiding severe hypoglycemia

While chronic hyperglycemia causes long-term damage, severe low blood sugar can lead to immediate and acute

symptoms, potentially culminating in seizures or coma

Table 13.1—F k for ing t 1t goals for gly blood pressure, and dyslipidemia in older adults with

diabetes

Characteristics and Fasting or

health status of person ble A1C p I Blood

with diabetes Rationale goal* glucose Bedtime glucose pressure Lipids

Healthy (few coexisting  Longer remaining life <7.0-7.5% 80-130 mg/dL  80-180 mg/dL <130/80 Statin, unless
chronic illnesses, expectancy (<53-58 (4.4-7.2 (4.4-10.0 mmHg contraindicated
intact cognitive and mmol/mol) mmol/L) mmol/L) or not tolerated
functional status)

Complex/intermediate Variable life <8.0% 90-150 mg/dL 100-180 mg/dL  <130/80 Statin, unless
(multiple coexisting expectancy. (<64 mmol/mol) (5.0-8.3 (5.6-10.0 mmHg contraindicated
chronic illnessest or Individualize goals, mmol/L) mmol/L) or not tolerated
two or more considering:
instrumental ADL ® Severity of
impairments or comorbidities
mild to moderate e Cognitive and
cognitive functional limitations
impairment) ® Frailty

 Risk-to-benefit ratio
of diabetes
medications

o Individual preference

Very complex/poor Limited remaining life  Avoid reliance on 100-180 mg/dL  110-200 mg/dL  <140/90 Consider likelihood
health (LTC or expectancy makes A1C; glucose (5.6-10.0 (6.1-11.1 mmHg of benefit with
end-stage chronic benefit minimal control decisions mmol/L) mmol/L) statin

ilinessest or
moderate to severe
cognitive impairment
or two or more ADL
impairments)

should be based

on avoiding

hypoglycemia
and symptomatic
hyperglycemia

Committee ADA PP, ElSayed NA, Aleppo G, et al. Older Adults: Standards of Care in Diabetes—2024. Diabetes Care. 2023;47:5244-5257.

Simplification

Table 13.2—C;

ations for

diabetes

Characteristics and
health status of person
with diabetes

Reasonable A1C/
treatment goal

1t plan simplification and dei

Rationale/considerations

/deprescribing in older adults with

When may medication plan
simplification be required?

When may treatment
deintensification/
deprescribing be required?

Healthy (few coexisting
chronic illnesses,
intact cognitive and
functional status)

Complex/intermediate
(multiple coexisting
chronic illnesses or
two or more
instrumental ADL
impairments or mild
to moderate cognitive
impairment)

Very complex/poor
health (LTC or end-
stage chronic illnesses
or moderate to
severe cognitive
impairment or two or
more ADL
impairments)

<7.0-7.5% .
(<53-58 mmol/mol)

<8.0%
(<64 mmol/mol)

Avoid reliance on A1C e

Individuals can generally
perform complex tasks to
maintain good glycemic
management when health
is stable

During acute illness,
individuals may be more at
risk for administration or
dosing errors that can
result in hypoglycemia,
falls, fractures, etc.

Comorbidities may affect
self-management abilities
and capacity to avoid
hypoglycemia

Long-acting medication
formulations may decrease
pill burden and complexity
of medication plan

No benefits of tight

o If severe or recurrent
hypoglycemia occurs in
individuals on insulin therapy
(regardless of A1C)

e If wide glucose excursions
are observed

o If cognitive or functional
decline occurs following
acute illness

o If severe or recurrent
hypoglycemia occurs in
indviduals on noninsulin
therapies with high risk
of hypoglycemia
(regardless of A1C)

o If wide glucose

excursions are observed

In the presence of

polypharmacy

o If severe or recurrent
hypoglycemia occurs in
individuals on insulin therapy
(even if A1C is appropriate)

o If unable to manage
complexity of an insulin plan

o If there is a significant
change in social
circumstances, such as loss of
caregiver, change in living
situation, or financial

o If severe or recurrent
hypoglycemia occurs in
individuals on noninsulin
therapies with high risk
of hypoglycemia (even if
A1C is appropriate)

o If wide glucose
excursions are observed

® In the presence of
polypharmacy

difficulties

e If on an insulin plan and the

and avoid gly in individ
hypoglycemia and this population
ymp ic © Hypogly should be
hyperglycemia avoided

o Most important outcomes

Committee ADA PP, ElSayed NA, Aleppo G, et al. Older Adults: Standards of Care in Diabetes—2024. Diabetes Care. 2023;47:5244-5257.

are maintenance of
cognitive and functional
status

| would like to
decrease the number of
injections and finger-stick
blood glucose monitoring
events each day

e If the individual has an
inconsistent eating pattern

o If on noninsulin agents
with a high
hypoglycemia risk in the
context of cognitive
dysfunction, depression,
anorexia, or inconsistent
eating pattern

o If taking any
medications without
clear benefits
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Conclusions

* Screen routinely: Annual cognitive assessment for diabetes patients 265 years
* Optimize control: Target appropriate HbAlc based on cognitive status

* Prevent hypoglycemia: Especially critical in cognitively impaired patients

* Promote lifestyle: Exercise and MIND diet principles

* Individualize care: Simplify regimens for impaired patients

* Monitor closely: Regular reassessment and adjustment
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