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(1) C-peptide 0.6 ng/mL
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Early intensifying therapy
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4 ?  No!!

!!

Glycemic targets are not achieved despite 

triple OADs, and injectable treatment is NOT 

feasible

1) NOT exhibit symptoms of hypercatabolic states,

2) has moderately elevated hyperglycemia (e.g.,

A1C < 8.0%),

3) NOT suspected to have significant islet failure

2)

4

(1) 6-2. 2

3) (deintensification)

-DeintensificationStrategiesAfterOptimizingGlycemicControl

Deintensification is a purposeful 

reduction or simplification of glucose-

lowering therapy after durable 

achievement of individualized targets 

CMAJ 2024;196:E562
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(deintensification and reintensification)

Recommendation 3-5-1.

In individuals who have achieved stable glycemic control within target ranges through

sustained lifestyle management and continued DSMES, stepwise deintensification of

pharmacologic therapy may be considered—particularly in older adults and those with renal or

cognitive impairment or polypharmacy—to reduce hypoglycemia, adverse drug reactions, and

treatment burden.

Recommendation 3-5-2. 

Deintensification should be implemented gradually under close clinical monitoring, with the 

capacity to promptly re-intensify therapy if glycemic deterioration occurs.

(1) 6-2. 2

(1)

Drugs with proven organ-protective effects (e.g., SGLT2 inhibitors in CKD/HF or

GLP-1RA with ASCVD/stroke benefit) should not be withdrawn solely based on

A1C if their indication persists.
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2026 NICE 

Simplified NICE Algorithm: Choosing Medicine in T2D
Top-line initial therapy in all situations
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2026 Guideline on the Management of Dyslipidemia: 
A Report of the ACC/AHA Joint Committee on Clinical Practice Guidelines 

Diabetes-Specific Risk Enhancers

apoB

PREVENT-ASCVD

History of premature ASCVD in a parent or sibling (onset age <55 y for men, <65 y for women)

Higher risk ancestry (eg, South Asian, Filipino)

High polygenic risk (if measured) (Section 4.2.3.5. “Polygenic Risk Scores”)

Chronic inflammatory diseases (e.g., systemic lupus, rheumatoid arthritis, advanced psoriasis, inflammatory
arthritis)

Lp

hsCRP

CKM syndrome

LDL- –189 mg/dL, non-HDL- –

Reproductive risk markers (premature menopause, preeclampsia, gestational diabetes, gestational hyperte
nsion, preterm delivery)

Risk Enhancers 

2026 Guideline on the Management of Dyslipidemia: A Report of the ACC/AHA Joint Committee on Clinical Practice Guidelines 

. 2026;153:e00–e00. DOI: 10.1161/CIR.0000000000001423 



. 2026;153:e00–e00. DOI: 10.1161/CIR.0000000000001423 

2026 Guideline on the Management of Dyslipidemia: A Report of the ACC/AHA Joint Committee on Clinical Practice Guidelines 

Diabetes-Specific Risk Enhancers

of albumin/mg creatinine

eGFR <60 mL/min/1.73 m2

Retinopathy

Neuropathy

ABI <0.9
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• (ASCVD, HF, CKD, MASLD, obesity, OSA)

•

• ( )

• : , , , 4

•

• (deintensification): , 

•

•

• LDL-C : + + 

+ (Lp(a), apoB)

• : < 130/80 mmHg
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2023 KDA Guidelines
2

1) A history of an acute coronary syndrome or 
myocardial infarction, stable or unstable angina,
coronary heart disease with or without
revascularization, other arterial revascularization,
stroke, or peripheral artery disease assumed to 
be atherosclerotic in origin

2) Current or prior symptoms of heart failure (HF) 
with documented HF with reduced ejection 
fraction

2 or urine albumin-

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

2

, ?

3)2)1)

GLP-1RA4) SGLT2i5) SGLT2i6)
SGLT2i5)

GLP-1RA4)

+Metformin +Metformin+Metformin

+SGLT2i +GLP-1RA
+GLP-1RA
+SGLT2i

+Others

+Others
(TZD )+TZD7)

+Others

GLP-1RA
±OAD(s)

Basal insulin
±OAD(s)

GLP-1RA
Basal insulin

±OAD(s)

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

±OAD(s)

Metformin

7.5% 1.5% ?

2

Metformin

Yes

2

NO

(A1C >9.0%) ( , , ) ?

NO

Yes

SGLT2i GLP-1RA DPP-4i TZD SU Glinide -GI

-1RA

NO

2
Metformin

Others

Yes

2025 KDA Guidelines
2

Upon diagnosis, initiate diabetes self-management education and m

In the presence of hyperglycemia accompanied by hypercatabolic sy
mptoms—such as weight loss, polydipsia, and polyuria—prioritize tre
atment that includes insulin 

If monotherapy fails to achieve glycemic targets, promptly implement 
combination therapy using agents from different drug classes, taking 
into account the 

If oral hypoglycemic combination therapy still does not meet glycemi
-

urther glycemic control, 
-1 receptor agonists with basal in

-1 receptor agonists are used due to 
coexisting atherosclerotic cardiovascular disease, heart failure, chron
ic kidney disease, or stroke, 
and the target hemoglobin A1c is not achieved, it is recommended to 
integrate another drug class with demonstrated clinical benefits for th

-glucosidase-i, -

-
peptidase- -1RA, glucagon-like pepti
de- -
glucose cotransporter 2 

idinedione

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

2



2026 ADA Guidelines
Use of glucose-lowering medications in the management of type 2 diabetes

Key Changes in Guidelines
2025 KDA 9th edition & 2026 ADA Standards of Care — what's new for prescribing

2025 KDA – Key Changes 2026 ADA – Key Changes ( )

First-line 
Metformin · , 

Comorbidity Stroke 

Hypercatabolic state/Islet Failure Management

Comorbidity-first
-1 RA, irrespective of A1C

Advanced CKD
-1 RA preferred

)

DPP-4i + GLP-1 RA 
(ADA 2026 )

Comorbidity-based drug selection — reinforced by stronger evidence and clearer recommendations
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Am J Cardiol. 2017 Jul 1;120(1S):S4-S16

01 Metformin

02

03

04

05

06

Sulfonylurea

Alpha glucosidase inhibitor



Metformin
Key tissues contributing to the glucose-lowering effect of metformin

-19

01

Metformin - Potency
glucose lowering effect

Clin -

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



Metformin – Cardiovascular protection
Clinical outcomes and Underlying mechanisms

Clin -

Risk of 3-point MACE
with metformin 
(vs. other active 

comparators)

-704

Reduced atherosclerosis and 
improved thrombolysis

Metformin – Clinical Implications
Features of medications for lowering glucose in type 2 diabetes

Diabetes Care –S149
2025 

CV Effects Kidney Effects MASH 
Effect

Drug Class
Glucose-
lowering 
Efficacy

Hypo-
glycemia 
Risk

Weight 
Effect MACE HF CKD 

Progression
Dosing/use
considerations

Metformin
(Oral) High No

Neutral 
(possible 
weight loss)

Potential 
benefit Neutral Neutral

Contraindicated with 
eGFR <30 mL/min/ 
1.73 m2

Neutral



Metformin –

eGFR 
2)

CKD1-2 CKD3a CKD3b CKD4 ESKD

59-45 44- 29-15 < 15

Metformin
,

Meglitinides

Repaglinide

Mitiglinide

Nateglinide

DPP-4 inhibitors

Sitagliptin 25 mg

Vildagliptin 1)

Saxagliptin 5 mg2) 5 mg

Linagliptin 5 mg

Gemigliptin

Teneligliptin

Alogliptin 25 mg1) 5 mg 5 mg

Evogliptin 5 mg

Anagliptin

SGLT2 inhibitors

mg ( 25)3)

Empagliflozin 25 mg (

Ertugliflozin 5 mg

Ipragliflozin 5 mg

Enavogliflozin

Sulfonylureas

Gliclazide

Glimepiride

Glipizide

Alpha-glucosidase inhibitors

Acarbose

Voglibose

Thiazolidinediones

Lobeglitazone

GLP-1 receptor agonists

Liraglutide

1) 2

2) 2

3)

1 mg 

CKD, chronic kidney disease 
ESKD, end-

GFR 30 !

Metformin –

CKD stage 1 2 3a 3b 4b 5b

eGFR
2)

- - - -15 < 15

,

,

CKD, 



SGLT2 inhibitors
Mechanism of action: Focusing on Renal Hemodynamics

-551

SGLT2 inhibitors

2025 

Outcome / Variable EMPA-REG DECLARE-
TIMI

DAPA-HF DELIVER EMPEROR-
Reduce

EMPEROR-
Preserve

DAPA-CKD EMPA-
Kidney

7,020 17,160 4,744 5,988 6,609
DM, n (%) All All

(41.8)
2,086
(44.8)

1,856
(49.8) (49.1)

2,906
(67.5) (46.0)

Drug Empa-
gliflozin

Dapa-
gliflozin

Dapa-
gliflozin

Dapa-
gliflozin

Empa-
gliflozin

Empa-
gliflozin

Dapa-
gliflozin

Empa-
gliflozin

Follow-up
(years)

4.2 1.5 2.2 2.4 2.0

Baseline HbA1c (%) 8.1 — — — — — —
74.1 85.2 66.0 61.0 62.0 60.6

prevalence (%)
99 41 NA NA NA NA 26.7

HF prevalence (%) 10 10 100 100 100 100 10.8 NA
MACE,
HR (95% CI)

0.86
(0.74–0.99) (0.84–

NA NA NA NA NA NA

HF hosp or CV death,
HR (95% CI)

0.66
(0.55–0.79)

0.83
(0.73–0.95)

0.75
(0.65–0.85)

0.82
(0.73–0.92)

0.75
(0.65–0.86)

0.79
(0.69–0.90)

0.71
(0.55–0.92)

0.84
(0.67–1.07)

CV death,
HR (95% CI)

0.62
(0.49–0.77)

0.98
(0.82–1.17)

0.82
(0.73–0.92)

0.88
(0.74–1.05)

0.92
(0.75–1.12)

0.91
(0.76–1.09)

0.81
(0.58–1.12)

0.84
(0.60–1.19)

HR (95% CI)
0.87

(0.70–1.09)
0.89

(0.77–1.01)
NA NA NA NA NA NA

HR (95% CI)
1.18

(0.89–1.56)
1.01

(0.84–1.21)
NA NA NA NA NA NA

All-cause mortality,
HR (95% CI)

0.68
(0.57–0.82) (0.82–1.04)

0.83
(0.71–0.97)

0.94
–1.07)

0.92
(0.77–1.10)

1.00
(0.87–1.15)

0.69
(0.53–0.88)

0.87
(0.70–1.08)

HF hospitalization,
HR (95% CI)

0.65
(0.50–0.85)

0.73
(0.61–0.88)

0.70
(0.59–0.83)

0.77
(0.67–0.89)

0.69
(0.59–0.81)

0.71
(0.60–0.83)

NA NA

Renal composite,
HR (95% CI)

0.54
(0.40–0.75)

0.53
(0.43–0.66)

0.71
(0.44–1.16)

NA 0.50
(0.32–0.77)

0.95
–1.24)

0.61
(0.51–0.72)

0.72
(0.64–0.82)

ESKD,
HR (95% CI)

0.45
(0.21–0.97)

0.31
(0.13–0.79)

NA NA NA NA 0.64
(0.50–0.82)

NA

Renal death,
HR (95% CI)

NA 0.60
(0.22–1.65)

NA NA NA NA NA NA



SGLT2 inhibitors
-

- –S215.

HbA1c reduction with 
Empagliflozin stratified by eGFR 2026 ADA Guideline

SGLT2 inhibitors – Clinical Implications
Features of medications for lowering glucose in type 2 diabetes

Diabetes Care –S149
2025 

CV Effects Kidney Effects MASH 
Effect

Drug Class
Glucose-
lowering 
Efficacy

Hypo-
glycemia 
Risk

Weight 
Effect MACE HF CKD 

Progression
Dosing/use
considerations

SGLT2 
inhibitors
(oral)

Intermed
to high No (intermed)

Benefit:
cana, empa

Benefit: 
cana, 
dapa, 
empa, 
ertu

Benefit: cana, 
dapa, empa, 

• See labels of 
individual
agents for dosage 
• Glucose-lowering 
effect is minimal at 
eGFR <45 ; continue 
for cardiovascular and 
kidney benefit until 
dialysis or 
Transplantation



SGLT2 inhibitors –

eGFR 
2)

CKD1-2 CKD3a CKD3b CKD4 ESKD

59-45 44- 29-15 < 15

mg ( 25)3)

Empagliflozin 25 mg (
Ertugliflozin 5 mg

Ipragliflozin 5 mg

Enavogliflozin

1) 2

2) 2

3)

1 mg 

CKD, chronic kidney disease 
ESKD, end-

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 



DPP4 inhibitors & SGLT2 inhibitors
Mechanism of action

J Biol Chem. -

DPP4 inhibitor

DPP4 inhibitors & SGLT2 inhibitors
Complementary effect

-420.



DPP4 inhibitors add on SGLT2 inhibitors in Asians
An updated systematic review and meta-analysis with focus on an Asian subpopulation

2025 Sep;27(9):5019-

SGLT2i’s effect DPP4i’s effect

-0.57% in Asian vs -0.59% in non-Asian -0.55% in Asian vs - -Asian

DPP-4 inhibitors – Clinical Implications
Features of medications for lowering glucose in type 2 diabetes

Diabetes Care –S149
2025 

CV Effects Kidney Effects MASH 
Effect

Drug Class
Glucose-
lowering 
Efficacy

Hypo-
glycemia 
Risk

Weight 
Effect MACE HF CKD 

Progression
Dosing/use
considerations

DPP-4 
inhibitors
(oral)

Intermed No Neutral Neutral
Neutral
(potential risk: 
saxagliptin)

Neutral Some agent require
Dose adjustment



DPP-4 inhibitors –

eGFR 
2)

CKD1-2 CKD3a CKD3b CKD4 ESKD

59-45 44- 29-15 < 15

DPP-4 inhibitors

Sitagliptin 25 mg

Vildagliptin 1)

Saxagliptin 5 mg2) 5 mg

Linagliptin 5 mg

Gemigliptin
Teneligliptin
Alogliptin 25 mg1) 5 mg 5 mg
Evogliptin 5 mg

Anagliptin

1) 2

2) 2

CKD, chronic kidney disease 
ESKD, end-

TZD

-

( )
Metformin 1.0-2.0%

0.5-1.0%
-1 RA 0.8-1.5%
-4i 0.5-1.0%

SU 1.0-2.0%
TZD 0.5-1.4%

0.5-1.0%
Meglitinide 0.5-1.5%



TZD

Vasc -90

TZD – Cardiovascular outcome trial
Secondary prevention of macrovascular events in patients with type 2 diabetes in the Study 
( pioglitAzone macroVascular Events): a randomised controlled trial

Vasc -90

Primary endpoint
*Death from any cause, non-fatal myocardial infarction (including silent myocardial 

revascularisation, 
or revascularisation of the leg.

Secondary endpoint
*Death from any cause, non-fatal myocardial infarction (excluding silent myocardial 



TZD and Stroke prevention
( pioglitAzone macroVascular Events 04)

Circulation. -

Stroke in DM patients 
with previous stroke

Stroke in insulin resistant
patients with previous stroke

TZD: optimum agent with SGLT2 inhibitor?

2016 May;18(5):454-62

Effect on 3-point MACE -
myocardial infarction.



TZD and Fatty liver disease

Diabetes Spectr. -58.

(2021)

1. Pioglitazone
, . (B1)

2. Metformin 1 . (B1)

TZD and Heart Failure
Data from the Study ( 08)

Diabetes Care. -8

Predictor HR P

2.70

Diuretic use 2.10

cholesterol > 4 mmol l 1.74 0.0012

1.70

0.010

Pioglitazone 1.53 0.001

cholesterol > 4 mmol l 1.17 0.2805

Age (per yr) 1.07

0.015

Duration 5–10 years (vs. 5 years) 0.80 0.2786

Significant baseline predictors of heart failure 
risk by multivariate analysisKaplan-Meier estimates of time to serious 

heart failure



TZD and Edema in CKD patients
Efficacy and safety of thiazolidinediones in DM CKD: meta-analysis

Scientific Reports volume 7, Article number: 1717 (2017)

TZD – Clinical Implications
Features of medications for lowering glucose in type 2 diabetes

Diabetes Care –S149
2025 

CV Effects Kidney Effects MASH 
Effect

Drug Class
Glucose-
lowering 
Efficacy

Hypo-
glycemia 
Risk

Weight 
Effect MACE HF CKD 

Progression
Dosing/use
considerations

Pioglitazone
(oral) High No Potential

benefit
Increased 
risk Neutral

• No dose adjustment
required
• Generally not
recommended in 
kidney impairment 
due to potential for 
fluid retention

Potential 
benefit



Sulfonylurea

2000

( )
Metformin 1.0-2.0%

0.5-1.0%
-1 RA 0.8-1.5%
-4i 0.5-1.0%

SU 1.0-2.0%
0.5-1.4%
0.5-1.0%

Meglitinide 0.5-1.5%

Sulfonylurea - Durability

N Engl J Med. -

Cumulative Incidence of Monotherapy Failure 
at 5 Years

Glycated Hemoglobin



Sulfonylurea – Efficacy and Durability

N Engl J Med. -1074
onfirmed, 

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

Sulfonylurea – Safety

N Engl J Med. -1074



Sulfonylurea – Clinical Implications
Features of medications for lowering glucose in type 2 diabetes

Diabetes Care –S149
2025 

CV Effects Kidney Effects MASH 
Effect

Drug Class
Glucose-
lowering 
Efficacy

Hypo-
glycemia 
Risk

Weight 
Effect MACE HF CKD 

Progression
Dosing/use
considerations

SU
(oral) High Yes Neutral Neutral Neutral

• Glyburide: generally
not recommended in 
CKD
• Glipizide and 
glimepiride: initiate 
conservatively to 
avoid hypoglycemia
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Comorbidity-Based Drug Selection – CASE (1) HF
Comorbidity-based selection of oral antidiabetic agents

# T2DM (2014)
# HTN (2014)
# h/o STEMI (2012, LAD s/p PCI)
# Ustable angina (2016, RCA s/p PCI)

STEMI dyspnea w/u HF 

73/F

Metformin 1000mg QD
Linagliptin 5mg QD

Carvedilol 6.25mg BID
Aspirin 100mg QD

10mg QD

Lab Data Other Tests Current Medications

Echo)
EF 31%( )HbA1c (Qn)   7.2  %

(
(

( - -terminal 500  pg
?

Comorbidity-Based Drug Selection – CASE (2) CKD
Comorbidity-based selection of oral antidiabetic agents

2 ( 20 ) 

, 

71/F

Metformin 850mg BID+ 
Glimepiride 4mg QD

Lab Data Current Medications

(
( ) HbA1c (Qn)   7.8  %

(
(

( ) UACR

?



Comorbidity-Based Drug Selection – CASE (3) ASCVD 
Comorbidity-based selection of oral antidiabetic agents

, 

GERD GB stone f/u 
chest pain CAG , severe stenosis, LAD 

PCI 

52/M

Fimasartan 120mg QD
Atorvastatin 10mg QD

Esomeprazole 20mg QD

Lab Data Current Medications

Ht

( )HbA1c (Qn)   7.6  %

UACR 56

?

Comorbidity-Based Drug Selection – CASE (4) Stroke
Comorbidity-based selection of oral antidiabetic agents

72/M

Metformin 850mg QD
Dapagliflozin 10mg QD

Lab Data Current Medications

Ht

(
( ) HbA1c (Qn)   8.1  %

( ) UACR

?

21
10 NSTEMI PCI 

stroke 



Comorbidity-Based Drug Selection – CASE (5) MASLD
Comorbidity-based selection of oral antidiabetic agents

3

semaglutide

41/M

Metformin 1000mg BID
Semaglutide 1.0mg QW

Lab Data Other Tests Current Medications

US, abd)
Fatty liver

Ht

( )HbA1c (Qn)   8.4  % ?

Comorbidity-Based Drug Selection – CASE (6) None
Comorbidity-based selection of oral antidiabetic agents

?

?/?

?

Lab Data Other Tests Current Medications

?Ht

( )HbA1c (Qn)

UACR

?



Summary and Conclusion

Heart Failure CKD ASCVD

Stroke

SGLT2i (HFrEF & HFpEF )
irrespective of A1C

DPP4 inhibitor , Saxagliptin

· )
eGFR 45 , 

-1 RA preferred

SGLT2i 
irrespective of A1C —

PROactive secondary endpoint 

/MI 
SGLT2i ( · )
HF· ·

– –

MASLD/MASH

—
·ADA 2026 

SGLT2i — · , 
- — MASH 

No Comorbidity

SGLT2i ( · )
· DPP-4i ( )

SU·SGLT2i
A1C 1.5% 
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[ , ]

3) GLP-1
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(2025)

Hypercatabolic state or
Islet Failure

Treatment intensification 
for glycemic control

2025 

– (2026)

1. Consider insulin as the first injectable if

(1) symptoms of hyperglycemia are present,

(2) when A1C or blood glucose levels are very high (i.e., A1C >10% or blood glucose 300 mg/dL), or

(3) when a diagnosis of type 1 diabetes is a possibility.



?

• Short- -cell function

glucotoxicity -cell 

.

Lancet Diabetes Endocrinol. 2013 Sep;1(1):28-34 Lancet. 2008 May 24;371(9626):1753-60

Case 1

• 65/M

• 8

• BMI 27.7 kg/m2 (174 cm, 84 kg)

• ASCVD (-)

• : Metformin 1000 mg BID, Glimepiride 2mg QD, Empagliflozin 25mg QD

• HbA1c : 7.4~7.8%

• Fasting plasma glucose : 166 mg/dL

• Cr : 0.8 mg/dL, eGFR : 88 mL/min/1.73m2, Urine microalbumin/cr ratio 200 mg/g

• Fasting C-peptide : 2.1 ng/mL



Case 2

• 72/F

• 22

• BMI 21.4 kg/m2 (156 cm, 52 kg)

• : mild NPDR, ASCVD (-)

• : Metformin 1000 mg BID, Glimepiride 2mg BID, Gemigliptin 50mg QD 

• HbA1c : 7.7% 8.1% 

• Fasting plasma glucose : 151 mg/dL

• Creatinine : 1.0 mg/dL, eGFR : 56 mL/min/1.73m2, ACR(-)

• Fasting C-peptide : 0.65 ng/mL

Case 1 & 2

• 1: 65 , BMI 27.7 kg/m2

fasting c-peptide 2.1 ng/mL
metformin + sulfonylurea + SGLT2 inhibitor

• 2: 72 , BMI 21.4 kg/m2, >20
fasting c-peptide 0.65 ng/mL
metformin + sulfonylurea + DPP4 inhibitor 

3
GLP-1 RA

?



GLP-1 vs 

Diabetes Obes Metab 2017; 19(2):216–227 

(A) HbA1c

(B) Body weight

GLP-1 vs 

Diabetes Obes Metab 2017; 19(2):216–227 

(C) Hypoglycemia

Category GLP-1 RA
(n/N [%])

Insulin
(n/N [%])

Absolute difference
(±95% confidence interval) P-value

Any hypoglycemia 710/2500 (28.4) 836/1939 (43.1) 14.7 (11.8–17.6) <.0001

Nocturnal hypoglycemia 167/1763 (9.5) 265/1475 (18.0) 8.5 (6.1–11.0) <.0001

Severe hypoglycemia 12/2500 (0.5) 5/1939 (0.3) -0.2 (-0.6 to 0.2) 0.35



Indications for estimation of C-peptide
• Evaluating for endogenous insulin secretion
• Prediction of need for insulin

Diagnostic criteria for islet failure and severe islet failure

Clin Med Insights Endocrinol Diabetes. 2026 Feb 13;19:11795514251397811
Diabetes & Metabolism J 2025;49(6):1155-77

Indications for estimation of C-peptide
• Prediction of response to non-insulin based therapies

HbA1c change post–GLP-1RA therapy in those with and 
without severe insulin deficiency 
(C-

Diabetes Care. 2016 Feb;39(2):250-7
Diabetes & Metabolism J 2025;49(6):1155-77

0.75 ng/mL
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6-2. 2 (2025)

3

, 4

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

GLP-1 + 2 vs. 4 + 3 vs. 4

Case 1 & 2

• 1: 65 , BMI 27.7 kg/m2

fasting c-peptide 2.1 ng/mL
metformin + sulfonylurea + SGLT2 inhibitor

Weekly GLP-1 RA 

• 2: 72 , BMI 21.4 kg/m2, >20
fasting c-peptide 0.65 ng/mL
metformin + sulfonylurea + DPP4 inhibitor

Insulin 



Case 2 (continued)
72 , BMI 21.4 kg/m2, >20

fasting c-peptide 0.65 ng/mL

Started Basal insulin 

• Glimepiride 2mg BID Switched to insulin glargine 10U ( 0.2 U/kg)

• Metformin 1000 mg BID

• Gemigliptin 50mg QD 

After starting insulin: 

• Insulin glargine 10U 22U 

• HbA1c : 8.1% 3 7.4% 6 7.5% 9 8.2%

• Fasting plasma glucose : 151 mg/dL 3 122 6 101 9 109 mg/dL

–

2025 DETM

( )

NPH ( ®) 1-4 5-8 10-16 

( )

Glargine-100 ( ®) 1-4 24

Glargine-300 ( ®) 60-90 ( ±3
)

32

Degludec ( ®) 90 ( ±6
)

42

• : 



Basal insulin

• The principal action of basal insulin is to restrain hepatic glucose production
and limit hyperglycemia overnight and between meals

• Glucotoxicity -cell 

N Engl J Med. 2007 Oct 25;357(17):1716-30

Overbasalization

Overbasalization :

• ( 0.5 U/kg)

• HbA1c

• - 50 mg/dL

•

•

Diabetes Care. 2025 Dec 8;49(Suppl 1):S183–S215

: GLP-1 RA vs. vs 



1 •

+ GLP-1 RA 1 ± 1

1-2

• , 

•

1

+

•

•

2025 DETM

(1) + GLP-1 RA 

Basal insulin+GLP-1 RA vs. Basal-plus/Basal-bolus insulin regimen

Diabetes Res Clin Pract. 2019;154:101-115

• HbA1c reduction : comparable (-0.08% [-0.15, -0.00])

• Body weight : markedly reduced (-3.59 kg [-4.47, -2.72])

• Hypoglycemia risk : low (OR 0.64 [0.52, 0.78])



(1) + GLP-1 RA 

• Free combination (Weekly GLP-1 RA + Basal insulin)
• Fixed ratio combination (IDegLira / IGlarLixi)

Pros
• Reduce injection burden
• Weight reduction 
• Relatively fewer GI side effects
• Similar hypoglycemia risk

Cons
• Fixed-ratio constraint
• GLP-1 RA not at the full dose
• Need of initial titration

2023 
Diabetes Res Clin Pract. 2020 Dec;170:108478

(2) Adding mealtime insulins

2025 DETM

• : 

( )

Lispro ( ®) 15 30-90 4

Aspart ( ®) 15 30-90 4

Glulisine ( ®) 15 30-90 4

Faster Aspart ( ®) 5 1 4

Ultra rapid Lispro ( ®) 5 1 4

( ) Regular ( ®) 30-60 2-3 4-6



(3) Premixed insulins

2025 DETM

• :

+

75/25® 15

2-3 ,
6-10 *

10-16

50/50® 15 10-16

70/30® 15 10-16

50/50® 15 10-16

+ (degludec/aspart)70/30® 15 90 24

* ( ) ( ) .

Case 2 (continued)
72 , BMI 21.4 kg/m2, >20

fasting c-peptide 0.65 ng/mL

Insulin intensification 

• Insulin glargine 22U Added bolus insulin (insulin glulisine) 3 times/day

• Metformin 1000 mg BID

• Gemigliptin 50mg QD

After intensifying to MDI 

• HbA1c : 8.2% 3 7.4%

• Fasting plasma glucose : 109 mg/dL 3 102 mg/dL



Case 3

• 31/M

• 3

• BMI 26.3 kg/m2 (177 cm, 82 kg)
• Heavy alcoholics
• (+) (+) (-5kg/1mo)

• HbA1c 12.1%

• Fasting plasma glucose 295 mg/dL

• Creatinine 0.9 mg/Dl, eGFR >90 mL/min/1.73m2

• C-peptide : 

Hypercatabolic state in diabetes 

• Unlike isolated hyperglycemia,

hypercatabolic states in diabetes are

characterized by profound insulin

deficiency and reflect systemic

metabolic decompensation

Diabetes & Metabolism Journal 2025;49(6):1155-1177
Figure from Diabetes Ther (2010) 1(2):103-120.



Prompt insulin use in hypercatabolic state

• Mild hypercatabolic features:
• May begin with basal insulin alone (10 units daily or 0.1–0.2 units/kg)

• More prominent hypercatabolic features or markedly elevated glucose levels:
• A basal-bolus regimen is recommended

• Total daily insulin dose 0.4–0.5 units/kg (50% basal and 50% divided among prandial
doses before meals)

•

initiation of 0.2–0.3 units/kg is advised

Diabetes & Metabolism Journal 2025;49(6):1155-1177

Oral hypoglycemic agents in hypercatabolic state

• Recommendation 2-3-1. During insulin therapy in hypercatabolic state, the concomitant use of

OADs may be considered if there are no specific contraindications.

• Recommendation 2-3-2. SGLT2 inhibitors should be avoided in hypercatabolic states due to

safety concerns, including the risk of euglycemic diabetic ketoacidosis. If SGLT2 inhibitors are

indicated for comorbid conditions, initiation may be cautiously considered only after the

hypercatabolic state has resolved and metabolic stability is confirmed.

Diabetes & Metabolism Journal 2025;49(6):1155-1177

RCTs and meta-analyses have demonstrated that SGLT2 inhibitors have 

been associated with an approximately 2- to 3-fold increased risk of 

DKA, particularly in insulin-deficient states, and may exacerbate volume 

depletion through osmotic diuresis. 



Case 3 (continued)

Started insulin + OADs

• Started MDI (insulin degludec 14U + premeal insulin glulisine 4U thrice-daily)

• Metformin 500mg BID, Linagliptin 5mg QD

Follow-up (1 )

• Insulin degludec 12~14U + insulin glulisine 4U thrice-daily

• HbA1c : 12.1% 9.8%

• Fasting plasma glucose : 295 130 mg/dL

• C-peptide : 2.05 ng/mL

• Anti-GAD ab: negative

, ? 

• Catabolic state :

• hypercatabolic symptoms have resolved and glycemic control is

maintained with declining insulin requirements.

• In this context, C-peptide measurement may be used as supportive

information for assessing -cell function, though it should not be

considered a mandatory criterion.

Diabetes & Metabolism Journal 2025;49(6):1155-1177



Case 3 (continued)

• MDI(12/4-4-4) Basal insulin discontinued

• Metformin 500mg BID, Linagliptin 5mg QD

• Added empagliflozin 25 mg QD

Follow-up (3 )

• HbA1c : 12.1% 9.8% 7.1%

• Fasting plasma glucose : 295 130 121 mg/dL

Case 4

• 48/M

• 10

• BMI 30.3 kg/m2 (177 cm, 95 kg)

•

• : MDI (Insulin glargine 24iu, Insulin lispro 8~10 iu), Metformin 1000mg BID,
Empagliflozin 25mg QD

• HbA1c 8.5%

• Fasting plasma glucose 142 mg/dL

• C-peptide : 2.95 ng/mL

• -> Weekly semaglutide SC (0.25mg 4 titration)
• , GLP-1 RA bolus insulin 



Case 4 (continued)

After semaglutide x 3 months 
• 95 90 kg (-5kg from baseline)
• HbA1c 8.5% 7.6%
• Fasting plasma glucose 142 126 mg/dL
• Basal insulin : 24U 20U

After semaglutide x 6 months 
• 95 90 84 kg (-9kg from baseline)
• HbA1c 8.5% 7.6% 6.4%
• Fasting plasma glucose 142 126 118 mg/dL
• Basal insulin : 24U 20U 12U discontinued

De-intensification of glucose-lowering plans

• Deintensification of glucose-lowering plans can be achieved by either lowering the dose or

discontinuing some medications, as long as individualized glycemic goals are maintained

optimize safety, minimize polypharmacy, and target disease-specific benefits

• Insulin deintensification :

• Frequent hypoglycemia

• Change in glycemic goals (e.g., in response to development of comorbidities)

• Improved glycemia after adding new agents, weight loss and/or optimization of lifestyle behaviors

• "Insulin dosing should be reassessed upon addition or dose escalation of a GLP-1 RA or dual GIP

and GLP-1 RA."

• Cognitive impairment/aging

Diabetes Care. 2025 Dec 8;49(Suppl 1):S183–S215



Algorithm to simplify insulin plans in older individuals

2026;49(Supplement_1):S277–S296

Prandial insulin (short- or rapid-acting) users

If prandial insulin  > 10 units/dose:
•  Decrease dose by 50% and add noninsulin agent

Titrate prandial doses down as noninsulin agent doses are increase
d, with the aim to discontinue prandial insulin

•  Discontinue prandial insulin immediately and add noninsuli
n agent(s)

Add noninsulin agent(s):
start metformin 500 mg daily, increase dose every 2 weeks as tolerated

second-line agent depending on comorbi

Use comorbidities (CKD, ASCVD, low body weight, dehydration risk) and drug characteristics to guide agent selection  
•  Every 2 weeks -lowering medications based on pre-lunch & pre-dinner glucose

90–150 mg/dL before meals (adjust per overall health & goals of care)

Algorithm to simplify insulin plans in older individuals

2026;49(Supplement_1):S277–S296

Individual on premixed insulin

Step 1.  Convert to basal insulin only
Use 70% of the total premixed insulin dose as basal insulin, given in the morning only

Step 2.  Titrate basal insulin based on fasting glucose over 1 week
90–150 mg/dL –

Step 3.  Add noninsulin agent(s) to control daytime / postprandial glucose
start metformin 500 mg daily, titrate every 2 weeks

second-line agent guided by comorbidities (CKD, ASCVD, weight)

Why simplify premixed insulin?  
ce-



Algorithm to simplify insulin plans in older individuals

2026;49(Supplement_1):S277–S296

Basal insulin (long- or intermediate-acting) user

Step 1.  Change timing from bedtime to morning

Step 2.  Titrate basal insulin dose based on fasting glucose over 1 week
90–150 mg/dL – — may change goal based on overall health & goals of care

• Use simplified, FPG-driven adjustment rather than complex algorithms

If 50% of fasting values are over goal:
• Increase dose by 

If > 2 fasting values/week are < 80 mg/dL
(< 4.4 mmol/L):
• Decrease dose by 

Key principles for basal de-intensification
• Watch for overbasalization — high bedtime-to-

–
-

Switching from insulin to OADs

Diabetes Obes Metab. 2009 May;11(5):464-71

• Insulin Pioglitazone + Glimepiride

• N = 98 (Germany)

• Eligibility criteria: HbA1c < 7.5%, stimulated C-
peptide >1.8 ng/mL

• Age 59 years old

• BMI 33.8 kg/m2

• Duration of diabetes 5.6 years

• TDD 0.36 U/kg/day

• HbA1c 6.9%, FPG 117 mg/dL

• Stimulated C-peptide 2.85 ng/mL

Study completer Premature 
termination 

Daily insulin therapy (U/kg) 0.31 ± 0.2 0.50 ± 0.4

BMI (kg/m2) 33.9 ± 5.1 34.1 ± 5.9

HbA1c (%) 6.79 ± 0.74 7.13 ± 0.84

Glucose (mmol/l) 6.4 ± 1.5 6.9 ± 1.5

C-peptide (pmol/l) 987 ± 493 869 ± 418

C-peptide (ng/mL) 2.96 2.63



Switching from insulin to OADs

Geriatr Gerontol Int. 2008 Dec;8(4):218-26

• Insulin ± OADs Pioglitazone + Glimepiride + Voglibose

• N = 36 (Japan)  

• Eligibility criteria: fasting c-peptide >0.5 ng/mL

• Age 67.8 years old

• Weight 60.8 kg, BMI 24.2 kg/m2

• Duration of diabetes 15.7 years (insulin 6.1 years)

• TDD 27.6 U/day 

• TDD 0.46 U/kg/day 

• HbA1c 6.8%, FPG 128 mg/dL, 

• Fasting C-peptide 1.97 ng/mL

Switching from prandial insulin to GLP-1 RA

Diabetes Obes Metab. 2025 Feb;27(2):642-651

TRANSITION-T2D (Semaglutide) 

MDI MDI vs. Basal insulin+semaglutide

N = 60 (Asian only 1)

• Age 68.6 years old

• Weight 104.6 kg, BMI 35.3 kg/m2

• Duration of diabetes 18.5 years

• TDD 64.5 U/day (Basal 34.5 U/day, Prandial 30 U/day)

• TDD 0.6 U/kg/day (Basal 0.3 U/kg/day, Prandial 0.3 U/kg/day)

• HbA1c 6.8% 



Switching from prandial insulin to GLP-1 RA

Diabetes Obes Metab. 2025 Feb;27(2):642-651

TRANSITION-T2D
Changes in insulin doses

Total Basal Prandial

Adding SGLT2i to insulin therapy

• Empagliflozin 10/25mg added to MDI (HbA1c 8.3%, TDD 92 U/day)
insulin doses -9/-11 U/day compared to placebo at 52 weeks

• Dapagliflozin 5/10mg added to insulin (HbA1c 8.5%, TDD 77 U/day)
insulin doses 10.2/ 11.2 U/day compared to placebo at 48 weeks

Diabetes Care. 2014 Jul;37(7):1815-23 (EMPA-REG MDI trial)

Diabetes Obes Metab. 2014 Feb;16(2):124-36



Take home message
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• C-peptide (not mandatory)

• GLP-1 RA 
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• Hypercatabolic state 
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• Non-insulin agent ( – SGLT2i )
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2026 ADA Guideline: Holistic Approach 

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

Goal: Achievement and Maintenance
of Weight and Glycemic Goals

HEALTHY LIFESTYLE BEHAVIORS ; DIABETES SELF-MANAGEMENT
EDUCATION AND SUPPORT ; SOCIAL DETERMINANTS OF HEALTH

To avoid
therapeutic

inertia, reassess
and modify
treatment
regularly

(3-6 months)

+ASCVD† +Indicators of
high CVD risk

+HF
Current or prior
symptoms of HF

with documented
HFrEF or HFpEF

+CKD
eGFR < 60mL/min per 1.73m2 OR 

is required to confirm CKD

If A1C above target

+ASCVD/indicators of high CVD risk ¶

GLP-1 RA#

with proven
CVD benefit

SGLT2i‡ with 
proven

CVD benefit
OR

SGLT2i‡
with proven HF 

benefit
in this population

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

SGLT2i‡ with primary evidence 

• SGLT2i can be started with
2

• Continued until initiation of dialysis 
or transplantation

• Glucose- with 
eGFR<45 mL/min/1.73m2

GLP-1 RA# with proven CKD benefit
OR

a GLP-1 RA or vice versa

• For patients on a GLP-
with proven CVD benefit of vice versa 

•

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

+Mitigating risk of MASLD or MASH

Agents with potential benefit in MASLD or MASH
GLP- - -

+Weight
management

Efficacy
for weight

loss

Very High:

High:

Intermediate
GLP-1RA(not 

SGLT2i

Neutral:
-

4i

+Achievement and maintenance of
glycemic goals

adequate EFFICACY to achieve and maintain 

-risk individuals  

Efficacy for Glucose lowering

Very High:

Injectable(GLP-

High:
GLP-

Intermediate
DPP-4i

If A1C is above goal or significant hypoglycemia or 
hyperglycemia or barriers to care are identified

• Refer to DSMES to support self-efficacy in achievement of

•

• Identify and address SDOH that impact achievement of
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Goal: Achievement and Maintenance
of Weight and Glycemic Goals

HEALTHY LIFESTYLE BEHAVIORS ; DIABETES SELF-MANAGEMENT
EDUCATION AND SUPPORT ; SOCIAL DETERMINANTS OF HEALTH
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Goal: Achievement and Maintenance
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Glycemic control

Magnitude of weight reduction 

Glycaemic and Weight Management Guide Treatment Selection

Intermediate GLP-

GLP-

SU



Semaglutide 1.0 mg

J Clin Pharmacol –504

Agent Elimination half-life Tmax
*

Exenatide BID2 2.4 hours 2 hours

Lixisenatide OD3 3 hours 1–3.5 hours

Liraglutide OD4 13 hours 8–12 hours

Dulaglutide OW5 4.7 days 48 hours

Albiglutide OW6 5 days 3–5 days

Oral semaglutide OD7 ~7 days 1 hour

Semaglutide OW8 ~7 days 1–3 days

Exenatide OW9,10 ~14 days 6–7 weeks

In
cr
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PK profiles of GLP-1RA

extending half-life to ~1 week3–5

Aib

Lys

AlaHis Thr

Ala Ala

Ala

AspGlu

Glu
Glu

Gly

Gly

GlyGly

ThrPhe

Phe

Ser

Ser

Ser

Val

Val Lys

Lys Gln Leu Tyr

LeuIle Trp

26
34
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Amino acid 
substitution 

Amino acid substitution 

Semaglutide

Agent Elimination half-life Tmax
*

Exenatide BID2 2.4 hours 2 hours

Lixisenatide OD3 3 hours 1–3.5 hours

Liraglutide OD4 13 hours 8–12 hours

Dulaglutide OW5 4.7 days 48 hours

Albiglutide OW6 5 days 3–5 days

Oral semaglutide OD7 ~7 days 1 hour

Semaglutide OW8 ~7 days 1–3 days

Exenatide OW9,10 ~14 days 6–7 weeks

Semaglutide 1.0 mg for Glycemic Control (HbA1c)
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*

Placebo1

N/A

30
8.1

Exenatide ER4

1–2 OADs 
MET/TZD/SU

56
8.3

Dulaglutide5

MET

40
8.2

Placebo7

SGLT-2i
±MET±SU

30
8.0

Liraglutide6

1–3 OADs 
MET±SU±SGLT-2i

30
8.2

IGlar8

MET±SU

30
8.2

Placebo9

Basal insulin±
MET
30
8.4

Comparator:

Baseline HbA1c

MONOTHERAPY VS OTHER GLP-1RAs
VS/ADD-ON TO 
BASAL INSULIN

Sitagliptin2

MET±TZD

56
8.1

Canagliflozin3

MET

52
8.3

SUSTAIN 1 SUSTAIN 2 SUSTAIN 7SUSTAIN 8 SUSTAIN 3 SUSTAIN 10 SUSTAIN 4 SUSTAIN 5SUSTAIN 9

VS OADs
ADD-ON 

TO SGLT-2i

Placebo Insulin Aspart

IGlar

SUSTAIN 11

Insulin Aspart10

Basal insulin±MET
52

8.56

*

*

*
* * *

*
*

*

*

*

*

*

•
1. Sorli C et al. Lancet Diabetes Endocrinol 2017;5:251–60; 2. Ahrén B et al. Lancet Diabetes Endocrinol 2017;5:341–54; 3. Lingvay I et al. Lancet Diabetes Endocrinol 2019;7:834–44; 4. Ahmann AJ et al. Diabetes Care 2018;41:258–66; 
5. Pratley RE et al. Lancet Diabetes Endocrinol 2018;6:275–86; 6. Capehorn MS et al. Diabetes Metab 2020;46:100–9; 7. Zinman B et al. Lancet Diabetes Endocrinol 2019;7:356–67; 8. Aroda VR et al. Lancet Diabetes Endocrinol 2017;5:355–66; 
9. Rodbard HW et al. J Clin Endocrinol Metab 2018;103:2291–301



Semaglutide 1.0 mg vs. Dulaglutide 1.5 mg (SUSTAIN 7)
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Lancet Diabetes Endocrinol 2018;6:275–86

Semaglutide 1.0 mg vs. 2.0 mg (SUSTAIN FORTE)

Lancet Diabetes Endocrinol. -574.



Tirzepatide for Glycemic Control

Action of Tirzepatide

GIP Receptor Agonism

Stomach

Pancreas

Subcutaneous White 
Adipose Tissue

GLP-1 Receptor Agonism

GIP Receptor Agonism GLP-1 Receptor Agonism

GIP Receptor Agonism GLP-1 Receptor Agonism

Central Nervous System Liver

Pancreas Stomach 

Systemic Action 

2. 3.
4. 5.



Tirzepatide 5, 10, 15 mg vs. Semaglutide 1.0 mg (SURPASS-2) 

N J Med. 2021 -515.

40 8 12 16 20 24 40

Weeks

6.42%
%
%

5.82%

Tirzepatide 5, 10, 15 mg vs. Semaglutide 1.0 mg (SURPASS-2) 

ETD -0.60 (- - p<0.001

ETD -0.51 (- - p<0.001

ETD -0.23 (- - p<0.001

N J Med. 2021 -515.



Tirzepatide 10, 15 mg vs. Semaglutide 2.4 mg (HbA1c)

Diabetes Obes Metab –

Placebo

Sema 2.4 mg

Tirze 10, 15 mg

SURMOUNT-2 
(HbA1c 8.0%) 

STEP2
(HbA1c 8.1%)

Placebo

Tirzepatide 5, 10, 15 mg vs. Semaglutide 2.0 mg (HbA1c)

Diabetes Obes Metab –1868.

Sema 2 mgTirze 5 mg Sema 2 mgTirze 10 mg Sema 2 mgTirze 15 mg



Tirzepatide 5, 10, 15 mg vs. Semaglutide 2.0 mg (HbA1c)

–1222

Semaglutide 1.0 mg  (Body Weight)

•
1. Sorli C et al. Lancet Diabetes Endocrinol 2017;5:251–60; 2. Ahrén B et al. Lancet Diabetes Endocrinol 2017;5:341–54; 3. Lingvay I et al. Lancet Diabetes Endocrinol 2019;7:834–44; 4. Ahmann AJ et al. Diabetes Care 2018;41:258–66; 
5. Pratley RE et al. Lancet Diabetes Endocrinol 2018;6:275–86; 6. Capehorn MS et al. Diabetes Metab 2020;46:100–9; 7. Zinman B et al. Lancet Diabetes Endocrinol 2019;7:356–67; 8. Aroda VR et al. Lancet Diabetes Endocrinol 2017;5:355–66; 
9. Rodbard HW et al. J Clin Endocrinol Metab 2018;103:2291–301
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-3.0
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-1.0

0.0

1.0

2.0

3.0

4.0

Placebo1

N/A

30

Sitagliptin2

MET±TZD

56

Exenatide ER4

1–2 OADs 
MET/TZD/SU

56

Dulaglutide5

MET

40

Placebo7

SGLT-2i
±MET±SU

30

Liraglutide6

1–3 OADs 
MET±SU±SGLT-2i

30

IGlar8

MET±SU

30

Placebo9

Basal insulin±MET
30

Comparator:

MONOTHERAPY VS OTHER GLP-1RAs
VS/ADD-ON TO 
BASAL INSULIN

Canagliflozin3

MET

52

SUSTAIN 1 SUSTAIN 2 SUSTAIN 7SUSTAIN 8 SUSTAIN 3 SUSTAIN 10 SUSTAIN 4 SUSTAIN 5SUSTAIN 9

VS OADs
ADD-ON 

TO SGLT-2i

Placebo Insulin Aspart

IGlar

Insulin Aspart10

Basal insulin±MET
52

87.86

SUSTAIN 11

*
* *

*
† *

*

*
*

*

*

*

*

*



Semaglutide 1.0 mg vs. Dulaglutide 1.5 mg (SUSTAIN 7)

Lancet Diabetes Endocrinol 2018;6:275–86

–3. –4.32;–2.

–2. –3.02;–1.
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88

90
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94

96

Time since randomisation (weeks)

Tirzepatide 5, 10, 15 mg vs. Semaglutide 1.0 mg (SURPASS-2) 

N J Med. 2021 -515.

ETD -6.2 (- - p<0.001

ETD -4.1 (- - p<0.001

ETD -1.7 (- - p<0.001



Tirzepatide 10, 15 mg vs. Semaglutide 2.4 mg (Body Weight)

Diabetes Obes Metab –

Placebo

Sema 2.4 mg

Tirze 10, 15 mg

SURMOUNT-2  (BW 100.7 kg) 

STEP2 (BW 100.2 kg)

Placebo

Tirzepatide 5, 10, 15 mg vs. Semaglutide 2.0 mg (Body Weight)

Diabetes Obes Metab –1868.

Sema 2 mgTirze 5 mg Sema 2 mgTirze 10 mg Sema 2 mgTirze 15 mg



Tirzepatide 5, 10, 15 mg vs. Semaglutide 2.0 mg (Body Weight)

–1222

Tirzepatide MTD (10, 15 mg) vs. Semaglutide (1.7, 2.4  mg)
(Body Weight) 

-36

SURMOUNT-5



Tirzepatide MTD (10, 15 mg) vs. Semaglutide (1.7, 2.4  mg)
(Body Weight) 

-36

SURMOUNT-5

Tirzepatide 5, 10, 15 mg vs. Semaglutide 2.4 mg (Body Weight)

Cureus

Mean Difference in % Weight Loss OR for Discontinuation due d/t A.E 



Tirzepatide 5 (7.5?), 10, 15 mg vs. Semaglutide 2.4 mg (Body Weight)

2026 Apr 5.

Mean Difference in % Weight Loss

2026 ADA Guideline: Holistic Approach 

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

Goal: Achievement and Maintenance
of Weight and Glycemic Goals

HEALTHY LIFESTYLE BEHAVIORS ; DIABETES SELF-MANAGEMENT
EDUCATION AND SUPPORT ; SOCIAL DETERMINANTS OF HEALTH

+ASCVD† +Indicators of
high CVD risk

+HF
Current or prior
symptoms of HF

with documented
HFrEF or HFpEF

+CKD
eGFR < 60mL/min per 1.73m2 OR 

is required to confirm CKD

If A1C above target

+ASCVD/indicators of high CVD risk ¶

GLP-1 RA#

with proven
CVD benefit

SGLT2i‡ with 
proven

CVD benefit
OR

SGLT2i‡
with proven HF 

benefit
in this population

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

SGLT2i‡ with primary evidence 

• SGLT2i can be started with
2

• Continued until initiation of dialysis 
or transplantation

• Glucose- with 
eGFR<45 mL/min/1.73m2

GLP-1 RA# with proven CKD benefit
OR

a GLP-1 RA or vice versa

• For patients on a GLP-
with proven CVD benefit of vice versa 

•

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

+Mitigating risk of MASLD or MASH

Agents with potential benefit in MASLD or MASH
GLP- - -

+Weight
management

Efficacy
for weight

loss

Very High:

High:

Intermediate
GLP-1RA(not 

SGLT2i

Neutral:
-

4i

+Achievement and maintenance of
glycemic goals

adequate EFFICACY to achieve and maintain 

-risk individuals  

Efficacy for Glucose lowering

Very High:

Injectable(GLP-

High:
GLP-

Intermediate
DPP-4i

If A1C is above goal or significant hypoglycemia or 
hyperglycemia or barriers to care are identified

• Refer to DSMES to support self-efficacy in achievement of

•

• Identify and address SDOH that impact achievement of

CV outcomes (MACE, HF)

DKD 

MASLD 



GLP-1 RAs with a Proven CV Benefit in T2D

Effect of GLP-1 Therapy on MACE 

Lancet Diabetes Endocrinol -28.

SUSTAIN-6 (Semaglutide 1.0 mg QW in T2D)



Anti-atherosclerotic Effects of GLP-1 RAs  

Can J Diabetes -102

Atheroscler -222

Comparison between GLP-1 RA and GLP-1/GIP Dual RA 



SURPASS-CVOT

-2420

SURPASS-CVOT

-2420



SURPASS-CVOT

-2420

–8

SURPASS-CVOT (vs. Placebo)



–8

SURPASS-CVOT (vs. Placebo)

Nat Med. -352.

Tirzepatide vs. Dulaglutide or Semaglutide in T2D



Nat Med. -352.

Tirzepatide vs. Dulaglutide or Semaglutide in T2D

–10

Tirzepatide vs. Dulaglutide or Semaglutide in T2D & CVD

-cause death



–10

Tirzepatide vs. Dulaglutide or Semaglutide in T2D & CVD

Metabolic Benefit vs Cardiovascular Outcome Discordance

• The discordance between greater metabolic effects
limited additional cardiovascular benefit remains difficult to explain.

• Cardiovascular effects of GLP-1RA appear to show a “saturation effect”
that adding GIP agonism may yield only marginal additional vascular benefit.

• “ceiling effect” in cardiovascular risk reduction
with residual risk driven by non-modifiable or non-metabolic mechanisms.

• - all-cause
mortality may become a more relevant endpoint



2026 ADA Guideline: Holistic Approach 

Semaglutide 2.4 mg and Tirzepatide 15 mg in HFpEF (T2DM)

-1407

STEP-HF DM SUMMIT (T2DM subgroup)

-437



FDA Efficacy Endpoints for Phase III Trials : Liver Histologic Improvement

US FDA. Draft Guidance. Noncirrhotic MASH With Liver Fibrosis. December 2018.

Semaglutide 2.4 mg QW for MASH (ESSENCE Trial, Phase 3)

-

• biopsy-
• T2DM (52



Tirzepatide for MASH (SYNERGY-NASH, Phase 2)

-310.

• biopsy-
• T2DM (44

–1574

Indications for GLP-1 RA Use in MASLD



2026 ADA Guideline for MASLD Treatment 

Glycemic control 
Semaglutide 1.0 mg < Tirzepatide 5 mg 
Semaglutide 2.0 mg = Tirzepatide 5 mg

Magnitude of weight reduction
Semaglutide 2.0 mg= Tirzepatide 5 mg in DM
Semaglutide 2.4 mg = Tirzepatide 5~7.5 mg in non-DM

CV outcomes (MACE, HF) 
MACE: Semaglutide 1.0 mg & Tirzepatide 15 mg (MTD)
HF: Semaglutide 2.4 mg & Tirzepatide 15 mg 

DKD 
Semaglutide 1.0 mg

MASLD 
Semaglutide 2.4 mg & Tirzepatide 5, 10, 15 mg



Glycemic control 
Semaglutide 2.0 mg = Tirzepatide 5 mg

Magnitude of weight reduction
Semaglutide 2.0 mg= Tirzepatide 5 mg in DM 
Semaglutide 2.4 mg = Tirzepatide 5~7.5 mg in non-DM

CV outcomes (MACE, HF) 
MACE: Semaglutide 1.0 mg & Tirzepatide 15 mg (MTD)
HF: Semaglutide 2.4 mg & Tirzepatide 15 mg 

DKD 
Semaglutide 1.0 mg

MASLD 
Semaglutide 2.4 mg & Tirzepatide 5, 10, 15 mg

Glycemic control 
Semaglutide 2.0 mg = Tirzepatide 5 mg

Magnitude of weight reduction
Semaglutide 2.0 mg= Tirzepatide 5 mg in DM
Semaglutide 2.4 mg = Tirzepatide 5~7.5 mg in non-DM

CV outcomes (MACE, HF) 
MACE: Semaglutide 1.0 mg & Tirzepatide 15 mg (MTD)
HF: Semaglutide 2.4 mg & Tirzepatide 15 mg 

DKD 
Semaglutide 1.0 mg

MASLD 
Semaglutide 2.4 mg & Tirzepatide 5, 10, 15 mg



Glycemic control 
Semaglutide 2.0 mg = Tirzepatide 5 mg

Magnitude of weight reduction
Semaglutide 2.0 mg= Tirzepatide 5 mg in DM
Semaglutide 2.4 mg = Tirzepatide 5~7.5 mg in non-DM

CV outcomes (MACE, HF) 
MACE: Semaglutide 1.0 mg & Tirzepatide 15 mg (MTD)
HF: Semaglutide 2.4 mg & Tirzepatide 15 mg 

DKD 
Semaglutide 1.0 mg

MASLD 
Semaglutide 2.4 mg & Tirzepatide 5, 10, 15 mg

Glycemic control 
Semaglutide 2.0 mg = Tirzepatide 5 mg

Magnitude of weight reduction
Semaglutide 2.0 mg= Tirzepatide 5 mg in DM
Semaglutide 2.4 mg = Tirzepatide 5~7.5 mg in non-DM

CV outcomes (MACE, HF) 
MACE: Semaglutide 1.0 mg & Tirzepatide 15 mg (MTD)
HF: Semaglutide 2.4 mg & Tirzepatide 15 mg 

DKD 
Semaglutide 1.0 mg

MASLD 
Semaglutide 2.4 mg & Tirzepatide 5, 10, 15 mg



Summary 





GLP-1 :

2026

GLP-1 RAs: Maximizing Benefits by Managing Risks



What Are We Really Concerned About?

Diabetes & Metabolism Journal 2025;49(4):525-541

The Adverse Event Profile Is Predominantly Gastrointestinal

Diagnostics (Basel). 2024 Dec 16;14(24):2829



Gastrointestinal effects of GLP-1 receptor agonists

The Lancet Gastroenterology & Hepatology, Volume 9, Issue 10, October 2024, Pages 957-964

Does Delayed Emptying Lead to Obstruction?

Therapie 2020;75:641-7.
Clin Pharmacol Ther 2022;111:272-82.

[HR] 3.48, 95% [CI] 1.79–6.79
[HR] 4.52, 95% [CI] 3.87–5.28

Clinical Practice Research Datalink(CPRD)WHO database



Clinical Gastroenterology and Hepatology 2024;22:1226–1237

Nationwide data in Sweden, Denmark, and Norway

Large Registry Data Did Not Confirm an Increased 
Obstruction Risk

Inflammatory Bowel Diseases, Volume 31, Issue 7, July 2025, Pages 1961–1965

GLP-1 RA Use Was Not Associated With Ileus or 
Intestinal Obstruction in IBD



60

6 Semaglutide , Wegovy 2.4 mg weekly
Rosuvastatin 10 mg qd

BMI 

, , 

2

Can J Anaesth. -1306.

Residual Gastric Contents May Persist Despite Fasting



“For patients on daily dosing consider holding GLP-1 agonists on the day of the procedure/surgery. For 

patients on weekly dosing consider holding GLP-1 agonists a week prior to the procedure/surgery. This 

suggestion is irrespective of the indication (type 2 diabetes mellitus or weight loss), dose, or the type 

of procedure/surgery. If the patient has no GI symptoms, but the GLP-1 agonists were not held as 

advised, proceed with ‘full stomach’ precautions…”

J Clin Anesth. 2023 Aug:87:111091.

Clinical Risk Factors Linked to Residual Gastric Contents



- , , , ( , , , 

)

- GLP-1 RA , 

.

- , 8 2 , , , 

. 

- .

- GLP-1RA

, , , . 

An Individualized Approach to Managing GLP-1 RA Users Prior to Endoscopy

Clinical Gastroenterology and Hepatology, Volume 22, Issue 4, April 2024



1. 

1

GLP-1RA 

2. GLP-1RA 

3. GLP-1RA 
,

1 1

2.
1.

24
2.
3.

(rapid sequence induction)

SORD, Volume 20, Issue 12, December 2024

Hepatobiliary disease

Diabetes Care 2019;42(10):1912–1920

Gallbladder Events Were More Frequent With Liraglutide (LEADER)



Pharmacotherapy. -494

GLP-1 RAs May Increase the Risk of Biliary Disease 
Compared With SGLT2 Inhibitors 

(A nationwide cohort study in Taiwan)

Pharmacotherapy. -494

Factors Associated With Gallbladder and Biliary Disease Risk



JAMA Intern Med. 2022 May 1;182(5):513-519.

Factors and Risks of Gallbladder or Biliary Diseases in 
76 RCTs of GLP-1 RA Drug Use

Impaired Gallbladder Motility and Bile Stasis by GLP-1 RAs

Ther Adv Endocrinol Metab. 2025 Dec 23



12

BMI 33.5 kg/m²

eGFR 64 

Metformin 1000 mg BID, Dapagliflozin 10mg QD
1 kg
(-)

Past Medical History
3

Diabetes Care 2006;29:471.
Gastroenterology 2011;141:150-6.

Pancreatitis



Diabetes Obes Metab. 2017 Sep;19(9):1233-1241.

Meta-Analysis Shows No Increased Pancreatic Risk

GLP-1 RA
GLP-1 RA , 

GLP-1 RA
, GLP-1 RA

Acute pancreatitis has been reported, but causality has not been established.
Do not initiate if at high risk for pancreatitis and discontinue if pancreatitis is suspected.

Standards of Care in Diabetes, 2026
, 2025

Current Recommendations for Patients With Prior Pancreatitis



Gut-Brain Hormonal Shifts

Loss of Food as a Coping Mechanism

Nutrient Malabsorption and Deficiencies

Gut Microbiome Changes

-> mood disorder, suicidal risk 

Nature Reviews Endocrinology volume pages549–559 (2021)

Mechanisms of Mental Health Risks After Bariatric Surgery
Psychiatric disease

-

Current Evidence Does Not Support an Increased Risk of 
Suicidality



JAMA Psychiatry 2025;82;(9):888-895.

No Increased Risk of Suicidality With GLP-1 RAs



Biological Pathways Linking GLP-1 RAs to Mental Health

52
15

BMI 
Metformin 1000 mg QD, Empagliflozin iu

1

Eye disease history
Moderate non-proliferative diabetic retinopathy 
3 laser treatment



Eye disease

Diabetes Obes Metab. 2018 Apr;20(4):889-897.

Diabetic Retinopathy Complications Occur Mainly 
in High-Risk Patients



baseline DR (-) baseline DR (+)

Diabetes Obes Metab. 2018 Apr;20(4):889-897.

Baseline Retinopathy Is the Dominant Risk Factor

Awaiting Evidence 



JAMA Ophthalmol 2024;142;(8):732-739.

Nonarteritic anterior ischemic optic neuropathy (NAION) 

JAMA Ophthalmol 2024;142;(8):732-739.

Semaglutide Was Associated With a Modest Increase 
in NAION Risk

Male sex : HR - P 04



-

• Crowded optic disc (disc-at-risk)
• Older age
• Obesity
• Hypertension
• Dyslipidemia

Risk factors:

-



1. Most adverse events are gastrointestinal and manageable
• , , 
•
•
• / GLP-1 RA , 1 1

2. Current evidence with concerns regarding biliary disease, pancreatitis, or suicidality
•
•
•

4. Eye disease
• , 
• NAION

5. Individualized risk assessment is more important than routine treatment avoidance

Summary and Conclusion

Summary 

Thank you for your attention 
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01 Weight-centric approach

02 Gastro-entero-pancreatic peptide hormones

From single-target to multi-target therapy

03 Case-based update I

Amylin axis: CagriSema

04 Case-based update II

Oral GLP-1: Orforglipron

05 Case-based update III

Glucagon axis: Survodutide, Retatrutide

06 Case-based update IV

GIP antagonism: MariTide

07 Case-based update V
Muscle preservation: Bimagrumab

08 Wrap-up

Take-home messages

·



W H Y  W E I G H T

The Target: 

= 

15–30% 
organ-level benefit,

·

W H Y  W E I G H T

4.0%
3.0%

5.0%

8.0%

6.0%

15.0%

21.0%

0

5

10

15

20

25

SURMOUNT-5

Head-to-head · 72 · 

20.2%
Tirzepatide
10–15 mg

13.7%
Semaglutide
1.7–2.4 mg

·



U NM E T  N E E D S

Needle aversion, (injection fatigue)

·
Cold chain( ) , ·

protocol
semaglutide: protocol, 

(plateau)
ceiling effect, 

STEP-4/SURMOUNT-4: 1 2/3 25–40% lean mass

·

T E R M I N O L OG Y

Gastro-entero-pancreatic peptide hormones

“GLP-1 medicine”: overemphasize the GLP-1RA component
“Nutrient-stimulated hormones(NuSH)”: broad but do not include some hormones (eg, glucagon) which are not nutrient-stimulated

·Ref: Endocrine Reviews 2026;47(2)



D R U G  M A P

· : (Multi-target)

·Ref: Endocrine Reviews 2026;47(2)

CASE -BA SED  UPDATE

5 , 5

OO

53 · 

OO

47 · 

·

OO

39 · 

·

OO

32 · 

OO

69 · 



01
CagriSema

C ASE  01

OO
53

161 cm · 84 kg
BMI 32.4 · WC 96 cm

Prediabetes (HbA1c 6.2%)

NEED
+ 

CASE · 

Semaglutide

•
• 1.7 mg 7 kg 4

• “ ”
• “ ”

·



A M Y L I N  B I O LO GY

·

Amylin

37- · 
· ~2–12 ( (cagrilintide)

—

AP area postrema ( )
amylin 1

NTS nucleus of solitary tract ( )
AP AP 

ARC arcuate nucleus ( )
AP

·
(homeostatic+hedonic), 
leptin 

(GI)

, 

glucagon 
·leptin , ( )

Ref: Adapted from Novo Nordisk scientific materials. Hay DL et al. Pharmacol Rev 2015; Lutz TA. Appetite 2022; Boccia L et al. Peptides 2020; Jastreboff AM et al. Annu Rev Med 2023

C A G R I S E M A

Cagrilintide 2.4 mg + Semaglutide 2.4 mg, fixed-dose, once-weekly SC

·

Cagrilintide 2.4 mg
Long-acting amylin

/calcitonin R co-agonist
+ Semaglutide 2.4 mg

GLP-1 receptor agonist

Ref: Adapted from Novo Nordisk scientific materials.



E V ID E N CE

CagriSema — REDEFINE Program (Phase 3)

·

REDEFINE 1 · (n=3417) REDEFINE 2 · (n=1206)

Treatment-regimen estimand; Ref: Adapted from Novo Nordisk scientific materials.

1.8% vs 0.4%
Change in HbA1c

E V ID E N CE

REDEFINE 4 & Zenagamtide

·

REDEFINE 4 · H2H vs Tirzepatide 15 mg

20.2%

23.6%

0

5

10

15

20

25

CagriSema 2.4 mg/2.4 mg Tirzepatide 15 mg

(non-inferiority) 

Zenagamtide (Amycretin)

Unimolecular GLP-
1 ·

24.3%
SC

Ph 1b/2a
36

SC
Ph2, T2DM

36

10.1%/ 1.5%
Oral

Ph2, T2DM
36

• Phase 3 (AMAZE program): ·

Treatment-regimen estimand

BW / HbA1cBW

14.5%/ 1.8%
BW / HbA1c



02
Orforglipron

C AS E  02

OO
47

174 cm · 92 kg
BMI 30.4 · WC 102 cm

T2DM 5 (HbA1c 7.1%)

CASE · ·

• 9 Tirzepatide , 14 kg 

• 2–3
•
• 5 ·6 semaglutide 30 protocol 

·

NEED
·

+



O R A L  G L P - 1

GLP-1 — Semaglutide

Oral Formulation

Once-daily administration by tablet
May benefit patients with concerns about 
injectables

Typically, no refrigeration needed

Adherence may be improved vs. 
injectables

·

Semaglutide (Rybelsus)

• · , SNAC 

• · 30

• ·

• Low bioavailability ~1%

Ref: Adapted from Eli Lilly scientific materials. 

O R A L  G L P - 1

GLP-1 — Semaglutide vs. Orforglipron

·

Semaglutide (Rybelsus)

• · , SNAC 

• · 30

• ·

• Low bioavailability ~1%

Orforglipron

• · (small-molecule) GLP-1 RA

• GLP-1R cAMP -arrestin recruitment 
·

• 1 1 · /

• Bioavailability 20-40%



E V ID E N CE

Orforglipron — ATTAIN Program (Phase 3)

·

ATTAIN-1 · (n=3127) ATTAIN-2 · (n=1613)

Treatment-regimen estimand; Ref: N Engl J Med. 2025 Nov 6;393(18):1796-1806; Lancet. 2026 Dec 20;406(10522):2927-2944

1.79% vs 0.14%
Change in HbA1c

A P P R O V AL

2026 4 1 — FDA (Foundayo)

·



M A I N T EN A N C E

Weight regain following cessation of GLP-1RAs

·Ref: eClinicalMedicine 2026;93: 103796

• Rapid initial rate of weight regain which progressively slowed and 
began to plateau at around 60 weeks

• At 52 weeks, the weight regain was 60% of the original weight loss 

• Weight regain trajectories appeared broadly similar across trials of
liraglutide, semaglutide and tirzepatide

M A I N T EN A N C E

Orforglipron — ATTAIN-MAINTAIN (Phase 3)

Ref: Adapted from Eli Lilly scientific materials. Nat Med. 2026;doi:10.1038/s41591-026-04386-7 ·

SURMOUNT-5 ATTAIN-MAINTAIN

Randomization (3:2)

OFG MTD (24 mg or 36 mg) QDa

4 8 12 16 20 52 540 24 28 32 36 40 44 48

12 mg 24 mg

PBO QD

Primary Endpoint
End of Treatment Period

Weeks

Treatment Period

Adjunct to healthy diet and physical activity

Weight-Maintenance-Period
Cohort 1: TZP

Treatment Group
From SURMOUNT-5

N=205

Cohort 2: Sema
Treatment Group

From SURMOUNT-5
N=171

720

Randomization (1:1)

Weeks

Treatment Period

Adjunct to reduced-calorie diet and increased physical activity

Primary Endpoint
End of Treatment Period

TZP MTD

Sema MTD 

72

• : SURMOUNT-5 Tirzepatide (N=205) Semaglutide (N=171) orforglipron 
• : 12 mg , 4 24 36 mg ( )



M A I N T EN A N C E

Orforglipron — ATTAIN-MAINTAIN (Phase 3)

Efficacy estimand; Ref: Adapted from Eli Lilly scientific materials. Nat Med. 2026;doi:10.1038/s41591-026-04386-7 ·

SURMOUNT-5 ATTAIN-MAINTAIN 
Tirzepatide 16.8%, Semaglutide 15.1% 

0 4 8 12 16 20 24 36 48 52 60 72 0 4 8 16 24 36 48 52 52 a

0
Efficacy Estimand

OFG MTD (TZP Cohort)TZP MTD (10 mg or 15 mg)

OFG MTD (Sema Cohort)

Sema cohort mean body weight at SURMOUNT-
TZP cohort mean body weight at SURMOUNT-

Sema cohort mean body weight at ATTAIN-
TZP cohort mean body weight at ATTAIN-

SURMOUNT-5 ATTAIN-MAINTAIN
Weeks Since 
Randomization

0

TZP cohort: 74.7% vs 49.2% / SEMA cohort: 79.3% vs 37.6%
Maintenance of BW Reduction (OFG vs placebo)

03
Glucagon 



C AS E  03

OO
39

178 cm · 134 kg
BMI 42.3 · WC 132 cm

T2DM 3 (HbA1c 8.2%)
(OA)

Alcohol Hx: none

CASE · + MASLD

+ 

• AST 78 / ALT 96 / GGT 142
• FIB- )
• : 
• VCTE(FibroScan): CAP 348 dB/m (S3, severe steatosis), LSM 11.2 kPa (F3, advanced fibrosis)

• MASLD —

·

NEED
+ metabolic benefit

M E C HA N I S M

Glucagon — ‘ ’ 

·

Glucagon

VLDL 

+ Glucagon receptor agonism

Glucagon
MASLD/MASH 

( ) 



D R U G

Survodutide — GLP-1 / Glucagon 

·

GCGR·GLP-1R oxyntomodulin(OM)
1

(Obesity)
Phase 2 -1 

MASH ( )
Phase 2 MASH · · LIVERAGE Phase 3 

-NH2H-

COOH

GCG and GLP-1

GLP-1 only
Amino acid to increase solubility and stability

GCG only

Ref: Adapted from Boehringer Ingelheim scientific materials.

E V ID E N CE

Survodutide — SYNCHRONIZE-1 (Phase 3) and Phase 2 in DM

·

SYNCHRONIZE-1 · (n=725)

16.6% vs 3.2%
Survodutide ~6.0 mg vs Placebo

Phase II · (n=411)

1.88% (1.8mg QW)

Change in HbA1c

Ref: Adapted from Boehringer Ingelheim scientific materials.

Adjusted mean relative change in body 
weight after 16 weeks 

of treatment (%)

NRSurvodutide 0.3 mg QW (n=41)
NRSurvodutide 0.9 mg QW

Survodutide 1.8 mg QW (n=36)
NRSurvodutide 2.7 mg QW
NRSurvodutide 1.2 mg BIW*

Survodutide 1.8 mg BIW* (n=37)
Semaglutide 1.0 mg QW† (n=45)

NRPlacebo



E V ID E N CE

Survodutide — Phase 2 MASH

·

64%

77%

65%

15% 17%

26%

0

20

40

60

80

MASH ( ) 30% 

(by MRI-PDFF)

1

(MASH )

Survodutide ( ) Placebo

Mediation analysis (Direct effect on liver vs. Wt-loss dependent)

F3) (n=293)

Efficacy estimand

0 20 40 60 80 100
Percent mediated by weight loss (95% CI)

CAP

MASH improvement
without worsening in fibrosis

MASH resolution
without worsening in fibrosis

MRI-PDFF

ELF™

Improvement in fibrosis
without MASH worsening

LSM

ALT

FAST

Pro-C3

AST

(51.40 to 103.37)

(47.33 to 96.24)

(41.30 to 92.18)

(43.54 to 72.82)

(14.58 to 55.68)

(2.78 to 57.31)

(4.35 to 46.12)

(10.62 to 43.50) 

(14.39 to 62.72)

D R U G

Retatrutide — GIP / GLP-1 / Glucagon 

·

· · · · · 

• GIPR + GCGR·GLP-1R (potent GIPR, balanced GCGR/GLP-1R)

• (GLP-1·GIP) + (GCGR)

• GCGR (MASLD) 

GIP GLP-1 Glucagon

Ref: Adapted from Eli Lilly scientific materials.



E V ID E N CE

Retatrutide — TRIUMPH Program (Phase 3)

·

TRIUMPH-1 · (n 2300)

45.3%
12 mg

24.1 cm
12 mg

9.5 inch

Pre-specified Extension at 104 Weeks
Retatrutide 12 mg: 30.3%
Placebo to Retatrutide MTD: 19.2%

TRIUMPH-4 ( +Knee OA; 68 ): Wt 28.7%, 
(WOMAC pain score 75.8%)

TRIUMPH Programs (2026 readout)
TRIUMPH-2 (T2DM) · TRIUMPH-3 (CVD) · TRIUMPH-5 (vs tirzepatide) 
· TRIUMPH-6 (maintenance) · TRIUMPH-OUTCOMES (CV/kidney outcomes)

28.3% vs 2.2%
Retatrutide 12 mg vs Placebo

E V ID E N CE

Retatrutide — Substudy of Phase 2

·

(MRI-PDFF)

~ 86% 93%
(<5% MRI-PDFF)

(n=98)



04
MariTide

C ASE  04

OO
32

165 cm · 88 kg
BMI 32.3 · WC 98 cm

Prediabetes (HbA1c 6.0%)

CASE · 

1

• Semaglutide 1.7 mg ( 1 )
• · 3 4
•

• ‘ ’ 

·

NEED
( : 1 ) ·



P A R A D OX

GIP — , ?

·

D R U G

MariTide (maridebart cafraglutide, AMG 133)

·

anti-GIPR mAb
GIP + GLP-1 peptide

GLP-1 =

(durability)   
Phase 1 4 3 , 5

( )

~21 1 SC

Ref: Endocrine Reviews 2026;47(2); Nat Metab. 2024 Feb;6(2):290-303.



E V ID E N CE

MariTide — Phase 2

·

(n=465) (n=127)

Efficacy and Treatment-regimen estimand; Ref: N Engl J Med 2025;393:843-857.

1.6% vs 0.1%
Change in HbA1c

05



C AS E  05

OO
69

158 cm · 62 kg · BMI 24.8
T2DM

Tirzepatide 10 mg
( 77 kg, 15 kg 19% / 9 )

·

CASE · 

• 6
• DEXA: (lean mass) 5.8 kg 39% LBM
• (handgrip) 17 kg (sarcopenia cutoff <18 kg)

• · ·
• · ·

·

NEED
+ (LBM)·

C O N C E P T

Quality of weight loss

Ref: Diabetes Care 2024;47(10):1718–1730 ·

• : 10%, 6 kg

• 10

•

• ‘ ’ ‘ ’ 



D R U G

Bimagrumab —

·

• Activin type II receptor(ActRII)

• Myostatin / activin 
, 

•

Bimagrumab

Ref: Adapted from Eli Lilly scientific materials.

Increased Muscle Growth
Increased Lipid Mobilization

Decreased Lipid Storage

MUSCLE4 FAT4

Skeletal 
muscle 
myotubes

ActRIlA/
BALK4

Activin A,
Myostatin
(GDF8)

Adipocytes

Bimagrumab

ActRIlA/
B

ALK7

GDF3,
Activin B, E Bimagrumab

E V ID E N CE

Bimagrumab — BELIEVE (Phase 2)

·

Core 48

9 arm (Sema 0/1.0/2.4 mg 
× Bima 0/10/30 mg/kg Q12W)

24

Open-label 
·Bima 10 mg/kg Bima 30 mg/kg

32

(withdrawal)

1 48 ( )

2 , · , VAT, , HbA1c, (SF-36, IWQoL)

(500 kcal/ ) + 1.2 g/kg/ + ADA 

(n=207)

Ref: Nature Medicine volume 32, pages869–882 (2026)



E V ID E N CE

Bimagrumab — BELIEVE (Phase 2, 48 )

·Ref: Nature Medicine volume 32, pages869–882 (2026)

E V ID E N CE

Bimagrumab — BELIEVE (Phase 2, 72 )

·

92.8% ‘ ’
(sema 71.8%)

Ref: Nature Medicine volume 32, pages869–882 (2026)



D ON ' T  F O R G E T

·

1.2–1.6 g/kg/
, BCAA, 

-3 D, C, E, B12, 

Ref: Acta Diabetol. 2026 Feb;63(2):333-342

W R A P - U P

Obesity pharmacotherapy is moving from “one-drug-for-all” toward phenotype-based selection

“ ” 
Phenotype-based

selection 

: ?

1
DM CVD MASLD 
OA OSA 
sarcopenia

2 Delivery

PO 
SC weekly
monthly

3
5-10% metabolic

-level

4 Tolerability

GI AE

Long-term safety weight regain

Cost/ /

Take-home messages

1 5-

5-10% metabolic 
organ-level 

benefit

2 GLP-1 3 Multi-agonism 4 Longer action

,

5 Quality of loss

Body composition

: “ ” “ phenotype ”
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INTRODUCTION

Neuropathic pain 

Definition:  Pain caused by a lesion or disease 
affecting the somatosensory nervous system

Prevalence: 5-10% of the general population 

50% secondary to diabetes

Prevalence of diabetic neuropathy 

~ 50% of patients with DM

8% (Diagnosed) 42% (10 years)

Nat Rev Dis Primers 5, 41 (2019)

INTRODUCTION

Risk factor for diabetic neuropathy

Duration of diabetes 

HbA1c

Dyslipidemia, hypertension

Smoking, alcohol abuse

Genetic susceptibility 

Older age 

Nat Rev Dis Primers 5, 41 (2019)



PATHOPHYSIOLOGY OF DIABETIC NEUROPATHY

Peripheral nervous system Pathways in diabetic neuropathy pathogenesis

Nat Rev Dis Primers 5, 41 (2019)

Myelinated
large fiber

Unmyelinated
small fiber

MECHANISM OF NEUROPATHIC PAIN (PERIPHERAL)

Injured sensory neurons hyperexcitability (ectopic activity)

Voltage-gated sodium channel,  calcium channel,  TRPA1 

Potassium channel 
Nat Rev Dis Primers 5, 41 (2019)



MECHANISM OF NEUROPATHIC PAIN (CENTRAL)

Lancet Neurol 2010; 9: 807–19

Second-order neuron

Afferent sensory neuron

Descending inhibitory pathway

MECHANISM OF NEUROPATHIC PAIN

Lancet Neurol 2010; 9: 807–19

Peripheral sensitization

Central sensitization



CLINICAL PRESENTATION

1. Positive symptoms and signs

Paresthesia, Hyperalgesia, allodynia tingling, burning, lancinating, and freezing

2. Negative symptoms and signs

Hypoesthesia, Hypoalgesia numbness

Loss of sensation to pinprick, temperature, vibration, and proprioception

Burning  Tingling   Shooting      Electric shock-like    Freezing

Nat Rev Dis Primers 5, 41 (2019)

CLINICAL PRESENTATION

Nat Rev Endocrinol 2, 269–281 (2006).

1. Small fiber

Early symptoms

Pain (burning, electric), paresthesia

Loss of pinprick, temperature
sensation

2. Large fiber

Numbness, ataxia (loss of balance)

Loss of vibration, proprioception

Motor weaknessLarge fiber Small fiber

Mixed presentation



CLINICAL PRESENTATION

a. Distal symmetric polyneuropathy – most common
b. Radiculoplexopathy or radiculopathy
c. Mononeuropathy
d. Autonomic neuropathy

Nat Rev Dis Primers 5, 41 (2019)

DIAGNOSIS

1. Presence of symptoms and/or signs of peripheral nerve dysfunction
in patients with diabetes after other etiologies have been
excluded.

2. Differential diagnosis

Hypothyroidism, uremia

Paraproteinemia

Toxin (alcohol, chemotherapy, colchicine)

Vitamin B12 deficiency (chronic metformin,  PPI/H2 blocker, vegetarian)

Inflammatory neuropathies (GBS, CIDP)

Inherited neuropathies (CMT)

Vasculitis



DIAGNOSIS

Diagnostic exam/test 
1. Large fiber

• Exam: vibration (tuning fork), ankle reflex

• Test: nerve conduction study

2. Small fiber

• Exam: pinprick, temperature sensation

• Test: 

• skin biopsy (intra-epidermal nerve fiber density)

• quantitative sudomotor axon reflex test

Red flags in diabetic neuropathy: When to refer

Acute progression

Asymmetric pattern 

Autonomic symptoms 

Proximal thigh pain 

Paresis (motor weakness)

Consult to Neurologist!!



CASE 1

68/M
DM 15 years ago 
HbA1c 7.0%
P/I> 6 , 

. 2 , 
. 

Exam> 
Ankle dorsiflexion 4 / 4
Proprioception decreased in both toe 
KJ, AJ -/-
Tandem gait impaired, Romberg sign +

NCS: demyelinating polyneuropathy 

Diagnosis: Chronic inflammatory demyelinating 
neuropathy (CIDP)

Tx: Steroid + IVIG

SCREENING

American Diabetes Association (ADA) guideline

1. Type 1 DM: 5 years after diagnosis and annually

2. Type 2 DM: at diagnosis and annually

Methods

1. Small fiber test: pinprick/temperature sensation

2. Large fiber test: vibration test (tuning fork), deep tendon reflex

3. Protective sensation: 10-g monofilament test

4. Autonomic Sx questions: orthostatic dizziness, syncope, early satiety, sweating patterns

Diabetes Care 2026;49(Suppl. 1):S261–S276



PREVENTION (STRICT GLUCOSE CONTROL)

Type 1 DM Type 2 DM 

Enhanced glucose control has 

1. Large effect in type 1 DM
2. Less effect in type 2 DM, but still important.

Cochrane Database Syst. Rev. 6, CD007543 (2012)
N. Engl. J. Med. 329, 977–986 (1993).
N. Engl. J. Med. 360, 129–139 (2009).

PREVENTION (EXERCISE)

Supervised exercise (aerobic + resistance 
training) increased IENFD (small fiber 
density). 

Ann. Clin. Transl Neurol. 1, 844–849 (2014).



TREATMENT

1. Improving glycemic control (mainly in T1DM)

2. Lifestyle modification (mainly in T2DM)

3. Disease modifying therapies (pathogenetic treatments)

4. Pain management (symptomatic management)

TREATMENT

Disease modifying therapies 
Alpha-lipoic acid : anti-oxidants

reduce reactive oxygen species (ROS) injury

Benfotiamine : vitamin B1

reduce advanced glycation end-product (AGE)

Aldose reductase inhibitors : epalrestat

reduce sorbitol

There is currently no disease-modifying treatment
available to reverse diabetic nerve damage.



CASE 2

62/M
DM 12 years ago 
HbA1c 8.4%
HTN, HL
P/I> 1
“ ”
“ ”
Exam> 
Motor 5/5
Pinprick mid-calf 
KJ, AJ -/-

NCS: (axonal) polyneuropathy

Diagnosis: diabetic distal symmetric 
polyneuropathy 

Tx: glucose control, exercise, neuropathic pain 
medication

NEUROPATHIC PAIN MEDICATION

1. Antidepressants

Tricyclic Antidepressants (TCA):  Amitriptyline, Nortriptyline

Serotonin Norepinephrine Reuptake Inhibitors (SNRIs): Duloxetine, Venlafaxine

2. Anticonvulsants
Calcium channel alpha2-delta ligands: Gabapentin, Pregabalin

3. Sodium channel blocker
Carbamazepine, oxcarbazepine, lamotrigine, lacosamide, valproic acid 

4. Topical agents
Lidocaine, capsaicin

5. Opioids



TREATMENT

Na 

Ca

NE/5-HT

Opioid

TCA, SNRI: inhibitory modulation

Pregabalin, Gabapentin: pre-synaptic Ca channel , glutamate 

Na channel blocker: Na channel 
block 

Tramadol: receptor & SNRI effect 

Na 

TRPVI 

Lidocaine cream/patch

Capsaicin cream/patch

1. Peripheral sensitization

2. Central sensitization

3. Descending inhibitory modulation

Mechanism of neuropathic pain medication

GABAPENTIN/PREGABALIN MECHANISM OF ACTION

Excitatory neurotransmitter release 



PREGABALIN COMMON SIDE EFFECT

TCA mechanism of action SNRI mechanism of action 

Side effect d/t 1. anti-cholinergic: blurred vision, confusion, dry mouth, constipation, urinary retention  
2. anti-histamine: sedation, confusion
3. anti-a-adrenergic: postural hypotension, orthostatic dizziness

Caution is needed in coronary heart disease, arrhythmia, glaucoma, benign prostatic hypertrophy

Relative less side effects



CARBAMAZEPINE/OXCARBAZEPINE

Leukopenia

https://www.novarecoverycenter.com/

NEUROPATHIC PAIN MEDICATION

Diabetes Research and Clinical Practice,  Volume 186, 2022



Lancet Neurol 2012; 11: 521–34

Cost Side effect Comment 

Low Many (20

.

Moderate Moderate TCA

,

High Mild to moderate

(
.



Lancet 2022; 400: 680–90
6-16 weeks: monoTx -0.2, combiTx -1.0

-2.6 -3.4

AAN GUIDELINE FOR PAINFUL DIABETIC POLYNEUROPATHY

1. Can use sodium channel blockers
2. Not to use opioids

Neurology 2022;98:31-43



OPIOIDS: Avoid routine use

1. Tramadol and tapentadol
weak opioid w/ SNRI effect
Lower potential for abuse and dependency than strong opioids
Risk of serotonin syndrome when combination with antidepressants

2. Strong opioids
Oxycodone, morphine
Moderately effective in NP
s/e: constipation, nausea, vomiting, somnolence, dizziness, dry mouth, risk of abuse

SUMMARY
1. 50% of patients with diabetes will develop neuropathy

2. Risk factor: disease duration, severity, HTN, HL, alcohol, smoking, age

3. Clinical presentation

• small fiber: pain, autonomic

• large fiber: numbness, balance problem, weakness

4. Diagnosis: clinical symptom, examination, and tests

5. Treatment

• Glycemic control (type 1 DM)

• Lifestyle modification (type 2 DM)

• Disease modifying treatment

• Neuropathic pain medication
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2. 3
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3.
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•

• , , , 

• , ·DKA·

•

American Diabetes Association. Standards of Care in 
Diabetes—2025. Diabetes Care. 2025;48(Suppl 1).

: 

• 3

– : PCV 

– : 

– : 50 RZV 2

•

– COVID-19: ·CKD· ·

– B : , CKD/ , 

– Tdap/Td: 

– RSV: RSV 

ADA. Standards of Care in Diabetes—2025; 
CDC. Adult Immunization Schedule, 2025.



• 55 , . 

?

65 .

PPSV23 .

PCV20 1 .

PCV15 PPSV23 .

Case 1

: ?

•

• 19–64

• 65

•

Song JY, et al. Pneumococcal Vaccination in Korean Adults: 
2025 Recommendations by the Korean Society of Infectious 
Diseases. Infect Chemother. 2025;57:335-339.



•
1) Pneumococcal polysaccharide vaccine

(PPSV)
• 23
• Prodiax ( )
• short antibody response, memory cell(-)

2) Pneumococcal conjugate vaccine (PCV)
• 13, 15, 20, 21
• Prevenar ( 13, 20)
• Vaxneuvance ( 15 )
• Capvaxive ( 21 )
• longer antibody response, memory

cell(+)

Expert Rev Vaccines. 2011 Mar;10(3):307-22

• cover ? (pneumococcal serotype )
– PCV13: 30%
– PCV15: 40%
– PCV20: 50%
– PPSV23: 60%



• PCV13, CAPiTA trial
– 65 85,000 RCT

– Vaccine-type pneumococcal pneumonia : 46%

– Vaccine-type non-bacteremic/non-invasive pneumococcal pneumonia : 45%

– Vaccine-type invasive pneumococcal disease : 75%

• PPSV23
– Vaccine-type IPD : 60–70%

–

• PCV15/PCV20
– clinical efficacy RCT 

– PCV/PPSV

– coverage

Bonten MJM et al. N Engl J Med 2015;372:1114–1125.
CDC Pneumococcal Vaccination: Information for Health 
Care Providers
Farrar JL et al. Pathogens 2023;12:732.

: 

•
– (NIP) 65 PPSV23 1
– ( ) 65 19–64 PCV20 

PCV15+PPSV23

• (ACIP)
– 50 PCV20 or PCV21
– 19-49 ( , , ) PCV20 or PCV21
– PCV15 PPSV23 ( 1 , 8 )
– PPSV23 1 PCV20, PCV21, or PCV15

• Series completion
1. PCV 20 or PCV21
2. PCV15 + PPSV23

Infect Chemother . 2025 Sep;57(3):335-339.
MMWR Morb Mortal Wkly Rep. 2025 Jan 9;74(1):1-8.



: 

•

PCV20 1

• PCV15

PPSV23 (1 )

• PPSV23

(1 ) PCV 

• PCV20 

• PCV PPSV23

Infect Chemother . 2025 Sep;57(3):335-339.
MMWR Morb Mortal Wkly Rep. 2025 Jan 9;74(1):1-8.

• 55 , . 

?

65 .

PPSV23 .

PCV20 1 .

PCV15 PPSV23 .

Case 1



• 72 . . 66 PPSV23

. ?

PPSV23 .

PCV20 .

PPSV23 .

PCV15 PPSV23 .

Case 2

: ?

•

• , , , 

• , 

•

American Diabetes Association. Standards of Care in 
Diabetes—2025. Diabetes Care. 2025;48(Suppl 1); 
CDC. Adult Immunization Schedule, 2025.



: 

• 1

• , 10–11 .

• .

• .

• .

American Diabetes Association. Standards of Care in 
Diabetes—2025. Diabetes Care. 2025;48(Suppl 1); 
CDC. Adult Immunization Schedule, 2025.

: 

•

– 6

– 65

•

– 6 inactivated influenza vaccine (IIV3)

– 65

– IIV3 or 



: 

•

1)
–
– : ® 
– 65

2)
–
– : ® 
– 65

• 65 + /CKD/

CDC. Adult Immunization Schedule, 2025
CDC. ACIP Recommendations Summary for Influenza, 2025–26. 
DiazGranados CA, et al. N Engl J Med. 2014;371:635-645.

: ?

•
.

• 50 .

• , , , 
.

• .

American Diabetes Association. Standards of Care in 
Diabetes—2025. Diabetes Care. 2025;48(Suppl 1); 
CDC. Adult Immunization Schedule, 2025.



• Live attenuated
– Zostavax®
– Contraindicated in moderate–severe

immunosuppression
– 1

– Waning of effiacy: 4
2,3

1. N Engl J Med. 2005;352:2271–2284.
2. J Infect Dis. 2016 Jun 15;213(12):1872-5.
3. Am J Epidemiol . 2018 Jan 1;187(1):161-169.



• Inactive
– Shingrix® (RZV)
– Recombinant subunit + AS01 adjuvant
– Vaccine efficacy: 97%1

– No prominent waning
• 10 vaccine effectiveness: over 80%2

– 2-dose IM series: 0, +2–6 months
– Safe in immunocompromised adults (tested in HSCT, HIV, malignancy)

1. N Engl J Med. 2015;372(22):2087-96.
2. Clin Infect Dis . 2022;74(8):1459-1467. 

Expert Rev Vaccines. 2024;23:715–729. 



N Engl J Med. 2015;372(22):2087-96.

: 

•

– 50 (RZV) 

• (zoster vaccine live, ZVL) RZV 

– 18 RZV 

•

– ACIP recommends RZV for adults aged 50 years and older and immunocompromised 

individuals aged 19 years and older, regardless of their varicella disease or 

immunization status



• COVID-19
–
– , CKD, , , 

• B
–
– CKD, , , 

• Tdap/Td
– Tdap 1
– 10 Td Tdap

• RSV (Respiratory syncytial virus)
– 75 50–74

RSV - Background

2025 46



RSV- efficacy of RSV vaccines

• AReSVi-006 trial : Phase 3 RCT for adults 60 
years of age or older

• RSV prefusion F protein-based vaccine 
(RSVPreF3 OA) vs placebo 

• A total of 24,966 participants
:  RSVPreF3 OA vaccine (n=12,467) vs. 
placebo (n=12,499). 

• Vaccine efficacy
– RSV-related acute respiratory infection

: 71.7% (56.2 to 82.3)
– RSV-related lower respiratory tract disease: 

82.6% (57.9 to 94.1), 
– Severe RSV-related lower respiratory tract 

disease: 94.1% (62.4 to 99.9) 

N Engl J Med. 2023;388(7):595-608.

RSV- longevity of vaccine efficacy

• AReSVi-006 trial RSVPreF3 OA season vs 
placebo

– 1 dose group:  LRTD 67.2% (48.2–80.0), Severe LRTD 78.8% (52.6–92.0)
– group: LRTD 67.1%  (48.1–80.0), Severe LRTD 78.8% (52.5–92.0) 
– : RSVPreF3 OA single dose 2 season protective , 

• AReSVi-006 trial RSVPreF3 OA 3 season
– LRTD 62.9% (46.7–74.8)
– : 3 RSV 

Clin Infect Dis . 2024;78(6):1732-1744. 
Lancet Respir Med. 2025 Jun;13(6):517-529. 



RSV-

•

–

•

– RSV vaccines are recommended for all adults ages 75 and older and adults ages 50 – 74

who are at increased risk for severe RSV

? 

•

– + : 

– + COVID-19: 

• RZV , 

• PCV PPSV23

•



? 

Vaccine . 2024;42(8):2026-2035.

•
–
–
–
–

•
–
– HbA1c 
–
–



Take-home Messages

•

• , , 

• PCV20 (or PCV21)

•

• 50 RZV 2

Thank you for your attention




