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Abstract

The first research for managing patients with type 2 diabetes (T2DM) was the UK Prospective Diabetes
Study. Subsequent studies have investigated the effects of intensive glucose control on diabetes-associated
morbidities and mortality. Study results were intended to change a paradigm to control glycated
hemoglobin and prevent diabetes-associated complications, but limited in microvascular diseases rather
than diabetes-associated cardio-renal diseases and deaths. Comprehensive management of risk factors
other than hyperglycemia (hypertension, dyslipidemia, chronic kidney disease) was emphasized to prevent
atherosclerotic cardiovascular (CV) diseases and end-stage renal disease in T2DM. Since 2008, based
clinical trials demonstrating CV safety, sodium-glucose transporter 2 inhibitors or glucagon-like peptide-1
receptor agonists have shown beneficial effects on macrovascular and renal complications in patients with
T2DM. A recent new paradigm of diabetes care focuses on cardio-renal outcome-oriented care, namely
organ-protection, instead of the typical glucocentric view endorsed by major societies across the world
including the Korean Diabetes Association and disseminated into clinical practice even in primary care.
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Although there are many mechanisms by which those glucose-lowering agents protect CV and renal

disease in patients with T2DM to be clarified, it is time to redefine diabetes care and to verify the CV

effect of anti-diabetic medications beyond glucose lowering.
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Paradigm Gluco-centric Organ-protection
Year 2008 2015
Landmark studies UKPDS ACCORD EMPA-REG
ADVANCE LEADER
VADT
Key word /
@
\/ .
Efficacy Safety Co-morbidity
Clinical practice guideline* Efficacy: A1C (%)  Efficacy Any associated

<8.0

KDy 8-10

>10.0

comorbidities such as
HF, eASCVD, or CKD

Hypoglycemia risk
Body weight gain
CV benefit

Fig. 1. Paradigm shift of diabetes care from gluco-centric to organ-protection.

UKPDS, UK Prospective Diabetes Study; ACCORD, Action to Control Cardiovascular Risk in Diabetes; ADVANCE,
Action in Diabetes and Vascular Disease: Preterax and Diamicron Modified Release Controlled Evaluation; VADT,
Veterans Affairs Diabetes Trial; EMPA-REG, Empagliflozin Cardiovascular Outcome Event Trial in Type 2 Diabetes
Mellitus Patients-Removing Excess Glucose; LEADER, Liraglutide Effect and Action in Diabetes; A1C, glycated
hemoglobin; CV, cardiovascular; HF, heart failure; eASCVD, established atherosclerotic cardiovascular disease; CKD,

chronic kidney disease.

*Major recommendations for choosing a glucose-lowering agent after diabetes education for lifestyle modification and initial

treatment with metformin otherwise severe hyperglycemia in 2007, 2011, and 2021 (from left to right, Ko et al. [12], Ko et al.

[23], and Hur et al. [29], respectively).
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Table 1. Major cardiovascular outcomes trials of anti-diabetic drugs

Drug class Study name Drug HR 95% CI Result
SGLT?2 inhibitors EMPA-REG Empagliflozin 0.86 0.74~0.99 Positive
CANVAS-program Canagliflozin 0.86 0.75~0.97 Positive
DECLARE-TIMI 53 Dapagliflozin 0.93 0.84~1.03 Neutral
GLP-1RA ELIXA Lixisenatide 1.02 0.89~1.17 Neutral
LEADER Liraglutide 0.87 0.78~0.97 Positive
SUSTAIN-6 Semaglutide 0.74 0.58~0.95 Positive
EXSCEL Exenatide 0.91 0.83~1.00 Neutral
DPP-4 inhibitors SAVOR-TIMI 53 Saxagliptin 1.0 0.89~1.12 Neutral
EXAMINE Alogliptin 0.96 <1.16 Neutral
TECOS Sitagliptin 0.98 0.88~1.09 Neutral

Modified from the article of Kim et al. (Endocrinol Metab (Seoul) 2019;34:106-16) [24] under the terms of the Creative Commons

Attribution Non-Commercial (CC BY-NC 4.0) license.

HR, hazard ratio; CI, confidence interval; SGLT2, sodium-glucose cotransporter 2; EMPA-REG, Empagliflozin Cardiovascular

Outcome Event Trial in Type 2 Diabetes Mellitus Patients-Removing Excess Glucose; CANVAS, Canagliflozin Cardiovascular
Assessment Study; DECLARE-TIMI 53, Dapagliflozin Effect on Cardiovascular Events-Thrombolysis in Myocardial Infarction 53;
GLP-1RA, glucagon-like peptide-1 receptor agonist; ELIXA, Evaluation of Lixisenatide in Acute Coronary Syndrome; LEADER,
Liraglutide Effect and Action in Diabetes: Evaluation of Cardiovascular Outcome Results; SUSTAIN-6, Semaglutide in Subjects with
Type 2 Diabetes; EXSCEL, Exenatide Study of Cardiovascular Event Lowering; DPP-4 inhibitors, dipeptidyl peptidase-4 inhibitors;
SAVOR-TIMI 53, Saxagliptin Assessment of Vascular Outcomes Recorded in Patients With Diabetes Mellitus-Thrombolysis in
Myocardial Infarction 53; EXAMINE, Examination of Cardiovascular Outcomes With Alogliptin Versus Standard of Care in
patients with type 2 diabetes mellitus and acute coronary syndrome; TECOS, Trial Evaluating Cardiovascular Outcomes with

Sitagliptin.
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tide-1 receptor agonists, GLP-1RAs)?} sodium glucose
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ever-changing science) [30]. 22 A7} FEE &
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