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Treatment of diabetes

Korean diabetes fact sheet 2016

 Most persons with diabetes (80.2%) are treated with oral hypoglycemic agents,
but 10.8% of them have remained untreated.



Percentage of dual or triple therapy 

steadily increased

Korean Diabetes Fact Sheet 2015



Monotherapy in Korea
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Dual therapy in Korea
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Main Medication changes in 

Korean Type 2 DM

Before 2000 : SU or SU + MET or SU + MET + AGI

2000 ~ : SU + MET + TZD

2008 ~ : SU + MET + DPP 4 inh

2014 ~ : MET + DPP 4 inh or SGLT2 inh



The control rate of glycemia among 

Korean T2DM patients

Korean Diabetes Fact Sheet 2016



Harrison’s Principles of Internal 

medicine 19th edition
Mechanism of 

Action
Examplesa

HbA1c 

Reduction
(%) b

Agent-Specific
Advantages

Agent-Specific
Disadvantages

Contraindications

Biguanidesc* ↓Hepatic glucose 
production

Metformin 1-2
Weight neutral, do not 
cause hypoglycemia, 
inexpensive, extensive 

experience, ↓CV events

Diarrhea, nausea, lactic
acidosis

Serum creatinine
>1.5mg/dL (men)

>1.4 mg/dL (women) (see text), CHF, 
radio-graphic contrast studies, 
hospitalized patients, acidosis

α-Glucosidase 
inhibitorsc**

↓Gl glucose 
absorption Acarbose, miglitol, voglibose 0.5-0.8 Reduce postprandial 

glycemia
Gl flatulence, liver 

function tests 
Renal/liver disease 

DPP-IV 
inhibitorsc***

Prolong 
endogenous GLP-

1 action

Alogliptin, Anagliptin, Gemigliptin, 
linagliptin, saxagliptin, sitagliptin, 

teneligliptin, vildagliptin

0.5-0.8 Well tolerated, do not 
cause hypoglycemia

Reduced dose with renal disease; one 
associated with increase heart failure 
risk; possible association with ACE 

inhibitor induced angioedema 

Insulin secre-
tagogues: 

Sulfonylureasc*
↑Insulin secretion

Glibornuride, gliclazide, glimepiride, 
glipizide, gliquidone, glyburide, 

glyclopyramide
1-2

Short onset of action, lower 
postprandial glucose, 

inexpensive

Hypoglycemia, weight 
gain

Renal/liver disease

insulin secre-
tagogues: 

Nonsulfonylure
asc***

↑Insulin secretion
Nateglinide, repaglinide, mitiglinide 0.5-1.0 Short onset of action, lower 

postprandial glucose
Hypoglycemia

Renal/liver disease

SGLT-2 
inhibitors***

↑Urinary glucose
excretion

Canagliflozin, Forxiga, empagliflozin 0.5-1.0 Insulin secretion and action 
independent

Urinary and vaginal 
infections, dehydration, 
exacerbate tendency to 

hyperkalemia

Limited clinical experience; moderate 
renal insufficiency

Thiazolidinedio
nesc***

↓Insulin
resistance,
↑glucose
utilization

Rosiglitazone, pioglitazone 0.5-1.4 Lower insulin requirements
Peripheral edema, CHF, 
weight gain, fractures, 

macular edema
CHF, liver disease 

1. Harrison's Principles of Internal Medicine - 19th ed

Table 418-5. AGENTS USED FOR TREATMENT OF TYPE 1 OR TYPE 2 DIABETES



Lipska KJ et al. Diabetes Care.2016 Sep 22. DOI 10.2337dc16-0985

CONCLUSIONS

During the recent 8-year period, the use of glucose-

lowering drugs has changed dramatically among patients 

with T2DM. Overall glycemic control has not improved 

and remains poor among nearly a quarter of the 

youngest patients. 

The overall rate of severe hypoglycemia remains largely 

unchanged.

Trends in Drug Utilization, 
Glycemic control and rate of Hypoglycemia



Lipska KJ et al. Diabetes Care.2016 Sep 22. DOI 10.2337dc16-0985

Trends in Drug Utilization, 
Glycemic control and rate of Hypoglycemia



Diabetes and Morbidity 

1.Fong DS et al. Diabetes Care. 2003;26:S99-S102; 2.Molitch ME et al. Diabetes Care. 2003;261:S94-8; 
3,4.2015-Harrisons Principles of Internal Medicine-19th Edition.  5.Mayfield JA et al. Diabetes Care 2003;26:S78–9. 

3 fold increase in stroke3

1 to 5 fold risk 

increase4



Metabolic pathway

Marshall SM et al. BMJ 2006;333:475–80

[Metabolic pathways that contribute to vascular complications of diabetes]



High CV risk in diabetic patients

Diabetic fact sheet 2015



Stratton IM et al. BMJ.2000;321:405-412

Glycemic control and Complications

Objective: To determine the relation between exposure to glycaemia over time and the risk of 
macrovascular or microvascular complications in patients with type 2 diabetes.
Design: Prospective observational study.
Participants 4585 white, Asian Indian, and Afro-Caribbean patients.



Risk of CV events or death associated with 

HbA1c level

 EPIC-Norfolk study

* P < 0.001 for linear trend across hemoglobin A1c categories for all end points. Age-adjusted relative risks 
were determined by using logistic regression models. (Relative risk of HbA1c < 5.0% = 1 )

Adapted from Khaw et al. Ann Intern Med 2004; 141: 413–20 

• Objective: To examine the relationship between hemoglobin A1c, cardiovascular disease, and total mortality.
• Design: Prospective population study in Norfolk, United Kingdom.
• Participants: 4662 men and 5570 women who were 45 to 79 years of age and were residents of Norfolk.
• Measurements: Hemoglobin A1c and cardiovascular disease risk factors were assessed from 1995 to 1997, 

and cardiovascular disease events and mortality were assessed during the follow-up period to 2003.



Intensive blood glucose control &

vascular risk in T2D 

Turnbull FM et al. Diabetologia 2009;52:2288-2298

 Evidence and experience

2009

Relative Risk 
vs. control









ADA/EASD Position Statement



Cardiovascular outcomes

28



Cardiovascular outcomes

29



Patients with event/analysed
Empagliflozin Placebo HR (95% CI) p-value

3-point MACE 490/4687 282/2333 0.86
(0.74, 
0.99)*

0.0382

CV death 172/4687 137/2333 0.62 (0.49, 0.77) <0.0001

Non-fatal MI 213/4687 121/2333 0.87 (0.70, 1.09) 0.2189

Non-fatal stroke 150/4687 60/2333 1.24 (0.92, 1.67) 0.1638

0.25 0.50 1.00 2.00

CV death, MI and stroke

30

Favours empagliflozin Favours placebo

Cox regression analysis. MACE, Major Adverse Cardiovascular Event; 
HR, hazard ratio; CV, cardiovascular; MI, myocardial infarction
*95.02% CI



EMPA-REG OUTCOME® : Summary

The overall safety profile of empagliflozin was consistent 
with previous clinical trials and current label information

Empagliflozin in addition to standard of care reduced CV risk and 
improved overall survival in adults with T2D at high CV risk

Relative risk 

reduction in 

3P-MACE

14% 38%

Reduction 

in CV 

death

Reduction in 

all cause 

mortality

32%

NNT to save 

one life in 3 

years

35%

Empagliflozin 
for 3 years

T2D with high CV risk 
92% hypertension 

Reduction in 

hospitalisations 

for heart failure

Zinman et al N Engl J Med 2015; doi: 10.1056/NEJMoa1504720 

39



Sunder Mudaliar Diabetes Care 2016;39:1115–1122

CV death redection : 1.7 / 1,000



Cell Metabolism 20, October 7, 2014







Diabetes Care 2016;39:1657–1663









IDF Guideline

International Diabetes Federation, 2012, Global Guideline for Type 2 Diabetes



ADA/EASD Position Statement



Italian Diabetes Society

AMD-SID 2016; www.standarditaliani.it 



UK NICE - Algorithm for blood glucose-
lowering therapy 

Type 2 diabetes in adults: management. NICE guideline NG28 (December 2015) 



Australian Blood Glucose Treatment
Algorithm for Type 2 Diabetes 

Gunton JE et al. ADS_POSITION STATEMENT 2016



Suggested Treatment Approach for Specific 
Patient Profiles 

Clinical Practice Guidelines for the Management of Type 2 Diabetes Mellitus. Kuala Lumpur: Joint Publication of the Ministry of Health Malaysia, Academy of Medicine Malaysia, Malaysian 
Endocrine & Metabolic Society and Diabetes Malaysia; 140 p. 5th Edition, December 2015 



National/Regional Diabetes Guidelines in 
non-Western Countries 

Home P et al. Diabetes Ther (2013) 4:91–102

66% recommended addition of a sulfonylurea
to metformin as the choice for second-line therapy

33 guidelines 

*Published online: May 4, 2013
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SU is effective for lowering HbA1C

* Difference from placebo; based on package Insert date; combination of different
classes of oral agents tend to have an additive effect on HbA1c lowering 
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 Glucose lowering efficacy of OAD



 Proven efficacy of SU

Sulfonylurea-efficacy

Cefalu WT et al. Diabetes Care 2014 37 2647–2659



Sulfonylurea-efficacy

• Aims : To assess glycaemic control in metformin users receiving their first add-on glucose-lowering therapy and to examine the real-life effectiveness of different add-on drugs
• Methods : A population-based cohort study using healthcare databases in northern Denmark during 2000–2012. included 4,734 persons who initiated metformin monotherapy

and added another glucose-lowering drug within 3 years. Attainment of recommended HbA1c goals within 6 months of add-on was investigated, using Poisson regression
analysis adjusted for age, sex, baseline HbA1c, diabetes duration, complications and Charlson Comorbidity Index.

Thomsen RW et al. Diabetologia. 2015 ;58(10):2247-2253

 As an add-on agent, Sulfonylurea was more effective 
in achieving HbA1c<7% than DPP-4 inhibitor. 

aRR: Adjusted relative risk



Sulfonylurea-hypoglycemia?

 Old SUs were associated with a high rate of hypoglycemia

1. Leese GP et al. Diabetes Care 2003;26:1176–1180  2. UKPDS Group Lancet 1998;352:837-853. 3. Kahn SE et al. N Engl J Med 2006;355:2427-2443. 4. Gangji AS et al. Diabetes Care 2007;30:389–394.



• Background: to investigated the rate of severe hypoglycemic events 

and confounding factors in patients with type-2-diabetes treated with 

sulfonylurea (SU) at specialized diabetes centers, documented in the 

German/Austrian DPV-Wiss-database. 

• Methods: Data from 29,485 SU-treated patients were analyzed 

• Objective : to estimate the event-rate of severe hypoglycemia.* 

Secondary objectives included exploration of confounding risk-factors 

through group-comparison and Poisson-regression. 

Hypoglycemia-Which Patients are at Risk?

Schloot NC et al. Diabetes Metab Res Rev. 2016 Mar ;32(3):316-24 (Epub 2015 Nov 20)

*Severe hypoglycemia:
requiring external help, causing unconsciousness 
/coma/convulsion and/or emergency.hospitalization

Risk of Severe Hypoglycemia in Sulfonylurea
-Treated Patients from Diabetes Centers in Germany/Austria
:How Big is the Problem? Which Patients are at Risk?



 The risk of severe hypoglycemia was significantly increased in patients receiving 
with insulin and in patients with impaired renal function 

Risk factor for severe hypoglycemia

Schloot NC et al. Diabetes Metab Res Rev. 2016 Mar ;32(3):316-24 (Epub 2015 Nov 20)



Ha WC et al. Diabetes Metab J 2012;36 280–284.

Risk factor for severe hypoglycemia

 Increased risk of severe hypoglycemia occurs in patients with 
chronic renal impairment and the elderly. 

Values are presented as mean±standard deviation or number (%).

• Retrospective analysis of the characteristics, risk factors, and medical costs of 320 severely hypoglycemic patients with
diabetes who presented to an ER of Uijeongbu St. Mary’s Hospital from January 1, 2006 to December 31, 2009.

* Most hypoglycemic patients (87.5%, 280/320) were over 60 years old.



Clemens K et al. Can J Diabetes. 2015; 39 32-40.

• Objectives: To investigated the risk of a hospital encounter with hypoglycemia following a new prescription for glyburide compared with modified-release gliclazide.
• Methods: In 2 population-based matched retrospective cohort studies in Ontario, Canada, between 2002 and 2011, older adults who were newly prescribed glyburide

or gliclazide as monotherapy or in the presence of metformin.
• primary outcome : hospital encounter with hypoglycemia assessed within 90 days.

 Glyburide was associated with a higher risk for hypoglycemia than 
gliclazide MR in older adults.

Hypoglycemia is common with old SUs



Hypoglycemia-Are all SUs same?

1. Glucovance [package insert]. Princeton, NJ: Bristol-Myers Squibb Company; 2004. 2. UKPDS Group. Lancet 1998; 352: 837–853. 3. Draeger KE, et al. Horm Metab Res. 1996; 28: 419–425. 
4. McGavin JK, et al. Drugs 2002; 62; 1357–1364. 5. Metaglip [package insert]. Princeton, NJ: Bristol-Myers Squibb Company; 2002 

16%

*Hypoglycemia: hypoglycemic symptom and fingerstick blood glucose measurement 50 mg/dL (2.75 mmol/L)



J Diabetes Investig 2016; 7: 102–109



J Diabetes Investig 2016; 7: 102–109



PLOS Medicine | DOI:10.1371/journal.pmed.1001992 April 12, 2016



PLOS Medicine | DOI:10.1371/journal.pmed.1001992 April 12, 2016



Diabetes Care Volume 40, May 2017



Sulfonylurea-CV safety?

Rados DV et al. Diabetes. 2015 64 Suppl 1 A5

Sulphonylureas Are Not Associated with Increased Mortality: Meta-
analysis and Trial Sequential Analysis of Randomized Clinical Trials



Hemmingsen B et al. CMAJ open. 2014; 2(3):E162-E175.

Sulfonylurea-CV safety?

• Systematic review of 14 RCTs(4560 participants) that compared sulfonylurea versus metformin monotherapy
among patients 18 years or older with type 2 diabetes and that had an intervention period of at least 24 weeks.

All-cause mortality

Cardiovascular mortality

Nonfatal macrovascular outcomes

Effect of sulfonylurea versus metformin monotherapy

RR 0.98 
(0.61–1.58)

RR 0.67 (0.48–
0.93)

RR 1.47
(0.54–4.01)

Second and third-generation sulfonylureas may not 
affect all-cause or cardiovascular mortality but may 

decrease the risk of non-fatal macrovascular outcomes



Simpson SH et al. Diabetes. 2014 63 Suppl 1 A88-A89

It is uncertain if this risk is similar for all sulfonylureas because tissue 
selectivity and risk of hypoglycemia varies among  these drugs.

CV safety-Are all SU same?



Kalra S et al. Indian J Endocrinol Metab. 2015; 19 577-596.

 Molecular structure of SUs and the effect of SUs on these KATP channels
in different tissues varies

Different tissue selectivity among SUs 

Sulfonylureas



Sulfonylurea-Costs

 If cost of medications needs to be considered when determining what drug to add 
to metformin, SU would be the preferred class of medication

Abrahamson MJ. Diabetes Care 2015; 38 :166–169



Abrahamson MJ. Diabetes Care 2015 38 166–169

The Place of Sulfonylureas

…the ideal antihyperglycemic agent would be easy to administer, 
unlikely to cause symptomatic side effects that pose barriers to 

adherence, inexpensive, reliably efficacious, and safe. 

By such standards, it can be argued that the 

remaining modern SUs do well.



Sulfonylureas, 

An recommended therapy !!!

Conclusion

 Efficacy

 Hypoglycemia: different among SUs

 CV safety: could be different 

 Cost







Thank you for your attentions


