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Definition

• Diabetes Mellitus
•

Definition (World Health Organization Report, 1999)

– Diabetes is characterized by chronic hyperglycemia 
together with disturbance in carbohydrate, fat and 
protein metabolism resulting from defects of insulin 
secretion, insulin action or both

Epidemiology
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Diagnosis
1. A1c ≥ 6.5%. The test should be performed in a laboratory using 

a method that is NGSP certified and standardized to the DCCT 
assay.

2. Fasting plasma glucose(FPG) ≥126mg/dl. Fasting is defined as 
no caloric intake for at least 8 h.

3. 2-h plasma glucose ≥200mg/dl during an OGTT. The test should 
be performed as described by the World Health Organization, 
using a glucse load containing the equivalent of 75-g anhydrous 
glucose dissolved in water.

4. In a patient with classic symptoms of hyperglycemia or 
hyperglycemic crisis, a random plasma glucose ≥200mg/dl.

In the absence of unequivocal hyperglycemia, these criteria should 
be confirmed by repeat testing on a different day

CASE VIGNETTE

1. ?
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1 250 mg/dL

2) 9.5% 

3) 1 132 dg/dL

140 mg/dL

4)

210 mg/dL

Why Fasting Plasma Glucose 126?
Why Post Challenge 2-hour 200?
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Hb A1c ( )

Classification

I. Type e 1 Diabetes ( (β(β-β--cell destructionon)
�

yp
Autoimmune

� Idiopathic

II. Type 2 Diabetes

III.. Other Specific Types of Diabetes

IV.V. Gestational Diabetes

Other Specific Types of Diabetes
A. Genetic defects of β-cell 

function (Monogenic Diabetes 
of the Young, MODY)

1. Chr 12. HNF-1α
2. Chr 7. Glucokinase
3. Chr 20. HNF-4α
4. Chr 13. Insulin Promoter Factor-1
5. Chr 17. HNF-1β
6. Chr 2. NeuroD1
7. Mitochondrial DNA

B. Genetic defects in insulin 
action

1. Type A insulin resistance
2. Leprechaunism
3. Rabson-Mendenhall syndrome
4. Lipoatrophic diabetes

C. Disease of exocrine pancreas
1. Pancreatitis
2. Trauma/Pancreatectomy
3. Neoplasia

D. Endocrinopathies
1. Cushing’s syndrome
2. Glucagonoma
3. Hyperthyroidism

E. Drug or chemical
1. Vacor
2. Diazoxide
3. Glucocorticoid

F. Infection
1. Congenital rubella
2. Cytomegalovirus
3. Others

G. Other genetic syndromes
1. Down syndrome
2. Klinefelter syndrome
3. Turner syndrome
4. Prader-Willi syndrome
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Type 1 Diabetes

<Pathophysiology>
• Primarily β-cell destruction
• Absolutely no insulin secretion
• Insulin required for survival

<Etiology>
• Autoimmunity with anti-glutamic 

acid decarboxylase (anti-GAD)
• HLA DQ-B, DQ-A

<Presentation>
• Diabetic Ketoacidosis
• Non-obese
• Before age 30
• Less than 5% of diabetes 

patients in Korea
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2. 25 . 
. 284 mg/dL
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1) 1 GAD Antibody, C-peptide level

2) Other specific type of diabetes , 

3) Monogenic form diabete

4) Acanthosis Nigricans , 

Acanthosis Nigricans
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Type 2 Diabetes

<Pathophysiology>
• Insulin resistance
• Relative insulin deficiency
• Do not require insulin injection for 

survival

<Etiology>
• Genetic predisposition
• Obesity and environmental

<Presentation>
• Obesity
• Onset at 50s to 60s
• Strong family history
• About 90% of diabetes
• High risk of cardiovascular disease, 

cerebrovascular disease, cancer …

Type 2 Diabetes

•
2010 11.3% (2 9 )

•
20-75

•
2009 45.5%

•
50%

•

•
Coronary Heart Disease risk equivalent
-> 

•
3
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Goals of Therapy for Diabetes 

I. Eliminate Symptoms Related to 
Hyperglycemia

II. Reduce or Eliminate the Long-term Vascular 
Complications

III. Allow the Patient to Achieve As Normal a 
Lifestyle as Possible

Inzucchi SE et al Diabetes Care 2015 Jan;38(1):140-149
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Summary of Glycemic Recommendations
�

�

�

�

�

� < 150 mg/dL
� > 40 mg/dL in men and > 50 mg/dL in women

* More or less stringent glycemic goals may be appropriate for individual patients. Goals should be
individualized based on: duration of diabetes, age/life expectancy, comorbid conditions, known CVD or
advanced microvascular complications, hypoglycemia unawareness, and individual patient
considerations.

† Based on patient characteristics and response to therapy, higher or lower systolic blood pressure targets
may be appropriate.

‡ CVD Risk Factor include LDL ≥ 100mg/dl, High BP, Smoking, Overweight/Obesity
¶ Moderate Dose: Atorvastatin 10mg / Pravastatin 40 mg / Simvastatin 20-40mg / Rosuvastatin 5-10mg

High Dose: Atorvastatin 40-80mg / Rosuvastatin 20-40mg

CASE VIGNETTE

4. 78 . 30 Diamicron
MR 60mg bid, Gemigliptin 50mg qd . 

eGFR 25 ml/min/1.73m3

1 . 
7.8% . 

?

1) 6.0-6.5%
2) 6.5-7.0%
3) 7.0-7.5%
4) 7.5-8.0%

Individualized Glycemic Targets
• HbA1c < 7.0% (mean PG �150-160 mg/dL)

• Pre-prandial PG <130 mg/dL)

• Post-prandial PG <180 mg/dL)

• Individualization is key:

• Tighter targets (6.0 - 6.5%) - younger, healthier

• Looser targets (7.5 - 8.0%) - older, comorbidities, 
hypoglycemia prone, etc.

• Avoidance of hypoglycemia
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Medical Nutritional Therapy

� WEIGHT LOSS DIET (IN PREDIABETES AND TYPE 2 DM)
Hypocaloric diet that is low-fat or low-carbohydrate

� FAT IN DIET
Minimal trans fat consumption

� Carbohydrate in diet
Monitor carbohydrate intake in regards to calories
Sucrose-containing foods may be consumed with adjustments in insulin dose
Amount of carbohydrate determined by estimating grams of carbohydrate in diet for 
(type 1 DM)

Glycemic index reflects how consumption of a particular food affects the blood 
glucose

� Protein in diet: as part of an optimal diet
� Other components

Nonnutrient sweeteners
Routine supplements of vitamins, antioxidants, or trace elements not advised

Life Style Intervention!!
“But How?”
� Weight Loss Goal

– ≥ 7% loss of initial weight during the 1st year
– Request for ≥ 10%

� Physical Activity Goal
– ≥ 175 min/wk
– Moderate Intensity
– Achieved by the 6th month

� Physical Activity Intervention
– Four 10-minute bout = one 40-minute bout
– Brisk walking
– Using stairs, Walking, Pedometer 10,000 steps/day

� Dietary Intervention: “Portion Control ( )”
– 1200-1500 kcal/day
– <30% of calories from fat, <10% from saturated fat
– Replace 2 meals (breakfast and lunch) with Meal Replacements
– Dinner (or Lunch) with Meal Plan

LOOK AHEAD TRIAL

� 5,145 overweight or obese type 2 diabetes patients
� Intensive lifestyle intervention: Promoting weight loss
� Median follow-up: 9.6 years
� No difference in primary composite outcome of CV death, nonfatal 

MI/stroke, hospitalization for angina (HR 0.95, 95% CI 0.83-1.09, P=0.51)
� Funded by NIH
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Treatment for Type 2 Diabetes

�
� (metformin)
� (sulfonylurea)
� DPP-4 (dipeptidylpeptidase-4 inhibitor)
� PPAR-γ (peroxisome proliferator receptor -γ agonist)
� (α-glucosidase inhibitor)
� SGLT2 (SGLT2 inhibitor)

�

�

� GLP-1 (glucagon like peptide-1 analogue)
� ( )

Metformin
� Decrease hepatic gluconeogensis and lipogenesis
� uncoupling mitochondrial oxidative phosphorylation
� Increase cellular AMP and activated AMP kinase
� Should be discontinued 2 days prior to Operation
� Lactic Acidosis: rare

How to titrate Metformin

� Begin with low dose 500mg bid or qd with meal, or 
850mg qd

� After 5-7 days, increase to 1,000mg bid or 850mg bid

� If GI trouble, decrease to previous dose and retry later

� Maximal dose could be 1,000mg bid or 850mg tid

� XR formulation may have less GI trouble
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Contraindications of Metformin
� Pharmacokinetics

� Time to maximal plasma concentration: 0.9 – 2.6 hr
� Half life: 6 hr
� Metabolism: Not metabolized
� Elimination: 90% eliminated in urine

� Impaired Renal Function: 
� eGFR 60/ml/min/1.73m2

� 1.5mg/dl, 1.4mg/dl

� Hypoxic state: CHF, COPD, Sepsis

� Significant liver disease

� History of lactic acidosis, Alcohol abuse

� Pregnancy?

Sulfonylurea
� Sulfonylurea binds and closes the K+ATP channel.
� Stimulates insulin secretion
� Amaryl (Glimepiride), Diamicron (Gliclazide), Euglucon (Glibenclamide)

N ENGL J MED. 2004; 350;18:1839

Incretin Therapy
� GLP-1 (glucagon like peptide-1 analogue)
� DPP-4 (dipeptidylpeptidase-4 inhibitor): 

Januvia(sitagliptin), Galvus(Vildagliptin), Trajenta (Linagliptin)

Insulin response to oral glucose load (50 
g/400 ml, ) and during isoglycaemic i.v.

glucose infusion ( )
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Dipeptidyl Peptidase 4 Inhibitors

Creatinine Clearance Hepatic Impairment
(Metformin)

<30 ml/min 30-50 ml/min Mild/Moderate Severe 1

Sitagliptin Januvia Merck 100mg qd [D] 25mg qd 50mg qd No change Do not use 924 50/500, 50/850, 50/1000

Vildagliptin Galvus Novartis 50mg bid 50mg qd 50mg qd Do not use Do not use 906 50/500, 50/850, 50/1000

Saxagliptin Onglyza AstraZeneca/BMS 5mg qd [D] 2.5mg qd 2.5mg qd Caution Do not use 850 5/500, 5/1000

Linagliptin Trajenta Boehringer Ingelheim 5mg qd [D] No change No change No change No change 831 2.5/500, 5/1000

Gemigliptin Zemiglo LG Life Science 50mg qd No change No change No change No change 815 25/500

Alogliptin Nisina Takeda 25mg qd [D] 6.25mg qd 12.5mg qd No change No change 777

� Possible Side Effects
� Upper Respiratory Infection, Urinary Tract Infection
� Angioedema, Anaphylaxis
� Hemorrhagic necrotizing pancreatitis

SGLT2

Glucose

Majority of glucose 
is reabsorbed by 

SGLT2 (90%)

Proximal tubule

Remaining 
glucose is 

reabsorbed by 
SGLT1 (10%)Glucose

filtration

ging 
 is

SGLT, sodium-glucose co-transporter. 

Minimal to 
no glucose 
excretionn

o
sese 
n

• Dietary intake >180 g/day
• Glucose production ~100 g/day

• Gluconeogenesis*
• Glycogenolysis

Glucose input >280 g/day:

• Brain ~125 g/day
• Rest of the body ~125 g/day

Glucose uptake ~250 g/day:

−

y
•
•

+

Excess glucose is 
excreted in the urine

(~70 g/day)

FORXIGA limits
reabsorption and 
recirculation of glucose

Average blood glucose 
concentration 150 mg/dL
Kidney filters all
circulating glucose

Glucose filtered
~270 g/day
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Rapid Acting
� Peak 0.5-1.5h
� Duration 3-4h
� Glulisine (Apidra)
� Lispro (Humalog)
� Aspart (Novorapid)p )

Short Acting
� Peak 2-3h
� Duration 4-6h
� Regular I (Humulin R)u u )

Intermediate Acting
� Peak 6-10h
� Duration 10-16h
� Neutral Protamin Hagedorn

(Humulin N)

Long Acting
� PeakLess
� Duration 18-24h
� Detemir (Levemir) Long Acting

� PeakLess
� Duration 24h
� Glargine (Lantus)

� Basal Insulin: Lantus / Levemir
� Prandial Inulin: Apidra/Humalog/Novorapid
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Metformin 1,000mg bi HbA1c 8.9%
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1) Thiazolidinedione
2) Dipeptidyl Peptidase 4 Inhibitor
3) Glucagon Like Peptide -1 Agonist
4) Sodium Glucose Cotransporter 2 Inhibitors
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