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Why we are interested in the elderly diabetes?



노인 인구 증가 추이
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단위: 만명, 괄호는 전체 인구 중 비율(%)



Prevalence of Diabetes 

Korean Diabetes Fact Sheet 2016



What are the characteristics

of the elderly diabetes?



Characteristics of Elderly Diabetes
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gerontology 2008;12:61-7



Laiteerapong N, et al. Diabetes Care. 2011;34:1749-1753

Geriatric Syndrome and Elderly Diabetes
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Principles of Geriatric Medicine & Gerontology p.100



What are the considerations

of the elderly diabetes?



Treatment Options of Diabetes
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Adapted from: DeFronzo RA. Diabetes 2009;58:773–95.

Decreased incretin effect



Elderly vs Younger

Pharmacologic Options

Elderly patients = Younger adults

Treatment Considerations

Elderly patients ≠ Younger adults

Am J Geriatr Pharmacother. 2009;7:324–342



Glycemic Control

Study Microvasc CVD Mortality

UKPDS      

DCCT / 
EDIC* 

     

ACCORD   

ADVANCE   

VADT   

Kendall DM, Bergenstal RM.  ©  International Diabetes Center 2009

UK Prospective Diabetes Study (UKPDS) Group. Lancet 1998;352:854. 
Holman RR et al. N Engl J Med. 2008;359:1577.  DCCT Research Group. N Engl J Med 1993;329;977.
Nathan DM et al. N Engl J Med. 2005;353:2643.  Gerstein HC et al. N Engl J Med. 2008;358:2545.
Patel A et al. N Engl J Med 2008;358:2560.  Duckworth W et al.  N Engl J Med 2009;360:129. (erratum: 
Moritz T. N Engl J Med 2009;361:1024)

Initial Trial 

* in T1DM
Long Term Follow-up 



Consequence of Hypoglycemia

Hypoglycaemia

Cardiovascular
complications3

Weight gain 
by defensive eating5

Coma3

Increased risk 
of car accident6

Hospitalisation 
costs4

Loss of 
consciousness3

Increased risk 
of seizures3

Death2,3

Increased risk 
of dementia1

Reduced 
quality of life7

1Whitmer RA, et al. JAMA. 2009; 301: 1565–1572; 2Bonds DE, et al. Br Med J. 2010; 340: b4909; 
3Barnett AH. Curr Med Res Opin. 2010; 26: 1333–1342; 4Jönsson L, et al. Value Health. 2006; 9: 193–198;
5Foley JE, Jordan J. Vasc Health Risk Manag. 2010; 6: 541–548; 6Begg IS, et al. Can J Diabetes. 2003; 27: 128–140; 7McEwan P, et al. 
Diabetes Obes Metab. 2010; 12: 431–436.



Management of Hyperglycemia

ADA Standards of Medical Care in Diabetes-2017



당뇨병의 특수상황 - 노인당뇨병

2015 당뇨병 진료지침



HbA1c Goals in Elderly Diabetes(1)

BMJ 2016;353:i2200



HbA1c Goals in Elderly Diabetes(2)

 CATEGORY 1: FUNCTIONALLY INDEPENDENT
: HbA1c target : 7.0~7.5%

 CATEGORY 2: FUNCTIONALLY DEPENDENT
Sub-category A: Frail
• HbA1c target : ~8.5%

Sub-category B: Dementia
• HbA1c target : ~8.5%

 CATEGORY 3: END OF LIFE CARE
• glycemic target : avoid hypoglycemia, individualized therapy

IDF Global Guideline for Managing Older People with Type 2 Diabetes 2013



What are the hypoglycemic agents and 

the cautions of the elderly diabetes?



Glucose-lowering Medications
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cotransporter-2 

inhibitor
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Insulin 



Characteristics of Insulin 

A1c lowering effects 1.5~3.5%

Advantages Proven effects
No dose limitation

Disadvantages Need a parenteral injection 
Frequent hypoglycemia 
Weight gain 
Need glucose monitoring and adjusting the dose 
accordingly 
Require patient’s executive functioning 

Diabetes Metab J 2012;36:336-344 



Insulin Preparations

Activity/
Brand Name Generic Name Type

Onset of 
action

Peak 
Activity, h

Duration,
h Compatibility

Rapid acting

Humalog
Novorapid
Apidura

Insulin lispro
Insulin aspart
Insulin glulisine

Insulin analogue
Insulin analogue
Insulin analogue

15 min
15 min
15 min

0.5~1.5
1-3

0.5-1

3-5
3-5
3

NPH insulin
NPH insulin
NPH insulin

Short acting

Humulin R Regular insulin Regular insulin 0.5~1 h 2.5~5 8~12 NPH insulin

Intermediate acting

Humulin N and 
Novolin N

Isophane insulin Isophane insulin 1~1.5 h 4~12 10~24 Insulin analogues, 
Regular insulin

Long acting

Lantus
Levemir

Insulin glargine
Insulin detemir

Long acting insulin 
analogue

1.1 h
1-2 h

None
6~8

24 (dose 
dependent)

None
None 

Premix type

Humulin 70/30

Novomix 70/30

Humalog Mix 
75/25
Humalog mix 
50/50
Novomix 50/50

70% Isophane insulin/30% 
regular human insulin
70% Aspart protamine/30% 
aspart insulin
75% Lispro protamine/25%
Lispro
50% Lispro protamine/50%
Lispro
50% Aspart protamine/50% 
aspart insulin

Combination of NPH and 
Regular insulin
Combination of NPH-like 
and rapid-acting Insulin
Combination of NPH-like 
and rapid-acting insulin
Combination of NPH-like 
and rapid-acting insulin
Combination of NPH-like 
and rapid-acting insulin

30 min

15 min

15 min

15 min

15 min

1.5~16

1~4

1~6.5

1~6.5

1~4

10~24

10~24

10~24

10~24

10~24

None

None

None 

None 

None 

Am J Geriatr Pharmacother. 2009;7:324–342



Before instituting Insulin therapy 

 Visual acuity

 Manual dexterity

 Cognitive function

 Caregiver status

 Financial ability to afford insulin

 Insulin-delivery supplies

Hornick T et al. Cleve Clin J Med. 2008;75:70–78



Caveats in the Older Population

 Long acting insulin(basal insulin) 

: injection time & dose 

 consider glucose pattern

 postprandial > fasting hyperglycemia             

; starting basal insulin in the morning

 Pre-mix insulin

: meal time fixed

 prevention of hypoglycemia

The Joslin Guideline for the Care of the Older Adult with Diabetes 2015 



Insulin Secretagogues : 
SU & Meglitinide



Characteristics of SU 

A1c lowering effects 1.0~2.0%

Advantages Proven glucose lowering efficacy 
Long-term clinical experiences 
Relatively low cost 

Disadvantages Frequent hypoglycemia 
Weight gain
Contraindicated in severe liver or renal disease

Diabetes Metab J 2012;36:336-344 



Risk factors of Hypoglycemia of SU

Adrenergic-blocking agents            Advanced age
Alcohol consumption                    Autonomic neuropathy
Cognitive impairment                    Complex drug regimens
Endocrine deficiency (thyroid, adrenal, pituitary)
Hepatic dysfunction                      Hypoglycemia unawareness
Intercurrent illness                        Polypharmacies
Poor nutrition                              Recent hospitalization
Renal Insufficiency                        Secretagogues/insulin
Sedative agents                           Tight glycemic control

Cleve Clin J Med. 2008;75:70–78Drugs Aging. 2004;21:511–530,



Characteristics of Meglitinide

A1c lowering effects 0.5-1%

Advantages Rapid onset of action time 
Flexible dosing for those with irregular eating habits

Disadvantages Hypoglycemia 
Weight gain 
Frequent dosing 
Relatively high cost 
Avoid under 30 ml/min of CCR

Diabetes Metab J 2012;36:336-344 



Insulin Sensitizers : 
Biguanides & Thiazolidinediones



Metformin : action mechanism
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Characteristics of Metformin

A1c lowering effects 1.0-2.0%

Advantages Proven effectiveness as the first-line therapy 
Low risk of hypoglycemia 
Neutral effect on weight 
Long-term clinical experiences 
Low cost 

Disadvantages Contraindicated when serum creatinine ≥1.5 mg/dL in 
men or ≥1.4 mg/dL in women, liver failure, and 
advanced heart failure 
GI side effects may cause poor appetite and malnutrition 
Concerns of vitamin B12 and folate deficiency 

Diabetes Metab J 2012;36:336-344 



TZD : action mechanism

Insulin
resistance

 Glucose output

 Glucose uptake  Glucose uptake

Liver Muscle Adipose
tissue

IR

TZD
TZD TZD

N Engl J Med. 2004; 351:1106–1118



Characteristics of TZD

A1c lowering effects 0.5-1.4%

Advantages Reduce insulin resistance 
Durable effects on glycemic control 
Low risk of hypoglycemia 

Disadvantages Weight gain 
Fluid retention, which may exacerbate underlying heart 
failure 
Increased risk of bone fractures  

Diabetes Metab J 2012;36:336-344 



TZD and Heart failure

Risk factors for TZD-associated Heart Failure

Age > 70 years
S-Cr > 2.0 mg/dL

Weight gain or development of edema while taking a TZD
Treatment with loop diuretics

Use of insulin
Left ventricular hypertrophy

Presence of aortic or mitral valve heart disease

Diabetes Care. 2004;27:256–263

Absolutely contraindication in patients with class III or IV heart failure



The Insulin Resistance Intervention 
after Stroke (IRIS) Trial 

Kernan WN, et al.N Engl J Med. 2016 Apr 7;374(14):1321-31

Hazard ratio 95% CI P value

0.76 0.62–0.93 0.007

Pioglitazone

Placebo

1939
1937

481
459

1701
1690

1491
1476

1196
1182

1793
1778

No. at risk
Pioglitazone
Placebo



α-glucosidase inhibitors



Characteristics of α-GI

A1c lowering effects 0.5-0.8%

Advantages Effectively reduce postprandial glucose 
No hypoglycemia 

Disadvantages Frequent GI side effects 
Frequent dosing 
Relatively high cost 
CrCl ≤ 24 mL/min : not recommended
Contraindicated in cirrhosis

Diabetes Metab J 2012;36:336-344 
Am J Geriatr Pharmacother. 2009;7:324–342



Incretin : GLP-1 A & DPP-IV I



Incretin : action mechanism

Glucose-dependent

Release of
active incretins
GLP-1 and GIPa

 Blood glucose in 
fasting and 

postprandial states

Ingestion 
of food

 Glucagon
from alpha cells

(GLP-1)

 Hepatic 
glucose 

production

GI 
tract

DPP-4 
enzyme

Inactive
GLP-1

XDPP-4 
inhibitor

 Insulin from 
beta cells

(GLP-1 and GIP)

Glucose-dependent

Pancreas

Inactive
GIP

Beta cells

Alpha cells

 Peripheral 
glucose 
uptake

The glucose-dependent mechanism of DPP-4 inhibitors targets 2 key defects

: insulin release and unsuppressed hepatic glucose production.

Adapted from Brubaker PL, Drucker DJ Endocrinology 2004;145:2653–2659; Zander M et al Lancet 2002;359:824–830; Ahrén
B Curr Diab Rep 2003;3:365–372; Buse JB et al. In Williams Textbook of Endocrinology. 10th ed. Philadelphia, Saunders, 
2003:1427–1483.



Incretin : 
GLP-1 Agonists and DPP IV inhibitors

GLP-1 receptor agonist
Parenteral peptide

Direct agonist of GLP-1R
Pharmacologic levels GLP-1 agonist

DPP-IV inhibitors
Orally administered

Inhibit degradation of incretins
‘Restores’ physiological levels of 

GLP-1 and GIP

weekly QD-BID

LY2189265

Albiglutide

Semaglutide

Liraglutide

weekly QD-BID

Exenitide QW

CJC-1134-PC

Exenitide

Lixesenitide

Sitagliptin

Vildagliptin

Saxagliptin

Alogliptin

Linagliptin

Exendin-4 backboneGLP-1 backbone

2011 71th ADA Current Issue

• Currently approved for use
• Investigational compound



Characteristics of GLP-1 Agonist

A1c lowering effects 0.5-1.0%

Advantages Low risk of hypoglycemia 
Weight reduction (beneficial in obese patients) 
Once weekly fomulations
Decreasein dose of SU or insulin

Disadvantages Relatively high cost 
Need a parenteral injection 
GI side effects may not be tolerated in some older patients 
High cost 
Limited long-term experience 

Diabetes Metab J 2012;36:336-344 

The Joslin Guideline for the Care of the Older Adult with Diabetes 2015 



Characteristics of DPP-IV Inhibitor

A1c lowering effects 0.5-0.8%

Advantages Control postprandial glucose
Low risk of hypoglycemia 
Weight neutrality 
Good drug for frail elderly

Disadvantages only mild to moderate lowering of A1c by 0.5-0.8% 
Relatively high cost 

Diabetes Metab J 2012;36:336-344 

The Joslin Guideline for the Care of the Older Adult with Diabetes 2015 



Clinical Guideline about DPP-IV Inhibitor

2009 Clinical Guidance from UK National Institute for Health and Clinical Excellence

Considering DPP-4 inhibitors rather than SUs as second-line 
therapy after first-line metformin in patients who are at high risk 
for hypoglycemia or its consequences, for example older adults 
with hazardous jobs (eg, working at heights, working with heavy 
machinery) and those who live alone

European Diabetes Working Party for Older People 2011 Clinical Guidelines for 
Type 2 Diabetes Mellitus 

Consider a DPP-4 inhibitor as an add-on to metformin when use 
of a sulphonylurea may pose an unacceptable hypoglycemia risk 
in an older patient with diabetes

http://www.nice.org.uk/CG87shortguideline. Accessed July 3, 2009 , 
Diabetes & Metabolism ,2011:37;S27-S38



TECOS safety trial

Green JB et al. N Engl J Med. 2015; Jun 8.



Sodium-Glucose cotransporter 2 Inhibitor



SGLT-2 Inhibitor : action mechanism

SGLT2Reduced glucose 

reabsorption

Increased urinary 

excretion of excess 

glucose 

(~70 g/day, 

corresponding to 

280 kcal/day*)

Proximal tubule

Glucose

filtration

*Increases urinary volume by only ~1 additional void/day (~375 mL/day) in a 12-week study of healthy subjects and patients with Type 2 diabetes.4

SGLT2

Glucose

SGLT-2 inhibitor

SGLT-2 inhibitor

1. Wright EM. Am J Physiol Renal Physiol 2001;280:F10–18; 2. Lee YJ, et al. Kidney Int Suppl 2007;106:S27–35; 

3. Hummel CS, et al. Am J Physiol Cell Physiol 2011;300:C14–21; 4. S Nair, Practical Diabetes Int 2010; 27(7): 311–316



Characteristics of SGLT-2 Inhibitor

A1c lowering effects 0.6-0.8%

Advantages Low risk of hypoglycemia 
Decreasing Weight & blood pressure 
CV safety

Disadvantages Increase incidence of genitourinary tract infection
Caution :

renal impairment
loop diuretics
low body weight

Curr Med Res Opin. 2012;28(7):1173–1178 
Ann Med. 2012;44(4):375–393 
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Glucose-lowering algorithm for frail patients with T2DM

European Diabetes Working Party for Older People / Diabetes & Metabolism 37 (2011) S27-S38 

3-6 months 
dietary and 

lifestyle advice

Not achieving 
agreed glucose 

targets

Metfromin

Metformin + 
DPPIV inhibitor

Metformin + 
insulin

Recommended glucose targets : 
Fasting glucose range=7.6-9.0 mmol/L, 
HbA1c range = 7.6-8.5%

Frailty criteria: 
Care home residence
Significant cognitive decline
Major lower limb mobility disorder
History of disabling stroke

Metformin contraindicated in 
renal/hepatic dysfunction, 
respiratory/heart failure, anorexia, 
gastrointestinal disease

Alternative treatments:
DPP-IV inhibitors or 
Lower risk sulphonylurea(SU), 
Glinide

Failure to achieve glucose targets

Further weight loss with a GLP-1 
agonist may have adverse 
consequences in a frail patient

Alternative treatments:
Metformin + Lower risk SU, 
Metformin + GLP-1 agonist

Failure to achieve glucose targets

Finally associated with increased 
hypoglycemia risk: caution 
when using insulin or 
sulphonylurea therapy

Alternative treatments:
Lower risk SU + insulin



Conceptual model of 
Personalized Decision Support

Clinical 
Factors

Patients’
Preference

Clinical Decisions:
Treatment selection

Clinical Decisions:
Risk factors goals

BMJ 2016;353:i2200



Thank you for your attention!!





Geriatric Syndrome and Elderly Diabetes

Geriatr Gerontol Int 2009; 9: 105–114 

Depression or
Low well-being

Functional 
Disability

Falling
Cognitive 

impairment

Malnutrition

Urinary 
incontinence

Typical Geriatric Syndromes

Aging
Diabetic micro- and 
macrocomplications

Comorbid
illness

Lack of social 
support

Hypoglycemia Hyperglycemia
Mortality 

Individualization


