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Clarification of Misconceptions 

 

Please do not use  “oral hypoglycaemic drugs”  any 

more !! 

 

 

 

All the novel oral anti-diabetic medications very rarely cause 

“hypoglycaemia” when used as monotherapy 

The term “Oral anti-diabetic drugs” (OADs) should be much more 

appropriate or just use “Oral glucose-lowering drugs” (oral GLDs) 



Glucose-Lowering Drugs in HK 

 Oral Anti-Diabetic Drugs (OADs) 

 Metformin 

 Sulphonylureas 

 TZD 

 DPP4i 

 SGLT2i 

 Glinide – repaglinide (Novonorm®) 

 AGI - acarbose (Glucobay®) 

 

 Injectables 

 Human insulin 

 Insulin analogs 

 GLP-1RA 



Development of Glucose-Lowering 
Drugs  

Only approved by 

FDA in 1995 ! 

 



 

Lam KSL, et al. Diabetes Care 1998;21(7);1154-8 



The Emerging Risk Factors Collaboration JAMA 2015(1);52-60 

Reduction of Life Expectancy 
in DM Patients 

Diabetes + CVD 

Diabetes 

  

Age 60 End of Life 

No Diabetes 
 

 

 

− 6 years 

− 12 years 

689,300 participants recruited  through 1960 to 2007 



Lind et al. N Engl J Med 2014;371(21):1972-82 

Tancredi et al. N Engl J Med 2015;373(18):1720-32 
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Zinman et al. N Engl Med 2015;373(22):2117-28 

 

7,020 T2DM patients with established CV disease randomized to empagliflozin 

vs. placebo for a median FU of 3.1 years 



Importance of EMPA-REG Study 

1. First study that conclusively demonstrate that a glucose-

lowering drug (empagliflozin) can reduce 

 cardiovascular events (3-point MACE)  14% 

 cardiovascular mortality    38% 

 hospitalisation for heart failure (HHF)  35% 

 all-cause mortality    32% 

2. Documented significant reduction in progression of CKD 

 doubling of creatinine levels   44% 

 renal replacement therapy   55%  
* 7.7% had eGFR 30-44 ml/min/1.73m2  (stage 3b CKD) 

Zinman et al. N Engl Med 2015;373(22):2117-28 
Wanner et al. N Engl Med 2016;375(4):323-4 



Mortality Outcomes in Landmark CV 
Outcome Trials in Patients with 
Established CV Diseases 

1991 2000 1999 2014 2015 1994 



Comparing the SGLT-2 Inhibitors 

 Empagliflozin 

(Jardiance®) 

Canagliflozin 

(Invokana®) 

Outcome Trial EMPA-REG CANVAS 

3-point MACE  14%  14% 

CV mortality  38%  13% (NS) 

HHF  35%  33% 

All-cause mortality  32%  13% (NS) 

Composite renal endpoints  46%  40% 

Amputation (LL) neutral  97% 

All fractures neutral  26% 

Dapagliflozin 

(Forxiga®) 

DECLARE-TIMI 58 

pending 

pending 

pending 

pending 

pending 

pending 

pending 

4th SGLT-2i – Ertugliflozin approved by FDA in Dec 2017 



2018 ADA 
Anti-Hyperglycaemic 
Management 
Algorithm 
 

ADA. Standards of Medical Care in 
Diabetes – 2018. Diabetes Care 

2018; 41(Suppl 1):S73-85 

 



Effects of SGLT2i on CV Outcomes 

Zinman et al. N Engl Med 2015;373(22):2117-28 
Wanner et al. N Engl Med 2016;375(4):323-4 

 



SGLT-2 Inhibitors: the Learnt 

Merits Adverse Effects / Cautions 

no hypoglycaemia with monotherapy genito-urinary infection 

weight loss (0.1-4.0 kg) polyuria, dehydration 

BP improvement (3-6 mmHg) hypotension 

can be combined with all types of regimen slight  LDL 

can be used at any stage of T2DM euglycaemic ketoacidosis 

reduction of CV & all-cause mortality (EMPA) 

CVOT pending (DAPA) 
fracture, BMD (CANA-FDA Alert)  

retardation of CKD progression (EMPA, CANA) amputation (CANA- FDA Alert) 

AKI (CANA/DAPA- FDA Alert) 

 Insulin-independent mechanism : reduce renal glucose reabsorption 

 Lower HbA1c by 0.5-1.0% 



SGLT-2 Inhibitors – the Not Learnt 

1. What is the underlying mechanisms for the CV / renal benefits ? 

2. Whether the reductions in CV / renal events are a class effect?   

pending results from the DECLARE-TIMI 58 Trial 

3. Whether the signal of a potential increase in CVA is true; caution 

needed when considering SGLT2i in patients with previous history of 

stoke 

4. Whether SGLT2i can be safely used in patients with T1DM – the EASE 

Trial 

5. Whether SGLT2i have the same CV benefits for DM patients NOT at 

high CV risk or at high CV risk but without T2DM 

 



Factors Contributing to the Mortality 
Reduction in the EMPA-REG Study 

Inzucchi et al. Diabetes Care 2018;41(41):356-63 
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 This study identified a previously unrecognized harm of intensive 

glucose lowering leading to increase in mortality in high-risk 

patients with T2DM 

 The culprit in subsequent analyses was believed to be related to 

hypoglycaemia 
ACCORD Study Group. N Engl J Med 2008;358(24):2545-59 

10,251 patients (mean age 62.2 y) with a median HbA1c of 8.1% were randomised to 

receive intensive therapy (target HbA1c <6.0%) or standard therapy (target HbA1c 

7.0-7.99%) 

ACCORD Study 



Hypoglycaemia & Mortality 

Bonds et al. BMJ 2010:340:b4909 

Zoungas et al. N Engl J Med 2010;363(15):1410-8 

Hypoglycaemia caused more death in the group with poorer 

diabetic control 

M
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Hypoglycaemia Caused Progression of 
Atherosclerosis in Patients with Poor 
Diabetic Control 

VADT Study Group. Diabetes Care 2016;39;448-54 





 

 
 

 



Whitmer RA, et al. JAMA 2009;301:1565-72 

Yaffe K, et al. JAMA Int Med 2013;173(14):1300-6 



Zoungas et al. N Engl J Med 2010;363(15):1410-8 



Meta-Analyses: Risk of Hypoglycaemia 

With 2nd Line Drugs Add-On To Metformin 

Liu SC, et al Diabetes Obes Metab 2012;14:810-20 

 
 



Baxter et al. EASD Annual Meeting 2015. Abstract 128 

SU Treatment is associated with a Higher All-Cause & CV-
Related Mortality as Compared to Other Treatments 

84 RCTs 

36,573 patients 

26 studies 

1,553,856 patients 



 

1. Treatment targets & treatment strategies should be personalized 

2. Balance the benefits of glycaemic control with its potential risks 

particularly hypoglycemia 

ADA/EASD Position Statement 



Advice on Selection of GLDs 

 Treat according to the potential pathophysiology of 

the individual DM patients; early drug combination 

may be required 

 Avoid GLDs which may induce hypoG if possible 

 Priorities should be given to GLDs with proven CV 

benefits 
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FDA Relaxed the Use of Metformin in 
Patients with Impaired Renal Function 



FDA Guidelines in the Use of Metformin 

 FDA has relaxed the use of metformin in patients with moderate 

renal impairment since April 2016 because the benefits of metformin 

markedly outweigh the potential risks 

Inzucchi et al. JAMA 2014;312(24):2668-75 



Incidence of Lactic Acidosis NOT 
Increased in Metformin-Treated Patients 

Salpeter et al. Cochrane Database Syst Rev 2014;(4):CD002967 

Pooled data from 347 comparative trials & cohort studies in 70,490 

patient-years of metformin use & 55,451 patient-years of non-

metformin use in T2DM  



Metformin in Patients with Established CVD  

Roussel et al. Arch Intern Med 2010;170(21):1892-9 

19,691 diabetic patients with established atherosclerosis in the Reduction of 

Atherothrombosis for Continued Health (REACH) Registry between 2003-

2004 treated with or without metformin 

Subgroups  HR P value 

Age ≥ 65 
0.77 

(0.62-0.95) 
0.02 

CHF 
0.69 

(0.54-0.90) 
0.006 

eGFR 30-60 
0.64 

(0.48-0.86) 
0.003 



Metformin was associated with reduced all-cause mortality in patients with  

 moderate to severe CKD (HR 0.78) 

 congestive heart failure (HR 0.78) 

 chronic liver disease (HR 0.43) 

Metformin was also associated with fewer heart failure readmissions in 

patients with CKD or CHF 

Crowley et al. Ann Intern Med 2017;166(3):191-200 



Practical Tips in the Use of Metformin 

1. Optimal dose should be ≥1,600 mg daily to confer CV 

benefits 

2. If patient cannot tolerate conventional metformin, please 

change to metformin XR preparation with much lower 

incidence of GI adverse effects 

3. Do not prematurely stop metformin just because of mild 

impairment of RFT (use eGFR as guide) 

4. Risk of metformin-associated lactic acidosis is very much 

lower than its glucose-lowering and CV benefits 



Metformin Inhibit Cancer Cell Growth 

Wu et al. Cell 2016;167(7):1705-18 



https://www.clinicaltrials.gov/ct2/show/NCT03309007?term=metformin+and+antiaging&rank=1 

Potential anti-inflammatory, anti-atherogenic, anti-thrombotic, 

anti-oxidant, anti-cancer & anti-aging effects of metformin 

Metformin – the NOT Learnt 
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3,876 patients age ≥40 with a recent history of ischaemic 

stroke or TIA and who had insulin resistance (HOMA-IR index 

>3.0) randomised to receive PIO or placebo 

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



24% 

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

Primary endpoint: (3-point MACE) 

IRIS TRIAL - CVOT 



Primary Composite Endpoint * Death from any cause, non-fatal MI, stroke, ACS, leg 
ampuation, coronary revascularisation, bypass surgery/revascularisation of the leg  

Pioglitazone (514 / 2605)  

                             Dormandy G et al. Lancet 2005;366:1279-89 
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Placebo (572 / 2633) 

(228)   

Pioglitazone                                        
vs Placebo  

p value HR 95 % CI 

0.0951 * 0.904 0.802, 1.018 

PROactive Study 
5,238 T2DM patients with pre-existing macrovascular diseases 

 



    PROactive Study: Significant Reduction of the 
Combined 3-Point MACE 

(Death, Non-fatal MI & Non-fatal-Stroke) 

                             Dormandy G et al. Lancet 2005;366:1279-89 

Placebo :        Events 358 / 2633 (14.4%) 

0 

0.05 

0.1 

0.15 

0 12 18 24 30 36 6 

Pioglitazone : Events 301 / 2605 (12.3%)  

(256)   No. at Risk: 5238 5102 4991 4877 4752 4651 786   
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Time from Randomisation (months) 

Pioglitazone                                        
vs Placebo  

p value HR 95 % CI 

0.0237 *    0.84      0.72, 0.98 

16% 

 



PROactive Study: Pioglitazone’s Effect on 
Recurrent MI in Patients with Previous MI 

Time from Randomisation (months) 

36 

0.10 

0.08 

0.06 

0.04 

0.02 

399(139) 

0 6 12 16 24 30 

Kaplan-Meier Event Rate 

p-Value 

0.52, 0.99 

95 % CI HR 

Pioglitazone vs Placebo 0.045 0.72 
0.0 

No. at risk: 2445 

Placebo 

2337 2293 2245 2199 2387 

Pioglitazone 

(88 / 1215) 

(65 / 1230) 

Erdmann et al. J Am Coll Cardiol 2007;49:1772-80 

28% 



PROactive Study: Pioglitazone Effect on 
Recurrent Stroke in Patients with Previous Stroke 

Wilcox et al. Stroke 2007;38:865-73 

No. at Risk: 

Time from Randomisation (months) 

984 952 926 903 877 849 132 

Kaplan-Meier event rate 

0.04 

0.06 

0.08 

0.10 

0.00 

0.12 

0 6 12 18 24 30 36 

Placebo (51 / 498) 

0.02 

Pioglitazone (27 / 486) 

0.008 0.34, 0.85 0.53 
pioglitazone vs placebo 

p value 95% CI HR 

47% 



CV Events with the TZDs 



Pioglitazone vs Rosiglitazone: Effects on Lipid 

Goldberg et al. Diabetes Care 2005;28:1547-54 

Goldberg et al. Circulation 2005;111:1727-8 

*p≤0.05 vs baseline; †p<0.001 between treatment groups 
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Pioglitazone Effects on NASH 

Belfort et al. N Engl J Med 2006;355(14):2297-307 

55 patients with T2DM/IGT and liver biopsy-confirmed nonalcoholic steatohepatitis 

to 6 months of treatment with a hypocaloric diet (500 kcal per day) plus 

pioglitazone (45 mg daily) or a hypocaloric diet plus placebo 



-2 

-1 

0 

1 
C

h
a
n

g
e
 i
n

 H
b

A
1
c
 (

%
) 

Time (years) 

0 1 2 3 4 5 6 

Pioglitazone 

Rosiglitazone 

    Hanefeld et al (n=250) 

    Charbonnel et al (n=317)     ADOPT (n=1,456) 

Pioglitazone 

    PERISCOPE (n=178) 

Pioglitazone 

RECORD (n=301) 

Rosenstock et al (n=115) 

Rosiglitazone 

Pioglitazone 

Tan et al (n=249) 

Rosiglitazone 

Good Durability of Glycemic Control with TZDs 



Poor Durability of Glycemic Control with SUs 

Hanefeld (n=250) 

Charbonnel (n=313) 

Chicago (n=230) 

ADOPT (n=1,441) 

UKPDS (n=1,573) 

Gliclazide 

PERISCOPE (n=181) 
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Glimepiride 
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Anti-Diabetic Drugs in CKD 

 Modified from Schernthaner et al. Nephrol Dial Transplant 2010;25(7):2044-7 

30 15 ESRD / Dialysis 60 

Liraglutide 

Metformin 

Pioglitazone 

Acarbose 

Repaglinide 

Exenatide 
Dose Reduction 

Insulin 
Dose Reduction 

Gliclazide 

Dose Reduction 

Dose Reduction 
Glimepiride 

Declining GFR 

Linagliptin 

O
ra

l 
d
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g
s
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Saxagliptin 
Dose Reduction 

Sitagliptin 

Vildagliptin 

Dose Reduction 

Dose Reduction 

Dose Reduction 

 



Pioglitazone – the Not Leearnt 

1. PIO might be an ideal agent to combine with empagliflozin 

to further reduce CV events in patients with high-risk T2DM 

2. Empagliflozin also promotes salt/water loss and is expected 

to offset any fluid retention associated with PIO therapy 

DeFronzo et al. Diabetes Obe Metab 2006;18(5):454-62 
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DPP4-Inhibitors: Very Disappointed CVOT Results 

White et al. N Engl J Med 2013;369(14):1327-35 

Scirica et al. N Engl J Med 2013;369(14):1317-26 

Green et al. N Engl J Med 2015;373(3):232-42 

SAVOR-TIMI 53 TECOS EXAMINE 

Saxagliptin Alogliptin Sitagliptin 



Increase Risk of HFF for Saxagliptin 

 

White et al. N Engl J Med 2013;369(14):1327-35 

Scirica et al. N Engl J Med 2013;369(14):1317-26 

Green et al. N Engl J Med 2015;373(3):232-42 



DPP4-Inhibitors – the Learnt & Not 
Learnt  

 A class of GLD with virtual absence of adverse effects BUT 

also with only very modest A1c reduction (0.5-0.8%) 

 Neutral effects on CV risk reduction with potential increase in 

risk of HHF (saxagliptin) 

 May have priority as a second-line GLD in elderly with 

multiple co-morbidities 

 Very much overuse in clinical practice 

 The unknown – whether CVOTs of linagliptin (CAROLINA, 

CARMELINA) will be favourable – very unlikely  



Oral Anti-Diabetic Drugs Targeting the 
Different Pathophysiologies of T2DM 

Modified from Defronzo RA. Diabetes 2009;58;773-95   

-cell loss with 

 insulin 

secretion 



2018 ADA 
Anti-Hyperglycaemic 
Management 
Algorithm 
 

ADA. Standards of Medical Care in 
Diabetes – 2018. Diabetes Care 

2018; 41(Suppl 1):S73-85 

 



What’s Next After Metformin in T2DM ? 

SU PIO DPP4-i SGLT2-i 

HT neutral neutral neutral 
slight 

advantage 

Obesity avoid preferred neutral preferred 

NAFLD neutral 
highly 

preferred 
neutral neutral 

CAD avoid  preferred neutral preferred 

CVA avoid  
highly 

preferred 
neutral neutral 

Heart failure neutral avoid  neutral 
(avoid SAX) 

highly preferred 
(EMPA) 

Mild to mod 

renal 

impairment 

avoid  neutral 
neutral 

(dose reduction 

except LINA) 

preferred 
(EMPA) 



Young age with no 

complications 

Young age with 

complications 

Newly diagnosed T2DM patient  

The elderly 

(age ≥65) 

Metformin 
(unless contraindicated) 

Ip’s Diabetes Algorithm 



Drug Name Usual Dose Daily Cost (HKD) 

Metformin 1000 mg bd $0.34 

Metformin XR (Glucophage XR®) 1000 mg bd $3.64 

Gliclazide (Diamicron®) 80 mg bd $0.25 

Gliclazide MR (Diamicron MR®) 60 mg daily $0.61 

Glimepiride (Amaryl®) 2 mg daily $0.16 

Pioglitazone (Actos®) 30 mg daily $0.36 

Alogliptin (Nesina®) 25 mg daily $2.45 

Alo 25/ Pio 30 (Oseni 25/30®) 1 tab daily $2.45 

Linagliptin (Trajenta®) 5 mg daily $5.03 

Saxaglitin (Onglyza®) 5 mg daily - 

Sitagliptin (Januvia®) 
100 mg daily $5.00 

50 mg daily $4.96 

Vildagliptin (Galvus®) 50 mg bd $4.07 

Dapagliflozin  (Forxiga®) 10 mg daily $5.25 

Empagliflozin (Jardiance®) 
25 mg daily $5.35 

10 mg daily $5.35 

Acarbose (Glucobay®) 100 mg tds $2.67 
Latest price quoted 

for HA at 6/2018 



Next Classes of Oral GLD  ? 

Oral GLP1-receptor 

agonist 

semaglutide 

Late breaking news: new classes of oral GLDs 

Dual SGLT-1 & 2 

inhibitor 

sotagliflozin 



Oral Semaglutide (Phase 2 Study) 
PIONEER 1 Trial 

Davis et el. JAMA 2017;318;1460-70   



Oral Semaglutide (Phase 3 Study) 
PIONNER 2 Trial 

52-week, open-label RCT comparing the efficacy and safety of oral semaglutide 14 mg 

compared with empagliflozin 25 mg daily in 816 T2DM patients inadequately controlled on 

metformin  

Semaglutide 14mg Empagliflozin 25mg 

26 week 52 week 26 week 52 week 

 HbA1c  (%) 1.4* 1.3* 0.9 0.8 

 BW (kg) 4.2 4.7* 3.8 3.8 

% A1c 7%  - 72* - 47 

Novo Nordisk Announcement. 29 May 2018 
https://www.novonordisk.com/content/Denmark/HQ/www-novonordisk-

com/en_gb/home/media/news-details.2195846.html 

*p<0.05 vs. empagliflozin 



Novo Nordisk Announcement. 20 Jun 2018 
https://www.novonordisk.com/content/Denmark/HQ/www-novonordisk-

com/en_gb/home/media/news-details.2200408.html 

Oral Semaglutide (Phase 3 Study) 
PIONNER 4 Trial 

52-week double-blinded, double-dummy, RCT trial with three arms comparing the efficacy 

and safety of 14 mg oral semaglutide compared to liraglutide and placebo in 711 T2DM 

patients, inadequately controlled on metformin with or without a SGLT-2 inhibitor  

Semaglutide 14mg Liraglutide 1.8 mg  placebo 

26 week 52 week 26 week 52 week 26 week 52 week 

 HbA1c  (%) 1.3*# 1.2*# 1.1* 0.9* 0.1 0.2 

 BW (kg) 4.7*# 5.0*# 3.2* 3.1* 0.7 1.2 

% A1c 7%  - 69* - 63* 18 

*P<0.05 vs. placebo 

#p<0.05 vs. liraglutide 



Novo Nordisk Announcement. 20 Jun 2018 
https://www.novonordisk.com/content/Denmark/HQ/www-novonordisk-

com/en_gb/home/media/news-details.2200408.html 

Oral Semaglutide (Phase 3 Study) 
PIONNER 7 Trial 

52-week open-label RCT comparing the efficacy and safety of oral semaglutide using a 

flexible dose adjustment (3, 7 or 14 mg) based on clinical evaluation (glycaemic target and 

tolerability) of their response to treatment compared with sitagliptin in 504 T2DM patients 

inadequately controlled on 1-2 OADs 

Semaglutide 3, 7 or 14mg 

52 week 

Sitagliptin 100mg 

52 week 

 HbA1c  (%) 1.4* 0.7 

 BW (kg) 2.9* 0.8 

% A1c 7%  66* 28 

*p<0.05 vs. sitagliptin 



Dual SGLT-1 & 2 Inhibitor 

 SGLT1 inhibition reduces glucose absorption in the proximal intestine, 

which significantly blunts and delays postprandial hyperglycemia 

Garg et al. N Engl J Med 2017;377(24):2337-48 



STENO-2 Study 

Open, parallel trial in which T2DM patients with microalbuminuria 

were randomised to 

1. standard treatment (n=80) or 

2. comprehensive intensive program (n=80) 

 behavioural modification 

 pharmacological therapy targeting 

− HbA1c <6.5% 

− BP <130/80 

− TC<4.5, TG<1.7 

Gaede et al. Lancet 1999;353(9153):617-22 



Long-Term Benefits of 
Comprehensive Management 

End of 
trial 

59% 

HR=0.41 (0.25-0.67) 
P<0.001 

 

Legacy 
effect 

Gaede et al. Lancet 1999;353(9153):617-22 

Gaede et al. N Engl J Med 2008;358:580-91 



 Patients in the intensive therapy group survived for a median of 7.9 

years longer than the conventional-therapy group 

 Median time before first CV event after randomisation was 8.1 years 

longer in the intensive-therapy group 

 Gaede et al. Diabetologia 2016;59(11):2298-307 

Cumulative 

mortality 

45% 

Cumulative incidence 

of CVD & death 

 
7.9-y 

 
8.1-y 

STENO-2 Long-Term FU (21 Years) 



Tancredi et al. N Engl J Med 2015;373(18):1720-32 

Excess Mortality Among T2DM Patients 

Swedish Registry of 435,369 T2DM  

Mean FU 4.6 years 

  excess mortality risk 

 younger age 

 poorer glycaemic 

control 

 severity of diabetic 

kidney disease 



5 Priorities in Diabetes Care 

1. Young patients i.e. age <60 

2. Optimise DM control as far as possible 

3. Avoid hypoglycaemia 

4. Prevent DKD or retard DKD progression 

5. Comprehensive control of all CV risk factors 



5 Mottos of T2DM Management 
 

Treat-To-Targets 

Comprehensive 

Early Aggressive 



Avoidance of  
Clinical 
Inertia  

5 Mottos of T2DM Management 
 



Congratulations to 
your 10th Year of 
Establishment 

AHKDN 


