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 What do we mean by 'safe':

 I presently will not travel to Pakistan – the cities I would travel to 

are regularly hit by terrorist incidents, and some have been 

targeted at doctors and academics – unsafe – risk >1:10 000

 I do travel frequently by air planes – several airlines and plane 

types I fly with have had fatal crashes – but the chances of my 

being in an crash are very low – safe, but not absolutely safe 

 I do regularly travel to London – it has had five terrorist incidents 

this year (including loss of life) – but the chances of my being in 

the place where another occurs are very low – generally safe, but 

no certainty

 I travel a lot by car: daily – my lifetime risk of injury is very high 

(about 1 in 10), but the benefit is huge – unsafe, but high 

benefit:risk 

 Safety can only be judged in the context of benefit:risk ratio 

Safety of glucose-lowering medications
Some definitions



 What do we mean by 'safe':

 Safety can only be judged in the context of benefit:risk ratio

 But safety is not always generalizable

• airlines do vary, and by a large extent

• my taxi drivers vary hugely in care and competence

• 500 people die in the US every year while flying on commercial flights –

some people with cardiac and respiratory disease are much higher risk

• Detroit and Washington DC are much more dangerous than London –

but mainly to young black men 

Safety of glucose-lowering medications
What is safe?



Metformin and troglitazone – fatal events

Comparative first-year post-marketing data - USA

Metformina Troglitazoneb

Dates May 1995- Mar 1997-

Jun 1996 Apr 1998

Exposure 1 000 000 1 050 885

Fatal events 20 17 

Rate (per 1000-pt) 0.020 0.017 

a, Misbin et al, N Engl J Med, 1998       
b, Misbin, Ann Int Med, 1999

~ 1:60 000



Type 2 diabetes

Rates of benefit from therapy  – deaths

Deaths in type 2 diabetes

All Diabetes- Prevented

(rate) related (rate) (%) (rate)

UKPDS 18.4 11.0 -10 -1.1

WESDR 62.4 35.1 – -3.5

rate per 1000-pt-yr

UKPDS Group, Lancet, 1998;  Klein et al, Diabetes Care, 1995

~ 1:1000

~ 1:300



Type 2 diabetes

Rates of benefit from therapy  – deaths

Deaths in type 2 diabetes

All Diabetes- Prevented

(rate) related (rate) (%) (rate)

UKPDS 18.4 11.0 -10 -1.1

WESDR 62.4 35.1 – -3.5

rate per 1000-pt-yr

UKPDS Group, Lancet, 1998;  Klein et al, Diabetes Care, 1995

 troglitazone was left on the market until rosiglitazone 

and pioglitazone were licensed

 all new diabetes drugs have since been scrutinized 

for hepatic events, with a low threshold for post-

marketing surveillance



 What do we mean by 'safe':

 Safety can only be judged in the context of benefit:risk ratio

 But safety is not always generalizable

• airlines do vary, and by a large extent

• my taxi drivers vary hugely in care and competence

• 500 people die in the US every year while flying on commercial flights –

some people with cardiac and respiratory disease are much higher risk

• Detroit and Washington DC are much more dangerous than London –

but mainly to young black men 

Safety of OGLDs
What is safe?

benefit:risk within class effects

benefit:risk individual variations



 What do we mean by 'safe':

 Safety can only be judged in the context of benefit:risk ratio

 Safety varies with the medication and medication class being 

considered

 Safety varies with the subset of the population to whom it is 

prescribed

Safety of OGLDs
What is safe?
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1. Pre-clinical (in vitro and animal) studies

2. Phase 1 and phase 2 development studies

3. Phase 3 regulatory studies for licensing

4. Phase 4 studies to broaden understanding and application

5. Longer-term true outcome studies (with safety monitoring)

 Safety studies – often CVOTs (no worsening of MACE)

 True outcome studies – including CVOTs (superiority)

 Safety/outcome combined studies – including CVOTs

5. Pharmaco-epidemiological (database) studies

6. Non-interventional ('real-life') studies 

7. Professional alerts

On what kinds of information source do we rely 

on to judge safety issues? 
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2. Phase 1 and phase 2 development studies

3. Phase 3 regulatory studies for licensing

4. Phase 4 studies to broaden understanding and application

5. Longer-term true outcome studies (with safety monitoring)

 Safety studies – often CVOTs (no worsening of MACE)

 True outcome studies – including CVOTs (superiority)

 Safety/outcome combined studies – including CVOTs

6. Pharmaco-epidemiological (database) studies

7. Non-interventional ('real-life') studies 

8. Professional alerts

On what kinds of information source do we rely 

on to judge safety issues? 

Good for genotoxicity

Good for organ toxicity

Poor for some mechanisms – growth promotion

Hopeless for long-term damage (eg cardiovascular)

Limited utility in vivo for insulins

 useful for screening out some issues, but cannot 

assure safety



1. Pre-clinical (in vitro and animal) studies

2. Phase 1 and phase 2 development studies

3. Phase 3 regulatory studies for licensing

4. Phase 4 studies to broaden understanding and application

5. Longer-term true outcome studies (with safety monitoring)

 Safety studies – often CVOTs (no worsening of MACE)

 True outcome studies – including CVOTs (superiority)

 Safety/outcome combined studies – including CVOTs

5. Pharmaco-epidemiological (database) studies

6. Non-interventional ('real-life') studies 

7. Professional alerts

On what kinds of information source do we rely 

on to judge safety issues? 

Rarely useful:

• Phase 1 can only really screen out critical issues 

(eg cytokine storm)

• Phase 2 generally too small numbers to gather 

useful safety data



1. Pre-clinical (in vitro and animal) studies

2. Phase 1 and phase 2 development studies

3. Phase 3 regulatory studies for licensing

4. Phase 4 studies to broaden understanding and application

5. Longer-term true outcome studies (with safety monitoring)

 Safety studies – often CVOTs (no worsening of MACE)

 True outcome studies – including CVOTs (superiority)

 Safety/outcome combined studies – including CVOTs

5. Pharmaco-epidemiological (database) studies

6. Non-interventional ('real-life') studies 

7. Professional alerts

On what kinds of information source do we rely 

on to judge safety issues? 

Problems of phase 3 studies:

 Depend on surrogate not true outcomes 

(plasma glucose, BP, cholesterol)

 Too small/short term to gather adequate outcome data

 Too small/short term to gather adequate safety data

 Selected populations 



 In general exposure needs to be >2500 person-years, and at 

least 1 year in >1000 people 

 That is hopelessly inadequate to detect:

 uncommon serious events occurring at a rate of <1:1000 

person-years

 increase in the rate of more commonly occurring serious events 

(including cardiovascular events, malignancies, proliferative 

retinopathy)

 changes in severe hypoglycaemia rates 

 increases in common adverse events which take time (>1 year) 

to develop (eg fractures)

 In general regulators therefore ask for post-marketing 

pharmacovigilance – but that is very poor at picking up issues

Safety 

Are phase 3 studies adequate?



Example – thiazolidinediones

 Heart failure 

 fluid retention was well known from animal and phase 2/3 

studies

 heart failure not confirmed in phase 3 studies

 excess death from heart failure not address by phase 3 studies

 Distal fractures

 there was no suspicion of this in the development programme

 not found in phase 3 studies

Safety 

Are phase 3 studies adequate?



Misleading CV outcomes from phase 2/3 studies

Nissen and Wolski, NEJM, 2007; Home et al, Lancet, 2009; 

Rosiglitazone HR (95% CI)

phase 2/3 studies: 

MI HR 1.43 (1.03 to 1.98)

CVOT (RECORD) vs metformin or sulfonylurea:

MACE HR 0.93 (0.74, 1.15)



Examples of safety issues not identified in or remaining 

unanswered in phase 3 studies

 Not identified

fractures (PPAR-γ agonists, SGLT-2 blockers)

heart failure (some DPP-4 inhibitors)

distal amputations (SGLT-2 blockers)

retinopathy progression (GLP-1RAs)

 Unanswered questions

heart failure (PPAR-γ agonists)

pancreatitis (incretins, particularly GLP-1RAs)

acute renal injury (SGLT-2 blockers)

bladder and other cancer (pioglitazone, SGLT-2 blockers)

excess cardiovascular events (sulfonylureas, insulins)

infection risk (DPP-4 inhibitors)
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5. Longer-term true outcome studies (with safety monitoring)

 Safety studies – often CVOTs (no worsening of MACE)

5. Pharmaco-epidemiological (database) studies

6. Non-interventional ('real-life') studies 

7. Professional alerts

On what kinds of information source do we rely 

on to judge safety issues? 



1. Pre-clinical (in vitro and animal) studies

2. Phase 1 and phase 2 development studies

3. Phase 3 regulatory studies for licensing

4. Phase 4 studies to broaden understanding and application

5. Longer-term true outcome studies (with safety monitoring)

 Safety studies – often CVOTs (no worsening of MACE)

5. Pharmaco-epidemiological (database) studies

6. Non-interventional ('real-life') studies 

7. Professional alerts

On what kinds of information source do we rely 

on to judge safety issues? 
• Pharmaco-epidemiological (database) studies are usually 

fatally flawed and are not considered here

• Prospective observational studies can be useful

• Alternative designs (pragmatic studies and direct-to-patient 

studies) have not been performed in diabetes at a level which 

permits analytical comment
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Some of the safety findings and signals ascertained for 

glucose-lowering medications in the past 2-3 decades

 Metformin 1997 – renal impairment related deaths from lactic 

acidosis

 Rosiglitazone/pioglitazone – distal fractures

 Pioglitazone – bladder cancer (signal)

 Saxagliptin – heart failure (signal)

 SGLT2-blockers – ketoacidosis, fractures, phimosis, amputation

 GLP-1 receptor analogues – progression of retinopathy

Items included in US FDA labels and EU SmPCs

or found on www.fda.gov or www.ema.europa.eu



Metformin fatalities

Some personal case experiences

1. AB, woman, 53 yr old, on metformin 850 mg twice daily

• serum creatinine 90 μmol/l, never abnormal

• admitted in metabolic acidosis, lactate 17 mmol/l, serum 

creatinine 450 μmol/l (unexplained)

 died  

2. CD, woman, 67 yr old, metformin 1000 mg twice daily 

• also RAS blockers for high BP; eGFR 58 ml/min (stable)

• visited relatives in the Punjab 

• developed dysentery

 reported died with dehydration complicated by acidosis



Metformin and troglitazone – fatal events

Comparative first-year post-marketing data - USA

Metformina Troglitazoneb

Dates May 1995- Mar 1997-

Jun 1996 Apr 1998

Exposure 1 000 000 1 050 885

Fatal events 20 17 

Rate (per 1000-pt) 0.020 0.017 

a, Misbin et al, N Engl J Med, 1998 
b, Misbin, Ann Int Med, 1999



UKPDS outcomes for active versus conservative 

therapy 5 years after study end

-50 +500



 Metformin 1997 – renal impairment related deaths from lactic 

acidosis – post-marketing surveillance

 Troglitazone – deaths from liver failure – post-marketing surveillance 

 Rosiglitazone/pioglitazone – distal fractures –

other-purpose clinical trials (x2)

 Pioglitazone – bladder cancer (signal) – other-purpose clinical trial

 Saxagliptin – heart failure (signal) – other-purpose clinical trial

 SGLT2-blockers – ketoacidosis, fractures, toe amputation, phimosis –

clinical care (post-marketing), other-purpose clinical trial

 GLP-1 receptor analogues – progression of retinopathy –

other-purpose clinical trial

Items included in US FDA labels and EU SmPCs

or on found on www.fda.gov or www.ema.europa.eu

Some of the safety findings and signals ascertained for 

glucose-lowering medications in the past 2-3 decades



Slide from commentary on the RECORD study

Bladder cancer in rodents is associated with PPARαγ agonists, and is 

subject to special surveillance by regulators for any new drug in 

development.  (But rosiglitazone is a PPARγ agonist.)

Cancers rosi met/SU p pioglitazone control p

All 126 (5.7) 148 (6.6) 0.20 97 (4%) 99 (4%) NS

Prostate 15 (1.3) 21 (1.8) NS - -

Breast 11 (1.0) 17 (1.6) NS 3 (<1%) 11 (1%) 0·034

Colon 10 (0.5) 14 (0.6) NS 16 (1%)    15 (1%) NS

Pancreas 2 (<0.1) 13 (0.6) 0.007 - -

Bladder 6 (0.3) 5 (0.2) NS 14 (1%) 6 (<1%) 0·069

It is not possible to know whether the findings on breast cancer (in 

PROactive) and pancreatic cancer (in RECORD) are due to chance.

Dormandy et al, Lancet, 2005

Home et al, N Engl J Med, 2009



EMA (CHMP) conclusions on pioglitazone and 

bladder cancer, July 2011

"  The CHMP concluded that the evidence from different sources shows 

that there is a small increased risk of bladder cancer with pioglitazone.  "

What is the risk?  

RECORD/ADOPT bladder is 5 % of malignancies

non-skin malignancy rate ~ 10 per 1000-pt-yr

Therefore background bladder cancer risk ~ 1 per 2000 pt-yr

Relative risk increase from studies 10-100 % (MHRA RR 10-30 %)

Increase in risk therefore ~1 per 10 000 person-years

Pioglitazone cuts CV risk by ~3 per 1000 person years

www.ema.europa.eu;  Dormandy et al, Lancet, 2005

Home et al, Diabetologia, 2010; http://www.mhra.gov.uk



Malignancy issue with dapagliflozin – a 

regulatory conundrum

Cancer rates in phase 2+3 trials of dapagliflozin vs

control

Dapagliflozin

(n/N (%))

Control

(n/N (%))

Bladder cancer 9/4310 (0.2) 1/1962 (0.05)

Breast cancer 9/4287 

(0.4 % in females)

1/1941 

(0.1 % in females)

Malignancy distributions like this are usually due to chance

Common response would be to agree a post-marketing plan to resolve 

the issue

But with two malignancies – what is the risk of one being real?

Company has no CV outcome study in progress



Malignant and unspecified tumours by tumour origin:

dapagliflozin phase 2 + 3 data, all studies

All sites 

Bladder

Prostate (male only)

Breast (female only)

Hepatobiliary

Pancreatic 

Thyroid and endocrine

Skin

Respiratory and mediastinal

Gastrointestinal

Blood and lymphatic 

Metastases / site unspecified

Female reproductive

Renal tract

Musculoskeletal / soft tissue

0.001 0.01 0.1 1.0 10.0 100 1000

dapagliflozin better    control better 

Rate Ratio with 95% CI
AstraZeneca/BMS unpublished, March 2012



Adverse outcomes in the CANVAS 

canagliflozin studies

canagliflozin placebo    p

Cancer

renal 0.6 0.2 0.17

bladder 1.0 1.1 0.74

breast 3.1 2.6 0.35

Fractures 15.4 11.9 0.02

Amputations 6.3 3.4 <0.001

events/1000-pt-yr

Neal et al, N Engl J Med, 2017



Cardiovascular safety concerns with glucose-

lowering medications

1960s: insulin - ? promotion of arterial wall changes (Stout)

1970s: tolbutamide (sulfonylureas) - ? deaths

1990s: proinsulin development finally suspended over lack of additional 

efficacy and possible risk of MI (Galloway)

2000s 

 muraglitazar (2005) – developmental dual PPAR agonist –

? death, ? MACE, HF

 rosiglitazone (2006/7) – ? increased MI risk (GSK, Nissen)

 FDA guidance for the CV evaluation of glucose-lowering drugs (2008)

2010s

 insulin degludec (2012)a – FDA analysis of trial data - ? signal of risk

 canagliflozin (2013)a,b – SGLT2 inhibitor – ? concerns of early risk

 rosiglitazone (2013) – lifting of current restrictions for some patients

Stout, Diabetes Care, 1990; Galloway et al, Diabetes Care, 1992; GSK, SmPC 2006; 

Nissen and Wolski, NEJM, 2007; FDA, www.fda.gov, 2008, 2012, 2013; 

a, FDA-mandated CV outcomes study for canagliflozin and insulin degludec since reported
b, canagliflozin was approved by FDA with no label warnings on CV risk



Study Comparator Stroke HR (95% 

CI)

RECORD metformin/sulfonylurea 0·72 (0·49, 1·06)

ADOPT1 glibenclamide (glyburide) 0.77 (0.38, 1.59)

or metformin

Early rosiglitazone mixed 0.48 (0.23, 0.98)

studies1

PROactive2 placebo 0·81 (0·61, 1·07)

CV outcome studies of DPP-4 inhibitors

All studies are placebo-blinded, with a standard of care comparator

Study SAVOR EXAMINE TECOS

medication saxagliptin alogliptin sitagliptin 

n 16 492 5380 14 671

time (yr) 2.1 1.5 3.0

population CV or high risk recent ACS prior CV

event rate (%/yr)a 3.6 7.9 3.2

MACE HR (95% CI) 1.00 (0.89,1.12) 0.96 ( b ) 0.98 (0.88,1.09)

a, control group; b, not given

Scirica et al, NEJM, 2013; White et al, NEJM, 2013; Green et al, NEJM, 2015



Safety signals in some diabetes CVOTs observations

DPP-4i studies SAVOR EXAMINE TECOS

medication saxagliptin alogliptin sitagliptin 

MACE  1.00 (0.89,1.12) 0.96 (not given) 0.98 (0.88,1.09)

Heart failure 1.27 (1.07–1.51) 0.98 (0.86,1.12) 1.00 (0.83–1.20)

Acylated GLP-1RA studies LEADER SUSTAIN-6

medication liraglutide semaglutide

MACE 0.87 (0.78, 0.97) 0.74 (0.58, 0.95)

retinopathy events 1.15 (0.87, 1.52) 1.76 (1.11, 2.78)

HR (95% CI)

Scirica et al, NEJM, 2013; White et al, NEJM, 2013; Green et al, NEJM, 2015

Marso et al, N Engl J Med, 2016; Marso et al, N Engl J Med, 2016



Adverse outcomes in the CANVAS 

canagliflozin studies

canagliflozin placebo    p

Cancer

renal 0.6 0.2 0.17

bladder 1.0 1.1 0.74

breast 3.1 2.6 0.35

Fractures 15.4 11.9 0.02

Amputations 6.3 3.4 <0.001

Neal et al, N Engl J Med, 2017

events/1000-pt-yr



CV outcome studies of SGLT-2 blockers

placebo-blinded, with a standard of care comparator (extra Rx +12 %)

empagliflozin canagliflozin

EMPA-REG-OUTCOME CANVAS program

n 6420 10142

time (yr) 3.1 5.7 and 2.1 (2 studies)

CV disease secondary prevention 66/34% secondary/primary

event rate (%/yr) 4.0 (MACE, placebo) 3.2 (MACE, placebo)

MACE HR (95% CI) 0.86 (0.74 to 0.99) 0.86 (0.75 to 0.97)

MI HR 0.87 (0.70–1.09) 0.85 (0.69-1.05)

Stroke HR 1.18 (0.89–1.56) 0.90 (0.71-1.15)

CV-death HR 0.62 (0.49–0.77) 0.87 (0.72-1.06)

all death HR 0.68 (0.57–0.82) 0.87 (0.74-1.01)

heart failure (hosp) 0.65 (0.50–0.85) 0.67 (0.52-0.87)

Zinman et al, NEJM, 2015; Neal et al, NEJM, 2017



Benefit risk for major events/procedures with 

canagliflozin

Rate

(per 1000-people 5-years)

Numbers of people:

Gain: 56 major CV or renal events

Loss:   5 major amputations, 10 minor

Neal et al, N Engl J Med, 2017
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 Cardiovascular safety

• Stout hypothesis; arterial cell wall growth promotion

 Oncogenic safety

• Growth promotion through hyperinsulinaemia

• Specific issues of mitogenic insulin analogues

 Promotion of retinopathy

• essential same issues as oncogenic safety

 Hypoglycaemia

• cognitive impairment and brain damage

• heightened inflammation and thrombogenicity

• acute adrenergic cause of dysrhythmia (CV death)

Safety of glucose-lowering medications
Issues with insulin therapy
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 Cardiovascular safety

• Stout hypothesis; arterial cell wall growth promotion

 Oncogenic safety

• Growth promotion through hyperinsulinaemia

• Specific issues of mitogenic insulin analogues

 Promotion of retinopathy

• essential same issues as oncogenic safety

 Hypoglycaemia

• cognitive impairment and brain damage

• heightened inflammation and thrombogenicity

• acute adrenergic cause of dysrhythmia (CV death)

Safety of glucose-lowering medications
Issues with insulin therapy

• ORIGIN (insulin glargine vs standard of care) did not identify a 

cancer issue (HR 1.00 (0.88 to 1.13) – but early T2DM and 

somewhat low average dose

• Hypothesis of greater mitogenicity with insulin glargine based on a 

false assumption – the circulating form (des-di-Arg-glargine) has 

lower mitogenicity in vitro than human insulin, not higher

• Insulin has been injected into SC tissues at high concentration at 

the same site for >90 years now – not one injection site malignancy 

is recorded ORIGIN Investigators, N Engl J Med, 2012

Sommerfeld et al, Plos ONE, 2010



 Cardiovascular safety

• Stout hypothesis; arterial cell wall growth promotion

 Oncogenic safety

• Growth promotion through hyperinsulinaemia

• Specific issues of mitogenic insulin analogues

 Promotion of retinopathy

• essential same issues as oncogenic safety

 Hypoglycaemia

• cognitive impairment and brain damage

• heightened inflammation and thrombogenicity

• acute adrenergic cause of dysrhythmia (CV death)

Safety of glucose-lowering medications
Issues with insulin therapy

Insulin glargine vs NPH insulin in T2DM (5 yr; n=1024)

Insulin glargine NPH         (% people (n/N))

14.2% (53/374)  15.7% (57/363) 

difference 1.2 (−7.0, 3.1) %

Rosenstock et al, Diabetologia, 2009



 Cardiovascular safety

• Stout hypothesis; arterial cell wall growth promotion

 Oncogenic safety

• Growth promotion through hyperinsulinaemia

• Specific issues of mitogenic insulin analogues

 Promotion of retinopathy

• essential same issues as oncogenic safety

 Hypoglycaemia

• cognitive impairment and brain damage

• heightened inflammation and thrombogenicity

• acute adrenergic cause of dysrhythmia (CV death)

Safety of glucose-lowering medications
Issues with insulin therapy



Insulin fatalities

Some personal case experiences

1. EF, man, 45 yr old, on premix insulin twice daily

• no fixed abode, unemployed, alcohol abuser

• found unconscious in road, assumed drunk

 permanent severe cognitive impairment

2. GH, man, 21 yr old, multiple injection therapy 

• diabetes well managed, HbA1c 6.9 % (52 mmol/mol)

• hypoglycaemia history average for T1DM

• attended a diabetes camp; unusual activity

 found dead in tent; no cause identified



Unexplained deaths in people with type 1 

diabetes in the UK

Deaths notified to British Diabetic Association as a 

result of media publicity n

people <50 years 50

explainable 22 

no information 4

hypoglycaemic brain damage 2

(leading to death after ventilation)

dead in bed (unexplained) 22

sleeping alone = 19

mostly uncomplicated diabetes

Tattersal and Gill, Diabetic Med, 1991



Studies of CV outcomes for insulin

 Human NPH insulin: no data available

 Human ultralente insulin: the designated insulin in UKPDS 

active therapy group

 Insulin glargine: ORIGIN trial in glucose intolerance and early 

diabetes

 Insulin detemir: no data available

 Insulin degludec: DEVOTE study vs insulin glargine

Presently there is no requirement for any data for planned 

biosimilar insulins – no long term safety data is being collected

UKPDS Group, Lancet, 1998; 
ORIGIN Trial Investigators, N Engl J Med, 2012;

FDA, www.fda.gov, 2013



Cardiovascular outcomes in insulin- and non-

insulin-treated participantsa in the ORIGIN study

ORIGIN Trial Investigators, NEJM, 2012

glargineb comparatorc HR (95% CI)

(rate per 100-person-yr-1)

MACE  2.94 2.85 1.02 (0.94 to 1.11)

MACE+ 5.52  5.28 1.04 (0.97 to 1.11)

MACE+ includes revascularization and hospitalized HF
a, 88 % T2DM, 59 % prior CV event

b, dose 0.31 U/kg at 1 yr, 0.40 U/kg at 6 yr 

c, excess comparator usage +28 % two or three agents, +22 % 

sulfonylurea, +13 % metformin, and others

n=12 537; follow-up 6.2 yr



An RCT of CV outcomes for insulins giving different 

symptomatic and severe hypoglycaemia rates

Insulin degludec compared to insulin glargine gives:

 lower rates of symptomatic hypoglycaemia

 T1DM (SWITCH 1 study): rate ratio 0.89 (0.85-0.94) 

 nocturnal 0.64 (0.56-0.73)

 T2DM (SWITCH 2 study): rate ratio 0.70 (0.61 to 0.80)

 nocturnal 0.75 (0.64 to 0.89)

 lower rates of severe hypoglycaemia

 DEVOTE study: rate ratio 0.60 (0.48 to 0.76)

Lane et al, J Am Med Assoc, 2017; Wysham et al, J Am Med Assoc, 2017;
Marso et al, N Engl J Med, 2017



An RCT of CV outcomes for insulins giving different 

symptomatic and severe hypoglycaemia rates

Insulin degludec compared to insulin glargine gives:

 lower rates of symptomatic hypoglycaemia

 T1DM (SWITCH 1 study): rate ratio 0.89 (0.85-0.94) 

 nocturnal 0.64 (0.56-0.73)

 T2DM (SWITCH 2 study): rate ratio 0.70 (0.61 to 0.80)

 nocturnal 0.75 (0.64 to 0.89)

 lower rates of severe hypoglycaemia

 DEVOTE study: rate ratio 0.60 (0.48 to 0.76)

Lane et al, J Am Med Assoc, 2017; Wysham et al, J Am Med Assoc, 2017;
Marso et al, N Engl J Med, 2017

So are CV outcomes reduced?



An RCT of CV outcomes for insulins giving different 

symptomatic and severe hypoglycaemia rates

Devote study: 

Insulin degludec compared to insulin glargine in T2DM gives:

 HbA1c 7.5 ± 1.2 % (58 ± 13 mmol/mol) in both groups

 similar insulin doses (basal and meal-time)

 lower rates of severe hypoglycaemia
 rate ratio 0.60 (0.48 to 0.76)

 no difference in CV outcomes 

 MACE HR 0.91 (0.78 to 1.06)
 Death 0.91 (0.76–1.11)

 Non-CV death 0.84 (0.60–1.16)

 CV death 0.96 (0.76–1.21) 

 Non-fatal MI 0.85 (0.68–1.06)

 Non-fatal stroke 0.90 (0.65–1.23)

Marso et al, N Engl J Med, 2017



0 124 168

Time (yr)

4

2

0

Cumulative incidence of major CVD (%)

DCCT-EDIC study group, N Engl J Med, 2005
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Relation of CVD events to HbA1c in the follow-up 

period of the DCCT

RR 42 (9-63) %

HbA1c

7.2 vs. 9.1 %



Are diabetes medications safe?

Take home messages

 All current medications have a satisfactory benefit:risk ratio in the 

general diabetes population (T2DM)

 Insulin has a good benefit:risk ratio in T1DM, and is satisfactory in 

T2DM 

 Accordingly medications should not be withheld from patients without 

good reason

 However individuals, particularly the frail elderly, those with renal 

impairment, and those with other serious illness may have different risk 

profiles
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