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CVD is the leading cause of death in people with T2D 

 
1. Seshasai et al. N Engl J Med 2011;364:829-41; 2. Centers for Disease Control and Prevention National Diabetes Fact Sheet 2011. http://www.cdc.gov/diabetes/pubs/pdf/ndfs_2011.pdf; 3. International Diabetes 
Federation. IDF Diabetes Atlas, 7th edition. Brussels, Belgium: International Diabetes Federation, 2015. http://www.diabetesatlas.org 

*Information on diabetes type (i.e., type 1 or 2) was generally not available, though the age of the participants suggests that the large majority with diabetes would have type 2.  
In high income countries, up to 91% of adults with diabetes have type 23  
CVD, cardiovascular disease; CI, confidence interval; T2D, type 2 diabetes. 
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Ray KK et al Lancet 2009;373:1765–1772. 

All Cause Mortality 
Intensive vs Standard Glucose Lowering  
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CI: confidence interval; HR: hazard ratio. 







LEADER: A Global Trial 
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Baseline characteristics  
(mean ± SD unless stated) 

 
*Heart failure includes New York Heart Association class I, II and III. BMI: body mass index; HbA1c: glycated hemoglobin. 
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Baseline cardiovascular risk profile 

Data are number of patients (%). 
CHD: coronary heart disease; CKD: chronic kidney disease; CVD: cardiovascular disease; eGFR: estimated glomerular filtration rate; NYHA: New York Heart 
Association; TIA: transient ischemic attack. 
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Cardiovascular medication at baseline 
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Antihyperglycemic medication at baseline 

TZD: thiazolidinediones. 
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Primary and key secondary outcomes 

*Nephropathy and retinopathy 
CV: cardiovascular; MI: myocardial infarction 

Marso SP et al. N Engl J Med 2016;375:311–322  





Components of the primary outcome 

Hazard ratios and p-values were estimated with the use of a Cox proportional-hazards regression model 
with treatment as a covariate 
%: percentage of group; CI: confidence interval; CV: cardiovascular; MI: myocardial infarction; N: number of 
patients; R: incidence rate per 100 patient-years of observation 

Marso SP et al. N Engl J Med 2016;375:311–322  









Recurrent CV event analysis 
Total CV death, non-fatal myocardial infarction or non-fatal stroke  

 
Post-hoc analysis. Analysis based on an Andersen–Gill intensity model with treatment group as an 
explanatory variable and number of previous events as a time-dependent covariate 
CI: confidence interval; EAC: event adjudication committee 
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Primary outcome – analyses adjusted for 
use of CV medication at baseline 

Post-hoc analysis. Time to first event is analysed using Cox proportional-hazards regression model with 
treatment and covariate as factors 
ACE: angiotensin converting enzyme; CI: confidence interval; CV: cardiovascular; N: number of patients with an 
event between randomization date and follow-up date  

Presented at the American Diabetes Association 77th Scientific Sessions, Session 1-AC-SY13. June 11 2017, San Diego, CA, USA  



Primary outcome by insulin use at baseline 

Post-hoc analysis 
%: proportion of patients; CI: confidence interval; N: number of patients 
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Primary outcome in patients never treated 
with insulin during the trial 

 
Post-hoc analysis – insulin-naïve patients censored if initiating insulin 
CI: confidence interval; N: number of patients; R: incidence rate per 100 patient years 
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Primary outcome in patients never treated 
with SU or TZD during the trial 

Post-hoc analysis – censoring patients at the time of initiation of SU or TZD 
CI: confidence interval; N: number of patients; R: incidence rate per 100 patient years; SU: sulfonylurea; TZD: 
thiazolidinedione  
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Prespecified Cox proportional-hazard regression analyses were performed for subgroups of patients with respect to 
the primary outcome (first occurrence of death from cardiovascular causes, nonfatal myocardial infarction, or 
nonfatal stroke). P values signify tests of homogeneity for between-group differences with no adjustment for multiple 
testing. The percentages of patients with a first primary outcome between the randomization date and the date of 
last follow-up are shown. Race or ethnic group was self-reported. CI: confidence interval. Presented at the American Diabetes Association 76th Scientific Sessions, Session 3-CT-SY24. June 13 2016, New Orleans, LA, USA.  

Primary outcome: Subgroup analyses 







Prespecified Cox proportional-hazard regression analyses were performed for subgroups of patients with respect to 
the primary outcome (first occurrence of death from CV causes, nonfatal MI, or nonfatal stroke). P values signify tests 
of homogeneity for between-group differences with no adjustment for multiple testing. The percentages of patients 
with a first primary outcome between the randomization date and the date of last follow-up are shown. There were 
missing data for BMI in 5 patients in the liraglutide group and 4 in the placebo group and for the duration of diabetes in 
11 patients in the liraglutide group and 8 in the placebo group. Presented at the American Diabetes Association 76th Scientific Sessions, Session 3-CT-SY24. June 13 2016, New Orleans, LA, USA.  

Primary outcome: Subgroup analyses 



Expanded MACE 
CV death, non-fatal MI, non-fatal stroke, coronary revascularization, or hospitalization  
for unstable angina pectoris or heart failure 

The cumulative incidences were estimated with the use of the Kaplan–Meier method, and the hazard ratios with the use of the Cox proportional-hazard 
regression model. The data analyses are truncated at 54 months, because less than 10% of the patients had an observation time beyond 54 months.  
CI: confidence interval; CV: cardiovascular; HR: hazard ratio; MACE: major adverse cardiovascular event; MI: myocardial infarction. 
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Summary of efficacy results at 3 years 

Mean change from baseline is to Month 36 
BP: blood pressure; DBP: diastolic blood pressure; HbA1c: glycated hemoglobin; HDL-C: low-density 
lipoprotein cholesterol; LDL-C: low-density lipoprotein cholesterol;  
SBP: systolic blood pressure; TG: triglycerides; TC: total cholesterol 

Marso SP et al. N Engl J Med 2016;375:311–322; Presented at ADA 2016  











Time to first initiation of insulin or any  
new OAD 

Time to first event analyzed using a Cox regression with treatment group as fixed factor. Only events that 
occurred between randomization date and follow-up date were used for defining first event. Subjects 
without an event were censored at time of last contact (phone or visit) 
CI: confidence interval; HR: hazard ratio; OAD: oral antidiabetic drug 
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Time to insulin initiation – patients  
insulin-naïve at baseline  

Kaplan–Meier plot of time to insulin initiation in patients who were insulin-naïve at baseline; Cox 
proportional-hazards regression model adjusted for treatment; patients without an event are censored at 
time of last contact (phone or visit) 
CI: confidence interval; HR: hazard ratio 
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Microvascular event definitions 

Event type Event definition – one or more of the below 

Microvascular 
events 

Renal 

•  New onset of persistent macroalbuminuria  

•  Persistent doubling of serum creatinine 

•  Need for continuous renal replacement therapy 

•  Death due to renal disease 

Eye 

•  Need for retinal photocoagulation or treatment 
with intravitreal agents 

•  Vitreous hemorrhage 

•  Diabetes-related blindness  

Presented at the American Diabetes Association 76th Scientific Sessions, Session 3-CT-SY24. June 13 2016, New Orleans, LA, USA.  
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Time to first eye event 
Photocoagulation or treatment with intravitreal agents, vitreous hemorrhage or blindness 

The cumulative incidences were estimated with the use of the Kaplan–Meier method, and the hazard ratios with the use of the Cox proportional-
hazard regression model. The data analyses are truncated at 54 months, because less than 10% of the patients had an observation time beyond 54 
months. CI: confidence interval; HR: hazard ratio. 
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AEs leading to permanent treatment discontinuation 

*Exploratory analysis with no adjustment of p-values for multiplicity. 
Permanent discontinuation of the treatment regimen was indicated by the investigator in the adverse event form. P-values were calculated by means of 
Pearson’s chi-square test. 

Presented at the American Diabetes Association 76th Scientific Sessions, Session 3-CT-SY24. June 13 2016, New Orleans, LA, USA.  





•  Liraglutide	reduced	the	risk	of	major	CV	events	in	patients	
with	T2DM	at	high	CV	risk		
–  Both	risk	of	first	event	and	recurrent	events	

•  The	reduction	in	CV	events	with	liraglutide	appeared	
independent	of:	
–  Baseline	insulin	or	CV	medication	use	
–  Initiation	of	insulin	or	SU/TZD	during	the	trial	
–  Experiencing	an	episode	of	severe	hypoglycemia	

•  It	appears	unlikely	that	the	CV	risk	reduction	with	liraglutide	
can	be	fully	explained	by	the	observed	differences	in	HbA1c,	
body	weight,	SBP	and	lipids	

Summary	

CV:	cardiovascular;	HbA1c:	glycated	hemoglobin;	SBP:	systolic	blood	pressure;		
SU:	sulfonylurea;	T2DM:	type	2	diabetes	mellitus	

Presented	at	the	American	Diabetes	Association	77th	Scientific	Sessions,	Session	1-AC-SY13.	June	11	2017,	San	Diego,	CA,	USA		



•  Liraglutide reduced the risk for 3-point MACE by 13% 
•  All 3 components of MACE contributed to the risk reduction  

•  Liraglutide reduced composite microvascular endpoints 
•  Driven by reduced new and persistent macroalbuminuria 

•  Liraglutide resulted in reductions in HbA1c, body weight, and 
hypoglycemia 

•  Liraglutide was generally well tolerated. In line with previous trials, 
liraglutide was associated with gastrointestinal side effects, increases in 
pancreatic enzymes and heart rate 

LEADER: Summary (2) 

HbA1c: glycated hemoglobin; MACE: major adverse cardiovascular event. 
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•  No increase in pancreatitis but an increase in acute gallstone disease 

•  No increase in hospitalization for heart failure 

•  Liraglutide reduced the risk of all-cause death by 15%  

•  Liraglutide reduced the risk of CV death by 22%  

LEADER: Summary (3) 

CV: cardiovascular. 
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Liraglutide	has	multiple	direct	effects	on	human	physiology1	

Insulin secretion 
(glucose-dependent) 
and β-cell sensitivity  

Insulin synthesis 

Glucagon secretion 
(glucose-dependent)  

Pancreas2–4  

Liver4  

Hepatic glucose output  

Brain5,6 
Satiety 
Energy intake 

Cardiovascular system7,8 

  Systolic blood pressure 

Heart rate 

1.	Holst	JJ	et	al.	Trends	Mol	Med	2008;14:161–168;	2.	Flint	A	et	al.	Adv	Ther	2011;28:213–226;	3.	Degn	K	et	al.	Diabetes	2004;53:1187–1194;	4.	Baggio	LL,	Drucker	DJ.	Gastroenterology	2007;132:2131‒2157;	5.	Horowitz	M	et	al.	
Diabetes	Res	Clin	Pract	2012;97:258‒266;	6.	Niswender	K	et	al.	Diabetes	Obes	Metab	2013;15:42‒54;	7.	Fonseca	V	et	al.	Diabetes	2010;59(Suppl	1):A79	(296-OR);	8.	Meier	JJ	et	al.	Nat	Rev	Endocrinol	2012;8:728–742	
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Liraglutide594	was	localised	in	CART/POMC	neurons	in	rat	brain	

Liraglutide594, Alexa Fluor®594 C5-maleimide-liraglutide; CART, cocaine- and amphetamine-regulated transcript; POMC, pro-opiomelanocortin  
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CART Liraglutide594 

Secher et al. J Clin Invest 2014;124:4473–88 



GLP-1	mediated	regulation	of	GABAergic	effects	on	POMC	neurons		

IPSC frequency (%) from voltage clamp recordings of POMC neurons showed an increased GABAergic IPSC frequency in the presence of GLP-1(7-36)amide.  
GLP-1, glucagon-like peptide-1; IPSC, inhibitory postsynaptic current; POMC, pro-opiomelanocortin; GABAergic, gamma-aminobutyric acid-ergic; 
GLP-1(7-36)amide, glucagon-like peptide-1(7-36)amide 

1000 750 500 250 0 -250 

100 

200 

300 

400 

Time (s) 

N
o
rm

al
is

ed
 I

PS
C
 

fr
eq

u
en

cy
 (

%
) 

Secher et al. J Clin Invest 2014;124:4473–88 
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Ussher JR, Drucker DJ. Circ Res 2014;114:1788–803. 
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Potential mechanisms for CVD benefit 

Drucker DJ. Cell Metab 2016;24:15–30  
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