
LEADER 

Liraglutide and cardiovascular outcomes in type 2 

diabetes  

 
Presented at DSBS seminar on mediation analysis 

August 18th  

 

Søren Rasmussen, Novo Nordisk 

. 

.  



LEADER CV outcome study 

• To determine the effect and safety of liraglutide on cardiovascular outcomes 
in adults with T2DM that are at high risk for cardiovascular events. 

 

• To assess the efficacy and safety with regard to clinically important events 
or other surrogate parameters of treatment with liraglutide compared to 
placebo in adults with T2DM that are at high risk for cardiovascular events. 



For slide template preparation only - not actual data 

Background 

The LEADER ® trial 

(Liraglutide Effect and Action in Diabetes: Evaluation of 

cardiovascular outcome Results) is a compelling scientific 

opportunity that will provide new data about the GLP-1 

analogue, liraglutide, and its effect on cardiovascular 

outcomes. 

 

The LEADER® trial is a long-term, multi-centre, international, 

randomised, double-blind trial to compare liraglutide with 

placebo in addition to the current standard of care for type 2 

diabetes. The trial will enrol 9,000 patients in more than 30 

countries. 

 

 

June 2007 

“Rosiglitazone was associated with 

a significant increase in the risk of 

myocardial infarction…” 

Dec 2008 

New FDA Guidance issued 
Implication for liraglutide 
Retrospectively compare 
incidence of Major Adverse 
Cardiovascular Events (MACE) 
between liraglutide and the 
total comparator 

 Jun 2009, Jan 2010 

Victoza approved by EMA and 
FDA. 

 



Main effects of long-acting GLP-1R agonists including liraglutide 

Glucose lowering: 

Insulin ↑ 

β-cell function ↑ 

Glucagon ↓ 

Gastric emptying* ↓ 

Weight lowering: 
Appetite ↓ 

Energy intake ↓ 

 

Circulation: 

Systolic blood pressure ↓  

Heart rate ↑ 

 



Examples of ongoing pre- and postapproval outcome 
studies*.  

Boaz Hirshberg, and Arie Katz Dia Care 2013;36:S253-S258 

©2013 by American Diabetes Association 



SAVOR-TIMI-53 ELIXA 

EMPA-REG 

 LEADER 

CV death, non-fatal MI, or 
non-fatal ischaemic stroke 

CI, confidence interval; CV, cardiovascular; HR, hazard ratio; MI, myocardial infarction; UAP, unstable angina pectoris. 
Sciria et al. N Engl J Med 2013 Oct 3;369(14):1317–26; Zinman et al. N Engl J Med 2015;373:2117-28; Pfeffer et al. N Engl J Med 2015;373(23):2247-57; 

Death from cardiovascular causes,  
non-fatal MI, or non-fatal stroke 

CV death, non-fatal MI, non-fatal stroke, 
or hospitalisation for UAP 

TECOS 

HR=0.98;  
95% CI: 0.88-1.09 

CV-related death, non-fatal 
MI, non-fatal stroke, or UAP 

requiring hospitalisation 
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HR=0.96;  
95% CI: NA-1.16 

EXAMINE 

Death from cardiovascular causes,  
non-fatal MI, or non-fatal stroke 



LEADER: Study design 

CV: cardiovascular; DPP-4i, dipeptidyl peptidase-4 inhibitor; GLP-1RA: glucagon-like peptide-1 receptor agonist; HbA1c: glycated hemoglobin;  

MEN-2: multiple endocrine neoplasia type 2; MTC: medullary thyroid cancer; OAD: oral antidiabetic drug; OD: once daily; T2DM: type 2 diabetes mellitus. 

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



Primary and key secondary outcomes 

CV: cardiovascular; MACE: major adverse cardiovascular event; MI: myocardial infarction. 

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



Event adjudication 

*Requiring hospitalization. 

ACS: acute coronary syndrome. 

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



LEADER standard of care guidelines 

CV: cardiovascular; CVA: cerebrovascular accident; HbA1c: glycated hemoglobin; LDL: low-density lipoprotein; MI: myocardial infarction. 

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



LEADER: A Global Trial 

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



Study patient disposition 

FAS: full analysis set. 

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



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. 

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



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. 

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



Baseline cardiovascular risk profile 

Data are number of patients (%). 

CVD: cardiovascular disease. 

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



Trial follow-up and drug exposure 

*Excluding pre-scheduled 30 day off-treatment follow-up period. 
†Including off-treatment periods. 

IQR: interquartile range. 

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



Efficacy parameters 
potential mediators 



HbA1c 

Data are estimated mean values from randomization to month 48. 

CI: confidence interval; ETD: estimated treatment difference; HbA1c: glycated hemoglobin. 

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



Body weight 

Data are estimated mean values from randomization to last scheduled visit for body weight measurement (month 48). 

CI: confidence interval; ETD: estimated treatment difference. 

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



Blood pressure 

Data are estimated mean values from randomization to last scheduled visit for blood pressure measurement (month 48).  

CI: confidence interval; DBP: diastolic blood pressure; ETD: estimated treatment difference; SBP: systolic blood pressure. 

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



Heart rate 

Data are estimated mean values from randomization to last scheduled visit for heart rate measurement (month 48). 

Bpm: beats per minute; CI: confidence interval; ETD: estimated treatment difference. 

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



Cholesterol 

Data are observed geometric mean values from randomization to last scheduled visit for LDL  and HDL cholesterol measurement (month 48).  

CI: confidence interval; ETD: estimated treatment difference; LDL: low-density lipoprotein; HDL: high-density lipoprotein. 

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



Primary outcome 

CV: cardiovascular; MACE: major adverse cardiovascular event; MI: myocardial infarction. 

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



Confirmatory statistical analysis  

CI: confidence interval; CV: cardiovascular; MACE: major adverse cardiovascular event; MI: myocardial infarction. 

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



Primary outcome 
CV death, non-fatal myocardial infarction, or non-fatal stroke 

The primary composite outcome in the time-to-event analysis was the first occurrence of death from cardiovascular causes, non-fatal 

myocardial infarction, or non-fatal stroke. 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. 

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



Analyzed using Cox proportional hazard regression with treatment as a fixed factor. FAS: full analysis set; PP: per protocol. 

Primary outcome: Sensitivity analysis 

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



Time to first event 
analysis 

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



CV death 

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. 

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



Time to non-fatal myocardial infarction 

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. 

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



Time to non-fatal stroke 

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. 

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



Subgroup analyses of 
the primary outcome 

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



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 



Expanded MACE 
All-cause death 

Hospitalization for HF 

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



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. 

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



All-cause death 

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. 

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



Hospitalization for 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; HR: hazard ratio. 

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



Mediation analysis 
perspectives in CV outcome studies 



In mediation, we consider an intermediate variable, called the mediator, that helps 

explain how or why an independent variable influences an outcome. In the context 

of a treatment study, it is often of great interest to identify and study the 

mechanisms by which an intervention achieves its effect. 

 

With mediation analysis, we gain insight and acquire understanding about the 

mechanism of action of pharmacological treatments…… 

Mediation analysis  

Gunzler et al: Shanghai Arch Psychiatry. 2013 Dec; 25(6): 390–394. 



• To explore how the positive effect of liraglutide on CV outcomes is influenced 

by effects through the trial  

 

 

 Objective of the mediation analyses 

Presentation title Date 39 

A:exposure, M: Mediator, C: confounder, Y: outcome   



HbA1c 

Data are estimated mean values from randomization to month 48. 

CI: confidence interval; ETD: estimated treatment difference; HbA1c: glycated hemoglobin. 

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



 

Ussher JR, Drucker DJ. Circ Res 2014;114:1788–803. 
Presented at the American Diabetes Association 76th Scientific Sessions, Session 3-CT-SY24. June 13 2016, New Orleans, LA, USA.  

Mode of action -  cardiovascular outcome 



 
• Which variables mediates the effect of liraglutide?  

• How much of the effect of liraglutide on first MACE is mediated by e.g. reduction in HbA1c 
from baseline 

 

• Insight in “mode of action” ~ how can the CV protective effect be explained? 
• which variables mediates the effect of treatment? 

• are the variables related to mode of action        

  

• “Acute effect” versus “chronic effect”  
• How to differentiate (if possible)  

• Change from baseline     <>    absolute (mean) values  

 

 

 

Objectives (cont.) 

Presentation title Date 42 



• There is no unified approach for assessing mediation 

• Wanderweele & Lange 

• Based on counterfactual approach as seen in works from Pearl / Robbins  

 

• Estimation cannot be employed in standard software without doing advanced programming 

• SAS macros  

 

• Computation of confidence intervals are quite cumbersome (and somehow approximate) 

• Delta methods 

• Bootstrapping 

• MCMC? 

 

• Cox regression in mediation analysis 

• Rare event assumption; proportion of events < 10 % 

• LEADER; primary outcome: 14%  Components of primary outcome: < 10% 

Limitations 

Presentation title Date 43 



• Natural direct effects (NDE) is the effect of changing the exposure relative to the 
direct pathway, but keeping exposure constant relative to the indirect pathway 
through the mediator; i.e. YL (Mp ) versus YP (Mp ) 

 

• Natural indirect effects (NIE) is the effect of changing the exposure relative to the 
indirect pathway, but keeping exposure constant relative to the direct pathway; i.e. 
YL (ML ) vs. YL (MP ) 

 

• Total effects (TE) denotes the effect of changing the exposure; that is comparing YL 
(ML ) vs. YP (MP ) 

  

Direct and indirect effect – counterfactual approach  

Presentation title Date 44 



• Total effect equals the natural indirect effect + natural direct effect 

 

• Proportion (%) mediated: 

 

• Indirect effect / total effect *100% 

 

• Quite complicated  formulas according to the type of regression applied 
• Example; Cox regression with a continuous mediator 

 

 

•   

Proportion mediated 

Presentation title Date 45 

VanderWeele. T.J. (2015). Explanation in Causal Inference: Methods for Mediation and Interaction,  



• Cox regression  
• The preferred regression method 

 

• Time varying mediators 
• e.g. HbA1c at different visits 

 

• Time varying confounders 
• e.g. concomitant medication  (start and stop dates) 

 

• Interactions  
• Modifications of mediators by exposure 

 
 

 

Challenges in LEADER study 

Presentation title Date 46 



 
• Change in HbA1c until visit 60 ( 6 months) as mediator 

 
• Events before the actual visit is censored  

 
• To keep the direction in the causality  
• <100 events censored due to this  
• Baseline measurements is entered as a covariate  

 

• Variables of interest 
 
• Direct effect attenuated  ~ HR towards 1 ? 
• High proportion mediated ? 

 
 
 
 

A simple setup of an mediator analysis  - 1 

Presentation title Date 47 



 
• Change in HbA1c until event/censoring as mediator 

• May be interpreted as an ‘acute effect’ 
• Baseline as confounder 
 

 

• <Weighted> mean of HbA1c until event/censoring as mediator 
• May be interpreted as an ‘chronic effect’ 

 
 

• Variables of interest 
 
• Direct effect attenuated ~ HR towards 1 ? 
• High proportion mediated ? 

 
 
 
 
 
 
 

A simple setup of an mediator analysis - 2 

Presentation title Date 48 



 

• Liraglutide associated with CV benefits 

 

• Mediation analysis can potentially support suggestions for biological 
pathways  
• Mode of action 

• Only variables measured can be used 

 

• No unified approach yet established  

 

• Looking forward to the next presentations! 
 

 

 

 

 

 

 

Summary 

Presentation title Date 49 


