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Atherosclerosis Is a Progressive Disease Leading 

to Atherothrombosis and Ischaemia

Plaque disruption 
and thrombosis

Normal 
artery

‘Fatty 
streak’

Atherosclerotic
plaque

Fibrous 
plaque

Flow-limiting stenosis

Symptoms with exercise, 

e.g. stable angina and 

intermittent claudication

Atherothrombosis

◆ MI

◆ Stroke

◆ CV death

◆ Limb ischaemia

PADCAD

1. Insull W Jr, Am J Med 2009;122(1 Suppl):S3–S14; 2. Bradberry JC et al, J Am Pharm Assoc 2004;44:S37–S45



Prevalence of Coronary Artery Disease in Patients 

with Peripheral Artery Disease
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Proportion of PAD patients with CAD (%)

>50% stenosis
on angiography

Stress test

>70% stenosis
on angigraphy

◆ Studies from 1966–2005 on PAD were reviewed to determine co-occurrence of CAD/PAD

Golomb BA et al, Circulation 2006;114:688–699

CAD prevalence in patients with PAD stratified by CAD detection technique



Atherosclerosis Is a Polyvascular Disease

REACH: More than 3 in 5 patients with PAD have atherothrombotic disease also in other 

arterial territories

PADCAD

CAD

PAD

CeVD

61.5% of patients 

with PAD had 

concomitant 

disease in other 

vascular beds

24.7% of patients 

with CAD had 

concomitant 

disease in other 

vascular beds

Percentages are calculated from the total population included in the REACH registry. N=67,888

Bhatt DL et al, JAMA 2006;295:180–189



Peripheral Arterial Disease

◆ ‘Non-coronary arterial syndromes caused by 

altered structure 

and function of arteries supplying the brain, 

visceral organs, 

and the limbs’1 

◆ Epidemiological studies have focused on 

lower extremity PAD:

• Prevalence of asymptomatic lower 

limb PAD estimated at up to 10%,

rising to 20% among those aged 

>70 years2

• Prevalence of symptomatic lower 

limb PAD rises from <3% in those 

aged <60 years to ~7% in those 

aged 70–74 years2
1. Hirsch AT et al, Circulation 2006;113:e463–e654; 2. Norgren L et al, Eur J Vasc Endovasc Surg 2007;33(Suppl 1):S1–S75

Weighted mean prevalence of symptomatic 

lower limb PAD derived from large 

population-based studies2
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Progressive Atherosclerosis Underlying Lower Extremity 

PAD Results in a Spectrum of Limb Symptoms

Fontaine stage1–3 Rutherford category1–3 Proportion of 

patients3

I Asymptomatic 0 Asymptomatic

II IIa Non-disabling 

intermittent 

claudication*

1 Mild claudication*

2 Moderate claudication*

IIb Disabling 

intermittent 

claudication*

3 Severe claudication*

III Ischaemic rest pain 4 Rest pain

IV Ulceration or gangrene 5 Minor tissue loss

6 Major tissue loss

PAD

CLI

◆ ALI is caused by either native atherosclerotic plaque disruption and thrombus 

formation, or in situ stent or graft thrombosis in revascularized patients4

*Or atypical leg pain

1. Aboyans V et al, Eur Heart J 2017: doi:10.1093/eurheartj/ehx095; 2. Aboyans V et al, Eur J Vasc Endovasc Surg 2017: 

doi:10.1016/j.ejvs.2017.07.018; 3. Norgren L et al, J Vasc Surg 2007;45:S5–S67; 4. Hirsch AT et al, Vasc Med 2016;21:535–538 



Diabetes Increases the Risk of PAD

22.4*
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Impaired glucose tolerance was defined as oral glucose tolerance test value ≥140 mg/dL but <200 mg/dL.

*P.05 vs. normal glucose tolerance. 

Reprinted with permission from Lee AJ, et al. Br J Haematol. 1999;105:648-654. www.blackwell-synergy.com



Peripheral Arterial Disease: Risk Factors

Factors associated with increased risk

of PAD; overlap exists with known risk factors for CV 

disease1,2

Approximate ORs for risk factors

for symptomatic PAD2

*More common in non-Hispanic black (7.8%) than white populations (4.4%), and slightly more common among males than females;
#smoking, hypertension, dyslipidaemia, hyperhomocysteinaemia

1. Hirsch AT et al, Circulation 2006;113:e463–e654; 2. Norgren L et al, Eur J Vasc Endovasc Surg 2007;33(Suppl 1):S1–S75

PAD1,2Diabetes

Age ≥70 years OR 
<50 years with diabetes and ≥1 

additional risk factor for AS disease#

Race* and gender

Hyperviscosity and

hypercoagulable states

Known coronary, carotid or renal 

atherosclerotic disease

Raised C-reactive protein

Smoking

1 2 3 4

Male gender (vs female)

Age (per 10 years)

Diabetes

Smoking

Hypertension

Dyslipidaemia

Hyperhomocysteinemia

Race (Asian/Hispanic/

black vs white)

C-reactive protein

Renal insufficiency



Eur J Vasc Endovasc Surg. 58 (2019) pp. 56-65



Association of risk factors with the level of 

atherosclerotic target lesions

EJVES Vol 31,1 2006



Critical Limb Ischemia (CLI)

Fate of Patients With CLI After Initial Treatment
Summary of 6-month outcomes from 19 studies

Dormandy JA, Rutherford RB. J Vasc Surg. 2000;31:S1-S296.

Dead
20%

Alive without 
amputation

45%

Alive with 
amputation

35%

Critical limb 

ischemia is defined 

as ischemic rest 

pain, nonhealing 

wounds, or 

gangrene.





2019 ESC/EASD Guidelines on DM & CVD

European Heart Journal (2019) 00, 169





Neal B et al. N Engl J Med 2017;377:644-657.



Diabetes Care 2017 Nov; dc171551.



All patients PAD patients





JAMA Intern Med. 2018;178(9):1190-1198

39869 new users/28036 canagliflozin/8647 dapagliflozin/3186 empagliflozin



Presentation title Date 20

BMJ 2018;363:k4365

17213 new users/ canagliflozin, 1%/ dapagliflozin, 61%/ empagliflozin, 38%





2019 ESC/EASD Guidelines on DM & CVD

European Heart Journal (2019) 00, 169



Effect of liraglutide on 
cardiovascular events in patients 
with type 2 diabetes mellitus and 

polyvascular disease: results of 
the LEADER trial

S. Verma, D.L. Bhatt, S.C. Bain, J.B. Buse, J.F.E. Mann, S.P. Marso, 
M.A. Nauck, N.R. Poulter, R.E. Pratley, B. Zinman, M.M. Michelsen, 

T. Monk Fries, S. Rasmussen, L.A. Leiter 

The LEADER Publication Committee on behalf of the 
LEADER Trial Investigators 

Verma et al. Circulation. 2018;137(20):2179-2183.



The presence of polyvascular 
disease, defined as 
atherosclerosis involving 
more than one distinct 
vascular territory, is a strong, 
independent predictor of 
cardiovascular events1–4

Background

1. Bhatt et al. JAMA 2010;304:1350–7; 2. Kaasenbrood et al. Circulation 2016;134:1419–29; 3. Verma et al. Circulation 2018;137:405–7; 
4. Cavender et al. Circulation 2015;132:923–31; 5. Marso et al. N Engl J Med 2016;375:311–22

What are the vascular territories?

Coronary

Cerebrovascular

Peripheral 
arteries

Verma et al. Circulation. 2018;137(20):2179-2183.



• Liraglutide, the human glucagon-like peptide 1 analogue, reduced 
cardiovascular events in patients with T2DM at high cardiovascular risk in the 
LEADER trial1

Background

In this post hoc analysis of LEADER, the effects of liraglutide 
were evaluated stratified by the number of 

atherosclerotic vascular territories
(coronary, cerebrovascular and/or peripheral)

T2DM, type 2 diabetes mellitus

1. Marso et al. N Engl J Med 2016;375:311–22

Verma et al. Circulation. 2018;137(20):2179-2183.



LEADER: study design

Liraglutide 0.6–1.8 mg OD + standard of care

Placebo + standard of care

Duration 3.5–5 years

9340 patients

• Double blinded

• 2-week placebo run-in

Randomisation (1:1) End of treatment

Key exclusion criteria

• T1DM

• Use of GLP-1RAs, DPP-4i, pramlintide, or 
rapid-acting insulin

Key inclusion criteria

• T2DM, HbA1c ≥7.0%

• Antidiabetic drug naïve or OADs and/or 
basal/premix insulin

• Age ≥50 years and established CV disease or chronic 
renal failure 
or

• Age ≥60 years and risk factors for CV disease

Placebo 
run-in

Safety follow-up

Safety follow-up

30 days2 weeks

Screening

CV, cardiovascular; DPP-4i, dipeptidyl peptidase-4 inhibitors; GLP-1RA, glucagon-like peptide 1 receptor agonist; HbA1c, glycosylated haemoglobin; OAD, oral 
antidiabetic drug; OD, once daily; T1DM, type 1 diabetes mellitus; T2DM, type 2 diabetes mellitus

Verma et al. Circulation. 2018;137(20):2179-2183.



LEADER: primary and key secondary outcomes

Primary 
outcome

Time to first MACE composed of:

• CV death

• Non-fatal MI

• Non-fatal stroke

Key 
secondary 
outcome

Time to first occurrence of expanded MACE, 
including:

• MACE

• Unstable angina pectoris requiring hospitalisation

• Coronary revascularisation 

• Hospitalisation for heart failure

Cardiovascular outcomes were prospectively adjudicated by an independent, blinded event adjudication committee
CV, cardiovascular; MACE, major adverse cardiovascular event; MI, myocardial infarction

Verma et al. Circulation. 2018;137(20):2179-2183.



Distribution of vascular territory involvement 

ASCVD, atherosclerotic cardiovascular disease; CAD, coronary artery disease; CD, cerebrovascular disease; PAD, peripheral artery disease

Patients with 
ASCVD

N=6775 
(72.5%)

Polyvascular
disease

n=1536 (23%)

Single vascular 
disease

n=5239 (77%)

CD

CAD
PAD

846
(9.1%)

3946
(42.2%)

799
(8.6%)

414
(4.4%)

205
(2.2%)

118
1.3%

447
(4.8%)

2565
(27.5%)

Number (%) of patients by
vascular territory at baseline

LEADER patients
N=9340

Patients with 
no documented 

ASCVD
N=2565 
(27.5%)

Verma et al. Circulation. 2018;137(20):2179-2183.



Polyvascular disease 
(n=1536)

Single vascular 
disease (n=5239)

Mean age ± SD (years) 65.1 ± 7.7 63.5 ± 7.3 

Sex, male (%) 68.8 67.9

Current or previous smoker (%) 67.1 60.1

Estimated glomerular filtration rate 
<60 mL/min/1.73 m2 (%)

27.1 19.0

History of: (%)
Heart failure 
Myocardial infarction
Stroke
Peripheral artery disease

26.4
47.2
33.5
47.1 

16.5
39.7
10.0
8.5

Cardiovascular medication use: (%)
Antihypertensive therapy
Lipid-lowering therapy
Antiplatelet therapy

95.6
83.8
79.7

92.7
79.2
75.7

Baseline characteristics

SD, standard deviation

Verma et al. Circulation 2018;doi:10.1161.118.033898



Kaplan-Meier estimates of time to first MACE 

ASCVD, atherosclerotic cardiovascular disease; expanded MACE, composite of the primary, with hospitalisation for unstable angina, coronary revascularisation, or 
hospitalisation for heart failure also included; MACE, major adverse cardiovascular event; primary MACE, composite of cardiovascular death, nonfatal myocardial 
infarction, or nonfatal stroke

Primary MACE Expanded MACE26
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Verma et al. Circulation. 2018;137(20):2179-2183.



n with event/N analysed (%)

Liraglutide        Placebo      
Hazard ratio 

[95% CI]
Hazard ratio

[95% CI]

Treatment by 
subgroup 

interaction

Primary MACE

Total trial population 608/4668 (13.0) 694/4672 (14.9) 0.87 [0.78–0.97]

Polyvascular 142/757 (18.8) 173/779 (22.2) 0.82 [0.66–1.02]

p=0.15Single vascular 338/2646 (12.8) 398/2593 (15.3) 0.82 [0.71–0.95]

No ASCVD 128/1265 (10.1) 123/1300 (9.5) 1.08 [0.84–1.38]

Expanded MACE

Total trial population 948/4668 (20.3) 1062/4672 (22.7) 0.88 [0.81–0.96]

Polyvascular 220/757 (29.1) 255/779 (32.7) 0.86 [0.71–1.03]

p=0.03Single vascular 541/2646 (20.4) 633/2593 (24.4) 0.82 [0.73–0.92]

No ASCVD 187/1265 (14.8) 174/1300 (13.4) 1.12 [0.91–1.38]

Cardiovascular outcome by vascular territory (1)

Favours placeboFavours 
liraglutide

20.5 1

ASCVD, atherosclerotic cardiovascular disease; CI, confidence interval; expanded MACE, composite of the primary, with hospitalisation for unstable angina, coronary 
revascularisation, or hospitalisation for heart failure also included; MACE, major adverse cardiovascular event; primary MACE, composite of cardiovascular death, 
nonfatal myocardial infarction, or nonfatal stroke

Verma et al. Circulation. 2018;137(20):2179-2183.



n with event/N analysed (%)

Liraglutide Placebo      
Hazard ratio 

[95% CI]
Hazard ratio

[95% CI]

Treatment by 
subgroup 

interaction

Cardiovascular death

Total trial population 219/4668 (4.7) 278/4672 (6.0) 0.78 [0.66–0.93]

Polyvascular 54/757 (7.1) 60/779 (7.7) 0.92 [0.63–1.32] 

p=0.16Single vascular 114/2646 (4.3) 165/2593 (6.4) 0.67 [0.53–0.85]

No ASCVD 51/1265 (4.0) 53/1300 (4.1) 0.99 [0.67–1.45]

Non-fatal myocardial infarction

Total trial population 281/4668 (6.0) 317/4672 (6.8) 0.88 [0.75–1.03]

Polyvascular 61/757 (8.1) 94/779 (12.1) 0.65 [0.47–0.89]

p=0.10Single vascular 173/2646 (6.5) 174/2593 (6.7) 0.96 [0.78–1.19]

No ASCVD 47/1265 (3.7) 49/1300 (3.8) 0.99 [0.66–1.47]

Non-fatal stroke

Total trial population 159/4668 (3.4)  177/4672 (3.8) 0.89 [0.72–1.11]

Polyvascular 44/757 (5.8) 42/779 (5.4) 1.06 [0.70–1.62]

p=0.24Single vascular 81/2646 (3.1) 104/2593 (4.0) 0.76 [0.56–1.01]

No ASCVD 34/1265 (2.7) 31/1300 (2.4) 1.14 [0.70–1.85]

Favours placeboFavours 
liraglutide

20.5 1

ASCVD, atherosclerotic cardiovascular disease; CI, confidence interval; expanded MACE, composite of the primary, with hospitalisation for unstable angina, coronary 
revascularisation, or hospitalisation for heart failure also included; MACE, major adverse cardiovascular event; primary MACE, composite of cardiovascular death, 
nonfatal myocardial infarction, or nonfatal stroke

Cardiovascular outcome by vascular territory (2)

Verma et al. Circulation. 2018;137(20):2179-2183.



Conclusion

Liraglutide consistently appeared to reduce major 
cardiovascular outcomes in both patients with 

polyvascular and single vascular disease

Verma et al. Circulation. 2018;137(20):2179-2183.



The impact of liraglutide on 
diabetes-related foot ulceration and 
associated complications in patients 
with type 2 diabetes at high risk for 
cardiovascular events: results from 

the LEADER trial

Ketan Dhatariya, Stephen C Bain, John B Buse, Richard Simpson, Lise Tarnow, 
Margit Staum Kaltoft, Michael Stellfeld, Karen Tornøe, Richard E Pratley, 

the LEADER Publication Committee on behalf of the LEADER Trial Investigators 

Dhatariya et al. Diabetes Care 2018;41:2229–35



• DFUs are a common complication in people with diabetes, estimated to affect between 
9.1 million and 26.1 million people worldwide1

• Long-term outcomes for patients with DFUs are poor,1 particularly the 5-year mortality 
rate of 44%,2 which may be as high as 70% when patients have a related amputation3

• Currently, the standard of care for DFUs consists of wound care, pressure offloading, 
and, when necessary, antibiotics, vascular reconstruction or surgical debridement; 
however, there is a high risk that DFUs will recur1

• While good glycaemic control reduces the risk of complications in people with diabetes,4

little is known about the effect of glucose-lowering drugs on DFU and its outcomes

Background

DFU, diabetes-related foot ulcer
1. Armstrong et al. N Engl J Med 2017;376:2367–75; 2. Moulik et al. Diabetes Care 2003;26:491–4; 3. Lavery et al. Diabetes Care 2010;33:2365–9; 
4. UKPDS. Lancet 1998;352:837–53

We conducted a post hoc analysis to assess the impact of 
liraglutide on the incidence of DFUs and their sequelae in 

people in the LEADER trial 

Dhatariya et al. Diabetes Care 2018;41:2229–35



2 weeks

LEADER: study design

CV, cardiovascular; DPP-4i, dipeptide peptidase-4 inhibitor; GLP-1RA, glucagon-like peptide-1 receptor agonist; HbA1c, glycated haemoglobin; OAD, oral antidiabetic 
drug; OD, once daily; T1D, type 1 diabetes; T2D, type 2 diabetes
Marso et al. N Engl J Med 2016;375:311–22

Liraglutide 0.6–1.8 mg OD + standard of care

Placebo + standard of care

Duration 3.5–5 years

9340 patients

• Double blinded

• 2-week placebo run-in

Randomisation (1:1) End of treatment

Key exclusion criteria

• T1D

• Use of GLP-1RAs, DPP-4i, pramlintide, or 
rapid-acting insulin

Key inclusion criteria

• T2D, HbA1c ≥7.0%

• Antidiabetic drug naïve; OADs and/or basal/
premix insulin

• Age ≥50 years and established CV disease or 
chronic renal failure 
or

• Age ≥60 years and risk factors for CV disease

Placebo 
run-in

Safety follow-up

Safety follow-up

30 days

Screening

Dhatariya et al. Diabetes Care 2018;41:2229–35



Collection of DFU data 

The definition of a DFU in this post hoc analysis was an open foot wound

Data collection:

• Reporting of safety data was required only for 
events meeting the definition of an SAE or 
pre-specified MESI

• In the trial, DFU was pre-specified as a MESI 

• Information related to DFU events was 
collected on a designated form

• Identification of DFU events was based on a 
search using pre-specified MedDRA terms 

• A blinded review of the case narratives was 
used to establish the nature of the DFU and 
any associated complications

Patients were classified as having a DFU 
event if they:

• Reported a new DFU or

• Had a worsening of an existing DFU

Patients not included in the analysis were 
those who:

• Did not experience a DFU or
• Had a pre-existing, non-worsening DFU

Complications analysed were:

• Amputation

• Infection

• Involvement of underlying structures

• Peripheral revascularisation

DFU, diabetes-related foot ulcer; MedDRA, Medical Dictionary for Regulatory Activities; MESI, medical event of special interest; SAE, serious adverse event

Dhatariya et al. Diabetes Care 2018;41:2229–35



Patient disposition for the analysis of DFU events

Adapted from Figure S1. *Post-blinded review of case narratives. †For these 9 events (3 liraglutide and 6 placebo), information on complications to the DFU events was 
captured from the narrative review of the already reported events. DFU, diabetes-related foot ulcer; MedDRA, Medical Dictionary for Regulatory Activities

12,076 screened

9340 randomised

4668 assigned to liraglutide 4672 assigned to placebo

268 DFU events in 181 patients 
identified using the predefined 

MedDRA search

304 DFU events in 198 patients 
identified using the predefined 

MedDRA search

8 DFU events excluded*:
5 were unrelated to DFU
3† were complications to 

already reported DFU events

13 DFU events excluded*:
7 were unrelated to DFU

6† were complications to already 
reported DFU events

260 DFU events in 
176 patients included

291 DFU events in 
191 patients included

Dhatariya et al. Diabetes Care 2018;41:2229–35



Baseline characteristics (1/2)
Patients with DFU events Patients without DFU events

Liraglutide 
(N=176)

Placebo 
(N=191)

Liraglutide 
(N=4492)

Placebo 
(N=4481)

Age, years 64.7 ± 7.0 64.6 ± 7.8 64.2 ± 7.3 64.4 ± 7.2

Male, n (%) 130 (73.9) 140 (73.3) 2881 (64.1) 2852 (63.6)

Duration of diabetes, years 15.6 ± 7.2 16.4 ± 8.4 12.7 ± 8.0 12.7 ± 8.0

HbA1c, % (mmol/mol) 9.2 ± 1.9 (77 ± 21) 9.1 ± 1.7 (76 ± 18) 8.7 ± 1.5 (72 ± 17) 8.6 ± 1.5 (71 ± 16)

History of DFU, n (%) 71 (40.3) 69 (36.1) 137 (3.0) 127 (2.8)

DFU at baseline 29 (16.5) 26 (13.6) 40 (0.9) 33 (0.7)

Peripheral neuropathy, 

n (%)
120 (68.2) 127 (66.5) 1454 (32.4) 1452 (32.4)

Nephropathy, n (%) 109 (61.9) 108 (56.5) 1773 (39.5) 1809 (40.4)

Peripheral vascular artery 

disease, n (%)
48 (27.3) 60 (31.4) 519 (11.6) 540 (12.1)

Adapted from Table S3. Full table in supplementary data (slides 27–9). Values are mean ± standard deviation unless otherwise stated. %, proportion of patients 
reporting the characteristic of the total treatment group; DFU, diabetes-related foot ulcer; HbA1c, glycated haemoglobin; N, number of patients in the treatment group

Dhatariya et al. Diabetes Care 2018;41:2229–35



Adapted from Figure 1. Aalen-Johansen plot, with death as a competing risk factor. This figure includes data from the first DFU events in 176 liraglutide-treated and 
191 placebo-treated patients. CI, confidence interval; DFU, diabetes-related foot ulcer; HR, hazard ratio
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Dhatariya et al. Diabetes Care 2018;41:2229–35



Adapted from Table 2. *See slide notes for further details. CI, confidence interval; DFU, diabetes-related foot ulcer; E, number of events; HR, hazard ratio; 
N, number of patients in the treatment group; n, number of patients with an event or complication; R, event rate per 100 patient-years of observation

Complications associated with DFU events
Liraglutide (N=4668) Placebo (N=4672)

HR (95% CI)
p-

valuen %
% with 

DFU
E R n %

% with 
DFU

E R

With DFU event(s) 176 3.8 100.0 260 1.46 191 4.1 100.0 291 1.64 0.92 (0.75, 1.13) 0.41

With DFU event(s) + complication of:

- Amputation 44 0.9 25.0 60 0.34 67 1.4 35.1 78 0.44 0.65 (0.45, 0.95) 0.03

Minor* 34 0.7 19.3 45 0.25 46 1.0 24.1 50 0.28 0.74 (0.47, 1.15) 0.17

Major* 11 0.2 6.3 13 0.07 22 0.5 11.5 24 0.14 0.50 (0.24, 1.02) 0.06

Unknown* 1 0.0 0.6 2 0.01 4 0.1 2.1 4 0.02 - -

- Infection* 107 2.3 60.8 146 0.82 131 2.8 68.6 162 0.91 0.81 (0.63, 1.05) 0.11

- Involvement of 
underlying 
structures*

64 1.4 36.4 86 0.48 80 1.7 41.9 98 0.55 0.80 (0.57, 1.11) 0.17

- Peripheral 
revascularisation 20 0.4 11.4 24 0.13 23 0.5 12.0 26 0.15 0.87 (0.48, 1.58) 0.64

Dhatariya et al. Diabetes Care 2018;41:2229–35



Liraglutide 4668 4585 4482 4353 1713 10

Placebo 4672 4590 4451 4299 1691 15

Placebo

0.010

0.015

0.020

0.000
60

HR: 0.65
95% CI: 0.45, 0.95

p=0.028

Time since randomisation (months)
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Liraglutide

483624120

0.005

Adapted from Figure 2A. This figure includes data from 44 first DFU events in the liraglutide group and 67 first DFU events in the placebo group 
CI, confidence interval; DFU, diabetes-related foot ulcer; HR, hazard ratio

Cumulative incidence plot of time to first 
DFU-related amputation

Dhatariya et al. Diabetes Care 2018;41:2229–35



Take home message

•LEAD is prevalent in DM patient

• CLI, amputation, mortality

•Controversial results of SGLT-2 in clinical trials & RWD

• Class effect?

• The reason is unknown

•Strong evidence in clinical trial for Liraglutide

• Waiting for real world data



Thanks for your attention!!


