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Large-scale Evidence Generation

Residual Confounding

P hacking

Publication bias

Generate evidence on the effects of medical interventions using observational health-
care databases while addressing the limitations

Schuemie MJ, et al. JAMIA (2020)



LEGEND-T2DM Protocol

Khera R, et al. BMJ Open (2021)



Knowledge Gaps

No head-to-head 
comparisons

No direct comparisons 
within classes

Non cardiovascular 
outcomes

Limited patient 
representation in Trials

Khera R, et al. BMJ Open (2021)



LEGEND-T2DM Principles

1. Large-scale evidence generation

2. Independent dissemination

3. Prespecified analysis design

4. Systematic process

5.  Best Practices

6. Empirical evaluation

7. Free open-source software 

8. Not to evaluate new methods

9. Network of multiple databases

10.No transfer of patient data



Multinational Uptake of Cardioprotective 
Antidiabetic Drugs

Countries9
Administrative claims &
EHR databases (2011-2021)18

Million Participants18
Khera R, et al. BMJ Medicine (2023)



Proportional use of second line agents

Khera R, et al. BMJ Medicine (2023)



Proportionate Incident Use of 
Second-line Anti-hyperglycemic Agents in 2021



GLP-1 RA Uptake in Patients with Established CVD

• Initiation of GLP-1 RAs increased to 20-
25% across most US populations

• Initiation was <5% in the VA
• Initiation was low across non-US 

databases, reaching a maximum of 14% 
in France in 2021



SGLT2i Uptake in Patients with Established CVD

• Initiation of SGLT2is increased to 
~35% across US populations

• In the non-US databases, the 
initiation of SGLT2is was higher in 
most databases, reaching up to 54% 
in Scotland in 2021

• In France, the initiation was lower, 
reaching only to 6% in 2021



Thanks to the OHDSI Community



The LEGEND-T2DM Panel

Comparative Effectiveness of Second-line Antihyperglycemic Agents - Arya Aminorroaya, Yale University

Effectiveness of First-line Antihyperglycemic Agents - Phyllis Thangaraj, Yale University

Comparative Safety of SGLT2 for Risk of Diabetic Ketoacidosis - Hannah Yang/Evan Minty, University of 
Calgary

Comparative Safety of GLP1-RA and the Risk of Thyroid Tumors - Daniel Morales, University of Dundee



Comparative Effectiveness of 
Second-Line Antihyperglycemic Agents for 

Cardiovascular Outcomes 
A Multinational, Federated Analysis of 

LEGEND-T2DM

Arya Aminorroaya, MD, MPH
Cardiovascular Data Science Lab | Yale School of Medicine



Patients with T2DM & established CVD
On metformin therapy
Still high blood sugar

SGLT2i

GLP-1 RA

DPP4i

SU

CV Outcome RCTs

MI, HF, Death

MI, HF, Death

Neutral

Not evaluated

Second-line 
Treatment

Clinical Challenge
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Clinical Challenge

Patients with T2DM & established CVD
On metformin therapy
Still high blood sugar

SGLT2i

GLP-1 RA

DPP4i

SU

Unknown 
Comparative 

Cardiovascular 
Effectiveness



Multinational Federated Network of
LEGEND-T2DM

4.7 million patients with T2DM from
18 real-world data sources,

claims and EHR,
mapped to OMOP CDM

9 countries
1992-2021



Target Trial Emulation

SGLT2i

GLP-1 RA

Population Target Comparator Outcome

GLP-1 RA

DPP4i

SU

SGLT2i

SGLT2i

DPP4i

SUGLP-1 RA

DPP4i SU

T2DM

Established 
CVD

≥90 days on 
metformin

Exposure Analysis

SGLT2i

GLP-1 RA

DPP4i

SU

Initiating a 2nd 
line agent

3-point MACE

• Acute MI
• Stroke
• Sudden
   cardiac death

4-point MACE

• 3-point MACE
• Hosp. for HF

No prior 
events

• On-treatment 
   analysis
• No escalation
• No insulin

New-user 
cohorts



Diagnostics to Ensure Study Power

Eligible Target-Comparator Comparisons Across Data Sources

≥1000 patients per arm

Minimum detectable risk ratio <4

0.3< Preference score <0.7 in 25%

PS stratification to achieve SMD <0.15

Negative control calibration

Sufficient Sample Size

Covariate Balance

Proxy for Statistical Power

Empirical Equipoise

Residual Confounding 

Kaplan-Meier plots HR proportionality assumptions



Study Population

1.5 million patients with T2DM and CVD

SGLT2i
16%

GLP-1 RA
8%

DPP4i
28%

SU
48%

Over 1.4 million patient-years of F/U
25,982 3-pt MACE
41,447 4-pt MACE



Cohort Diagnostics

Covariate Balance

Empirical Equipoise

Residual Confounding 



Meta-analytical Calibrated HR Estimates

SGLT2i GLP-1 RA

DPP4i

SU

SGLT2i

SGLT2i
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Meta-analytical Calibrated HR Estimates

SGLT2i

GLP-1 RA

GLP-1 RA

DPP4i

SU

SGLT2i

SGLT2i

DPP4i

SUGLP-1 RA

DPP4i SU



Leave-one-out Meta-analysis



Conclusion

SGLT2i GLP-1 RA

DPP4i

SU

Patients with T2DM & established CVD
On metformin therapy
Still high blood sugar

Second-line 
Treatment



Multinational trends in the use of 
cardioprotective antihyperglycemic agents 

as 1st line therapy in patients with T2DM 
and cardiovascular disease: A LEGEND-

T2DM Study
Phyllis Thangaraj, MD, PhD

Post-doctoral Fellow in CarDS Lab
Cardiology Fellow at Yale University



ADA Guidelines Before 2022

1st line Anti-
hyperglycemic therapy 

(AHT)

2nd line AHT

Type 2 Diabetes 
(T2DM) Metformin

SGLT2is

GLP1-RAs

DPP4is

SUs



ADA Guidelines Before 2022

1st line Anti-
hyperglycemic therapy 

(AHT)

2nd line AHT
CV

Benefit

Neutral

Heart Failure, 
CV and All-

cause Death

Unknown

Type 2 Diabetes 
(T2DM) Metformin

SGLT2is

GLP1-RAs

DPP4is

SUs

Heart Failure, 
CV and All-

cause Death



ADA Guidelines Since 2022

T2DM
and

Cardiovascular
Disease (CVD) SGLT2is

First line AHT

GLP1-RAs



ADA Guidelines Since 2022

What is the contemporary landscape for this guideline implementation?

T2DM
and

Cardiovascular
Disease (CVD) SGLT2is

First line AHT

GLP1-RAs



An opportunity with LEGEND-T2DM

3.3 million patients from:

• 6 US National Databases

• 4 US Healthcare Systems

• 6 International Databases



Study Cohort
365 days

Outcomes:

Exposure:Cohort Entry:

>= 18 yo 

T2DM

No prior 
AHT use

CVD SGLT2is

GLP1-RAs

DPP4is

SUs

Calendar 
year 

trends

Annualized 
change

Comparators:

No CVD

Prior 
metformin use



First-line Cardioprotective AHT Patients

Female

GLP1-RA SGLT2i

Age >= 65

Obese

51-71 2-96 19-52

4-42 37-61 20-47

15-23 13-36 0-10

US Healthcare
 Systems

US National 
Databases

International 
Databases

35-62 2-95 10-46

9-57 58-71 46-64

18-39 15-43 3-30

US Healthcare
 Systems

US National 
Databases

International 
Databases



First-line Cardioprotective AHT Patients
CAD

US Healthcare
System

International
 DataBase

GLP1-RA SGLT2i

*

*
**

*
**

US National 
DataBase



First-line Cardioprotective AHT Patients

Heart Failure

US National DB

US Healthcare

International DB

GLP1-RA SGLT2i

P<0.05
P<0.01

*

*

*
*

**

**
*



Yearly Trends of Proportionate Incident 
Use of GLP1RAs as 1st line

Annual rate of increase 1.3-5.4% Annual rate of increase 0.3-0.8%



Yearly Trends of Proportionate Incident 
Use of SGLTis as 1st line

Annual rate of increase 8.1-10.6% Annual rate of increase 2.1-12.9%



Proportionate Incident Use of  2nd line AHT as 
1st line over time

2018

2021

AHT Time US US x 
Time

SGLTis US < NUS

GLP1RAs US >NUS

DPP4is US<NUS

SUs US>NUS

Ti
m

e

By Database Region



Proportionate Incident Use of  2nd line AHT 
as 1st line over time

2018

2021

AHT Time CVD CVD x 
Time

SGLTis NCVD > 
CVD

NCVD < 
CVD

GLP1RAs NCVD > 
CVD

DPP4is

SUs

Ti
m

e

CV Risk

No CV Risk CV Risk By CV Risk



Proportionate Incident Use of 2nd line AHT 
over time

AHT Time US 2nd Line US x 
Time

US x 
2nd Line

2nd Line 
x Time

US x 
2nd Line 
x Time

SGLTis US<NUS 1st>2nd

GLP1RAs US<NUS US>NUS US>NUS 1st>2nd

DPP4is US<NUS 1st>2nd US>NUS US>NUS 2nd>1st

SUs US>NUS 1st >2nd US<NUS US<NUS 2nd>1st

By Database Region and as 1st Line vs 2nd Line



Conclusions

• Cardioprotective AHT have increased as 1st line over time.

• The rate of increase of SGLTis as 1st line AHT has been greater in 
non-US databases, while for GLP1RAs, the opposite is true.

• The rate of increase of SGLTis as 1st line AHT has been greater in 
patients with CVD, while for GLP1RAs, the opposite is true .



After 2022
CV

Benefit

?

?

T2DM
and

Cardiovascular
Disease (CVD) SGLT2is

First line AHT

GLP1-RAs

An Ongoing LEGEND-T2DM CES Study!
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SGLT2 Inhibitors and Diabetic Ketoacidosis:

A study of new users of SGLT2i as second line 
therapy in Type 2 Diabetes Mellitus

Hannah Yang MD
On Behalf of the LEGEND T2DM Study Group
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A note on Diabetic Ketoacidosis (DKA)

Figure 1. Incidence of DKA from American inpatient data. 
Source: Desai et al., Diabetes Care 2018

DKA is a life-threatening complication of diabetes 
mellitus, more commonly seen in Type 1 Diabetes.



What is the mechanism of SGLT2i’s

SGLT2i
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What is the mechanism of SGLT2i’s

SGLT2i

Glycosuria
Natriuresis

Low glucose

↓insulin secretion
↑glucagon

↑lipolysis

Oxidation of 
FFA’sKetone Bodies



A Review of the Literature: RCTs

Sample Size # of DKA Events

Total SGLT2i

Empa-Reg 7020 5 3

Dapa-HF 4744 3 3

CANVAS 17 596 12 10

Meta-analysis of 39 RCTs 
(Liu et al. 2020)

60 580 85 62

LEGEND-T2DM 4 290 163 3592 704

Table 1. Sample size and number of DKA events observed in the original clinical trial programs for SGLT2i, 
meta-analysis of randomized controlled trials, and the LEGEND-T2DM study.



A Review of the Literature: Cohort Studies

Figure 2. Forest plot of risk of diabetic ketoacidosis generated from meta-analysis of 14 cohort studies. Source: Li et al. 2023



A Review of the Literature: Cohort Studies

Figure 3. Hazard ratio of DKA for new users of SGLT2i versus comparator AHAs. Source: Wang et al. 2019

T2DM Dx

BROAD 
DEFINITION

NARROW 
DEFINITION

No previous 
T1DM or 

Secondary 
Diabetes

No T1DM or 
Secondary 

Diabetes Dx 
after index 

date

No previous 
insulin 

monotherapy

Age > 40 



Study Aim

What is the relative risk of DKA amongst second line 
agents used in T2DM?



Methods

On Metformin > 90d 

Day 0
Initiation of SGLT2i / GLP1-RA / DPP4i / SU for the first time 

No previous occurrence of T1DM or Secondary DM

No prior treatment with other second-line oral anti-
hyperglycemic agents

No prior Rx 
with insulin 
for last 30d

Diagnosis of T2DM

Inpatient or ED visit with occurrence of DKA

>1 year observation time

Age > 18 at index



Statistical Methods

Large Scale 
Propensity Score 

Stratification

Calibration 
against 

Empirical Null 
Distribution

Study 
Diagnostics:
• Power (MDRR)

Equipoise (overlap)
Balance (SDM)

Unblinded 
Results



Figure 4. Hazard ratio (HR) 
estimates and 95% CIs 
between propensity 
matched new-user cohorts 
for DKA. 



Comparison to Existing Observational Studies

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5

SGLT2i vs. GLP1-RA

SGLT2i vs. DPP4i

SGLT2i vs. SU

Hazard Ratio (95% CI) of DKA with initiation of SGLT2i compared to other AHA

Li et al. 2023 (Cohort Meta-
analysis)

Wang et al. 2019 (broad
definition)

Wang et al. 2019 (narrow
definition)

Legend T2DM

Figure 5. Relative Risk of DKA outcome in users of SGLT2i compared with other Anti-Hyperglycemics



Conclusion

• Findings suggest an increased 
risk for DKA in new users of 
SGLT2i compared to other 2nd 
line agents.

• Clinical emphasis on patient 
education around sick day 
management and recognizing 
DKA signs/symptoms.



GLP-1 Receptor Agonists and Thyroid 
Tumor:

A study of new users of GLP1-RA as second line 
therapy in Type 2 Diabetes Mellitus



Background on GLP1-RA & thyroid tumor

Non-clinical studies suggest GLP-1 RAs have effects on 
the thyroid gland, potentially involving the 
development of thyroid cancers, particularly medullary 
thyroid cancer (MTC).

In rodents
• Activation of the GLP-1 receptor on thyroid C-cells leads 

to calcitonin secretion 
• Plasma calcitonin is a specific biomarker for increased C-

cell number & changes in calcitonin levels are used in the 
diagnosis of C-cell disease in humans

MTC is an important potential risk in the risk 
minimization plan (RMP for GLP-1 RAs and monitored 
in an ongoing PASS.

Endocrinology. 2010;151:1473-86. doi: 10.1210/en.2009-1272.



Background on GLP1-RA & thyroid tumor

No warnings or 
modifications for use

FDA

EMA



GLP1-RA & thyroid tumor signal assessment
European study published assessing risk of MTC with GLP1-RA leading to EMA signal.
The study included a high proportion of the French population using a case control design. 
The adjusted analysis showed that use of GLP-1 agonists for 1-3 years was associated with increased risk 
of thyroid cancer (HR 1.58; 1.27–1.95), and MTC (HR 1.78; 1.04–3.05). 

Diabetes Care. 2023;46:384-390. doi: 10.2337/dc22-1148.



GLP1-RA and thyroid tumor

New user active comparator federated cohort study comparing GLP1-RA with DPP4I, SU, SGLT2 as second 
line T2DM therapy.
Different databases, different countries, standardised approach with meta-analysis.
Bea et al. 2023 (South Korea) cohort study. GLP-1RAs was not associated with an increased risk of thyroid 
cancer (weighted HR 0.98, 95% confidence interval 0.62-1.53) compared with that of SGLT2 inhibitors.

 Target N Control N HR (95% CI) P-value 

GLP1-RA vs SGLT2I     

PS matching ITT 369,051 717,707 0.92 (0.77 – 1.10) 0.37 

PS stratification ITT 448,528 717,792 0.97 (0.89 – 1.06) 0.55 

GLP1-RA vs Sulfonylureas     

PS matching ITT 357,988 2,042,127 1.04 (0.95 - 1.14) 0.42 

PS stratification ITT 425,525 2,055,583 1.00 (0.92 - 1.09) 0.96 

GLP1-RA vs DPP4I     

PS matching ITT 320,991 1,133,559 0.93 (0.85 - 1.02) 0.12 

PS stratification ITT 460,032 1,119,868 0.94 (0.87 - 1.01) 0.11 

 PS=propensity score. Matching=variable ratio matching. ITT=intention to treat.
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What did we learn?
• Thyroid tumor is rare
• Only US databases contributed to the meta-analysis
• Generalisability & sample size

GLP1_RA vs SU. Greyed databases/estimates = failed to pass diagnostics



What did we learn?
• Thyroid tumor is rare
• Regulatory focus is on medullary thyroid cancer vs thyroid tumor
• Phenotyping & data quality

Open Claims


