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Type 2 diabetes mellitus (T2DM) treatment

Patients with T2DM
On metformin therapy
Still high blood sugar

(± CVD, ± CKD)

SGLT2I

GLP1RA

DPP4I

SU

CV Outcome RCTs

MI, HF, Death

MI, HF, Death

Neutral

Not evaluated

Second-line 
Treatment

American Diabetes Association: start
with an SGLT2 inhibitor, GLP-1 receptor
antagonist, DPP4 inhibitor or sulfonylurea
Limited randomized controlled trials
(RCTs) and clinical experience
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The American Diabetes Association (ADA) “Standards of Care in Diabetes” in-
cludes the ADA’s current clinical practice recommendations and is intended to
provide the components of diabetes care, general treatment goals and guide-
lines, and tools to evaluate quality of care. Members of the ADA Professional
Practice Committee, a multidisciplinary expert committee, are responsible for up-
dating the Standards of Care annually, or more frequently as warranted. For a de-
tailed description of ADA standards, statements, and reports, as well as the
evidence-grading system for ADA’s clinical practice recommendations and a full
list of Professional Practice Committee members, please refer to Introduction
and Methodology. Readers who wish to comment on the Standards of Care are
invited to do so at professional.diabetes.org/SOC.

PHARMACOLOGIC THERAPY FOR ADULTS WITH TYPE 1 DIABETES

Recommendations

9.1 Most individuals with type 1 diabetes should be treated with multiple daily
injections of prandial and basal insulin, or continuous subcutaneous insulin
infusion. A

9.2 Most individuals with type 1 diabetes should use rapid-acting insulin analogs
to reduce hypoglycemia risk. A

9.3 Individuals with type 1 diabetes should receive education on how to match
mealtime insulin doses to carbohydrate intake, fat and protein content, and
anticipated physical activity. B

Insulin Therapy
Because the hallmark of type 1 diabetes is absent or near-absent b-cell function,
insulin treatment is essential for individuals with type 1 diabetes. In addition to hy-
perglycemia, insulinopenia can contribute to other metabolic disturbances like hy-
pertriglyceridemia and ketoacidosis as well as tissue catabolism that can be life
threatening. Severe metabolic decompensation can be, and was, mostly prevented
with once- or twice-daily injections for the six or seven decades after the discovery
of insulin. However, over the past three decades, evidence has accumulated sup-
porting more intensive insulin replacement, using multiple daily injections of insulin
or continuous subcutaneous administration through an insulin pump, as providing
the best combination of effectiveness and safety for people with type 1 diabetes.
The Diabetes Control and Complications Trial (DCCT) demonstrated that intensive
therapy with multiple daily injections or continuous subcutaneous insulin infusion
(CSII) reduced A1C and was associated with improved long-term outcomes (1–3).
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available at https://doi.org/10.2337/dc23-SDIS.
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Type 2 diabetes mellitus (T2DM) treatment

Patients with T2DM
On metformin therapy
Still high blood sugar

(± CVD, ± CKD)

SGLT2I

GLP1RA

DPP4I

SU

Unknown 
Comparative 

Cardiovascular 
Effectiveness

Second-line 
Treatment

Unknown 
Comparative 

Safety

Are patients with cardiovascular disease
(CVD) preferentially starting
GLP1RA/SGLT2Is?
Are GLP1RA/SGLT2Is more effective (or
safer) than DPP4I/SUs?
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LEGEND in action

Huge knowledge gaps across O(10000) of missing RCT studies:
No head-to-head 

comparisons
No direct comparisons 

within classes
Non cardiovascular 

outcomes
Limited patient 

representation in Trials

LEGEND aims to fill these gaps while overcoming current limitations of
observational research (paradigm shift)

Residual confounding

P hacking

Publication bias

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

Observational Data Evidence gaps Limitations



LEGEND philosophy

LEGEND is a guiding principle-driven enterprise to deliver verified
and open evidence at scale

rich, rigorous, and reliable (no one person has all necessary skills;
central role for each of you)



Target trial for comparing two initial therapies

S

G
Eligibility criteria:
• Diagnosed with diabetes and         

at least 90 days metformin prior 
to index

• No prior 2nd-line drug use 
anytime prior to index

Index: Time zero

Medical history lookback time Follow-up time

Causal contrasts of interest:
• Intent-to-treat effect
• On-treatment effect

randomization

S

G

Outcomes:
• CV efficacy:

• Heart attack
• Stroke
• Heart Failure

• Safety:
• Hypoglycemia
• UTI
• Cancer
• Nausea
• Vomiting 
• Diarrhea

• Negative controls
Analysis plan:
• Time-to-first-event analysis
• Cox proportional hazards

Treatment strategies:
• Initiation with SGLT2I (S)
• Initiation with GLP1RA (G)



Observ. study for comparing two initial therapies

S

G
Eligibility criteria:
• Diagnosed with diabetes and         

at least 90 days metformin prior 
to index

• No prior 2nd-line drug use 
anytime prior to index

Index: Time zero

Medical history lookback time Follow-up time

Causal contrasts of interest:
• Intent-to-treat effect
• On-treatment effect

PS-adjustment

S

G

Analysis plan:
• Time-to-first-event analysis
• Cox proportional hazards

Treatment strategies:
• Initiation with SGLT2I (S)
• Initiation with GLP1RA (G) Outcomes:

• CV efficacy:
• Heart attack
• Stroke
• Heart Failure

• Safety:
• Hypoglycemia
• UTI
• Cancer
• Nausea
• Vomiting 
• Diarrhea

• Negative controls



Second-line initiators across a global network

Inclusion: adult diabetics, +metformin, −other glycemic agents, ±CVD

UK-IQVIA Medical 
Research Data

(UK)

HIC, University of Dundee
(Scotland)

Information System for 
Research in Primary Care

(Spain)

France Longitudinal
Patient Database

(France)

Australia Longitudinal
Patient Database

(Australia)

Hong Kong
Hospital Authority

(Hong Kong)

Germany Disease 
Analyser

(Germany)

US National Databases

• IBM MarketScan®Commercial Claim and 
Encounters Data (CCAE)

• IBM Health MarketScan® Multistate 
Medicaid Database (Medicaid)

• IBM Health MarketScan® Medicare 
Supplemental and Coordination of 
Benefits Database (Medicare)

• Optum Clinformatics Extended Data Mart 
- Date of Death (Optum CEDM)

• Optum© de-identified Electronic Health 
Record Dataset (Optum EHR)

• US Open Claims

US Health System Databases

• Columbia University Irwing Medical Center
• Johns Hopkins Medicine
• Stanford Medicine
• Department of Veterans Affairs Healthcare 

System

Taipei Medical University
Clinical Research Database

(Taiwan)

Yinzhou Health 
Commission

(China)

19 administrative claims and EHR data partners around the world



Current study approach does not scale

One study question - one database - one script

"What's the adherence to my drug in the data assets I own?"

Current solution:

Japan

North America
Southeast Asia

China

Europe

Switzerland Italy

India

So Africa Israel

UK

Analytical method: 
Adherence to Drug

Application to 
data

Custom script for each 
study

• Not scalable
• Expensive
• Slow
• Prohibitive to 

non-expert 
routine use



Open-science standards overcome the silos

OHDSI Data partner 1

Source data in 
local structure 

and vocabularies

Standardized 
patient-level 

database 
(OMOP CDM)

ETL

Source data OMOP CDMETL

OHDSI Data partner 2

Source data OMOP CDMETL

OHDSI Data partner 3

Source data OMOP CDMETL

OHDSI Data partner n

Standardized 
analytics

(OHDSI tools)

OHDSI tools

OHDSI tools

OHDSI tools

Fi
re

w
al

l
Fi

re
w

al
l

Fi
re

w
al

l
Fi

re
w

al
l

Open community 
data standards
(OMOP CDM)

Open source
development 
(OHDSI tools)

Methodological 
research

Clinical evidence 
generation

Standardized 
summary 

statistics results 
repository

Collaborative 
Interpretation

OHDSI Network studies

Pre-specified 
protocol with 

analysis specification

OHDSI collaborations

Evidence 
dissemination

OHDSI data network



New-initiators with T2DM and CVD (2011-2021)

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

4.8 million new-initiators across the global network



Serial cross-sectional initiation (2011-2021)

Large variation in use of
SGLT2I/GLP1RAs across
CVD populations (less
surprising)

Uptake is lower in US
relative to other country
sources, particularly for
CVD patients (more
surprising)

Leading ECRs:
Lovedeep Dhingra
Arya Aminorroaya



Reducing MACE in T2DM+CVD patients

Via systematic best-practices:

New-user cohort design (emulate
target trial)

LSPS adjustment (measured,
unmeasured confounding)
Tian et al IJE

100 neg. controls (empirical
calibration) Schuemie et al PNAS

Extensive objective diagnostics
(improved reliability)



Reducing MACE in T2DM+CVD patients

HRs < 1→ vertical class (T) is more effective



Reducing MACE in T2DM+CVD patients

HRs > 1→ horizontal class (C) is more effective



Reducing MACE in T2DM+CVD patients

SGLT2i GLP-1 RA

DPP4i

SU

SGLT2i

SGLT2i



Reducing MACE in T2DM+CVD patients

SGLT2i

GLP-1 RA

GLP-1 RA

DPP4i

SU

SGLT2i

SGLT2i

DPP4i

SUGLP-1 RA



Reducing MACE in T2DM+CVD patients

SGLT2i

GLP-1 RA

GLP-1 RA

DPP4i

SU

SGLT2i

SGLT2i

DPP4i

SUGLP-1 RA

DPP4i SU

SGLT2I ≈ GLP1RA (consistent with RCT)
GLP1RA > DPP4I > SU (RWE fills in for missing RCTs)



LEGEND-T2DM is a rich, open resource

32 outcomes: CV, safety,
patient-centered (PC)

Multiple populations:
gender, age, race, CVD,
renal disease

Leading ECR (first PC
manuscript):

Carlen Reyes (SIDIAP)

Comparative GI symptoms:
GLP1RAs > others (but no
↑ acute pancreatitis)



LEGEND-T2DM is community responsive

Thyroid tumor relative risk under
multiple sensitivity analyses

Case-control study (Bezin et al,
Diabetes Care, 2023) alerts EMA
to potential thyroid cancer /
GLP1RA association

We delivered a short report to
EMA’s Pharmacovigilance Risk
Assessment Committee

Leading MCR:
Daniel Morales (Dundee)



Emerging directions in LEGEND-T2DM

Patients with renal disease
or heart failure

Older adults, risk
differences in women

Ingredient (drug-level)
comparisons

Scalable robust methods
(Bayesian data integration)

Public health-driven
outcomes (APAC is leading
the way)

Treatment guidelines vary across
populations, but need RWE support and

refinement
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