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WHAT IS ALREADY KNOWN ON THIS TOPIC
⇒	 Glucagon-like peptide-1 receptor agonists and sodium-glucose cotransporter 

two inhibitors are cardioprotective second line antihyperglycaemic drugs
⇒	 These drugs treat hyperglycaemia and improve risk for diabetes mellitus at 

high risk of cardiovascular disorders, but uptake of these drugs lags
⇒	 Studies have focused on prevalent use, and US studies have focused on 

single payers or small populations included in national surveys

WHAT THIS STUDY ADDS
⇒	 Uptake was large of cardioprotective antihyperglycaemic drugs among 

patients with type 2 diabetes mellitus initiating a second line agent, 
representing nearly half of all patients across US and non-US cohorts

⇒	 Patterns suggest non-selective use of cardioprotective drugs, with an 
increasing uptake among people who do not have cardiovascular disease 
compared with people who have established cardiovascular disease

⇒	 This finding is despite people with established cardiovascular disease 
representing the only group with a strong recommendation for use in clinical 
practice guidelines

HOW THIS STUDY MIGHT AFFECT RESEARCH, PRACTICE, OR POLICY
⇒	 This federated framework can guide future research to fill in the remaining 

knowledge gaps in the field
⇒	 This approach acts as a benchmark for monitoring the uptake of 

antihyperglycaemic drugs in response to regional guidelines, insurance, and 
evidence

ABSTRACT
Objective  To assess the uptake of second 
line antihyperglycaemic drugs among patients 
with type 2 diabetes mellitus who are receiving 
metformin.
Design  Federated pharmacoepidemiological 
evaluation in LEGEND-T2DM.
Setting  10 US and seven non-US electronic health 
record and administrative claims databases in the 
Observational Health Data Sciences and Informatics 
network in eight countries from 2011 to the end of 
2021.
Participants  4.8 million patients (≥18 years) 
across US and non-US based databases with type 

2 diabetes mellitus who had received metformin 
monotherapy and had initiated second line 
treatments.
Exposure  The exposure used to evaluate each 
database was calendar year trends, with the years in 
the study that were specific to each cohort.
Main outcomes measures  The outcome was 
the incidence of second line antihyperglycaemic 
drug use (ie, glucagon-like peptide-1 receptor 
agonists, sodium-glucose cotransporter-2 
inhibitors, dipeptidyl peptidase-4 inhibitors, and 
sulfonylureas) among individuals who were already 
receiving treatment with metformin. The relative 
drug class level uptake across cardiovascular risk 
groups was also evaluated.
Results  4.6 million patients were identified in US 
databases, 61 382 from Spain, 32 442 from Germany, 
25 173 from the UK, 13 270 from France, 5580 from 
Scotland, 4614 from Hong Kong, and 2322 from 
Australia. During 2011-21, the combined proportional 
initiation of the cardioprotective antihyperglycaemic 
drugs (glucagon-like peptide-1 receptor agonists 
and sodium-glucose cotransporter-2 inhibitors) 
increased across all data sources, with the 
combined initiation of these drugs as second line 
drugs in 2021 ranging from 35.2% to 68.2% in the 
US databases, 15.4% in France, 34.7% in Spain, 
50.1% in Germany, and 54.8% in Scotland. From 
2016 to 2021, in some US and non-US databases, 
uptake of glucagon-like peptide-1 receptor agonists 
and sodium-glucose cotransporter-2 inhibitors 
increased more significantly among populations 
with no cardiovascular disease compared with 
patients with established cardiovascular disease. 
No data source provided evidence of a greater 
increase in the uptake of these two drug classes in 
populations with cardiovascular disease compared 
with no cardiovascular disease.
Conclusions  Despite the increase in overall 
uptake of cardioprotective antihyperglycaemic 
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drugs as second line treatments for type 2 diabetes 
mellitus, their uptake was lower in patients with 
cardiovascular disease than in people with no 
cardiovascular disease over the past decade. A 
strategy is needed to ensure that medication use 
is concordant with guideline recommendations to 
improve outcomes of patients with type 2 diabetes 
mellitus.

Introduction
The management of type 2 diabetes mellitus has 
advanced over the past decade with the introduction 
of novel drug and an emphasis on lowering cardio-
vascular and renal risks. Strong evidence from large, 
randomized controlled trials with patients who have 
type 2 diabetes show that glucagon-like peptide-1 
receptor agonists (GLP-1 RAs) and sodium-glucose 
cotransporter two inhibitors (SGLT2is) not only affect 
hyperglycaemia but also improve cardiovascular risk 
in populations at high risk.1–5 Evidence also suggests 
SGLT2is additionally reduce the progression of 
renal disease.1–3 Consequently, international clin-
ical practice guidelines increasingly recognize the 
evolution of second line drugs as a treatment option 
for diabetes,6 favoring the use of GLP-1 RAs in over 
a third and SGLT2is in over half of all patients with 
type 2 diabetes mellitus.7

Despite clinical trial and real-world evidence 
supporting the benefits of GLP-1 RAs (since 2017) 

and of SGLT2is (since 2016), the actual uptake 
of these drugs continues to lag.7–12 Furthermore, 
studies characterizing patterns of use have exclu-
sively focused on prevalent use, and US based studies 
have focused on single payers or small populations 
included in national surveys. These assessments 
likely do not accurately capture the uptake patterns 
for novel treatments, for which both the uptake and 
the use are likely to grow over time. Moreover, the 
cost of these drugs and their coverage through health 
insurance programs varies across healthcare systems 
and countries.13–16

An appraisal of the uptake of GLP-1 RAs and 
SGLT2is as second line treatments among those 
patients who were escalated from metformin mono-
therapy is important. This appraisal is particularly 
relevant as an assessment of their initiation relative 
to other second line drugs, namely, dipeptidyl pepti-
dase-4 inhibitors (DPP-4is) and sulfonylureas that 
have been available for longer, but do not provide 
cardioprotective or renoprotective effects in the 
short term.17–20 In a large, multinational study, we 
describe patterns of initiation of four key second 
line drugs—ie, GLP-1 RAs, SGLT2is, DPP-4is, and 
sulfonylureas—during escalation from metformin 
monotherapy, overall, and across clinical and demo-
graphic subgroups.

For the visual abstract of this paper, see figure 1.

Materials and methods
Study overview
This study represents a federated pharmacoepidemio-
logical analysis among type 2 diabetes mellitus patient 
records from a multinational consortium of data sources 
all mapped to the Observational Medical Outcomes 
Partnership Common Data Model.21 We defined a cohort 
of type 2 diabetes mellitus patients receiving metformin 
therapy who were initiated on second line antihypergly-
caemic drugs and evaluated patterns of uptake of tradi-
tionally second line antihyperglycaemic drugs with and 
without known cardioprotective effects, across patients 
spanning the cardiovascular risk spectrum.

Data sources
We identified participating data sources in the Large-
scale Evidence Generation and Evaluation across a 
Network of Databases for Type 2 Diabetes Mellitus 
(LEGEND-T2DM) initiative. LEGEND-T2DM has been 
previously described.22 Briefly, LEGEND-T2DM is a 
series of systematic, large scale observational studies 
of real-world characterization of second line antihy-
perglycaemic drugs. Of these, this study is based on 
17 real-world data sources, spanning administra-
tive claims and electronic health record databases, 
including six national level and four health system 
datasets from the US, and data sources from Spain, 
Germany, UK, France, Scotland, Hong Kong, and 
Australia. Further details about the data sources are 
included in table  1 and online supplemental table 
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B
M

J M
edicine: first published as 10.1136/bm

jm
ed-2023-000651 on 6 O

ctober 2023. D
ow

nloaded from
 https://bm

jm
edicine.bm

j.com
 on 21 July 2025 by guest.

P
rotected by copyright, including for uses related to text and data m

ining, A
I training, and sim

ilar technologies.

https://dx.doi.org/10.1136/bmjmed-2023-000651


Khera R, et al. BMJMED 2023;2. doi:10.1136/bmjmed-2023-000651 3

Open access

S1. Patient records were from the past decade (2011-
21) during which several second line antihypergly-
caemic drugs have been introduced. The most recent 
data available across data sources varied from 2019 
through 2021 (table  1). All patient records were 
standardized to the Observational Medical Outcomes 
Partnership, Common Data Model (Observational 
Health Data Sciences and Informatics, version 5), 
mapping international coding systems into standard 
vocabulary concepts.23 These data sources have 
previously been leveraged in Observational Health 
Data Sciences and Informatics studies.24–26

The US populations included those commercially 
and publicly insured, enriched for older individuals 
(Medicare (MDCR), Veterans Health Administration 
(VA)), lower socioeconomic status (Managed 
Medicaid (MDCD)), and racially diverse populations 
(>20% black or African American in the VA, and 
8% in Columbia University Irving Medical Center 
(CUIMC)). The study was designed at a data source 
level and followed federated analytical principles, so 
the same patients may be represented in more than 
one data source, particularly in the US. Some non-US 
databases, including Health Informatics Centre 
at the University of Dundee (HIC), Information 
System for Research in Primary Care (SIDIAP),27 and 
UK-IQVIA Medical Research Data (IMRD), recorded 
primarily incident health conditions, as opposed to 
other data sources that often return multiple records 
of prevalent conditions. All data sources received 
institutional review board approval or exemption 
for their participation in LEGEND-T2DM. The study 
is reported according to the Strengthening the 

Reporting of Observational Studies in Epidemiology 
(STROBE) reporting guidelines.28

Study population
We included all adults (age ≥18 years) traditionally 
included in second line drug exposure cohorts in 
people with type 2 diabetes mellitus, as described 
in the LEGEND-T2DM study protocol.22 Broadly, 
these cohorts consisted of type 2 diabetes mellitus 
patients who had prior metformin monotherapy 
and initiated second line treatment with one of the 
22 drug ingredients that comprise the GLP-1 RAs, 
SGLT2is, DPP-4is, and sulfonylureas drug classes 
(online supplemental table S2). We did not consider 
thiazolidinediones given their known association 
with a risk of heart failure, weight gain, and bladder 
cancer.29 30 The study population included patients 
with and without established cardiovascular disease 
based on the previously developed and validated 
definition for risk stratification among new users of 
second line type 2 diabetes mellitus drugs.31 How 
cohorts were defined is detailed in the online supple-
mental methods.

Study exposures and outcomes
This study evaluated changes in patterns of second 
line antihyperglycaemic initiation over time. We used 
calendar years as the exposure, with the years in the 
study that were specific to each cohort (outlined in 
table 1). The outcome was the incidence of second line 
antihyperglycaemic drugs use among all individuals 
who were already receiving treatment with metformin.

Table 1 | Description of databases from the Observational Health Data Sciences and Informatics network included in 
the study.

Name of database Abbreviation Country of origin
Years of exposure 
included

No of 
participants

US national databases (claims data)
IBM MarketScan Commercial Claims and Encounters Data CCAE USA 2011-21 265 874
IBM Health MarketScan Multi-State Medicaid Database MDCD USA 2011-20 40 064
IBM Health MarketScan Medicare Supplemental and Coordination of 
Benefits Database

MDCR USA 2011-21 43 857

Optum Clinformatics Extended Data Mart - Date of Death OCEDM USA 2011-21 211 877
Optum de-identified Electronic Health Record Dataset OEHR USA 2011-21 299 008
US Open Claims USOC USA 2000-21 3 521 191
US health system databases (electronic health record data)
Columbia University Irving Medical Centre CUIMC USA 2011-21 4561
Johns Hopkins Medicine JHM USA 2016-21 3759
Stanford Medicine STARR USA 2011-21 2993
Department of Veterans Affairs Healthcare System VA USA 2011-21 230 019
Non-US databases (electronic health record data)
Australia Longitudinal Patient Database Practice Profile ALPD Australia 2012-21 2322
France Longitudinal Patient Database FLPD France 2012-21 13 270
Germany Disease Analyser GDA Germany 1992-21 32 442
Health Informatics Centre at the University of Dundee HIC Scotland 2011-21 5580
HKHA - Hong Kong Hospital Authority HKHA Hong Kong 2011-18 4614
UK-IQVIA Medical Research Data IMRD United Kingdom 2011-19 25 173
Information System for Research in Primary Care SIDIAP Spain 2011-21 61 382
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Study covariates
Study covariates were drawn from the broad set of 
characteristics outlined in the cohort characteriza-
tion tool stack in Observational Health Data Sciences 
and Informatics.32 We defined cohort demographics 
including age, sex, and race. The clinical characteris-
tics were defined by standard Observational Medical 
Outcomes Partnership concepts for diseases and 
procedures, including all body systems, representing 
33 covariates. A team of clinicians verified the covar-
iates included for presentation in the study to focus 
on those relevant to the management of diabetes, 
spanning domains of cardiovascular risk factors, 
established cardiovascular disease, and kidney 
disease.

Statistical analysis
We evaluated the trend of yearly incident use of all 
four second line antihyperglycaemic drug classes 
across 17 databases. For each year, we excluded 
a database for analyses if the number of people 
in the database was less than 100. The number of 
people in the databases for each year is provided in 
online supplemental table S3. Given the protective 
effects of GLP-1 RAs and SGLT2is on cardiovascular 
outcomes, we further performed a stratified analysis 
among individuals who had or did not have estab-
lished cardiovascular disease (online supplemental 
methods). To calculate the annual changes of the 
incidence rates for second line antihyperglycaemic 
drugs initiation from 2016 to 2021, we fitted linear 
regression models to the data using incidence rate as 
the dependent variable and the year (coded as 1 to 
6) as the independent variable. The annual change 
was reported as the point estimate of the slope 
(95% confidence interval). We compared the annual 
changes between patients who had cardiovascular 
disease with people who did not for each second line 
agent using the interaction term of cardiovascular 
disease status and year in analysis of covariance 
(ANCOVA) models. Additionally, to account for the 
differences in the age and sex distribution between 
patients with and without cardiovascular disease, we 
calculated the age and sex standardized incident use 
of GLP-1 RAs, SGLT2is, DPP-4is, and sulfonylureas 
across data sources from 2016 to 2021 using direct 
standardization to the world standard population.33 
Subsequently, we compared the age and sex stand-
ardized slope for GLP-1 RAs, SGLT2is, DPP-4is, and 
sulfonylureas between patients with and without 
cardiovascular disease across data sources similarly. 
We developed an interactive webpage to allow explo-
ration of the cohorts included in LEGEND-T2DM.34

Patient and public involvement
Patients and the public were not specifically involved 
in the development of research hypothesis or the 
outcome measures, or in the design and implemen-
tation of the study due to the federated approach of 
the study. We will disseminate the results of the study 

through press release and social media postings to 
explain the result to news media and public.

Results
Cohort characteristics
LEGEND-T2DM included over 4.8 million patients 
with type 2 diabetes mellitus across all cohorts, 
representing individuals initiating one of the four 
second line antihyperglycaemic drugs between 
2011 and 2021 (figure 1, table 1). This included 4.6 
million type 2 diabetes mellitus patients initiating 
second line therapy across US based databases and 
145 000 from non-US databases. Among the US data-
bases, the US Open Claims contributed the maximum 
of 3.5 million patient records. The non-US data 
includes 61 382 patient records from Spain, 32 442 
from Germany, 25 173 from the UK, 13 270 from 
France, 5580 from Scotland, 4614 from Hong Kong, 
and 2322 from Australia.

Patient characteristics
Patients with type 2 diabetes mellitus who had initi-
ated GLP-1 RA second line were more frequently 
female, while patients who had initiated treatment 
with SGLT2is were more frequently male. Overall, 
patients who were prescribed GLP-1 RA as the 
second line treatment for type 2 diabetes mellitus 
had a lower prevalence of cardiovascular disease, 
including ischemic heart disease, cerebrovascular 
disease, and heart failure, compared with patients 
who were prescribed other second-line drugs. For 
instance, according to the US Open Claims data-
base, ischemic heart disease was reported in 2.7% of 
people who used GLP-1 RAs compared with in 4.1% 
of those using SGLT2is, DPP-4is, or sulfonylureas 
(online supplemental table S4–S7).

Similarly, for the IBM Health MarketScan 
Commercial Claims and Encounters Database 
(CCAE), 3.6% of the people using GLP-1 RA had 
ischemic heart disease, compared with 4.3% of 
people using SGLT2is, 3.9% of of people using DDP-
4is, and 4.3% of people using sulfonylureas. Both in 
the US and non-US databases, fewer patients initi-
ating GLP-1 RAs and SGLT2is had renal impairment 
at baseline. For instance, in US Open Claims, 4.1% 
of people using GLP-1 RA and SGLT2is had renal 
impairment compared with 6.5% of people using 
DPP-4is, and 6.7% of people using sulfonylureas. 
In the Information System for Research in Primary 
Care (SIDIAP) dataset from Spain, 1.5% of patients 
prescribed GLP-1 RAs or SGLT2is had renal impair-
ment compared with 3.9% of people using DPP-4i, 
and 1.7% of people using sulfonylureas (online 
supplemental tables S8–S11).

Incident use across cohorts
In 2021, the choice of the prescribed second line 
antihyperglycaemic drugs varied among different US 

B
M

J M
edicine: first published as 10.1136/bm

jm
ed-2023-000651 on 6 O

ctober 2023. D
ow

nloaded from
 https://bm

jm
edicine.bm

j.com
 on 21 July 2025 by guest.

P
rotected by copyright, including for uses related to text and data m

ining, A
I training, and sim

ilar technologies.

https://dx.doi.org/10.1136/bmjmed-2023-000651
https://dx.doi.org/10.1136/bmjmed-2023-000651
https://dx.doi.org/10.1136/bmjmed-2023-000651
https://dx.doi.org/10.1136/bmjmed-2023-000651
https://dx.doi.org/10.1136/bmjmed-2023-000651
https://dx.doi.org/10.1136/bmjmed-2023-000651


Khera R, et al. BMJMED 2023;2. doi:10.1136/bmjmed-2023-000651 5

Open access

databases. The combined incident use of cardiopro-
tective drugs, GLP-1 RAs, and SGLT2is, ranged from 
35.2% in Veterans Affairs Health System to 68.2% in 
Columbia University Irving Medical Center. The inci-
dent use of DDP-4is ranged from 14.5% in Stanford 
(STARR) to 23.5% in the Veterans Affairs Health 
System. By contrast, sulfonylureas incident use 
ranged from 11.1% in Columbia University Irving 
Medical Center to 41.3% in the Veterans Affairs 
Health System (figure 2).

Among the non-US databases, in 2021, the 
combined incident use of cardioprotective drugs 
differed widely, ranging from 15.4% in France up to 
54.8% in Scotland (figure  2). Incident use of DPP-
4is was greater in other countries than in the US, 
ranging from 44.2% in Scotland to 77.0% in France. 
By contrast, the incident use of sulfonylureas was 
less across the non-US databases as compared with 
the US databases, ranging from 1% in Scotland to 
7.5% in France. The incident use of various anti-
hyperglycaemic drugs in 2020 is shown in online 
supplemental figures S1–S3.

Uptake of drug use across study cohorts
The proportion of second line antihyperglycaemic 
drug uptake varied across cohorts. Between 2011 
and 2021, the initiation of GLP-1 RAs as second 
line antihyperglycaemic drugs increased across all 
US national data sources, from no measured initi-
ation in 2011 to 18.5% in 2021 in the IBM Health 
MarketScan Medicare (MDCR) population, and to 
30.5% in CCAE (online supplemental figure S4).

Similarly, the uptake of SGLT2is in the US national 
databases increased from no uptake in 2011 across 
data sources to 25.2% in 2021 in the Optum 
de-identified Electronic Health Record Dataset 
(OEHR) and 30.2% in the Medicare population. The 
Department of Veterans Affairs Healthcare System 
had the lowest proportionate incident use of the 
cardioprotective antihyperglycaemic drugs in the 
US, driven predominantly by the low use of GLP-1 
RAs (online supplemental figure S5). The uptake of 
SGLT2is in the non-US databases increased from no 
uptake in 2011 to 4.4% in France and up to 52.6% 
in Scotland by 2021. Throughout the study period, 
use of GLP-1 RAs in Australia was low. However, 
among the non-US databases available, the use of 
GLP-1 RAs increased most in France to 11.1% in 
2021 (online supplemental figure S6).

From 2016 to 2021, the annual increase in the 
combined incident use of GLP-1 RAs and SGLT2is 
was 10.6% per year in CUIMC, and 6.2% per year in 
US Open Claims database. The annualised increase 
per year from 2016 to 2021 was 2.7% per year in 
France, 4.3% in Spain per year, and 5.2% per year 
in Scotland.

Drug use across cardiovascular risk groups
The uptake of GLP-1 RAs in patients with established 
cardiovascular disease in US national databases 

increased consistently from no incident use across 
databases in 2011 to 15.7% in patients in the Medicare 
(MDCR) system and up to 28.0% in the CCAE popula-
tion in 2021 (figure 3). By contrast, the incident use 
of GLP-1 RA in patients without established cardio-
vascular disease increased from no uptake in 2011 to 
22.3% in MDCR patients and up to 38.0% in CUIMC 
patients in 2021 (figure  3). Meanwhile, the inci-
dent use of SGLT2is in the patients with established 
cardiovascular disease, in the same period, reached 
28.7% in Optum Clinformatics Extended DataMart 
(OCEDM) and 46.0% in CUIMC (figure 4). In patients 
without cardiovascular disease, the increase in 
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Figure 2 | Proportional incident use of second line 
antihyperglycaemic drugs in United States national 
databases, United States health system. CCAE=IBM 
MarketScan Commercial Claims and Encounters Data; 
CUIMC=Columbia University Irving Medical Centre; 
DPP-4i=dipeptidyl peptidase-4 inhibitors; FLPD=France 
Longitudinal Patient Database; GDA=Germany 
Disease Analyser; GLP-1 RA=glucagon-like peptide-1 
receptor agonist; HIC=Health Informatics Centre 
at the University of Dundee; JHM=Johns Hopkins 
Medicine; MDCR=IBM Health MarketScan Medicare 
Supplemental and Coordination of Benefits Database; 
OCEDM=Optum Clinformatics Extended Data Mart-
Date of Death; OEHR=Optum de-identified Electronic 
Health Record Dataset; SGLT2i=sodium-glucose 
cotransporter 2 inhibitor; SIDIAP=Information System 
for Research in Primary Care; STARR=Stanford Medicine; 
SU=sulfonylurea; USOC=United States Open Claims; 
VA=Department of Veterans Affairs Healthcare System
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SGLT2is uptake was up to 23.3% in Optum de-iden-
tified Electronic Health Record Dataset (OEHR) and 
up to 32.7% at Stanford Medicine (STARR) (figure 4).

Among the non-US health systems, the uptake 
of GLP-1 RAs increased from no uptake in 2011 
to 13.4% in 2021 in patients with cardiovascular 
disease in France, and to 10.7% in patients who did 
not have cardiovascular disease (figure 3). Although 
SGLT2is were not in use as second line antihyperg-
lycaemic drugs in 2011 in any of the non-US data-
bases, their uptake grew to include 6.1% of the 
patients with cardiovascular disease in France, and 
54.2% in Scotland (figure 4). In the patients with no 
established cardiovascular disease, the uptake of 
SGLT2is increased from no uptake in 2011 to 4.1% 
in France, and up to 52.3% in Australia in 2021 
(figure 4).

From 2016 to 2021, the uptake of GLP-1 RAs 
increased more significantly among patients 

without cardiovascular disease compared with 
patients with cardiovascular disease in France, 
UK, and some US databases; however, no database 
had a higher annual change of GLP-1 RA uptake in 
patients with cardiovascular disease compared with 
patients with no cardiovascular disease (table 2). A 
similar scenario was noted for SGLT2is. Although 
Australia, UK, Scotland, and some US databases 
showed greater increases in the uptake of SGLT2is 
among patients with no cardiovascular disease 
compared with patients with cardiovascular disease 
from 2016 to 2021, uptake of SGLT2is was not 
different between these populations in other data-
bases (table 2). These patterns were consistent even 
after age and sex standardisation of the data across 
sources (online supplemental tables S12 and S13). 
The uptake trends of DPP-4is and sulfonylureas 
were inconsistent (online supplemental tables 
S14–S17).
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Figure 3 | Proportional first incident use of glucagon-like peptide-1 receptor agonists as second line therapy after 
metformin in patients with established cardiovascular disease, and patients without established cardiovascular 
disease. ALPD=Australia Longitudinal Patient Database Practice Profile; CCAE=IBM MarketScan Commercial Claims 
and Encounters Data; CUIMC=Columbia University Irving Medical Center; FLPD=France Longitudinal Patient Database; 
GDA=Germany Disease Analyser; GLP-1 RA=glucagon-like peptide-1 receptor agonist; HIC=Health Informatics Centre 
at the University of Dundee; HKHA=Hong Kong Hospital Authority; IMRD=UK-IQVIA Medical Research Data; JHM=Johns 
Hopkins Medicine; MDCD=IBM Health MarketScan Multi-State Medicaid Database; MDCR=IBM Health MarketScan 
Medicare Supplemental and Coordination of Benefits Database; OCEDM=Optum Clinformatics Extended Data Mart - 
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Discussion
Main findings
In this first investigation from the LEGEND-T2DM 
study, we report a large and comprehensive pharma-
coepidemiological evaluation of the uptake of second 
line type 2 diabetes mellitus drugs across 17 interna-
tional databases with over 4.8 million type 2 diabetes 
mellitus patient records. The study uses a federated 
approach to the study of patterns of medication use 
across multiple disparate data sources simultane-
ously, thereby allowing an informed assessment 
of individual trends in second line type 2 diabetes 
mellitus medication uptake. We observed a large 
uptake of cardioprotective antihyperglycaemic drugs 
among patients who had received a second line drug, 
representing nearly half of all included patients. 
Although both cardioprotective drug classes in the 
US increased, the initiation of SGLT2is increased at 
a higher rate than GLP-1 RAs, representing nearly 

a third of patients. By contrast, the initiation of 
SGLT2is increased to 40% to 50% of the popula-
tion in a cohort mostly from Europe and Hong Kong, 
with lower initiation of GLP-1 RAs. Finally, patterns 
suggest non-selective uptake of cardioprotective 
drugs with an increasing uptake among people who 
do not have cardiovascular disease compared with 
those with established cardiovascular disease.

Implications
The study builds on previous assessments of GLP-1 
RAs and SGLT2is use in both national US surveys and 
insurance datasets. These prior studies focused on 
the overall prevalent use of cardioprotective therapy 
in select years and found that, at most, 10%–15% 
of individuals with compelling indications use 
cardioprotective medications.7 11 12 35–37 Our study 
adds to the literature by focusing on people who 
initiated second line therapy who are currently 
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and Encounters Data; CUIMC=Columbia University Irving Medical Centre; FLPD=France Longitudinal Patient Database; 
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using metformin alone, therefore, assessing initia-
tion of these drugs exclusively in individuals who 
likely required clinical escalation of antihypergly-
caemic treatment as recommended by the American 
Diabetes Association.38 The study further covers 11 
years of data, which results in additional qualitative 
information on the trajectory of the uptake of anti-
hyperglycaemic drugs. Moreover, this study assessed 
the trends observed in the US with those in other 
countries and showed the large uptake of SGLT2is 
that has occurred in many countries in Europe and in 
Hong Kong, during a period when the drug's use has 
been relatively limited in the US. We also find that the 
increase in GLP-1 RA initiation has been differential, 
with US patterns of measurable increase in GLP-1 
RAs not reported in other countries.

The findings also suggest potential mechanisms for 
the patterns noted in the US. Initial studies finding 
low uptake for cardioprotective drugs in the US had 
posited that this use may represent clinician inertia,8 
despite strong support in guidelines,6 38 given the 
novel nature of these drugs. This suggestion was 
supported by the low use even among patients with 
medical insurance. However, the rapid uptake in 
most countries with a nationally funded healthcare 
program with preventive medical coverage high-
lights that the underuse in the US may be financially 

motivated. Although not evaluated in this study, 
these motivations may include barriers associated 
with high out-of-pocket costs or other insurer driven 
strategies to restrict drug use.39 40 This scenario is 
particularly concerning in the US given the absence 
of requirement for commercial insurance to cover 
preventive therapy, for which a return on investment 
for insurers is often delayed.

A key exception to this pattern was France, where 
despite a national health insurance with prescription 
coverage,41 the relative uptake of cardioprotective 
therapies was low. A review of clinical directives and 
guidelines in France suggests that national policies 
that urged caution against possible adverse events 
with novel drugs may underlie these patterns.42 43 
The limited uptake of GLP-1 RAs in non-US countries 
despite their cardioprotective effects, may, however, 
indicate a barrier with the injectable method of 
administration, and the alternative of SGLT2is, 
which has broader tolerability.13 35 44 Therefore, 
financial rather than informational strategies are 
essential to promote the uptake of cardioprotective 
treatments in the US, particularly among people with 
cardiovascular disease.

We noted a greater increase in the uptake of GLP-1 
RAs and SGLT2is among patients who do not have 
cardiovascular disease compared with patients with 

Table 2 | Annual change in the incident use of glucagon-like peptide-1 receptor agonists and sodium-glucose 
cotransporter 2 inhibitors for patients with established cardiovascular disease and patients with no established 
cardiovascular disease.

Data source

Glucagon-like peptide-1 receptor agonists Sodium-glucose cotransporter 2 inhibitors

Slope for patients with 
CVD, % (95% CI)

Slope for patients with 
no CVD, % (95% CI)

P value for slope 
difference

Slope for patients 
with CVD, % (95% CI)

Slope for patients with 
no CVD, % (95% CI)

P value for slope 
difference

US national databases
CCAE 1.87 (1.11 to 2.64) 6.81 (3.69 to 9.92) 0.003 1.43 (0.58 to 2.28) 3.48 (1.12 to 5.85) 0.053
MDCD 0.58 (0.36 to 0.81) 0.92 (0.73 to 1.1) 0.01 0.99 (0.71 to 1.26) 0.83 (0.24 to 1.42) 0.457
MDCR 5.05 (0.9 to 9.21) 5.1 (–0.03 to 10.22) 0.986 9.18 (1.1 to 17.25) 5.62 (0.81 to 10.44) 0.325
OCEDM 3.21 (1.72 to 4.7) 5.51 (3.32 to 7.71) 0.042 4.75 (2.27 to 7.24) 3.94 (2.19 to 5.68) 0.477
OEHR 2.36 (1.03 to 3.7) 7.82 (3.77 to 11.88) 0.007 3.6 (1.64 to 5.56) 6.46 (3.42 to 9.5) 0.06
USOC 2 (0.61 to 3.4) 5.32 (1.74 to 8.9) 0.044 2.87 (1.00 to 4.74) 4.22 (1.28 to 7.17) 0.313
US health system databases
CUIMC 1.68 (1.08 to 2.27) 3.13 (1.59 to 4.66) 0.04 3.71 (2.23 to 5.2) 2.37 (1.34 to 3.41) 0.074
JHM 0.75 (–0.08 to 1.58) 2.59 (0.58 to 4.61) 0.036 1.36 (0.95 to 1.77) 2.09 (1.38 to 2.8) 0.03
STARR 0.65 (0.17 to 1.14) 2.07 (0.38 to 3.76) 0.056 0.91 (0.56 to 1.27) 2.01 (0.74 to 3.28) 0.049
VA 1.4 (0.4 to 2.39) 1.84 (0.3 to 3.39) 0.517 15.94 (3.9 to 27.99) 13.85 (2.48 to 25.22) 0.734
Non-US databases
ALPD 0 –0.1 (–0.77 to 0.56) 0.633 0.63 (0.39 to 0.88) 9.6 (4.99 to 14.2) 0.001
FLPD 0.34 (0.07 to 0.62) 1.35 (0.38 to 2.32) 0.024 0.12 (–0.07 to 0.3) 0.5 (–0.11 to 1.1) 0.132
GDA 0.47 (0.11 to 0.83) 0.92 (0.21 to 1.62) 0.155 5.11 (1.75 to 8.48) 5.22 (1.47 to 8.97) 0.955
HIC 0 0.25 (–0.15 to 0.64) 0.122 0.81 (–0.16 to 1.78) 3.75 (2.49 to 5) 0.001
HKHA NA NA NA 4.98 (–3.07 to 

13.04)
4.13 (–8.35 to 16.61) 0.542

IMRD –0.08 (–0.26 to 0.11) 0.16 (–0.13 to 0.44) 0.042 1.15 (0.11 to 2.2) 7.24 (2.28 to 12.19) 0.007
SIDIAP 0.27 (–0.09 to 0.62) 0.99 (0.13 to 1.86) 0.062 3.26 (1.63 to 4.89) 6.47 (1.71 to 11.23) 0.115

ALPD=Australia Longitudinal Patient Database Practice Profile; CCAE=IBM MarketScan Commercial Claims and Encounters Data; CUIMC=Columbia University 
Irving Medical Centre; FLPD=France Longitudinal Patient Database; GDA=Germany Disease Analyser; HIC=Health Informatics Centre at the University of 
Dundee, HKHA=Hong Kong Hospital Authority; IMRD=UK-IQVIA Medical Research Data, JHM=Johns Hopkins Medicine; MDCD=IBM Health MarketScan Multi-
State Medicaid Database, MDCR=IBM Health MarketScan Medicare Supplemental and Coordination of Benefits Database; NA=not available; OCEDM=Optum 
Clinformatics Extended Data Mart-Date of Death; OEHR=Optum de-identified Electronic Health Record Dataset; SIDIAP=Information System for Research in 
Primary Care; STARR=Stanford Medicine; USOC=United States Open Claims, VA=Department of Veterans Affairs Healthcare System
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established cardiovascular disease between 2016 
and 2021. Nevertheless, patients with established 
disease represent the only group with robust recom-
mendations for the use of these medications in 
clinical practice guidelines.45 46 The non-selective 
uptake of cardioprotective drugs may potentially be 
attributed to the fact that cardiologists contribute to 
less than 2% of prescribed GLP-1 RAs and SGLT2is. 
By contrast, more than two thirds of these drugs 
are prescribed by primary care physicians, intern-
ists, and endocrinologists.47 As a result, patients 
with type 2 diabetes mellitus and cardiovascular 
disease who are often treated by cardiologists may 
be less likely to receive cardioprotective antihyper-
glycaemic drugs compared with people with type 
2 diabetes mellitus but no cardiovascular disease 
who are probably managed by people who are not 
cardiologists.

Strengths and limitations
A key strength of our study is the novel strategy for 
monitoring medication use patterns on an inter-
national scale without the need for sharing of indi-
vidual level data, which can be easily adapted for 
monitoring the effect of local and international 
interventions. The study builds on evidence to illus-
trate the uptake patterns of cardioprotective antihy-
perglycaemic drugs across multiple US and non-US 
databases in a context where all populations are 
consistently described. This breadth of information 
enabled us to not only assess the effect of interna-
tional differences in guideline recommendations and 
insurance coverage but also to identify practice vari-
ations at health systems in the US.

Our study has some limitations. Our findings 
represent available observational datasets, including 
administrative claims and electronic health record 
databases, and may not be representative of respec-
tive national or subnational populations. The study 
included all individuals who met inclusion criteria, 
but the representativeness of the overall popula-
tion of diabetes was not explicitly confirmed. We 
believe the current approach may be adopted as a 
benchmark for monitoring the uptake of antihyper-
glycaemic drugs in response to changes in regional 
guidelines, insurance coverage, and contempo-
rary evidence rather than inferring generalizable 
estimates of the use of antihyperglycaemic drugs. 
Modest data differences might be present for some 
of the clinical features across data sources. However, 
these differences are unlikely to be the reason for 
observed patterns because the study used broadly 
defined exposure and outcome groups, which are less 
likely to be affected by variations in coding practices. 
Additionally, we included data sources that have 
been consistently used in rigorous federated studies 
previously.48 Medical records could have overlap in 
some US databases, such that the same patients could 
have been captured across multiple sources. Having 

different record views of the same patient can be an 
advantage in capturing the real-life health events 
experienced by the patient. But, because licensing 
agreements prohibit attempts to link patients 
between most databases, the extent of this overlap 
cannot be precisely assessed. Given the heteroge-
neity in the included databases, standardising the 
patients on the basis of outcomes and assessing the 
incident drug use might be essential. Although the 
drugs included are commonly used as second line 
escalation treatments for type 2 diabetes mellitus, 
the precise reasons for initiation cannot be deter-
mined. Other potential reasons for prescription may 
include indications for weight loss, selection based 
on low cost of one drug over the other, or safer side 
effect profile. The study cannot identify the barriers 
to optimal uptake of cardioprotective antihypergly-
caemic drugs. However, our approach highlights a 
potential strategy for benchmarking the use of these 
drugs in various patient populations with cardio-
vascular disease. Our findings illustrate the uptake 
patterns of antihyperglycaemic drugs as second line 
treatments instead of providing a comprehensive 
overview of overall uptake patterns. Nevertheless, 
the study establishes a federated framework that can 
guide future research in addressing the remaining 
knowledge gaps in the field.

Conclusions
Despite the increase in overall uptake of cardiopro-
tective antihyperglycaemic drugs as second line 
treatment for type 2 diabetes mellitus, these drugs 
have been underused in the US relative to other coun-
tries, particularly among people with established 
cardiovascular disease. A strategy to ensure medi-
cation uptake concordant with guideline recommen-
dations is essential to improve outcomes of patients 
with type 2 diabetes mellitus.

Author affiliations
1Section of Cardiovascular Medicine, Department of Internal 
Medicine, Yale University, New Haven, CT, USA
2Center for Outcomes Research and Evaluation, Yale New Haven 
Hospital, New Haven, CT, USA
3Section of Health Informatics, Department of Biostatistics, Yale 
University School of Public Health, New Haven, CT, USA
4Department of Biostatistics, Fielding School of Public Health, 
University of California Los Angeles, Los Angeles, CA, USA
5Department of Medicine, David Geffen School of Medicine, 
University of California Los Angeles, Los Angeles, CA, USA
6Observational Health Data Analytics, Janssen Research and 
Development, Titusville, NJ, USA
7Johns Hopkins University School of Medicine, Baltimore, MD, USA
8Department of Medical Informatics and Clinical Epidemiology, 
Oregon Health and Science University School of Medicine, Portland, 
OR, USA
9Real-World Epidemiology Research Group, Fundació Institut 
Universitari per a la recerca a l'Atenció Primària de Salut Jordi Gol i 
Gurina (IDIAPJGol), Barcelona, Spain
10Veterans Affairs Informatics and Computing Infrastructure, United 
States Department of Veterans Affairs, Salt Lake City, UT, USA
11The University of Utah School of Medicine, Salt Lake City, UT, USA
12Department of Biomedical Informatics, Columbia University, New 
York, NY, USA
13Tennessee Valley Healthcare System, Veterans Affairs Medical 
Center, Nashville, TN, USA

B
M

J M
edicine: first published as 10.1136/bm

jm
ed-2023-000651 on 6 O

ctober 2023. D
ow

nloaded from
 https://bm

jm
edicine.bm

j.com
 on 21 July 2025 by guest.

P
rotected by copyright, including for uses related to text and data m

ining, A
I training, and sim

ilar technologies.



Khera R, et al. BMJMED 2023;2. doi:10.1136/bmjmed-2023-00065110

Open access

14Department of Biomedical Informatics, Vanderbilt University 
Medical Center, Nashville, TN, USA
15Division of Population Health and Genomics, School of Medicine, 
University of Dundee, Dundee, UK
16Research Department of Practice and Policy, School of Pharmacy, 
University College London, London, UK
17Centre for Medicines Optimisation Research and Education, 
University College London Hospitals NHS Foundation Trust, London, 
UK
18Centre for Safe Medication Practice and Research, Department 
of Pharmacology and Pharmacy, Li Ka Shing Faculty of Medicine, 
University of Hong Kong, Hong Kong, China
19Laboratory of Data Discovery for Health (D24H), Hong Kong 
Science Park, Hong Kong, China
20Data Transformation, Analytics, and Artificial Intelligence, Real 
World Solutions, IQVIA Inc, Durham, NC, USA
21Division of Endocrinology, Diabetes, and Metabolism, The Johns 
Hopkins University School of Medicine, Baltimore, MD, USA
22Faculty of Medicine, O'Brien Institute for Public Health, University 
of Calgary, Calgary, AB, Canada
23Department of Radiology, Johns Hopkins University School of 
Medicine, Baltimore, MD, USA
24Division of Health Science Informatics, Johns Hopkins University 
Bloomberg School of Public Health, Baltimore, MD, USA
25Department of Biostatistics, Johns Hopkins University Bloomberg 
School of Public Health, Baltimore, MD, USA
26Department of Biomedical Informatics, Columbia University Irving 
Medical Center, New York, NY, USA
27Systems Engineering and Computing, School of Engineering, 
Universidad del Norte, Barranquilla, Colombia
28Quality Use of Medicines and Pharmacy Research Centre, UniSA 
Clinical and Health Sciences, University of South Australia, Adelaide, 
SA, Australia
29Section of General Medicine and National Clinician Scholars 
Program, Department of Internal Medicine, Yale School of Medicine, 
New Haven, CT, USA
30Department of Health Policy and Management, Yale University 
School of Public Health, New Haven, CT, USA
31Center for Biomedical Informatics Research, Stanford University 
School of Medicine, Stanford, CA, USA
32Clinical Excellence Research Center, Stanford University School of 
Medicine, Stanford, CA, USA
33Technology and Digital Solutions, Stanford Health Care, Stanford, 
CA, USA
34Department of Family Medicine and Primary Care, School of 
Clinical Medicine, University of Hong Kong, Hong Kong, China
35Department of Computational Medicine, University of California 
Los Angeles David Geffen School of Medicine, Los Angeles, CA, USA
36Department of Biomedical Systems Informatics, Yonsei University 
College of Medicine, Seoul, Republic of Korea (aka South Korea)
37Institute for Innovation in Digital Healthcare, Yonsei University, 
Seoul, Republic of Korea (aka South Korea)
38Epidemiology, Office of the Chief Medical Officer, Johnson & 
Johnson, Titusville, NJ, USA
39Department of Biomathematics, David Geffen School of Medicine, 
University of California Los Angeles, Los Angeles, CA, USA
40Department of Human Genetics, David Geffen School of Medicine, 
University of California Los Angeles, Los Angeles, CA, USA

Twitter Rohan Khera @rohan_khera, Kenneth KC Man @
KennethKCMan and Joseph S Ross @jsross119

Contributors  All authors acquired, analyzed, and interpreted the 
data and critically revised the manuscript for important intellectual 
content. RK and MAS conceived and designed the study. RK, LSD, 
KL, JJZ, AA, and MAS conducted the statistical analysis and drafted 
the manuscript. RK and MAS provided supervision. MAS is the study 
guarantor. RK and MAS had full access to all of the data in the study 
and take responsibility for the integrity of the data and the accuracy 
of the data analysis. The corresponding author attests that all listed 
authors meet authorship criteria and that no others meeting the 
criteria have been omitted. RK and MAS are responsible for the overall 
content as guarantors. Transparency: The lead author (the guarantor) 
affirms that the manuscript is an honest, accurate, and transparent 
account of the study being reported; that no important aspects of the 
study have been omitted; and that any discrepancies from the study 
as planned (and, if relevant, registered) have been explained

Funding  This study was partially funded through the National 
Institutes of Health grants K23 HL153775, R01 LM006910 and R01 
HG006139, and an Intergovernmental Personnel Act agreement 

with the US Department of Veterans Affairs (grant number is not 
applicable). The funders had no role in the design and conduct of 
the protocol; preparation, review, or approval of the manuscript; and 
decision to submit the manuscript for publication.

Competing interests  This study is undertaken within Observational 
Health Data Sciences and Informatics, an open collaboration. RK 
received support from the National Heart, Lung, and Blood Institute 
of the National Institutes of Health (under award K23HL153775) and 
the Doris Duke Charitable Foundation (under award, 2022060). He 
is an Associate Editor of JAMA. He also receives research support, 
through Yale, from Bristol-Myers Squibb. He is a coinventor of US 
Provisional Patent Applications 63/177,117 and 63/346,610, unrelated 
to current work. He is also a founder of Evidence2Health, a precision 
health platform to improve evidence-based cardiovascular care. 
TD-S acknowledges receiving financial support from the Instituto 
de Salud Carlos III (ISCIII; Miguel Servet 2021: CP21/00023). KKCM 
reports grants from C W Maplethorpe Fellowship, grants from National 
Institute of Health Research, UK, grants from European Commission 
Framwork Horizon 2020, grants from Hong Kong Research Grant 
Council, grants from Innovation and Technology Commission of the 
Hong Kong Special Administration Region Government, and personal 
fees from IQVIA outside of the submitted work. DRM was supported by 
a Wellcome Trust Clinical Research Fellowship (214588/Z/18/Z). MJS 
is an employee and shareholder of Johnson & Johnson. HK received 
expenses and/or personal fees from UnitedHealth, Element Science, 
Aetna, Reality Labs, Tesseract/4Catalyst, F-Prime, the Siegfried and 
Jensen Law Firm, Arnold and Porter Law Firm, and Martin/Baughman 
Law Firm. He is a co-founder of Refactor Health and HugoHealth, and 
is associated with contracts, through Yale New Haven Hospital, from 
the Centers for Medicare and Medicaid Services and through Yale 
University from Johnson & Johnson. MAS receives contracts and grants 
from the National Institutes of Health, the US Department of Veterans 
Affairs, the US Food and Drug Administration and Janssen Research 
and Development, the latter two of which are outside the scope of this 
work. Other authors declare no competing interests.

Ethics approval  Institutional ethics committees/institutional review 
boards approved the use of data at individual sites. This included 
Columbia University Irving Medical Center (AAAO7805), Johns 
Hopkins Medicine (IRB00296724), Leland Stanford Junior University 
(RB-53248), Hong Kong Hospital Authority (UW 22-640), and UK-IQVIA 
(22SRC004). The use of the VA-Observational Medical Outcomes 
Partnership data source was reviewed by the Department of Veterans 
Affairs Central IRB and was determined to meet the criteria for 
exemption under Exemption Category 4(3) and approved the request 
for Waiver of HIPAA Authorization. Other sites with approvals and 
without associated identifying numbers are ALPD, FLPD, GDA, IBM, 
Optum, SIDIAP, and University of Dundee.

Provenance and peer review  Not commissioned; externally peer 
reviewed.

Data availability statement  Data are available in a public, open 
access repository. The summary data can be accessed online at 
https://data.ohdsi.org/LegendT2dmClassCohortExplorer/ to allow 
exploration of the cohorts included in LEGEND-T2DM. Some of the 
datasets used within this study are available via license. The data that 
support the findings of this study are available to license from IBM 
(CCAE, MDCD, MDCR), Optum (OCEDM, OEHR), and IQVIA (IMRD). Data 
are available from IBM at https://www.ibm.com/products/marketscan-​
research-databases, from Optum at https://www.optum.com/​
business/solutions/life-sciences/real-world-data.html, and from IQVIA 
at https://www.iqvia.com/solutions/real-world-evidence/real-world-​
data-and-insights. Outside the license data previously described, this 
study was performed as a federated network study, meaning the data 
remained with the data partner. Individual organizations would need 
to be contacted in order to gain access to those data assets.

Supplemental material  This content has been supplied by the 
author(s). It has not been vetted by BMJ Publishing Group Limited 
(BMJ) and may not have been peer-reviewed. Any opinions or 
recommendations discussed are solely those of the author(s) and 
are not endorsed by BMJ. BMJ disclaims all liability and responsibility 
arising from any reliance placed on the content. Where the content 
includes any translated material, BMJ does not warrant the accuracy 
and reliability of the translations (including but not limited to local 
regulations, clinical guidelines, terminology, drug names and drug 
dosages), and is not responsible for any error and/or omissions 
arising from translation and adaptation or otherwise.

Open access  This is an open access article distributed in accordance 
with the Creative Commons Attribution Non Commercial (CC BY-NC 
4.0) license, which permits others to distribute, remix, adapt, build 

B
M

J M
edicine: first published as 10.1136/bm

jm
ed-2023-000651 on 6 O

ctober 2023. D
ow

nloaded from
 https://bm

jm
edicine.bm

j.com
 on 21 July 2025 by guest.

P
rotected by copyright, including for uses related to text and data m

ining, A
I training, and sim

ilar technologies.

https://twitter.com/rohan_khera
https://twitter.com/KennethKCMan
https://twitter.com/KennethKCMan
https://twitter.com/jsross119
https://data.ohdsi.org/LegendT2dmClassCohortExplorer/
https://www.ibm.com/products/marketscan-research-databases
https://www.ibm.com/products/marketscan-research-databases
https://www.optum.com/business/solutions/life-sciences/real-world-data.html
https://www.optum.com/business/solutions/life-sciences/real-world-data.html
https://www.iqvia.com/solutions/real-world-evidence/real-world-data-and-insights
https://www.iqvia.com/solutions/real-world-evidence/real-world-data-and-insights


Khera R, et al. BMJMED 2023;2. doi:10.1136/bmjmed-2023-000651 11

Open access

upon this work non-commercially, and license their derivative works 
on different terms, provided the original work is properly cited, 
appropriate credit is given, any changes made indicated, and the use 
is non-commercial. See: http://creativecommons.org/licenses/by-nc/​
4.0/.

ORCID iDs
Rohan Khera http://orcid.org/0000-0001-9467-6199
Arya Aminorroaya http://orcid.org/0000-0003-3197-2657
Talita Duarte-Salles http://orcid.org/0000-0002-8274-0357
Wallis CY Lau http://orcid.org/0000-0003-2320-0470
Daniel R Morales http://orcid.org/0000-0002-0063-8069
Joseph S Ross http://orcid.org/0000-0002-9218-3320

References

	1	 Zinman B, Wanner C, Lachin JM, et al. Empagliflozin, cardiovascular 
outcomes, and mortality in type 2 diabetes. N Engl J Med 
2015;373:2117–28. 10.1056/NEJMoa1504720

	2	 Wiviott SD, Raz I, Sabatine MS, et al. Dapagliflozin and 
cardiovascular outcomes in type 2 diabetes. reply. N Engl J Med 
2019;380:1881–2. 10.1056/NEJMc1902837

	3	 Neal B, Perkovic V, Matthews DR, et al. Canagliflozin and 
cardiovascular and renal events in type 2 diabetes. N Engl J Med 
2017;377:2099. 10.1056/NEJMc1712572

	4	 Marso SP, Bain SC, Consoli A, et al. Semaglutide and cardiovascular 
outcomes in patients with type 2 diabetes. N Engl J Med 
2016;375:1834–44. 10.1056/NEJMoa1607141

	5	 Marso SP, Daniels GH, Brown-Frandsen K, et al. Liraglutide 
and cardiovascular outcomes in type 2 diabetes. N Engl J Med 
2016;375:311–22. 10.1056/NEJMoa1603827

	6	 Committee A, Draznin B, Aroda VR, et al. 9. Pharmacologic 
approaches to glycemic treatment: standards of medical care 
in diabetes-2022. Diabetes Care 2022;45:S125–43. 10.2337/
dc22-S009

	7	 Nargesi AA, Jeyashanmugaraja GP, Desai N, et al. Contemporary 
national patterns of eligibility and use of novel cardioprotective 
antihyperglycemic agents in type 2 diabetes mellitus. J Am Heart 
Assoc 2021;10:e021084. 10.1161/JAHA.121.021084

	8	 Sangha V, Lipska K, Lin Z, et al. Patterns of prescribing sodium-
glucose cotransporter-2 inhibitors for medicare beneficiaries in the 
United States. Circ: Cardiovascular Quality and Outcomes 2021;14. 
10.1161/CIRCOUTCOMES.121.008381

	9	 McCoy RG, Dykhoff HJ, Sangaralingham L, et al. Adoption of new 
glucose-lowering medications in the U.S.-The case of SGLT2 
inhibitors: nationwide cohort study. Diabetes Technol Ther 
2019;21:702–12. 10.1089/dia.2019.0213

	10	 McCoy RG, Van Houten HK, Deng Y, et al. Comparison of diabetes 
medications used by adults with commercial insurance vs medicare 
advantage, 2016 to 2019. JAMA Netw Open 2021;4:e2035792. 
10.1001/jamanetworkopen.2020.35792

	11	 McCoy RG, Van Houten HK, Karaca-Mandic P, et al. Second-line 
therapy for type 2 diabetes management: the treatment/benefit 
paradox of cardiovascular and kidney comorbidities. Diabetes Care 
2021;44:2302–11. 10.2337/dc20-2977

	12	 Nargesi AA, Clark C, Aminorroaya A, et al. Persistence on novel 
cardioprotective antihyperglycemic therapies in the United States. 
Am J Cardiol 2023;196:89–98. 10.1016/j.amjcard.2023.03.002

	13	 Schernthaner G, Shehadeh N, Ametov AS, et al. Worldwide inertia 
to the use of cardiorenal protective glucose-lowering drugs (SGLT2I 
and GLP-1 RA) in high-risk patients with type 2 diabetes. Cardiovasc 
Diabetol 2020;19:185. 10.1186/s12933-020-01154-w

	14	 Liu P, Dhruva SS, Shah ND, et al. Trends in within-class changes in US 
average wholesale prices for brand-name medications for common 
conditions from 2015 to 2020. JAMA Netw Open 2021;4:e2035064. 
10.1001/jamanetworkopen.2020.35064

	15	 Tummalapalli SL, Montealegre JL, Warnock N, et al. Coverage, 
formulary restrictions, and affordability of sodium-glucose 
cotransporter 2 inhibitors by US insurance plan types. JAMA Health 
Forum 2021;2:e214205. 10.1001/jamahealthforum.2021.4205

	16	 Faridi KF, Dayoub EJ, Ross JS, et al. Medicare coverage and out-of-
pocket costs of quadruple drug therapy for heart failure. J Am Coll 
Cardiol 2022;79:2516–25. 10.1016/j.jacc.2022.04.031

	17	 Green JB, Bethel MA, Armstrong PW, et al. Effect of sitagliptin 
on cardiovascular outcomes in type 2 diabetes. N Engl J Med 
2015;373:232–42. 10.1056/NEJMoa1501352

	18	 Rosenstock J, Perkovic V, Johansen OE, et al. Effect of linagliptin 
vs placebo on major cardiovascular events in adults with type 2 
diabetes and high cardiovascular and renal risk: the CARMELINA 
randomized clinical trial. JAMA 2019;321:69–79. 10.1001/
jama.2018.18269

	19	 Wexler DJ. Sulfonylureas and cardiovascular safety: the final verdict 
JAMA 2019;322:1147–9. 10.1001/jama.2019.14533

	20	 White WB, Cannon CP, Heller SR, et al. Alogliptin after acute 
coronary syndrome in patients with type 2 diabetes. N Engl J Med 
2013;369:1327–35. 10.1056/NEJMoa1305889

	21	 Observational Health Data Sciences, Informatics. Chapter 4 the 
common data model. 2021. Available: https://ohdsi.github.io/​
TheBookOfOhdsi/CommonDataModel.html#fn20 [Accessed 13 Oct 
2022].

	22	 Khera R, Schuemie MJ, Lu Y, et al. Large-scale evidence generation 
and evaluation across a network of databases for type 2 diabetes 
mellitus (LEGEND-T2DM): a protocol for a series of multinational, 
real-world comparative cardiovascular effectiveness and safety 
studies. BMJ Open 2022;12:e057977. 10.1136/bmjopen-2021-057977

	23	 Hripcsak G, Duke JD, Shah NH, et al. Observational health data 
sciences and Informatics (OHDSI): opportunities for observational 
researchers. Stud Health Technol Inform 2015;216:574–8.

	24	 Suchard MA, Schuemie MJ, Krumholz HM, et al. Comprehensive 
comparative effectiveness and safety of first-line antihypertensive 
drug classes: a systematic, multinational, large-scale analysis. 
Lancet 2019;394:1816–26. 10.1016/S0140-6736(19)32317-7

	25	 Lane JCE, Weaver J, Kostka K, et al. Risk of depression, suicide 
and psychosis with hydroxychloroquine treatment for rheumatoid 
arthritis: a multinational network cohort study. Rheumatology 
(Oxford) 2021;60:3222–34. 10.1093/rheumatology/keaa771

	26	 Khera R, Lu Y, Chen R, et al. Comparative cardiovascular 
effectiveness and safety of individual angiotensin-converting 
enzyme inhibitors and angiotensin receptor blockers: a 
multinational participant-level assessment from LEGEND-HTN. J Am 
Coll Cardiol2021;77:1474. 10.1016/S0735-1097(21)02832-1

	27	 Recalde M, Rodríguez C, Burn E, et al. Data resource profile: the 
information system for research in primary care (SIDIAP). Int J 
Epidemiol 2022;51:e324–36. 10.1093/ije/dyac068

	28	 Elm E von, Altman DG, Egger M, et al. Strengthening the reporting 
of observational studies in epidemiology (STROBE) statement: 
guidelines for reporting observational studies. BMJ 2007;335:806–8. 
10.1136/bmj.39335.541782.AD

	29	 Turner RM, Kwok CS, Chen-Turner C, et al. Thiazolidinediones and 
associated risk of bladder cancer: a systematic review and meta-
analysis. Br J Clin Pharmacol 2014;78:258–73. 10.1111/bcp.12306

	30	 Graham DJ, Ouellet-Hellstrom R, MaCurdy TE, et al. Risk of acute 
myocardial infarction, stroke, heart failure, and death in elderly 
Medicare patients treated with rosiglitazone or pioglitazone. JAMA 
2010;304:411–8. 10.1001/jama.2010.920

	31	 Ryan PB, Rosenthal N. Comparative effectiveness of canagliflozin, 
SGLT2 inhibitors and non-SGLT2 inhibitors on the risk of 
hospitalization for heart failure and amputation in patients with type 
2 diabetes mellitus: a real-world meta-analysis of 4 observational 
databases (OBSERVE-4D) Diabetes Obes Metab 2019;21:444–5. 
10.1111/dom.13509

	32	 Observational Health Data Sciences, Informatics. Chapter 
11 characterization. 2021. Available: https://ohdsi.github.io/​
TheBookOfOhdsi/Characterization.html [Accessed 13 Oct 2022].

	33	 Public Health Scotland. World standard population by sex. 2018. 
Available: https://www.opendata.nhs.scot/dataset/standard-​
populations [Accessed 24 May 2023].

	34	 LEGEND T2DM class cohort explorer, Available: https://data.ohdsi.​
org/LegendT2dmClassCohortExplorer/ [Accessed 14 Jul 2022].

	35	 Limonte CP, Hall YN, Trikudanathan S, et al. Prevalence of SGLT2i 
and GLP1RA use among US adults with type 2 diabetes. J Diabetes 
Complications 2022;36:108204. 10.1016/j.jdiacomp.2022.108204

	36	 Knudsen JS, Baggesen LM, Lajer M, et al. Changes in SGLT2i and 
GLP-1Ra real-world initiator profiles following cardiovascular 
outcome trials: a danish nationwide population-based study. PLoS 
One 2020;15:e0229621. 10.1371/journal.pone.0229621

	37	 Mahtta D, Ramsey DJ, Lee MT, et al. Utilization rates of SGLT2 
inhibitors and GLP-1 receptor agonists and their facility-level 
variation among patients with atherosclerotic cardiovascular 
disease and type 2 diabetes: insights from the department of 
veterans affairs. Diabetes Care 2022;45:372–80. 10.2337/dc21-1815

	38	 Davies MJ, D’Alessio DA, Fradkin J, et al. Management of 
hyperglycemia in type 2 diabetes, 2018. A consensus report by the 
American Diabetes Association (ADA) and the European association 
for the study of diabetes (EASD). Diabetes Care 2018;41:2669–701. 
10.2337/dci18-0033

	39	 Khera R, Valero-Elizondo J, Das SR, et al. Cost-related medication 
nonadherence in adults with atherosclerotic cardiovascular disease 
in the United States, 2013 to 2017. Circulation 2019;140:2067–75. 
10.1161/CIRCULATIONAHA.119.041974

	40	 Taha MB, Valero-Elizondo J, Yahya T, et al. Cost-related medication 
nonadherence in adults with diabetes in the United States: 
the national health interview survey 2013-2018. Diabetes Care 
2022;45:594–603. 10.2337/dc21-1757

	41	 Chevreul K, Berg Brigham K, Durand-Zaleski I, et al. France: health 
system review. Health Syst Transit 2015;17:1–218,

	42	 Protecting patients: france’s transparency committee steps in, 
Available: https://english.prescrire.org/en/81/168/58485/0/2020/​
ArchiveNewsDetails.aspx?page=3 [Accessed 17 Sep 2022].

B
M

J M
edicine: first published as 10.1136/bm

jm
ed-2023-000651 on 6 O

ctober 2023. D
ow

nloaded from
 https://bm

jm
edicine.bm

j.com
 on 21 July 2025 by guest.

P
rotected by copyright, including for uses related to text and data m

ining, A
I training, and sim

ilar technologies.

http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0001-9467-6199
http://orcid.org/0000-0003-3197-2657
http://orcid.org/0000-0002-8274-0357
http://orcid.org/0000-0003-2320-0470
http://orcid.org/0000-0002-0063-8069
http://orcid.org/0000-0002-9218-3320
http://dx.doi.org/10.1056/NEJMoa1504720
http://dx.doi.org/10.1056/NEJMc1902837
http://dx.doi.org/10.1056/NEJMc1712572
http://dx.doi.org/10.1056/NEJMoa1607141
http://dx.doi.org/10.1056/NEJMoa1603827
http://dx.doi.org/10.2337/dc22-S009
http://dx.doi.org/10.1161/JAHA.121.021084
http://dx.doi.org/10.1161/JAHA.121.021084
http://dx.doi.org/10.1161/CIRCOUTCOMES.121.008381
http://dx.doi.org/10.1089/dia.2019.0213
http://dx.doi.org/10.1001/jamanetworkopen.2020.35792
http://dx.doi.org/10.2337/dc20-2977
http://dx.doi.org/10.1016/j.amjcard.2023.03.002
http://dx.doi.org/10.1186/s12933-020-01154-w
http://dx.doi.org/10.1186/s12933-020-01154-w
http://dx.doi.org/10.1001/jamanetworkopen.2020.35064
http://dx.doi.org/10.1001/jamahealthforum.2021.4205
http://dx.doi.org/10.1001/jamahealthforum.2021.4205
http://dx.doi.org/10.1016/j.jacc.2022.04.031
http://dx.doi.org/10.1016/j.jacc.2022.04.031
http://dx.doi.org/10.1056/NEJMoa1501352
http://dx.doi.org/10.1001/jama.2018.18269
http://dx.doi.org/10.1001/jama.2019.14533
http://dx.doi.org/10.1056/NEJMoa1305889
https://ohdsi.github.io/TheBookOfOhdsi/CommonDataModel.html#fn20
https://ohdsi.github.io/TheBookOfOhdsi/CommonDataModel.html#fn20
http://dx.doi.org/10.1136/bmjopen-2021-057977
http://dx.doi.org/26262116
http://dx.doi.org/10.1016/S0140-6736(19)32317-7
http://dx.doi.org/10.1093/rheumatology/keaa771
http://dx.doi.org/10.1093/rheumatology/keaa771
http://dx.doi.org/10.1016/S0735-1097(21)02832-1
http://dx.doi.org/10.1016/S0735-1097(21)02832-1
http://dx.doi.org/10.1093/ije/dyac068
http://dx.doi.org/10.1093/ije/dyac068
http://dx.doi.org/10.1136/bmj.39335.541782.AD
http://dx.doi.org/10.1111/bcp.12306
http://dx.doi.org/10.1001/jama.2010.920
http://dx.doi.org/10.1111/dom.13509
https://ohdsi.github.io/TheBookOfOhdsi/Characterization.html
https://ohdsi.github.io/TheBookOfOhdsi/Characterization.html
https://www.opendata.nhs.scot/dataset/standard-populations
https://www.opendata.nhs.scot/dataset/standard-populations
https://data.ohdsi.org/LegendT2dmClassCohortExplorer/
https://data.ohdsi.org/LegendT2dmClassCohortExplorer/
http://dx.doi.org/10.1016/j.jdiacomp.2022.108204
http://dx.doi.org/10.1016/j.jdiacomp.2022.108204
http://dx.doi.org/10.1371/journal.pone.0229621
http://dx.doi.org/10.1371/journal.pone.0229621
http://dx.doi.org/10.2337/dc21-1815
http://dx.doi.org/10.2337/dci18-0033
http://dx.doi.org/10.1161/CIRCULATIONAHA.119.041974
http://dx.doi.org/10.2337/dc21-1757
http://dx.doi.org/26766545
https://english.prescrire.org/en/81/168/58485/0/2020/ArchiveNewsDetails.aspx?page=3
https://english.prescrire.org/en/81/168/58485/0/2020/ArchiveNewsDetails.aspx?page=3


Khera R, et al. BMJMED 2023;2. doi:10.1136/bmjmed-2023-00065112

Open access

	43	 Scheen AJ. About the safety profile of SGLT2 inhibitors. Rev Med 
Liege 2022;77:218–23.

	44	 Filippatos TD, Panagiotopoulou TV, Elisaf MS. Adverse effects of 
GLP-1 receptor agonists. Rev Diabet Stud 2014;11:202–30. 10.1900/
RDS.2014.11.202

	45	 Honigberg MC, Chang L-S, McGuire DK, et al. Use of glucagon-like 
peptide-1 receptor agonists in patients with type 2 diabetes and 
cardiovascular disease: a review. JAMA Cardiol 2020;5:1182–90. 
10.1001/jamacardio.2020.1966

	46	 Wilding J, Fernando K, Milne N, et al. SGLT2 inhibitors in type 2 
diabetes management: key evidence and implications for clinical 
practice. Diabetes Ther 2018;9:1757–73. 10.1007/s13300-018-0471-8

	47	 Adhikari R, Jha K, Dardari Z, et al. National trends in use of sodium-
glucose cotransporter-2 inhibitors and glucagon-like peptide-1 
receptor agonists by cardiologists and other specialties. JAHA 
2022;11. 10.1161/JAHA.121.023811

	48	 Schuemie MJ, Ryan PB, Pratt N, et al. Large-scale evidence 
generation and evaluation across a network of databases (LEGEND): 
assessing validity using hypertension as a case study. J Am Med 
Inform Assoc 2020;27:1268–77. 10.1093/jamia/ocaa124

►► Additional supplemental material is published online only. To 
view, please visit the journal online (http://​dx.​doi.​org/​10.​1136/​
bmjmed-​2023-​000651).

B
M

J M
edicine: first published as 10.1136/bm

jm
ed-2023-000651 on 6 O

ctober 2023. D
ow

nloaded from
 https://bm

jm
edicine.bm

j.com
 on 21 July 2025 by guest.

P
rotected by copyright, including for uses related to text and data m

ining, A
I training, and sim

ilar technologies.

http://dx.doi.org/35389005
http://dx.doi.org/35389005
http://dx.doi.org/10.1900/RDS.2014.11.202
http://dx.doi.org/10.1001/jamacardio.2020.1966
http://dx.doi.org/10.1007/s13300-018-0471-8
http://dx.doi.org/10.1161/JAHA.121.023811
http://dx.doi.org/10.1093/jamia/ocaa124
http://dx.doi.org/10.1093/jamia/ocaa124
http://dx.doi.org/10.1136/bmjmed-2023-000651
http://dx.doi.org/10.1136/bmjmed-2023-000651

