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ABSTRACT 

Background The prevalence, chronicity and clinical impact of type 2 diabetes (T2D) defines this disease state as 
a critical determinant in morbidity and mortality, as encountered by individuals, health care systems, and public health 
in general. The need to understand and optimize T2D identification and management is now further heightened by the 
advent of medications with established cardiovascular (CV) and kidney benefits in such patients, namely sodium-glucose 
cotransporter 2 inhibitors (SGLT2i) and glucagon-like peptide 1 receptor agonists (GLP-1 RA). Prescription rates for these 
agents have remained low despite guidelines incorporating and emphasizing their use. Better understanding T2D disease and 

management patterns, including percentage of patients meeting guideline indications, is necessary to address undertreatment, 
improve patient management, and enable better strategies. We evaluated such issues, including eligibility for and utilization 
of SGLT2i and GLP-1 RA, in a large health system caring for over 1.5 million patients annually. 

Methods The electronic health record (EHR) at a large health network in the Northeastern United States was queried to 

identify patients 18 years of age or older with T2D and at least 1 hemoglobin A1c (HbA1c) between January 1, 2020 and 

January 1, 2023, examining those with T2D and 1) atherosclerotic CV disease (ASCVD), 2) an estimated 10-year ASCVD 

risk score ≥ 10% without known ASCVD, 3) heart failure (HF), and/or 4) chronic kidney disease (CKD) based on EHR 
listed comorbidities. Demographics, medications, comorbidities, and indications for SGLT2i and/or GLP-1 RA therapy were 
assessed by 1 or more of the 4 indications above as outlined in society guidelines. 

Results Of the 147,338 patients who met inclusion criteria, 47% were female, 28% were non-white, and 14% with 
a non-English language preference. Of those, 121,508 (83%) had an indication for either SGLT2i or GLP-1 RA based on 
guideline recommendations: 17% were prescribed an SGLT2i, 22% were prescribed GLP-1 RA, and 6% of patients were 
prescribed both medications. Only 33% of all eligible patients were prescribed therapy. Of patients eligible for either an 
SGLT2i or GLP-1 RA therapy not currently receiving either therapy, 49% had 10-year ASCVD risk ≥ 10% without known 
ASCVD, 42% had ASCVD, 52% had CKD, and 14% had HF. 

Conclusions More than 4 out of 5 patients with T2D had a CV or kidney indication for either SGLT2i or GLP-1 RA. 
However, uptake of SGLT2i/GLP-1 RA in these high-risk populations remains low (just 32%) across this health network. Future 
studies are needed to identify better strategies to overcome provider, patient, and system-level barriers to the uptake and 

dissemination of guideline-concordant T2D therapies. (Am Heart J 2025;282:114–124.) 
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Background 

Driven by the obesity epidemic and other societal
trends, the medical and economic burden of type 2 di-
abetes (T2D) has increased dramatically over the past
2 decades, with more and younger patients presenting
with impaired glucose metabolism or T2D. 1 The ear-
lier onset and greater prevalence of dysglycemia are,
in turn, accompanied by an increase in cardiovascular
(CV) risk factors and diabetes-associated complications
of atherosclerotic disease (ASCVD), heart failure (HF),
and chronic kidney disease (CKD). 

Over the last 5 years, over 20 well-powered CV
outcome trials in over 200,000 patients with T2D
have demonstrated that 2 classes of glucose-lowering
therapies - sodium-glucose co-transporter 2 inhibitors
(SGLT2i) and glucagon-like peptide-1 receptor agonists
(GLP-1 RA) - reduce CV events and improve kidney out-
comes. 2 Current professional guidelines pr ior itize using
these agents with proven CV and kidney risk reduction,
providing guidance on their use based on clinical trial
findings. 3-5 

Despite these data, significant gaps in clinical care re-
main, and a high proportion of eligible patients do not
receive guideline-recommended therapies for the treat-
ment of CV and kidne y r isk including SGLT2i and/or GLP-
1 RA. 6 In the cardiometabolic domain, full clinical uptake
can take up to 15 years after a drug is approved. 7 The rea-
sons for delayed implementation in practice are multifac-
torial and include suboptimal patient risk stratification,
clinical inertia among providers, out-of-pocket patient
costs, inadequate patient education, and the absence of
system-level efforts to optimize care. 7 The reasons for de-
layed implementation in practice are multifactorial and
include suboptimal patient risk stratification, clinical in-
ertia among providers, out-of-pocket patient costs, inade-
quate patient education, and the absence of system-level
efforts to optimize care. 

As part of a disease management program, the Accel-
erator of Clinical Transformation (ACT) team at Mass
General Brigham (MGB) developed an electronic health
record (EHR) data-based algorithm to identify and risk-
stratify patients with T2D across the MGB network ( >
3.5 million patients), thus allowing querying of an entire
health system’s population to assess current therapy and
eligibility for guideline-directed therapies. In this analy-
sis, we capture the background risk profile and current
prescribing practices for patients with T2D in a large in-
tegrated health system. 

We also aimed to understand the use of SGLT2i and
GLP-1 RA in the population of patients with T2D at high
CV and/or kidne y r isk compared to management of car-
diovascular conditions that have guideline-based indica-
tions for their utilization. 
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Methods 

Patients were included in the analysis if they were ≥ 18
years old, had seen an MGB provider within the last 3
years, and had a hemoglobin A1c (HbA1c) drawn within
the MGB system between January 1, 2020 and January 1,
2023. Only patients with an HbA1c ≥ 6%, or between 5%
and 6% and on a medication used to lower blood glucose
(Supplemental Table 1), and who had either a diagnosis
of T2D or T2D contained in their problem list within the
MGB Enterprise Data Warehouse (EDW) were included.
A diagnosis of T2D was determined according to Interna-
tional Classification of Disease (ICD)−9 and −10 codes
and problem list (Supplemental Table 2), which mapped
to internal diagnosis identifiers within the EDW, a data
mart of all clinical data across the MGB integrated care
network of academic medical centers, community hospi-
tals, and affiliated clinics. For each patient, demograph-
ics, encounter diagnoses, problem lists, medical history,
medication records, procedure orders, laboratory values,
and vital signs were extracted. 

Patients identified with T2D were then categorized
by the presence or absence of a CV or kidney indica-
tion for SGLT2i and/or GLP-1 RA by EHR data extracts
and coding. Comorbidities were used to define high-risk
categories that would be deemed eligible for antihyper-
glycemic agents with CV and kidney benefits (SGLT2i
and GLP-1 RA). 5,8 Indications for therapy with either
SGLT2i or GLP-1 RA classes of medication include a high
risk for future ASCVD, established ASCVD, CKD, and HF.
Established ASCVD, CKD, and HF were identified by us-
ing the corresponding ICD-9 and ICD-10 codes, or cur-
rent procedural terminology (CPT) codes in the cases of
procedural history and scanning each patient’s record
for historical diagnoses and problem lists (Supplemen-
tary Table 2). High risk for future ASCVD was defined
as a calculated 10-year ASCVD risk ≥ 10%. This score
was calculated using the most recently available data
present in the EDW between the study period (January
1, 2020 - January 1, 2023) to calculate an estimated 10-
year ASCVD risk according to the 2013 ACC/AHA risk
calculator. 9 CKD was additionally identified by 2 sepa-
rate lab values demonstrating estimated glomerular filtra-
tion rate (eGFR) less than 60 mL/min/1.73m2 . Patients
on hemodialysis or with eGFR < 15 mL/min/m2 were
excluded from the analysis. HF with reduced ejection
fraction (HFrEF) was determined by left ventricular ejec-
tion fraction (LVEF) when available and was considered
HFrEF if the LVEF was ≤ 40%. Patients with LVEF 40% to
≤ 50% were defined as patients with HF with mildly re-
duced EF (HFmEF). HF with preserved ejection fraction
(HFpEF) was defined as LVEF > 50%. If ejection fraction
data were not available, that patient was categorized as
having HFpEF. Those who had multiple indications were
of Health and Social Security de ClinicalKey.es por Elsevier en abril 30, 
ón. Copyright ©2025. Elsevier Inc. Todos los derechos reservados.
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Figure 1. CONSORT diagram. ∗Cardiovascular (CV) or kidney indication based on American Diabetes Association Guidelines. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

counted independently for each except for those with
ASCVD who were excluded from the high risk for future
ASCVD group. Once these patients were identified, we
analyzed patients by the discussed comorbidities as well
as by if they were ordered for glucose lowering agents
that also reduce CV or kidney risk. 

Medication use was defined as actively prescribed med-
ication at the time of data pull at the last encounter be-
tween January 1, 2020 and January 1, 2023. As new stud-
ies and guidelines were released throughout the study
period, we conducted an analysis to assess the adher-
ence to guideline as they were available at the time of
study initiation (Supplemental Tables 3-4) which demon-
strated similar results. Patients were stratified by those
who had prescriptions for either an SGLT2i or GLP-1
RA; if they were prescribed both medication classes they
were counted in both categories, with the majority of
therapies prescribed those with evidence of benefit (Sup-
plemental Table 5.) Of the study cohort, 86.5% were seen
by a provider during the last year of the analysis during
which the most updated society guidelines were avail-
able and concordant with the final analysis. 

For missing lab data, we used the last value carried for-
ward from January 1, 2020 to January 1, 2023. If diagnos-
tics, laboratory, or imaging data did not exist in our data
warehouse, these comorbidities were counted as not
present. For demographics, where a patient’s data were
not available, they were considered unknown/other. Pa-
tients were categorized according to HbA1c < 7% or
≥ 7%. 

Statistical analysis was performed using R (version
4.0.1). Differences between groups were assessed by a
2-sample t-test with a p-value threshold < .05 to signify
significance. Novo Nordisk Inc. funded the research and
creation of the paper. The authors are solely responsible
Descargado para Daniela Zúñiga Agüero (danyzuag@gmail.com) en National Lib
2025. Para uso personal exclusivamente. No se permiten otros usos sin autor
for the design and conduct of this study, all study anal-
yses, the drafting and editing of the paper and its final
contents. The MGB Institutional Review Board approved
this study. 

Results 

More than 1.5 million individuals are cared for annu-
ally in the MGB healthcare system, which employs over
7,500 physicians. The CONSORT diagram of the analy-
sis population is provided ( Figure 1 ). Within the MGB
system, we identified 147,338 patients with a diagnosis
of T2D during the study period. The median age was
66.3 years, the mean HbA1c was 7.3%, 52.6% were male,
27.6% were non-White, and 13.6% listed a language other
than English as their preferred language. The median
body mass index (BMI) was 30.7 kg/m2 . Of the identi-
fied patients, 121,508 (82.5%) had at least 1 of the high-
risk CV diagnoses: 49.4% had 10-year ASCVD risk ≥ 10%
without known ASCVD, 41.6% had ASCVD, 52.1% had
CKD, and 14.4% had HF. Of the 63,318 patients with
CKD, 35,670 (56.3%) were identified by lab values with-
out associated diagnostic codes. The majority of patients
with HF (70.7%) were HF with an LVEF > 50% (HFpEF)
( Table 1 ). 

Metformin was the most prescribed glucose-lowering
agent (62.5%). The next most common oral glucose-
lowering agents were sulfonylureas (19.5%), SGLT2i
(15.6%), dipeptidyl peptidase-4 inhibitors (DPP4i)
(3.6%), and thiazolidinediones (TZD) (1.8%). GLP-1 RA
were prescribed in 21.9% of patients and insulin in
17.2%. Statin utilization was 75.0%, ezetimibe 3.9%, and
proprotein convertase subtilisin/kexin type 9 (PCSK9)
inhibitors 0.6%. Angiotensin-converting enzyme in-
hibitors (ACEi), angiotensin receptor blockers (ARB), or
rary of Health and Social Security de ClinicalKey.es por Elsevier en abril 30, 
ización. Copyright ©2025. Elsevier Inc. Todos los derechos reservados.
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Table 1. Adult patients with type 2 diabetes (HbA1c and 
provider visit with T2D coded) at MGB 

Total n = 147,338 

Male 77,526 (52.6) 
Age (mean) (y) 66.3 
HbA1c (mean) 7.3% 

HbA1c 5.0%-6.9% 78,177 (53.1) 
HbA1c 7.0%-7.9% 69,161 (46.9) 
BMI (median) (kg/m2 ) 30.66 
BMI < 25.0 21,539 (14.6) 
BMI 25.0-30.0 42,318 (28.7) 
BMI > 30.0 75,105 (51.0) 
BMI unavailable 8,376 (5.7) 
LDL-C (median) (mg/dL) 78.0 
Race 

White 106,703 (72.4) 
Black 13,100 (8.9) 
Asian/Pacific Islander 7,718 (5.2) 
Native American 255 (0.2) 
Other 19,562 (13.3) 

Ethnicity 
Hispanic 15,943 (10.8) 
Non-Hispanic 131,395 (89.2) 

Primary language 
English 127,402 (86.5) 
Non-English 17,702 (12.0) 
Declined/Unknown 2,234 (1.5) 

Primary insurance 
Commercial 58,722 (39.7) 
Medicare 62,690 (42.3) 
Medicaid 26,634 (26.7) 

In-person encounters at MGB (median, IQR) 
Primary care 3 (1, 6) 
Cardiology 1 (1, 3) 
Nephrology 2 (1, 4) 
Endocrinology 2 (1, 4) 
Other 1 (1, 2) 

CV or kidney indication for SGLT2i/GLP-1 RA (%) 
(ASCVD and high ASCVD risk are mutually exclusive, others are not) 

No CV or kidney indication 25,830 (17.5) 
High ASCVD risk 60,046 (40.8) 
ASCVD 50,548 (34.3) 
Chronic kidney disease 63,318 (43.0) 
Heart failure 17,501 (11.9) 
HFrEF (LVEF ≤ 40%) 2,755 (1.9) 
HFmEF (40% < LVEF ≤ 50%) 2,368 (1.6) 
HFpEF (LVEF > 50%) 12,378 (8.4) 

Glucose-lowering agents 
No pharmacotherapy 26,314 (17.9) 
Metformin 92,133 (62.5) 
SGLT2i 22,935 (15.6) 
GLP-1 RA 32,307 (21.9) 
DPP4i 5,325 (3.6) 
Sulfonylurea 28,795 (19.5) 
Glinide 783 (0.5) 
Insulin 25,354 (17.2) 
Thiazolidinediones 2,664 (1.8) 

Lipid-lowering and HTN agents 
Statin 110,509 (75.0) 
ACE/ARB/ARNI 84,379 (57.3) 
Ezetimibe 5,767 (3.9) 
PCSK9i 848 (0.6) 
Beta blocker 50,237 (34.1) 
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angiotensin receptor/neprilysin inhibitors (ARNI) were
prescribed in 57.3% of patients, and beta-blockers in
34.1% of patients ( Table 1 .) 

The most recent HbA1c in 78,177 (53.1%) patients was
< 7%; the remaining 69,161 (46.9%) had a HbA1c ≥ 7%
( Table 1 ). Stratification by HbA1c demonstrated a higher
burden of chronic disease states of interest in the cohort
of patients with HbA1c < 7%, compared to patients with
HbA1c ≥ 7% including, respectively, high ASCVD risk
(41.4% vs 39.9%), established ASCVD (35.0% vs 33.6%),
CKD (43.4% vs 42.5%) and HF (12.0% vs 11.8%) ( P < .001
for all except HF, P = .2 and CKD, P = .0006) ( Table 2 ). 

Table 3 stratifies patients by CV/kidney indication for
an active prescription of SGLT2i and/or GLP-1 RA. SGLT2i
and GLP-1 RA were prescribed more often in patients
with a CV or kidney indication ( P < .01 for all indi-
cations). In patients with a CV or kidney indication,
SGLT2i were used in 20,466/121,508 (16.8%) and GLP-
1 RA were used in 27,113/121,508 (22.3%), compared to
2,469/25,830 (9.6%) and 5,194/25,830 (20.1%), respec-
tively, among patients without a CV or kidney indica-
tion. Overall, only 40,328/121,508 (33.2%) with a CV or
kidney indication had a prescription for therapy. Among
those with an indication, being male, younger, a higher
HbA1c, Black race, and Hispanic ethnicity were associ-
ated with a higher likelihood of prescription for either
SGLT2i or GLP-1 RA (all P < .001). 

Among those with HF, 26.6% and 20.2% received an
SGLT2i and GLP-1 RA, respectively. Among those with
CKD, 18.4% and 23.1% received an SGLT2i and GLP-1 RA,
respectively ( Table 4 ). Those with higher overall HbA1c
were more likely to have a prescription for SGLT2i or
GLP-1 RA ( P < .001.) Overall, only 33.2% of eligible pa-
tients across indications (high ASCVD risk, ASCVD, CKD,
and HF) were receiving SGLT2i or GLP-1 RA therapy. Of
the patients with a CV or kidney indication, half had
2 or more indications for evidence-based therapy, with
those care gaps in active prescription persisting across
patients with multiple indications ( Figure 2 ). Even when
following older practice patterns by including those al-
ready prescribed metformin, significant underutilization
of guideline-recommended therapy for CV and/or kidney
risk exists ( Figure 3 ). 

In patients with HFrEF, 76.7% of patients had a pre-
scription for a beta-blocker and 57.8% of patients had
a prescription for an ACEi/ARB/ARNI. In patients with
ASCVD, statin utilization was documented in 69.8% of el-
igible patients. This is markedly higher than the 33.2%
prescription rate for patients with T2D and an indication
for SGLT2i and/or GLP-1 RA therapy ( Figure 4 ). 

Discussion 

In this study of 147,338 patients with T2D followed
from 2020 to 2023 within the MGB system, 82.5% of pa-
tients with T2D had a CV or kidney indication for either
of Health and Social Security de ClinicalKey.es por Elsevier en abril 30, 
ón. Copyright ©2025. Elsevier Inc. Todos los derechos reservados.
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Table 2. Patients with type 2 diabetes at MGB stratified by HbA1c value 

Total n = 147,338 
(%) 

HbA1c < 7% 

n = 78,177 (53.1%) 
HbA1c ≥ 7% 

n = 69,161 (46.9%) 
All 
n = 147,338 

P -values 

Male 39,319 (50.3) 38,207 (55.2) 77,526 (52.6) < .0001 
Age (median) (y) 69 66 68 < .0001 
BMI (median) (kg/m2 ) 30.58 30.71 30.66 .004 

BMI < 25.0 11,578 (14.8) 9,961 (14.4) 21,539 (14.6) .03 
BMI 25.0-30.0 22,841 (29.2) 19,477 (28.2) 42,318 (28.7) < .0001 
BMI > 30.0 39,885 (51.0) 35,220 (50.9) 75,105 (51.0) .72 
BMI unavailable 3,873 (5.0) 4,503 (6.5) 8,376 (5.7) < .0001 

HbA1c (median) 6.3% 7.9% 6.9% < .0001 
HbA1c 5.0%-6.0% 16,314 (20.9) 0 (0.0) 16,314 (11.1) < .0001 
HbA1c 6.0%-6.5% 31,525 (40.3) 0 (0.0) 31,525 (21.4) < .0001 
HbA1c 6.5%-7.0% 30,338 (38.8) 0 (0.0) 30,338 (20.6) < .0001 
HbA1c 7.0%-8.0% 0 (0.0) 35,559 (51.4) 35,559 (24.1) < .0001 
HbA1c 8.0%-9.0% 0 (0.0) 16,111 (23.3) 16,111 (10.9) < .0001 
HbA1c 9.0%-10.0% 0 (0.0) 7,738 (11.2) 7,738 (5.3) < .0001 
HbA1c ≥ 10.0% 0 (0.0) 9,753 (14.1) 9,753 (6.6) < .0001 

Race (%) 
White 58,276 (74.5) 48,427 (70.0) 106,703 (72.4) < .0001 
Black 6,365 (8.1) 6,735 (9.7) 13,100 (8.9) < .0001 
Asian/Pacific Islander 4,168 (5.3) 3,550 (5.1) 7,718 (5.2) .09 
Native American 120 (0.2) 135 (0.2) 255 (0.2) .06 
Other 9,248 (11.8) 10,314 (14.9) 19,562 (13.3) < .0001 

Ethnicity (%) 
Hispanic 7,295 (9.3) 8,648 (12.5) 15,943 (10.8) < .0001 
Non-Hispanic 70,882 (90.7) 60,513 (87.5) 131,395 (89.2) < .0001 

Primary language (%) 
English 68,944 (88.2) 58,458 (84.5) 127,402 (86.5) < .0001 
Non-English 8,125 (10.4) 9,577 (13.8) 17,702 (12.0) < .0001 
Declined/unknown 1,108 (1.4) 1,126 (1.6) 2,234 (1.5) .001 

Indication for SGLT2i/GLP-1 RA therapy (%) 
(ASCVD and high ASCVD risk are mutually exclusive, others are not) 

No indication 12,719 (16.3) 13,111 (19.0) 25,830 (17.5) < .0001 
High ASCVD risk 32,475 (41.4) 27,571 (39.9) 60,046 (40.8) < .0001 
ASCVD 27,339 (35.0) 23,209 (33.6) 50,548 (34.3) < .0001 
Chronic kidney disease 33,922 (43.4) 29,396 (42.5) 63,318 (43.0) .0006 
Heart failure 9,365 (12.0) 8,136 (11.8) 17,501 (11.9) .2 
HFrEF (LVEF ≤ 40%) 1,383 (1.8) 1,372 (2.0) 2,755 (1.9) .002 
HFmEF (40% < LVEF ≤ 50%) 1,219 (1.6) 1,149 (1.7) 2,368 (1.6) .12 
HFpEF (LVEF > 50%) 6,763 (8.7) 5,615 (8.1) 12,378 (8.4) .0002 
Major adverse 
Cardiac event 

9,450 (12.1) 8,557 (12.4) 18,007 (12.2) .1 

Glucose lowering medical therapy (%) 
No pharmacotherapy 17,853 (22.8) 8,461 (12.2) 26,314 (17.9) < .0001 
Metformin 46,756 (59.8) 45,377 (65.6) 92,122 (62.5) < .0001 
SGLT2i 8,068 (10.3) 14,867 (21.5) 22,935 (15.6) < .0001 
GLP-1 RA 14,386 (18.4) 17,921 (25.9) 32,307 (21.9) < .0001 
DPP4i 2,055 (2.6) 3,270 (4.7) 5,325 (3.6) < .0001 
Sulfonylurea 9,995 (12.8) 18,800 (27.2) 28,795 (19.5) < .0001 
Glinide 285 (0.4) 498 (0.7) 783 (0.5) < .0001 
Insulin 7,500 (9.6) 17,854 (25.8) 25,354 (17.2) < .0001 
Thiazolidinedione 1,034 (1.3) 1,630 (2.4) 2,664 (1.8) < .0001 

Cardiovascular pharmacotherapy (%) 
Statin 57,870 (74.0) 52,639 (76.1) 110,509 (75.0) < .0001 
ACE/ARB/ARNI 43,567 (55.7) 40,814 (59.0) 84,379 (57.3) < .0001 
Ezetimibe 3,057 (3.9) 2,710 (3.9) 5,767 (3.9) .94 
PCSK9i 483 (0.6) 365 (0.5) 848 (0.6) .02 
Beta blocker 27,132 (34.7) 23,105 (33.4) 50,237 (34.1) < .0001 
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Table 3. Demographics, indications, and medical therapy by presence of prescription and CV/kidney indication for therapy 

Total n = 147,338 (%) No CV or kidney indication for 
SGLT2i or GLP-1 RA 

n = 25,830 

CV or kidney indication for SGLT2i or GLP-1 RA 

n = 121,508 

No active 
prescription for 
SGLT2i/GLP-1 RA 

n = 19,106 

Currently 
prescribed 
SGLT2i/GLP-1 RA 

n = 6,724 

No active 
prescription for 
SGLT2i/GLP-1 RA 

n = 81,180 

Currently 
prescribed 
SGLT2i/GLP-1 RA 

n = 40,328 

Proportion of people 
prescribed SGLT2i/GLP-1 RA 

Total with no 
indication 

Total with 
indication 

P -values 

Male (%) 8,716 (45.6) 3,030 (45.1) 43,065 (53.0) 22,715 (56.3) < .0001 
Age (mean/SD) 62.4 / 19.7 56.6 / 16.1 68.7 / 12.7 64.9 / 11.2 < .0001 
Age (median/IQR) 65 / (47, 80) 57 / (45, 68) 70 / (61, 77) 65 / (58, 73) < .0001 
HbA1c (mean/SD) 7.5 / 2.1 7.6 / 2.6 7.1 / 2.7 7.5 / 4.3 < .0001 
HbA1c (median/IQR) 6.9 / (6.3, 8.0) 7.2 / (6.4, 8.4) 6.7 / (6.2, 7.5) 7.2 / (6.5, 8.2) < .0001 
White 12,422 (65.0) 4,422 (65.8) 60,279 (74.3) 29,580 (73.3) .0007 
Black 1,692 (8.9) 564 (8.4) 7,076 (8.7) 3,768 (9.3) .0003 
Asian/Pacific Islander 1,165 (6.1) 335 (5.0) 4,508 (5.6) 1,710 (4.2) < .0001 
Native American 47 (0.2) 10 (0.1) 126 (0.2) 72 (0.2) .34 
Other 3,780 (19.8) 1,393 (20.7) 9,191 (11.3) 5,198 (12.9) < .0001 
Hispanic 2,051 (10.7) 902 (13.4) 7,987 (9.8) 5,003 (12.4) < .0001 
Non-Hispanic 17,055 (89.3) 5,822 (86.6) 73,193 (90.2) 35,325 (87.6) < .0001 
English 16,081 (84.2) 5,858 (87.1) 70,370 (86.7) 35,093 (87.0) .10 
Non-English 2,290 (12.0) 641 (9.5) 9,881 (12.2) 4,890 (12.1) .82 
Declined/unknown 735 (3.8) 225 (3.3) 929 (1.1) 345 (0.9) < .0001 
High risk for ASCVD 0 (0.0) 0 (0.0) 39,794 (49.0) 20,252 (50.2) < .0001 
Established ASCVD 0 (0.0) 0 (0.0) 33,538 (41.3) 17,020 (42.2) < .0001 
Chronic kidney disease 0 (0.0) 0 (0.0) 41,374 (51.0) 21,944 (54.4) < .0001 
Heart failure 0 (0.0) 0 (0.0) 10,673 (13.1) 6,828 (16.9) < .0001 
HFrEF (LVEF ≤ 40%) 0 (0.0) 0 (0.0) 1,247 (1.5) 1,508 (3.7) < .0001 
HFmEF(40% < LVEF ≤ 50%) 0 (0.0) 0 (0.0) 1,305 (1.6) 1,063 (2.6) < .0001 
HFpEF (LVEF > 50%) 0 (0.0) 0 (0.0) 8,121 (10.0) 4,257 (10.6) .003 
Metformin 11,054 (57.8) 4,809 (71.5) 48,134 (59.3) 28,136 (69.8) < .0001 
SGLT2i 0 (0.0) 2,469 (36.7) 0 (0.0) 20,466 (50.7) < .0001 
GLP-1 RA 0 (0.0) 5,194 (77.2) 0 (0.0) 27,113 (67.2) < .0001 
DPP4i 563 (2.9) 259 (3.9) 2,869 (3.5) 1,634 (4.1) < .0001 
Sulfonylurea 3,043 (15.9) 1,657 (24.6) 14,038 (17.3) 10,057 (24.9) < .0001 
Glinide 70 (0.4) 40 (0.6) 377 (0.5) 296 (0.7) < .0001 
Insulin 3,133 (16.4) 1,616 (24.0) 11,468 (14.1) 9,137 (22.7) < .0001 
Thiazolidinedione 269 (1.4) 209 (3.1) 1,171 (1.4) 1,015 (2.5) < .0001 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

an SGLT2i and/or GLP-1 RA yet only 33.2% had an ac-
tive prescription for 1 of these medicinal classes. These
findings highlight both the high prevalence of high-risk
comorbid conditions and the underutilization of medica-
tion classes with demonstrated benefits for CV and kid-
ne y r isk reduction. Low uptake of SGLT2i and GLP-1 RA
persisted even in patients prescribed metformin, suggest-
ing that even when T2D is being managed with pharma-
cotherapy, options shown to reduce CV and/or kidney
adverse outcomes are still underutilized. 

CV and kidney comorbidities were very common in
the study population with 49%, 42%, 52%, and 14% of
patients with high ASCVD risk, ASCVD, CKD, and HF, re-
spectively. The burden of comorbidities is similar to that
reported in the Diabetes Collaborative Registry where
coronar y arter y disease was noted in 31.9%, CKD in
19.6%, and HF in 12.2% of patients. 10 The higher rates of
Descargado para Daniela Zúñiga Agüero (danyzuag@gmail.com) en National Library 
2025. Para uso personal exclusivamente. No se permiten otros usos sin autorizaci
CKD in our cohort are likely due to using direct lab val-
ues in addition to diagnosis codes as CKD is frequently
underdiagnosed. 11 More than half of the identified pa-
tients with CKD were identified by lab values without
associated diagnosis codes. The slightly higher rates of
CKD seen in our study are likely representative of geo-
graphic differences in disease burden, 12 coding and doc-
umentation practices at an academic health system, de-
creased sensitivity of the diabetes coding identifiers, and
missing data. 

Therapeutic options that couple glucose reduction
with direct CV and kidney benefits have revolutionized
diabetes care. The low utilization of SGLT2i and GLP-1
RA in the high-risk population identified in this study
suggests that the benefit of these medications is not be-
ing realized in practice despite convincing clinical trial
data and endorsement by multiple guidelines. This study
of Health and Social Security de ClinicalKey.es por Elsevier en abril 30, 
ón. Copyright ©2025. Elsevier Inc. Todos los derechos reservados.
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Table 4. Medical therapy by CV or kidney indication 

Total patients (%) not 
mutually exclusive 

All patients ASCVD CKD HF High risk for ASCVD 

147,338 50,548 
(34.3) 

63,318 
(43.0) 

17,501 
(11.9) 

60,046 
(40.8) 

n % n % P-values n % P-values n % P-values n % P-values 

Metformin 92,133 62.5 29,702 58.8 < .0001 37,735 59.6 < .0001 8,492 48.5 < .0001 40,764 67.9 < .0001 
SGLT2i 22,935 15.6 9,842 19.5 < .0001 11,674 18.4 < .0001 4,653 26.6 < .0001 9,244 15.4 .33 
GLP-1 RA 32,307 21.9 10,415 20.6 < .0001 14,604 23.1 < .0001 3,537 20.2 < .0001 14,524 24.2 < .0001 
DPP4i 5,325 3.6 1,990 3.9 .0009 2,701 4.3 < .0001 724 4.1 .0005 2,086 3.5 .12 
Sulfonylurea 28,795 19.5 10,076 19.9 .06 13,395 21.2 < .0001 3,284 18.8 .01 11,930 19.9 .09 
Glinide 783 0.5 331 0.7 .001 408 0.6 .002 129 0.7 .0005 265 0.4 .009 
Insulin 25,354 17.2 9,891 19.6 < .0001 12,389 19.6 < .0001 3,987 22.8 < .0001 8,398 14.0 < .0001 
Thiazolidinedione 2,664 1.8 762 1.5 < .0001 1,238 2.0 .02 168 1.0 < .0001 1,216 2.0 .0009 
Statin 110,509 75.0 44,725 88.5 < .0001 51,253 80.9 < .0001 

15,138 
86.5 < .0001 44,293 73.8 < .0001 

ACE/ARB 83,175 56.5 32,219 63.7 < .0001 37,447 59.1 < .0001 
10,514 

60.1 < .0001 34,187 56.9 .04 

ARNI 1,834 1.2 1,395 2.8 < .0001 917 1.4 .0002 1,624 9.3 < .0001 255 0.4 < .0001 
Beta blocker 50,237 34.1 28,302 56.0 < .0001 23,581 37.2 < .0001 

11,562 
66.1 < .0001 13,388 22.3 < .0001 

Ezetimibe 5,767 3.9 4,103 8.1 < .0001 3,080 4.9 < .0001 1,421 8.1 < .0001 1,223 2.0 < .0001 
PCSK9i 848 0.6 711 1.4 < .0001 447 0.7 .0004 228 1.3 < .0001 103 0.2 < .0001 
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Figure 2. Number of high-risk patients with T2D, and the percent with a prescription for SGLT2i/GLP-1 RA in a large health care 
network ( n = 121,508). 

Figure 3. Number of high-risk patients with T2D, and on metformin, and the percent with a prescription for SGLT2i/GLP-1 RA in a 
large health care network ( n = 76,270). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

found increased prescribing of either SGLT2i or GLP-1
RA for males, younger age, those identified as Black race,
and Hispanic ethnicity. Importantly, more patients with
HbA1c < 7% were identified as having a high risk for
future ASCVD, ASCVD, and CKD – indicating that those
with HbA1c values considered under control are more of-
ten those who would benefit from therapy with proven
benefit. The consistent rate of GLP-1 RA use across CV
Descargado para Daniela Zúñiga Agüero (danyzuag@gmail.com) en National Library 
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and kidney indications suggests that the prescription of
these agents is irrespective of guideline recommenda-
tions or recent data of enhanced benefit ( Table 2 ). Of
note, overweight and obesity are both common comor-
bidities among patients with T2D, and effective pharma-
cotherapeutics within our therapeutic classes of inter-
est have demonstrated benefit at addressing these condi-
tions. At the genesis of this project, overweight and obe-
of Health and Social Security de ClinicalKey.es por Elsevier en abril 30, 
ón. Copyright ©2025. Elsevier Inc. Todos los derechos reservados.
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Figure 4. Comparison of T2D with HFrEF and ASCVD for the utilization of therapy advised by major society guidelines. 
Abbreviations : ACEi, Angiotensin Converting Enzyme inhibitor; ARB, Angiotensin Receptor Blocker; ARNI, angiotensin 
receptor/neprilysin inhibitor. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

sity had not yet been incorporated into society guidelines
recommending their consideration in therapeutic agent
guidance and while this was included in patient discus-
sions of potential benefit, were not formally incorporated
into therapeutic agent recommendations. 

As this dataset comes directly from a large, integrated
health system with patients who largely receive their
care within the network, it is complementary to, and pos-
sibly more comprehensive than claims-based analyses.
We observed relatively lower utilization of SGLT2i and
GLP-1 RA, even in patients with indications for their use.
This analysis demonstrates higher rates of prescription
when compared to that completed by Nanna et al. asking
a similar question of patients from 2018 to 2021 (Nanna
et al., 2023). The MGB data follow closely with national
trends as published in the COORDINATE-Diabetes trial
by Pagidipati et al. with about 35% of patients in usual
care with appropr iate prescr iptions for SGLT2i and/or
GLP-1 RA. 13 Removing barriers to the initiation of med-
ications with CV and kidney benefits by using a remote
management program is 1 potential strategy to overcome
well-recognized therapeutic inertia in the adoption of
new medications as demonstrated in the DRIVE study. 14 

Limitations 
Because problem lists and ICD codes to associate

disease conditions were used, we likely did not cap-
ture all comorbidities present in this patient population.
Similarly, while medication prescriptions were captured
through the EHR, medication fill data, as well as medica-
tions prescribed outside of our system or by a non-MGB
provider are missing. We were unable to fully account for
relative or absolute contraindications to therapy if they
were not the population of patients eligible for therapy.
There are additional barriers not accounted for in this
analysis, such as cost, discontinuation due to adverse ef-
fects, pr ior author ization, nonaligned and quickly chang-
Descargado para Daniela Zúñiga Agüero (danyzuag@gmail.com) en National Lib
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ing guidelines, medical neighborhood (who should start
and manage the medication), etc. 

Conclusions 

Our results show that in a large integrated health sys-
tem, more than 4/5 of patients with T2D have a CV
and/or kidney indication for therapy, and yet most are
not receiving current guideline-recommended care, even
when they have multiple indications, and even relative
to other glucose-lowering medications. Improving these
gaps in care to improve patient outcomes will require
multipronged and sustained efforts. Provider and patient
education, cost, alert, and clinical programs to improve
the uptake of and adherence to therapy shown to im-
prove health should be explored as addressable barriers
to improved medication uptake and patient outcomes. 

Future Directions 

One approach to improving the utilization of guideline-
directed therapy is by utilizing disease area experts and
a team experienced in virtual implementation to deliver
guideline-driven therapy on a population scale by lever-
aging nonphysician providers, standardized medical and
workflow algorithms, and customized software to sup-
plement and enhance traditional clinical workflow, as
we have reported as successful for several cardiovascu-
lar conditions 15,16 , which may also be useful in opti-
mizing diabetes management. Remote interventions like
this may also reduce disparities in care as well as accel-
erate prescription and coverage for appropriate thera-
pies. Working with navigators as well as pharmacists in
the context of collaborative practice agreements helps
a clinic or healthcare system care for larger numbers of
patients in a standardized and cost-effective manner. 
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