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CASE SCENARIO 
April is a 69-year-old African American woman diagnosed with 

type 2 diabetes mellitus (T2DM) 11 years ago. Initial treatment with 

lifestyle intervention and metformin reduced her glycated hemo-

globin (A1c) from 8.4% to 6.9% and her body mass index (BMI) 

from 32.6 kg/m2 to 27.9 kg/m2, which she was able to maintain for 

approximately 5 years. Her A1c remained at approximately 7% 

during this time, but began to rise as her BMI increased. Inten-

sified lifestyle intervention resulted in no further weight loss; her 

BMI stabilized at 33.8 kg/m2. Pharmacotherapy was intensified to 

lower and maintain her A1C at 7.1% to 7.3% over the next several 

years. Over the past 3 years, her A1c has again increased and 

is now 7.9%. April experiences frequent symptomatic hypoglyce-

mia, which has required treatment at the local emergency depart-

ment twice in the past 4 years. April also experiences occasional 

symptoms of angina, which combined with her T2DM, obesity, 
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prevalence of adults with estimated glomerular filtration rate 
(eGFR) <60 mL/min/1.73 m2 and albumin-to-creatinine ratio 
<30 mg/g nearly tripled from 1988-1994 to 2007-2010.26 This 
was associated with a 50% increase in the mortality rate.26 In 
2015, 124,000 people in the United States started treatment 
for end-stage renal disease22 and approximately 325 persons 
began treatment for kidney failure every day.20,22

THE CHANGING PARADIGM OF TYPE 2  
DIABETES MANAGEMENT
Over the past decade, there have been 2 important shifts in the 
management of patients with T2DM as reflected in treatment 
guidelines such as those developed by the American Diabetes 
Association. The first is a focus on the importance of individu-
alizing glycemic treatment.27,28 This shift in focus results from 
the availability of several new classes of medications for T2DM 
with different mechanisms of glucose-lowering and very good 
safety profiles, particularly low incidences of hypoglycemia and 
weight neutrality or weight loss effects.29 There has also been 
improved recognition that T2DM is a largely self-managed dis-
ease that is impacted by the patient’s willingness and ability to 
adhere to the treatment plan.28,30,31 To better understand these 
issues, a collaborative relationship between patient and pro-
vider has become essential (see below).32

The other shift has been a heightened concern about 
the CV safety of medications for T2DM following publica-
tion of several clinical trials and a meta-analysis related to 
the thiazolidinediones in 2005 to 2007. Results of the clini-
cal trials indicated an increased risk for heart failure with 
rosiglitazone33 and pioglitazone.34,35 The subsequent meta-
analysis of 42 clinical trials demonstrated rosiglitazone was 
associated with a significant increase in the risk for myocar-
dial infarction (MI) (odds ratio [OR], 1.43; 95% confidence 
interval [CI], 1.03-1.98; P=.03) and a nonsignificant increase 
in the risk for CV death (OR, 1.64; 95% CI, 0.98-2.74; P=.06).36 
Shortly after, the Rosiglitazone Evaluated for Cardiovascu-
lar Outcomes in Oral Agent Combination Therapy for Type 
2 Diabetes (RECORD) trial found no significant increase in 
the risk for MI with rosiglitazone, but confirmed a significant 
increase in risk for HF.37,38

CARDIOVASCULAR OUTCOME TRIALS
Regulatory requirements
In 2008, prior to publication of the final RECORD results in 
2009, the US Food and Drug Administration (FDA) took steps 
to assure the safety of medications for T2DM. This included 
issuing a guidance requiring industry sponsors to conduct a 
clinical trial demonstrating that a new medication for T2DM 
is not associated with an unacceptable increase in CV risk 
compared to placebo as part of standard care.39 The guid-

hypertension, and dyslipidemia, has contributed to declining treat-

ment adherence. 

April is being seen by her primary care provider following 

hospital discharge for a cardiovascular event. Current medica-

tions: metformin 1000 mg twice daily, pioglitazone 45 mg once 

daily, sitagliptin 100 mg once daily, enalapril/hydrochlorothiazide 

20 mg/50 mg once daily, atorvastatin 40 mg once daily, and low-

dose aspirin.

What modifications would you make to her diabetes treat-

ment plan? Does her history of cardiovascular disease impact 

treatment?

CARDIOVASCULAR DISEASE  
IN TYPE 2 DIABETES MELLITUS
Cardiovascular (CV) disease is common in the United States, 
with approximately 11% of US adults having been diagnosed 
with heart disease and nearly 3% with stroke.1 Type 2 diabe-
tes mellitus is an independent risk factor for CV disease, con-
ferring about a two-fold excess risk for CV disease.2 Moreover, 
in 2016, high fasting plasma glucose was among the top 5 risk 
factors contributing to disability-adjusted life-years in the 
United States.3

Peripheral arterial disease is the most common initial 
presentation of CV disease in patients with T2DM, followed 
by stroke and coronary heart disease.4 Beyond vascular 
events, persons with diabetes mellitus (DM) are at high risk 
for heart failure (HF) and HF-related death, as well as chronic 
kidney disease (CKD). People with T2DM have more than 
twice the risk of HF than those without T2DM,5-8 while up to 
40% of people with HF have diabetes.4,7,9-13 There is a linear 
relationship between glycemic control and the incidence of 
HF with a risk ratio for HF of approximately 1.2 for each 1% 
increase in the A1c.14,15 Patients with T2DM and HF have a 
worse prognosis than those with T2DM without HF.16 The risk 
of death in persons with DM has been shown to be nearly 9 
times higher for those with vs without HF.17 Of individuals 
hospitalized for acute HF, those with vs without DM have 
a worse outcome (composite of all-cause mortality, heart 
transplantation, and left ventricular assist device implanta-
tion).18 HF hospitalization is also more common in patients 
with T2DM.19 

CKD also is common in patients with DM as approxi-
mately 1 in 3 US adults with DM is thought to have CKD.20,21 
Nearly half (45%) of new cases of end-stage renal disease in 
the United States are due to DM.22 While the prevalence of 
stages 3-4 CKD has remained stable over the past decade or 
so,23,24 the increasing prevalence of DM in the United States 
has been followed by a proportional increase in the preva-
lence of diabetic kidney disease (DKD).25 Moreover, the 
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ance applies to the dipeptidyl peptidase-4 inhibitor (DPP-4i), 
glucagon-like peptide-1 receptor agonist (GLP-1RA) (except 
exenatide twice-daily), and sodium glucose cotransporter-2 
inhibitor (SGLT-2i) classes of medications. 

Key recommendations in the FDA guidance included (1) 
assessment of major adverse CV events (MACE), a compos-
ite of CV death, nonfatal MI, and nonfatal stroke; (2) enroll-
ment of patients with T2DM at higher risk of CV events, eg, 
those with advanced CV disease, advanced age, or renal 
impairment; and (3) study duration of at least 2 years to allow 
assessment of longer-term risks.39

The guidance also identified that for initial FDA approval, 
a finding of no increase in CV risk compared to placebo as 
part of standard care is observed if the upper limit of the two-
sided 95% confidence interval (CI) for the estimated risk ratio 
for MACE is less than 1.8. If the upper limit for the estimated 
risk ratio is found to be between 1.3 and 1.8 and the overall 
risk-benefit analysis is favorable, the medication is generally 
approved. However, a postmarketing trial is usually required 
to clearly demonstrate that the upper limit of the two-sided 
95% CI for the estimated risk ratio is less than 1.3, in which 
case, a definitive finding of noninferiority regarding the CV 
safety of the new medication compared to placebo as part of 
standard care is reached. Put differently, the medication for 
T2DM is found to pose no increase in CV risk compared to 
placebo as part of standard care.

If noninferiority is demonstrated, a finding of superiority 
can be investigated. A finding of superiority is reached if the 
two-sided 95% CI for the estimated risk ratio is less than 1.0. 
Should this be the case, the new medication for T2DM is deter-
mined to significantly reduce CV risk compared to placebo as 
part of standard care and, therefore, offer a CV benefit. Medi-
cations offering a CV benefit have the potential to change the 
treatment paradigm for T2DM, as will be discussed below.

Results
Nearly all of the CV outcome trials required by the FDA for 
new medications for T2DM have been completed; note that 
the CV outcome trial for ertugliflozin is ongoing. Most trials 
have been for both primary and secondary prevention. All 
completed CV outcome trials have demonstrated that each 
new medication for T2DM poses no increased CV risk com-
pared to placebo as part of standard care, thereby providing 
reassurance about the CV safety of DPP-4is, GLP-1RAs, and 
SGLT-2is. It is also worth noting that the CV safety of insulin 
glargine U-100 and insulin degludec have been assessed in 
clinical trials and shown to pose no increase in CV risk com-
pared to standard care.40,41 In addition, the FDA judged there 
to be no safety concern regarding CV risk for glargine U-300 
compared to glargine U-100.42

In addition to CV safety, the CV outcome trials of the 
DPP-4is, GLP-1RAs, and SGLT-2is showed that some of these 
medications provide a CV benefit, ie, reduce the risk for MACE 
(the composite of CV death, nonfatal MI, and nonfatal stroke) 
compared to placebo as part of standard care. These include 
the GLP-1RAs albiglutide,43,44 dulaglutide,45 liraglutide,46,47 
and semaglutide,48 and the SGLT-2is canagliflozin,49,50 dapa-
gliflozin,51,52 and empagliflozin53,54 (TABLE).

The results of these trials provide an opportunity to include 
consideration of CV risk reduction when selecting medica-
tions for T2DM. Moreover, differences among the GLP-1RAs 
and SGLT-2is with respect to their effects on CV events, eg, MI, 
stroke, HF, and renal outcomes, provide an opportunity to fur-
ther individualize therapy as recommended in the 2019 ADA 
Standards of Medical Care (FIGURE).28

CASE SCENARIO 
The rise in April’s A1c to 7.9% despite treatment with optimized 

metformin, pioglitazone, and sitagliptin indicates the need to mod-

ify her diabetes treatment plan. Sitagliptin should be discontinued 

since there is no CV, HF, or CKD reduction benefit. Pioglitazone 

might be continued if April has established atherosclerotic cardio-

vascular disease (ASCVD) since there is a potential benefit, but 

should not be continued if April has HF or renal impairment due to 

fluid retention.55 Since she has experienced a CV event, selecting a 

medication shown to lower CV risk is recommended.28

If April had experienced a MI or stroke, a GLP-1RA is pre-

ferred with the strongest evidence for liraglutide, dulaglutide, and 

semaglutide. Alternatively, an SGLT-2i can be considered, with 

the strongest evidence for empagliflozin > canagliflozin.

If April had experienced acute heart failure or had CKD, 

an SGLT-2i shown to reduce HF or CKD (empagliflozin, cana-

gliflozin, dapagliflozin) is preferred. Alternatively, a GLP-1RA 

(liraglutide, dulaglutide, and semaglutide) can be consid-

ered if SGLT-2i therapy is not tolerated or contraindicated or 

if the eGFR is below the recommended threshold for SGLT-2i  

therapy. 

In selecting therapy, other general factors to consider 

include hypoglycemia, weight effects, and patient affordability. In 

addition, prior to initiating a GLP-1RA, a history of pancreatitis, 

multiple endocrine neoplasia type 2, thyroid cancer, as well as 

the ability to tolerate transient nausea are to be considered. Prior 

to initiating an SGLT-2i, the patient’s eGFR must be determined 

and treatment not initiated if the eGFR is <45 mL/min/1.73 m2  

(canagliflozin, dapagliflozin, empagliflozin) or if the eGFR is 30 

to <60 mL/min/1.73 m2 (ertugliflozin). A comprehensive foot 

examination should be performed with emphasis on peripheral 

vascular disease and a history of amputations. Other factors to 

consider related to SGLT-2i therapy are the risk of urinary tract 

infection, genital mycotic infection, and volume depletion with all 
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SGLT-2is, as well as amputation (canagliflozin and ertugliflozin), 

bone fracture (canagliflozin), and bladder cancer (dapagliflozin).

PATIENT SELF-MANAGEMENT
As noted earlier, HF is a largely self-managed disease; thus, it 
is essential that the patient is willing and able to implement an 
individualized treatment plan. This requires a collaborative rela-
tionship between patient and provider built on effective patient-
provider communication and shared decision-making.56 A 

recent systematic review suggests that utilization of several 
techniques lead to improved patient-provider communication. 
These include: (1) asking open-ended questions; (2) utilizing 
active listening skills; (3) employing motivational interviewing 
techniques; (4) discussing the most important information first 
and using the phrase “This is important…” when discussing key 
points; (5) delivering simple, clear, concrete instructions sup-
ported by a written action plan that is appropriate for a patient’s 
culture and health literacy and numeracy; and (6) asking 
patients to write a list of questions prior to the visit.

TABLE   Effects on key endpoints of medications shown to offer a cardiovascular benefit vs placebo

Hazard ratioa

(95% CI)

MACEb CV death Nonfatal MI Nonfatal 
stroke

Heart failure  
hospitalization

Renal

Glucagon-like peptide-1 receptor agonists

Albiglutide 0.78

(0.68-0.90)

0.93

(0.73-1.19)

Dulaglutide 0.88

(0.79-0.99)

P=.026

0.76

(0.61-0.95)

P=.017

0.85c

(0.77-0.93)

P=.0004

Liraglutide 0.87

(0.78-0.97)

P=.01

0.78

(0.66-0.93)

P=.007

0.88

(0.75-1.03)

P=.11

0.89

(0.72-1.11)

P=.30

0.87

(0.73-1.05)

P=.14

0.78d

(0.67-0.92)

P=.003

Semaglutide 0.74

(0.58-0.95)

P=.02

0.98

(0.65-1.48)

P=.92

0.74

(0.51-1.08)

P=.12

0.61

(0.38-0.99)

P=.04

1.11

(0.77-1.61)

P=.57

0.64e

(0.46-0.88)

P=.005

Sodium glucose cotransporter-2 inhibitors

Canagliflozin 0.86

(0.75-0.97)

P=.02

0.87

(0.72-1.06)

0.85

(0.69-1.05)

0.90

(0.71-1.15)

0.67

(0.52-0.87)

0.60f

(0.47-0.77)

Dapagliflozin 0.93

(0.84-1.03)

P=.17

0.98

(0.82-1.17)

0.73

(0.61-0.88)

0.53g

(0.43-0.66)

Empagliflozin 0.86

(0.74-0.99)

P=.04

0.62

(0.49-0.77)

P<.001

0.87

(0.70-1.09)

P=.22

1.24

(0.92-1.67)

P=.16

0.65

(0.50-0.85)

P=.002

0.54h

(0.40-0.75)

P<.001

Abbreviations: CI, confidence interval; CV, cardiovascular; eGFR, estimated glomerular filtration rate; MI, myocardial infarction.
aHazard ratio of active medication vs placebo.
bMACE is a composite of cardiovascular death, nonfatal myocardial infarction, nonfatal stroke.
cNew macroalbuminuria, sustained decline in eGFR ≥30% or chronic renal replacement therapy.
dNephropathy defined as new onset of macroalbuminuria or a doubling of the serum creatinine and an eGFR ≤45 mL/min/1.73 m2, the need for continuous renal- 
replacement therapy, or death from renal disease.
eNew or worsening nephropathy including persistent macroalbuminuria, persistent doubling of the serum creatinine and an eGFR <45 mL/min/1.73 m2, or the need for 
continuous renal-replacement therapy.
f≥40% reduction in eGFR, renal-replacement therapy, or renal death.
g≥40% decrease in eGFR to <60 mL/min/1.73 m2, end-stage renal disease, or death from renal cause.
hDoubling of serum creatinine accompanied by eGFR ≤45 mL/min/1.73 m2, initiation of renal-replacement therapy, or death from renal disease.

Boxes shaded in green indicate the medication significantly reduces the risk of the specified endpoint vs placebo as part of standard care.
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 FIGURE  Recommended therapy for patients with type 2 diabetes mellitus and established  
atherosclerotic cardiovascular disease, heart failure, or chronic kidney disease who have  
inadequate glycemic control with metformin and comprehensive lifestyle management

Abbreviations: ASCVD, atherosclerotic cardiovascular disease; CKD, chronic kidney disease; CV, cardiovascular; CVD, cardiovascular disease; CVOTs, cardiovascular 
outcome trials; DPP-4i, dipeptidyl peptidase-4 inhibitor; FDA, US Food and Drug Administration; eGFR, estimated glomerular filtration rate; GLP-1 RA, glucagon-like peptide-1 
receptor agonist; HbA1c, hemoglobin A1c; HF, heart failure; SGLT-2i, sodium glucose cotransporter-2 inhibitor; SU, sulfonylurea; TZD, thiazolidinedione.
a Proven CVD benefit means it has label indication of reducing CVD events. For GLP-1RA, liraglutide is FDA approved to reduce the risk of MACE in adults with type 2 diabetes 
and established CVD; liraglutide and dulaglutide showed superiority for MACE outcomes in large CVOTs; semaglutide showed superiority for MACE outcomes in a safety 
CVOT. These results were primarily in patients with known ASCVD although there was consistent benefit in the dulaglutide trial in patients with and without established ASCVD. 
For SGLT-2i, evidence modestly stronger for empagliflozin > canagliflozin.
bBe aware that SGLT-2i vary by region and individual agent with regard to indicated level of eGFR for initiation and continued use.
cEmpagliflozin, canagliflozin, and dapagliflozin have shown reduction in HF and reduction in CKD progression in CV outcome trials.
dDegludec or glargine U-100 have demonstrated CV safety.
eLow dose may be better tolerated though less well studied for CVD effects.
fChoose later generation sulfonylurea with lower risk of hypoglycemia.

Source: American Diabetes Association. Standards of medical care in diabetes-2019, American Diabetes Association, 2019. Copyright and all rights reserved. Material from 
this publication has been used with the permission of American Diabetes Association.

GLP- 1RA  
with proven  
CVD benefita

SGLT-2i  
with proven  
CVD benefita  

if eGFR is 
adequateb

If HbA1c above target

PREFERABLY

SGLT2i with evidence of reducing  
HF and/or CKD progression in  
CVOTs if eGFR is adequatec

If HbA1c above target

ASCVD PREDOMINATES

EITHER/ 
OR

HF OR CKD PREDOMINATES

ESTABLISHED ASCVD OR CKD

If SGLT-2i not tolerated or contraindicated  
or if eGFR is less than adequate,b add  

GLP-1RA with proven CVD benefita

•  Avoid TZD in the setting of HF

Choose agents demonstrating  
CV safety:

•  �Consider adding the other class with 
proven CVD benefita

•  �DPP-4i (not saxagliptin) in the setting of 
HF (if not on GLP-1RA)

•  Basal insulind

•  SUf

If further intensification is required  
or patient is now unable to tolerate  
GLP-1RA and/or SGLT-2i, choose  
agents demonstrating CV safety:

•  �Consider adding the other class  
(GLP-1 RA or SGLT-2i) with proven  
CVD benefit

•  DPP-4i if not on GLP-1RA

•  Basal insulind

•  TZDe

•  SUf

A shared decision-making process provides a mecha-
nism to identify patient concerns and develop a treatment 
plan that addresses those concerns. To accomplish this, the 

Agency for Healthcare Utilization and Review has outlined 
the 5-step SHARE process: (1) seek your patient participa-
tion; (2) help your patient explore and compare treatment 

OR
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options; (3) assess your patient’s values and preferences; 
(4) reach a decision with your patient; and (5) evaluate your 
patient’s decision.32 This approach is applicable to both initi-
ating as well as modifying treatment.

SUMMARY
The rapid evolution in medications available for the treat-
ment of patients with T2DM allows for a more individualized 
approach to treatment that includes a low incidence of hypo-
glycemia and weight-neutral or weight-loss effects. Beyond 
these benefits, evidence now demonstrates that reducing 
CV events with some GLP-1RAs and SGLT-2is is achievable, 
thereby enabling greater focus on reducing CV risk as a key 
treatment objective. For patients with ASCVD alone, a GLP-
1RA shown to reduce CV risk is preferred; an SGLT-2i can be 
considered. For patients with HF or CKD, an SGLT-2i shown 
to reduce related events is preferred; a GLP-1RA shown to 
reduce CV risk can be considered. This is a real paradigm 
shift in our approach to managing patients with T2DM. 
Finally, the large self-managed nature of HF underscores the 
importance of individualized treatment through effective 
communication and the use of shared decision-making. l
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