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ABSTRACT

Despite decades of research into risk-reduction strategies, cardiovascular disease and renal disease remain

leading causes of morbidity and mortality among patients with type 2 diabetes mellitus. Given the tight

clustering of cardiovascular and renal disease with the metabolic abnormalities of type 2 diabetes mellitus,

we can think of these conditions together as cardiovascular-renal-metabolic disease states. A holistic view

of cardiovascular-renal-metabolic disease states is critical to provide integrated patient-centered care to

individuals with these disease states. Here, we explore the cardiovascular and renal risks associated with

type 2 diabetes mellitus and highlight the importance of reducing cardiovascular-renal-metabolic disease

risk in a comprehensive manner. We advocate a cross-disciplinary, team-based model to manage cardio-

vascular-renal-metabolic disease risk among patients with type 2 diabetes mellitus.

� 2021 Elsevier Inc. All rights reserved. � The American Journal of Medicine (2021) 134:1076−1084
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INTRODUCTION
Cardiovascular disease remains the leading cause of mor-

bidity and mortality among patients with type 2 diabetes

mellitus, despite decades of research into risk-reduction

strategies.1,2 Although myocardial infarction and ischemic

stroke are the most recognized drivers of mortality in this

population, less well-appreciated forms of cardiovascular

disease, including heart failure and peripheral arterial dis-

ease, also contribute significantly to this risk.3-5 Further, the

development of renal disease among patients with type 2

diabetes mellitus is common,6 and it drastically increases

the risk of cardiovascular disease and overall mortality.7
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Given the tight clustering of cardiovascular and renal dis-

ease with the metabolic abnormalities of type 2 diabetes

mellitus, we can think of these conditions together as car-

diovascular-renal-metabolic disease states. Such terminol-

ogy emphasizes the highly interconnected nature of these

illnesses and emphasizes the need to take a global approach

for the care of patients with type 2 diabetes mellitus.

A global view of cardiovascular-renal-metabolic diseases

requires an integrated approach that focuses not only on tradi-

tional atherosclerosis prevention and management but also on

heart failure and peripheral arterial disease, as well as renal dis-

ease prevention in patients with type 2 diabetes mellitus. We

now have medications such as sodium-glucose cotransporter 2

inhibitors (SGLT2i) and glucagon-like peptide-1 receptor ago-

nists (GLP1RA) added to our therapeutic armamentarium,

which prevent several types of complications and can facilitate

such an integrated approach. However, we must continue to

reduce cardiovascular-renal-metabolic disease risk with tradi-

tional interventions as well, including those focused on life-

style, weight, blood pressure, and lipid control (Figure 1).

In this review, we aim to outline various cardiovascular

and renal risks associated with type 2 diabetes mellitus,

highlight the therapies and strategies available to

reduce cardiovascular-renal-metabolic disease risk in a
ity from ClinicalKey.com by Elsevier on September 02, 
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comprehensive manner, and emphasize the important role

of a cross-disciplinary, team-based model to manage car-

diovascular-renal-metabolic disease risk among patients

with type 2 diabetes mellitus.
RISKS AND PROGNOSES OF VARIOUS TYPES OF
CLINICAL SIGNIFICANCE

� The tight clustering of cardiovascular,
renal, and metabolic abnormalities in
type 2 diabetes mellitus suggests that
we can think of these conditions
together as cardiovascular-renal-meta-
bolic disease states.

� Traditional approaches to cardiovascu-
lar-renal-metabolic disease should be
complemented by sodium-glucose
cotransporter-2 inhibitors and gluca-
gon-like peptide-1 receptor agonists,
which provide benefit across the spec-
trum of risk.

� We advocate for a cross-disciplinary,
team-based model to manage cardio-
vascular-renal-metabolic risk among
patients with type 2 diabetes mellitus.
CARDIOVASCULAR DISEASE
IN TYPE 2 DIABETES
MELLITUS
The risk of developing coronary heart

disease or ischemic stroke among

patients with type 2 diabetes mellitus

is well-established in the literature.

Individuals with type 2 diabetes mel-

litus are twice as likely to develop

coronary heart disease as their coun-

terparts without type 2 diabetes melli-

tus and 2-3 times as likely to develop

ischemic stroke.8 Indeed, the risk for

coronary heart disease among patients

with >10 years of type 2 diabetes

mellitus duration approaches those

with a prior history of coronary heart

disease.9,10 Further, the prognosis of

coronary heart disease and ischemic

stroke is significantly worse in

patients with type 2 diabetes mellitus

compared with those without.11-13

Perhaps slightly less well-appre-

ciated are the significant risks of
heart failure and peripheral arterial disease that the presence

of type 2 diabetes mellitus imparts. Though the markedly

increased risk of heart failure in type 2 diabetes mellitus

has been known since the seminal Framingham study publi-

cation by Kannel et al14 in 1974, lack of awareness of this

complication in both the medical community and the gen-

eral public has led some to call heart failure the ‘ignored’

complication of diabetes.15,16 Yet individuals with type 2

diabetes mellitus have a heart failure incidence rate that it

2.5 times the rate of individuals without type 2 diabetes

mellitus.17 Similar to coronary heart disease and stroke

described previously, women and younger adults with type

2 diabetes mellitus have a markedly elevated risk for heart

failure.18 Once heart failure has developed, those with type

2 diabetes mellitus have an additional 30% increased risk

of mortality and an additional 35% increased risk of hospi-

talization for a median of 3 years.19

Like heart failure, peripheral arterial disease is a substan-

tial yet perhaps less well-known consequence of type 2 dia-

betes mellitus. Indeed, type 2 diabetes mellitus increases the

risk of peripheral arterial disease by 2- to 3-fold,20 and

approximately 20%-30% of patients with peripheral arterial

disease have diabetes, though even this is likely an underesti-

mate given the high rate of asymptomatic peripheral arterial

disease.21 In terms of prognosis, patients with peripheral arte-

rial disease and type 2 diabetes mellitus are significantly
Downloaded for Anonymous User (n/a) at Costa Rica Univers
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more likely to require lower extremity amputation or to

develop other ischemic events than patients with peripheral

arterial disease without type 2 diabetes mellitus.22
RISK AND PROGNOSIS OF RENAL DISEASE IN
TYPE 2 DIABETES MELLITUS AND ASSOCIATED
ity from ClinicalKey.com by Else
n. Copyright ©2021. Elsevier Inc
CARDIOVASCULAR DISEASE
RISK
Diabetic kidney disease is charac-

terized by albuminuria, low esti-

mated glomerular infiltration rate

(eGFR), or other manifestations of

kidney damage.23 The prevalence

of this serious complication among

individuals with diabetes is esti-

mated to be between 25% and

40%.6,24 The cardiovascular conse-

quences of developing diabetic kid-

ney disease are sobering. Patients

with diabetic kidney disease are

more likely to die from cardiovas-

cular causes than from progression

to end-stage renal disease

(ESRD).25 Diabetic kidney disease

appears to be not just a marker for

increased cardiovascular risk but

also involved in the pathogenesis of

cardiovascular disease. Augmenta-

tion of traditional risk factors such

as hypertension, hyperlipidemia,
and obesity cannot fully explain the worse cardiovascular

and mortality outcomes in diabetic kidney disease.26 Thus,

the link between diabetic kidney disease and cardiovascular

disease is strong and must be taken into account when aim-

ing to prevent cardiovascular disease in patients with type 2

diabetes mellitus.
CARDIOVASCULAR-RENAL-METABOLIC DISEASE
RISK REDUCTION STRATEGIES IN TYPE 2
DIABETES MELLITUS: TRADITIONAL
APPROACHES
To prevent the many cardiovascular, renal, and metabolic

complications of type 2 diabetes mellitus, providers must

take a holistic approach to risk reduction in this patient pop-

ulation. Fortunately, traditional approaches to cardiovascu-

lar-renal-metabolic disease risk reduction are effective,

especially when implemented in a comprehensive manner.

Traditional Risk Factors
Lifestyle modification, including both regular aerobic exer-

cise and weight management, improve cardiovascular out-

comes, are associated with improved renal outcomes, and

lead to better glycemic control in type 2 diabetes melli-

tus.27-29 Thus, all major society guidelines for type 2
vier on September 02, 
. All rights reserved.



Figure 1 Comprehensive approach to cardiovascular-renal-metabolic disease risk reduction in type 2 diabetes mellitus. ACEi =

angiotensin-converting-enzyme inhibitor; ARB = angiotensin II receptor blocker; ESRD = end-stage renal disease; GLP1RA = gluca-

gon-like peptide-1 receptor agonist; MI = myocardial infarction; PAD = peripheral artery disease; SGLT2 = sodium-glucose cotrans-

porter-2 inhibitors; T2DM = type 2 diabetes mellitus.
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diabetes mellitus recommend at least 150 minutes of mod-

erate-intensity aerobic exercise weekly and optimization of

weight status.27,30,31 In addition to lifestyle modification,

control of blood pressure is paramount in reducing risks of

coronary heart disease, stroke, heart failure, and kidney dis-

ease among individuals with type 2 diabetes mellitus.32-34

Most society guidelines recommend a target blood pressure

of <130/80 mm Hg,31 particularly if the individual has high

atherosclerotic cardiovascular disease risk1 or is younger

than 65 years of age or is at high risk for stroke.30

Individuals with type 2 diabetes mellitus have an

increased prevalence of atherogenic dyslipidemia, which

contributes to their high risk for atherosclerotic cardiovas-

cular disease.1 For both primary and secondary prevention

patients with type 2 diabetes mellitus, statin therapy has

been proven to reduce atherosclerotic cardiovascular dis-

ease events and coronary heart disease death.35 Accord-

ingly, society guidelines recommend treatment of all

patients with type 2 diabetes mellitus with either moder-

ate- or high-intensity statin, depending on individual ath-

erosclerotic cardiovascular disease risk.1,30,36 Finally,

glucose control, especially if it occurs early in the course

of diabetes, appears to be associated with cardiovascular

benefit over the long term30,37-39 and improvement in

microvascular outcomes including diabetic kidney dis-

ease.40,41 Thus, glucose control is an important part of

overall cardiovascular-renal-metabolic disease care in
Downloaded for Anonymous User (n/a) at Costa Rica Univers
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patients with type 2 diabetes mellitus, particularly with

respect to microvascular complications, including renal

outcomes.
Comprehensive Management of Traditional
Risk Factors
Control of each of the aforementioned risk factors is inde-

pendently associated with improved clinical outcomes in

type 2 diabetes mellitus, but many observational studies

have shown that control of multiple risk factors simulta-

neously leads to the greatest benefit. Using data from the

Swedish National Diabetes Register, Rawshani et al42

showed that excess risk associated with type 2 diabetes mel-

litus for death, myocardial infarction, stroke, and heart fail-

ure hospitalization decreased step-wise for each additional

risk factor that was controlled (Figure 2). Those who had

all 5 risk factors controlled (hemoglobin A1c [HbA1c],

low-density lipoprotein cholesterol [LDL-C], albuminuria,

smoking, and blood pressure) had similar risks of death,

myocardial infarction, and stroke as individuals without

type 2 diabetes mellitus. This pattern also holds true in

other international settings.43

Control of multiple risk factors simultaneously can be

achieved with comprehensive strategies, as demonstrated

by the landmark Intensified Multifactorial Intervention in

Patients with Type 2 Diabetes and Microalbuminuria
ity from ClinicalKey.com by Elsevier on September 02, 
n. Copyright ©2021. Elsevier Inc. All rights reserved.



Figure 2 Risk factors and clinical outcomes in patients with type 2 diabetes mellitus. Figure borrowed (with permission) from

Rawshani et al.42 Each panel shows adjusted hazard ratios for outcomes according to age category and number of uncontrolled

risk factors in patients with type 2 diabetes mellitus compared with matched controls.
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(STENO-2) trial. This trial randomized patients in Denmark

with type 2 diabetes mellitus and microalbuminuria to stan-

dard care compared with an intensive, multifactorial inter-

vention to control hyperglycemia, hypertension,

dyslipidemia, and microalbuminuria.44 Over a median of

7.8 years, the intervention led to a lower risk of cardiovas-

cular disease (hazard ratio [HR] = 0.47, 95% confidence

interval [CI] = 0.24-0.73) along with continued reduction in

microvascular events.45 Perhaps most strikingly, after a

median 21.2 years of follow-up postrandomization, the

intervention group gained a median of 7.9 years of life com-

pared with the standard care group.46 Thus, the trial proved

that an intensive, multifactorial intervention could control

multiple risk factors simultaneously among patients with

type 2 diabetes mellitus and microalbuminuria, leading to

significant improvement in short- and long-term outcomes.
CARDIOVASCULAR-RENAL-METABOLIC DISEASE
RISK REDUCTION STRATEGIES IN TYPE 2
DIABETES MELLITUS: NEW APPROACHES
In addition to the traditional approaches for cardiovascular-

renal-metabolic disease risk reduction outlined, we now

have several new tools in our armamentarium to help mini-

mize cardiovascular-renal-metabolic disease risk in patients

with type 2 diabetes mellitus. Two classes of agents,

sodium-glucose cotransporter-2 inhibitors (SGLT2i) and

glucagon-like peptide-1 receptor agonists (GLP1RA), have

recently been proven to improve a wide array of diabetes

related endpoints. Here we briefly summarize the cardio-

vascular, renal, and metabolic impact of these therapies in

the type 2 diabetes mellitus population.

Cardiovascular-Renal-Metabolic Effects of
SLGT2i in Type 2 Diabetes Mellitus
SGLT2i are agents that block glucose reabsorption through

the sodium-glucose cotransporter in the proximal tubule of

the nephron. Although initially developed as glucose-lower-

ing agents, they have since been shown to have substantial

cardiovascular-renal-metabolic benefits. Thus far, 7 cardio-

vascular outcomes trials in patients with type 2 diabetes

mellitus have been published, yielding data on their impact

on atherosclerotic cardiovascular disease events, hospitali-

zation for heart failure, renal disease progression, glycemic

control, and weight loss (Table 1).

Among patients with type 2 diabetes mellitus, SGLT2i

appear to moderately improve 3-component myocardial

infarction, stroke, or cardiovascular death (MACE) out-

comes, particularly in individuals with prior atherosclerotic

cardiovascular disease. A recent meta-analysis by McGuire

et al55 analyzed data from 5 cardiovascular outcomes trials

with SGLT2i in patients with type 2 diabetes mellitus. They

found that SGLT2i reduced risk of MACE in patient with

type 2 diabetes mellitus and prior atherosclerotic cardiovas-

cular disease (HR = 0.89, 95% CI = 0.84-0.95), but not

among primary prevention patients (HR = 0.94, 95%
Downloaded for Anonymous User (n/a) at Costa Rica Univers
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CI = 0.83-1.07). This MACE benefit is modest and was

only seen in trials for empagliflozin and

canagliflozin.47,49,51 Recently, the dual SGLT1/SGLT2

inhibitor sotagliflozin was shown to improve MACE among

patients with type 2 diabetes mellitus and chronic kidney

disease (HR = 0.84, 95% CI = 0.72-0.99).54

In contrast, the impact of SGLT2i on risk for hospitaliza-

tion for heart failure among patients with type 2 diabetes

mellitus is profound. The benefit across agents in the class

is highly consistent, with an overall heart failure risk reduc-

tion of 32% (HR = 0.68, 95% CI = 0.61-0.76).55 These

effects are independent of baseline atherosclerotic cardio-

vascular disease status, prior heart failure, or baseline

eGFR. Similarly, the substantial renal benefit of SGLT2i

appears to be consistent across the class, with ertugliflozin

being the only agent without statistically significant renal

benefit.52 Across the published trials in type 2 diabetes mel-

litus, SGLT2i were associated with a 38% reduction in risk

of kidney-related outcomes.55

Beyond their atherosclerotic cardiovascular disease,

heart failure, and renal benefits, SGLT2i also carry several

metabolic benefits. Through increased glucosuria, SGLT2i

lead to an average of 0.5%-0.7% decrease in HbA1c.56 The

glucosuria also causes an approximate 1.5-2 kg weight loss

among individuals with type 2 diabetes mellitus.57 It should

be noted that the scope of benefit of SGLT2i is expanding

to include populations without type 2 diabetes mellitus,

both in those with heart failure with reduced ejection frac-

tion58,59 and in those with chronic kidney disease.60 Ongo-

ing trials will further elucidate the cardiovascular and renal

effects of these agents in individuals without type 2 diabetes

mellitus.61-63
Cardiovascular-Renal-Metabolic Effects of
GLP1RA in Type 2 Diabetes Mellitus
GLP1RA are agents that increase the concentrations of the

GLP1 peptide hormone, leading to increased glucose-

dependent insulin secretion from the pancreas, decreased

glucagon secretion, and delayed gastric emptying with

increased satiety.64 Similar to SGLT2i, this class was ini-

tially developed as antihyperglycemic agents, but several

agents within the class have shown significant cardiovascu-

lar-renal-metabolic benefits. Table 2 outlines the 7 cardio-

vascular outcomes trials with GLP1RAs.

A recent meta-analysis of these trials showed that,

among patients with type 2 diabetes mellitus, GLP1RA sig-

nificantly decreased the risk of 3-component MACE by

12% (HR = 0.88, 95% CI = 0.82-0.94]).76 This largely

reflected the beneficial effect of GLP1RA on cardiovascular

death (relative risk reduction 12%) and on fatal and nonfatal

stroke (relative risk reduction 16%). There appears to be a

signal that the exendin 4-based drugs (lixisenatide and exe-

natide) may be less effective than agents more homologous

with human GLP1 (liraglutide, semaglutide, albiglutide,

dulaglutide); an ongoing study with another exendin 4-
ity from ClinicalKey.com by Elsevier on September 02, 
n. Copyright ©2021. Elsevier Inc. All rights reserved.



Table 1 Cardiovascular-Renal-Metabolic Benefits of SGLT2i in Type 2 Diabetes Mellitus

EMPA-REG
Outcomes47,48

CANVAS Program49 DECLARE-TIMI 5850 CREDENCE51 VERTIS CV52 SOLOIST-WHF53 SCORED54

Trial Characteristics
N 7020 10,142 17,160 4401 8246 1222 10,584
SGLT2i Empagliflozin Canagliflozin Dapagliflozin Canagliflozin Ertugliflozin Sotagliflozin Sotagliflozin
Study Population T2DM + ASCVD T2DM + high CV risk T2DM + high CV risk T2DM + CKD T2DM + ASCVD T2DM + WHF T2DM + CKD
CVRM Outcomes*
MACE 0.86 (0.74-0.99) 0.86 (0.75-0.97) 0.93 (0.84-1.03) 0.80 (0.67-0.95) 0.97 (0.85-1.11) 0.77 (0.65-0.91)
CV Death 0.62 (0.49-0.77) 0.87 (0.72-1.06) 0.98 (0.82-1.17) 0.78 (0.61-1.00) 0.92 (0.77-1.11) 0.84 (0.58 to 1.22) 0.90 (0.73−1.12)
HF Hospitalization 0.65 (0.50-0.85) 0.67 (0.52-0.87) 0.73 (0.61-0.88) 0.61 (0.47-0.80) 0.70 (0.54-0.90) 0.64 (0.49 to 0.83) 0.67 (0.55−0.82)
Kidney-Related
Outcomesy

0.54 (0.40-0.75) 0.60 (0.47-0.77) 0.53 (0.43-0.66) 0.66 (0.53-0.81) 0.81 (0.63-1.04) 0.71 (0.46-1.08)

ASCVD = atherosclerotic cardiovascular disease; CANVAS = Canagliflozin cardiovascular assessment study ; CI = confidence interval; CKD = chronic kidney disease; CREDENCE = Evaluation of the effects of cana-

gliflozin on renal and cardiovascular outcomes in participants with diabetic nephropathy; CV = cardiovascular; CVRM = cardiovascular-renal-metabolic; DECLARE-TIMI 58 = multicenter trial to evaluate the effect

of dapagliflozin on the incidence of cardiovascular events; eGFR = estimated glomerular filtration rate; EMPA-REG OUTCOME = BI 10773 (Empagliflozin) Cardiovascular outcome event trial in type 2 diabetes melli-

tus patients; HF = heart failure; HR = hazard ratio; MACE = composite of myocardial infarction, stroke, or CV death; SCORED = Effect of sotagliflozin on cardiovascular and renal events in patients with type 2 diabe-

tes and moderate renal impairment who are at cardiovascular risk; SGLT2i = sodium-glucose cotransporter-2 inhibitors; SOLOIST-WHF = Effect of sotagliflozin on cardiovascular events in patients with type 2

diabetes post worsening heart failure; T2DM = type 2 diabetes mellitus; VERTIS CV = Cardiovascular outcomes following ertugliflozin treatment in type 2 diabetes mellitus participants with vascular disease;

WHF = worsening heart failure (both preserved and reduced ejection fraction).

*Outcomes displayed as HR (95% CI).

yKidney-related outcomes vary by trial and include various permutations of worsening eGFR or creatinine, end-stage kidney disease with or without requirement for kidney replacement therapy or transplanta-

tion, or kidney death.

Table 2 Cardiovascular-Renal-Metabolic Benefits of GLP1RA in Type 2 Diabetes Mellitus

ELIXA65,66 LEADER67,68 SUSTAIN-669 EXSCEL70,71 Harmony Outcomes72 REWIND73,74 PIONEER 675

Trial Characteristics
N 6068 9340 2735 14,752 9463 9901 3183
GLP1RA Lixisenatide Liraglutide Semaglutide Exenatide Albiglutide Dulaglutide Oral Semaglutide
Study Population T2DM + recent ACS T2DM + high CV risk T2DM + high CV risk T2DM + high CV risk T2DM + ASCVD T2DM + high CV risk T2DM + high CV risk
CVRM Outcomes*
MACE 1.02 (0.89-1.17) 0.87 (0.78-0.97) 0.74 (0.58-0.95) 0.91 (0.83-1.00) 0.78 (0.68-0.90) 0.88 (0.79-0.99) 0.79 (0.57-1.11)
CV Death 0.98 (0.78-1.22) 0.78 (0.66-0.93) 0.98 (0.65-1.48) 0.88 (0.76-1.02) 0.93 (0.73-1.19) 0.91 (0.78-1.06) 0.49 (0.27-0.92)
HF Hospitalization 0.96 (0.75-1.23) 0.87 (0.73-1.05) 1.11 (0.77-1.61) 0.94 (0.78-1.13) 0.93 (0.77-1.12) 0.86 (0.48-1.55)
Kidney-Related Outcomesy 0.81 (0.66-0.99) 0.78 (0.67-0.92) 0.64 (0.46-0.88) 0.85 (0.74-0.98) 0.85 (0.77-0.93)

ACS = acute coronary syndrome; ASCVD = atherosclerotic cardiovascular disease; CI = confidence interval; CV = cardiovascular; CVRM = cardiovascular-renal-metabolic; eGFR = estimated glomerular filtration rate;

ELIXA = Evaluation of cardiovascular outcomes in patients with type 2 diabetes after acute coronary syndrome during treatment with AVE0010 (Lixisenatide); EXSCEL = Exenatide study of cardiovascular event low-

ering trial: a trial to evaluate cardiovascular outcomes after treatment with exenatide once weekly in patients with type 2 diabetes mellitus; GLP1RA = glucagon-like peptide-1 receptor agonists; Harmony

Outcomes = effect of albiglutide, when added to standard blood glucose lowering therapies, on major cardiovascular events in subjects with type 2 diabetes mellitus; HF = heart failure; HR = hazard ratio;

LEADER = Liraglutide effect and action in diabetes: evaluation of cardiovascular outcome results; MACE = composite of myocardial infarction, stroke, or CV death; PIONEER 6 = A trial investigating the cardiovascu-

lar safety of oral semaglutide in subjects with type 2 diabetes; REWIND = Researching cardiovascular events with a weekly incretin in diabetes; SUSTAIN 6 = Trial to evaluate cardiovascular and other long-term

outcomes with semaglutide in subjects with type 2 diabetes; T2DM = type 2 diabetes mellitus.

*Outcomes displayed as HR (95% CI).

yKidney-related outcomes vary by trial and include various permutations of now-onset macroalbuminuria, worsening eGFR or creatinine, end-stage kidney disease with or without requirement for kidney

replacement therapy or transplantation, or kidney death.
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based agent (efpeglenatide) will provide more clarity on

this issue (NCT03496298).

In terms of renal outcomes, GLP1RA reduce urinary

albumin excretion, but its impact on other renal outcomes

are less clear. Indeed, in the aforementioned meta-analysis,

the risk reduction of GLP1RA on worsening kidney func-

tion (defined as doubling of serum creatinine or at least

40% decline in eGFR, end-stage kidney disease, or kidney-

related death) was not statistically significant.76 The ongo-

ing research study to see how semaglutide works compared

to placebo in people with type 2 diabetes and chronic kid-

ney disease (FLOW) trial will shed more light on this issue

(NCT03819153).

GLP1RA also have a profound impact on metabolic

parameters, including weight and HbA1c. Liraglutide, exe-

natide, and dulaglutide leads to 2%-4% loss of total body

weight, whereas semaglutide leads to 4-6 kg weight loss.77

In general, semaglutide leads to greater weight loss than the

other GLP1RA agents and is preferentially recommended

by guidelines when weight loss is paramount.78,79 GLP1RA

also lead to a decrease in HbA1c of ~0.8%-1.5% by stimu-

lating the incretin pathway, which in turn increases insulin

and decreases glucagon secretion from pancreatic islet

cells.80,81 Similar to SGLT2i, the potential benefits of

GLP1RA on cardiovascular outcomes outside of patients

with type 2 diabetes mellitus are currently being examined.
ROLE OF A CROSS-DISCIPLINARY, TEAM-BASED
MODEL FOR CARDIOVASCULAR-RENAL-
METABOLIC DISEASE PREVENTION AMONG
PATIENTS WITH TYPE 2 DIABETES MELLITUS
Clearly, we have amassed a great deal of knowledge about

how to prevent cardiovascular-renal-metabolic disease

among patients with type 2 diabetes mellitus, using both

traditional approaches like lifestyle modification and risk

factor management, as well as emerging therapies with car-

diovascular-renal-metabolic benefit. The recommendations

from various professional societies have begun to reflect

this comprehensive approach to cardiovascular-renal-meta-

bolic disease prevention among patients with type 2 diabe-

tes mellitus.30,82 Despite these recommendations, however,

there remains a large gap between what we know about pre-

venting disease and what actually occurs in real-world set-

tings.43 Wong et al83 used data from the US National

Health and Nutrition Examination Survey to demonstrate

that only 24% of individuals with type 2 diabetes mellitus

had controlled HbA1c, blood pressure, and LDL-C in 2009-

2010. Despite their overwhelming cardiovascular-renal-

metabolic benefit, SGLT2i and GLP1RA were prescribed

in only 10.2% of patients with type 2 diabetes mellitus and

cardiovascular disease in a large, US-based commercial

insurance cohort.84 In this same cohort, ~25% of individu-

als were on a high-intensity statin, ~53% were on angioten-

sin-converting enzyme inhibitor (ACEi) or angiotensin II

receptor blocker (ARB) therapy, and only 2.7% were on all

3 groups of medications: high-intensity statin, angiotensin-
Downloaded for Anonymous User (n/a) at Costa Rica Univers
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converting enzyme inhibitor/angiotensin II receptor

blocker, and SGLT2i/GLP1RA.

We propose that multidisciplinary teams of providers

with expertise in primary care, cardiology, endocrinology,

nephrology, nutrition, and exercise physiology would be

ideal to provide comprehensive cardiovascular-renal-meta-

bolic preventive care to high-risk patients with type 2 diabe-

tes mellitus. Though each provider would play a critical

role in this model, fundamentally the patient would be at

the center. Such a patient-partnered approach could harness

the power of a multidisciplinary team to achieve goals that

are important to patients, including collaborative, coordi-

nated care. Cardiovascular-renal-metabolic disease preven-

tion models of care are currently being developed around

the country, and we look forward to rigorous evaluations of

their impact on patient care.
CONCLUSIONS
Patients with type 2 diabetes mellitus are at heightened risk

of cardiovascular and renal complications and need aggres-

sive, comprehensive, and holistic cardiovascular-renal-met-

abolic disease risk reduction to improve outcomes.

Traditional methods of risk reduction such as weight man-

agement, regular exercise, and control of blood pressure,

lipids, and glucose are effective in preventing both cardio-

vascular and renal events. Newer classes of medications,

including SLGT2i and GLP1RA, provide significant benefit

in terms of reduction in atherosclerotic cardiovascular dis-

ease, heart failure, renal complications, HbA1c lowering,

and weight loss. Because of the well-demonstrated cardi-

orenal-protective effects, most of the national and interna-

tional practice guidelines have recommended use of these

newer agents in patients with diabetes and cardiovascular

disease or coexisting cardiovascular risk factors. Unfortu-

nately despite guideline recommendations, most of these

proven therapies are currently underused, and risk factor

targets remain largely unmet. We advocate for a compre-

hensive, team-based approach to cardiovascular-renal-met-

abolic disease risk reduction among patients with type 2

diabetes mellitus that includes multiple providers, but most

importantly includes patients at the center.
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