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ABSTRACT

The spectrum of cardiorenal and metabolic diseases comprises many disorders, including obesity, type 2 diabetes (T2D), chronic kidney disease (CKD), athero-
sclerotic cardiovascular disease (ASCVD), heart failure (HF), dyslipidemias, hypertension, and associated comorbidities such as pulmonary diseases and metabolism
dysfunction-associated steatotic liver disease and metabolism dysfunction-associated steatohepatitis (MASLD and MASH, respectively, formerly known as
nonalcoholic fatty liver disease and nonalcoholic steatohepatitis [NAFLD and NASH]). Because cardiorenal and metabolic diseases share pathophysiologic pathways,
two or more are often present in the same individual. Findings from recent outcome trials have demonstrated benefits of various treatments across a range of
conditions, suggesting a need for practice recommendations that will guide clinicians to better manage complex conditions involving diabetes, cardiorenal, and/or
metabolic (DCRM) diseases. To meet this need, we formed an international volunteer task force comprising leading cardiologists, nephrologists, endocrinologists, and
primary care physicians to develop the DCRM 2.0 Practice Recommendations, an updated and expanded revision of a previously published multispecialty consensus
on the comprehensive management of persons living with DCRM. The recommendations are presented as 22 separate graphics covering the essentials of management
to improve general health, control cardiorenal risk factors, and manage cardiorenal and metabolic comorbidities, leading to improved patient outcomes.

1. Introduction

Worldwide, the prevalence of obesity has risen steadily, such that the
proportion of the global population with excess body weight (43 % with
overweight or obesity) now exceeds the underweight proportion [1]. In
parallel, global rates of diabetes, cardiovascular disease (CVD), chronic
kidney disease (CKD), and associated comorbidities have also increased,
leading to significant increases in morbidity, mortality, and healthcare
costs [2-7].

Along with obesity, hypertension, hyperglycemia, hyperlipidemia,
and inflammation are implicated in the development of a range of car-
diorenal and metabolic diseases such as prediabetes, type 2 diabetes
(T2D), CKD, atherosclerotic cardiovascular disease (ASCVD), heart
failure (HF), and metabolic dysfunction-associated steatotic liver dis-
ease (MASLD, formerly known as nonalcoholic fatty liver disease
[NAFLD]) and metabolic dysfunction-associated steatohepatitis (MASH,
formerly known as nonalcoholic steatohepatitis [NASH]). These
comorbidities share pathophysiologic pathways and thus frequently
occur together, and as risk factors accrue and progress in an individual,
health outcomes become worse [5-7].

Traditionally, practice recommendations from individual medical
societies are designed to guide the management of conditions specific to
those disciplines. However, the frequent co-occurrence and pathophys-
iologic overlap of cardiorenal and metabolic diseases calls for a holistic
approach to prevention and treatment that transcends traditional ap-
proaches that segment care according to medical specialty. In contrast,
practice recommendations that are not constrained by a single discipline
may help clinicians better manage persons with complex conditions
involving diabetes, cardiorenal, and/or metabolic (DCRM) diseases. As
most if not all medical societies are restricted by a single specialty, to
meet this need, a volunteer task force comprising U.S.-based experts in
cardiology, nephrology, endocrinology, and primary care medicine

developed the DCRM Multispecialty Practice Recommendations, pub-
lished in 2022 [8]. Here, we present the DCRM Practice Recommenda-
tions 2.0, an updated and expanded revision developed by a
multispecialty, international consensus group of DCRM experts from
North America and Europe. The present document aims to provide
recommendations based on evidence and expert consensus that is clin-
ically relevant and feasible to implement, with the aim of improving the
health of individuals with cardiorenal and metabolic risk factors and
diseases. The recommendations consist of 22 separate slides organized
into 3 sections (slide set downloadable at https://www.dcrmi.com/
dermi-2-0-2024):
Section I. General health

1. Lifestyle therapy

2. Patient education

3. Technology and digital care
4. Clinical tests

5. Cognitive function

6. Vaccinations

Section II. Cardiorenal risk

. Obesity: a heterogeneous chronic disease

. Prediabetes

. Lipid disorders

10. Hypertension

11. Inflammation

12. Antihyperglycemic therapy in type 2 diabetes
13. Hypoglycemia

14. Antiplatelet and anticoagulation therapy
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Section III. Cardiorenal and metabolic comorbidities

15. Pulmonary disease

16. MASLD/MASH (NAFLD/NASH) prevention and management
17. ASCVD prevention and management

18. Heart failure prevention and management

19. CKD prevention and management

20. Comorbid heart failure and CKD

Section IV. Implications for management

21. Summary of medications
2. DCRM multispecialty practice recommendations
2.1. Section I. General health

2.1.1. Lifestyle therapy

Optimizing lifestyle can improve the quality and quantity of life,
even in persons with multiple risk factors and comorbidities.

Good mental health is the cornerstone of a healthy lifestyle. Mood
disturbances, substance abuse, prior personal traumas, and psychosocial
limitations should be addressed, and the person should be referred to
specialized care as necessary. Encourage positive practices such as
mindfulness and engagement with social activities.

Nutrition is of paramount importance for health. A healthy diet
comprises a balanced intake of nutrients; consumption of fruits, vege-
tables, whole grains, lean poultry, fish and legumes should be encour-
aged, while processed foods and those with excess saturated fat, salt, and
sugar should be discouraged [9,10]. Many healthy diet plans are avail-
able, but proper nutrition management must be personalized. It is
important to emphasize that healthy eating is a life-long endeavor, and
short-term diets will not be a solution. Caloric restriction may lead to
short-term weight reduction but does not target the mechanisms of

Lifestyle Therapy

Screen for diabetes distress,

mood disorders, substance abuse,
psychosocial limitations,

food insecurity

Encourage:

* Positive practices
 Social-support networks

Mental health counseling as needed

Avoid all inhaled smoke
Avoid nicotine

Limit alcoholic drinks to
<1-2 per day
Avoid alcohol if TG elevated

BG = blood glucose; CGM = continuous glucose monitoring; TG = triglycerides.
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obesity (see Section 2.2.1. Obesity) [11]. Even in persons taking anti-
obesity medication, appropriate nutrition is important to optimize
health outcomes. In persons with diabetes, short-term continuous
glucose monitoring (CGM) may help understand the impact of food and
exercise on blood glucose [12,13].

For most persons, at least 150 min per week of moderate-intensity
aerobic plus resistance activity is recommended. However, any type or
amount of physical activity is useful, especially that which can be done
as a part of usual daily activities (e.g., an extra 5-10 min of walking per
day). Encourage the use of apps and devices to motivate and monitor
activity.

Sleep deprivation worsens insulin resistance, hypertension, hyper-
glycemia, and dyslipidemia and increases inflammatory cytokines.
Adequate sleep (usually 7-9 h) on a nightly basis may decrease these
risks [14]. Appropriate preventive measures can help improve the
quality of life and comorbidities in persons with sleep disturbances [15].
Pharmacotherapy is generally not effective for obstructive sleep apnea
and can cause serious adverse effects.

Smoking cessation is the single most important component of life-
style therapy, and a clinician’s encouragement is cited as a frequent
motivator to quit smoking [16]. Excess alcohol intake can contribute to
weight gain, hypertension, cardiomyopathy, and atrial fibrillation, as
well as peripheral neuropathy, fatty liver, and dementia—all issues in
persons with cardiorenal and metabolic disease. Individuals should
consume no more than 1-2 daily drinks per day (women, <1 drink per
day; men, <2 drinks per day of 12 oz [350 mL] of beer, 5 oz [150 mL] of
wine, or 1.5 oz [50 mL] of distilled spirits) [17].

2.1.2. Patient education

The purpose of patient self-management education is to empower
individuals to manage their chronic medical conditions by increasing
their knowledge and understanding. Self-management education im-
proves psychological, clinical, and lifestyle outcomes [18]. All in-
dividuals with cardiorenal or metabolic diseases should receive

Encourage whole grains,

legumes, vegetables, and fruits

Reduce refined sugar, salt,

saturated fat, and trans fats

Limit low-fiber, fried, and processed foods
Limit calories for 25-10% weight reduction
Consider CGM to learn effects of diet on BG

Any/all activity beneficial

» Avoid prolonged sitting

Goal: 150-300 minutes/week

of aerobic + resistance activity

* Include core-strengthening
and balance exercise

* 10 min walking = 1000 steps

Apps to monitor and motivate

activity

Consider CGM to learn effects

of activity on BG

Physical
Activity

* Recommend 7-8 hours/night

» Screen for sleep quality and
sleep apnea

* Refer for sleep disorder therapy
as needed
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Patient Education

Increase Patient Knowledge and
Promote Understanding

Shared Deci

Elicit patient’s priorities

ion Making
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* Recognize obesity, diabetes, cardiovascular, kidney, and
other cardiorenal and metabolic diseases as chronic
conditions
* Types of diabetes, lipid disorders, etc
¢ Vascular complications
* Risk factor monitoring: BP, glucose, lipids,

* eGFR + UACR

* Exams and tests to expect for eyes, kidney, heart, liver,
feet, hearing

* “Know and understand your numbers”: BMI, A1C, TIR,
FPG, BP, LDL-C, ApoB, TG, HDL-C, non-HDL-C, FIB-4,
eGFR, UACR

* Treatment options: lifestyle, pharmacologic,
surgical/invasive interventions

* Health-related technology (apps, wearables, etc)

¢ Healthcare systems and reimbursement

A1C = hemoglobin A1C (HbA1c); ApoB = apolipoprotein B; BMI = body mass index; BP = blood
pressure; eGFR = estimated glomerular filtration rate; FIB-4, fibrosis 4 calculation; FPG = fasting
plasma glucose; HDL-C = high-density lipoprotein cholesterol; LDL-C = low-density lipoprotein
cholesterol; TG = triglycerides; TIR = time in range; UACR = urine albumin-creatinine ratio.

Table 1
“Know your numbers” suggested plain-language communication points to patients.

Emphasize early and aggressive treatment

Ask open-ended questions

Affirm personal challenges and goals

Encourage belief patient can control health outcomes

Dos and Don’ts

« Do provide education every clinic visit
« Don't try to cover all topics at once

« Do repeat and reinforce
+ Don't be judgmental

Tailor to Indi

dual Patient

« Evaluate and consider health literacy

» Account for socioeconomic factors and other social
determinants of health

Improve Adherence

Parameter What it tells us What’s normal What’s risky The direction we want
it to go”
General health (all patients)
BMI Whether your weight puts you at risk for other diseases. BMI is your weight ~ 18 to 25 30 or more Lower
(in kilograms) divided by your height (in meters)
Waist A way of measuring how much fat you have around your stomach area; too =~ Women <88 cm (35 in); men  More than these Lower
circumference much puts you at risk for other diseases <102 cm (40 in)
BP The amount of pressure your blood puts against the walls of your blood Less than 120 over 80 More than 140 over Lower
vessels (like the water in a hose) 90
HDL-C How much “good” cholesterol you have, which helps keep the blood More than 50 Less than 40 Higher
flowing in your body
Triglycerides How much fat is in your blood Less than 100 More than 135 Lower
LDL-C How much “bad” cholesterol you have; too much can clog up your blood Less than 100 More than 55, 70, or ~ Lower
vessels 100°
Non-HDL-C Total cholesterol minus HDL-C (“good” cholesterol) Less than 130 More than 85, 100, Lower
or 130"
Diabetes
AlC How well your diabetes is controlled overall Less than 5.7 More than 6.50r 7or  Lower
7.5
FPG How much sugar is in your blood when you haven’t eaten for 8 h, suchasin ~ More than 70 and less than Less than 70 and Stay between 70 and
the morning before breakfast 100 more than 140 140
TIR The percentage of time each day your blood sugar is well controlled 100 % Less than 70 % Longer (more time)

Diabetes and CKD
eGFR How well your kidneys are working
UACR How much protein is in your urine, which tells us if your kidneys are

damaged

More than 90

Less than 30

Less than 60

More than 300

Higher (or at least stay
the same)
Lower (or at least stay
the same)

Abbreviations: A1C, hemoglobin A1C; BMI, body mass index; BP, blood pressure; eGFR, estimated glomerular filtration rate; HDL-C, high density lipoprotein
cholesterol; LDL-C, low density lipoprotein cholesterol; TIR, time in range; UACR, urine albumin-creatinine ratio.

# Assumes patient’s levels are abnormal.

b Depends on the patient’s individual comorbidities; see Section 2.2.3. Lipid disorders.

¢ Depends on patient’s individual characteristics; see Section 2.2.6. Antihyperglycemic therapy in type 2 diabetes.



Y. Handelsman et al.

education about their condition from reliable sources to improve
adherence to therapeutic interventions—both lifestyle and medi-
cations—and to reduce associated risks. Persons with diabetes should be
referred to diabetes care and education specialists (CDCES), if available,
for disease-specific training.

Clinicians should explain—in plain language—all the different ex-
aminations and tests individuals with DCRM might undergo. A goal for all
individuals is that they “know their numbers” for risk factors and goals
and have a basic understanding of what each means for their health
(Table 1). The components of a healthy lifestyle should be explained and
applicable technology options discussed. Each individual should fully
understand their medication regimen, including what each medication
does, when they should take it, what side effects may occur, and what to
do if a side effect is serious or extremely bothersome. Medication
reconciliation helps drive discussions about treatment adherence—a
frequent problem in clinical practice. Offering support and information
on navigating the healthcare system can help address healthcare dis-
parities and improve health outcomes. Telehealth may allow clinicians to
provide education to multiple persons in a group setting.

All management decisions should be made using shared decision
making based on the individual’s personal priorities as well as medical
needs. This strategy is highly effective at improving health metrics
[19-21]. Clinicians should provide ongoing education and reinforce-
ment at every visit but should not try to cover all topics at once. Risk
factor control and medication adherence should be assessed at each
encounter, but clinicians should avoid judgmental language.

2.1.3. Technology and digital care

Persons with cardiorenal and metabolic diseases should be encour-
aged to use validated apps (for smart phones, tablets, and/or computers)
to help track components of lifestyle therapy, which have been shown to
improve activity levels, dietary quality, sleep, weight, and blood pres-
sure (BP) control [22,23]. Arrhythmia detector apps may be helpful for
persons at risk of atrial fibrillation, and wearable fitness trackers may
increase the frequency and duration of physical activity [24,25].

Metabolism xxx (xxxx) XXX

Ambulatory and home BP monitoring can help distinguish between
normotension and masked hypertension and between white coat and
sustained hypertension. Individuals with suspected hypertension should
be encouraged to take blood pressure at home and bring those results to
their medical appointments. Out of office BP readings more accurately
predict morbidity and mortality than in-office readings [26,27].

In addition to technologies used to track general health measures,
various devices for glucose monitoring and insulin delivery can help
improve glycemic control in persons with diabetes. Recent diabetes
management guidelines have thoroughly reviewed the evidence sup-
porting these devices [28,29].

CGM is increasingly becoming a mainstay of diabetes management,
allowing patients and clinicians to track time in range and hyper- and
hypoglycemic excursions to more closely tailor glucose-lowering drug
regimens. CGM is also an important tool for individuals at risk from
severe hypoglycemia due to nondiabetic causes (e.g., insulinoma, nesi-
dioblastosis, postbariatric hypoglycemia, etc.). These devices may be
owned and used continuously by patients (personal CGM) or owned by
the clinical practice and used intermittently to identify glycemic pat-
terns that are undetectable with A1C monitoring (professional or diag-
nostic CGM). Models that include hyper- and hypoglycemic alarms and
remote monitoring provide important safeguards for patients. CGM data
represent important motivational and educational tools to help patients
understand the impact of lifestyle choices on their glucose. In some re-
gions, CGM sensors may be available without a prescription.

For persons without access to CGM who take insulin, sulfonylureas,
or glinides, structured self-monitoring of blood glucose (SMBG) with
traditional fingerstick blood glucose monitors should be used. Structured
refers to SMBG regimens comprising a predefined testing schedule and
interpretation of the data with the patient to inform clinical decision
making [30].

Automated insulin delivery (AID) devices, with appropriate training,
may be preferred for many patients treated with intensive insulin regi-
mens (basal insulin plus prandial insulin for >2 meals per day)—pri-
marily patients with type 1 diabetes (T1D) and some with T2D—because

Technology and Digital Care

Technoloay

Validated apps, wearables
Arrhythmia detector app
Fitness tracker
Ambulatory BP monitor

All persons on insulin?

Consider for persons using SUs

Persons at risk of atrial fibrillation

Track weight, calorie intake, nutritional quality, physical activity, BP, heart rate, sleep quality, etc

All persons wishing to monitor cardiometabolic fitness

Patients with known or suspected hypertension

Persons with hypoglycemia regardless of etiology®

CGM Consider:

« Episodic CGM as an audit of glycemic patterns in any person with diabetes taking any

antihyperglycemic medication
« Episodic or ongoing CGM for persons desiring information on impact of diet and physical activity

Diabetes

Structured® SMBG

All persons using insulin or oral agents who lack access to CGM

AID All patients on intensive insulin regimens

Smart pens

= Ongoing CGM preferred over episodic CGM.

® SMBG that is recorded and used for clinical decision making.

All persons on intensive insulin regimens based on personal preference or lack of access to AID

AID = automated insulin delivery; BP = blood pressure; CGM = continuous glucose monitor; SMBG = self-monitored blood glucose; SU = sulfonylurea. 7
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Clinical Tests
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3 % |

Assessments for all persons: medic

istory, symptoms, physical examination, BP,

ECG AF, ACS Diagnostic / most adults Annually
Echocardiogram AF, HF Diagnostic / symptomatic or suspected AF or HF If needed
CAC risk stratification / high risk for ASCVD or CAD
+ 0 = low risk, even in diabetes
CAC score ASCVD 1-99 = moderate to high risk depending on percentile for age and gender Every 5 years
+ 2100 or 75" percentile for age and gender = very high risk
= >300 = secondary prevention equivalent
CTA ASCVD Diagnostic / angina or very high risk for ASCVD or very high CAC If needed
Jlicadmillapd oqphanacologicbuess ASCVD Diagnostic / symptomatic CVD or very high CAC If needed

test, with or without imaging

Carotid plaque by US (if symptoms) / PWV Atherosclerosis

Early assessment / younger high-risk persons

Once; repeat if symptoms

Retinal imaging with fundus camera Diabetes Diagnostic and assessment / diabetes Every 1-2 years
ABI PAD Diagnostic / claudication or suspected claudication If needed
Lp(a) ASCVD Diagnostic / all adults Once, at initial screening

° ApoB, non-HDL-C, or LDL particle number ASCVD Assessment of atherosclerotic risk / high ASCVD risk Annually

a ASCVD, CKD, Diagnostic and ongoing assessment / at-risk or existing CKD, diabetes, or HF

= Albuminuria Diabetes, + UACR 230 mg/g / 23 mg/mmol = high CVD risk Annually

g Obesity + UACR 2300 mg/g / 230 mg/mmol = CKD progression + very high CVD and HF risk

g eGFR CKD Diagnostic / all adults Annually
Natriuretic peptide (NTproBNP or BNP) HF Diagnostic and ongoing assessment / at-risk or existing HF If needed
hs-Troponin HF Diagnostic and ongoing assessment / myocardial injury or existing HF If needed

m Foot exam with 10-g microfilament Diabetes Diagnostic and ongoing assessment / diabetes, at-risk or with neuropathy Every visit

ABI = ankle brachial index; ACS = acute coronary syndrome; AF = atrial fbnllauon ApoB =

in B; ASCVD =
artery disease; CKD = chronic kidney disease; CTA = computed i

VD =
hs = high sensitivity; LDL = low-density lipoprotein; Lp(a) = lipoprotein (a); NTproBNP = N(ermmal pro-B-type natriuretic peptide; PAD = peripheral artery disease; PWV = pulse wave velocity; UACR = urine alb tini

of documented improvements in glycemic control and diabetes out-
comes relative to those using multiple daily injections (MDI) [28,29].

“Smart” insulin pens, which capture data on insulin dosing and
incorporate this information with glucose excursion data from glucose
monitors and connect wirelessly to diabetes management software, are
suitable for individuals taking insulin injections.

2.1.4. Clinical tests

The guidance lists the most commonly performed clinical assess-
ments beyond the standard tests for BP, lipids, and glucose; others may
be necessary for the individual patient. Clinicians should explain the
purpose of all clinical examinations to patients (see Section 2.1.2. Pa-
tient education).

Electrocardiograms (ECG) should be performed annually on most
patients to screen for atrial fibrillation (AF), conduction abnormalities,
and structural abnormalities. When acute chest pain symptoms are
present, ECGs are performed to evaluate for acute coronary syndrome
(ACS). Echocardiography may be used in persons with symptomatic or
suspected AF or HF or in those with risk factors for these conditions. The
coronary artery calcium (CAC) score uses computed tomography (CT) to
stratify ASCVD risk based on the amount of calcium in arterial walls,
which is a surrogate marker for the total atherosclerotic plaque burden.
The CAC score may be useful tool in low to intermediate risk patients
and may be repeated every ~5 years in persons with very low or normal
CAC [31]. Computed tomography angiography (CTA) can help diagnose
coronary artery disease (CAD), or a treadmill test, with or without im-
aging, or pharmacological stress testing with imaging may also be used
to help diagnose CAD [32,33]. Additional imaging tests used primarily
for diagnosis include ultrasound of carotid plaque and the ankle brachial
index (ABI) [34,35]. The Task Force does not recommend measurement
of carotid intima media thickness (IMT) in clinical practice or use of the
stress testing, 6-min walking test, or ABI for routine screening.

Albuminuria and estimated glomerular filtration rate (eGFR) are
used to diagnose and monitor CKD in persons with or at risk of CKD as
well as those with diabetes (see Section 2.3.5. CKD). Experts no longer
recommend classifying urinary albumin levels as microalbuminuria and

disease; BNP = B-type natriuretic peptide; BP = blood pressure; CAC = coronary artery calcium; CAD = coronary

disease; ECG = electrocardiogram; GFR = estimated glomerular fitration rate; HDL-C = high-density lipoprotein cholesterol; HF = heart failure;

ratio; US = ) 8

macroalbuminuria. Any level of persistent albuminuria (i.e., urine
albumin-creatinine ratio [UACR] >30 mg/g [>3 mg/mmol] for >3
months) suggests at least a moderate risk of CKD progression as well as
an increased risk of ASCVD. Individuals with UACR >300 mg/g (>30
mg/mmol) are at high risk of CKD progression, as are persons with eGFR
<44 mL/min/1.73 m? [36,37].

Lipid parameters are important in predicting cardiovascular risk (see
Section 2.2.3. Lipid disorders). Routine lipid panel measurement pro-
vides low-density lipoprotein cholesterol (LDL-C) and non-high-density
lipoprotein cholesterol (non-HDL-C). Defined as total cholesterol minus
HDL-C, non-HDL-C is an estimate of atherogenic lipoproteins that is
important in persons with hypertriglyceridemia. Other important mea-
sures are apolipoprotein B (apoB; a measurement of all circulating
atherogenic particles) and LDL particle number. Elevated lipoprotein (a)
[Lp(a)] suggests enhanced ASCVD risk in persons with a family history
of premature ASCVD or personal history of ASCVD not explained by
major risk factors.

In persons with or at risk of HF (see Section 2.3.4. Heart failure), both
natriuretic peptides (N-terminal [NT]-pro-B-type natriuretic peptide
[NT-proBNP] or BNP) and high-sensitivity troponin T or I (hs-TnT or hs-
Tnl) are useful biomarkers of the presence and severity of HF. Natri-
uretic peptides may be particularly useful in the diagnosis of HF when
the cause of dyspnea, edema, or fatigue is unclear. Elevated troponin
indicates myocyte injury or necrosis in persons with myocardial injury
or diagnosed HF [38,39].

In individuals with diabetes and prediabetes, annual screening for
diabetic retinopathy should be done by an ophthalmologist or by retinal
imaging. Retinal images should be interpreted by trained eye care pro-
viders and, if positive, should be referred to an ophthalmologist imme-
diately [40]. Albuminuria and eGFR should also be checked annually to
monitor for CKD onset or progression. Individuals with diabetes and
evidence of sensory loss or a history of ulceration or amputation should
have their bare feet examined at every office visit. In other persons with
diabetes and prediabetes, a comprehensive foot examination should be
performed annually [40]. Assessment of sudomotor dysfunction can aid
in early detection of peripheral neuropathy [41].
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Cognitive Function

Before Onset of Cognitive Dysfunction

Manage Risk Factors

- Managel/treat insulin resistance, hypertension, obesity,
hyperlipidemia, hyperglycemia, hypoglycemia, hearing loss
- Maintain good sleep, physical activity, nutrition habits;
stop smoking

Evaluate and manage cerebrovascular disease and other
cardiovascular diseases

Evaluate intake of alcohol, hypnotics/sleep aids,
and recreational drugs

Evaluate history of head trauma, pollution exposure

- Screen regularly for cognitive impairment, starting with
a dementia risk score

Monitor behavior and emotional function (mindfulness, mental
health, social isolation)

- Refer for neurologic and neuropsychologic evaluation as needed
Encourage family/caregiver input on patient behavior
- Encourage advanced care planning

ADL = activities of daily living; CT = computed MMSE = Mini-Mental State

2.1.5. Cognitive function

Cognitive dysfunction refers to various forms of major neuro-
cognitive disorder (also known as dementia), characterized by a
decrease from previous level of performance in one or more cognitive
domains (learning and memory, language, executive function, complex
attention, perceptual-motor, social cognition) [42]. All forms of cogni-
tive dysfunction including the most common forms (Alzheimer’s disease
[AD] and vascular dementia) are strongly associated with diabetes and
obesity and may be considered complications of diabetes and/or car-
diovascular disease.

Age is the primary risk factor for cognitive dysfunction [43]. All
vascular risk factors and lifestyle factors such as physical inactivity,
dietary fat intake, alcohol intake, and smoking at midlife are associated
with the risk of dementia and AD, especially among apoE-epsilon4
carriers, who may be more vulnerable to environmental factors. Thus,
lifestyle interventions may greatly modify dementia risk, particularly
among genetically susceptible individuals [44]. Vascular dementia may
have a sudden onset and progress in a stepwise fashion, whereas AD
usually has a more gradual onset and progression; both frequently co-
occur in the same individual [45]. Diabetes more than doubles the
risk of AD and vascular dementia, and atrial fibrillation and HF more
than double the risk of dementia [46-48]. Recurrent, severe hypogly-
cemia and hearing loss also increase cognitive impairment risk [49,50].
Insulin resistance has been associated with cognitive decline [51]. To
date, intensive glycemic control has not shown an impact on cognition,
but post-hoc analyses of controlled trials have demonstrated some
benefit of improved BP control on cognition [52].

Screening (Mini-Mental State Examination [MMSE], Montreal
Cognitive Assessment [MoCA], Clock Drawing Test) and diagnosis of
cognitive dysfunction can be done in the primary care office and should
be part of the regular screening for progression, with referral as needed.
Personal history with caregiver or family input is critical and structural
imaging is useful to identify vascular dementia-related brain injuries
[45]. Plasma biomarkers (e.g., total tau, phosphorylated tau 181;

MoCA = Montreal Cognitive

Metabolism xxx (xxxx) XXX

Screening and Diagnosis Structural Imaging
MMSE « Noncontrast CT

MoCA * MRI

Clock drawing test

Document ADLs

Consider novel emerging

biomarkers

Treatment Options

Anti-amyloid antibody therapy (lecanemab)
Cholinesterase inhibitors

Memantine

Behavioral and mood management

« Antipsychotics (consider brexpiprazole)
« Antidepressants

MRI = magnetic imaging. 9

amyloid-beta-42 [Af42], etc.) are now available that predict magnetic
resonance imaging (MRI) findings of AD, although their value in the
setting of metabolic disorders is yet to be established [53].

The pathophysiology of AD is not well understood, and pharmaco-
logical agents have not yet shown conclusive benefits. Lecanemab, an
anti-amyloid antibody therapy, reduces beta-amyloid plaque and slowed
declines in cognition and function at 18 months, but treatment led to
amyloid-related imaging abnormalities with edema or effusions in 13 %
of trial participants [54]. Other agents approved for AD (cholinesterase
inhibitors and memantine) do not address the underlying etiology but
rather may stall symptomatic decline. Brexpiprazole has been approved
for the treatment of agitation in persons with AD [55]. Currently, no
agents are approved to treat cognitive deficits caused by vascular de-
mentia. Multidomain lifestyle and vascular risk factor management have
been shown to prevent cognitive decline in high-risk individuals and
persons with diabetes [56,57].

2.1.6. Vaccinations

The Centers for Disease Control and Prevention (CDC) has designated
individuals with diabetes, cardiovascular, kidney, and other chronic
metabolic diseases as priority groups for vaccination because they are at
high risk of complications from infections—especially from the influ-
enza virus and severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2), the cause of coronavirus 2019 (COVID-19) [58]. These respi-
ratory infections may worsen or even cause long-term cardiovascular
and renal complications, and vaccination can reduce these outcomes
[59-62].

The vaccinations listed in the slide were compiled based on CDC
recommendations and apply to all adults with diabetes, CVD, or CKD
[58]. If the vaccination status is unknown, it is advisable to administer
the vaccine in question, because the benefits of protection far outweigh
the negligible risks of an extra dose.
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Vaccinations

May Need Based on Risk Factors

Influenza All persons Hepatitis A

Hib
COoVID-19 All persons

HPV (persons aged >26 years)

Hepatitis B All persons
MMR
HPV Persons aged <26 years
MenACWY
Persons aged 265 years whose most recent pneumococcal
PCV20 - ! -
pneumonia vaccine was >5 years previously MenB
Tdap All persons; booster every 10 years RSV (persons aged 260 years; pregnant persons at
32-36 weeks gestation)
Zoster (shingles) Adults aged 250 years Varicella
COVID-19 = irus 2019; Hib = type b; HPV = human papilloma virus; MenACWY = meningococcal strains A, C, W, Y; MenB = meningococcal strain B; MMR = measles, mumps, rubella;

PCV20 = 20-valent pneumococcal conjugate vaccine; RSV, respiratory syncytial virus; Tdap = tetanus toxoid, reduced diphtheria toxoid, and acellular pertussis.
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Obesity: A Heterogeneous Chronic Disease

Clinical Assessment Develop Treatment Goals Determine Treatment

General medical evaluation: Overall goals: Choose initial therapy based on:

« BMI, BP, pulse, CMP?, eGFR, plasma lipids, A1C « Improve health, obesity-related diseases, Treatment goals

physical function, and quality of life and Individualized lifestyle changes
decrease risk of developing obesity-related Access and cost of therapy (availability,
complications insurance coverage, affordability)
Potential adverse effects

Obesitv-fi d 4

'y
Obesity-related disease risk factors and diseases
Physical function

* Quality of life Specific treatment goals based on . Medical contraindications

« Mental health and eating disorders clinical assessment and shared - Patient preference

« Lifestyle: diet, eating behaviors, daily physical decisi king with the patient:
activities, sleep, work factors, family/social support « Define progressive clinical targets and

« Weight history: age of obesity onset, max weight, general timelines for achieving each goal
weight loss/gain history and contributors, family « Define estimated weight reduction needed to
history of obesity achieve targets « Monitor weight reduction, clinical response,

« Barriers to lifestyle change and weight loss therapy and acceptability offadherence to therapy

« Personal weight/health goals and reasons for goals + Adjust goals and treatment as needed

L ity Lifesty High ity Lifesty Technology-Based Phar I End i Surgical

Nutrition and physical Nutrition and physical activity Web-based GLP-1 RA-| based" Sleeve gastroplasty Sleeve gastrectomy

activity education education Smart scales Other anti-obesity Intragastric balloon Roux-en-Y gastric bypass

1 contact x 15 min/month Behavior modification Smart phone apps medications Biliopancreatic diversion
Meal replacement with duodenal switch

Weekly/biweekly contact

£ 3% 5-10% 3-6%
S -20 o 5-15%
g 5-25%
= 40 25-35%
* Glucose, sodium, potassium, chloride, carbon dioxide, BUN, A1C = hemoglobin A1C (HbA1c); ALP = alkaline ALT = alanine i AST = aspartate BMI = body mass index; BP = blood pressure;
creatinine, calcium, ALP, ALT, AST, bilirubin, albumin, total protein. BUN = blood urea nitrogen; CMP = comprehensive metabolic panel; eGFR = estimated glomerular filtration rate; GIP = glt insulit i i 12
® GIP/GLP-1 RA or GLP-1 RA; 1.5-year weight loss. GLP-1 RA = glucagon-like peptide 1 receptor agonist.
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2.2. Section II. Cardiorenal risk

2.2.1. Obesity: A heterogeneous chronic disease

Obesity is a heterogeneous chronic disease with adverse effects on all
organ system in the body. Because intentional weight reduction can
prevent and treat obesity complications and related diseases, obesity
treatment should begin early after diagnosis. The clinical benefits of
obesity treatment often correlate directly with percent weight lost [63].
However, the percent weight reduction with any specific therapy and
the therapeutic effect of a given amount of weight reduction vary among
individuals.

An obesity assessment should be conducted in addition to a general
medical evaluation to help guide therapeutic decisions. Person-first
language should always be used (e.g., person with obesity). The goal of
therapy is to achieve and sustain sufficient weight reduction to prevent
and treat obesity complications and related diseases and enhance
quality-of-life, although percentage weight reduction varies widely
depending on the intervention [64-67]. While lifestyle therapy (i.e., diet
and physical activity) should be the foundation of all weight reduction
efforts to optimize health, when used alone it often results in only
moderate weight reduction and a high likelihood of weight regain. The
development of glucagon-like peptide 1 (GLP-1)-based anti-obesity
medications has revolutionized obesity therapy because of their ability
to achieve marked (15-25 %) weight reduction and improve clinical
outcomes, including a reduction of cardiovascular events in persons
with obesity and established CVD [68]. The specific treatment approach
should involve shared decision making between the clinician and pa-
tient, based on assessment of: 1) goals of therapy (percent weight
reduction and clinical outcomes); 2) individualized lifestyle changes; 3)
availability and cost of therapy; and 4) contraindications and adverse
effects of specific treatments. It is critical to monitor clinical efficacy and
side-effects of therapy and adjust treatment as needed.

Prediabetes

Metabolism xxx (xxxx) XXX

2.2.2. Prediabetes

Prediabetes (also called intermediate hyperglycemia) is a continuum
of metabolic abnormalities that extends from high normal glucose to just
below the diagnostic thresholds for T2D and includes impaired fasting
glucose (IFG) and/or impaired glucose tolerance (IGT), determined on a
75-g oral glucose tolerance test (OGTT). Persons with prediabetes have
increased risks of CKD, ASCVD, HF, and mortality relative to those with
normoglycemia [69,70]. It is therefore essential to optimally control
weight, glucose, BP, lipids, and all other CVD risk factors (see Section
2.2).

Progression from normoglycemia to overt T2D results from pro-
gressive loss of beta-cell function in the setting of insulin resistance,
which is often exacerbated by concomitant obesity [71]. Individuals
with prediabetes have a high but variable rate of progression to overt
diabetes ranging from 8 % to 11 % annually. T2D eventually develops in
at least half of at-risk persons. Evidence suggests that intervening early,
when dysglycemia is less severe, may prevent progression to T2D or
even foster reversion to normoglycemia [72]. Prediabetes management
is therefore focused on identifying and educating the person at risk,
emphasizing lifestyle modification, weight management, control of CVD
risk factors, and efforts to revert to normoglycemia.

Sustained weight reduction increases the likelihood of achieving
normoglycemia [72]. If a weight loss of at least 7 % cannot be achieved
with lifestyle interventions alone, pharmacological and surgical inter-
vention should be considered depending on the underlying comorbid-
ities and body mass index (BMI) [73]. Although lifestyle intervention is
effective in delaying or preventing T2D onset in persons with predia-
betes, long-term adherence can be challenging for many. Pharmaco-
logical therapy with GLP-1 receptor agonists (GLP-1 RAs), pioglitazone,
metformin, acarbose, and orlistat has been shown to decrease the risk of
T2D in persons with prediabetes for the duration of the medication’s use
[74,75]. In persons with obesity without diabetes, GLP-1 RAs and a dual
glucose-dependent insulinotropic polypeptide (GIP)/GLP-1 RA
improved A1C levels [76,77]. Sodium glucose cotransporter 2 (SGLT2)

Prediabetes Glucose Ranges Risk for CVD and CKD

Lifestyle Intervention for All

27% Weight Reduction for Most Persons
<126/ <7.0 <200/<11.1 <6.5% / <48
IFG* IGT .
T « All with CcvD Weight Antihyperglycemic
o % prediabetes are Therapies Reduction Therapies
% £ o at risk of CKD, Start as needed/ Therapies Start if hyperglycemia
£ £ £ ASCVD, HF indicated: Start if obesity progresses:
£ : 2 ) « Lipid-control present and 27% 1. GLP-1 RA based?®
= K £ * Risk of agents? weight reduction 2. Pioglitazone
3 g! = progression to + BP-reducing not achieved with 3. Metformin
E-) 3 i agents lifestyle alone: 4. SGLT2i
= [0} °\t T2D increases + GLP-1RA 1. GLP-1 RA based® 5. Acarbose
5 e & as prediabetes - SGLT2i 2. Phentermine-
5 3 - advances + Pioglitazone® topiramate
w ~ < « Other CVD 3. Endoscopic
i :
2100/255  2140/27.8 25.7% or 6.0% / therapies aretE
239 or 42°

Prevent progression of hyperglycemia and reduce CVD/CKD risk

Achieve normoglycemia with lifestyle and reduce CVD risk factors

« Even short-term regression to normal glucose tolerance with lifestyle may have

durable benefits

Initiation of guideline-directed medical therapy for those with CVD, CKD, HF, or

progression to T2D

Initiate and intensify
treatment based on risk

of CVD and progression
to T2D

2 WHO definition: 110 to <126 mg/dL / 6.1 to <7.0 mmol/L.
® Caution with A1C diagnosis of prediabetes in African American, Latinx, and other ethnic groups.

A1C = hemoglobin A1C (HbA1c); ASCVD = atherosclerotic cardiovascular disease; BP = blood pressure; CKD = chronic kidney disease;

CV = cardiovascular; CVD = cardiovascular disease; FPG = fasting plasma glucose; GIP = gl

© US, 5.7% / 239 mmol/mol; Europe, 6.0% / 242 mmol/mol; CV risk elevated at 26.0% / 242 mmol/mol.
¢ CVD benefit from statins more important than potential A1C increases.

© Do not use in HF.

e

GLP-1 RA = glucagon-like peptide 1 receptor agonist with proven benefit in indicated population; HF = heart failure; IFG = impaired fasting
glucose; IGT = impaired glucose tolerance; MRA = mineralocorticoid receptor agonist; PG = plasma glucose; SGLT2i = sodium glucose

cotransporter 2 inhibitor; T2D = type 2 diabetes; WHO = World Health Organization.

therapies, MRAS, etc.
s GLP-1 RA or GIP/GLP-1 RA.
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Lipid Disorders

LDL-C Goal—Reduce LDL-C by 250% or Reach
Risk-Based Goal, Whichever Leads to Lower LDL-C

mg/dL / mmol/L
<100/<2.6 High

22 RF + 10-y risk <10%
Diabetes or CKD 23 with no other RF
CAC <100?

10-y risk >10%

Diabetes or CKD 23 with 21 RF
CAC >100°

HeFH without ASCVD

<70/<1.8 \Very high

Established ASCVD (CAD, PAD, TIA, ischemic stroke)
CAC >300
Diabetes with target organ damage

<55/<1.4

CKD 23 with albuminuria
HeFH with FHx premature ASCVD
(<55 years, male; <65 years, female)

Progressive ASCVD despite
LDL-C <55 mg/dL / <1.4 mmol/L

= And <75th age/sex percentile. ® Or 275th age/sex percentile.

Expected Decrease in LDL-C

Ab Eze BA Eze + BA
+~20% | ¥~20% | ¥ ~38%

+ Anelevated Lp(a) is an important RF independent of other RFs
+ Choose initial statin dose likely to achieve LDL-C goal

+  Use combination therapy when LDL-C is >50% higher than goal
+ Add treatments every 6-12 weeks until goal is achieved

PCSK9i siRNA
+ ~50%

BAS

Proven ASCVD

CVOT = cardiovascular outcome trial; DHA = ;
IPE = icosapent ethyl; LDL-C = low-density lipoprotein cholesterol; Lp(a) = lipoprotein (a); mAb =

+ ~20%

Metabolism xxx (xxxx) XXX

All patients with elevated TG

on + max-tolerated statin
Patients with TG 135-499 mg/dL /
1.52-5.63 mmol/L+ ASCVD or

Add IPE
diabetes + 2 RF

Reduce risk of pancreat

Moderate-CHO, low-fat diet +
alcohol avoidance + weight reduction

All patients with TG + max-tolerated statin

2500 mg/dL / 25.65 mmol/L
Add fibrate, IPE, other OM3°, or
niacin

Patients with insulin resistance Consider adding pioglitazone

Patients with acute, severe
hypertriglyceridemia

Expected Decrease in TG

Statin Fibrate OM3e Pio
+~20-30%  +~30-50%  + ~30-40% + ~10-15%

Consider insulin, apheresis

Niacin
+ ~20-30%

© EPA or EPA+DHA.

ASCVD = atherosclerotic cardiovascular disease; BA = bempedoic acid; BAS = bile acid sequestrant; CAC = coronary artery calcium; CAD = coronary artery disease; CHO = carbohydrate; CKD 23 = stage 3 or higher chronic kidney disease;
E e8] Bl S gy DI e et ) P s D i it

antibody; Ol

benefits in CVOTs

9inhibitor; Pio = pioglitazone; RF = major risk factors (i.e., advancing age, elevated non-HDL-C, elevated LDL-C, low HDL C, dizbetes, hypsnsnslon CKD, cigarette smoking, pre-eclampsia, family history of ASCVD); siRNA = small interfering ribonucleic

acid; TG = triglyceride; TIA = transient ischemic attack.

inhibitors have been shown to improve glycemia and decrease the
development of T2D in persons with HF [78].

2.2.3. Lipid disorders

Lipid management should include lipid-lowering medications in
addition to health behavioral modifications. The goals and targets of
treatment should be based on patients’ comorbidities, which, along with
their baseline lipid levels, inform their level of risk. A wealth of data
from outcomes trials with statins, ezetimibe, bempedoic acid, and pro-
protein convertase subtilisin/kexin type 9 (PCSK9) inhibitors have
shown that for persons with elevated LDL-C, there appears to be no
threshold of benefit for LDL-C level—in other words, lower is always
better [79-83]. It is therefore recommended to reduce LDL-C levels by at
least 50 % from baseline or reach the individual’s risk-based goal,
whichever is lower. Achieving these levels often requires combination
therapy.

Risk-based goals shown in the slide are based on guideline recom-
mendations from the American College of Cardiology (ACC) and
American Heart Association (AHA), the American Association of Clinical
Endocrinologists (AACE), and the European Society of Cardiology (ESC)
and the European Atherosclerotic Society (EAS) (Table S1)
[31,79,84-86]. In addition, some experts recommend targeting apoB
levels of <90 mg/dL (<1.8 pmol/L) for high, <80 mg/dL (<1.6 pmol/L)
for very high, <70 mg/dL (<1.4 pmol/L) for extreme, and <60 mg/dL
(<1.2 pmol/L) for extreme-plus risk and/or non-HDL-C levels of
<130 mg/dL (<3.4 mmol/L), <100 mg/dL (<2.6 mmol/L), <80 mg/dL
(<2.1 mmol/L), and <65 mg/dL (<1.7 mmol/L) for the same respective
risk categories [87].

The extreme plus goal (<40 mg/dL [<104 mmol/L]) is for persons
who have an extreme risk and continue to have cardiovascular events
despite an achieved LDL-C <55 mg/dL (<1.42 mmol/L) [84]. Ten-year
risk, which refers to the risk of a hard ASCVD event (myocardial
infarction [MI], coronary heart disease death, non-fatal or fatal stroke)
within 10 years, can be calculated using a validated risk calculator
chosen based on the person’s characteristics (Table S2) [88-95].

10

h omega-3 fatty acid; PAD = peripheral artery disease; PCSK9i = proprotein convertase subiisin/kexin type
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Major risk factors include those that increase atherosclerotic risk,
including advancing age, elevated LDL-C or non-HDL-C, diabetes,
obesity, inflammation, albuminuria, hypertension, CKD, MASLD,
smoking, and family history of ASCVD. An elevated Lp(a) increases the
risk of ASCVD independent of other major risk factors, including LDL-C.

Drug classes that lower LDL-C and are highlighted in green have
proven benefits in cardiovascular outcome trials (CVOTs) [80-83]. All
persons at elevated ASCVD risk should receive a statin at the maximally
tolerated dose unless there is a contraindication. If the baseline LDL-C is
>50 % above the goal, initial combination therapy with a statin plus
ezetimibe, bempedoic acid, or a PCSK9 inhibitor (either monoclonal
antibody or small interfering RNA) should be instituted. The choice of
the second or third agent to add to statin therapy is based on how much
additional LDL-C lowering is required to reach the LDL-C goal. Whether
treatment begins with a statin alone or in combination with another
agent, therapy should be intensified every 6-12 weeks until the LDL-C
goal is achieved.

Persons with homozygous familial hypercholesterolemia should be
referred to a lipid specialist. In these individuals, adding the monoclonal
antibody evinacumab, an inhibitor of angiopoietin-like 3 (ANGPTL3)
and/or lomitapide, a microsomal triglyceride transfer protein (MTP)
inhibitor, to other lipid-lowering therapy reduces LDL-C levels by a
further ~50 % [96].

The generally accepted therapeutic goal for triglycerides of
<150 mg/dL (<1.7 mmol/L) was defined in 2001 by the NCEP ATP III
[97], although studies suggest that optimal triglyceride levels may be
lower [98]. Elevated triglycerides (>150 but <500 mg/dL [>1.7 but
<5.7 mmol/L]) should be managed with maximum tolerated
statin therapy and a heart healthy, moderate-carbohydrate diet with
restricted simple sugar and alcohol intake in addition to other lifestyle
approaches (see Section 2.1.1. Lifestyle therapy). Based on evidence
from the Reduction of Cardiovascular Events with Icosapent Ethyl-
—Intervention Trial (REDUCE-IT) trial, adding icosapent ethyl (IPE), a
highly purified, non-oxidized formulation of the omega-3 fatty
acid eicosapentaenoic acid (EPA), to statin therapy further reduces the
risk of ASCVD events in persons with triglycerides between
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135 and 500 mg/dL (1.5-5.7 mmol/L) who have ASCVD or diabetes plus
two major ASCVD risk factors. The use of fish oil supplements is not
recommended.

With the exception of the Helsinki Heart Study and the pre-statin era
Veterans Affairs High-Density Lipoprotein Cholesterol Intervention Trial
(VA-HIT) with gemfibrozil, CVOTs involving triglyceride-reducing
agents, including fenofibrate, pemafibrate, omega-3 fatty acids other
than IPE, and niacin, have not demonstrated reductions in ASCVD
[87,99]. However, subgroup analyses from several trials showed a
trend toward benefit in persons with triglycerides >200 mg/dL
(>2.3 mmol/L) and HDL-C <40 mg/dL (<1.0 mmol/L) who received
fenofibrate [100-103]. Future CVOTs with novel triglyceride-lowering
agents will clarify whether triglyceride reduction decreases cardiovas-
cular risk.

Persons with severely elevated triglycerides (>500 mg/dL [5.7
mmol/L]) are at risk of pancreatitis. They should be prescribed dietary
restriction and other lifestyle therapeutic approaches along with a
fibrate, omega-3 fatty acid, or niacin, which may possibly reduce
pancreatitis risk. Glycemic control should be optimized in persons with
T2D (see Section 2.2.6. Antihyperglycemic therapy in T2D).

Fibrates, which reduce triglycerides by up to 50 %, are considered the
most potent triglyceride-lowering agents [79,104]. Because of increased
risk of myopathy, fibrates should be used with caution in combination
with certain statins (e.g., simvastatin). Prescription-grade omega-3 fatty
acids reduce triglycerides by up to 40 % [79,105]. Niacin, or nicotinic
acid, reduces triglycerides by up to 30 %; however, niacin should be used
with caution based on new data suggesting it may increase the risk of
ASCVD [106]. Depending on the severity of triglyceride elevations, more
than one of these agents may be needed. Pioglitazone may also be useful
in persons with insulin resistance. Those with acute, severe hyper-
triglyceridemia and hyperglycemia may benefit from extreme reduction
of fat intake, insulin infusion, and in some cases apheresis [79,107].

2.2.4. Hypertension
Overall, most current guidelines recommend a BP <130/80 mmHg

Hypertension

Metabolism xxx (xxxx) XXX

to reduce cardiorenal risk in persons with hypertension [108,109]. The
response to BP lowering drug treatment varies among individuals, but
achieving good BP control with combination therapy, if necessary,
should be the goal. For most persons with resistant hypertension or stage
3 CKD, three BP lowering drugs are usually needed to achieve a SBP
<130 mmHg. For any person with albuminuria and hypertension, the
BP-lowering regimen should include a renin-angiotensin system (RAS)
inhibitor at maximal dose, a calcium channel blocker (CCB), and a
thiazide-type diuretic such as chlorthalidone or indapamide [108-111].
Chlorthalidone or indapamide are preferred over hydrochlorothiazide
(HCTZ) because they have a longer half-life and reduce mortality
compared to HCTZ [110,112].

Increases in creatinine in response to BP-lowering treatment should
not be concerning unless hyperkalemia develops or creatinine rises
>30 % over baseline levels.

Out-of-office assessment of BP is very important because white coat
and especially masked hypertension (i.e., higher BP elevations outside
than inside the clinic) are common and may affect BP lowering treat-
ment. These conditions must be diagnosed with home BP monitoring
and the measurements compared with office BP readings. Ambulatory
24-h BP monitoring can also be a useful tool if there are significant
discrepancies between home and office BP readings. Ambulatory blood
pressure monitoring has the added benefit of assessing blood pressure
during sleeping hours. Cardiovascular mortality may be increased in
persons with white coat or masked hypertension [26,113]. For many of
these individuals, pharmacologic and/or behavioral therapies to prevent
anxiety and other stress-related disorders may be needed.

2.2.5. Inflammation

Inflammation independently contributes to ASCVD risk, including in
persons with relatively low LDL-C [114-120]. Inflammatory biomarkers
include high-sensitivity C-reactive protein (hsCRP) and urinary albumin
creatinine ratio (UACR), which should be evaluated in persons whose
ASCVD risk is unclear, including individuals with borderline or inter-
mediate 10-year risk or individuals who have diagnosed ASCVD or have

Goal BP>: <130/80 mm Hg

Assess BP at Home Weekly and in Office Every 3-12 Months®

Seated

Office BP

Orthostatic®

Ambulatory BP

Preferred BP-Lowering Agents

1. ARB or ACEi at maximum tolerated dose®
2. Dihydropyridine CCB

3. Thiazide-type and thiazide-like diuretic

4. MRA for resistant hypertension

* Individualize based on patient characteristics. Maintain DBP >60 mm Hg in older adults with diabetes.
» Check BP more frequently when starting or titrating therapy.

< BP decrease of 220/10 mm Hg within 3 minutes of standing.

¢ Indicates higher risk of cardiovascular events and mortality.

* Preferred for kidney and cardiovascular protection.

Back supported, feet flat on ground with oscillometric device connected; let person rest quietly for >5 min before checking BP twice, 1-2 min apart,
followed by 1 orthostatic reading. BP can also be measured with automated oscillometric device attended or unattended.

Assess standing BP for evaluation of volume depletion and autonomic dysfunction®

Train persons with HTN how to measure seated BP at home upon waking. Transmit BP data via Bluetooth or via fax to patient chart

Treatment Regimen

« Maintain lifestyle therapy
« Use initial combination therapy if BP >20/10 mm Hg above goal
« Add medications as needed to reach goal

« Use combination products to foster adherence

« Assess adherence with medications and dietary sodium

ACE:i = angiotensin converting enzyme inhibitor; ARB = angiotensin Il receptor blocker; BP = blood pressure; CCB = calcium channel blocker; DBP = diastolic blood pressure; HTN = ion; MRA = mil icoid receptor It 15
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Inflammation

Evaluating Inflammation in ASCVD Risk Assessment

Assessments

>2.0 mg/L / >1.9 mmol/L (>1 measurement if asymptomatic)

>30 mg/g / >3 mg/mmol

Setting—Evaluate if:

Primary

- « ASCVD risk unclear
prevention

Recurrent CV events despite optimal CV risk factor
control
Unclear attributable CV risk in known ASCVD

Secondary
prevention

Patient preference/choice in shared decision making
Potential for residual risk reduction

Potential contributor to CV risk in rheumatologic

and other chronic inflammatory conditions

All

If hsCRP >2.0 mg/L / >1.9 mmol/L, Consider
CT-CAC, CTA for CV risk stratification in primary prevention

Metabolism xxx (xxxx) XXX

Managing Inflammation

Lifestyle
Therapy

Weight Reduction
If overweight or prediabetes,
25%-10% weight reduction
with lifestyle

If obesity, intensify to
pharmacotherapy or other
interventions as indicated

Treatment Options

Positive CVOT Benefits + Known hsCRP-Lowering Effect®

Statin
ASCVD Ezetimibe
Bempedoic acid
Hypertriglyceridemia IPE
Overweight/obesity GLP-1 RA-based®
GLP-1 RA-based®
T2D Pioglitazone
SGLT2i

Direct Anti-inflammatory Medication

ASCVD

« Other potential causes of increased hsCRP — - Colchicine
Chronic inflammation
 Residual CV risk reduction; no specific hsCRP indication. ~ ASCVD = atherosclerotic cardiovascular disease; CAC = coronary artery calcium; CT = computed tomography; CTA = computed CV= i o
® GLP-1 RA or GIP/GLP-1 RA. CVOT = cardiovascular outcome trial; GIP = gl i lide; GLP-1 RA = glucagon-like peptide 1 receptor agonist; hsCRP = high-sensitivity C-reactive protein;
IPE = icosapent ethyl; LDL-C = low-density lipoprotein cholesterol; SGLT2i = sodium glucose cotransporter 2 inhibitor; T2D = type 2 diabetes; UACR = urine-albumin creatinine ratio. 16

had ASCVD events despite optimal lipid and blood pressure control.
UACR or hsCRP may also be measured in anyone who wishes to have a
deeper understanding of their personal risk of ASCVD events, as part of
shared decision-making. If hsCRP is >2.0 mg/L, additional coronary

imaging tests can be considered for further risk stratification when
appropriate, i.e., for primary prevention in the absence of conditions
associated with ASCVD risk, such as T2D.

Increasing attention on CKD and its connection to ASCVD has

Antihyperglycemic Therapy in Type 2 Diabete;

Lifestyle Therapy

Cardiorenal Track

Prevent ASCVD/HF/CKD Events Independent
of Glycemic Status

ASCVD HFpEF HFrEF/HFmrEF CKD Stroke/TIA

LP-1 RA*? GLP-1 RA*® V

GLP-1 RA**

SGLT2i*

108

2 GLP-1 RA with proven benefit.

® Combining GLP-1 RA and SGLT2i is encouraged to improve outcomes.

©GLP-1 RA or GIP/GLP-1 RA.

41f CKD, efficacy may be lower; consider using SGLT2i later in glucose hierarchy.

*Glycated albumin or may also be consi for ion of glycemic control.

' Do not combine incretin classes (GLP-1 RA, GIP/GLP-1 RA, DPP4i). Use caution when combining insulin + SU,
insulin + SGLT2i, or insulin + TZD.

AGI = alpha glucosidase inhibitor; ASCVD = disease; CGM = glucose

CKD = chronic kidney disease; CVOT = cardiovascular outcome trial; DPP4i = dipeptidy! peptide 4 inhibitor;
GIP = gl insulinotropi GLP-1 RA = glucagon-like peptide 1 receptor agonist;
HF = heart failure; HFmrEF = heart failure with mildly reduced ejection fraction; HFpEF = heart failure with preserved
ejection fraction; HFTEF = heart failure with reduced ejection fraction; MOA = ism of action; Pio = piogli

QR = quick release; SGLT2i = sodium glucose cotransporter 2 inhibitor; SMBG = self-monitored blood glucose;

SU = sulfonylurea; TIA = transient ischemic attack; TZD = thiazolidinedione.

. Proven benefits in CVOTs Hypoglycemia and/or HF risk
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Hyperglycemia Track

Manage Glycemia to Individualized Goals

Recently
diagnosed,
healthier,

few to no
comorbidities

Limited life
expectancy,
frail, complex
comorbidities

75 9,

58 mmol/imol

Most patients

| Glucose Hierarchy

GLP-1 RA-based®

Generally, use initial combination
therapy for patients with
A1C >1-2% above individualized goal

SGLT2i¢

Insulin

DPP4i

su

Bromocriptine QR
Pramlintide

Lower A1C goals can be achieved safely
provided there is no hypoglycemia

Assess glucose control with A1C plus CGM
or SMBG and intensify therapy until goal
achieved®

3
-
g
L)
3
I3
a

Add agents with complementary MOA to
maintain glucose control at goal’

Choose agents according to recommended
hierarchy, based on individual patient's risks
and benefits, preferences, and access to
therapies

Consider initial insulin therapy in severe
hyperglycemia/metabolic decompensation

Less used

17
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highlighted inflammation as a contributor to pathogenesis. Given the
connections between CKD and ASCVD, the presence of CKD without
known ASCVD may also prompt consideration of inflammation as a
contributor to cardiovascular risk.

Lifestyle therapy, including a healthy diet and regular physical ac-
tivity, as well as weight reduction in persons with overweight, obesity,
or prediabetes are foundational approaches to improving cardiovascular
outcomes and may also help reduce inflammation. Smoking avoidance is
particularly important. Considerable attention has been directed toward
therapies that may reduce cardiovascular risk by decreasing chronic,
low grade inflammation, a rapidly evolving field. A conservative
approach is taken here, focusing on treatments that have demonstrated a
reduction in major adverse cardiovascular events (MACE) in CVOTs and
also have an established, significant effect on reducing hsCRP. In such
cases, the reduction in inflammation may have contributed to the car-
diovascular benefit, even if the mechanism is not definitively known.
Treatment options that may indirectly reduce inflammation include
statins, ezetimibe, or bempedoic acid in persons with or at risk for
ASCVD; IPE in those with triglycerides >135 mg/dL who have diabetes
or ASCVD; GLP-1 RAs and dual GIP/GLP-1 RA in obesity; and GLP-1 RAs
and pioglitazone in T2D [68,76,105,116,117,121-127]. In higher risk
individuals, therapeutic intervention targeting inflammation concomi-
tant with lifestyle efforts may be warranted, given evidence, for
example, of significant cardiovascular event reduction with a GLP1-RA
in persons with overweight/obesity and ASCVD but not diabetes [68].
Colchicine, a known anti-inflammatory agent, directly lowers hsCRP
and has also been shown to reduce ASCVD risk; as a result, colchicine
0.5 mg is now indicated to reduce the risk of MI, stroke, coronary
revascularization, and cardiovascular death in adults with established
atherosclerotic disease or with multiple risk factors for cardiovascular
disease [118].

2.2.6. Antihyperglycemic therapy in type 2 diabetes

The emergence of antihyperglycemic therapies with extra-glycemic
benefits permits a two-pronged approach to managing T2D. In addi-
tion to lifestyle therapy, GLP-1 RAs and/or SGLT2 inhibitors should be
prescribed to individuals with T2D who have established or are at high
risk for ASCVD, CKD and/or HF [128,129]. Combining agents from
these classes will be beneficial in many people. The consensus includes
the thiazolidinedione (TZD) pioglitazone as another agent with possible
cardiovascular benefits, especially in individuals with or at high risk for
stroke, with appropriate cautions about HF [126,130,131]. Once the
CVD, CKD, or HF have been addressed, antihyperglycemic regimens
should be directed toward meeting glycemic goals for the individual.

Classes with proven benefits are listed beneath each comorbidity
according to the strength of CVOT evidence of benefit. The GLP-1 RAs
dulaglutide, liraglutide, and injectable semaglutide reduce the risk of
MACE, including cardiovascular deaths, nonfatal MI, and nonfatal
strokes independent of glucose control [128]. CVOT findings suggested
improvement in kidney function, which may be confirmed when results
of a kidney outcomes trial are published [128]. In persons without
diabetes who had symptomatic HF with preserved ejection fraction
(HFpEF) and obesity, injectable semaglutide improved HF symptoms, so
semaglutide may be considered for persons with T2D and HFpEF [132].
CVOTs support cardiovascular safety of lixisenatide, exenatide, oral
semaglutide, and tirzepatide, which are currently recommended for
glycemic control but not ASCVD or CKD risk reduction [133-135]. Of
note, there are ongoing CVOTs with tirzepatide and oral semaglutide.

In outcome studies, SGLT2 inhibitors reduced the risk of HF, kidney
disease progression, and other cardiovascular endpoints [129,136-138].
Recent studies with dapagliflozin, empagliflozin, and sotagliflozin (a
dual SGLT2/1 inhibitor) have also demonstrated that these agents
improve outcomes in persons with HF with reduced and with preserved
ejection fraction (HFrEF and HFpEF, respectively), including those who
do not have T2D (dapagliflozin, empagliflozin) [78,137,139-141].
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Canagliflozin, dapagliflozin, and empagliflozin improved CKD and
reduced ASCVD and HF events in persons with moderate to severe CKD
and T2D, and dapagliflozin and empagliflozin showed similar effects in
individuals without diabetes in the same trials [129].

Glycemic control efforts should be tailored to individualized goals
for A1C. The American Diabetes Association (ADA) and the AACE
recommend an A1C goal between 6.5 % and 7.0 % for most persons with
T2D. Younger, healthier individuals at lower cardiovascular risk may
benefit from A1C goals closer to normal (<6.0 %), whereas higher A1C
goals (~7.5 % or higher) may be appropriate for older adults with more
complex disease complicated by multiple comorbidities. In general,
glycemic control regimens should aim to achieve and maintain the
lowest A1C possible without hypoglycemia or other unacceptable side
effects [107,142,143].

Combination therapy generally should be instituted for persons
whose A1C is >1-2 % above their individualized goal, even in newly
diagnosed T2D. Combination therapy should involve agents with com-
plementary mechanisms of action; do not combine agents from the
incretin classes (GIP/GLP-1 RAs, GLP-1 RAs, and dipeptidyl peptidase 4
[DPP4] inhibitors) with each other or combine sulfonylureas with gli-
nides. The Task Force recommends choosing agents according to the top-
down hierarchy shown, although the individual’s characteristics, pref-
erences, and access to therapies should be considered. In the list of
Preferred classes, the GLP-1 RAs (including GIP/GLP-1 RAs) are posi-
tioned above metformin because they are the most potent non-insulin
antihyperglycemic class in addition to reducing weight and BP and
providing cardiovascular benefits. Metformin is placed ahead of SGLT2
inhibitors due to glycemic potency, although it should be noted that
SGLT2 inhibitors also reduce weight and BP modestly and have addi-
tional kidney and cardiovascular benefits. To achieve glucose goals,
many individuals will need combination therapy with either or both the
GLP-1 RAs and SGLT2 inhibitors as well as metformin, although some
experts recommend other medications such as a TZD or insulin. The
sequence should be individualized [144]. Many persons with T2D will
require insulin as an important component of their glycemic control
regimen. Insulin is associated with weight gain and the risk of hypo-
glycemia; nevertheless, insulin should not be withheld from individuals
who cannot meet their glucose goals. Finally, sulfonylureas carry an
increased risk of hypoglycemia and weight gain with little benefit
beyond rapid and relatively potent, albeit short-term, glycemic re-
ductions. The Less used classes—glinides, colesevelam, alpha
glucosidase inhibitors (AGIs), bromocriptine quick release (QR), and
pramlintide—may be appropriate for individuals in specific circum-
stances [107,142,143].

Glycemic control should be evaluated on an ongoing basis. A1C re-
flects the average glucose level over 3 months and is the gold standard
glycemic measure, although it has significant limitations. Other glyce-
mic indices, such as TIR and glucose management indicator (GMI) data
from patients’ CGM or SMBG devices, glycated albumin, or fructos-
amine, provide valuable information [107,142,143,145,146].

2.2.7. Hypoglycemia

Prevention and treatment of hypoglycemia are essential for the
safety and cardiometabolic management of persons with diabetes and
other conditions such as refractory insulinoma, nesidioblastosis, or
postbariatric hypoglycemia. All individuals susceptible to hypoglycemia
and their family members and caregivers should be given education on
the causes of hypoglycemia and how to prevent, detect, and treat it.
Mild, acute hypoglycemia can cause cognitive impairment or result in
accidents or falls, while the long-term risk of sudden death, autonomic
neuropathy, cardiac arrhythmia, cardio- and cerebrovascular disorders,
and other adverse outcomes are associated with recurrent and/or severe
hypoglycemia [147,148]. Fear of hypoglycemia poses a significant
barrier to glycemic control in diabetes and contributes to under-
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Hypoglycemia

Metabolism xxx (xxxx) XXX

Level 1: BG <70 mg/dL / <3.9 mmol/L
Level 2: BG <54 mg/dL / <3.0 mmol/L
Level 3/severe: characterized by altered mental or physical function requiring external assistance for recovery

+ Recommend CGM over SMBG in patients using insulin; consider CGM for SU users
» Ask patients about any hypoglycemia incidents at every visit

« Causes, signs and symptoms, and management of hypoglycemia
« Use of glucagon for patient’s close associates (e.g., family members, coworkers, teachers, friends)
» Refer to CDCES and online resources (e.g., International Hypoglycaemia Study Group)

Use of insulin or SU, older age (265 years), previous severe hypoglycemia, long duration of diabetes, hypoglycemia
unawareness, CKD, liver disease, frailty, and/or high comorbidity burden

+ Delay use of medications associated with hypoglycemia (insulin, SU) until other options have been exhausted
« For patients already using insulin or an SU, consider switching to a nonhypoglycemic regimen and/or de-intensify regimen

« Oral glucose (3 glucose tablets or gels, sugar-rich food or drink; avoid treating with high-fat foods)
« Prescribe glucagon to every patient on insulin (any regimen)
« Consider prescribing glucagon to patients taking SUs who meet at-risk criteria for hypoglycemia
« Consider stopping SU in those with documented hypoglycemia

BG = blood glucose; CDCES = certified diabetes care and education specialist; CGM = continuous glucose monitor; CKD = chronic kidney disease; SMBG = self-monitored blood glucose; SU = sulfonylurea.

treatment of the disease [149,150].

Hypoglycemia is categorized as level 1 (blood glucose <70 mg/dL
[<3.9 mmol/L]), level 2 (blood glucose <54 mg/dL [<3.0 mmol/L]),
and level 3 (severe hypoglycemia) involving an altered mental state

requiring assistance from another person [143].

Antiplatelet and Anticoagulation Therapy

18

To prevent hypoglycemia, antihyperglycemic classes that generally
do not induce hypoglycemia should be used in preference to insulin,
sulfonylureas, and glinides, unless individualized glycemic targets

“ Risk Consideration Recommended Medication

_ No known ASCVD but 22 RF
Primary

Prevention CAC 2100

ACS, within 1 year of event

Stable CAD with history of PCI
or >12 months after ACS

Secondary
prevention

Stable CAD, no PCI

PAD

ACS = acute coronary ASCVD = i

diabetes, hypertension, CKD, cigarette smoking, family history of ASCVD).

Low bleeding risk

Low bleeding risk

High ischemic risk AND
Low bleeding risk

= Aspirin 75-100 mg daily

Aspirin 75-100 mg daily

+ Aspirin 75-100 mg + P2Y12i

= Aspirin 75—-100 mg + ticagrelor 60 mg BID

Rivaroxaban 2.5 mg BID + aspirin 75-100 mg

« Aspirin 75-100 mg + clopidogrel 75 mg

Low ischemic risk OR
High bleeding risk

High ischemic risk AND Low bleeding risk

« Clopidogrel 75 mg daily

Aspirin 75—-100 mg daily

Rivaroxaban 2.5 mg BID + aspirin 75-100 mg

Low ischemic risk OR High bleeding risk

Without limb revascularization

After limb revascularization

14

+ Clopidogrel 75 mg daily
= Aspirin 75-100 mg daily

Rivaroxaban 2.5 mg BID + aspirin 75-100 mg
Clopidogrel 75 mg daily

Rivaroxaban 2.5 mg BID + aspirin 75-100 mg

disease; BID = twice daily; CAC = coronary artery calcium score; CAD = coronary artery disease; CKD = chronic kidney disease; HDL-C = high-density lipoprotein cholesterol;
LDL-C = low-density lipoprotein cholesterol; PAD = peripheral artery disease; P2Y12i = P2Y12 inhibitor; PCI = percutaneous coronary intervention; RF = major risk factors (i.e., advanced age, elevated non-HDL-C, elevated LDL-C, low HDL-C,
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cannot be met otherwise (see Section 2.2.6. Antihyperglycemic therapy
and Section 2.4.1. Summary of medications). In high risk individuals
already taking a sulfonylurea or glinide, consider switching to a non-
hypoglycemic class, while for those who require insulin, their regimen
should ideally include insulin analogs (rather than human insulins) to
minimize hypoglycemia risk [142].

Utilizing CGM systems that alert patients of downward trends in
glucose concentrations may help prevent hypoglycemia. CGM data are
also useful in identifying glycemic trends and guiding the adjustment of
insulin and other therapies to reduce the risk of hypoglycemia [28].
Persons without access to CGM but who use therapies likely to induce
hypoglycemia should test their blood glucose frequently using a struc-
tured SMBG regimen.

Individuals experiencing hypoglycemia should treat it by consuming
15 g of carbohydrate in the form of glucose tablets or gels or drink but
avoid high-fat foods such as ice cream, which may slow glucose ab-
sorption. If hypoglycemia is not resolved within 15 min (i.e., glucose
remains <70 mg/dL [<3.9 mmol/L]), a 15-g carbohydrate load
should be repeated. Every person taking insulin—even basal-only
regimens—should be prescribed glucagon to treat severe hypoglyce-
mia, and glucagon may also be considered for persons taking sulfonyl-
ureas who meet criteria for high hypoglycemia risk—or the sulfonylurea
should be stopped in such persons. Family members and close associates
of persons using insulin should be trained in how to administer glucagon
to prevent unnecessarily prolonged episodes of severe hypoglycemia
[151]. Newer glucagon formulations, including nasal glucagon, single-
dose auto-injector glucagon, or dasiglucagon pens, are easier to use
than traditional glucagon kits, which can facilitate training [152].

2.2.8. Antiplatelet and anticoagulation therapy

Determination of the optimal antithrombotic therapy is complex. For
individuals without a history of ASCVD or other risk factors, the use of
aspirin is not generally recommended. However, A Study of Cardio-
vascular Events in Diabetes (ASCEND) demonstrated a modest reduction
in ischemic events for persons with diabetes but without ASCVD,
although an increased risk of bleeding was similar in magnitude to the

Pulmonary Disease

Metabolism xxx (xxxx) XXX

benefit [153]. The Task Force believes prescribing aspirin for persons
with two or more cardiovascular risk factors (i.e., elevated non-HDL-C,
elevated LDL-C, elevated Lp(a), low HDL-C, diabetes, hypertension,
CKD, cigarette smoking, family history of ASCVD, elevated CAC score
>100) may be beneficial, but there is an increased risk of bleeding,
which should be carefully addressed and monitored.

The use of antithrombotic therapy in persons with atherosclerosis
has been studied in various clinical trials. In the setting of an acute
coronary syndrome (ACS), dual antiplatelet therapy (DAPT) consisting
of aspirin with a P2Y12 inhibitor for at least 12 months has been found
to reduce the incidence of MI and death [154-156]. In ACS treated with
percutaneous coronary intervention (PCI), prasugrel is superior to clo-
pidogrel [155]. Prasugrel should be avoided in persons with history of
transient ischemic attack (TIA) or stroke. Ticagrelor has demonstrated
superiority compared with clopidogrel in ACS managed medically or
with revascularization [155,156]. As many as 5 % of patients prescribed
ticagrelor stopped the medication because of shortness of breath [157].
In persons who have not had any bleeding but remain at high ischemic
risk, durations of DAPT longer than 12 months are recommended.
Bleeding risk should be periodically reassessed.

Individuals with stable CAD undergoing PCI should be treated with
DAPT for at least 6 months if there are no bleeding complications.
Shorter duration DAPT can also be considered in persons at high risk for
bleeding complications. Thereafter, continued DAPT is reasonable if
there has been no bleeding and they remain at high ischemic risk,
although de-escalation to either clopidogrel or aspirin monotherapy
may be considered if the bleeding risk is not low. In persons with a more
remote history of PCI who are not receiving DAPT but are still at high
ischemic risk and at low bleeding risk, either aspirin plus ticagrelor 60
mg twice daily or dual pathway inhibition (DPI), which consists of
rivaroxaban 2.5 mg twice daily plus aspirin 75-100 mg, should be
considered [158-161]. For high-risk persons with stable CAD and no
prior PCI, either DPI or clopidogrel alone is acceptable; either clopi-
dogrel or low-dose aspirin may be used for those at moderate risk. For
individuals with PAD, DPI is recommended after revascularization, and
DPI or clopidogrel alone is acceptable in the setting of PAD without

Shared Mechanisms Between Pulmonary and Cardiorenal and Metabolic Diseases

Inflammation, insulin resistance, hyperglycemia, obesity, autonomic neuropathy

Obstructive Pulmonary Pulmonary
sleep apnea hypertension fibrosis

CRM Complication Pathways

+ Right HF
* Hypercoagulability

COPD = chronic obstructive pulmonary disease; CRM = cardiorenal and metabolic diseases;
GLP-1 RA = glucagon-like peptide 1 receptor agonist; HF = heart failure;
SGLT2i = sodium glucose cotransporter 2 inhibitor; SOC = standard of care.
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CRM Treatment Pathways

» SOC for underlying pulmonary disorder
» Weight reduction if overweight/obesity
* GLP-1RA

+ SGLT2i

*  Metformin (? benefit)

21
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MASLD/MASH (NAFLD/NASH) Prevention and Management

Screen for MASLD

Identify patients at risk:

+ 22 metabolic risk factors®
« T2D

« Steatosis on imaging or
4 aminotransferases

b i

Exclude other conditions

Alcohol intake history: women, 214 drinks/week; men, 221 drinks/week
HCV antibody + HCV RNA reflex testing

Consider HBsAg, HBsAb, HBcAb

Consider ANA, AMA, ASMA, immunoglobulins, ferritin, A1At

Check for clinical signs of advanced liver disease/cirrhosis

« Consider genetic causes and endocrinopathies

<~

Test results consistent with other forms

~~

of liver disease or cirrhosis

.

Refer to hepatologist

2Hyperglycemia, 1 TG, 1 BP, | HDL-C, abdominal obesity.

A1At = alpha-1 antitrypsi s AMA = ANA =

ASCVD = atherosclerotic cardiovascular disease; ASMA = anti-smooth muscle antibodies; BP = blood pressure;
cAb = core antibody; CKD = chronic kidney disease; ELF = enhanced liver fibrosis; Fn = fibrosis stage (0-4);
FIB-4 = fibrosis 4 calculation; GLP-1 RA = glucagon-like peptide 1 receptor agonist; HB = hepatitis B;

HCC = hepatocellular carcinoma; HCV = hepatitis C virus; HDL-C = high-density lipoprotein cholesterol;

HF = heart failure; HTN = hypertension; MASLD = metabolic dysfunction-associated steatotic liver disease;
MASH = i i i itis; MRE = magnetic resonance elastography;

NAFLD = nonalcoholic fatty liver disease; NASH = nonalcoholic steatohepatitis; NIT = noninvasive test;

sAb = surface antibody; sAg = surface antigen; SGLT2i = sodium glucose cotransporter 2 inhibitor;

Negative for other forms
of liver disease

Risk
FIB-4 <1.3 (or <2.0 if 265 years of age T .
) ( U ge) Stratification
* Yes * No
No T2D or <2 T2D or 22
metabolic metabolic
risk factors risk factors
Risk level  ELF Secondary
Reassess Assessment
overy year
Intermediate Annual monitoring with
VCTE or MRE
Consider referring to
Cirrh hepatologist
Portal HTN
Refer to hepatologist

Across all risk levels, consider liver biopsy
whenever NITs are discordant

Monitor and screen for HCC
and esophageal varices

FO-F1

Lifestyle modification
Cirrhosis-based management

| «————— Refer to hepatologist and monitor ————

‘ Lifestyle modification

Lifestyle modification Consider pharmacotherapy

« Achieve 210% weight reduction with lifestyle, with intensification to pharmacologic or surgical
interventions if necessary
« Risk factor reduction: optimal lipid and BP control and appropriate therapy for obesity, diabetes, ASCVD, CKD, HF
« Consider resmetirom if appropriate for subjects with F2—F3 fibrosis
« Consider pioglitazone, SGLT2is, or GLP-1 RAs if indicated for other comorbidities such as T2D
« Consider leptin and pioglitazone for persons with lipodystrophy

22

T2D = type 2 diabetes; TG = VCTE = vibrati transient

revascularization [162,163].

Persons with diabetes are at higher risk of stroke from atrial fibril-
lation. If a person has atrial fibrillation, therapeutic anticoagulation
with a non-vitamin K oral anticoagulant (NOAC) should be used if there
are no contraindications. Care should be taken if combined with an
antiplatelet, as concomitant use will raise bleeding risk. In persons who
develop an indication for antiplatelet therapy such as ACS or PCI, the
duration of combination antithrombotic therapy should be limited
[164].

2.3. Cardiorenal and metabolic comorbidities

2.3.1. Pulmonary disease

There are numerous associations between cardiorenal and metabolic
diseases and pulmonary disorders. Inflammation, insulin resistance,
obesity, hyperglycemia, and autonomic neuropathy may contribute to
the pathophysiologic mechanisms underlying chronic obstructive pul-
monary disease (COPD), asthma, pulmonary fibrosis, and pulmonary
hypertension [165-168]. Obesity and diabetes are also strongly associ-
ated with the sleep-related breathing disorder obstructive sleep apnea
(OSA). The complications of OSA include hypertension, atherosclerosis,
HF, arrhythmia, stroke, and increased mortality [15,169,170]. Several
OSA screening tools are available; diagnosis is by polysomnography or
alternatively by respiratory polygraphy [15,171].

Cardiorenal and metabolic therapies that reduce weight (bariatric
surgery, GLP-1 RAs, SGLT2 inhibitors) have shown positive effects in
OSA, and metformin, SGLT2 inhibitors, and GLP-1 RAs have also shown
benefits in COPD and other pulmonary conditions [15,165]. SGLT2 in-
hibitors have been shown to improve pulmonary hypertension in in-
dividuals with HF, and treatment with either SGLT2 inhibitors or GLP-1
RAs reduced COPD exacerbations in an epidemiologic study of persons
with T2D and COPD [172]. Of potentially greatest benefit is the effect of
GLP-1 RAs in reducing the severity of pulmonary conditions associated
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with obesity and diabetes [165,173].

2.3.2. MASLD/MASH (NAFLD/NASH) prevention and management

MASLD is characterized by evidence of hepatic steatosis in the
presence of at least one of the following: overweight/obesity, T2D, or
evidence of metabolic dysregulation (Table S3) [174,175]. Persons with
MASLD should optimally be identified before their condition progresses
to MASH.

Screening for liver disease should be conducted annually among
individuals with two or more metabolic risk factors, including hyper-
glycemia, hypertension, dyslipidemia (high triglycerides, low HDL-C),
obesity (especially abdominal obesity), and hypothyroidism [176-178].
Measurement of alanine transaminase (ALT) and aspartate transaminase
(AST) is recommended, with the caveat that these tests may not be
elevated in advanced stages of the disease and may lack sensitivity in
detecting early fatty liver disease. Fatty liver disease may be present
even if liver enzymes are normal, especially in individuals with insulin
resistance [175].

To diagnose MASLD, the clinician should evaluate for other (or
additional) potential etiologies of hepatic disease, including infectious
hepatitis, hemochromatosis, drug-related hepatotoxicity, and endo-
crinopathies (e.g., hypothyroidism and Cushing’s syndrome) [178].
Persons with or at high risk for fibrosis should be referred to a hep-
atologist [176,177,179].

Among noninvasive tests (NITs), the fibrosis 4 calculation (FIB-4;
calculated based on platelets, ALT, AST, and age) is useful in estimating
the risk of hepatic fibrosis that may be associated with MASLD [179].
Persons with FIB-4 scores <1.3 (<2.0 if >65 years of age) without T2D or
with <2 risk factors should be rescreened annually. Those with higher
FIB-4 scores and/or T2D or >2 risk factors should be further evaluated
with an enhanced liver fibrosis (ELF) test and elastography (either
vibration-controlled transient elastography [VCTE] or magnetic reso-
nance elastography [MRE]) to determine the degree of hepatic fibrosis.
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ASCVD Prevention and Management

Standard of care .
comorbidities

Add for primary prevention ﬁ:LET-RA
in diabetes SoLT

See Lipid, Hypertension, Anticoagulation, and Antihyperglycemic Therapy recommendations, depending on

GLP1-RA
IPE®

Aspirin

IPE®

Rivaroxaban + aspirin®
PCSKOi

GLP-1 RA (obesity only)
Colchicine

Without diabetes

Aspirin

Rivaroxaban + aspirin®
PCSKOi

GLP1-RA

SGLT2i

Pioglitazone
Colchicine

With diabetes

Aspirin

IPE®

PCSKOi
Pioglitazone®
Clopidogrel + aspirin

PCSKOi
Rivaroxaban + aspirin®

Aspirin

PCSKOi PCSKOi

GLP1-RA Rivaroxaban + aspirin®
Clopidogrel + aspirin GLP1-RA
Pioglitazone

ASCVD = atherosclerotic cardiovascular disease; CAD = coronary artery disease; CKD = chronic kidney disease; GLP1-RA = glucagon-like peptide1 receptor

# In patients with TG 135-499 mg/dL / 1.52—5.63 mmol/L + ASCVD or diabetes + 2 RF.
b Rivaroxaban 2.5 mg twice daily + aspirin 75-100 mg.
< In patients with insulin resistance.

The field of NITs is evolving rapidly [180,181]. Individuals with abnor-
mally high ranges in these tests should be referred to a hepatologist. Liver
biopsy is the gold standard means of determining the presence of MASH
and should be considered, especially when NIT results are discordant.

Management of persons with MASLD who do not have MASH or
significant fibrosis involves primarily lifestyle modification—including
smoking cessation—and management of other cardiovascular and renal
risks as appropriate. Persons with overweight or obesity should be tar-
geted for weight reduction of >10 % using lifestyle modification and
obesity medications or bariatric surgery as needed. Follow up (at least
annually) should include regular reassessment for progression to more
severe liver disease.

Care of persons with MASH or hepatic fibrosis requires a coordi-
nated, multipronged approach that includes the risk factor recommen-
dations for MASLD as well as pharmacotherapy (regardless of the
presence of T2D) to address active steatohepatitis and reduce the risk of
progressive fibrosis [176,182]. The oral, liver-directed, thyroid hor-
mone receptor beta-selective agonist resmetirom was recently condi-
tionally approved for the treatment of MASH with stage F2-F3 of fibrosis
based on a clinical trial evaluating surrogate markers, with final
approval to be granted based on hard outcomes when the trials are
concluded [183]. Mitigation of cardiovascular risks as discussed above is
vital, including the use of statins and other lipid-lowering agents to meet
lipid and BP goals, keeping in mind that upper doses of statins may need
to be adjusted down or gemfibrozil may have to be discontinued, if the
decision is made for the patient to start taking resmetirom. These in-
dividuals may also benefit from pioglitazone, SGLT2 inhibitors, and/or
GLP-1 or GIP/GLP-1 RAs.

2.3.3. ASCVD prevention and management

Management of ASCVD, including prevention of the first and all
subsequent MI and CAD, stroke or TIA, and PAD events, begins with
lifestyle therapy and pharmacotherapy to control lipids, hypertension,
hyperglycemia, and obesity as well as implementing antiplatelet/anti-
coagulation therapy as appropriate for the individual (see Section 2.2).
Once traditional risk factors are controlled using standard therapies,
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agonist with proven benefit in indicated population; HDL-C = high-density lipoprotein cholesterol; IPE = icosapent ethyl; LDL-C = low-density lipoprotein
cholesterol; MI = myocardial infarction; PAD = peripheral artery disease; PCSK9i = proprotein convertase subtilisin/kexin type 9 inhibitor; RF = major risk
factors (i.e., advancing age, elevated non-HDL-C, elevated LDL-C, low HDL-C, diabetes, hypertension, CKD, cigarette smoking, family history of ASCVD);
SGLT2i = sodium glucose cotransporter 2 inhibitor; TG = triglyceride; TIA = transient ischemic attack.
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additional risk reductions may be achieved with the add-on options
shown in the slide.

For persons with T2D, treatment with a GLP-1 RA with proven
benefits (dulaglutide, liraglutide, or semaglutide) reduces the risk of
MACE, and these agents may help prevent strokes in persons with T2D
and established ASCVD [128]. High-dose semaglutide has also been
shown to reduce the risk of MACE in persons with established ASCVD
and obesity without diabetes [68]. The SGLT2 inhibitors have less robust
data for MACE prevention but may still be considered to reduce risk of
MI and CAD [129]. Both GLP1-RAs and SGLT2 inhibitors may also be
considered in persons with T2D and PAD to reduce the risks of cardio-
vascular events.

Based on findings from the REDUCE-IT trial, which showed signifi-
cant reductions in cardiovascular death, nonfatal MI, nonfatal stroke,
coronary revascularization, or unstable angina in persons with and
without diabetes who were given IPE in addition to a statin [105,184],
IPE plus a statin is recommended for primary prevention of MI, CAD, or
stroke in persons with hypertriglyceridemia, diabetes, and additional
risk factors and secondary prevention of these events in persons
hypertriglyceridemia with and without diabetes.

Aspirin alone is recommended for secondary prevention of ASCVD
events in persons with and without diabetes, but because the risk of
bleeding exceeds the benefits of aspirin therapy for persons with dia-
betes without a prior cardiovascular event, aspirin is generally not
recommended for primary prevention in those with diabetes. However,
aspirin should be considered in those with high cardiovascular risk
[185,186].

The combination of low dose rivaroxaban plus low-dose aspirin re-
duces the risk of cardiovascular death, MI, and stroke as well as venous
thromboembolism in persons with CAD or PAD with and without T2D
[158]. Based on these findings, rivaroxaban 2.5 mg twice daily plus low-
dose aspirin is recommended for prevention of MI, stroke, cardiovas-
cular death, and PAD events in those with and without diabetes who
have CAD or PAD.

In persons with diabetes and CAD who have not had a prior car-
diovascular event, ticagrelor reduces the risk of MI, stroke,
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Heart Failure Prevention and Management

Initial and Longitudinal Clinical Assessment
Serially assess for signs or symptoms of congestion/volume overload or inadequate perfusion

Prevention of Heart Failure Treatment of Heart Failure

General Recommendations

Heart failure defined as:
« Signs and/or symptoms of HF caused by structural/functional cardiac abnormality

« Lifestyle intervention (low-salt diet, smoking cessation, physical
activity, maintaining healthy weight)

« BP control; target SBP <130 mm Hg

« ASCVD interventions as indicated

- plus -
« Elevated natriuretic peptides or objective evidence of congestion (eg, echocardiographic
evidence, right heart catheterization)

Natriuretic peptide screening followed by team-based care,

Diuretic (if congested) + quadruple therapy
1
High HF risk including cardiology referral, can be useful in preventing HF

HFrEF

I 1
S e - - -

Follow HF guidelines for device and Class Il therapy recommendations

P consider additional
Diuretic (if congested) + + therapies
1
HFmrEF ! !
GLP-1 RA® ARNI or
((-1UE<INGCIIUE +  ACEior <+ B-blocker + MRA“

Medication Recommendations

T2D + high CV risk or established CVD SGLT2i
CKD with or without T2D SGLT2i
T2D + CKD Nonsteroidal MRA

(EF=41-49%)

2 ARNI preferred over ACEi or ARB.

and EF 245%) ARB?
® Steroidal MRA.
© Select agent with proven benefits; to improve and physical limitatic
4 £ T2D + CKD, consider nonsteroidal MRA. ) -
ACEi = angiotensin-converting enzyme inhibitor; ARB = angiotensin Il receptor blocker; ARNI = angiotensin receptor Diuretic (if congested) + consld_er additional
neprilysin inhibitor; ASCVD = atherosclerotic cardiovascular disease; BMI = body mass index; BP = blood pressure; therapies
CKD = chronic kidney disease; CV = cardiovascular; CVD = CV disease; EF = ejection fraction; GLP-1 RA = glucagon-like HFpEF 1
peptide 1 receptor agonist with proven benefit; HF = heart failure; HFmrEF = HF with mildly reduced EF; HFpEF = HF with > 0, [ 1
preserv_ed EF;_ HFrEF = HF with reduced E_F; MRA = mineralowniqoid receptor agonist; SBP = systolic blood pressure; (EF —50 A’) GLP-1 RA® ARNI or ARB? MRAbS
SGLT2i = sodium glucose cotransporter 2 inhibitor; T2D = type 2 diabetes. (if BMI 230 kg + (EF up to 55-60%) + (EF up to 55-60%)

. Strongly recommended . Reasonable to use May be considered 24
cardiovascular death, and major adverse limb events [160]. Hence, bleeding risks associated with antiplatelet and/or anticoagulant thera-
ticagrelor is recommended for secondary prevention of these events in pies should be considered before initiating these treatments.
persons with diabetes. In persons with a prior history of MI, ticagrelor The PCSK9 inhibitors are recommended for secondary prevention of
treatment for 3 years plus aspirin also reduced risk of MI, stroke, and MACE in persons with and without diabetes [80,81]. Colchicine has also

cardiovascular death but increased the risk of major bleeding [159]. The been shown to prevent MACE events in persons with CAD [118].

CKD Prevention and Management

Risk Assessment

Screening and Diagnosis

CKD associated with: Assess: Diagnose CKD if:

4 Mortality 4 ESKD

4 ASCVD (increased risk if 4 Hypertension
UACR 230 mg/g / 23 mg/mmol 4 Arrhythmia

+ HF 4 Hypoglycemia

* UACR * Persistent UACR 230 mg/g / 23 mg/mmol
—and - — and/or —

* eGFR * Persistent eGFR <60 mL/min/1.73 m?

Lifestyle Therapy Plus Goal-Directed
Pharmacotherapy

* BP control (<130/80 mm Hg)

* Glucose control (A1C <7.0% / <53 mmol/mol)

« Lipid control (max dose statin % other lipid-lowering agents)
¢ Albuminuria reduction (RASi + SGLT2i)

A1C = hemoglobin A1C (HbA1c); ASCVD = atherosclerotic cardiovascular disease; BP= blood pressure;

CKD with Max tolerated Nonsteroidal
. RASi® S + MRA + RA
diabetes

CKD

= Max tolerated

without RAS# +
diabetes

CKD = chronic kidney disease; eGFR = estimated glomerular filtration rate; ESKD = end-stage kidney disease;
HF = heart failure; GLP-1 RA = glucagon-like peptide 1 receptor agonist with proven benefit; MRA = mineralocorticoid

receptor agonist; RASi = renin angiotensin system inhibitor; SGLT2i = sodium glucose cotransporter 2 inhibitor; * Avoid down-titration or cessation if hyperkalemic.
UACR = urine albumin-creatinine ratio.

25

18



Y. Handelsman et al.

Pioglitazone reduced the risk of a composite of stroke or MI in per-
sons with insulin resistance and a history of stroke or TIA (but not dia-
betes) and is therefore recommended for secondary prevention of stroke
in this setting unless there are prevailing contraindications, such as HF
[130]. In persons with T2D, pioglitazone reduced the relative risk of the
composite of all-cause mortality, MI, and stroke, although the primary
endpoint of the trial (which included peripheral vascular disease out-
comes) was not met [126].

2.3.4. Heart failure prevention and management

HF diagnosis is based on signs and/or symptoms caused by a struc-
tural or functional cardiac abnormality plus elevated natriuretic pep-
tides or objective evidence of congestion. If HF is suspected, a two-
dimensional echocardiogram coupled with Doppler flow studies
should be conducted to identify abnormalities of the myocardium, heart
valves, and pericardium and evaluate left ventricular ejection fraction
(LVEF) [38,39]. Approximately 31 % of HF patients meet criteria for HF
with reduced ejection fraction (HFrEF; EF <40 %); 13 % have mildly
reduced ejection fraction (HFmrEF; EF 41-49 %); and 56 % have pre-
served ejection fraction (HFpEF; EF >50 %) [187].

In persons at risk for or diagnosed with HF, clinical assessment
should include evaluation for signs or symptoms of congestion or
inadequate perfusion, including dyspnea on exertion and decreased
exercise tolerance [38,39]. Natriuretic peptides (NT-proBNP and BNP)
may be used to identify and stratify persons at risk for HF as well as to
determine prognosis in those with manifest HF. It is noteworthy that
these peptides may be falsely low in persons with obesity.

Prevention of HF begins with the same lifestyle interventions and
risk factor control measures used for other conditions described in this
guidance (see Section 2.1.1. Lifestyle therapy; Section 2.2.4. Hyperten-
sion; Section 2.2.6. Antihyperglycemic therapy; Section 2.3.3. ASCVD;
Section 2.3.5. CKD). Beyond traditional risk factor control, therapies for
prevention of HF include an SGLT2 inhibitor for individuals with T2D at
high risk of ASCVD events and for those with CKD. A nonsteroidal
mineralocorticoid receptor antagonist (MRA) is recommended for pre-
vention of HF among persons with comorbid T2D and CKD. Individuals

Metabolism xxx (xxxx) XXX

with elevated natriuretic peptides, with high clinical risk, and/or those
with signs or symptoms of HF should be referred to a cardiologist and/or
multidisciplinary disease management program for prevention of HF or
its progression. For persons with T2D, validated tools (Machine Learning
to Predict the Risk of Incident Heart Failure Hospitalization Among
Patients With Diabetes [WATCH-DM] or Thrombolysis in Myocardial
Infarction [TIMI] Risk Score for Heart Failure in Diabetes [TRS-HFDM])
are available for predicting risk of new-onset HF [188,189].

HF therapy is based on LVEF. Individuals with HFrEF should receive
quadruple therapy including angiotensin receptor/neprilysin inhibitor
(ARNI) (or ACE inhibitor if ARNI is not feasible), an SGLT2 inhibitor, a
beta blocker, and a steroidal MRA, with the addition of a diuretic if
congestion is present [38,39]. The regimen should include an SGLT2
inhibitor regardless of the presence of T2D [190]. HF clinical practice
guidelines for device-based recommendations should be followed for
persons with HFrEF. Individuals with HFmrEF should receive an SGLT2
inhibitor and a diuretic (if congested) and may also be treated with other
components of quadruple therapy [38,39].

Persons with HFpEF should receive an SGLT2 inhibitor [38,39,190].
ARNI (or ARB) and steroidal MRA may be appropriate for select in-
dividuals with less than normal ejection fraction [38,39,191]. Likewise,
a nonsteroidal MRA may be considered for persons with HFpEF, T2D,
and CKD (see Section 2.3.6. Comorbid heart failure and CKD). Diuretics
may be considered for congestion. Persons with HF, LVEF >45 %, and
BMI >30 kg/m? may also benefit from high-dose semaglutide, which has
been shown to improve HF symptoms [132].

2.3.5. CKD diagnosis and treatment

CKD is defined as persistent eGFR <60 mL/min/1.73 m? or UACR
>30 mg/g (>3 mg/mmol) [37]. Diabetes and hypertension increase the
risk of CKD, whereas CKD itself markedly increases risks of ASCVD, HF,
arrhythmia, hypoglycemia, and premature mortality. CKD also exacer-
bates comorbidities such as hypertension [192,193]. When eGFR is
reduced, CKD alters the menu of available medications for multiple
cardiorenal and metabolic conditions [194]. Therefore, CKD alters the
benefit-risk profiles of many important interventions.

Comorbid Heart Failure and CKD

Manage Comorbid Disease

Lifestyle therapy |

HFpEF (EF 250%) + CKD

Treatment
Diuretic (if congested) + SGLT2i

consider additional therapies

BP, lipid, and glucose control

HFmrEF (EF=41-49%) + CKD

Treatment
Diuretic (if congested) +

consider additional therapies
1

| ASCVD interventions as indicated

HFrEF (EF <40%) + CKD

Treatment

Diuretic (if congested) + quadruple thera
SGLT2i {if congested) + quadrup il

I
ARNI

1
| 1 T
" ARNI or ARB® GLP-1 RA® (if ARNI or
B(IBVILIP;;ORKAII(:\&) + (EF up to + :UEXINGIE +  ACEi or
230 kg 55-60%) and EF 245%) ARB®

MRA=¢
(EF up to
55-60%)

+ B-blocker

1
1 (or ACEi EJd B-blocker EJ SGL +
or ARB)*
Follow HF clinical practice guidelines for device-based
and Class Il recommendations

+ MRA

Management Considerations

Hyperkalemia (K* >5.0 mEq/L / >5.0 mmol/L)

Acute Decline in eGFR

* Recheck elevated potassium before making therapeutic changes
« Consider potassium binder to facilitate ongoing use of evidence-based therapies
+ Low potassium diet

« Tolerate acute eGFR decreases of <30% after initiation of therapy—do not discontinue

+ If>30% decline in eGFR, ensure euvolemia (adjust diuretic dosage), discontinue nonessential

therapy prematurely

nephrotoxic agents, and evaluate alternative etiologies

Monitor Disease Progression with CKD and HF Biomarkers

Natriuretic peptide (NTproBNP or BNP)

Albuminuria (UACR)

@ to improve
® ARNI preferred over ARB or ACEi.
© Spironolactone or eplerenone; avoid initiation of spironolactone or

and physical li

eplerenone if eGFR <30 mL/min/1.73 m?2.
¢ 1f T2D + CKD with eGFR 225 mL/min/1.73 m?, consider finerenone.

ACEi = angiotensin-converting enzyme inhibitor; ARB = angiotensin Il receptor blocker; ARNI= angiotensin receptor neprilysin inhibitor;
ASCVD = atherosclerotic cardiovascular disease; BMI = body mass index; BNP = B-type natriuretic peptide; BP = blood pressure;
CKD = chronic kidney disease; EF = ejection fraction; eGFR = estimated glomerular filtration rate; GLP-1 RA = glucagon-like peptide 1
receptor agonist with proven benefit; HF = heart failure; HFmrEF = HF with mildly reduced EF; HFpEF = HF with preserved EF;

HFrEF = HF with reduced EF; MRA = mineralocorticoid receptor agonist; NTproBNP = N-terminal pro-B-type natriuretic peptide;
SGLT2i = sodium glucose cotransporter 2 inhibitor; T2D = type 2 diabetes; UACR = urine albumin-creatinine ratio.
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Screening to identify CKD is critical; eGFR and albuminuria should
be measured at least annually [37]. The new equation estimating GFR
from serum creatinine does not include race, and an additional equation
that adds serum cystatin C, are more precise than older methods
[195,196]. A single-voided (“spot”) urine measures albuminuria as
UACR.

Lifestyle and goal-directed therapies form the critical foundation to
reduce cardiovascular and CKD risk [37]. Sodium restriction is advisable
in persons with CKD because sodium excretion is commonly impaired,
which could exacerbate hypertension and HF. All persons with CKD
should receive the maximum-tolerated dose of a RAS inhibitor and an
SGLT2 inhibitor [36,37,197,198]. A decrease in eGFR is expected upon
starting either a RAS inhibitor or an SGLT2 inhibitor. In the case of RAS
inhibitors, a decrease as large as 30 % is considered acceptable and
consistent with beneficial outcomes. Changes in eGFR with SGLT2 in-
hibitors are more modest (3-10 %). Neither RAS inhibitors nor SGLT2
inhibitors should be discontinued unless serious acute kidney injury is
suspected.

SGLT2 inhibitor trials have demonstrated improved kidney outcomes
in persons with CKD with and without T2D [129,138,199-201]. These
agents can be initiated at eGFRs as low as 20 mL/min/1.73 m?
[129,199].

Persons with T2D and CKD may be prescribed a GLP-1 RA in addition
to a RAS inhibitor and SGLT2 inhibitor to reduce ASCVD events and
improve kidney outcomes [128,198,202,203].

When added to standard of care, the non-steroidal MRA finerenone
reduced CKD progression and cardiovascular events (predominantly HF)
in persons with T2D and albuminuria [198,204-206].

2.3.6. Comorbid heart failure and CKD

Persons with comorbid HF and CKD face markedly elevated risks of
clinical progression and mortality yet are often inadequately treated
with disease-modifying therapies targeting each condition (“a risk-
treatment paradox™).

Guideline-recommended HF therapies have been studied across a

Summary of Medications

Metabolism xxx (xxxx) XXX

broad range of individuals with comorbid CKD. The SGLT2 inhibitors
have been studied and demonstrated to be safe and well-tolerated in
persons with HF at eGFRs as low as 20 mL/min/1.73 m? [38,39]. Other
therapeutic classes, including ACE inhibitors, ARBs, ARNI, and steroidal
MRAs (spironolactone and eplerenone) have been mostly studied at
eGFR as low as 30 mL/min/1.73 m?. Although limited evidence exists
for use of beta-blockers among those who require kidney-replacement
therapy, no overt safety risks have been identified, and their use in
those with HF may be considered.

From the novel class of nonsteroidal MRAs, finerenone has been
shown to reduce cardiovascular and kidney disease events in persons
with T2D and CKD with an eGFR as low as 25 mL/min/1.73 m?
[204,205]. In persons with comorbid HFmrEF or HFpEF, T2D, and CKD
with albuminuria, the use of finerenone as the nonsteroidal MRA of
choice appears reasonable. In other individuals with HFrEF, steroidal
MRAs (spironolactone or eplerenone) are preferred if tolerated by the
individual.

Hyperkalemia can occur with ACE inhibitors, ARBs, and MRAs,
especially if eGFR is <45 mL/min/1.73 m?. Hyperkalemia can limit up-
titration or use of evidence-based doses of these therapies in HF and CKD
[207]. The use of an SGLT2 inhibitor has been shown to lower risks of
hyperkalemia related to MRA, and combination use may promote
treatment persistence in practice [208]. Likewise, compared with an
ACE inhibitor, ARNI carries a lower risk of hyperkalemia among in-
dividuals receiving MRA and may lead to less MRA discontinuation
[209]. The use of potassium binders such as patiromer and sodium zir-
conium cyclosilicate may be considered to facilitate use of these thera-
pies among individuals who experience therapy-related hyperkalemia.

Many therapies used in both HF and CKD lower intra-glomerular
pressures, and treatment initiation may result in acute eGFR decline,
especially if the individual has volume depletion. This eGFR decline is
not associated with renal safety signals in clinical trials with or without
HF [210,211]. As such, this hemodynamic effect should not prompt
treatment discontinuation or de-escalation in most cases. If eGFR de-
clines by >30 % within a week of treatment initiation, and volume

ASCVD HF Kidney Gl | Liver GU Bone Eye Weight| BP Glucose Hypoglycemia | DKA | LDL-C | TG Other
GLP-1RA
GIP/GLP1-RA
Phentermine/ codicog
topiramate
Naltrexone/
bupropion
Orlistat
Phentermine
Metformin 0 +
GLP-1RA
GIP/GLP-1 RA
" 4 Mycotic -
seLra Dialysis® infections © :
4+ mg*
* D
DPP4i 4 HF hospitalizations?| _Dose adjust"
Insulin 4 HF risk' 4 4 Hypoglycemia risk
su 4 Hypoglycemia risk +
GLN risk + +
AGI +1
Colesevelam 1+
BCR-QR +1
Pramlintide 11 1+ ‘ ‘

value or inci

+ D

value or inci

++ Strong benefit + Modest benefit Mild benefit ‘ 1+

‘ Mild risk Modest risk and/or precaution/warning Contraindicated

@ Contraindicated if eGFR <30 mL/min/1.73 m? due to increased risk of lactic acidosis.
® Contraindicated in hemodialysis.

© In metabolically stressful conditions.

4 Possibly increased HF hospitalizations with saxagliptin and alogliptin.

* Except linagliptin.

" Due to fluid retention.

ketoacidosis; DPP4i =
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AGI = alpha glucosidase inhibitor; ASCVD = atherosclerotc cardiovascular disease; BCR-QR = bromocripine-—quick reeass; BP = biood pressure; DKA = dizbetic
dipeptidyl peptide 4 inhibitor; €GFR = 1P =

polypeptide; GLN = glinide; GLP-1 RA = glucagon-like peptide 1 receptor agonist; GU = gemtuunnary HF = heanfallure HR heart rate; LDL-C = low-density
lipoprotein cholesterol; SGLT2i = sodium glucose cotransporter 2 inhibitor; SU = TG = TZD =

filtration rate;
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Summary of Medications (continued)

ASCVD HF Kidney Gl Liver GU Bone Muscle Weight BP Glucose Hypoglycemia | DKA LDL-C TG Other

Colchicine
D
Statins
Ezetimibe [
PCSK9i
Bempedoic acid 4 Uric acid
ANGPTL3i
BAS + +
Icosapent ethyl o
EPA-DHA OM3 i 1
Fibric acid derivative + ini
Niacin
ACEi 4 K, cough
ARB tk
Beta blocker
ccB
Thiazide-like diuretic 4 Uric acid
Thiazide-type diuretic 4 Uric acid
Steroidal MRA + K
o

Nonsteroidal MRA 4 K
ARNI 4 Hypotension risk 1 4K
Aspirin a0
Clopi Py
Rivaroxaban
Ticagrelor

Mild benefit value or inci

+ D

value or incif

++ Strong benefit + Modest benefit

[+

[MEL | Modest risk andlor precautioniwarning | Contraindicated

9 With ACEi =
" If used with statins.

' Bleeding risk. GU = genitourinary; HF = heart failure; LDL-C = low-d RA =

depletion is excluded, alternative etiologies should be evaluated and
concomitant diuretic adjustments may be considered.

Monitoring of UACR and natriuretic peptides may be considered to
evaluate CKD and HF progression. Declines in these biomarkers with
therapy have been associated with improved clinical outcomes [205].
Specifically, a sustained reduction of >30 % in albuminuria is consid-
ered a surrogate for good renal outcome.

2.4. Implications for management
2.4.1. Summary of medications

Along with lifestyle recommendations, pharmacotherapy is usually
necessary to address cardiorenal and metabolic conditions. The tables
provide a brief summary of the most common benefits, concerns, and
contraindications for medication classes commonly used for persons
with obesity, T2D, hyperlipidemia, hypertension, HF, CKD, or ASCVD
(for whom an anti-inflammatory or antiplatelet medication might be
prescribed). Treatment decisions should be made based on good clinical
judgement, individuals’ needs and characteristics, product indications
and restrictions, clinical practice guidelines, and other relevant factors.

2.4.1.1. Weight-reducing medications. Recommended anti-obesity med-
ications include GLP-1 RA-based agents and phentermine/topiramate.
Naltrexone/bupropion, orlistat, and phentermine are also available,
although weight reduction with these agents is not as robust. GI side
effects are the most common, usually transient, occurring during dose
escalation, and mitigated by slow up-titration of the medications.
GLP-1 RA-based medications indicated for obesity management
include once-weekly semaglutide 2.4 mg, liraglutide 3.0 mg, and the
dual GIP/GLP-1 RA tirzepatide; the same compounds (at lower doses for
semaglutide and liraglutide) are also used for glucose control in T2D. All
GLP-1 RA-based medications reduce lipids, BP, and glucose as well as
weight [67]. Semaglutide 2.4 mg has demonstrated cardiovascular
benefits in persons with obesity [68,132]. Adverse effects are primarily
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i ing enzyme inhibitor; ANGPTL3] = angiopoietin-ke 3 inhibitor; ARB = angiotensin Il eceptor blocker; ARNI = angiotensin receptor nepriysin inhibitor; ASCVD = atherosclerotic cardiovascular disease;
BAS = bile acid sequestrant; BP = blood pressure; CCB = calcmm channel blocker; DKA dlabenc ketoacidosis; EPA-DHA OM3 =
icoid receptor agonist; PCSK9i = proprotein convertase subtilisin/kexin type 9 inhibitor; TG = triglyceride.

acid omega 3 fatty acid; Gl = gastrointestinal;
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gastrointestinal and transient, occurring during dose escalation; these
effects can be minimized with slow titration [67].

Weight reduction with phentermine/topiramate is less robust than
that with GLP-1 RA-based agents, although this agent also improves
cardiovascular risk factors such as lipids and BP. Increased heart rate
and increased risk of mood and sleep disorders and impaired cognitive
function, as well as increased creatinine may occur. Phentermine/top-
iramate is contraindicated in persons with untreated closed-angle
glaucoma [67].

Naltrexone/bupropion is associated with increased gastrointestinal
effects, suicidal thoughts and behaviors, risk of seizure, and, rarely, BP
increases and closed-angle glaucoma [67]. The effects of orlistat on
weight are modest, but it was shown to reduce the risk of progression to
T2D in a prediabetic population. This agent is associated with significant
gastrointestinal adverse effects [67].

2.4.1.2. Glucose-reducing medications. Thorough reviews of the attri-
butes of antihyperglycemic classes can be found elsewhere [142].
Compared with sulfonylureas, metformin is associated with increased
cardiovascular safety and more durable antihyperglycemic effects. This
agent does not promote hypoglycemia and may induce mild weight loss.
It should not be initiated if eGFR is <45 mL/min/1.73 m?, but estab-
lished therapy may be continued with stable eGFR >30 mL/min/1.73
m? [37,212]. Vitamin B12 deficiency can develop, and supplementation
may be needed to address associated anemia and/or peripheral neu-
ropathy [213]. Among persons with prediabetes, metformin may delay
progression to T2D [214].

GLP-1 RAs and the GIP/GLP-1 RA yield robust glycemic reductions
as well as decreases in weight, BP, and lipids and carry a low risk of
hypoglycemia. Most GLP-1 RA-based medications are given as in-
jections (daily or weekly); currently one oral formulation is available.
Dulaglutide, liraglutide, and injectable semaglutide have been shown to
improve cardiovascular outcomes [215-217]. Gastrointestinal side ef-
fects can be mitigated by careful, slow dose titration. GLP-1 RAs are
contraindicated in persons with a personal or family history of
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medullary thyroid carcinoma or multiple endocrine neoplasia syndrome
type 2, and caution should be exercised in persons with a history of acute
pancreatitis. Exenatide is contraindicated if eGFR is <30 mL/min/1.73
m?, and renal function should be monitored with all GLP-1 RAs, espe-
cially in persons with nausea and possible dehydration [218].

SGLT2 inhibitors reduce glycemia, weight, and BP. The class reduces
HF hospitalizations and improves kidney function; some SGLT2 in-
hibitors have been shown to reduce the risk of other cardiovascular
events [219-224]. Dapagliflozin and empagliflozin have been shown to
improve HF and/or CKD outcomes in persons without diabetes
[139,225]. The cardiorenal benefits of SGLT2 inhibitors are independent
of glucose lowering, and the class may be used to an eGFR <20 mL/min/
1.73 m2. However, glucose reductions diminish as eGFR declines, and
these agents are contraindicated in dialysis patients [218]. Adverse ef-
fects include increased risk of genital mycotic infections and LDL-C in-
creases. Necrotizing fasciitis of the perineum is a rare complication. In
persons with T1D or insulinopenic T2D, concomitant use of insulin and
SGLT2 inhibitors may increase diabetic ketoacidosis risk [226].

The TZD pioglitazone may improve cardiovascular outcomes and
MASLD/MASH [126,130,176,182]. TZDs have robust AlC-lowering
effects and carry a low risk of hypoglycemia but increase the risk of
weight gain, edema, HF exacerbation, and osteoporotic fractures
[142,227]. Side effects can be mitigated by utilizing smaller doses
(pioglitazone 15 or 30 mg/day). Concomitant use of SGLT2 inhibitors
and/or diuretic therapy can mitigate fluid retention, whereas insulin
may aggravate fluid retention.

DPP4 inhibitors prolong the half-life of endogenous incretin hor-
mones but are less efficacious in A1C reduction than GLP-1 RAs. They
also lack the weight loss and cardiovascular benefits of GLP-1 RAs. A
possible increase in HF hospitalizations with saxagliptin has not been
shown with other DPP4 inhibitors. Dosage adjustments in CKD are
required for all DPP4 inhibitors except linagliptin [142].

Although insulin has the greatest glucose-lowering potential of all
antihyperglycemic agents, in practice insulin is limited by the risk of
hypoglycemia. Weight gain is also common, due to both the anabolic
effects of the hormone and increased caloric consumption in fear of (or
as a treatment for) hypoglycemia. In T2D, insulin (usually as basal in-
sulin) should be started when glucose cannot be controlled with other
agents, and the insulin regimen should be intensified as the disease
progresses (see detailed reviews of insulin therapy in T2D) [142]. CGM
(or structured SMBG for persons without access to CGM) is essential for
patients on insulin therapy to ensure optimal dosing and safety.
Glucagon should be prescribed for all patients on insulin.

Sulfonylureas elicit relatively potent glycemic reductions initially,
but side effects may include hypoglycemia and weight gain. Glinides are
short-acting insulin secretagogues that may not be as efficacious as
sulfonylureas, but their shorter half-life and meal-time usage is associ-
ated with a lower risk of hypoglycemia [142].

Taken three times daily, AGIs modestly reduce A1C levels but might
be associated with various gastrointestinal adverse effects. In predia-
betes, these agents delayed progression to T2D [228]. Liver disease in
persons with CKD treated with AGIs has been reported [142].

The bile acid sequestrant colesevelam has a modest glucose-lowering
effect in addition to lowering LDL-C, but its use may be limited by
gastrointestinal symptoms and triglyceride elevations in persons with
pre-existing hypertriglyceridemia [142,229].

Bromocriptine-quick release (BCR-QR) reduces A1C without hypo-
glycemia or weight gain and may improve cardiovascular outcomes
[230]. The major adverse effects include nausea and orthostatic hypo-
tension, which can be mitigated by careful dose titration [142].

Pramlintide is an injectable amylin analog agent administered with
insulin prior to meals to slow gastric emptying. It may contribute to
hypoglycemia due to its co-administration with insulin. Insulin dosages
need to be reduced when pramlintide is initiated and titrated [142].
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2.4.1.3. Inflammation-reducing  medications. An  anti-inflammatory
medication developed to treat gout flares, colchicine reduces hsCRP.
In persons with established ASCVD, low dose colchicine reduced the risk
of MACE events, including MI, stroke, and coronary revascularization
risk [118]. Gastrointestinal symptoms are the most common adverse
effects. Myotoxicity may occur, especially if used with a statin.

2.4.1.4. LDL-C-reducing medications. Comprehensive reviews of LDL-C
and triglyceride-lowering agents are available elsewhere [31,87]. Sta-
tins, the mainstay of lipid-lowering therapy, reduce both LDL-C and
triglycerides and have demonstrated consistent reductions in ASCVD in
numerous CVOTs [31,87]. Myopathy and in rare cases rhabdomyolysis
are the primary adverse effects of concern. Worsening glucose tolerance
and hastened development of T2D may also occur, but these effects are
outweighed by the ASCVD benefits [231,232].

Ezetimibe, a cholesterol absorption inhibitor, is often used adjunc-
tively with statins or other non-statin agents to further lower LDL-C
[31,87]. In Improved Reduction of Outcomes: Vytorin Efficacy Inter-
national Trial IMPROVE-IT), the cardiovascular benefit was additive to
baseline statin therapy, especially among persons with T2D [82]. Eze-
timibe is generally well tolerated but can cause some GI discomfort.

PCSK9 inhibitors, which include formulations based on monoclonal
antibodies (mAb) and small interfering RNA (siRNA) have been studied
mainly in combination with statins and yield robust LDL-C reductions.
The mAb compounds, which are injected bimonthly or monthly, have
demonstrated substantial reductions in ASCVD risk [31,87]. A CVOT is
underway for the siRNA formulation, which, as maintenance therapy, is
administered via subcutaneous injection in a clinician’s office every 6
months.

Bempedoic acid is an oral agent that lowers LDL-C by inhibiting ATP
citrate lyase, a precursor of cholesterol synthesis that is available alone
and in a single-pill combination with ezetimibe. In a statin intolerant
population, bempedoic acid reduced ASCVD events [83]. It is associated
with increases in uric acid and gout, and tendon rupture is a rare
complication [87].

An ANGPTL3 inhibitor, evinacumab is administered by once
monthly infusion to treat homozygous familial hypercholesterolemia. At
this time, this therapy is generally prescribed by a lipid specialist.

Bile acid sequestrants were used more frequently before statins
became available. These agents may cause significant gastrointestinal
distress and can interfere with the absorption of other medications. In
addition, they may modestly increase triglyceride levels. CVOTs
involving small numbers of patients have shown a neutral to mild
benefit [87].

2.4.1.5. Triglyceride-reducing medications. IPE is a purified formulation
of EPA that reduces triglycerides and also confers cardiovascular bene-
fits that may be mediated by anti-inflammatory, antiplatelet, antioxi-
dant, and possibly other mechanisms beyond triglyceride reductions.
IPE is associated with gastrointestinal adverse effects, increased
bleeding, and atrial fibrillation [87].

Combination EPA/DHA formulations reduce triglycerides levels but
do not appear to reduce cardiovascular risk. Adverse effects include
gastrointestinal intolerance. Prescription strength formulations of EPA/
DHA are preferred because over-the-counter formulations may have
impurities; may be contaminated with saturated, polyunsaturated, and
trans fats; or may not contain consistent quantities of EPA/DHA [87].

Fibrates may be the most potent triglyceride-lowering class, but
these agents are associated with LDL-C increases, and fenofibrate may
also increase creatinine. The risk of myopathy is increased when some
fibrates are combined with certain statins; gemfibrozil is contra-
indicated with simvastatin [87].

Niacin reduces triglycerides and may also modestly reduce LDL-C.
Adverse effects include flushing, pruritus, nausea, and glucose in-
creases, as well as possibly increased myopathy when combined with
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statins. Hepatotoxicity may occur, especially in persons taking over-the-
counter niacin supplements [87]. One needs to weigh the benefits of
niacin for improving dyslipidemia in light of recent reports of a potential
negative impact on ASCVD [106].

2.4.1.6. Blood pressure-reducing medications. All BP-reducing classes
have a well-established efficacy and safety profile. The ACE inhibitors,
ARBs, CCBs, and diuretics have been shown to reduce the risk of ASCVD
events, and ACE inhibitors, ARBs, beta blockers, and steroidal MRAs to
reduce improve outcomes in HF [108,109].

The RAS-inhibiting classes (ACE inhibitors and ARBs) reduce albu-
minuria and slow progression of CKD in addition to reducing BP. Both
ACE inhibitors and ARBs may increase potassium levels. In addition,
ACE inhibitors are associated with dry cough in roughly 5-10 % of
persons taking them; these individuals should be given an ARB instead.
Do not combine an ACE inhibitor with an ARB, which may potentially
cause harm [108,109].

Beta blockers have benefits in persons with ischemic heart disease
and HFrEF and may also be beneficial in persons with atrial fibrillation
or hypertrophic cardiomyopathy or in pregnant women with hyper-
tension. If discontinued, beta blockers should be tapered rather than
stopped abruptly [108,109].

CCBs include dihydropyridine and non-dihydropyridine CCBs.
Dihydropyridine CCBs are associated with dose-related pedal edema,
particularly in women. Beta blockers and non-dihydropyridine CCBs
should not be used in combination because of increased risk of brady-
cardia and heart block [108,109].

Individuals taking a thiazide-type or thiazide-like diuretic should be
monitored for hyponatremia and hypokalemia as well as uric acid and
calcium. These agents should be used with caution in persons with a
history of acute gout unless they are on uric acid-lowering therapy. They
have also been associated with increases in insulin resistance and a
higher risk of progression to T2D [108,109].

The steroidal MRAs spironolactone and eplerenone are typically used
in resistant hypertension. These agents increase the risk of hyper-
kalemia. Spironolactone may also be associated with sexual dysfunction
[108,109].

2.4.1.7. Other medications for heart and kidney disease. Finerenone is a
nonsteroidal MRA that blocks sodium reabsorption through the miner-
alocorticoid receptor and also reduces overactivation of this receptor in
the kidney, heart, and blood vessels [233,234]. In clinical trials, it
reduced CKD progression, end-stage kidney disease, HF hospitalization,
and other cardiovascular outcomes in persons with CKD and T2D [204].
It is associated with an increased risk of hyperkalemia. Finerenone
should not be initiated if eGFR is <25 mL/min/1.73 mz, and it is con-
traindicated in persons with adrenal insufficiency.

The ARNI sacubitril/valsartan is a single-pill combination of a
neprilysin inhibitor (sacubitril) and an ARB (valsartan). In persons with
HFrEF, sacubitril/valsartan reduced BP and the risk of death and HF
hospitalizations; it may also help preserve kidney function
[191,235,236]. Modest decreases in triglycerides and increases in HDL-
C and LDL-C have been reported [237]. Sacubitril/valsartan may in-
crease the risk of hypotension, hyperkalemia, and acute renal failure,
and it should not be used with other RAS inhibitors, including ARBs,
ACE inhibitors, or aliskiren.

2.4.1.8. Antiplatelet and anticoagulation medications. All agents that
hinder platelet formation and/or coagulation carry a risk of gastroin-
testinal bleeding, which can be serious. Low-dose aspirin (75-100 mg),
with a long-established efficacy and safety profile, is frequently com-
bined with other antiplatelet agents (DAPT) or with NOACs, depending
on the specific condition being treated and/or bleeding risk [238,239].

P2Y12 inhibitors, including clopidogrel, prasugrel, and ticagrelor,
directly reduce platelet activation and the amplification of arterial
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thrombus formation by blocking the platelet P2Y12 receptor. Clopi-
dogrel is a thienopyridine prodrug that irreversibly blocks P2Y12 via
active metabolites, whereas ticagrelor reversibly binds P2Y12 and does
not require metabolic activation [238,239].

The NOAC rivaroxaban is a direct oral anticoagulant that inhibits
factor Xa, which plays a key role in the blood coagulation pathway
leading to thrombin generation and clot formation [238,239].

2.5. Future outlook and conclusions

With the original DCRM publication [8], we sought to bridge the gap
between separate, individual specialties and make integrated recom-
mendations that could be directly applied to complex individuals within
primary care or specialty practices. With this updated, expanded, and
revised edition of the DCRM, we hope to further help clinicians develop
treatment plans that lead to improved health for persons with DCRM.

CRediT authorship contribution statement

Yehuda Handelsman: Conceptualization, Data curation, Funding
acquisition, Methodology, Project administration, Supervision, Writing
— original draft, Writing — review & editing. John E. Anderson: Data
curation, Formal analysis, Writing — review & editing, Conceptualiza-
tion. George L. Bakris: Data curation, Formal analysis, Writing — review
& editing, Conceptualization. Deepak L. Bhatt: Data curation, Formal
analysis, Writing — original draft, Writing — review & editing, Concep-
tualization. Zachary T. Bloomgarden: Data curation, Formal analysis,
Writing — original draft, Writing — review & editing, Conceptualization.
Biykem Bozkurt: Conceptualization, Data curation, Formal analysis,
Writing — original draft, Writing - review & editing. Matthew J. Budoff:
Conceptualization, Data curation, Formal analysis, Writing — original
draft, Writing — review & editing. Javed Butler: Conceptualization,
Data curation, Formal analysis, Writing — original draft, Writing — re-
view & editing. David Z.I. Cherney: Conceptualization, Data curation,
Formal analysis, Writing — review & editing. Ralph A. DeFronzo:
Conceptualization, Data curation, Formal analysis, Writing — review &
editing. Stefano Del Prato: Conceptualization, Data curation, Formal
analysis, Writing — review & editing. Robert H. Eckel: Conceptualiza-
tion, Data curation, Formal analysis, Writing — original draft, Writing —
review & editing. Gerasimos Filippatos: Conceptualization, Data
curation, Formal analysis, Writing — review & editing. Gregg C.
Fonarow: Conceptualization, Data curation, Formal analysis, Writing —
review & editing. Vivian A. Fonseca: Conceptualization, Data curation,
Formal analysis, Supervision, Writing — original draft, Writing — review
& editing. W. Timothy Garvey: Conceptualization, Data curation,
Formal analysis, Writing — review & editing. Francesco Giorgino:
Conceptualization, Data curation, Formal analysis, Writing — review &
editing. Peter J. Grant: Conceptualization, Data curation, Formal
analysis, Writing — review & editing. Jennifer B. Green: Conceptuali-
zation, Data curation, Formal analysis, Writing — review & editing.
Stephen J. Greene: Conceptualization, Data curation, Formal analysis,
Visualization, Writing — original draft, Writing — review & editing. Per-
Henrik Groop: Conceptualization, Data curation, Formal analysis,
Writing — original draft, Writing — review & editing. George Grun-
berger: Conceptualization, Data curation, Formal analysis, Supervision,
Writing — original draft, Writing — review & editing. Ania M. Jastreboff:
Conceptualization, Data curation, Formal analysis, Writing — review &
editing. Paul S. Jellinger: Conceptualization, Data curation, Formal
analysis, Supervision, Writing — original draft, Writing — review &
editing. Kamlesh Khunti: Conceptualization, Data curation, Formal
analysis, Writing — review & editing. Samuel Klein: Conceptualization,
Data curation, Formal analysis, Visualization, Writing — original draft,
Writing — review & editing. Mikhail N. Kosiborod: Conceptualization,
Data curation, Formal analysis, Writing — review & editing. Pamela
Kushner: Conceptualization, Data curation, Formal analysis, Writing —
original draft, Writing — review & editing. Lawrence A. Leiter:



Y. Handelsman et al.

Conceptualization, Data curation, Formal analysis, Writing — original
draft, Writing — review & editing. Norman E. Lepor: Conceptualization,
Data curation, Formal analysis, Writing — review & editing. Christos S.
Mantzoros: Conceptualization, Data curation, Formal analysis, Super-
vision, Visualization, Writing — original draft, Writing — review & edit-
ing. Chantal Mathieu: Conceptualization, Data curation, Formal
analysis, Writing — review & editing. Christian W. Mende: Data cura-
tion, Formal analysis, Writing — review & editing. Erin D. Michos:
Conceptualization, Data curation, Formal analysis, Writing — original
draft, Writing — review & editing. Javier Morales: Conceptualization,
Data curation, Formal analysis, Writing — review & editing. Jorge Plu-
tzky: Conceptualization, Data curation, Formal analysis, Visualization,
Writing — original draft, Writing — review & editing. Richard E. Pratley:
Conceptualization, Data curation, Formal analysis, Writing — original
draft, Writing — review & editing. Kausik K. Ray: Conceptualization,
Data curation, Formal analysis, Writing — review & editing. Peter
Rossing: Conceptualization, Data curation, Formal analysis, Writing —
original draft, Writing — review & editing. Naveed Sattar: Conceptu-
alization, Data curation, Formal analysis, Writing — original draft,
Writing — review & editing. Peter E.H. Schwarz: Conceptualization,
Data curation, Formal analysis, Writing — review & editing. Eberhard
Standl: Conceptualization, Data curation, Formal analysis, Writing —
original draft, Writing — review & editing. P. Gabriel Steg: Conceptu-
alization, Data curation, Formal analysis, Writing — review & editing.
Lale Tokgozoglu: Conceptualization, Data curation, Formal analysis,
Writing — review & editing. Jaakko Tuomilehto: Conceptualization,
Data curation, Formal analysis, Writing — original draft, Writing — re-
view & editing. Guillermo E. Umpierrez: Conceptualization, Data
curation, Formal analysis, Writing — review & editing. Paul Valensi:
Conceptualization, Data curation, Formal analysis, Writing — original
draft, Writing - review & editing. Matthew R. Weir: Conceptualization,
Data curation, Formal analysis, Writing — original draft, Writing — re-
view & editing. John Wilding: Conceptualization, Data curation,
Formal analysis, Writing — review & editing. Eugene E. Wright:
Conceptualization, Data curation, Formal analysis, Writing — review &
editing.

Declaration of competing interest

None of the Task Force members received monetary renumeration
for their contributions to the creation or writing of this consensus
document. See the Supplementary Appendix for full declarations of
competing interests for each author.

Acknowledgments

We thank the members and staff of the Diabetes, Cardiorenal &
Metabolism Institute (Tarzana, California) for their support and
important contributions to this endeavor. Amanda M. Justice, inde-
pendent consultant, Brooklyn, NY, provided editorial and medical
writing support, which was funded by the Diabetes, Cardiorenal &
Metabolism Institute (Tarzana, California).

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.metabol.2024.155931.

References

[1] NCD Risk Factor Collaboration. Worldwide trends in underweight and obesity
from 1990 to 2022: a pooled analysis of 3663 population-representative studies
with 222 million children, adolescents, and adults. Lancet 2024;403:1027-50.

[2] International Diabetes Federation. IDF Diabetes Atlas, 10th edition. 10 (ed2021).

[3] Roth GA, Mensah GA, Johnson CO, Addolorato G, Ammirati E, Baddour LM, et al.
Global burden of cardiovascular diseases and risk factors, 1990-2019: update
from the GBD 2019 study. J Am Coll Cardiol 2020;76:2982-3021.

24

[4

fuar

[5

=

[6

=

[7

—

[8

—

[9

[}

[10]

[11]

[12]

[13]

[14]

[15]
[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]
[26]
[27]
[28]

[29]

[30]

[31]

Metabolism xxx (xxxx) XXX

World Health Organization. Cardiovascular diseases (CVD). Geneva: World
Health Organization; 2021. Available at: https://www.who.
int/news-room/fact-sheets/detail/cardiovascular-diseases-(cvds). Accessed 29
December 2023.

Martin SS, Aday AW, Almarzooq ZI, Anderson CAM, Arora P, Avery CL, et al.
2024 heart disease and stroke statistics: a report of US and global data from the
American Heart Association. Circulation 2024;149:e347-913.

GBD 2019 Diseases and Injuries Collaborators. Global burden of 369 diseases and
injuries in 204 countries and territories, 1990-2019: a systematic analysis for the
Global Burden of Disease Study 2019. Lancet 2020;396:1204-22.

Sattar N, Presslie C, Rutter MK, McGuire DK. Cardiovascular and kidney risks in
individuals with type 2 diabetes: contemporary understanding with greater
emphasis on excess adiposity. Diabetes Care 2024;47:531-43.

Handelsman Y, Anderson JE, Bakris GL, Ballantyne CM, Beckman JA, Bhatt DL,
et al. DCRM multispecialty practice recommendations for the management of
diabetes, cardiorenal, and metabolic diseases. J Diabetes Complications 2022;36:
108101.

Bazzano LA, He J, Ogden LG, Loria CM, Vupputuri S, Myers L, et al. Fruit and
vegetable intake and risk of cardiovascular disease in US adults: the first National
Health and nutrition examination survey epidemiologic follow-up study. Am J
Clin Nutr 2002;76:93-9.

Chiavaroli L, Viguiliouk E, Nishi SK, Blanco Mejia S, Rahelic D, Kahleova H, et al.
DASH dietary pattern and cardiometabolic outcomes: an umbrella review of
systematic reviews and meta-analyses. Nutrients 2019;11.

Garvey WT, Mechanick JI, Brett EM, Garber AJ, Hurley DL, Jastreboff AM, et al.
American Association of Clinical Endocrinologists and American College of
endocrinology comprehensive clinical practice guidelines for medical care of
patients with obesity. Endocr Pract 2016;22(Suppl. 3):1-203.

Price DA-O, Deng Q, Kipnes M, Beck SE. Episodic real-time CGM use in adults
with type 2 diabetes: results of a pilot randomized controlled trial. Diabetes Ther.
2021;12:2089-99.

Bergenstal RM, Layne JE, Zisser H, Gabbay RA, Barleen NA, Lee AA, et al. Remote
application and use of real-time continuous glucose monitoring by adults with
type 2 diabetes in a virtual diabetes clinic. Diabetes Technol Ther 2021;23:
128-32.

Cappuccio FP, Cooper D, D’Elia L, Strazzullo P, Miller MA. Sleep duration
predicts cardiovascular outcomes: a systematic review and meta-analysis of
prospective studies. Eur Heart J 2011;32:1484-92.

Bloomgarden Z. Obstructive sleep apnea and diabetes. J Diabetes 2023;15:916-9.
World Health Organization. WHO tobacco knowledge summaries: Tobacco and
diabetes. Geneva: World Health Organization; 2023. Available at: https://www.
who.int/publications/i/item/9789240084179. Accessed 29 April 2024.
American Heart Association. Is drinking alcohol part of a healthy lifestyle?.
Available at: https://www.heart.org/en/healthy-living/healthy-eating/eat-sma
rt/nutrition-basics/alcohol-and-heart-health; 2019. Accessed 30 April 2024.
Steinsbekk A, Rygg L, Lisulo M, Rise MB, Fretheim A. Group based diabetes self-
management education compared to routine treatment for people with type 2
diabetes mellitus. A systematic review with meta-analysis. BMC Health Serv Res
2012;12:213.

Stalnikowicz R, Brezis M. Meaningful shared decision-making: complex process
demanding cognitive and emotional skills. J Eval Clin Pract 2020;26:431-8.
Bischof G, Bischof A, Rumpf HJ. Motivational interviewing: an evidence-based
approach for use in medical practice. Dtsch Arztebl Int 2021;118:109-15.
Steffen PLS, Mendonca CS, Meyer E, Faustino-Silva DD. Motivational
interviewing in the management of type 2 diabetes mellitus and arterial
hypertension in primary health care: an RCT. Am. J. Prev. Med. 2021;60 (e203-
el2).

Emberson MA, Lalande A, Wang D, McDonough DJ, Liu W, Gao Z. Effectiveness of
smartphone-based physical activity interventions on individuals’ health
outcomes: a systematic review. Biomed Res Int 2021;2021:6296896.

Schoeppe S, Alley S, Van Lippevelde W, Bray NA, Williams SL, Duncan MJ, et al.
Efficacy of interventions that use apps to improve diet, physical activity and
sedentary behaviour: a systematic review. Int J Behav Nutr Phys Act 2016;13:
127.

Brickwood KJ, Watson G, O’Brien J, Williams AD. Consumer-based wearable
activity trackers increase physical activity participation: systematic review and
meta-analysis. JMIR Mhealth Uhealth 2019;7:e11819.

Chao TF, Potpara TS, Lip GYH. Atrial fibrillation: stroke prevention. Lancet Reg.
Health Eur. 2024;37:100797.

Cohen JB, Denker MG, Cohen DL, Townsend RR. Cardiovascular events and
mortality in white coat hypertension. Ann Intern Med 2019;171:603-4.

Cohen JB, Cohen DL. Integrating out-of-office blood pressure in the diagnosis and
management of hypertension. Curr Cardiol Rep 2016;18:112.

American Diabetes Association. 7. Diabetes technology: standards of care in
diabetes—2024. Diabetes Care 2024;47:5126—s44.

Grunberger G, Sherr J, Allende M, Blevins T, Bode B, Handelsman Y, et al.
American Association of Clinical Endocrinology clinical practice guideline: the
use of advanced technology in the management of persons with diabetes mellitus.
Endocr Pract 2021;27:505-37.

Parkin CG, Buskirk A, Hinnen DA, Axel-Schweitzer M. Results that matter:
structured vs. unstructured self-monitoring of blood glucose in type 2 diabetes.
Diabetes Res Clin Pract 2012;97:6-15.

Grundy SM, Stone NJ, Bailey AL, Beam C, Birtcher KK, Blumenthal RS, et al. 2018
AHA/ACC/AACVPR/AAPA/ABC/ACPM/ADA/AGS/APhA/ASPC/NLA/PCNA
guideline on the management of blood cholesterol: a report of the American


https://doi.org/10.1016/j.metabol.2024.155931
https://doi.org/10.1016/j.metabol.2024.155931
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0005
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0005
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0005
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0010
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0010
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0010
https://www.who.int/news-room/fact-sheets/detail/cardiovascular-diseases-(cvds)
https://www.who.int/news-room/fact-sheets/detail/cardiovascular-diseases-(cvds)
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0020
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0020
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0020
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0025
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0025
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0025
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0030
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0030
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0030
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0035
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0035
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0035
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0035
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0040
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0040
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0040
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0040
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0045
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0045
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0045
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0050
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0050
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0050
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0050
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0055
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0055
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0055
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0060
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0060
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0060
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0060
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0065
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0065
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0065
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0070
https://www.who.int/publications/i/item/9789240084179
https://www.who.int/publications/i/item/9789240084179
https://www.heart.org/en/healthy-living/healthy-eating/eat-smart/nutrition-basics/alcohol-and-heart-health
https://www.heart.org/en/healthy-living/healthy-eating/eat-smart/nutrition-basics/alcohol-and-heart-health
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0085
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0085
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0085
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0085
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0090
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0090
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0095
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0095
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0100
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0100
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0100
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0100
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0105
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0105
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0105
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0110
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0110
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0110
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0110
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0115
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0115
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0115
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0120
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0120
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0125
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0125
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0130
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0130
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0135
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0135
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0140
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0140
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0140
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0140
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0145
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0145
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0145
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0150
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0150
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0150

Y. Handelsman et al.

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]
[51]

[52]

[53]
[54]

[55]

[56]

[57]

[58]

[59]

College of Cardiology/American Heart Association task force on clinical practice
guidelines. J Am Coll Cardiol 2019;73:e285-350.

Tridandapani S, Banait-Deshmane S, Aziz MU, Bhatti P, Singh SP. Coronary
computed tomographic angiography: a review of the techniques, protocols,
pitfalls, and radiation dose. J. Med. Imaging Radiat. Sci. 2021;52:51-11.
Craven TP, Tsao CW, La Gerche A, Simonetti OP, Greenwood JP. Exercise
cardiovascular magnetic resonance: development, current utility and future
applications. J Cardiovasc Magn Reson 2020;22:65.

Brott Thomas G, Halperin Jonathan L, Abbara S, Bacharach JM, Barr John D,
Bush Ruth L, et al. 2011 ASA/ACCF/AHA/AANN/AANS/ACR/ASNR/CNS/SAIP/
SCAI/SIR/SNIS/SVM/SVS guideline on the management of patients with
extracranial carotid and vertebral artery disease. J Am Coll Cardiol 2011;57:
e16-94.

Gerhard-Herman Marie D, Gornik Heather L, Barrett C, Barshes Neal R, Corriere
Matthew A, Drachman Douglas E, et al. 2016 AHA/ACC guideline on the
management of patients with lower extremity peripheral artery disease. J Am Coll
Cardiol 2017;69:e71-126.

Kidney Disease: Improving Global Outcomes (KDIGO) Diabetes Work Group.
KDIGO 2022 clinical practice guideline for diabetes management in chronic
kidney disease. Kidney Int 2022;(102):S1-s127.

Kidney Disease: Improving Global Outcomes CKD Work Group. KDIGO 2024
clinical practice guideline for the evaluation and management of chronic kidney
disease. Kidney Int 2024;(105):5117-s314.

McDonagh TA, Metra M, Adamo M, Gardner RS, Baumbach A, Bchm M, et al.
2021 ESC guidelines for the diagnosis and treatment of acute and chronic heart
failure. Eur Heart J 2021;42:3599-726.

Writing Committee Members, ACC/AHA Joint Committee Members. 2022 AHA/
ACC/HFSA guideline for the management of heart failure. J Card Fail 2022;(28):
el-167.

American Diabetes Association. 12. Retinopathy, neuropathy, and foot care:
standards of care in diabetes—2024. Diabetes Care 2024;47:5231-s43.

Vinik AI, Smith AG, Singleton JR, Callaghan B, Freedman BI, Tuomilehto J, et al.
Normative values for electrochemical skin conductances and impact of ethnicity
on quantitative assessment of sudomotor function. Diabetes Technol Ther 2016;
18:391-8.

American Psychiatric Association. Diagnostic and statistical manual of mental
disorders, 5th edition (DSM-5). Washington, DC: American Psychiatric
Publishing; 2013.

Jorm AF, Jolley D. The incidence of dementia: a meta-analysis. Neurology 1998;
51:728-33.

Kivipelto M, Rovio S, Ngandu T, Kéreholt I, Eskelinen M, Winblad B, et al.
Apolipoprotein E epsilon4 magnifies lifestyle risks for dementia: a population-
based study. J Cell Mol Med 2008;12:2762-71.

Hugo J, Ganguli M. Dementia and cognitive impairment: epidemiology,
diagnosis, and treatment. Clin Geriatr Med 2014;30:421-42.

Gudala K, Bansal D, Schifano F, Bhansali A. Diabetes mellitus and risk of
dementia: a meta-analysis of prospective observational studies. J Diabetes
Investig 2013;4:640-50.

Rusanen M, Kivipelto M, Levalahti E, Laatikainen T, Tuomilehto J, Soininen H,
et al. Heart diseases and long-term risk of dementia and Alzheimer’s disease: a
population-based CAIDE study. J Alzheimers Dis 2014;42:183-91.

Ahtiluoto S, Polvikoski T, Peltonen M, Solomon A, Tuomilehto J, Winblad B, et al.
Diabetes, Alzheimer disease, and vascular dementia: a population-based
neuropathologic study. Neurology 2010;75:1195-202.

Whitmer RA, Karter AJ, Yaffe K, Quesenberry Jr CP, Selby JV. Hypoglycemic
episodes and risk of dementia in older patients with type 2 diabetes mellitus.
JAMA 2009;301:1565-72.

Lin FR, Albert M. Hearing loss and dementia—who is listening? Aging Ment
Health 2014;18:671-3.

Kim AB, Arvanitakis Z. Insulin resistance, cognition, and Alzheimer disease.
Obesity (Silver Spring) 2023;31:1486-98.

Peters R, Beckett N, Forette F, Tuomilehto J, Clarke R, Ritchie C, et al. Incident
dementia and blood pressure lowering in the hypertension in the very elderly trial
cognitive function assessment (HYVET-COG): a double-blind, placebo controlled
trial. Lancet Neurol 2008;7:683-9.

Jia J, Ning Y, Chen M, Wang S, Yang H, Li F, et al. Biomarker changes during 20
years preceding Alzheimer’s disease. N Engl J Med 2024;390:712-22.

van Dyck CH, Swanson CJ, Aisen P, Bateman RJ, Chen C, Gee M, et al. Lecanemab
in early Alzheimer’s disease. N Engl J Med 2023;388:9-21.

Lee D, Slomkowski M, Hefting N, Chen D, Larsen KG, Kohegyi E, et al.
Brexpiprazole for the treatment of agitation in Alzheimer dementia: a randomized
clinical trial. JAMA Neurol 2023;80:1307-16.

Wang K, Zhao S, Lee EK, Yau SZ, Wu Y, Hung CT, et al. Risk of dementia among
patients with diabetes in a multidisciplinary, primary care management program.
JAMA Netw Open 2024;7:e2355733.

Ngandu T, Lehtisalo J, Solomon A, Levélahti E, Ahtiluoto S, Antikainen R, et al.
A 2 year multidomain intervention of diet, exercise, cognitive training, and
vascular risk monitoring versus control to prevent cognitive decline in at-risk
elderly people (FINGER): a randomised controlled trial. Lancet 2015;385:
2255-63.

Advisory Committee on Immunization Practices. ACIP vaccine recommendations
and guidelines, Atlanta: Centers for Disease Control and Prevention; 2023.
Available at: https://www.cdc.gov/vaccines/hep/acip-recs/. Accessed 20
February 2024.

Schiffl H, Lang SM. Long-term interplay between COVID-19 and chronic kidney
disease. Int Urol Nephrol 2023;55:1977-84.

25

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

[78]

[79]

[80]

[81]

[82]

[83]

[84]

[85]

[86]

Metabolism xxx (xxxx) xxx

Vosko I, Zirlik A, Bugger H. Impact of COVID-19 on cardiovascular disease.
Viruses 2023:15.

Yedlapati SH, Khan SU, Talluri S, Lone AN, Khan MZ, Khan MS, et al. Effects of
influenza vaccine on mortality and cardiovascular outcomes in patients with
cardiovascular disease: a systematic review and meta-analysis. J Am Heart Assoc
2021;10:e019636.

Michos ED, Udell JA. Am I getting the influenza shot too?: influenza vaccination
as post-myocardial infarction care for the prevention of cardiovascular events and
death. Circulation 2021;144:1485-8.

Wing RR, Lang W, Wadden TA, Safford M, Knowler WC, Bertoni AG, et al.
Benefits of modest weight loss in improving cardiovascular risk factors in
overweight and obese individuals with type 2 diabetes. Diabetes Care 2011;34:
1481-6.

Eisenberg D, Shikora SA, Aarts E, Aminian A, Angrisani L, Cohen RV, et al. 2022
American Society of Metabolic and Bariatric Surgery (ASMBS) and International
Federation for the Surgery of obesity and metabolic disorders (IFSO) indications
for metabolic and bariatric surgery. Obes Surg 2023;33:3-14.

Pessorrusso F, Mehta SV, Sullivan S. Update on endoscopic treatments for obesity.
Curr Obes Rep 2024 Feb 23. https://doi.org/10.1007/513679-024-00551-6
[Epub ahead of print].

Wadden TA, Chao AM, Moore M, Tronieri JS, Gilden A, Amaro A, et al. The role of
lifestyle modification with second-generation anti-obesity medications:
comparisons, questions, and clinical opportunities. Curr Obes Rep 2023;12:
453-73.

Chakhtoura M, Haber R, Ghezzawi M, Rhayem C, Tcheroyan R, Mantzoros CS.
Pharmacotherapy of obesity: an update on the available medications and drugs
under investigation. EClinicalMedicine 2023;58:101882.

Lincoff AM, Brown-Frandsen K, Colhoun HM, Deanfield J, Emerson SS, Esbjerg S,
et al. Semaglutide and cardiovascular outcomes in obesity without diabetes.

N Engl J Med 2023;389:2221-32.

DECODE Study Group. European diabetes epidemiology group. Is the current
definition for diabetes relevant to mortality risk from all causes and
cardiovascular and noncardiovascular diseases? Diabetes Care 2003;26:688-96.
Echouffo-Tcheugui JB, Narayan KM, Weisman D, Golden SH, Jaar BG. Association
between prediabetes and risk of chronic kidney disease: a systematic review and
meta-analysis. Diabet Med 2016;33:1615-24.

Weyer C, Bogardus C, Mott DM, Pratley RE. The natural history of insulin
secretory dysfunction and insulin resistance in the pathogenesis of type 2 diabetes
mellitus. J Clin Invest 1999;104:787-94.

Sallar A, Dagogo-Jack S. Regression from prediabetes to normal glucose
regulation: state of the science. Exp Biol Med (Maywood) 2020;245:889-96.
American Diabetes Association. 8. Obesity and weight management for the
prevention and treatment of type 2 diabetes: standards of care in diabetes—2024.
Diabetes Care 2024;47:5145-s57.

Galaviz KI, Weber MB, Suvada KB, Gujral UP, Wei J, Merchant R, et al.
Interventions for reversing prediabetes: a systematic review and meta-analysis.
Am J Prev Med 2022;62:614-25.

Knowler WC, Crandall JP. Pharmacologic randomized clinical trials in prevention
of type 2 diabetes. Curr Diab Rep 2019;19:154.

Jastreboff AM, Aronne LJ, Ahmad NN, Wharton S, Connery L, Alves B, et al.
Tirzepatide once weekly for the treatment of obesity. N Engl J Med 2022;387:
205-16.

Perreault L, Davies M, Frias JP, Laursen PN, Lingvay I, Machineni S, et al.
Changes in glucose metabolism and glycemic status with once-weekly
subcutaneous semaglutide 2.4 mg among participants with prediabetes in the
STEP program. Diabetes Care 2022;45:2396-405.

McMurray JJV, Solomon SD, Inzucchi SE, Kober L, Kosiborod MN, Martinez FA,
et al. Dapagliflozin in patients with heart failure and reduced ejection fraction.
N Engl J Med 2019;381:1995-2008.

Jellinger PS, Handelsman Y, Rosenblit PD, Bloomgarden ZT, Fonseca VA,
Garber AJ, et al. American Association of Clinical Endocrinologists and American
College of endocrinology guidelines for management of dyslipidemia and
prevention of cardiovascular disease. Endocr Pract 2017;23:1-87.

Schwartz GG, Steg PG, Szarek M, Bhatt DL, Bittner VA, Diaz R, et al. Alirocumab
and cardiovascular outcomes after acute coronary syndrome. N Engl J Med 2018;
379:2097-107.

Sabatine MS, Giugliano RP, Keech AC, Honarpour N, Wiviott SD, Murphy SA,
et al. Evolocumab and clinical outcomes in patients with cardiovascular disease.
N Engl J Med 2017;376:1713-22.

Cannon CP, Blazing MA, Giugliano RP, McCagg A, White JA, Theroux P, et al.
Ezetimibe added to statin therapy after acute coronary syndromes. N Engl J Med
2015;372:2387-97.

Nissen SE, Lincoff AM, Brennan D, Ray KK, Mason D, Kastelein JJP, et al.
Bempedoic acid and cardiovascular outcomes in statin-intolerant patients. N Engl
J Med 2023;388:1353-64.

Mach F, Baigent C, Catapano AL, Koskinas KC, Casula M, Badimon L, et al. 2019
ESC/EAS guidelines for the management of dyslipidaemias: lipid modification to
reduce cardiovascular risk. Eur Heart J 2020;41:111-88.

Marx N, Federici M, Schiitt K, Miiller-Wieland D, Ajjan RA, Antunes MJ, et al.
2023 ESC guidelines for the management of cardiovascular disease in patients
with diabetes. Eur Heart J 2023;44:4043-140.

Committee Writing, Lloyd-Jones DM, Morris PB, Ballantyne CM, Birtcher KK,
Covington AM, et al. ACC expert consensus decision pathway on the role of
nonstatin therapies for LDL-cholesterol lowering in the management of
atherosclerotic cardiovascular disease risk: a report of the American College of


http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0150
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0150
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0155
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0155
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0155
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0160
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0160
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0160
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0165
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0165
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0165
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0165
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0165
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0170
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0170
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0170
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0170
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0175
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0175
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0175
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0180
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0180
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0180
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0185
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0185
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0185
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0190
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0190
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0190
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0195
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0195
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0200
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0200
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0200
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0200
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0205
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0205
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0205
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0210
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0210
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0215
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0215
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0215
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0220
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0220
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0225
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0225
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0225
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0230
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0230
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0230
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0235
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0235
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0235
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0240
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0240
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0240
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0245
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0245
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0250
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0250
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0255
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0255
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0255
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0255
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0260
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0260
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0265
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0265
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0270
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0270
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0270
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0275
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0275
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0275
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0280
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0280
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0280
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0280
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0280
https://www.cdc.gov/vaccines/hcp/acip-recs/
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0290
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0290
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0295
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0295
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0300
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0300
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0300
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0300
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0305
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0305
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0305
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0310
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0310
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0310
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0310
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0315
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0315
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0315
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0315
https://doi.org/10.1007/s13679-024-00551-6
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0325
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0325
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0325
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0325
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0330
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0330
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0330
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0335
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0335
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0335
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0340
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0340
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0340
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0345
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0345
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0345
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0350
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0350
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0350
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0355
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0355
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0360
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0360
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0360
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0365
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0365
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0365
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0370
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0370
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0375
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0375
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0375
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0380
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0380
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0380
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0380
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0385
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0385
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0385
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0390
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0390
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0390
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0390
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0395
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0395
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0395
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0400
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0400
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0400
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0405
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0405
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0405
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0410
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0410
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0410
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0415
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0415
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0415
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0420
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0420
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0420
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0425
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0425
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0425
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0425

Y. Handelsman et al.

[87]

[88]

[89]

[90]

[91]

[92]

[93]

[94]

[95]

[96]

[97]

[98]

[99]

[100]

[101]

[102]

[103]

[104]

[105]

[106]

[107]

[108]

[109]

[110]

Cardiology Solution set Oversight Committee. J Am Coll Cardiol 2022;2022(80):
1366-418.

Handelsman Y, Jellinger PS, Guerin CK, Bloomgarden ZT, Brinton EA, Budoff MJ,
et al. Consensus statement by the American Association of Clinical
Endocrinologists and American College of endocrinology on the management of
dyslipidemia and prevention of cardiovascular disease algorithm—2020
executive summary. Endocr Pract 2020;26:1196-224.

McClelland RL, Jorgensen NW, Budoff M, Blaha MJ, Post WS, Kronmal RA, et al.
10-year coronary heart disease risk prediction using coronary artery calcium and
traditional risk factors: derivation in the MESA (multi-ethnic study of
atherosclerosis) with validation in the HNR (Heinz Nixdorf recall) study and the
DHS (Dallas heart study). J Am Coll Cardiol 2015;66:1643-53.

Lloyd-Jones DM, Wilson PW, Larson MG, Beiser A, Leip EP, D’Agostino RB, et al.
Framingham risk score and prediction of lifetime risk for coronary heart disease.
Am J Cardiol 2004;94:20-4.

Ridker PM, Buring JE, Rifai N, Cook NR. Development and validation of improved
algorithms for the assessment of global cardiovascular risk in women: the
Reynolds risk score. JAMA 2007;297:611-9.

Stevens RJ, Kothari V, Adler Al, Stratton IM. The UKPDS risk engine: a model for
the risk of coronary heart disease in type II diabetes (UKPDS 56). Clin Sci (Lond)
2001;101:671-9.

Goff Jr DC, Lloyd-Jones DM, Bennett G, Coady S, D’Agostino Sr RB, Gibbons R,
et al. 2013 ACC/AHA guideline on the assessment of cardiovascular risk: a report
of the American College of Cardiology/American Heart Association task force on
practice guidelines. Circulation 2013;129:549-73.

Shao H, Fonseca V, Stoecker C, Liu S, Shi L. Novel risk engine for diabetes
progression and mortality in USA: building, relating, assessing, and validating
outcomes (BRAVO). PharmacoEconomics 2018;36:1125-34.

SCORE2 Working Group, ESC Cardiovascular Risk Collaboration. SCORE2 risk
prediction algorithms: new models to estimate 10-year risk of cardiovascular
disease in Europe. Eur Heart J 2021;42:2439-54.

Khan SS, Matsushita K, Sang Y, Ballew SH, Grams ME, Surapaneni A, et al.
Development and validation of the American Heart Association’s PREVENT
equations. Circulation 2024;149:430-49.

Raal FJ, Rosenson RS, Reeskamp LF, Hovingh GK, Kastelein JJP, Rubba P, et al.
Evinacumab for homozygous familial hypercholesterolemia. N Engl J Med 2020;
383:711-20.

Expert Panel on Detection, Evaluation, and Treatment of High Blood Cholesterol
in Adults. Executive summary of the Third Report of the National Cholesterol
Education Program (NCEP) Expert Panel on Detection, Evaluation, and Treatment
of High Blood Cholesterol in Adults (Adult Treatment Panel III). JAMA 2001;285:
2486-97.

Nordestgaard BG, Varbo A. Triglycerides and cardiovascular disease. Lancet
2014;384:626-35.

Das Pradhan A, Glynn RJ, Fruchart JC, MacFadyen JG, Zaharris ES, Everett BM,
et al. Triglyceride lowering with pemafibrate to reduce cardiovascular risk.

N Engl J Med 2022;387:1923-34.

Keech A, Simes RJ, Barter P, Best J, Scott R, Taskinen MR, et al. Effects of long-
term fenofibrate therapy on cardiovascular events in 9795 people with type 2
diabetes mellitus (the FIELD study): randomised controlled trial. Lancet 2005;
366:1849-61.

Tenkanen L, Manttari M, Kovanen PT, Virkkunen H, Manninen V. Gemfibrozil in
the treatment of dyslipidemia: an 18-year mortality follow-up of the Helsinki
heart study. Arch Intern Med 2006;166:743-8.

Elam M, Lovato L, Ginsberg H. The ACCORD-lipid study: implications for
treatment of dyslipidemia in type 2 diabetes mellitus. Clin Lipidol 2011;6:9-20.
Ginsberg HN. The ACCORD (action to control cardiovascular risk in diabetes)
lipid trial: what we learn from subgroup analyses. Diabetes Care 2011;34(Suppl.
2):5107-8.

Woo Y, Shin JS, Shim CY, Kim JS, Kim BK, Park S, et al. Effect of fenofibrate in
1113 patients at low-density lipoprotein cholesterol goal but high triglyceride
levels: real-world results and factors associated with triglyceride reduction. PloS
One 2018;13:0205006.

Bhatt DL, Steg PG, Miller M, Brinton EA, Jacobson TA, Ketchum SB, et al.
Cardiovascular risk reduction with icosapent ethyl for hypertriglyceridemia.

N Engl J Med 2019;380:11-22.

Ferrell M, Wang Z, Anderson JT, Li XS, Witkowski M, DiDonato JA, et al.

A terminal metabolite of niacin promotes vascular inflammation and contributes
to cardiovascular disease risk. Nat Med 2024;30:424-34.

Garber AJ, Handelsman Y, Grunberger G, Einhorn D, Abrahamson MJ, Barzilay JI,
et al. Consensus statement by the American Association of Clinical
Endocrinologists and American College of endocrinology on the comprehensive
type 2 diabetes management algorithm—2020 executive summary. Endocr Pract
2020;26:107-39.

Whelton PK, Carey RM, Aronow WS, Casey DE, Collins KJ, Dennison
Himmelfarb C, et al. 2017 ACC/AHA/AAPA/ABC/ACPM/AGS/APhA/ASH/
ASPC/NMA/PCNA guideline for the prevention, detection, evaluation, and
management of high blood pressure in adults. J Am Coll Cardiol 2018;71:e127.
Mancia G, Kreutz R, Brunstrom M, Burnier M, Grassi G, Januszewicz A, et al. 2023
ESH guidelines for the management of arterial hypertension. The task force for
the management of arterial hypertension of the European Society of
Hypertension: endorsed by the International Society of Hypertension (ISH) and
the European renal association (ERA). J Hypertens 2023;41:1874-2071.

Burnier M, Bakris G, Williams B. Redefining diuretics use in hypertension: why
select a thiazide-like diuretic? J Hypertens 2019;37:1574-86.

26

[111]

[112]

[113]

[114]

[115]

[116]

[117]

[118]

[119]

[120]

[121]

[122]

[123]

[124]

[125]

[126]

[127]

[128]

[129]

[130]

[131]

[132]

[133]

[134]

Metabolism xxx (xxxx) xxx

Bakris GL, Weir MR, Secic M, Campbell B, Weis-McNulty A. Differential effects of
calcium antagonist subclasses on markers of nephropathy progression. Kidney Int
2004;65:1991-2002.

Stamler J, Vaccaro O, Neaton JD, Wentworth D. Diabetes, other risk factors, and
12-yr cardiovascular mortality for men screened in the multiple risk factor
intervention trial. Diabetes Care 1993;16:434-44.

Kim HJ, Shin JH, Lee Y, Kim JH, Hwang SH, Kim WS, et al. Clinical features and
predictors of masked uncontrolled hypertension from the Korean ambulatory
blood pressure monitoring registry. Korean J Intern Med 2021;36:1102-14.
Ridker PM, Rifai N, Rose L, Buring JE, Cook NR. Comparison of C-reactive protein
and low-density lipoprotein cholesterol levels in the prediction of first
cardiovascular events. N Engl J Med 2002;347:1557-65.

Quispe R, Michos ED, Martin SS, Puri R, Toth PP, Al Suwaidi J, et al. High-
sensitivity C-reactive protein discordance with atherogenic lipid measures and
incidence of atherosclerotic cardiovascular disease in primary prevention: the
ARIC study. J Am Heart Assoc 2020;9:e013600.

Ridker PM, Danielson E, Fonseca FA, Genest J, Gotto Jr AM, Kastelein JJ, et al.
Rosuvastatin to prevent vascular events in men and women with elevated C-
reactive protein. N Engl J Med 2008;359:2195-207.

Ridker PM, Everett BM, Thuren T, MacFadyen JG, Chang WH, Ballantyne C, et al.
Antiinflammatory therapy with canakinumab for atherosclerotic disease. N Engl J
Med 2017;377:1119-31.

Fiolet ATL, Opstal TSJ, Mosterd A, Eikelboom JW, Jolly SS, Keech AC, et al.
Efficacy and safety of low-dose colchicine in patients with coronary disease: a
systematic review and meta-analysis of randomized trials. Eur Heart J 2021;42:
2765-75.

Barzilay JI, Farag YMK, Durthaler J. Albuminuria: an underappreciated risk factor
for cardiovascular disease. J Am Heart Assoc 2024;13:e030131.

Upadhyay A, Larson MG, Guo CY, Vasan RS, Lipinska I, O'Donnell CJ, et al.
Inflammation, kidney function and albuminuria in the Framingham offspring
cohort. Nephrol Dial Transplant 2011;26:920-6.

Ridker PM, Rifai N, MacFadyen J, Glynn RJ, Jiao L, Steg PG, et al. Effects of
randomized treatment with icosapent ethyl and a mineral oil comparator on
interleukin-1, interleukin-6, c-reactive protein, oxidized low-density lipoprotein
cholesterol, homocysteine, lipoprotein(a), and lipoprotein-associated
phospholipase A2: a REDUCE-IT biomarker substudy. Circulation 2022;146:
372-9.

Wilson JM, Lin Y, Luo MJ, Considine G, Cox AL, Bowsman LM, et al. The dual
glucose-dependent insulinotropic polypeptide and glucagon-like peptide-1
receptor agonist tirzepatide improves cardiovascular risk biomarkers in patients
with type 2 diabetes: a post hoc analysis. Diabetes Obes Metab 2022;24:148-53.
Verma S, Bhatta M, Davies M, Deanfield JE, Garvey WT, Jensen C, et al. Effects of
once-weekly semaglutide 2.4 mg on C-reactive protein in adults with overweight
or obesity (STEP 1, 2, and 3): exploratory analyses of three randomised, double-
blind, placebo-controlled, phase 3 trials. EClinicalMedicine 2023;55:101737.
Mosenzon O, Capehorn MS, De Remigis A, Rasmussen S, Weimers P, Rosenstock J.
Impact of semaglutide on high-sensitivity C-reactive protein: exploratory patient-
level analyses of SUSTAIN and PIONEER randomized clinical trials. Cardiovasc
Diabetol 2022;21:172.

Pfiitzner A, Marx N, Liibben G, Langenfeld M, Walcher D, Konrad T, et al.
Improvement of cardiovascular risk markers by pioglitazone is independent from
glycemic control: results from the pioneer study. J Am Coll Cardiol 2005;45:
1925-31.

Dormandy JA, Charbonnel B, Eckland DJA, Erdmann E, Massi-Benedetti M,
Moules IK, et al. Secondary prevention of macrovascular events in patients with
type 2 diabetes in the PROactive study (PROspective pioglitAzone clinical trial in
macroVascular events): a randomised controlled trial. Lancet 2005;366:1279-89.
Goldfine AB, Fonseca V, Jablonski KA, Chen YD, Tipton L, Staten MA, et al.
Salicylate (salsalate) in patients with type 2 diabetes: a randomized trial. Ann
Intern Med 2013;159:1-12.

Sattar N, Lee MMY, Kristensen SL, Branch KRH, Del Prato S, Khurmi NS, et al.
Cardiovascular, mortality, and kidney outcomes with GLP-1 receptor agonists in
patients with type 2 diabetes: a systematic review and meta-analysis of
randomised trials. Lancet Diabetes Endocrinol 2021;9:653-62.

McGuire DK, Shih WJ, Cosentino F, Charbonnel B, Cherney DZI, Dagogo-Jack S,
et al. Association of SGLT2 inhibitors with cardiovascular and kidney outcomes in
patients with type 2 diabetes: a meta-analysis. JAMA Cardiol 2021;6:148-58.
Kernan WN, Viscoli CM, Furie KL, Young LH, Inzucchi SE, Gorman M, et al.
Pioglitazone after ischemic stroke or transient ischemic attack. N Engl J Med
2016;374:1321-31.

Anson M, Henney AE, Zhao SS, Ibarburu GH, Lip GYH, Cuthbertson DJ, et al.
Effect of combination pioglitazone with sodium-glucose cotransporter-2
inhibitors or glucagon-like peptide-1 receptor agonists on outcomes in type 2
diabetes: a systematic review, meta-analysis, and real-world study from an
international federated database. Diabetes Obes Metab 2024 Apr 1. https://doi.
org/10.1111/dom.15576 [Epub ahead of print].

Kosiborod MN, Abildstrgm SZ, Borlaug BA, Butler J, Rasmussen S, Davies M, et al.
Semaglutide in patients with heart failure with preserved ejection fraction and
obesity. N Engl J Med 2023;389:1069-84.

Holman RR, Bethel MA, Mentz RJ, Thompson VP, Lokhnygina Y, Buse JB, et al.
Effects of once-weekly exenatide on cardiovascular outcomes in type 2 diabetes.
N Engl J Med 2017;377:1228-39.

Pfeffer MA, Claggett B, Diaz R, Dickstein K, Gerstein HC, Kober LV, et al.
Lixisenatide in patients with type 2 diabetes and acute coronary syndrome. N Engl
J Med 2015;373:2247-57.


http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0425
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0425
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0430
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0430
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0430
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0430
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0430
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0435
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0435
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0435
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0435
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0435
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0440
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0440
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0440
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0445
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0445
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0445
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0450
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0450
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0450
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0455
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0455
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0455
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0455
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0460
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0460
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0460
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0465
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0465
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0465
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0470
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0470
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0470
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0475
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0475
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0475
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0480
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0480
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0480
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0480
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0480
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0485
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0485
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0490
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0490
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0490
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0495
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0495
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0495
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0495
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0500
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0500
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0500
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0505
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0505
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0510
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0510
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0510
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0515
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0515
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0515
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0515
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0520
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0520
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0520
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0525
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0525
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0525
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0530
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0530
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0530
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0530
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0530
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0535
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0535
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0535
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0535
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0540
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0540
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0540
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0540
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0540
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0545
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0545
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0550
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0550
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0550
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0555
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0555
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0555
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0560
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0560
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0560
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0565
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0565
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0565
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0570
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0570
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0570
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0570
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0575
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0575
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0575
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0580
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0580
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0580
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0585
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0585
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0585
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0585
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0590
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0590
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0595
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0595
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0595
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0600
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0600
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0600
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0600
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0600
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0600
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0605
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0605
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0605
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0605
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0610
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0610
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0610
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0610
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0615
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0615
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0615
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0615
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0620
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0620
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0620
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0620
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0625
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0625
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0625
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0625
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0630
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0630
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0630
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0635
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0635
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0635
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0635
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0640
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0640
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0640
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0645
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0645
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0645
https://doi.org/10.1111/dom.15576
https://doi.org/10.1111/dom.15576
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0655
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0655
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0655
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0660
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0660
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0660
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0665
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0665
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0665

Y. Handelsman et al.

[135]

[136]

[137]

[138]

[139]

[140]

[141]

[142]
[143]

[144]

[145]

[146]

[147]

[148]

[149]

[150]
[151]

[152]

[153]

[154]

[155]

[156]

[157]

[158]

[159]

[160]

[161]

[162]

Husain M, Birkenfeld AL, Donsmark M, Dungan K, Eliaschewitz FG, Franco DR,
et al. Oral semaglutide and cardiovascular outcomes in patients with type 2
diabetes. N Engl J Med 2019;381:841-51.

Cherney DZI, Dagogo-Jack S, McGuire DK, Cosentino F, Pratley R, Shih WJ, et al.
Kidney outcomes using a sustained >40% decline in eGFR: a meta-analysis of
SGLT2 inhibitor trials. Clin Cardiol 2021;44:1139-43.

Bhatt DL, Szarek M, Steg PG, Cannon CP, Leiter LA, McGuire DK, et al.
Sotagliflozin in patients with diabetes and recent worsening heart failure. N Engl
J Med 2021;384:117-28.

Bhatt DL, Szarek M, Pitt B, Cannon CP, Leiter LA, McGuire DK, et al. Sotagliflozin
in patients with diabetes and chronic kidney disease. N Engl J Med 2021;384:
129-39.

Anker SD, Butler J, Filippatos G, Ferreira JP, Bocchi E, Bohm M, et al.
Empagliflozin in heart failure with a preserved ejection fraction. N Engl J Med
2021;385:1451-61.

Packer M, Anker SD, Butler J, Filippatos G, Pocock SJ, Carson P, et al.
Cardiovascular and renal outcomes with empagliflozin in heart failure. N Engl J
Med 2020;383:1413-24.

Solomon SD, McMurray JJV, Claggett B, de Boer RA, DeMets D, Hernandez AF,
et al. Dapagliflozin in heart failure with mildly reduced or preserved ejection
fraction. N Engl J Med 2022;387:1089-98.

American Diabetes Association. 9. Pharmacologic approaches to glycemic
treatment: standards of care in diabetes—2024. Diabetes Care 2024;47:5158-s78.
American Diabetes Association. 6. Glycemic goals and hypoglycemia: standards of
care in diabetes—2024. Diabetes Care 2024;47:S111-s25.

Garvey WT, Cohen RM, Butera NM, Kazemi EJ, Younes N, Rosin SP, et al.
Association of baseline factors with glycemic outcomes in GRADE: a comparative
effectiveness randomized clinical trial. Diabetes Care 2024;47:562-70.

Desouza CV, Holcomb RG, Rosenstock J, Frias JP, Hsia SH, Klein EJ, et al. Results
of a study comparing glycated albumin to other glycemic indices. J Clin
Endocrinol Metab 2020;105:677-87.

Agiostratidou G, Anhalt H, Ball D, Blonde L, Gourgari E, Harriman KN, et al.
Standardizing clinically meaningful outcome measures beyond HbAlc for type 1
diabetes: a consensus report of the American Association of Clinical
Endocrinologists, the American Association of Diabetes Educators, the American
Diabetes Association, the Endocrine Society, JDRF International, The Leona M.
and Harry B. Helmsley Charitable Trust, the Pediatric Endocrine Society, and the
T1D Exchange. Diabetes Care 2017;40:1622-30.

Goto A, Arah OA, Goto M, Terauchi Y, Noda M. Severe hypoglycaemia and
cardiovascular disease: systematic review and meta-analysis with bias analysis.
BMJ 2013;347:f4533.

McCoy RG, Van Houten HK, Ziegenfuss JY, Shah ND, Wermers RA, Smith SA.
Increased mortality of patients with diabetes reporting severe hypoglycemia.
Diabetes Care 2012;35:1897-901.

Brod M, Christensen T, Thomsen TL, Bushnell DM. The impact of non-severe
hypoglycemic events on work productivity and diabetes management. Value
Health 2011;14:665-71.

Russell-Jones D, Pouwer F, Khunti K. Identification of barriers to insulin therapy
and approaches to overcoming them. Diabetes Obes Metab 2018;20:488-96.
Kedia N. Treatment of severe diabetic hypoglycemia with glucagon: an
underutilized therapeutic approach. Diabetes Metab Syndr Obes 2011;4:337-46.
Newswanger B, Prestrelski S, Andre AD. Human factors studies of a prefilled
syringe with stable liquid glucagon in a simulated severe hypoglycemia rescue
situation. Expert Opin Drug Deliv 2019;16:1015-25.

Bowman L, Matham M, Wallendszus K, Stevens W, Buck G, et al., Ascend Study
Collaborative Group. Effects of aspirin for primary prevention in persons with
diabetes mellitus. N Engl J Med 2018;379:1529-39.

Yusuf S, Zhao F, Mehta SR, Chrolavicius S, Tognoni G, Fox KK. Clopidogrel in
unstable angina to prevent recurrent events trial I. Effects of clopidogrel in
addition to aspirin in patients with acute coronary syndromes without ST-
segment elevation. N Engl J Med 2001;345:494-502.

Wiviott SD, Braunwald E, McCabe CH, Montalescot G, Ruzyllo W, Gottlieb S, et al.
Prasugrel versus clopidogrel in patients with acute coronary syndromes. N Engl J
Med 2007;357:2001-15.

Wallentin L, Becker RC, Budaj A, Cannon CP, Emanuelsson H, Held C, et al.
Ticagrelor versus clopidogrel in patients with acute coronary syndromes. N Engl J
Med 2009;361:1045-57.

Granger CB, Berger PB. Understanding the adverse effects of ticagrelor in
practice. JAMA Cardiol 2016;1:381-3.

Eikelboom JW, Connolly SJ, Bosch J, Dagenais GR, Hart RG, Shestakovska O,
et al. Rivaroxaban with or without aspirin in stable cardiovascular disease. N Engl
J Med 2017;377:1319-30.

Bonaca MP, Bhatt DL, Cohen M, Steg PG, Storey RF, Jensen EC, et al. Long-term
use of ticagrelor in patients with prior myocardial infarction. N Engl J Med 2015;
372:1791-800.

Steg PG, Bhatt DL, Simon T, Fox K, Mehta SR, Harrington RA, et al. Ticagrelor in
patients with stable coronary disease and diabetes. N Engl J Med 2019;381:
1309-20.

Bhatt DL, Steg PG, Mehta SR, Leiter LA, Simon T, Fox K, et al. Ticagrelor in
patients with diabetes and stable coronary artery disease with a history of
previous percutaneous coronary intervention (THEMIS-PCI): a phase 3, placebo-
controlled, randomised trial. Lancet 2019;394:1169-80.

Bonaca MP, Bauersachs RM, Anand SS, Debus ES, Nehler MR, Patel MR, et al.
Rivaroxaban in peripheral artery disease after revascularization. N Engl J Med
2020;382:1994-2004.

27

[163]

[164]

[165]
[166]

[167]

[168]

[169]

[170]

[171]

[172]

[173]

[174]

[175]

[176]

[177]

[178]

[179]

[180]

[181]

[182]

[183]

[184]

[185]

[186]

[187]

[188]

[189]

Metabolism xxx (xxxx) xxx

CAPRIE Steering Committee. A randomised, blinded, trial of clopidogrel versus
aspirin in patients at risk of ischaemic events (CAPRIE). Lancet 1996;348:
1329-39.

Lopes RD, Heizer G, Aronson R, Vora AN, Massaro T, Mehran R, et al.
Antithrombotic therapy after acute coronary syndrome or PCI in atrial
fibrillation. N Engl J Med 2019;380:1509-24.

Bloomgarden Z. Pulmonary disease in diabetes. J Diabetes 2023;15:1008-10.
Nundlall N, Playford D, Strange G, Davis TME, Davis WA. Prevalence, incidence
and associates of pulmonary hypertension complicating type 2 diabetes: insights
from the Fremantle diabetes study phase 2 and National Echocardiographic
Database of Australia. J Clin Med 2021:10.

Li C, Xiao Y, Hu J, Hu Z, Yan J, Zhou Z, et al. Associations between diabetes and
idiopathic pulmonary fibrosis: a study-level pooled analysis of 26 million people.
J Clin Endocrinol Metab 2021;106:3367-80.

Almagro P, Boixeda R, Diez-Manglano J, Gomez-Anttnez M, Lopez-Garcia F,
Recio J. Insights into chronic obstructive pulmonary disease as critical risk factor
for cardiovascular disease. Int J Chron Obstruct Pulmon Dis 2020;15:755-64.
Labarca G, Vena D, Hu WH, Esmaeili N, Gell L, Yang HC, et al. Sleep apnea
physiological burdens and cardiovascular morbidity and mortality. Am J Respir
Crit Care Med 2023;208:802-13.

Rajachandran M, Nickel N, Lange RA. Sleep apnea and cardiovascular risk. Curr
Opin Cardiol 2023;38:456-61.

Veugen C, Teunissen EM, den Otter LAS, Kos MP, Stokroos RJ, Copper MP.
Prediction of obstructive sleep apnea: comparative performance of three
screening instruments on the apnea-hypopnea index and the oxygen desaturation
index. Sleep Breath 2021;25:1267-75.

Pradhan R, Lu S, Yin H, Yu OHY, Ernst P, Suissa S, et al. Novel
antihyperglycaemic drugs and prevention of chronic obstructive pulmonary
disease exacerbations among patients with type 2 diabetes: population based
cohort study. BMJ 2022;379:e071380.

Yu M, Wang R, Pei L, Zhang X, Wei J, Wen Y, et al. The relationship between the
use of GLP-1 receptor agonists and the incidence of respiratory illness: a meta-
analysis of randomized controlled trials. Diabetol Metab Syndr 2023;15:164.
Eslam M, Newsome PN, Sarin SK, Anstee QM, Targher G, Romero-Gomez M, et al.
A new definition for metabolic dysfunction-associated fatty liver disease: an
international expert consensus statement. J Hepatol 2020;73:202-9.

Kokkorakis M, Muzurovi¢ E, Voléansek S, Chakhtoura M, Hill MA, Mikhailidis DP,
et al. Steatotic liver disease: pathophysiology and emerging pharmacotherapies.
Pharmacol Rev 2024;76:454-99.

Stefan N, Haring HU, Cusi K. Non-alcoholic fatty liver disease: causes, diagnosis,
cardiometabolic consequences, and treatment strategies. Lancet Diabetes
Endocrinol 2019;7:313-24.

Chalasani N, Younossi Z, Lavine JE, Charlton M, Cusi K, Rinella M, et al. The
diagnosis and management of nonalcoholic fatty liver disease: practice guidance
from the American Association for the Study of Liver Diseases. Hepatology
(Baltimore, Md) 2018;67:328-57.

Kouvari M, Valenzuela-Vallejo L, Axarloglou E, Verrastro O, Papatheodoridis G,
Mingrone G, et al. Thyroid function, adipokines and mitokines in metabolic
dysfunction-associated steatohepatitis: a multi-Centre biopsy-based observational
study. Liver Int 2024;44:848-64.

Bril F, Cusi K. Management of nonalcoholic fatty liver disease in patients with
type 2 diabetes: a call to action. Diabetes Care 2017;40:419-30.

Kouvari M, Chrysohoou C, Damigou E, Barkas F, Kravvariti E, Liberopoulos E,
et al. Non-invasive tools for liver steatosis and steatohepatitis predict incidence of
diabetes, cardiovascular disease and mortality 20 years later: the ATTICA cohort
study (2002—2022). Clin Nutr 2024;43:900-8.

Kouvari M, Valenzuela-Vallejo L, Guatibonza-Garcia V, Polyzos SA, Deng Y,
Kokkorakis M, et al. Liver biopsy-based validation, confirmation and comparison
of the diagnostic performance of established and novel non-invasive steatotic
liver disease indexes: results from a large multi-center study. Metabolism 2023;
147:155666.

Musso G, Cassader M, Paschetta E, Gambino R. Thiazolidinediones and advanced
liver fibrosis in nonalcoholic steatohepatitis: a meta-analysis. JAMA Intern Med
2017;177:633-40.

Kokkorakis M, Boutari C, Hill MA, Kotsis V, Loomba R, Sanyal AJ, et al.
Resmetirom, the first approved drug for the management of metabolic
dysfunction-associated steatohepatitis: trials, opportunities, and challenges.
Metabolism 2024;154:155835.

Bhatt DL, Brinton EA, Miller M, Steg PG, Jacobson TA, Ketchum SB, et al. 4-LB:
substantial cardiovascular benefit from icosapent ethyl in patients with diabetes:
REDUCE-IT DIABETES. Diabetes 2020;69 [4-LB].

Baigent C, Blackwell L, Collins R, Emberson J, Godwin J, et al., Antithrombotic
Trialists’ (ATT) Collaboration. Aspirin in the primary and secondary prevention of
vascular disease: collaborative meta-analysis of individual participant data from
randomised trials. Lancet 2009;373:1849-60.

American Diabetes Association. 10. Cardiovascular disease and risk management:
standards of care in diabetes—2024. Diabetes Care 2024;47:5179-s218.

Vasan RS, Xanthakis V, Lyass A, Andersson C, Tsao C, Cheng S, et al.
Epidemiology of left ventricular systolic dysfunction and heart failure in the
Framingham study: an echocardiographic study over 3 decades. JACC Cardiovasc
Imaging 2018;11:1-11.

Berg DD, Wiviott SD, Scirica BM, Gurmu Y, Mosenzon O, Murphy SA, et al. Heart
failure risk stratification and efficacy of sodium-glucose cotransporter-2 inhibitors
in patients with type 2 diabetes mellitus. Circulation 2019;140:1569-77.

Segar MW, Vaduganathan M, Patel KV, McGuire DK, Butler J, Fonarow GC, et al.
Machine learning to predict the risk of incident heart failure hospitalization


http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0670
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0670
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0670
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0675
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0675
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0675
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0680
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0680
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0680
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0685
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0685
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0685
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0690
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0690
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0690
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0695
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0695
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0695
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0700
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0700
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0700
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0705
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0705
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0710
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0710
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0715
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0715
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0715
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0720
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0720
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0720
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0725
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0725
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0725
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0725
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0725
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0725
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0725
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0730
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0730
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0730
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0735
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0735
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0735
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0740
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0740
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0740
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0745
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0745
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0750
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0750
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0755
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0755
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0755
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0760
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0760
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0760
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0765
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0765
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0765
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0765
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0770
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0770
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0770
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0775
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0775
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0775
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0780
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0780
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0785
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0785
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0785
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0790
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0790
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0790
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0795
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0795
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0795
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0800
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0800
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0800
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0800
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0805
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0805
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0805
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0810
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0810
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0810
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0815
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0815
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0815
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0820
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0825
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0825
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0825
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0825
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0830
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0830
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0830
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0835
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0835
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0835
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0840
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0840
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0840
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0845
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0845
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0850
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0850
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0850
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0850
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0855
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0855
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0855
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0855
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0860
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0860
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0860
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0865
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0865
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0865
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0870
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0870
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0870
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0875
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0875
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0875
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0880
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0880
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0880
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0880
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0885
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0885
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0885
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0885
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0890
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0890
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0895
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0895
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0895
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0895
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0900
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0900
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0900
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0900
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0900
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0905
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0905
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0905
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0910
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0910
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0910
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0910
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0915
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0915
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0915
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0920
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0920
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0920
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0920
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0925
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0925
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0930
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0930
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0930
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0930
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0935
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0935
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0935
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0940
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0940

Y. Handelsman et al.

[190]

[191]

[192]

[193]

[194]

[195]

[196]

[197]
[198]

[199]

[200]

[201]

[202]

[203]

[204]

[205]

[206]

[207]

[208]

[209]

[210]

[211]

[212]

[213]

[214]

among patients with diabetes: the WATCH-DM risk score. Diabetes Care 2019;42:
2298-306.

McKenzie T, Hale GM, Miner A, Colén Colén J, Evins G, Wade J. Investigating the
place of sodium-glucose cotransporter-2 inhibitors and dual sodium-glucose
cotransporter-1 and dual sodium-glucose cotransporter-2 inhibitors in heart
failure therapy: a systematic review of the literature. Heart Fail Rev 2024;29:
549-58.

Solomon SD, McMurray JJV, Anand IS, Ge J, Lam CSP, Maggioni AP, et al.
Angiotensin-neprilysin inhibition in heart failure with preserved ejection fraction.
N Engl J Med 2019;381:1609-20.

Fox CS, Matsushita K, Woodward M, Bilo HJ, Chalmers J, Heerspink HJ, et al.
Associations of kidney disease measures with mortality and end-stage renal
disease in individuals with and without diabetes: a meta-analysis. Lancet 2012;
380:1662-73.

Afkarian M, Zelnick LR, Hall YN, Heagerty PJ, Tuttle K, Weiss NS, et al. Clinical
manifestations of kidney disease among US adults with diabetes, 1988-2014.
JAMA 2016;316:602-10.

Neumiller JJ, Alicic RZ, Tuttle KR. Therapeutic considerations for
antihyperglycemic agents in diabetic kidney disease. J Am Soc Nephrol 2017;28:
2263-74.

Delgado C, Baweja M, Crews DC, Eneanya ND, Gadegbeku CA, Inker LA, et al.
A unifying approach for GFR estimation: recommendations of the NKF-ASN task
force on reassessing the inclusion of race in diagnosing kidney disease. J Am Soc
Nephrol 2021;32:2994-3015.

Inker LA, Eneanya ND, Coresh J, Tighiouart H, Wang D, Sang Y, et al. New
creatinine- and cystatin C-based equations to estimate GFR without race. N Engl J
Med 2021;385:1737-49.

American Diabetes Association. 11. Chronic kidney disease and risk management:
standards of care in diabetes—2024. Diabetes Care 2024;47:5219-s30.

Naaman SC, Bakris GL. Diabetic nephropathy: update on pillars of therapy
slowing progression. Diabetes Care 2023;46:1574-86.

Neuen BL, Young T, Heerspink HJL, Neal B, Perkovic V, Billot L, et al. SGLT2
inhibitors for the prevention of kidney failure in patients with type 2 diabetes: a
systematic review and meta-analysis. Lancet Diabetes Endocrinol 2019;7:845-54.
Heerspink HJL, Stefansson BV, Correa-Rotter R, Chertow GM, Greene T, Hou FF,
et al. Dapagliflozin in patients with chronic kidney disease. N Engl J Med 2020;
383:1436-46.

Herrington WG, Staplin N, Wanner C, Green JB, Hauske SJ, et al., Empa-Kidney
Collaborative Group. Empagliflozin in patients with chronic kidney disease.

N Engl J Med 2023;388:117-27.

Michos ED, Tuttle KR. GLP-1 receptor agonists in diabetic kidney disease. Clin J
Am Soc Nephrol 2021;16:1578-80.

Perkovic V, Tuttle KR, Rossing P, Mahaffey KW, Mann JFE, Bakris G, et al. Effects
of semaglutide on chronic kidney disease in patients with type 2 diabetes. New
Engl J Med. 2024 May 24. https://doi.org/10.1056/NEJMoa2403347 [Epub
ahead of print].

Bakris GL, Agarwal R, Anker SD, Pitt B, Ruilope LM, Rossing P, et al. Effect of
finerenone on chronic kidney disease outcomes in type 2 diabetes. N Engl J Med
2020;383:2219-29.

Pitt B, Filippatos G, Agarwal R, Anker SD, Bakris GL, Rossing P, et al.
Cardiovascular events with finerenone in kidney disease and type 2 diabetes.

N Engl J Med 2021;385:2252-63.

Agarwal R, Filippatos G, Pitt B, Anker SD, Rossing P, Joseph A, et al.
Cardiovascular and kidney outcomes with finerenone in patients with type 2
diabetes and chronic kidney disease: the FIDELITY pooled analysis. Eur Heart J
2022;43:474-84.

Zannad F, Rossignol P, Stough WG, Epstein M, Alonso Garcia Mde L, Bakris GL,
et al. New approaches to hyperkalemia in patients with indications for renin
angiotensin aldosterone inhibitors: considerations for trial design and regulatory
approval. Int J Cardiol 2016;216:46-51.

Neuen BL, Oshima M, Perkovic V, Agarwal R, Arnott C, Bakris G, et al. Effects of
canagliflozin on serum potassium in people with diabetes and chronic kidney
disease: the CREDENCE trial. Eur Heart J 2021;42:4891-901.

Desai AS, Vardeny O, Claggett B, McMurray JJ, Packer M, Swedberg K, et al.
Reduced risk of hyperkalemia during treatment of heart failure with
mineralocorticoid receptor antagonists by use of sacubitril/valsartan compared
with enalapril: a secondary analysis of the PARADIGM-HF trial. JAMA Cardiol
2017;2:79-85.

Mullens W, Damman K, Testani JM, Martens P, Mueller C, Lassus J, et al.
Evaluation of kidney function throughout the heart failure trajectory—a position
statement from the heart failure Association of the European Society of
cardiology. Eur J Heart Fail 2020;22:584-603.

Jering KS, Zannad F, Claggett B, Mc Causland FR, Ferreira JP, Desai A, et al.
Cardiovascular and renal outcomes of mineralocorticoid receptor antagonist use
in PARAGON-HF. JACC Heart Fail 2021;9:13-24.

Lipska KJ, Bailey CJ, Inzucchi SE. Use of metformin in the setting of mild-to-
moderate renal insufficiency. Diabetes Care 2011;34:1431-7.

Singh AK, Kumar A, Karmakar D, Jha RK. Association of B12 deficiency and
clinical neuropathy with metformin use in type 2 diabetes patients. J Postgrad
Med 2013;59:253-7.

Diabetes Prevention Program Research Group, Knowler WC, Barrett-Connor E,
Fowler SE, Hamman RF, Lachin JM, et al. Reduction in the incidence of type 2

28

[215]

[216]

[217]

[218]

[219]

[220]

[221]

[222]

[223]

[224]

[225]

[226]

[227]

[228]

[229]

[230]

[231]

[232]

[233]

[234]

[235]

[236]

[237]

[238]

[239]

Metabolism xxx (xxxx) xxx

diabetes with lifestyle intervention or metformin. N Engl J Med 2002;346:
393-403.

Marso SP, Bain SC, Consoli A, Eliaschewitz FG, Jodar E, Leiter LA, et al.
Semaglutide and cardiovascular outcomes in patients with type 2 diabetes. N Engl
J Med 2016;375:1834-44.

Gerstein HC, Colhoun HM, Dagenais GR, Diaz R, Lakshmanan M, Pais P, et al.
Dulaglutide and cardiovascular outcomes in type 2 diabetes (REWIND): a double-
blind, randomised placebo-controlled trial. Lancet 2019;394:121-30.
Hernandez AF, Green JB, Janmohamed S, D’Agostino Sr RB, Granger CB,

Jones NP, et al. Albiglutide and cardiovascular outcomes in patients with type 2
diabetes and cardiovascular disease (harmony outcomes): a double-blind,
randomised placebo-controlled trial. Lancet 2018;392:1519-29.

Davies M, Chatterjee S, Khunti K. The treatment of type 2 diabetes in the presence
of renal impairment: what we should know about newer therapies. Clin
Pharmacol 2016;8:61-81.

Wanner C, Inzucchi SE, Lachin JM, Fitchett D, von Eynatten M, Mattheus M, et al.
Empagliflozin and progression of kidney disease in type 2 diabetes. N Engl J Med
2016;375:323-34.

Zinman B, Wanner C, Lachin JM, Fitchett D, Bluhmki E, Hantel S, et al.
Empagliflozin, cardiovascular outcomes, and mortality in type 2 diabetes. N Engl
J Med 2015;373:2117-28.

Neal B, Perkovic V, Mahaffey KW, de Zeeuw D, Fulcher G, Erondu N, et al.
Canagliflozin and cardiovascular and renal events in type 2 diabetes. N Engl J
Med 2017;377:644-57.

Wiviott SD, Raz I, Bonaca MP, Mosenzon O, Kato ET, Cahn A, et al. Dapagliflozin
and cardiovascular outcomes in type 2 diabetes. N Engl J Med 2019;380:347-57.
Perkovic V, Jardine MJ, Neal B, Bompoint S, Heerspink HJL, Charytan DM, et al.
Canagliflozin and renal outcomes in type 2 diabetes and nephropathy. N Engl J
Med 2019;380:2295-306.

Cannon CP, Pratley R, Dagogo-Jack S, Mancuso J, Huyck S, Masiukiewicz U, et al.
Cardiovascular outcomes with ertugliflozin in type 2 diabetes. N Engl J Med
2020;383:1425-35.

Packer M, Butler J, Zannad F, Pocock SJ, Filippatos G, Ferreira JP, et al.
Empagliflozin and major renal outcomes in heart failure. N Engl J Med 2021;385:
1531-3.

Handelsman Y, Henry RR, Bloomgarden ZT, Dagogo-Jack S, DeFronzo RA,
Einhorn D, et al. American Association of Clinical Endocrinologists and American
College of endocrinology position statement on the association of SGLT-2
inhibitors and diabetic ketoacidosis. Endocr Pract 2016;22:753-62.

Viscoli CM, Inzucchi SE, Young LH, Insogna KL, Conwit R, Furie KL, et al.
Pioglitazone and risk for bone fracture: safety data from a randomized clinical
trial. J Clin Endocrinol Metab 2017;102:914-22.

STOP-NIDDM Trial Research Group, Chiasson JL, Josse RG, Gomis R, Hanefeld M,
Karasik A, et al. Acarbose for prevention of type 2 diabetes mellitus: the STOP-
NIDDM randomised trial. Lancet 2002;359:2072-7.

Fonseca VA, Handelsman Y, Staels B. Colesevelam lowers glucose and lipid levels
in type 2 diabetes: the clinical evidence. Diabetes Obes Metab 2010;12:384-92.
Gaziano JM, Cincotta AH, Vinik A, Blonde L, Bohannon N, Scranton R. Effect of
bromocriptine-QR (a quick-release formulation of bromocriptine mesylate) on
major adverse cardiovascular events in type 2 diabetes subjects. J Am Heart Assoc
2012;1:002279.

Mach F, Ray KK, Wiklund O, Corsini A, Catapano AL, Bruckert E, et al. Adverse
effects of statin therapy: perception vs. the evidence—focus on glucose
homeostasis, cognitive, renal and hepatic function, haemorrhagic stroke and
cataract. Eur Heart J 2018;39:2526-39.

Preiss D, Seshasai SR, Welsh P, Murphy SA, Ho JE, Waters DD, et al. Risk of
incident diabetes with intensive-dose compared with moderate-dose statin
therapy: a meta-analysis. JAMA 2011;305:2556-64.

Barrera-Chimal J, Lima-Posada I, Bakris GL, Jaisser F. Mineralocorticoid receptor
antagonists in diabetic kidney disease—mechanistic and therapeutic effects. Nat
Rev Nephrol 2021;18:56-70.

Clarisse D, Deng L, de Bosscher K, Lother A. Approaches towards tissue-selective
pharmacology of the mineralocorticoid receptor. Br J Pharmacol 2021;179:
3235-49.

McMurray JJ, Packer M, Desai AS, Gong J, Lefkowitz MP, Rizkala AR, et al.
Angiotensin-neprilysin inhibition versus enalapril in heart failure. N Engl J Med
2014;371:993-1004.

Spannella F, Giulietti F, Filipponi A, Sarzani R. Effect of sacubitril/valsartan on
renal function: a systematic review and meta-analysis of randomized controlled
trials. ESC Heart Fail 2020;7:3487-96.

Selvaraj S, Claggett BL, Packer M, Zannad F, Anand IS, Pieske B, et al. Effects of
sacubitril/valsartan on serum lipids in heart failure with preserved ejection
fraction. J Am Heart Assoc 2021;10:e022069.

Knuuti J, Wijns W, Saraste A, Capodanno D, Barbato E, Funck-Brentano C, et al.
2019 ESC guidelines for the diagnosis and management of chronic coronary
syndromes. Eur Heart J 2020;41:407-77.

Virani SS, Newby LK, Arnold SV, Bittner V, Brewer LC, Demeter SH, et al. 2023
AHA/ACC/ACCP/ASPC/NLA/PCNA guideline for the management of patients
with chronic coronary disease: a report of the American Heart Association/
American College of Cardiology Joint Committee on clinical practice guidelines.
Circulation 2023;148:9-119.


http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0940
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0940
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0945
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0945
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0945
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0945
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0945
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0950
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0950
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0950
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0955
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0955
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0955
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0955
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0960
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0960
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0960
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0965
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0965
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0965
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0970
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0970
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0970
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0970
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0975
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0975
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0975
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0980
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0980
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0985
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0985
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0990
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0990
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0990
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0995
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0995
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf0995
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf1000
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf1000
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf1000
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf1005
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf1005
https://doi.org/10.1056/NEJMoa2403347
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf1015
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf1015
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf1015
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf1020
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf1020
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf1020
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf1025
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf1025
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf1025
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf1025
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf1030
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf1030
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf1030
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf1030
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf1035
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf1035
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf1035
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf1040
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf1040
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf1040
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf1040
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf1040
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf1045
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf1045
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf1045
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf1045
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf1050
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf1050
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf1050
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf1055
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf1055
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf1060
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf1060
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf1060
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf1065
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf1065
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf1065
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf1065
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf1070
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf1070
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf1070
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf1075
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf1075
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf1075
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf1080
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf1080
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf1080
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf1080
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf1085
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf1085
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf1085
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf1090
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf1090
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf1090
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf1095
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf1095
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf1095
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf1100
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf1100
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf1100
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf1105
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf1105
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf1110
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf1110
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf1110
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf1115
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf1115
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf1115
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf1120
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf1120
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf1120
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf1125
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf1125
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf1125
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf1125
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf1130
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf1130
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf1130
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf1135
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf1135
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf1135
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf1140
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf1140
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf1145
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf1145
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf1145
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf1145
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf1150
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf1150
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf1150
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf1150
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf1155
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf1155
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf1155
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf1160
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf1160
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf1160
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf1165
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf1165
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf1165
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf1170
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf1170
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf1170
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf1175
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf1175
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf1175
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf1180
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf1180
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf1180
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf1185
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf1185
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf1185
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf1190
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf1190
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf1190
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf1190
http://refhub.elsevier.com/S0026-0495(24)00158-6/rf1190

	DCRM 2.0: Multispecialty practice recommendations for the management of diabetes, cardiorenal, and metabolic diseases
	1 Introduction
	2 DCRM multispecialty practice recommendations
	2.1 Section I. General health
	2.1.1 Lifestyle therapy
	2.1.2 Patient education
	2.1.3 Technology and digital care
	2.1.4 Clinical tests
	2.1.5 Cognitive function
	2.1.6 Vaccinations

	2.2 Section II. Cardiorenal risk
	2.2.1 Obesity: A heterogeneous chronic disease
	2.2.2 Prediabetes
	2.2.3 Lipid disorders
	2.2.4 Hypertension
	2.2.5 Inflammation
	2.2.6 Antihyperglycemic therapy in type 2 diabetes
	2.2.7 Hypoglycemia
	2.2.8 Antiplatelet and anticoagulation therapy

	2.3 Cardiorenal and metabolic comorbidities
	2.3.1 Pulmonary disease
	2.3.2 MASLD/MASH (NAFLD/NASH) prevention and management
	2.3.3 ASCVD prevention and management
	2.3.4 Heart failure prevention and management
	2.3.5 CKD diagnosis and treatment
	2.3.6 Comorbid heart failure and CKD

	2.4 Implications for management
	2.4.1 Summary of medications
	2.4.1.1 Weight-reducing medications
	2.4.1.2 Glucose-reducing medications
	2.4.1.3 Inflammation-reducing medications
	2.4.1.4 LDL-C–reducing medications
	2.4.1.5 Triglyceride-reducing medications
	2.4.1.6 Blood pressure–reducing medications
	2.4.1.7 Other medications for heart and kidney disease
	2.4.1.8 Antiplatelet and anticoagulation medications


	2.5 Future outlook and conclusions

	CRediT authorship contribution statement
	Declaration of competing interest
	Acknowledgments
	Appendix A Supplementary data
	References


