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ABSTRACT: A growing appreciation of the pathophysiological interrelatedness of metabolic risk factors such as obesity and
diabetes, chronic kidney disease, and cardiovascular disease has led to the conceptualization of cardiovascular-kidney-
metabolic syndrome. The confluence of metabolic risk factors and chronic kidney disease within cardiovascular-kidney-
metabolic syndrome is strongly linked to risk for adverse cardiovascular and kidney outcomes. In addition, there are unique
management considerations for individuals with established cardiovascular disease and coexisting metabolic risk factors,
chronic kidney disease, or both. An extensive body of literature supports our scientific understanding of, and approach
to, prevention and management for individuals with cardiovascular-kidney-metabolic syndrome. However, there are critical
gaps in knowledge related to cardiovascular-kidney-metabolic syndrome in terms of mechanisms of disease development,
heterogeneity within clinical phenotypes, interplay between social determinants of health and biological risk factors, and
accurate assessments of disease incidence in the context of competing risks. There are also key limitations in the data
supporting the clinical care for cardiovascular-kidney-metabolic syndrome, particularly in terms of early-life prevention,
screening for risk factors, interdisciplinary care models, optimal strategies for supporting lifestyle modification and weight loss,
targeting of emerging cardioprotective and kidney-protective therapies, management of patients with both cardiovascular
disease and chronic kidney disease, and the impact of systematically assessing and addressing social determinants of health.
This scientific statement uses a crosswalk of major guidelines, in addition to a review of the scientific literature, to summarize
the evidence and fundamental gaps related to the science, screening, prevention, and management of cardiovascular-kidney-
metabolic syndrome.
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is @ major determinant of premature morbidity and
mortality. Consequently, developing comprehensive
strategies to augment CKM health across the life course
is a key clinical and public health priority. There is a grow-
ing understanding of the science underlying the complex

Poor cardiovascular-kidney-metabolic (CKM) health

© 2023 American Heart Association, Inc.
Circulation is available at www.ahajournals.org/journal/circ

1636 November 14, 2023

interplay among metabolic risk factors, chronic kidney dis-
ease (CKD), and the cardiovascular system. Accordingly,
there has been an expansion of therapeutic approaches
to prevent or mitigate metabolic risk factors, to delay kid-
ney disease progression, and to reduce associated car-
diovascular risk. The increasing number of agents with

Circulation. 2023;148:1636—1664. DOI: 10.1161/CIR.0000000000001 186



720z ‘9T Jequieides uo Aq Bio'sfeuuno feye//:dny wouy papeojumoq

Ndumele et al

beneficial metabolic effects, kidney effects, or both that
additionally improve cardiovascular disease (CVD) out-
comes offers promise for the future of CKM care.
However, several fundamental gaps remain in our
scientific insight into the mechanistic underpinnings of
CKM health. There are also major gaps, as well as some
conflicts, in current clinical guidelines with respect to
the approach to screening, prevention, and manage-
ment of the patient with CKM syndrome. Using a review
of the literature and crosswalk of major guidelines, this
scientific statement describes the current evidence and
gaps in our knowledge in terms of the science, screen-
ing, and clinical care of CKM syndrome. The scientific
statement concludes with charting a path forward for
science and clinical care in relation to CKM health.

THE CURRENT SCIENTIFIC
UNDERSTANDING OF CKM SYNDROME

As described in the CKM health presidential advisory,’
CKM syndrome is defined as a systemic disorder charac-

Science and Clinical Management of CKM Syndrome

terized by pathophysiological interactions among meta-
bolic risk factors, CKD, and the cardiovascular system,
leading to multiorgan dysfunction and a high rate of ad-
verse cardiovascular outcomes. CKM syndrome includes
both individuals at risk for CVD due to the presence of
metabolic risk factors, CKD, or both and individuals with
existing CVD that is potentially related to or complicates
metabolic risk factors or CKD. The increased likelihood
of CKM syndrome and its adverse outcomes is further
influenced by unfavorable conditions for lifestyle and
self-care resulting from policies, economics, and the en-
vironment.

The pathophysiological consequences of CKM syn-
drome reflect multidirectional relationships among meta-
bolic risk factors, CKD, and the cardiovascular system
(Figure 1). CKM syndrome most commonly originates
from excess or dysfunctional adipose tissue or both. Dys-
functional adipose tissue, particularly visceral adipose
tissue, secretes proinflammatory and prooxidative prod-
ucts that damage arterial, cardiac, and kidney tissues.?™
Inflammatory processes reduce sensitivity to the action
of insulin, resulting in impaired glucose tolerance3® The
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Figure 1. Conceptual diagram for CKM syndrome.

The image displays the pathophysiology underlying cardiovascular-kidney-metabolic (CKM) syndrome. CKM syndrome most commonly originates
from excess adipose tissue, dysfunctional adipose tissue, or both. Multiple pathological processes related to dysfunctional adipose tissue result

in insulin resistance and eventual hyperglycemia. Inflammation, oxidative stress, insulin resistance, and vascular dysfunction are highlighted

as central processes leading to the development of metabolic risk factors, to the progression of kidney disease, to the potentiation of heart-
kidney interactions, and to the development of cardiovascular diseases. Metabolic risk factors and chronic kidney disease further predispose to
cardiovascular diseases through multiple direct and indirect pathways. MASLD indicates metabolic dysfunction—associated steatotic liver disease.
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development of metabolic dysfunction—associated stea-
totic liver disease” (previously called nonalcoholic fatty
liver disease) further amplifies systemic inflammation and
insulin resistance. Beyond these systemic effects, meta-
bolic dysfunction—associated steatotic liver disease has
additionally become the leading cause of liver failure and
need for liver transplantation.® When released into the sys-
temic circulation, pro-oxidative and proinflammatory medi-
ators exacerbate pathophysiological processes involved in
atherosclerosis and myocardial injury; in glomerulosclero-
sis, kidney tubular inflammation, and kidney fibrosis; and
in the development of metabolic risk factors. In addition
to the systemic effects of adipose tissue, ectopic fat may
be a local source of mediators and can produce compres-
sive organ damage, especially when deposited in the epi-
cardium and pericardium, promoting arrhythmogenesis,
myocardial dysfunction, and coronary atherosclerosis, and
within and around the kidney, contributing to hypertension
and abnormal blood pressure variability.3559

As one component of CKM syndrome, the constel-
lation of risk factors making up metabolic syndrome
(MetS)—abdominal obesity, dysglycemia, atherogenic
dyslipidemia, and hypertension—has numerous patho-
physiological consequences, including endothelial dys-
function, atherogenesis, thrombosis, myocardial injury,
fibrosis, and cardiac remodeling. MetS thereby contrib-
utes to the development of all subtypes of CVD, including
coronary heart disease, cerebrovascular disease, periph-
eral artery disease, cardiac arrhythmias, and heart failure
(HF). Progression from MetS to type 2 diabetes (T2D)
is common as a consequence of beta cell dysfunction in
the context of chronic insulin resistance, which markedly
amplifies risk for vascular and kidney disease.'

Mechanisms of vascular, heart, and kidney injury asso-
ciated with these processes can be broadly classified as
hemodynamic, metabolic, inflammatory, and fibrotic."'-4
Hyperglycemia induces glomerular hyperfiltration and
hypertension, which are hemodynamic mechanisms that
have long been recognized to initiate and propagate
kidney damage. Along with obesity and systemic hyper-
tension, glomerular hemodynamic and arterial injury is
promulgated by sheer stress and damage to the endo-
thelium that contribute to both atherosclerosis and glo-
merulosclerosis.""'® Hypertension and obesity are also
major etiologic factors underlying the development of left
ventricular hypertrophy and HF'®

Hyperglycemia in T2D initiates a series of intracellu-
lar processes that promote kidney and vascular damage
through inflammation and fibrosis.'"'®'7 Altered intracel-
lular glucose metabolism generates advanced glycation
end products, reactive oxygen species, and activation
of protein kinase C and the Janus kinase—signal trans-
ducer and activator of transcription pathways.""'® These
and various related intracellular signals lead to ongoing
release of proinflammatory mediators, profibrotic factors,
and immune cell recruitment.'®'8'° Intensively controlling
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hyperglycemia only modestly reduces the risk of micro-
vascular complications or progression in individuals with
long-term diabetes.?® Past hyperglycemia leads to long-
lasting advanced glycation end products and epigenetic
modifications, as well as subsequent upregulation of
proinflammatory and profibrotic genes.'>?' Consequently,
pathways initially activated by metabolic disturbance may
become self-perpetuating.®'52!

CKD is a major amplifier of cardiovascular risk. The
hallmarks of CKD, albuminuria, low glomerular filtra-
tion rate (GFR), or both, are associated with progressive
increases in the risk of major atherosclerotic vascular and
HF events and cardiovascular death.?>*® Consequently, the
most common causes of death for people with diabetes
and CKD are HF and atherosclerotic CVD (ASCVD),?4-26
and only #10% of patients with CKD even survive to reach
kidney failure.?” As a result, greater numbers of individuals
are affected by the constellation of risk factors and dis-
ease burden that encompasses CKM syndrome.

In addition to their various impacts on vascular disease,
MetS and diabetes are predisposing conditions for CKD,
with three-quarters of kidney failure cases attributed
to diabetes and hypertension in the United States.?®%
Although the prevalence of other diabetes complications
has fallen substantially, the number of people with dia-
betes who develop kidney failure has progressively risen
over time.?83932 Moreover, deaths attributed to CKD in
diabetes increased by 106% worldwide between 1990
and 2013.%

Although the mechanisms of kidney-heart interac-
tions for reciprocal risk amplification are not fully eluci-
dated, it is clear that many risk factors are shared. CKD,
especially when present with diabetes, is a proinflam-
matory state, with elevated systemic inflammatory mark-
ers strongly associated with high cardiovascular risk.33%4
Vascular calcification is a common complication of CKD
that is associated with ischemic complications, including
myocardial infarction and peripheral artery disease.®® In
addition, CKD and diabetes are more likely to precipitate
peripheral artery disease below the knee, which is often
more difficult to revascularize and is associated with
more ischemic injury.*%3” CKD also leads to anemia and
bone and mineral metabolism disorders that exacerbate
CVD.® Lower oxygen-carrying capacity increases myo-
cardial demand and may worsen HFE'® Conversely, CVD,
particularly HF, is associated with the development of
CKD."® HF may reduce GFR as a result of impaired car-
diac output, high venous pressure, and activation of the
renin-angiotensin-aldosterone system and sympathetic
nervous system.'®% In turn, low estimated GFR (eGFR)
can exacerbate fluid retention, which increases vascular
congestion, forming an interlocking cycle of organ failure
between the heart and kidney. Last, atherosclerosis can
affect the kidney vasculature, which, when associated
with critical ischemia, can cause both resistant hyperten-
sion and kidney failure.*®#!
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In summary, CKM syndrome represents a multidi-
rectional pathophysiology leading to increased morbid-
ity and mortality that goes beyond the simple sum of its
components.

MAJOR GAPS IN SCIENTIFIC
UNDERSTANDING OF CKM

Although the scientific understanding of the determinants
and pathophysiological consequences of CKM syndrome
is increasing, several key gaps persist in our knowledge,
as detailed in the following sections (Table 1).

Table 1. Key Gaps in the Scientific Understanding of CKM
Syndrome

Topic area Key gaps

Mechanisms of
CVD development
in CKM

Elucidating mechanisms underlying the development
of ASCVD
Demographic differences, particularly by sex, and
regional differences in CVD risk related to CKM
syndrome

Genetic underpinnings of CVD and role for
genetic testing

Mechanisms of endothelial dysfunction

Elucidating mechanisms underlying the development
of HF and arrhythmias
Molecular mechanisms of HFpEF development

Determinants of progression from subclinical to
clinical CVD

Interactions between extracardiac dysfunction
and cardiac dysfunction

Understanding the
heterogeneity within
CKM syndrome

Elucidating key aspects of CKM heterogeneity
Heterogeneity in degree and subtypes of
metabolic risk factors among individuals with
excess weight

Heterogeneity in progression across CKM stages

Clarifying biological factors predisposing to CKM
risk, social determinants of CKM risk, and their
interrelationships

Understanding the effect of risk-enhancing factors
in those susceptible to CKM syndrome

Need for longitudinal | Need for

studies of Accurate estimations of risk for CVD and CKD
competing risk in the context of CKM syndrome considering
competing risks

Strategies for prioritizing clinical outcomes in
longitudinal CKM risk modeling

Understanding
bidirectional
cardiovascular-
kidney relationships

Clarifying aspects of cardiovascular-kidney
interactions
Pathways linking CVD to the development of
CKD and those potentiating cardiovascular-
kidney interactions

Subtypes of CVD most linked to CKD

Most appropriate markers for tracking CKD
development in CVD

ASCVD indicates atherosclerotic cardiovascular disease; CKD, chronic kidney
disease; CKM, cardiovascular-kidney-metabolic; CVD, cardiovascular disease;
HF, heart failure; and HFpEF, heart failure with preserved ejection fraction.
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Mechanisms of CVD Development in CKM

Although epidemiological studies have described clear
associations of CKM components, including hallmark
features of visceral adiposity and insulin resistance,
with risk of ASCVD, the exact mechanisms remain in-
completely understood. When present, CKM syndrome
appears to accelerate the pathophysiology of athero-
sclerosis by augmenting inflammation, dyslipidemia,
hypertension, and insulin resistance, each central con-
tributors to the development of atherogenesis.? With the
changing landscape of atherosclerosis that has shifted
to developing countries, women, and younger indi-
viduals, current knowledge gaps include an incomplete
understanding of (1) sex differences in CVD in CKM
syndrome, (2) genetic underpinnings of disease that may
account for some regional differences and clinical ap-
plications of genetic testing, (3) mechanisms of endo-
thelial dysfunction in CKM syndrome (accelerated in the
presence of CKD*?) as an early harbinger of CVD, and
(4) environmental and community-level risk factors in the
development of CVD.*®

In contrast to atherosclerosis, mechanisms by which
CKM syndrome leads to HF and arrhythmias (and, in
particular, atrial fibrillation [AFib]) are less well described.
Adiposity itself leads to hemodynamic changes. Addition-
ally, adipose depots, including pericardial and myocardial
fat accumulation, may exert direct effects on cardiac
remodeling through activation of inflammatory and fibro-
sis pathways, in addition to abnormal myocardial ener-
getics. The role of metabo-inflammation is increasingly
recognized as an important mechanism leading to HF
with preserved ejection fraction (HFpEF).** Key knowl-
edge gaps that remain include (1) molecular mechanisms
of HFpEF in the setting of substantial phenotypic het-
erogeneity; (2) determinants of disease progression from
subclinical to overt CVD, including HFpEF and AFib; and
(8) interactions between extracardiac organ dysfunction,
particularly kidney disease,'® and cardiac dysfunction.

Understanding the Heterogeneity Within CKM
Syndrome

Another key gap relates to understanding the factors
underlying the marked heterogeneity within CKM syn-
drome. There is significant heterogeneity in metabolic
disease within weight categories, with some individuals
having few or no metabolic risk factors beyond excess
weight and others having multiple metabolic risk factors
despite having only modest degrees of excess weight or
even being within a normal weight range. It is important
to note that the absence of metabolic risk factors among
individuals with obesity is still associated with increased
CVD risk relative to individuals with normal weight with-
out metabolic risk factors.* This is due to direct adverse
cardiovascular effects of obesity and the fact that many
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individuals develop metabolic risk factors over time.*
However, there is limited understanding of the reasons
for this heterogeneity in metabolic risk factors, with the
distribution of ectopic fat and the metabolic activity of
adipose tissue thought to play key roles.“®

In addition, there are significant racial and ethnic dif-
ferences in the propensity for metabolic risk factors at a
given weight.*” Much of this is related to social determi-
nants of health (SDOH), which primarily drive the higher
burden of metabolic risk factors within historically dis-
enfranchised populations.**® SDOH can be concep-
tualized within a socioecological framework in which
societal factors, community, and interpersonal relation-
ships affect each other and strongly influence individual
health behaviors (Figure 2).

Individual biological predisposition also plays a key
role; as an example, the higher burden of metabolic risk
factors among people of South Asian ancestry is likely
related to a higher degree of ectopic fat deposition at
a given body mass index (BMI).*® However, individual
biological predisposition is likely best conceptualized
within a social context, with adverse SDOH and unfavor-
able biological factors being interrelated and leading to
worse CKM outcomes when jointly present. Epigenetic

Science and Clinical Management of CKM Syndrome

changes, resulting from interconnections among genetic,
environmental, social, and lifestyle factors, may help to
elucidate the biological basis for heterogeneous mani-
festations of CKM syndrome.®" A better understanding
is also needed regarding multiple MetS subtypes (eg,
insulin resistance dominant, lipid dominant, vascular
dominant) and the variability in the end organ-—related
manifestations of CKM syndrome.

There is also heterogeneity in the speed and extent of
progression across CKM stages. Progression along CKM
stages is associated with increased relative and absolute
risk for CVD, kidney failure, and mortality. Altering the tra-
jectory of CKM syndrome requires a deeper understand-
ing of metabolic-inflammatory interplay accompanied by
an integration of bio-socio-ecological pathways. Factors
such as genetics, behavioral and environmental factors,
and SDOH may collectively influence the progression of
CKM syndrome across its stages. Indeed, in the CKM
health presidential advisory, we identified risk-enhanc-
ing factors for progression along CKM stages, including
sex-specific factors such as early menopausal transition,
adverse pregnancy outcomes, and polycystic ovarian dis-
ease; mental health and sleep disorders; chronic inflam-
matory conditions; and family history of diabetes or kidney
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Figure 2. Socioecological framework for CKM syndrome.

Social determinants at multiple levels of influence, including at societal, community, interpersonal and individual behavioral levels, affect the
likelihood of cardiovascular-kidney-metabolic (CKM) syndrome and of consequent adverse outcomes. Individual biological predisposition, nested
within these multiple levels of social influence, further affects CKM syndrome development and related outcomes.
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failure. However, there is limited understanding of the rela-
tive importance of these factors and how they interact to
influence transitions from excess and dysfunctional adi-
posity to the emergence of metabolic risk factors and pro-
gressive kidney disease to subclinical and eventual clinical
CVD. There is a key need for such outcomes data from
diverse populations, including groups traditionally under-
represented in clinical studies and trials, to maximize our
understanding of CKM syndrome heterogeneity. In addi-
tion, the development of animal or cellular models would
be beneficial in understanding the molecular mechanisms
that mediate the development and progression of CKM
syndrome. Obtaining a deeper understanding of the fac-
tors linked to the variability in CKM and progression along
CKM stages may inform novel strategies for predicting
and positively influencing CKM health in the population.

Need for Longitudinal Studies of Competing
Risk
Accounting for competing risk in longitudinal analyses not
only allows more accurate risk prediction but also adds
contextual dimensions and insights, especially when con-
ducted over longer periods of time.??%® CKM syndrome
represents a complex interplay of conditions that are in-
dividually associated with high cardiovascular and kidney
disease event rates such as myocardial infarction, stroke,
HF, kidney failure, and death. However, high-quality studies
focused on describing and assessing risks in CKM syn-
drome are scarce; thus, a longitudinal approach to study-
ing competing risks of the various components of CKM
syndrome provides an opportunity for new insights into
mechanisms that affect or modify each factor over time.
In the context of CKM syndrome, using competing-risk
methodology to identify the first adverse outcome result-
ing from multiple interacting factors can guide the priori-
tization of preventive therapies, with the goal of averting
primary (eg, myocardial infarction) and subsequent sec-
ondary (eg, HF or recurrent myocardial infarction) events.
Individually, the components of CKM have been mod-
eled with competing-risk methodologies in multiple
studies to avoid biased estimates of the risk for disease
outcomes, as described previously®* In CKD and kidney
failure, competing-risk models have demonstrated higher
concordance with observed outcomes than standard Cox
regression modeling.%°-5" Establishing adequate modeling
methodologies will be important in consistent risk estima-
tion. Such modeling methodologies will be important in
accurately estimating future outcomes for the purposes of
trial design and resource allocation in health care settings.
The challenge for future analyses with the broad CKM
syndrome will be the selection of outcomes to consider.
For example, a patient with CKD G4 may be at risk for and
experience kidney failure, a cardiovascular event, or death
not related to CKM disease. On the other hand, individuals
with earlier stages of CKD but with components of MetS

Circulation. 2023;148:1636-1664. DOI: 10.1161/CIR.0000000000001186
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may have higher risks of death or cardiovascular events in
the short term and progressive kidney disease in the long
term. Therefore, there is a great need to prioritize outcomes
in risk modeling with CKM and to develop the appropriate
modeling strategies to answer important questions related
to long-term CKM syndrome consequences.

Understanding Bidirectional Cardiovascular-
Kidney Relationships

The importance of considering cardiovascular and kidney
disease in a singular framework stems from the frequent
co-occurrence of these entities and the bidirectional or-
gan cross talk that perpetuates organ damage. CKD is
an important risk factor for CVD. The heightened risk be-
gins at the earliest stages of kidney disease, most easily
recognized by the presence of albuminuria®® This bio-
marker reflects global vascular endothelial dysfunction
and early kidney disease,* further amplified by traditional
metabolic risk factors such as elevated blood pressure
and hyperglycemia. In addition, this heightened cardio-
vascular risk in kidney disease is recognized even in
young individuals with congenital kidney diseases and in
primary glomerular or tubulointerstitial diseases.®°

The causal relationship between CVD and subsequent
kidney disease is less understood (type 2 cardiorenal syn-
drome).'® Although kidney benefits have been shown in
data from cardiovascular trials with agents such as angio-
tensin-converting enzyme (ACE) inhibitors/angiotensin |l
receptor blockers (ARBs), sodium-glucose cotransporter-2
(SGLT2) inhibitors, and finerenone,®' the global kidney tra-
jectory in CVD has not received as much attention and
needs further clarification. Questions that remain include
the types of CVD most associated with future kidney
disease (ie, ischemia, HF, valvular disease, arrhythmias),
appropriate biomarkers for tracking kidney disease devel-
opment in CVD, and age-specific variations in this risk.

METHODS FOR THE CROSSWALK
OF GUIDELINES RELATED TO
CKM SCREENING, PREVENTION,
AND MANAGEMENT

To review the evidence related to the clinical manage-
ment of CKM syndrome, the American Heart Association
convened a science advisory group with broad transdis-
ciplinary expertise. The science advisory group included
representation from pediatrics, primary care, nephrology,
endocrinology, cardiology, neurology, nursing, and phar-
macology, with additional expertise in basic, clinical, epi-
demiologic, and interventional research. Regular meetings
were held among the science advisory group and among
a complementary CKM health patient advisory group to
provide a lay perspective.

The science advisory group conducted a comprehensive
review of the latest guidelines related to screening for
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CKM risk factors and the prevention and management
of ASCVD, HF, and AFib in patients with CKD, T2D, obe-
sity, and other cardiometabolic conditions (Table 2). We
compared recommendations across guidelines using a
systematic approach and identified the discrepancies in
recommendations, the areas that were not adequately ad-
dressed in current clinical guidelines, and the gaps in the
literature requiring further investigation. In our evaluation
of the major guidelines, we classified the recommenda-
tions into 3 main categories: lifestyle, pharmacotherapy,
and other considerations, including SDOH, interdisci-
plinary care, and patient-centered approaches. Preven-
tion guidelines provided additional recommendations on
screening individuals at risk of developing CVD or pro-
gressive kidney disease related to CKM risk factors.

The most recent guidelines from American (led primarily by
American Heart Association/American College of Cardiol-
ogy, with involvement of other subspecialty organizations)
and European (primarily led by the European Society of
Cardiology) cardiology societies for the management and
prevention of ASCVD and HF served as the backbone for
our crosswalk. Because ASCVD and HF guidelines from
American societies referenced the hypertension® and
cholesterol®® guidelines for specific population subgroups
and comorbidities such as recommendations for individu-
als with diabetes or CKD, hypertension and cholesterol
guidelines were used as the primary reference for these
specific patient populations. It is notable that the major
guideline for the management of overweight and obesity
in adults was published in 20135 Therefore, we incorpo-
rated recommendations related to weight management us-
ing more up-to-date guidelines and scientific statements
within the CKM framework. The American Diabetes As-
sociation’s Standards of Care 2023 served as the primary
source for CKM-related recommendations in patients with
diabetes, and the Kidney Disease Improving Global Out-
comes guidelines were used for therapeutic considerations
related to CKD and diabetic kidney disease.”™

To identify gaps in the recommendations, we additionally
used information provided in scientific statements. This
allowed us to incorporate the current evidence base and
expert opinion into our advisory while also highlighting
areas that necessitate further research. The guideline
crosswalk was further supported by an extensive review
of the scientific literature by members of the writing
group. The complete list of guidelines used for the cross-
walk exercise can be found in Table 2.

EVIDENCE SUPPORTING CKM-RELATED
SCREENING

The ability to detect, at an early stage, conditions with
significant negative clinical consequences remains an ur-
gent preventive public health opportunity, especially when
multiple effective therapeutics are available. The CKM
staging construct provides a framework for identifying

1642 November 14, 2023
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Table 2. Major Guidelines and Scientific Statements Used
in the CKM Health Crosswalk

Prevention and Management of ASCVD

2019 ACC/AHA Guideline on the Primary Prevention of Cardiovascular
Disease®

2021 ESC Guidelines on Cardiovascular Disease Prevention in Clinical
Practice®

2023 Standards of Medical Care in Diabetes®*

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®®

2018 AHA/ACC/AACVPR/AAPA/ABC/ACPM/ADA/AGS/APhA/ASPC/
NLA/PCNA Guideline on the Management of Blood Cholesterol®®

2013 AHA/ACC/TOS Guideline for the Management of Overweight and
Obesity in Adults®”

2022 AHA Scientific Statement: Comprehensive Management of
Cardiovascular Risk Factors for Adults With Type 2 Diabetes®’

2021 AHA Scientific Statement on Weight-Loss Strategies for Prevention
and Treatment of Hypertension®®

2022 KDIGO Clinical Practice Guideline for Diabetes Management in
Chronic Kidney Disease®®

2013 KDIGO Clinical Practice Guideline for Lipid Management in Chronic
Kidney Disease™

Prevention and Management of HF

2022 AHA/ACC/HFSA Guideline for the Management of Heart Failure™

2021 ESC guidelines for the diagnosis and treatment of acute and chronic
heart failure™

2023 Standards of Medical Care in Diabetes®*

2022 AHA Scientific Statement: Comprehensive Management of
Cardiovascular Risk Factors for Adults With Type 2 Diabetes®’

2022 KDIGO Clinical Practice Guideline for Diabetes Management in
Chronic Kidney Disease®®

Prevention and Management of AFib

2020 ESC Guidelines for the Diagnosis and Management of Atrial
Fibrillation Developed in Collaboration With the EACTS™

2019 AHA/ACC/HRS Focused Update of the 2014 AHA/ACC/HRS
Guideline for the Management of Patients With Atrial Fibrillation™

2022 AHA/ACC/HFSA Guideline for the Management of Heart Failure”

2021 ESC guidelines for the diagnosis and treatment of acute and chronic
heart failure™

Management of CKM Health in CKD

2022 KDIGO Clinical Practice Guideline for Diabetes Management in
Chronic Kidney Disease®®

2023 Standards of Medical Care in Diabetes®
2022 AHA/ACC/HFSA Guideline for the Management of Heart Failure™

2021 ESC guidelines for the diagnosis and treatment of acute and chronic
heart failure™

AACVPR indicates American Association of Cardiovascular and Pulmonary
Rehabilitation; AAPA, American Academy of Physician Assistants; ABC, As-
sociation of Black Cardiologists; ACC, American College of Cardiology; ACPM,
American College of Preventive Medicine; ADA, American Diabetes Association;
AFib, atrial fibrillation; AGS, American Geriatrics Society; AHA, American Heart
Association; APhA, American Pharmacists Association; ASH, American Society
of Hypertension; ASPC, American Society for Preventive Cardiology; ASCVD,
atherosclerotic cardiovascular disease; CKD, chronic kidney disease; CKM, car-
diovascular-kidney-metabolic; EACTS, European Association for Cardio-Thoracic
Surgery; ESC, European Society of Cardiology; HF, heart failure; HFSA, Heart
Failure Society of America; HRS, Heart Rhythm Society; KDIGO, Kidney Disease
Improving Global Outcomes; NLA, National Lipids Association; NMA, National
Medical Association; PCNA, Preventive Cardiovascular Nurses Association; and
TOS, The Obesity Society.
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Table 3. Definitions of CKM Health Stages

CKM health stages | Definition

Stage 0: No CKM
health risk factors

Individuals without overweight/obesity, metabolic
risk factors (hypertension, hypertriglyceridemia,
MetS, diabetes), CKD, or subclinical/clinical CVD

Stage 1: Excess Individuals with overweight/obesity, abdominal
and/or dysfunctional | obesity, or dysfunctional adipose tissue, without the
adiposity presence of other metabolic risk factors or CKD
BMI >25 kg/m? (or >23 kg/m? if Asian ancestry)

Waist circumference >88/102 cm in women/
men (or if Asian ancestry, 280/90 c¢m in women/
men) and/or

Fasting blood glucose >100-124 mg/dL or
HbA1c between 5.7% and 6.4%*

Stage 2: Metabolic Individuals with metabolic risk factors
risk factors and (hypertriglyceridemia (>135 mg/dL), hypertension,
CKD MetSt, diabetes) or CKD

Stage 3: Subclinical
CVD in CKM

Subclinical ASCVD or subclinical HF among
individuals with excess/dysfunctional adiposity, other
metabolic risk factors, or CKD
Subclinical ASCVD to be principally diagnosed
by coronary artery calcification (subclinical
atherosclerosis by coronary catheterization/CT
angiography also meets criteria)

Subclinical HF diagnosed by elevated cardiac
biomarkers (NT-proBNP >125 pg/mL, high-
sensitivity troponin T >14 ng/L for women and
>22 ng/L for men, high-sensitivity troponin
1210 ng/L for women and =12 ng/L for men)
or by echocardiographic parameters, with
combination indicating highest HF risk.

Risk equivalents of subclinical CVD
Very high-risk CKD (G4 or G5 CKD or very high
risk per KDIGO classification)

High predicted 10-y CVD risk

Stage 4: Clinical
CVD in CKM

Clinical CVD (coronary heart disease, heart failure,
stroke, peripheral artery disease, AFib) among
individuals with excess/dysfunctional adiposity, other
metabolic risk factors, or CKD

Stage 4a: no kidney failure

Stage 4b: kidney failure present

AFib indicates atrial fibrillation; ASCVD, atherosclerotic cardiovascular disease;
BMI, body mass index; CKD, chronic kidney disease; CKM, cardiovascular-kid-
ney-metabolic; CT, computed tomography; CVD, cardiovascular disease; HbA1c,
hemoglobin Alc; HF, heart failure; KDIGO, Kidney Disease Improving Global
Outcomes; MetS, metabolic syndrome; and NT-proBNP, N-terminal pro-B-type
natriuretic peptide.

“Individuals with gestational diabetes should receive intensified screening for
impaired glucose tolerance after pregnancy.

tMetS is defined by the presence of >3 of the following: (1) waist circumfer-
ence >88 cm for women and =102 cm for men (if Asian ancestry, 280 cm for
women and =90 c¢m for men), (2) high-density cholesterol <40 mg/dL for men
and <50 mg/dL for women; (3) triglycerides >150 mg/dL; (4) elevated blood
pressure (systolic blood pressure =130 mmHg and/or diastolic blood pressure
>80 mmHg and/or use of antihypertensive medications); and (5) fasting blood
glucose 2100 mg/dL.

individuals at early stages of CKM syndrome to prevent
progression to CVD (Table 3). Assessment and early
management of modifiable risk factors is a cornerstone
of cardiovascular prevention, with the recommended in-
tensity of preventive interventions typically linked to the
absolute risk of the individual and expected net benefit
of the intervention. Major organizations support screen-
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ing for hypertension, diabetes, and dyslipidemias, all key
CKM risk factors, with early management of these condi-
tions recommended to potentially improve clinical outco
Mes.5263697677 Qbesity confers greater risk with longer
severity and duration, supporting the concept of address-
ing excess weight at early points in the life course.”™ Tra-
ditionally, the components of CKM syndrome have been
evaluated and measured separately, but there is a need
to consider collective assessments for closely interrelated
risk factors to facilitate holistic approaches to prevention.

MetS is strongly linked to the development of diabe-
tes and CVD, and the MetS construct underscores the
connectivity of several metabolic risk factors. Both the
diagnostic components of MetS and additional patho-
physiological features such as inflammation, endothelial
dysfunction, a prothrombotic milieu, and a higher low-
density lipoprotein (LDL) particle concentration confer
CVD risk. Therefore, addressing the root causes of MetS
through lifestyle modification, in addition to pharmaco-
logical risk factor control, is key to fully address both
diagnostic and typically unmeasured MetS components
and their associated CVD risk.

CVD and kidney diseases are currently treated as sep-
arate health conditions. However, the increasing recog-
nition that these 2 conditions are closely linked through
shared biological and social risk factors warrants updated
considerations in the context of CKM syndrome. His-
torically, screening for kidney diseases has had variable
support from the medical community. In the strongest
argument against screening, the US Preventive Services
Task Force issued a statement that routine screening for
CKD among the general adult population lacked suffi-
cient evidence for benefit.”® However, this guidance must
be revisited with the advent of several classes of medica-
tions now demonstrating benefit in slowing the progres-
sion of CKD (eg, ACE inhibitors/ARBs, SGLT?2 inhibitors,
and nonsteroidal mineralocorticoid receptor antagonists),
preventing CVD events, and reducing cardiovascular mor-
tality. Most specialty organizations have now embraced
the importance of identifying CKD, especially in high-
risk adult populations such as those with diabetes.?3¢
Screening for CKD has historically been centered around
the eGFR. The challenges with relying solely on the eGFR
are numerous, including inconsistent reporting with some
systems not reporting granular values >60 mL'min~"-1.73
m~2 and imprecision related to higher eGFR estimations.
There are alternative categorizations to define kidney dis-
ease, including a rubric that relies on albuminuria (>30
mg/g creatinine in a spot urine specimen). Albuminuria is
an independent risk marker for future CVD events below
the standard threshold for CKD criteria and is an impor-
tant screening tool for patients with diabetes.?#5989 The
Kidney Disease Improving Global Outcomes CKD stag-
ing system combines eGFR and albuminuria to provide
a broad risk estimate for CKD progression, CVD events,
and overall mortality®' Including kidney parameters as
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part of comprehensive CKM screening will enhance the
potential to predict and prevent clinically relevant and
patient-reported outcomes.

GAPS IN APPROACHES TO SCREENING

Review of the literature and major guidelines revealed
key gaps and conflicts with regard to screening for chil-
dren, metabolic risk factors and CKD in adulthood, sub-
clinical CVD, and SDOH closely linked to CKM health
(Table 4).

Gaps in Early Life Screening

Indicators of cardiovascular health such as those in Life’s
Essential 8% present an important paradigm for preven-

Table 4. Key Gaps in the Screening Approaches for CKM
Syndrome

Topic area Key gaps

Early-life screening Need for clarity on early life screening for CKM
factors
Not currently recommended by USPSTF because
of limited evidence on outcome, but recommend-

ed by other pediatric organizations

Screening for meta- | Obesity: limited focus on waist circumference
bolic risk factors and | measurements and race- and ethnicity-specific cut
CKD in adulthood points in current guidelines

MetS components: suboptimal identification of

MetS in clinical practice, which should trigger life-

style change and multifactorial risk factor control
Optimal frequency for MetS screening undefined

CKOD: significant underuse of urine albumin-creat-
inine ratio measurement in concert with eGFR to
fully characterize CKD-associated risk

Subclinical CVD
diagnosis

Subclinical HF: optimal strategy for identifying in the
population not fully defined
Possible targeted cardiac biomarker measure-
ments based on combination of age/CKM risk
factors/risk algorithms

Next diagnostic/therapeutic steps after the finding
of elevated cardiac biomarkers not yet defined

CKD systematically underemphasized in current

HF staging despite high HF risk with CKD
CKD not among risk conditions in HF guide-
lines; CKD excluded from biomarker definition
for subclinical HF because of elevated biomark-
er levels with kidney dysfunction; alternative ap-
proach for defining and addressing risk in CKD
remains undefined

SDOH screening Approach to and utility of systematic screening for
SDOH
Optimal tools for SDOH screening (may differ by

setting)

Strategies for incorporating SDOH screening into
EHR and clinical workflows

Impact of addressing SDOH identified by screen-
ing on clinical outcomes

CKD indicates chronic kidney disease; CKM, cardiovascular-kidney-metabolic;
CVD, cardiovascular disease; eGFR, estimated glomerular filtration rate; EHR,
electronic health record; HF, heart failure; MetS, metabolic syndrome; SDOH,
social determinants of health; and USPSTF, US Preventive Services Task Force.
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tion of disease, but the age at which to begin screening
and prevention efforts has been controversial. The vas-
cular and myocardial pathology underlying CVD begins
early in life and progresses through childhood and ado-
lescence into adulthood. The most direct evidence for pre-
vention would come from studies linking screening and
prevention efforts initiated during childhood to a clear re-
duction of cardiac outcomes in adulthood. Unfortunately,
such studies are impractical because of the necessary
duration and cost. From this lack of direct evidence, the
US Preventive Services Task Force has concluded that
there is insufficient evidence to assess the benefits and
harms of screening for most cardiovascular risk factors
in children and adolescents.®*-8¢ However, some pediatric
organizations, including the American Academy of Pe-
diatrics, have recommended early-life screening on the
basis of multiple lines of indirect evidence suggesting an
association among childhood cardiovascular risk factor
onset, preservation of ideal cardiovascular health, track-
ing of risk factors into adulthood, and the likelihood of
long-term CVD events®°" Pediatric obesity and pediat-
ric CKD precede the development of other CKM risk fac-
tors.%2%8 Pediatric CKD is associated with increased CVD
mortality risk that is often arrhythmic in pathogenesis.®%*
In addition, blood pressure control in pediatric patients
with CKD reduces CKD progression.?® Additional evi-
dence of the benefits of screening early in life and the
impact of early identification of modifiable risk factors is
needed.

Gaps in Screening for Metabolic Risk Factors
and CKD in Adulthood

The foundations of metabolic risk factor screening in-
clude measurements of blood pressure, lipids, blood glu-
cose, and the anthropometric measures of BMI and waist
circumference. Assessments of kidney function provide
complementary prognostic information and guide thera-
peutic approaches. However, there is limited and con-
flicting guidance on the recommended frequency, age
of inception, and modalities for screening for CKM risk
factors, which need to be addressed within the paradigm
for CKM screening.

Screening for traditional risk factors is recommended
in healthy young adults every 4 to 6 years. Obesity is at
the core of CKM syndrome, and annual assessments of
BMI are widely recommended.®?¢® Because BMI does not
reflect body composition, the addition of waist circum-
ference measurements enhances the identification of
increased cardiometabolic risk, particularly in overweight
and grade | obesity, but the utility of widespread waist
circumference assessments is debated. Assessments for
prediabetes and diabetes may inform dietary and physical
activity counseling and are recommended by American
Diabetes Association and US Preventive Services Task
Force every 3 years in adults with overweight or obesity
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on the basis of modeling of diabetes incidence. Those
with gestational diabetes are at high risk for diabetes,
and timely interventions prevent diabetes development.®
Evidence further suggests that glycemic assessments in
the overall population, regardless of BMI, increase equity
in prediabetes and diabetes diagnosis.”” Blood pressure
screening is recommended every 3 to b years in those
18 to 39 years of age and annually in those >40 years
of age.®® Approximately half of individuals with obesity
but without metabolic risk factors develop metabolic
risk factors over 6 to 7 years of follow-up.?® The Endo-
crine Society recommends assessment for MetS every 3
years for individuals with risk factors and yearly diabetes
assessments in those with prediabetes.'® Because of
the close relationship between metabolic risk factors and
metabolic dysfunction—associated steatotic liver disease,
the American Association for the Study of Liver Diseases
recommends screening for liver fibrosis every 1 to 2 years
among individuals with established metabolic risk factors.
The Kidney Disease Improving Global Outcomes recom-
mends CKD assessments, including eGFR and albumin-
uria, to provide the most prognostic information for kidney
and cardiovascular risk,”® with the greatest utility in those
with CKD and established metabolic risk factors such as
diabetes and hypertension® Overall, current evidence,
although limited, supports the most frequent assessments
of CKM risk profiles for those with established metabolic
risk factors, moderate-frequency CKM risk factor screen-
ing in those with excess weight or prior gestational diabe-
tes, and less frequent but systematic screening in healthy
adults to support equitable identification of CKM risk fac-
tors.”” However, there is need for prospective clinical data
to validate the utility of this approach.

Gaps in Subclinical CVD Diagnosis

Subclinical CVD is associated with increased absolute
risk for CVD events. However, in the general primary pre-
vention population, routine testing for the diagnosis of
subclinical CVD in asymptomatic individuals is not rec-
ommended.®? The presence of coronary artery calcium
(CAC), a marker of subclinical atherosclerosis, identifies
individuals likely to have the greatest net clinical bene-
fit from statin therapy.'®" Although carotid intima-media
thickness is also associated with ASCVD, the magnitude
of association is diminished compared with CAC, and the
relationship of carotid intima-media thickness to treat-
ment remains controversial.'®? Therefore, American Heart
Association guidelines endorse selective use of CAC
scoring to help guide decisions on statin therapy for those
in the borderline to intermediate range as quantified by
the Pooled Cohort Equations. Emerging data further sug-
gest that CAC testing may help with targeting the intensi-
fication of preventive therapies beyond statins.'9%194

The optimal approach for identifying subclinical HF in
the population is less clear. Elevated cardiac biomark-
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ers (BNP [brain natriuretic peptide] or high-sensitivity
cardiac troponins) and abnormal cardiac function or
structure by cardiac imaging now make up the diagnos-
tic criteria for subclinical HF, with the presence of both
associated with greatest HF risk.”"'% The 2022 Ameri-
can College of Cardiology/American Heart Association/
Heart Failure Society of America guidelines for HF man-
agement support BNP-based measurements”™ on the
basis of data from STOP-HF (St. Vincent's Screening
to Prevent Heart Failure Study)'®® and PONTIAC (NT-
proBNP Guided Primary Prevention of CV Events in
Diabetic Patients),'”” which were randomized controlled
trials that demonstrated benefit and cost-effectiveness
of BNP-based assessments for the prevention of HF.'%®
An American Diabetes Association consensus statement
supports BNP measurements in older adults with dia-
betes. However, there is limited clarity on how best to
target cardiac biomarker measurements in the popula-
tion, the frequency of such testing, and appropriate next
diagnostic steps (eg, echocardiograms) when elevated
cardiac biomarkers are identified. Potential strategies
may include measurement strategies based on risk fac-
tors (eg, diabetes'®'%), age (eg, >65 years''"'1?), or an
intermediate risk threshold based on 10-year risk of HF.

Individuals with CKD are systematically underempha-
sized in current HF staging approaches. Despite being
strongly linked to HF risk, CKD is not among the HF risk
factors in stage A HE™ In addition, because of elevated
cardiac biomarker levels with kidney dysfunction, individu-
als with CKD are excluded from the biomarker-based
definition for subclinical HF (stage B HF). Alternative strat-
egies are needed to quantify and address HF risk in CKD.

Gaps in SDOH Screening

SDOH play a critical role in CKM health; however, sever-
al evidence gaps exist about screening for social needs
among patients with CKM syndrome.'’3"* The effec-
tiveness of routine social needs screening and referral
to resources for improving CKM health behaviors such
as nutrition and physical activity and outcomes must be
further elucidated. Interventions for social needs screen-
ing and referral must account for CKM-related health
behavior and outcome disparities and promote health
equity. Effective interventions should be identified for
geographic areas where structural racism and other
adverse SDOH serve as barriers to health care and
healthy behaviors (ie, food deserts''®), without stigma-
tizing patients or adding undue clinician burden. More-
over, SDOH are intrinsically linked to access to CKM
therapies, particularly cardioprotective glucose-lowering
therapies. Therefore, we must better understand the ef-
fects of addressing social needs on CKM therapeutic
access and use. Social needs screening tools must also
be harmonized across electronic health record plat-
forms to reach diverse patient populations. In addition,
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workflow pathways should be developed in health care
systems to address social needs among patients with
CKM syndrome by identifying, evaluating, using, and re-
ferring to existing community resources. Last, multilevel
support across health care systems is critical for the im-
plementation of care models that reflect a SDOH focus.
The composition of interdisciplinary care teams should
include care navigators, social workers, or community
health workers who can connect patients to necessary
social need resources that protect against the effects of
adverse social conditions.

EVIDENCE FOR PREVENTION AND
MANAGEMENT IN CKM SYNDROME

A growing body of evidence supports the overarching
considerations of facilitating interdisciplinary care and
assessing or addressing SDOH in CKM care. There is
also substantial evidence supporting approaches for in-
dividual CKM stages, including those without CKM risk
factors or subclinical or clinical CVD (stage 0); with ex-
cess/dysfunctional adiposity (stage 1); with metabolic
risk factors, moderate- to high-risk CKD, or both (stage
2); with subclinical CVD overlapping with CKM risk fac-
tors or risk equivalents (stage 3); and with clinical CVD
overlapping with CKM risk factors (stage 4). A summary
of the evidence supporting the approach to management
for each stage of CKM syndrome is provided in Figure 3.

Interdisciplinary Care

Individuals navigating multiple comorbid conditions face
unique challenges related to fragmented care across
several health care professionals. Models supporting
interdisciplinary care demonstrate promise for providing
harmonized and holistic care and supporting adherence
to recommended therapies.''®""® Patients attending car-
diometabolic clinics that include representation from car-
diology, endocrinology, pharmacy, and nutrition, aided by
nurse navigators, have increased use of cardiometabolic
therapies and achieve more favorable metabolic risk pro-
files.'" A recent randomized trial demonstrated increased
use of cardiometabolic therapies with the engagement
of a multidisciplinary team and an implementation spe-
cialist.'® A combination of value- and volume-based in-
terdisciplinary care models has the potential to increase
feasibility and scalability across diverse clinical settings
with disparate health care resources.

Incorporation of SDOH

Interventions that incorporate social need screening
and connect patients to services have demonstrated
reductions in social need prevalence.'™ A limited num-
ber of interventions have examined health outcomes in
the setting of addressing social needs, and few studies

1646 November 14, 2023

Science and Clinical Management of CKM Syndrome

have shown improvement in CKM health—related fac-
tors. For instance, obtaining resources for social needs
related to food, housing, medication, and transporta-
tion after screening was associated with reductions in
blood pressure and LDL cholesterol (LDL-C) but not
hemoglobin A1c (HbA1c).”" Screening for and address-
ing social needs has also been linked to a reduction in
emergency room visits. Other interventions have shown
higher smoking cessation rates or greater fruit and veg-
etable consumption for those who gained resources to
address social needs.'”' More data are needed that ex-
amine the impact of interventions that address social
needs on CKM health risk factors and outcomes.

Screening to Support CKM Staging

A critical element of the CKM framework is active
screening in the population and clinical settings to iden-
tify individuals at different stages of CKM syndrome.
Screening involves assessing for biological factors and
screening for SDOH, which can powerfully affect the de-
velopment of CKM syndrome and influence its outcomes
and management. The goal is to identify CKM syndrome
in its earliest phases to avert the development of clinical
CVD and kidney failure. Currently, for both children and
adults, there is a lack of consensus on timing, frequency,
and components for screening approaches to CKM syn-
drome (Table 4). A detailed discussion of recommenda-
tions for CKM screening can be found in the CKM health
presidential advisory.’

Evidence for Stage 0 CKM Approach

The stage O approach is focused on primordial preven-
tion in those with optimal cardiovascular health, includ-
ing the absence of CKM risk factors and subclinical
or clinical CVD. CKM risk factors in childhood such as
obesity, hypertension, and diabetes frequently persist
into adulthood and are linked to long-term vascular dis-
ease.®0'22128 The Life's Essential 8 framework provides
a holistic approach for attaining and preserving cardio-
vascular health,®? with Life’s Essential 8 health met-
rics of weight, blood pressure, glycemia, and lipids also
being components of CKM syndrome. Studies indicate
that sustaining healthy lifestyle practices from child-
hood through young adulthood is critical for maintain-
ing ideal cardiovascular health through middle age.®?
Among children, school-based programs promoting
healthy eating and physical activity by targeting stu-
dents, staff, and families or enhancing the school envi-
ronment are shown to reduce weight and increase the
likelihood of achieving ideal cardiovascular health.'?4125
Among young adults, the avoidance of weight gain with
aging reduces the likelihood of developing CKM risk
factors such as MetS and prediabetes/diabetes over
time."26
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4 STAGE 079‘56.196.197

+ Attaining and maintaining ideal CVH linked to decreased CVD and mortality

* Multilevel school-based and family-based interventions increase likelihood of ideal CVH
\_* Avoiding weight gain with aging decreases likelihood of developing CKM risk factors

AN

( sTAGE 1125-125,!97]93

* Nonjudgmental weight loss counseling increases the likelihood of weight loss attempts

+ A comprehensive lifestyle intervention is most effective for sustained behavioral changes

* 5%—10% weight loss associated with improved BP, glycemia, and lipids

* >10% weight loss associated with lower CVD event rates

* Incretin analogues™ induce >15% weight loss and improve metabolic risk factors

\_* Bariatric surgery associated with reductions in metabolic risk factors, CVD events, and mortality
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4 sTAGE 289.56.71.75.77.129.‘83.‘35.‘35.189.‘42.143.145.148.151.‘59‘155

Hypertension

* BP control reduces risk for multiple CVD outcomes; goal of <130/80 mmHg

* Pharmacotherapy for those with diabetes, CKD, age =65 y or 210% CVD risk; ACEi/ARB if CKD or diabetes with albuminuria
Hypertriglyceridemia

« Initial focus on lifestyle changes and addressing secondary causes; use statins if intermediate or higher ASCVD risk
* In those with diabetes + risk factors + triglycerides =135 mg/dL, icosapent ethyl lowers CVD risk

MetS

* Lifestyle changes/weight loss improve MetS components and other pathophysiologic features

» Lifestyle changes accompanied by targeted pharmacotherapy for risk factor control lowers CVD event rates
Diabetes

+ Statins lower CVD event rates; ezetimibe helps achieve 50% LDL-C reduction and further lowers ASCVD risk

* SGLT2i decrease adverse kidney events, HF events, and MACE/CVD mortality

* GLP-1RA reduce weight, glycemia, MACE, and CVD mortality

* Metformin in concert with SGLT2i useful for achieving glycemic targets if HbAlc >7.5%

CKD

+ ACEIi/ARB in albuminuric CKD decrease adverse kidney and CVD events

= SGLT2i in CKD with eGFR >20 mL/min/1.73 m? decrease adverse kidney and GVD events

\_* Finerenone in CKD with diabetes with eGFR >25 mL/min/1.73 m? reduces adverse kidney and CVD events

A

Figure 3. Summary of the evidence for recommended approaches and treatments at each stage of CKM syndrome.

ACEi indicates angiotensin-converting-enzyme inhibitors; ARB, angiotensin Il receptor blockers; ARNi, angiotensin receptor/neprilysin

inhibitors; ASCVD, atherosclerotic cardiovascular disease; BF, blood pressure; CAC, coronary artery calcium; CKD, chronic kidney disease; CKM,
cardiovascular-kidney-metabolic; CVD, cardiovascular disease; CVH, cardiovascular health; eGFR, estimated glomerular filtration rate; GDMT,
guideline-directed medical therapy; GLP-1RA, glucagon-like peptide 1 receptor agonist; HbA1c, hemoglobin Alc; HF, heart failure; HFpEF, heart
failure with preserved ejection fraction; HFrEF, heart failure with reduced ejection fraction; LDL-C, low-density cholesterol; LV, left ventricle; MACE,
major adverse cardiac event; MetS, metabolic syndrome; MRA, mineralocorticoid receptor antagonist; P2Y 12i, P2Y 12 inhibitor; QOL, quality of
life; and SGLT2i, sodium-glucose cotransporter-2 inhibitor. *Incretin analog indicates GLP1-RA, GLP1/GIP-RA, and GLP1/GIP/glucagon-RA.
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Evidence for Stage 1 CKM Approach

The stage 1 approach is focused on the prevention of
metabolic risk factor development in those with excess
or dysfunctional adiposity. Although weight loss is highly
desirable at this CKM stage for cardiometabolic benefits,
adopting a heart-healthy diet and increasing levels of
physical activity and fitness confer several clinical ben-
efits that are independent of weight loss and should be
encouraged. Although providing weight loss counseling
is strongly linked to patients’ likelihood of attempting
weight loss, patients are more likely to achieve clinical-
ly significant weight loss if they do not perceive judg-
ment during the weight loss discussion.'?” Therefore, it
is important to use patient-centered approaches such as
those outlined in toolkits from the STOP Obesity Alliance
when engaging in weight loss discussions.'® For patients
with excess weight, intentional weight loss reduces the
likelihood of developing metabolic risk factors in a dose-
response fashion, with clinically significant benefits seen
at 6% weight loss.'” More marked weight loss may
be associated with lower risk for incident CVD. Inten-
tional weight loss through lifestyle modification is best
achieved through a comprehensive lifestyle intervention
of 26 months’ duration. Obesity pharmacotherapies and
bariatric surgery are effective adjunctive approaches to
lifestyle change, with bariatric surgery linked to lower
CVD and mortality rates in matched observational stud-
ies.’3%"3" In navigating the various therapeutic options for
supporting weight loss, integrated multidisciplinary weight
loss teams can facilitate patient-centered approaches to
achieving weight reduction goals. In assessing metabolic
risk and the need for lifestyle change, it is important to
consider both anthropometric and glycemic measures to
capture individuals with dysfunctional adiposity despite
nonelevated anthropometric measures.'®213  Notably,
non-White adults develop prediabetes or diabetes in
normal weight categories more commonly than White
adults," illustrating the importance of such an approach
for identifying metabolic risk equitably. Among individu-
als with impaired glucose tolerance, including those with
prior gestational diabetes, both lifestyle modification and
metformin reduce progression to diabetes.%513*

Evidence for Stage 2 CKM Approach

The stage 2 approach is focused on CVD prevention in
those with at least 1 established metabolic risk factor or
moderate- to high-risk CKD.

Hypertension, Hypertriglyceridemia, and MetS

Improving blood pressure control markedly reduces risk
for multiple CVD outcomes in a dose-response fashion.
Guidelines support a blood pressure goal of <130/80
mmHg for all, with the addition of pharmacological
therapy to lifestyle change recommended for those with
diabetes, CKD, age >65 years, or a predicted 10-year
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ASCVD risk of >10%. Although thiazide-type diuretics
and calcium channel blockers are similarly effective, ACE
inhibitors/ARBs should be prioritized in those with diabe-
tes and albuminuria or those with other CKD given their
impact on preventing worsening kidney function 85135136

Hypertriglyceridemia is causally related to ASCVD.
Guidelines support addressing lifestyle factors and medi-
cations often linked to hypertriglyceridemia as the initial
approach for lowering triglycerides.®® In those at inter-
mediate ASCVD risk or greater, statin therapy modestly
reduces triglycerides and lowers ASCVD risk. In those
with modest hypertriglyceridemia (135-499 mg/dL),
diabetes, and concomitant risk factors, icosapent ethyl
lowers risk for CVD events.'®” Marked hypertriglyceride-
mia (=600 mg/dL) is associated with increased pancre-
atitis risk. Guidelines support fibrate therapy to reduce
pancreatitis risk if triglycerides remain markedly elevated
after lifestyle change and addressing secondary causes,
with fenofibrate associated with least side effects with
concomitant statin therapy.®®

The MetS construct includes the interrelated meta-
bolic risk factors of hypertension, atherogenic dyslipid-
emia, abdominal obesity, and impaired glucose tolerance.
MetS is found among the majority of individuals with
diabetes, and collective metabolic risk factor control is
strongly linked to CVD risk in diabetes.'®® An approach
of lifestyle modification with additional pharmacological
therapy as needed to achieve multifactorial risk factor
control is associated with reduced CVD event rates.'®

Diabetes
Among individuals with T2D with overweight or obesity,
weight loss through intensive lifestyle intervention im-
proves risk factor control and functional status.*® Sev-
eral randomized controlled trials support the utility of
moderate- to high-intensity statin therapy for preventing
ASCVD events in individuals with diabetes, with more
intensive statin therapy indicated for those with higher
baseline risk. For individuals with diabetes and high es-
timated ASCVD risk, the addition of ezetimibe can help
achieve the desired goal of 260% LDL-C reduction.'#"42
The use of cardioprotective antihyperglycemic thera-
pies such as SGLT2 inhibitors and glucagon-like peptide
1 receptor agonists (GLP-1RAs) reduces CVD events
and mortality and is indicated for patients with diabetes
and significant comorbidities on the basis of inclusion
criteria from randomized clinical trials. Because of the
differential physiological effects of SGLT2 inhibitors and
GLP-1RAs, data support a comorbidity-based approach
for selecting agents.’*® SGLT2 inhibitors reduce the risk
of worsening kidney function and are likely preferred
for those with CKD.%%801#4 Because American Diabe-
tes Association guidelines support achieving an HbA1c
<7% in diabetes, GLP-1RAs may be preferred in those
with marked hyperglycemia (HbA1c >9%) or on high
insulin doses because of a stronger impact on glycemia
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than SGLT2 inhibitors."® In addition, GLP-1RAs may be
preferred for those with severe obesity (BMI >35 kg/
m?) given their potent impact on weight loss. Data sug-
gest that risk estimation may help guide the targeting of
cardioprotective antihyperglycemic therapies.’® SGLT2
inhibitors may have greatest utility in those with high HF
risk given their beneficial impact on reducing HF hospi-
talizations. GLP-1RAs may be particularly useful in those
with high ASCVD risk. Metformin improves glycemic
control and is associated with significantly less financial
burden than newer cardioprotective antihyperglycemic
therapies. For individuals with uncontrolled hyperglyce-
mia (eg, HbA1¢c, >7.5%), co-utilization of metformin with
cardioprotective antihyperglycemic therapies (particu-
larly with SGLT2 inhibitors) can help to achieve glycemic
targets with less financial burden for patients.

Chronic Kidney Disease

ACE inhibitor/ARB use in proteinuric CKD regardless
of diabetes status is linked to decreased kidney disease
progression and rates of adverse cardiovascular events.”
Better blood pressure control leads to CVD risk reduction
in CKD regardless of diabetes status.85""'#7 Consistent
benefits have been demonstrated with SGLT2 inhibitors
with respect to reduction in CKD progression or need for
kidney replacement therapies and incident CVD, with the
largest impact on rates of incident HR3® GLP-1RAs also
have established CVD benefits,®*® with ongoing studies
examining kidney outcomes.’*® In the FIDELITY (Finere-
none in Chronic Kidney Disease and Type 2 Diabetes:
Combined FIDELIO-DKD and FIGARO-DKD Trial Pro-
gramme Analysis) pooled analysis, among patients with
T2D and CKD on maximally tolerated ACEI/ARB use, fi-
nerenone led to reduced risk of kidney disease progres-
sion and CVD events, with a particularly potent impact on
HF hospitalizations.'*® In the SHARP trial (Study of Heart
and Renal Protection), among patients with CKD (almost
half of whom were on dialysis) with no known history of
ASCVD, patients randomized to simvastatin plus ezeti-
mibe compared with placebo had a significant reduction
in first major atherosclerotic events.'®

Evidence for Stage 3 CKM Approach

The Stage 3 approach is focused on intensified lifestyle
change and preventive therapies for those individuals
with evidence of subclinical ASCVD or HF overlapping
with CKM risk factors or with the risk equivalents of very
high-risk CKD or high predicted CVD risk.

Subclinical HF

Elevations of cardiac biomarkers (NT-proBNP [N-ter-
minal pro-B-type natriuretic peptide] or high-sensitivity
troponin) and the presence of myocardial structural or
functional abnormalities on cardiac imaging identify in-
dividuals with subclinical cardiac dysfunction who are at
greatest risk for clinical HF. Among patients with asymp-

Circulation. 2023;148:1636-1664. DOI: 10.1161/CIR.0000000000001186

Science and Clinical Management of CKM Syndrome

tomatic systolic dysfunction, ACE inhibitors have been
shown to reduce progression to clinical HF or CVD mor-
tality.’®" In post hoc analyses of clinical trials, the addi-
tion of B-blocker therapy to ACE inhibitors for those with
asymptomatic left ventricular dysfunction was associ-
ated with lower rates of the combined outcome of death
or HF hospitalization.’®? As a result, ACE inhibitors and
-blockers are recommended in guidelines for individuals
with subclinical systolic dysfunction.”" Among individuals
with diabetes, SGLT2 inhibitors reduce the likelihood of
incident hospitalized HF or cardiovascular mortality.’>®
SGLT2 inhibitors are expected to have the greatest ab-
solute reduction in HF events in those with diabetes and
subclinical cardiac dysfunction given their high baseline
HF risk.'®* Trials of HF prevention efforts guided by natri-
uretic peptide screening demonstrate some promise for
reducing progression to clinical HF,

Subclinical ASCVD

Extensive data validate CAC scores as a powerful dis-
criminator of ASCVD risk. In the MESA study (Multi-
Ethnic Study of Atherosclerosis), a CAC score of O was
associated with 10-year ASCVD rates <b6% among indi-
viduals at less than high predicted ASCVD risk, whereas
CAC scores 2100 are linked to 10-year ASCVD rates
>75% (intermediate risk or higher)."®® CAC scores pro-
vide the most prognostic information in those estimated
to be at intermediate risk, with significant reclassification,
improvement in discrimination, and greater estimated ab-
solute risk reduction from statins in those with elevated
CAC."8157 Current guidelines therefore support selective
CAC scoring to guide decisions about statin use in those
estimated to be at borderline to intermediate risk for AS-
CVD events5? A growing body of data support the use of
CAC, as an indicator of absolute ASCVD risk, for identi-
fying individuals likely to have greatest net benefit from
the use of aspirin, as well as from proprotein convertase
subtilisin/kexin type 9 (PCSK9) inhibitors, GLP-1RAs,
icosapent ethyl for hypertriglyceridemia, and antihyper-
tensive therapy.'®® However, clinicians should be mindful
that these studies represent simulated data from random-
ized controlled trials applied to epidemiological cohorts
with significant drop-in of preventive therapies over time,
making assessment of absolute event rates difficult.

Risk Equivalents and Overarching Considerations in
Stage 3 CKM

Individuals with very high-risk CKD by the Kidney Dis-
ease Improving Global Outcomes risk classification or
with high predicted CVD risk also represent subgroups
of individuals with high absolute risk for whom preventive
therapies may have the greatest net benefit, if contrain-
dications to therapy are not present and after competing
risk is considered. Several of the preventive therapies de-
scribed previously might have the largest effect on event
rates in this population, and additional preventive ap-
proaches may be considered. For example, observational
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data suggest that combination therapy with SGLT2 in-
hibitors and GLP-1RAs may have a greater impact on
major adverse cardiac events and HF events than one
of the agents alone.'™ Optimal targeting for such an ap-
proach is undefined but could be considered in the stage
3 CKM population at higher absolute CVD risk.

Evidence for Stage 4 CKM Approach

The stage 4 approach is focused on the management of
patients with CVD overlapping with CKM risk factors. In
addition to a general emphasis on healthy lifestyle prac-
tices, guidelines are largely aligned on approaches to
guideline-directed medical therapy (GDMT) for patients
with HF, with a focus on the 4 pillars of management:
[-blockers, angiotensin receptor/neprilysin inhibition,
mineralocorticoid receptor antagonists, and SGLT2 in-
hibitors in HF with reduced ejection fraction (HFrEF).”"72
Similarly, guidelines generally agree on the use of aspi-
rin or P2Y 12 inhibitor and high-intensity statins for pa-
tients with ASCVD, with additional LDL-lowering therapy
as needed according to LDL-C levels, LDL-C reduction
goals, and the presence of accompanying high-risk fea-
tures.®263 Additional evidence supporting therapeutic ap-
proaches for those with overlapping CKM risk factors is
described in the next section.

Obesity, MetS Components, and CVD

Despite the finding of an obesity paradox among indi-
viduals with CVD in which individuals with overweight and
grade | obesity have slightly longer survival than those
with normal weight, intentional weight loss is linked to
clinical benefit among patients with obesity and CVD. A
patient-centered and nonjudgmental approach to initiat-
ing the weight loss discussion is most effective,’?” with
the STOP Obesity Alliance toolkit serving as a useful
framework for clinicians.'® Weight loss through lifestyle
modification is linked to improved risk factor control
among patients with obesity and ASCVD.'?® In patients
with obesity and HFpEF, lifestyle modification, including
exercise training, improves functional status.’® In terms
of adjunctive obesity pharmacotherapies, high-dose
glucagon-like peptide 1 receptoragonists (GLP-1RAs)and
glucose-dependent insulinotropic polypeptide-receptor
agonists (GLP-1/GIP-RAs) induce marked weight loss
(12%-18% compared with placebo) and improve cardio-
metabolic risk factors, functional status, and quality of life
in individuals with obesity and CVD. GLP-1RAs reduce
myocardial infarction, stroke, and cardiovascular mortal-
ity in individuals with diabetes.’! Initial results from the
SELECT trial (Semaglutide Effects on Cardiovascular
Outcomes in People With Overweight or Obesity) indicate
that high-dose GLP-1RA causes a reduction in major
adverse cardiovascular events in those with obesity and
CVD, and the STEP-HFpEF trial (Research Study to In-
vestigate How Well Semaglutide Works in People Living
With Heart Failure and Obesity) will evaluate their effects
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in HFpEFR.®2 Bariatric surgery reduces major adverse car-
diac events and mortality rate by >50% in individuals with
prior ASCVD and HF'® Integrated weight loss teams
best facilitate patient-centered approaches to weight loss
and may improve clinical outcomes.

The presence of MetS should trigger intensified
lifestyle modification, with pharmacological therapy as
needed to achieve risk factor control and improve cardio-
vascular outcomes. In those with hypertriglyceridemia and
CVD, icosapent ethyl reduces CVD events and mortality
and may be considered after statin therapy.®® In hyper-
tension, a therapeutic goal for all patients is <130/80
mmHg. ACE inhibitors/ARBs should be prioritized in
patients with CVD and CKD or diabetes for cardiovas-
cular and renal benefits.®? In HFrEF, calcium channel
blockers for hypertension should be avoided. If residual
elevated blood pressure persists in Black patients with
HFrEF after the 4 pillars of GDMT, hydralazine/isosor-
bide should be considered for both hypertension control
and improved HF morbidity and mortality.”

Diabetes and CVD

In patients with T2D and CVD, lifestyle modification im-
proves risk factor control and quality of life. For all patients
with HF, SGLT2 inhibitors are a fundamental component
of GDMT. Across several randomized clinical trials of HF
patients, SGLT2 inhibitor therapy improved quality of life
and lowered the risk of hospitalized HF, cardiovascular
mortality, and all-cause mortality.'®*-'%¢ Despite SGLT2 in-
hibitor therapy being an antihyperglycemic therapy, similar
results are seen in those with and without diabetes. Ben-
efits are also seen in both HFpEF and HFrEFR'6" GLP-
1RA data in HF currently are relatively limited. In addition
to favorable effects on weight and glycemia, mechanistic
studies suggest potential benefits of GLP-1RAs in HF-
pEF on cardiac function and quality of life, but definitive
trial data are pending.'®® There are some concerns about
potential deleterious effects of GLP-1RAs in HFrEF
due to increases in heart rate and cAMP levels in car-
diac myocytes, but data are inconclusive.'®® Agents within
the dipeptidyl peptidase 4 inhibitor and thiazolidinedione
classes of antihyperglycemic agents have been linked
to adverse effects in patients with HR; therefore, these
medications are contraindicated in HF patients.

In patients with ASCVD, adding LDL-lowering therapies
beyond maximally tolerated statin therapy may have a more
powerful clinical effect in those with than those without
T2D."*" Multiple clinical trials demonstrate that both GLP-
1RA and SGLT2 inhibitors reduce risk for major adverse car-
diovascular outcomes in patients with T2D and ASCVD. '8¢’
SGLT2 inhibitors additionally reduce the risk for HF hospi-
talization and worsening kidney function in patients with
ASCVD, whereas GLP-1RAs have more potent effects than
SGLT2 inhibitors on weight and HbA1¢.'™ These data sup-
port a comorbidity-based approach for selecting a cardio-
protective antihyperglycemic therapy in those with diabetes
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and ASCVD, favoring GLP-1RA in those with severe obesity
or marked hyperglycemia and SGLT2 inhibitors in those with
CKD or coexisting HF.

Metformin is helpful for achieving glycemic targets but
should be avoided in decompensated/unstable HF or
for eGFR <30 mL'min~"1.73 m=2 because of increased
risk for lactic acidosis. Combination therapy with SGLT2
inhibitors and GLP-1RA, associated with lower CVD risk
in observational studies, could be considered for com-
bined HF and ASCVD or CVD with multiple or severely
uncontrolled CKM risk factors.'®

CKD and CVD
In patients with HF, SGLT2 inhibitors causes reductions
in kidney disease progression, as well as HF hospitaliza-
tions and cardiovascular death:3*'""'” These outcomes are
consistent regardless of diabetes status and ejection frac-
tion.""172 ACE inhibitors/ARBs are well known to reduce
morbidity and mortality in HFrEF""; concomitantly, various
trials have shown efficacy for preventing worsening renal
function.'™ 1% Use of ACE inhibitors/ARBs and mineralo-
corticoid receptor antagonists may be complicated in CKD
because of concerns about hypotension, hyperkalemia, and
worsening renal function.'” An analysis of 6 randomized tri-
als revealed that concomitant SGLT2 inhibitor use reduced
the risk of serious hyperkalemia.'”” Studies of angiotensin
receptor/neprilysin inhibitor use revealed significantly de-
creased risk of death resulting from cardiovascular causes
and hospitalization for HF, especially in HFrEF™17 while
lowering the risk of worsening renal function and serious hy-
perkalemia.'”®'® Additional data demonstrate that the renal
benefits of angiotensin receptor/neprilysin inhibitor use are
extended to HFpEF'®" The addition of potassium binders
to combined use of SGLT2 inhibitor and angiotensin recep-
tor/neprilysin inhibitor may be considered to optimize GDMT
use in CKD, although evidence on clinical outcomes is un-
certain.'™1” On the basis of hemodynamic responses to
renin-angiotensin-aldosterone system inhibitors and SGLT2
inhibitors, there can be an expected 10% to 30% drop in
eGFR when these medications are started, and reflexive dis-
continuation of these agents based on minor fluctuations of
serum creatinine should be avoided.'#%'83

In patients with ASCVD, CKD is linked to higher risk.
There is no evidence of significant adverse effects with
higher doses of statins in CKD,'® and continuation of
statins for ASCVD is recommended for cardiovascular
risk reduction. ACE inhibitors/ARBs reduce morbidity
and mortality in patients after acute coronary syndrome
with left ventricular dysfunction'® and prevent worsen-
ing kidney function."”'7® Various trials have also shown
cardiovascular and renal benefits for SGLT2 inhibitors
with predominantly cardiovascular benefits for GLP-1RA
reported at this time.®® Among patients with diabetic
kidney disease optimized on renin-angiotensin system
inhibition, finerenone has been shown to reduce both
adverse cardiovascular and kidney events.'*
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AFib in CKM Syndrome

Extensive data link the CKM risk factors of obesity, hy-
pertension, dyslipidemia, MetS, diabetes, and CKD to a
greater risk for AFib and higher AFib burden. Conse-
quently, guidelines generally recommend comprehensive
control of these risk factors as part of AFib management.
Because the CKM risk factors of hypertension and dia-
betes increase stroke risk in AFib, their presence favors
the use of anticoagulation for stroke prophylaxis. Grow-
ing data and guidance support the use of dual oral anti-
coagulants in nonvalvular AFib, even in those with severe
obesity or CKD, although dose reductions are typically
needed in the latter because of decreased drug clear-
ance. Lifestyle modification, particularly weight loss, and
regular physical activity are associated with decreased
AFib burden. In addition, preprocedural weight loss and
treatment for obstructive sleep apnea may be linked to a
lower risk for recurrent AFib after catheter ablation.'8618”

Kidney Failure

Despite markedly elevated risk for CVD for patients with
kidney failure on maintenance dialysis, evidence for CVD
management in this population is scarce because of their
limited inclusion in clinical trials. Given the high burden
of HF in patients on maintenance dialysis, consideration
should be given to more frequent dialysis (hemodialy-
sis or peritoneal dialysis) as a result of beneficial ef-
fects demonstrated with respect to left ventricular mass,
blood pressure control, and pill burden for antihyperten-
sive medications. Peritoneal dialysis may be preferable
in patients with HF, especially in those with lower blood
pressure, given the ability to achieve volume control with-
out significant intradialytic hypotension.'®8'89 |n patients
on hemodialysis, factoring in the dialyzability of GDMT
therapies such as ACE inhibitors, B-blockers, and other
antihypertensives is essential for optimal medical man-
agement.'®® For patients on dialysis, statin initiation does
not reduce the risk of future ASCVD events.'®"'9? How-
ever, in a post hoc analysis of patients with diabetes on
dialysis, rosuvastatin use was associated with lower risk
of adverse cardiovascular outcomes.'®® Moreover, among
individuals who are already on statins, statin continuation
when transitioning to dialysis is associated with reduced
risk of cardiovascular and all-cause mortality,'®* with
greater risk reduction seen when statins are combined
with ezetimibe.®®

GAPS IN CKM PREVENTION AND
MANAGEMENT

A large body of evidence supports prevention and man-
agement approaches for individuals with CKM syndrome,
as described previously. Nonetheless, several key gaps
persist in the evidence for caring for the patient with
CKM (Table b).
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Table 5. Gaps in the Prevention and Management
Approaches for CKM Syndrome

Topic area

Gaps

Interdisciplinary care
approach

Defining optimal approaches for collaborative and
harmonized CKM care
Optimal structure of the interdisciplinary team and
roles of CKM coordinators in interprovider com-
munication and patient navigation

Optimal strategies for enhancing collaboration
between primary providers and subspecialists

Benefits of complementary value- and volume-
based interdisciplinary care models

Approaches to supporting interdisciplinary care
across diverse clinical/geographic settings

Impact of collaborative care approaches on CKM-
related outcomes

Science and Clinical Management of CKM Syndrome

Table 5. Continued

Topic area

Gaps

Lipid-lowering thera-
pies beyond statins
in diabetes and high

When and how to use nonstatin therapies
Statin+ezetimibe agreed on in high-risk primary
prevention population; are there high-risk primary

Early-life prevention

Optimal approaches for early life prevention
Impact of maternal health interventions

Impact of multilevel and family interventions

Thresholds for starting advanced therapies
(including obesity pharmacotherapies and
metabolic surgery)

Long-term clinical outcomes related to screening
and prevention efforts in early life

Strategies to sup-
port weight loss

Optimal strategies to support weight loss in clinical
settings
Targeting of obesity pharmacotherapies and
associated impact on CVD outcomes

Long-term approaches for obesity
pharmacotherapies, including strategies for
successful discontinuation

Need for clinical trials of bariatric surgery in
patients with CVD

Utility and optimal deployment of integrated
weight loss teams for supporting patient-centered
approach to achieving weight reduction goals

Use of cardioprotec-
tive antihypergly-
cemic therapies in
those with diabetes
at risk for CVD

Clarifying approach to using SGLT2 inhibitors and
GLP-1RAs in those with diabetes and without CVD
Defining thresholds for use of cardioprotective

antihyperglycemic therapy

Prioritizing SGLT2 inhibitors vs GLP-1RA; need
to validate the utility of a comorbidity-based
approach for agent selection

Establishing the utility and indications for co-
utilization of SGLT2 inhibitors and GLP-1RA in
the population at risk for CVD

Use of cardioprotec-
tive antihypergly-
cemic therapies in
those with diabetes
and existing CVD

Prevalent ASCVD: both GLP-1RA and
SGLT2 inhibitors recommended in guidelines;
understanding which to prioritize and how
Impact of using comorbidities (CKD, severe obe-
sity, marked hyperglycemia) and concomitant HF
to guide prioritization
Prevalent HF: when to consider adding GLP-1RA to
SGLT2 inhibitors

Impact of using comorbidities and coexisting
ASCVD

Defining efficacy and safety of GLP-1RA in
HFpEF and HFrEF

Co-utilization of GLP-1RA and SGLT2 inhibitors:
effectiveness and optimal targeting of co-utilization
approach

1652 November 14, 2023

(Continued)

CKM risk prevention subgroups in whom additional LDL-C

lowering therapy is indicated?

Use of icosapent ethyl may be considered for
hypertriglyceridemia; need to define effective
approaches for addressing residual ASCVD risk
linked to elevated triglycerides

Management of Limited evidence regarding several aspects of
CVD in patients with | GDMT in HF with eGFR <30 mL:min~"-1.73 m~2
CKD due to limited inclusion in clinical trials

Use of SGLT2 inhibitors and ARN inhibitors

Interpretation of fluctuations in kidney function
with GDMT

Approach to GDMT titration and use of concur-
rent agents

Criteria for multidisciplinary involvement for HF
and high-risk CKD and impact on outcomes

ASCVD indicates atherosclerotic cardiovascular disease; ARN, angiotensin
receptor/neprilysin; CKD, chronic kidney disease; CKM, cardiovascular-kidney-
metabolic; CVD, cardiovascular disease; GDMT, guideline-directed medical thera-
py; GLP-1RA, glucagon-like peptide 1 receptor agonist; HF, heart failure; HFpEF,
heart failure with preserved ejection fraction; HFrEF, heart failure with reduced
ejection fraction; LDL-C, low-density lipoprotein cholesterol; and SGLT2, sodium-
glucose cotransporter-2.

Interdisciplinary Care

Although there is a clear need for care models that sup-
port interdisciplinary collaboration in order to reduce
care fragmentation for patients navigating a conflu-
ence of health conditions, the evidence for the impact of
such approaches on clinical outcomes is just beginning
to emerge. In addition, it is important to better under-
stand how such models can be applied across diverse
clinical and geographic settings with differing availabil-
ity of health care resources, including subspecialists to
accommodate patient referrals. Optimal strategies for
supporting partnerships with primary care clinicians and
patient-centered approaches to coordinating care also
need to be better defined.

Early-Life Prevention

Prenatal exposures are known to influence offspring
CKM health.'®® However, the impact of interventions to
improve maternal health on CKM profiles among children
is not yet fully defined. Once CKM risk factors are pres-
ent, management during childhood and adolescence can
be challenging because the child, their community, and
their environment need to be considered for optimally
effective therapeutic interventions.”®” This suggests
that multimodal approaches to prevention and treat-
ment should be considered.'®® Family-based approaches
may be protective against the development of obesity in
young adulthood. Other multilevel interventions targeting
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the food and physical activity environments in addition
to children and their support networks may enhance
effectiveness, but further data are needed. Developing
prevention and management strategies in childhood
that are effective across diverse settings remains a key
need. Although recent guidelines endorse the adjunctive
use of obesity pharmacotherapies and bariatric surgery
for children with obesity,”' the optimal targeting of such
therapies in childhood remains unclear. It is also critical to
acquire data on the long-term clinical outcomes related
to CKM screening, staging, and therapeutic approaches
in childhood, adolescence, and young adulthood.

Strategies to Support Lifestyle Changes and
Weight Loss

Although options to support successful weight loss are
expanding, many gaps remain. Newer obesity pharmaco-
therapies, particularly high-dose GLP-1RA and GLP1/
GIP-RA agents, induce marked weight loss and improve
metabolic risk factors,'9%?% put the optimal targeting of
these agents as adjuncts to lifestyle modification in the
broad population with obesity is unclear. The impact of
these obesity pharmacotherapies for reducing major ad-
verse cardiac events in patients with obesity and CVD,
but without diabetes, is being evaluated.’®? Studies are
also evaluating the impact of GLP-1RAs on symptoms,
physical limitations, and exercise function in HFpEF."®8 If
these trials have positive results, patients with obesity and
prevalent CVD might be prioritized for these agents. The
long-term impact of these pharmacotherapies is unclear.
In addition, the discontinuation of these agents is associ-
ated with weight regain,?! and strategies for successful
weight maintenance with reductions or discontinuation
of newer obesity pharmacotherapies are undefined. In
controlled prospective studies, bariatric surgery markedly
reduced major adverse cardiac events and mortality in
those with and without CVD,'%2%2 but interventional trials
are needed among those with CVD to confirm efficacy
and to assess safety. Integrated multidisciplinary teams
improve patient-centered approaches to lifestyle change
and weight loss support, but more data are needed on
the optimal structure and deployment of these teams
and their impact on clinical outcomes. As part of this inte-
grated approach, more effective engagement with stake-
holders such as insurance companies and employers is
needed to expand incentives for supporting positive life-
style changes to positively affect clinical outcomes.

Cardioprotective Antihyperglycemic Therapies
in Those at Risk for CVD

The cardioprotective therapies SGLT2 inhibitors and
GLP-1RAs have revolutionized preventive care for indi-
viduals with diabetes. However, more clarity is needed on
the targeting and prioritization of these antihyperglyce-
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mic agents in individuals with diabetes at risk for CVD.
Although guidelines generally agree that these agents
are indicated for those at high risk for CVD, the crite-
ria for meeting this threshold are unclear. Approaches
across guidelines are inconsistent and include the pres-
ence of comorbidities,'*® the presence of diabetes-re-
lated complications or long diabetes duration,%23'4® and
the use of CVD risk calculators to define high risk®2637";
further clarity and validation are needed. Furthermore,
strategies for prioritizing the selection of SGLT2 inhibi-
tors or GLP-1RAs in the at-risk population are not well
defined. Prioritization based on comorbidities such as
obesity for GLP-1RA or CKD for SGLT2 inhibitors is rea-
sonable on the basis of the physiological effects of these
agents, but this also requires validation. Risk calculators
hold promise to further refine the selection, with high
HF risk, for example, potentially favoring use of SGLT2
inhibitors.2%® Subclinical ASCVD and HF could similarly
guide selection of therapies. As the science related to
pharmacogenomics matures further, it is possible that in
the future knowledge of genetic variants may help refine
the selection of antihyperglycemic therapies.

Co-utilization of SGLT2 inhibitors and GLP-1RA is
recommended to decrease risk in high-risk patients,'*
but the approach to delineating this subset of patients is
unclear, and interventional trials demonstrating the car-
diovascular benefits of combined SGLT2 inhibitors and
GLP-1RAs in those at risk for CVD are lacking.2%* Fur-
ther data are urgently needed to guide prioritization of
antihyperglycemic agents in individuals with diabetes at
risk for CVD.

Cardioprotective Antihyperglycemic Therapies
in Those With CVD

Cardiovascular outcome trials of SGLT2 inhibitors and
GLP-1RAs demonstrate that individuals with existing
CVD derive the greatest clinical benefit from these thera-
pies.'®52% |n individuals with diabetes and ASCVD, the ap-
proach to prioritizing selection of SGLT2 inhibitors versus
GLP-1RAs is unclear because these therapies have not
been directly compared in clinical trials. It is possible that
individuals with coexisting severe obesity or uncontrolled
hyperglycemia may benefit most from GLP-1RAs, where-
as those with CKD or concomitant HF will benefit most
from SGLT2 inhibitors, but the clinical utility of such an
approach needs to be verified. Furthermore, the approach
to selecting the best antihyperglycemic agent in patients
with diabetes and ASCVD but without such comorbidities
is unclear. Although co-utilization of SGLT2 inhibitors and
GLP-1RA has been associated with improved clinical out-
comes in observational studies and is suggested in clinical
guidelines,f25%™ interventional data are lacking, and the
group who benefits most from such an approach is unde-
fined. Among individuals with HF, for whom SGLT2 inhibi-
tors are standard therapy, the optimal criteria for adding
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GLP-1RAs such as coexisting ASCVD, multiple comor-
bidities, or high levels of excess weight/glycemia should
be further investigated and clarified. Further data are also
needed on whether GLP-1RA use is similarly safe and ef-
fective in patients with HFpEF and HFrER

Lipid-Lowering Therapies Beyond Statins in
Diabetes and High CKM Risk

Management of dyslipidemia is at the heart of ASCVD
reduction for people with CVD and diabetes, who fre-
quently fall into a very high-risk category because of
high event rates. For individuals with diabetes and AS-
CVD, high-intensity statins are recommended first-line
lipid-lowering therapy. Based on clinical trial data, both
American and European guidelines support the addi-
tion of ezetimibe, followed by PCSK9 inhibitors when
needed, as reasonable for very high-risk patients with
diabetes and ASCVD on maximally tolerated statins who
have not achieved a 50% reduction of LDL-C or with an
LDL-C >70 mg/dL.52%% American and European guide-
lines differ on the use of PCSK9 inhibitors for primary
prevention; European guidelines support consideration
of PCSK9 inhibitors in very high-risk patients without fa-
milial hypercholesterolemia not meeting LDL-C goals.®
In the primary prevention population, there are key ques-
tions about the value and net benefit of adding PCSK9
inhibitors or other novel LDL-lowering therapies to statins
and ezetimibe.5® Further research is needed to delineate
whether there are subgroups of very high-risk primary
prevention patients for whom such an approach could be
both beneficial and cost-effective.

Hypertriglyceridemia is commonly encountered in dia-
betes, is a component of MetS, and is linked to greater
ASCVD risk. For patients with hypertriglyceridemia in the
setting of ASCVD or diabetes with additional comorbidi-
ties, data support considering the addition of icosapent
ethyl (also known as eicosapentaenoic acid) to statin
therapy for further lowering ASCVD risk.'®” There have
been conflicting results from trials of fish oil supplemen-
tation, and there are questions about the extent to which
harm from the use of mineral oil in the control arm of the
REDUCE-IT trial (Reduction of Cardiovascular Events
With Icosapent Ethyl—Intervention Trial) contributed to
the favorable results observed for eicosapentaenoic acid
in that study. However, consistent differences between
studies of eicosapentaenoic acid and eicosapentaenoic
acid/docosahexaenoic acid suggest that physiological
differences between these supplements likely primarily
account for disparate outcomes of clinical trials. In addi-
tion, it is unclear why lesser or no risk reduction is seen in
fibrate trials in patients with hypertriglyceridemia despite
greater impact on triglycerides than icosapent ethyl.2% It
has been speculated that this may be linked to greater
reduction of apolipoprotein B concentrations with icosa-
pent ethyl, 2" but more research on this topic is needed.
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Management of CVD in Patients With CKD

Most trials for GDMT in HF and CKD do not have ad-
equate representation, especially for patients in the more
advanced stages of CKD (eGFR<30 mLmin="-1.73
m~2).' Hence, evidence for most GDMT for HF in pa-
tients with advanced CKD is limited.”"?*® There is also
limited guidance with respect to interpretation of fluc-
tuation of kidney function changes seen with decon-
gestion and initiation/titration of GDMT in HF'8® with
considerable misinterpretation of expected fluctuations
in markers of glomerular filtration as acute kidney injury.
This results in the reflexive de-escalation of GDMT for
HF, especially in the setting of CKD stage 4 and 5. Last,
given concerns about hyperkalemia and the perception
of worsening kidney function in CKD, there is no stan-
dard approach to the initiation and titration of GDMT in
HF with CKD.”" Comparative-effectiveness data for mul-
tidisciplinary involvement of subspecialty services and al-
lied health personnel for GDMT optimization compared
with usual care in patients with HF and CKD remain un-
derstudied at this time.?®® Data on the management of
ASCVD in CKD are also lacking because of the under-
representation of patients with CKD in CVD trials. There-
fore, evidence for continued use of various components
of guideline support care for ASCVD in advanced CKD
stages is lacking.2°

CONCLUSIONS

CKM syndrome reflects the impact of multisystem
pathophysiological interrelationships, nested within
multilevel SDOH, the confluence of which determines
clinical outcomes. To achieve new frontiers in our un-
derstanding of CKM syndrome, our scientific approach
will need to reflect this fundamental interdependence.
Research efforts must involve collaboration across spe-
cialties, ensuring that perspectives from pediatrics, adult
primary care specialties, nephrology, cardiology, and en-
docrinology are equitably incorporated. It is important
that clinical research studies include the full spectrum
of patients with CKM syndrome, with a particular need
for inclusion of patients with CKD who have traditionally
been underrepresented in cardiovascular trials. It is also
critical that research studies include greater proportions
of underrepresented racial and ethnic groups and post-
menopausal women to ensure greater generalizability of
investigative findings. Cross-disciplinary research is criti-
cal, with basic, translational, clinical, and epidemiological
investigations having potential to provide complementary
insights into mechanistic pathways, populations at risk,
prediction strategies, and novel therapeutic approaches.

Many of the key considerations for CKM syndrome care
moving forward relate to where, when, and how to deploy
an increasing array of cardioprotective therapies with multi-
system effects. In navigating these decisions, it is important

Circulation. 2023;148:1636—-1664. DOI: 10.1161/CIR.0000000000001186
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to consider short- and long-term risk, net clinical benefit,
the anticipated duration of therapies, access to care, cost-
effectiveness, and patient preferences and values. Risk
algorithms that reflect the multiple adverse cardiovascular
and kidney outcomes that occur with increased frequency
among patients with CKM syndrome can help to better tar-
get therapies to subpopulations in whom they will have the
greatest impact. With the present low rates of control of
individual CKM risk factors, there is a need to define opti-
mal strategies for prioritizing and managing multiple risk
factors at various stages of CKM syndrome. Real-world
effectiveness and implementation studies, with both quan-
titative and qualitative components, will be needed to refine
CKM care models in the population.

In addition to ongoing efforts to optimize CKM care,
it is crucial that there are concurrent efforts to address
the historic influx of patients with CKM syndrome, driven
by epidemics of obesity and diabetes. This necessitates
enhanced approaches to preserving ideal cardiovas-
cular health across the life course and across diverse
populations. Enhanced CKM screening strategies across
the life course, particularly for those at highest risk, will
facilitate early interventions to avoid the progression of
CKM syndrome and to mitigate risk for CVD events and
kidney failure. Prevention efforts must extend beyond
clinical settings to consider the social context in which
individuals live, work, eat, and play. There is also a need to
address the interplay between SDOH and biological pre-
disposing factors, which can, in combination, have a pro-
found impact on CKM-related risk. Holistic approaches
to both prevention and management are needed to fully
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