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From Metabolic Syndrome to Cardiovascular—
Kidney—Metabolic Syndrome and Systemic
Metabolic Disorder: A Call to Recognize the
Progressive Multisystemic Dysfunction

ABSTRACT

The landscape of metabolic health has evolved dramatically in recent years. Once
viewed as a collection of distinct conditions, disorders like obesity, type 2 diabetes, car-
diovascular disease, chronic kidney disease, and fatty liver disease are now understood
to share common pathophysiological roots. This review explores the transition from the
traditional concept of metabolic syndrome toward more comprehensive and clinically
relevant frameworks, namely, the cardiovascular—kidney—metabolic (CKM) syndrome
proposed by the American Heart Association, and the systemic metabolic disorder (SMD)
framework introduced by the European Atherosclerosis Society. Both models recognize
the progressive, multisystemic nature of metabolic dysfunction, highlight the need for
stage-basedrisk stratification,and emphasize early intervention. The authorsdiscussthe
central role of dysfunctional adiposity and ectopic fat in driving organ-specific damage,
and examine the growing body of evidence supporting the use of novel therapies such
as sodium-glucose cotransporter 2 (SGLT2) inhibitors, glucagon-like peptide-1receptor
agonists (GLP-1RA), and gastric inhibitory polypeptide (GIP)/GLP-1RA in delivering mul-
tiorgan protection. By comparing the CKM and SMD models, the authors highlight their
complementary nature and shared call for a shift in clinical thinking away from isolated
management and toward integrated, multidisciplinary care. As the burden of metabolic
dysfunction continues to rise, the need to recognize obesity as a chronic disease and to
develop practical, collaborative strategies across cardiology, nephrology, endocrinology,
and hepatology becomes even more urgent. The rise of cardiometabolic medicine offers
a timely and necessary response to this growing challenge, creating opportunities for
better prevention, earlier detection, and improved outcomes for the patients.

Keywords: Metabolic syndrome, obesity, cardiovascular—kidney—metabolic syndrome,
systemic metabolic disorder

INTRODUCTION

Adult obesity rates have doubled globally since 1990, with current estimates
exceeding 1 billion affected individuals worldwide." In recent years, the number
of people affected by cardiometabolic diseases has also increased significantly.
This trend has slowed or even reversed the improvements we had seen in cardio-
vascular disease (CVD) outcomes in past decades.? Data from the Global Burden
of Disease study show that the number of people living with CVD almost doubled
between 1990 and 2019.3 In the United States, more than 1in 4 adults had been
shown to have atleast one of the cardiac, renal, and metabolic conditions accord-
ing to data from 2015 to 2020.4

Once considered as distinct entities, conditions such as obesity, type 2 diabetes
mellitus (DM), atherosclerotic CVD, heart failure (HF), chronic kidney disease
(CKD), and metabolic dysfunction-associated steatotic liver disease (MASLD)
are now recognized as interconnected disorders that share common patho-
physiological pathways.® Many concepts were proposed to define the shared
mechanisms. The concept of “cardiorenal syndrome” illustrates the bidirectional
relationship between heart and kidney dysfunction, while “metabolic syndrome”
or “cardiometabolic syndrome” highlights the close association between excess
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adiposity, metabolic risk, and cardiovascular outcomes.®®
Over the past 5 years, there has been significant progress
in our understanding of systemic metabolic dysfunction.
Especially, the advent of novel therapies, including sodium-
glucose cotransporter 2 (SGLT2) inhibitors, glucagon-like
peptide-1 receptor agonists (GLP-1RA), gastric-inhibotory
polypeptide (GIP)/GLP-1RA, and non-steroidal mineralo-
corticoid receptor antagonists (NSMRA), has demonstrated
significant benefits across multiple organ systems, under-
scoring the need for integrated treatment strategies.®
Current evidence indicates that ectopic or dysfunctional fat
plays a key pathogenic role by initiating a cascade of meta-
bolic and inflammatory processes, leading to widespread
organ involvement, particularly in the heart, kidneys, and
liver.

To reflect this broader picture, new terms have been pro-
posed. In 2023, the American Heart Association (AHA) intro-
duced the term cardiovascular-kidney-metabolic (CKM)
syndrome, emphasizing the cumulative burden of metabolic
dysfunction on cardiovascular and renal system. A stag-
ing model was proposed to capture the pathophysiological
continuum, delineate risk categories, and inform appropri-
ate preventive and therapeutic approaches.” Yet, the liv-
er's involvement remained underemphasized in this model.
Metabolic dysfunction-associated steatotic liver disease
reflects the hepatic aspect of metabolic dysfunction and
functions both as a driver and a result of the systemic met-
abolic derangement.” Recently, European Atherosclerosis
Society (EAS) suggested a new clinical staging term, sys-
temic metabolic disorder (SMD), to describe and guide the
management of the group of metabolic dysfunction-related
diseases, involving cardiovascular, renal, and hepatic sys-
tems.”® While obesity remains a major driver, other organ-
specific defects, such as insulin resistance originating in
skeletal muscle orimpaired lipid handling in the liver, can also
initiate the cascade of systemic dysfunction and inflamma-
tion. These shifts in nomenclature reflect a deeper under-
standing of disease biology and help for further advances in
prevention and treatment strategies.

This review explores how the understanding of metabolic
disease has changed over time, examining the move from
the old concept of metabolic syndrome to CKM syndrome
and SMD. The key pathophysiological mechanisms, clinical
features, and novel treatment strategies that are relevantin

HIGHLIGHTS

e Metabolic disorders affect multiple organs and progress
through overlapping stages.

e The CKMsyndrome and SMD frameworks offerupdated,
clinically useful approaches to risk stratification.

e Dysfunctional adiposity and ectopic fatare central driv-
ers of systemic organ damage.

¢ Novel therapies such as SGLT2 inhibitors and GLP-1RAs
offer multiorgan protection.

e Ashifttowardintegrated, multidisciplinary care defines
the rise of cardiometabolic medicine.
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this new framework, with a focus on prevention, early detec-
tion and risk assessment strategies are highlighted. Future
approaches, strategies for better systemic integration of
care and the emergence of cardiometabolic medicine as a
new subspecialty, are also discussed.

PATHOPHYSIOLOGICAL CONTINUUM: FROM
CARDIOMETABOLICRISK TO MULTISYSTEMIC
DYSFUNCTION

The systemic effects of excess adiposity was first noted in
the 1960s through the findings from the Framingham Heart
Study; however, it was in 1988 when Gerald Reaven formally
introduced the concept that a cluster of common metabolic
abnormalities, namely insulin resistance, hypertension, and
a dyslipidemic profile characterized by elevated triglycer-
ides and low HDL cholesterol, could collectively increase the
risk of premature CVD. He termed this cluster “Syndrome
X."™ The central role of insulin resistance in cardiometabolic
pathology was highlightened, independent of overt hyper-
glycemia or type 2 DM.

In 2001, the National Cholesterol Education Program—Third
Adult Treatment Panel (NCEP-ATP Ill) introduced a practical
framework for identifying individuals at high cardiometa-
bolic risk using simple, accessible clinical markers. They cre-
ated 5 diagnostic criteria that could be applied in everyday
clinical practice. First of all, abdominal obesity, particularly
visceral adiposity, was highlighted as the most prevalent
and clinically relevant manifestation and waist circumfer-
ence (WC) was adopted as a surrogate marker for abdomi-
nal fat accumulation. Other 4 additional parameters were;
fasting triglycerides, high-density lipoprotein (HDL) choles-
terol, blood pressure, and fasting glucose levels. The panel
proposed the more inclusive term “metabolic syndrome” to
describe this constellation of interrelated risk factors and it
was defined by the presence of at least 3 out of 5 criteria.™
Despite its relevance to both clinical practice and public
health, the concept of metabolic syndrome has long been
the subject of debate.”™ Controversies have centered around
its underlying pathophysiology, the validity of its diagnos-
tic criteria, and its limitations as a risk stratification tool.”
Critics have argued that the binary nature of the diagnosis
fails to reflect disease severity or capture the full spectrum
of cardiometabolic risk.”

VISCERAL ADIPOSITY AND ECTOPICFAT DEPOSITION AS
CENTRAL DRIVERS OF THE PATHOPHYSIOLOGY

Obesity results from a complex, multifactorial process that
leads to sustained positive energy balance and, ultimately,
to the accumulation of lipids within adipocytes. As adiposity
progresses, the storage and mobilization capacity of subcu-
taneous adipose tissue becomes limited. Main key predic-
tor of cardiometabolic risk in individuals with overweight or
obesity is the presence of excess visceral adipose tissue.™ It
refers to hypertrophic fat accumulation within the abdomi-
nal cavity, particularly along structures such as the greater
omentum and mesentery. This pattern is frequently associ-
ated with ectopic triglyceride deposition in non-adipose
tissues, including the liver, skeletal muscle, pancreas, and
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renal sinus, as well as intrapericardial, mediastinal, and even
intramyocardial compartments.” The preferential storage
of lipids in visceral depots, rather than in more metabolically
safe peripheral or subcutaneous compartments, is increas-
ingly recognized as a sign of adipose tissue dysfunction.?®
It is characterized by a range of structural and functional
abnormalities, including impaired adipogenesis, resistance
to insulin-mediated suppression of lipolysis, reduced fatty
acid uptake, and excessive collagen deposition within the
extracellular matrix. These changes are often accompanied
by chronic low-grade inflammation, driven by immune cell
infiltration and proinflammatory cytokine release, as well
as altered vascular architecture and remodeling.? Together,
they contribute to systemic metabolic disturbances that
underlie the progression of metabolic syndrome and its tran-
sition into multisystem organ dysfunction.

Ectopic fat accumulation is a hallmark of metabolic dysreg-
ulation and leads to a phenomenon known as lipotoxicity, a
toxic overload of lipids in non-adipose tissues. Lipotoxicity
provokes organ-specific fibro-inflammatory responses,
which vary based on the location and extent of lipid deposi-
tion. These responses influence each individual’'s metabolic
phenotype, shaped by factors such as the severity of cellu-
lar injury, the resilience of affected tissues, and the balance
between inflammatory and fibrotic signaling.?? Ultimately,
this process contributes to the development of systemic
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metabolic dysfunction and multi-organ damage, includ-
ing insulin resistance, atherosclerosis, cardiac remodeling,
hepatic inflammation, and renal impairment. The role of
excess or dysfunctional adiposity in driving multiorgan dys-
function, primarily affecting the cardiovascular, renal, and
hepatic systems, isillustrated in Figure 1.

NOVEL METABOLIC THERAPIES TARGETING MULTIORGAN
PROTECTION: SODIUM-GLUCOSE COTRANSPORTER 2
INHIBITORS, GLUCAGON-LIKE PEPTIDE-1RECEPTOR
AGONISTS, AND GASTRIC-INHIBITORY POLYPEPTIDE/
CO-AGONISTS

The world has been facing an obesity pandemics with
marked rising of interconnected diseases, such as DM,
hypertension, dyslipidemia, and HF, especially the HF with
preserved ejection fraction (HFpEF). In the past 5 years, the
field of cardiometabolic medicine has undergone a notable
shift in both understanding and clinical practice. Conditions
that were once managed separately, such as obesity, type
2 DM, CKD, atherosclerotic CVD, HF, and MASLD, are now
viewed as interconnected expressions of underlying meta-
bolic disturbance. They are now recognized as parts of a
shared pathophysiological network, where each affected
organ contributes to and amplifies systemic inflammation,
hormonal imbalance, and metabolic dysfunction.® The
cumulative effect is a self-perpetuating cycle that drives
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Figure1. Excess/dysfunctional adiposity is at the center of the pathophysiology of metabolic multiorgan dysfunction. (Createdin
BioRender. Ozyiincii, N. (2025) https:/BioRender.com/sh9pdOt). ASCVD, atherosclerotic cardiovascular disease; CKD, chronic

kidney disease; HFPEF, heart failure with preserved ejection fraction; MASH, metabolic dysfunction-associated steatohepatitis;
MASLD, metabolic dysfunction-associated steatotic liver disease; T2DM, type 2 diabetes mellitus.
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disease progression, worsens prognosis, and negatively
impacts quality of life.

As the understanding of cardiometabolic diseases has
evolved, 2 therapeutic classes, SGLT2 inhibitors and GLP-
TRAs, have emerged as transformative options. Initially
developed for glycemic control in patients with type 2 DM,
these agents have demonstrated a wide range of benefits
beyond glucose lowering. Sodium-glucose cotransporter 2
inhibitor use in type 2 DM revealed significant improvements
in cardiovascular outcomes. Regardless of the presence of
diabetes, empaglifozin and dapaglifozin improved outcomes
in HF and CKD patients.?*? Glucagon-like peptide-1recep-
tor agonists (GLP-1RAs) have been shown to reduce major
adverse cardiovascular events (MACE) in type 2 DM patients
and alsoin non-diabetic patients with body-massindex (BMI)
>27.3932 Semaglutide improved symptomatology in obese
HFpEF patients and contributed to significant weight loss.**
GLP-1RAs delay the progression of CKD and have shown
potential therapeutic effects in MASLD.***> More recently,
tirzepatide, a dual GIP/GLP-RA, has further expanded the
therapeutic landscape by achieving substantial weight
reduction along with further cardiometabolic benefits.
Treatment with tirzepatide was associated with a reduced
risk of the composite outcome of cardiovascular death or
worsening HF in patients with HFpEF and obesity.* In met-
abolic dysfunction-associated steatohepatitis (MASH),
tirzepatide was more effective than placebo in achieving
resolution of steatosis without worsening of fibrosis.*

Shared organ-protective mechanisms suggested for SGLT2
inhibitors and GLP-1RAs are anti-oxidant, anti-inflamma-
tory, and anti-fibrotic effects, enhancement of myocardial
energetics, decrease in neurohormonal activation, improve-
ment in endothelial function, promotion of vasodilation,
reduction in arterial stiffness, and improvement in renal
function.?® Multiorgan protective effects of these drugs
bridged the gap between specialties like cardiology, endo-
crinology, nephrology, and hepatology. Understanding the
systemic metabolic disease concept supported a more inte-
grated and coordinated approach to care, instead of treat-
ing each organ system separately.

Although not primarily classified as a metabolic agent, a
NSMRA, finerenone has demonstrated significant benefits
in patients with HFpEF and diabetic kidney disease.***? It has
been shown to reduce HF events, cardiovascular mortality,
and the progression of renal dysfunction, supportingits ther-
apeutic role along the cardiorenal continuum in the context
of metabolic disease.

THE GROWING OBESITY CRISIS AND THE EMERGENCE OF
SYSTEMICMETABOLIC CONCEPTS

With the growing global burden of obesity and weight gain,
the cardiovascular community has encountered an increas-
ing number of patients presenting with complex, multi-
systemic metabolic disturbances. In response, a recent
consensus statement has been published addressing the
clinical implications of obesity and cardiometabolic medi-
cine has been proposed as a novel specialty for this systemic
dysfunction.4%4
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Over the past 5 years, there has been growing recogni-
tion of the detrimental effects of excess adipose tissue
and a marked shift toward more integrated approaches in
the management of metabolic syndrome and its related
multi-organ dysfunction.*> The 2021 European Society of
Cardiology (ESC) guideline on CVD prevention regarded the
patients with moderate-to-severe CKD, as high and very
high CVD risk.** However, this qualitative approach over-
looks the opportunity to personalize cardiovascular preven-
tive therapies by incorporating quantitative markers of CKD.
A recently developed approach, termed the “CKD Add-on,”
enables the incorporation of CKD markers, estimated glo-
merular filtration rate (eGFR) and albuminuria, into existing
cardiovascular risk prediction models.** It is validated that
this Add-ons with CKD parametersimproved the risk predic-
tion of CVD beyond SCORE2 and SCORE2-OP.#®

In 2023, AHA released a presidential advisory addressing the
growing burden of poor cardiovascular-kidney and meta-
bolic health and introduced the concept of CKM syndrome.
As will be discussed in the following section, the advisory
proposed a 4-stage classification of the syndrome and intro-
duced a novel cardiovascular risk assessment model known
as PREVENT." The interactions between metabolic syn-
drome, CVD and CKD leading to multi-organ damage with
high adverse cardiovascular events were defined as a sys-
temic disorder. It was an important call to action to optimize
the systemic metabolic health problem in the population,
indicating the requirement for interdisciplinary care and
integrated management starting from childhood.

In parallel with the emergence of CKM syndrome, growing
attention has also been directed toward the hepatic mani-
festation of metabolic dysfunction. In 2023, the redefini-
tion of non-alcoholic fatty liver disease (NAFLD) as MASLD
marked a major shift in terminology, emphasizing its patho-
physiological links to metabolic disorders rather than exclu-
sionary alcohol criteria.*¢ Metabolic dysfunction-associated
steatotic liver disease frequently coexists with other fea-
tures of systemic metabolic dysfunction, including obesity,
insulin resistance, hypertension, dyslipidemia, and type 2 DM
and is increasingly recognized as both a consequence and a
contributor to multisystemic disease.” Metabolic dysfunc-
tion-associated steatotic liver disease also has a bidirec-
tional relationship with the development and progression
of CKM syndrome. To better reflect the complex interplay
among the heart, kidneys, liver, and metabolic pathways, an
expanded concept, cardiovascular—renal—hepatic—meta-
bolic (CRHM) syndrome, has been proposed.™ This broader
framework encourages an integrated diagnostic approach
that aims to slow disease progression and reduce the risk of
further organ damage.

Building on these insights, in the early 2025, EAS released a
consensus statement and introduced the concept of SMD, to
describe the constellation of metabolic abnormalities that
disrupt the function of multiple organ systems.® Recognizing
these conditions asinterconnected, rather thanisolated dis-
orders, and incorporating the liverinto the model promotesa
more comprehensive strategy for clinical management and
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may contribute meaningfully to addressing the growing bur-
den of cardiometabolic disease.

In the following section, the authors will provide a more
detailed overview of both the CKM syndrome and the SMD
framework, focusing on their definitions, staging systems,
and clinical implications.

DEFINING CARDIOVASCULAR—-KIDNEY—METABOLIC
SYNDROME AND SYSTEMIC METABOLIC DISORDER

As understanding of metabolic diseases has advanced, it
has become increasingly clear that cardiovascular, renal,
hepatic, and metabolic dysfunctions often coexist and inter-
actin a bidirectional manner. This recognition has prompted
the development of new conceptual frameworks to better
describe the complex, multisystem nature of these condi-
tions. Two such approaches, CKM syndrome, proposed by the
AHA, and SMD, introduced by the EAS, aim to move beyond
isolated risk factor models and provide structured staging
systems based on shared pathophysiological mechanisms.
These models not only facilitate more accurate risk stratifi-
cation, but also support more integrated and targeted clini-
cal management strategies.

CARDIOVASCULAR-KIDNEY—-METABOLIC SYNDROME

The concept of CKM syndrome emphasizes the intercon-
nected pathophysiology linking cardiovascular, renal, and
metabolic systems, areas traditionally approached as sepa-
rate clinical domains.” There is a 4-stage classification sys-
tem to stratify patients according to their level of risk and
degree of organ involvement. Stage 1 includes individuals
at increased risk due to genetic predisposition or lifestyle-
related factors. Stage 2 comprises those with established
cardiometabolic risk factors such as obesity, hypertension,
dyslipidemia, or insulin resistance/DM. In Stage 3, early signs
of organ dysfunction become evident, including subclinical
cardiacorrenalabnormalities. Stage 4 representsindividuals

Anatol J Cardiol 2025; 29(8): 384-393

with overt CVD, HF, or CKD. The definitions of the stages are
summarized in Table 1. This progressive framework offers
clinicians a practical tool to guide preventive strategies and
therapeutic interventions across the disease spectrum.”

SCREENING AND MANAGEMENT STRATEGIES FOR THE
CARDIOVASCULAR—-KIDNEY-METABOLIC STAGES

The CKM staging model enables clinicians to stratify individ-
uals according to the severity of their metabolic risk, allow-
ing for timely preventive interventions aimed at delaying or
reversing disease progression. A key focus within this frame-
workisthe earlyidentification of individualsin the preclinical
phase, prior to the onset of overt cardiovascular or renal dis-
ease. Cardiovascular disease begins developing early in life
and risk factor exposure during childhood and adolescence
has been shown to contribute to early cardiovascular abnor-
malities, many of which persistinto adult life.

The screening strategy for CKM syndrome is structured
across 2 life stages: early life (<21 years) and adulthood (>21
years), emphasizing timely identification of metabolic risk
factors and subclinical disease. In early life, annual screening
includes weight and height, blood pressure (starting at age
3), and mental and behavioral health assessments. Fasting
lipid profiles are recommended between ages 9-11and again
between 17 years and 21 years, especially in children with a
family history of CVD or lipid disorders. Additional testing
with fasting plasma glucose and hemoglobin Alc (HbAlc)
is advised for children with obesity or other risk factors. In
adulthood, screening expands toinclude social determinants
of health, BMI, and WC. Annual screening for metabolic syn-
drome components is recommended for individuals with
stage 2 CKM or higher. For those at earlier stages, screening
intervals vary between 2 years and 5 years depending on the
degree of risk. Additional evaluations include non-invasive
liver fibrosis assessment (e.g., FIB-4), urine albumin-creat-
inine ratio (UACR) for CKD staging, and calcium scoring for

Table 1. Stages of Cardiovascular—Kidney—Metabolic Syndrome

CKM Syndrome Stage Definition
Stage 0: No CKM risk Individuals with normal weight and no evidence of hypertension, dyslipidemia, diabetes, CKD, or CVD.
factors

Stage 1: Excess or
dysfunctional adiposity

Individuals with obesity, central adiposity, or adipose tissue dysfunction in the absence of other
metabolic risk factors or CKD. Criteria include BMI >25 kg/m? (or >23 kg/m’ for Asian populations),

waist circumference >88 cm in women or >102 cm in men (ethnicity-adjusted), or fasting glucose
between 100-125 mg/dL or Hb Alc 5.7-6.4%.

Stage 2: Presence of
metabolicrisk factors and/
or CKD

Stage 3: Subclinical
cardiovascular
involvement

Individuals showing one or more metabolic abnormalities such as elevated triglycerides (>135 mg/dL),
hypertension, metabolic syndrome, diabetes, or moderate to high risk CKD (KDIGO classification).

Individuals with early-stage ASCVD or heart failure without overt symptoms, often detected by
imaging (e.g., coronary artery calcium), biomarkers (e.g., NT-proBNP >125 pg/mL, hs-Troponin), or by
echocardiographic signs of heart failure.

Alsoincludes those with very high CKD risk (stage G4-G5 CKD or very high risk per KDIGO
classification) or predicted high 10-year CVD risk (with PREVENT)

Stage 4: Clinical
cardiovascular disease in
CKM

Individuals with established cardiovascular conditions (e.g., myocardial infarction, stroke, heart
failure, AF, PAD) and evidence of metabolic dysfunction or CKD.
Stage 4a: no kidney failure; Stage 4b: kidney failure present.

AF, atrial fibrillation; ASCVD, atherosclerotic cardiovascular disease; BMI, body mass index; CKD, chronic kidney disease; CKM, cardiovascular-
kidney-metabolic; CVD, cardiovascular disease; HbAlc, hemoglobin Alc; hs-troponin, high-sensitivity troponin; KDIGO, Kidney Disease Improving
Global Outcomes; NT-proBNP; N-terminal pro-B-type natriuretic peptide; PAD, peripheric arterial disease.
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atherosclerotic CVD risk refinement. Subclinical HF screen-
ing using echocardiography and/or biomarkers may also
be considered, although precise recommendations are still
evolving."

The management of CKM syndrome is staged and progres-
sively adapted to disease severity, ranging from excess adi-
posity to established CVD. There is now strong evidence
supporting the use of antihyperglycemic agents such as
SGLT2 inhibitors and GLP-1RAs in reducing cardiovascular
events and slowing the progression of CKD. Despite these
benefits, their utilization in clinical practice remains lim-
ited. Barriers include clinician prescribing habits and sys-
temic issues such as high out-of-pocket costs and formulary
restrictions, which limit patient access.**8 While it is impor-
tant to ensure cost-effective healthcare, overly restrictive
policies on medications with proven cardiorenal benefits
may result in missed opportunities to improve CKM out-
comes and reduce long-term healthcare expenditures.®
A more precise understanding of CKM risk-based therapy
implementation may particularly help increase the use of
protective agents such as SGLT2 inhibitors, GLP-1 receptor
agonists, finerenone, and renin-angiotensin system (RAS)
inhibitors.

Below, the authors summarize the proposed management
strategies for each CKM syndrome stage:™

Stage 1: Excess or dysfunctional adiposity

e Focus on lifestyle changes including weight loss, diet,
and physical activity.

e Consider pharmacotherapy (BMI >30 kg/m? without
comorbidities) or bariatric surgery (BMI >40 kg/m? with-
out comorbidities).

e Use integrated care tools to navigate weight loss
options.

Stage 2: Established CKM risk factors:

e Address hypertension, hypertriglyceridemia, DM, and
early CKD with lifestyle and pharmacotherapy. Urine
albumin-creatinine ratio is essential for CKD staging and
initiating the treatment.

e Treat with SGLT2 inhibitors or GLP-1 RAs in indicated
patients of DM and CKD.

e Initiate statins and blood pressure control per clinical
guidelines.

Stage 3: Subclinical CVD in CKM syndrome:

e Intensify risk factor modification based on subclinical
atherosclerosis or HFpEF.

e Add cardioprotective agents as indicated (e.g., SGLT2
inhibitors, statins, and GLP-1RA).

e Consider coronary artery calcium scoring and echocar-
diography for early detection.

e Use KDIGO heat map for CKD staging or risk calculation.
PREVENT risk scoring system is proposed for CVD risk
prediction. Stage 4 or 5 CKD, those classified as very high
risk by KDIGO criteria, or those with high predicted CVD
risk are all considered to meet criteria for stage 3 CKM
syndrome.

Ozylincii and Erol. Redefining Metabolic Disease

Stage 4: Established CVD in CKM syndrome:

e Implement guideline-directed therapy for atheroscle-
rotic CVD and HF. Combine lipid-lowering, antihyper-
tensive, and glucose-lowering therapies as indicated.

e Incorporate therapeutic agents with established organ-
protective properties and demonstrated clinical ben-
efits, such as SGLT2 inhibitors, GLP-1RA, and finerenone
into treatment strategies.

e Support weight loss through integrated team approach
and consider pharmacotherapy (BMI >27 kg/m?) or bar-
iatric surgery (BMI >35 kg/m?).

e Emphasize interdisciplinary care and ongoing cardiovas-
cular risk reduction.

PROPOSED NOVEL RISK CALCULATION TOOL: PREVENT

Epidemiological studies have consistently demonstrated
strong associations between CKM-related markers, such as
impaired kidney function and metabolic dysregulation, and
the risk of total CVD, especially atherosclerotic CVD and
HF. There has been a continuous effort to refine cardiovas-
cular risk assessment beyond traditional risk factors, lead-
ing to search for novel markers that can enhance predictive
accuracy. American Heart Association proposed a novel car-
diovascular risk estimation tool, the PREVENT risk model,
that incorporates markers of kidney function and metabolic
health, providing a more comprehensive assessment than
traditional models.*®

The PREVENT risk equations were developed to estimate the
likelihood of total CVD in adults without pre-existing CVD
and provide risk predictions over both 10- and 30-year time.
Notably, these models include also HF as a formal endpoint
and use age as the time scale. The base PREVENT model
integrates traditional cardiovascular risk factors (blood pres-
sure, HDL and total cholesterol, diabetes status, BMI, and
tobacco use) along with kidney function (eGFR). Medication
use is also incorporated into the base model, with antihyper-
tensive and statin therapies as separate predictive compo-
nents. Additional versions of the model allow for further risk
stratification in high-risk populations by incorporating UACR
or HbAlc where available, especially forindividuals with base-
line CKD or diabetes. Another version includes social determi-
nants of health through indices such as the social deprivation
index, supporting more individualized prediction.*®

This sex-specific risk model for adults aged 30-79 years, rep-
resents an important advancement by including eGFR as
a standard variable, recognizing HF as a key outcome, and
excluding race from the predictive algorithm. Globally, CKD
is often diagnosed at arelatively advanced stage and by rec-
ommending the routine assessment of both eGFR and UACR,
this new score system may help early identification of CKD
and timely initiation of interventions aimed at slowing dis-
ease progression.” The modular design also permits optional
inclusion of kidney, metabolic, and social health variables,
allowing for personalized and risk-adapted decision-making
in CKM care. Importantly, the use of absolute risk assessment
to guide the initiation and intensity of preventive strate-
gies can now be applied to HF. Given the rising burden of HF
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related morbidity and mortality, identifying individuals at
riskhasbecomeincreasingly importantand currentevidence
strongly supports that HF is largely preventable in clinical
practice.

SYSTEMICMETABOLICDISORDER

While the CKM syndrome framework has brought clarity
to the interconnected nature of cardiovascular, renal, and
metabolic health, it does not fully cover the broader spec-
trum of metabolic dysfunction, particularly the role of the
liver. Recognizing this, the EAS recently introduced the term
SMD to capture the complex, multi-organ impact of meta-
bolic dysregulation. Systemic metabolic disorder emphasizes
the progressive, systemic nature of metabolic abnormalities,
which often begin silently and manifest across dysfunctional
adiposity playing a central pathogenic role.”® This concept
broadens our perspective beyond traditional risk clusters,
encouraging earlier recognition, stratification, and interven-
tion across the continuum of metabolic disease. At its core,
SMD is closely linked to dysfunctional adiposity as a central
feature; however, it can also originate from primary meta-
bolic defects in organs such as skeletal muscle or the liver. In
muscle, impaired insulin sensitivity shifts energy substrates
toward fat andliver tissue, whereas hepatic vulnerability may
disturb lipid handling and disrupt nutrient fluxes systemically.
These imbalances gradually impair metabolic function across
several organs, givingrise to a state of multisystemic dysfunc-
tion. To better understand and manage SMD, experts have
proposed a practical staging system.’ This model is based on
how the disease develops and gives doctors an easy way to
trackits progression and decide when to start treatment.

Systemic metabolic disorder includes several key features
that may vary in severity, particularly in its early phases,
before advancing toward widespread multi-organ dysfunc-
tion. The staging system incorporates the main systemic
manifestations of SMD, such as insulin resistance or predia-
betes, type 2 DM, MASLD, hypertension, atherogenic dyslip-
idemia, chronic inflammation, HF, and kidney disease. There
are 3 stages in SMD. Stage 1is marked by metabolic abnor-
malities without evident organ damage. Stage 2 involves
early signs of organ involvement and stage 3 reflects estab-
lished and more advanced organ damage. The specific crite-
ria for each stage of SMD are outlined in the Table 2.

Using this newly proposed staging system, researchers ana-
lyzed data from the UK Biobank to estimate the prevalence
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and outcomes of SMD Stages 1and 2 among European adults
aged 40-69 years. Stage 1 was identified in 58% of partici-
pants, most commonly characterized by overweight and dys-
lipidemia, with additional features such as liver steatosis and
hypertension. Only 18% had pre-diabetes, though true insulin
resistance rates may be higher. Stage 2 was found in 19% of
the population and showed a predominance of subclinical
atherosclerosis and CKD, with fewer individuals presenting
with MASH, asymptomatic diastolic dysfunction, or type 2
DM. Notably, organ damage in Stage 2 was often limited to
asingle organ, possibly due to individual susceptibility. Stage
1 likely reflects an earlier, reversible phase of metabolic dis-
ruption, while Stage 2 signals inflammatory progression and
breakdown of compensatory mechanisms. Long-term fol-
low-up revealed a stepwise increase in all-cause mortality
risk: 6% in Stage 1and 49% in Stage 2, confirming the clinical
relevance and predictive value of the staging system.™

MANAGEMENT OF SYSTEMIC METABOLIC DISORDER

The primary aimin the clinical management of SMD is to pre-
vent disease progression and minimize the risk of end-organ
damage. Achieving this requires a personalized treatment
approach, with lifestyle modification remaining the corner-
stone of care. Stage-specific management strategies for
this complex, multi-organ condition are outlined below:™

Stage 1: Early metabolic disturbance:

e Focus on promoting a negative energy balance through
reduced calorie intake and increased physical activity.
Encourage healthy dietary habits.

e Address overweight and obesity using the European
Association for the Study of Obesity (EASO) framework,
consider pharmacotherapy or bariatric surgery based on
BMI.>3

e Manage hypertension and dyslipidemia according to
clinical guidelines as appropriate and address insulin
resistance or prediabetes with lifestyle modification,
consider metformin when indicated.

Stage 2: Subclinical organ involvement:

e Continue lifestyle interventions asin Stage 1.

e For type 2 DM: use SGLT2 inhibitors or GLP-1RA in
patients with high or established cardiovascular risk.

e For MASH or liver fibrosis: avoid alcohol and hepatotoxic
medications, consider resmetirom or bariatric surgery
(BMI>30 kg/m?).

Table 2. Stages of Systemic Metabolic Disorder

SMD Stage

Definition

Stage 1: Early metabolic
disturbance

The presence of (i) insulin resistance/pre-diabetes alone or (ii) overweight/dysfunctional adiposity and
atleast one of the following traits: isolated liver steatosis, hypertension, or atherogenic dyslipidemia.

No established organ dysfunctionis present.

Stage 2: Subclinical
organinvolvement
Stage 3: Clinical organ
damage

Type 2 DM, asymptomatic diastolic dysfunction, MASH/liver fibrosis (F2-F3), albuminuria or CKD stages
1-2, or subclinical atherosclerosis with no history of events.

Symptomatic HFpEF, cirrhosis/liver failure, reduced kidney function/failure (CKD stages 3-5), or clinical
manifestation of ASCVD such as myocardial infarction, PAD or stroke.

ASCVD, atherosclerotic cardiovascular disease; CKD, chronic kidney disease; DM, diabetes mellitus; HFpEF, heart failure with preserved ejection
fraction; MASH, metabolic dysfunction-associated steatohepatitis; PAD, peripheric arterial disease.
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e For albuminuria and CKD stages 1-2: use RAS inhibitors
and SGLT2 inhibitors. Add finerenone in appropriate
patients with persistent albuminuria and DM, add GLP-
TRA in patients with obesity.

e For subclinical atherosclerosis: manage lipids with
statins or ezetimibe or PCSK-9 inhibitors, considericosa-
pentethyl.

e For asymptomatic diastolic dysfunction: no specifically
indicated therapy. Control blood pressure and weight,
consider finerenone in patients with type 2DM and CKD.

Stage 3: Clinical organ damage:

Maintain lifestyle modification strategies.

For HFpEF: use SGLT2 inhibitors, manage volume over-

load with diuretics, consider GLP-1 receptor agonists if

BMI >30 kg/m’.

e For cirrhosis/liver failure: follow portal hypertension
management guidelines, consider liver transplantation
when indicated.

e For advanced CKD (stages 3-5): initiate pharmacother-
apy as for CKD in SMD Stage 2, consider dialysis or trans-
plantationin stage 5.

e Forclinical ASCVD: optimize cardiovascular risk factors,

treat according to clinical guidelines and consider revas-

cularization where appropriate

SYSTEMICMETABOLICDISORDER AND
CARDIOVASCULAR-KIDNEY—METABOLIC SYNDROME:
TWO SIDES OF THE SAME METABOLIC COIN

Recentinternationalstatementshave highlighted the urgent
need for a more refined approach to the diagnosis and man-
agement of metabolic disorders, given the globalrise in obe-
sity and related complications. Both the EAS consensus on
SMD and the AHA's framework for CKM syndrome empha-
size early identification, a stepwise staging approach, and
the importance of recognizing metabolic dysfunction as a
progressive, multisystem process. There is agreement that
BMI alone is insufficient for assessing metabolic health and
should be complemented by additional measuressuchas WC,
tailored for ethnicity. Both statements stress the need for
early, interdisciplinary screening for metabolic risk factors,
particularly in individuals with excess adiposity, before organ
damage occurs. Clinical management in both approaches is
structured around disease staging, beginning with lifestyle
interventions and progressively incorporating risk factor
evaluation and therapeutic intensification as the condition
advances. This convergence supports a holistic, proactive
approach that aims to prevent progression and reduce long-
term complications.

Future Directions

Despite the progress in understanding and managing car-
diometabolic disorders through CKM syndrome and SMD
models, many challenges remain. Globally, thereis an urgent
need to recognize that obesity is formally defined as a
chronic disease state, rather than a lifestyle condition. We
need to ensure it receives the appropriate clinical attention
and resources it demands.

Ozylincii and Erol. Redefining Metabolic Disease

Onekeyneedisdetectingearly-stage metabolicdysfunction
before significant organ damage develops. Current screen-
ing tools often miss people at the first stages, especially if
they do not yet have DM or high blood pressure. Expanding
the use of anthropometric measures, such as WC alongside
BMI, may improve the identification and management of
excess adiposity. Also, using simple and accessible tests, such
as UACR, HbAIc, liver fibrosis scoring, and echocardiography,
can help to identify early signs of organ involvement.

A second need is improving risk prediction using more per-
sonalized tools. Genetic testing, molecular markers, and
newer approaches like metabolomics and microbiome
analysis could help to identify who is at greater risk for pro-
gression.>** These methods may also help guide targeted
treatment, but they need to be practical, affordable, and
integrated into everyday clinical care.

Another barrier is limited access to effective medications.
Treatments like SGLT2 inhibitors, GLP-1RA, and finerenone
show strong protective effects across organs, but they are
underused due to cost and policy restrictions. Making these
therapies more available should be a public health priority.

There is also a need for global agreement on definitions and
staging. While CKM syndrome highlights heart, kidney, and
metabolic health, the SMD concept includes the liver and
emphasizes early, systemic changes. Both models recognize
the progressive nature of metabolic dysfunction and the
need for early intervention. Unifying these frameworks with
ashared language and strategy would support better imple-
mentation worldwide.

Importantly, care must become more collaborative. Patients
with SMD or CKM often have overlapping problems that
require input from cardiologists, nephrologists, endo-
crinologists, hepatologists, and primary care providers.
Interdisciplinary care teams and integrated clinical path-
ways are needed to ensure effective and consistent man-
agement at every stage. These patients mostly die from
cardiovascular complications driven by the cumulative
impact of theserisk factors and thisunderscores the need for
a broader perspective in cardiovascular medicine. The ESCis
actively committed to advancing cardiometabolic cardio-
vascular medicine to improve outcomes in this growing and
vulnerable patient population.*!

CONCLUSION

Over the past decades, the understanding of metabolic
diseases has evolved significantly. What was once broadly
defined as “metabolic syndrome” is now recognized as a
complex, progressive, and multisystem disorder that affects
not just the cardiovascular system but also the kidneys, liver,
and otherorgans. Thisshiftin perspective hasled tonewclin-
ical frameworks, CKM syndrome and SMD, that reflect this
broader and more integrated view. Both models acknowl-
edge the shared pathophysiology behind conditions like type
2 DM, hypertension, atherosclerosis, and fatty liver disease,
and offer a structured, stage-based approach to guide risk
assessment and management.
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Importantly, these conditions rarely exist in isolation. Most
patients present with overlapping dysfunction across mul-
tiple organs, and the majority ultimately experience adverse
cardiovascular outcomes. This highlights the urgent need
to move beyond traditional, isolated treatment models.
As such, a shift toward cardiometabolic medicine, bring-
ing together expertise mainly from cardiology, but also
nephrology, hepatology, and endocrinology, is not only logi-
cal but necessary. We also need more accessible tools for
early detection, wider availability of effective treatments
like SGLT2 inhibitors and GLP-RA, and a global consensus on
staging and terminology.

In this new era, managing metabolic disease means thinking
systemically and acting early. Recognizing SMD and CKM as
progressive, interconnected syndromes is a crucial step for-
ward to intervene sooner, treat more effectively, and ulti-
mately improve outcomes for a growing number of patients
atrisk.
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