Literature Search Strategy
We conducted a comprehensive narrative review of the published literature following established guidelines for narrative reviews. Our search strategy was designed to capture the breadth of evidence on the interconnections between metabolic dysfunction-associated steatotic liver disease (MASLD), cardiovascular disease, chronic kidney disease, and metabolic syndrome.
Search Terms and Boolean Operators We employed the following search strings across databases:
Primary search terms:
1. ("metabolic dysfunction-associated steatotic liver disease" OR "MASLD" OR "non-alcoholic fatty liver disease" OR "NAFLD" OR "metabolic dysfunction-associated steatohepatitis" OR "MASH" OR "non-alcoholic steatohepatitis" OR "NASH" OR "hepatic steatosis" OR "liver steatosis") AND ("cardiovascular disease" OR "cardiovascular-kidney-metabolic" OR "CKM" OR "cardio-renal-hepatic-metabolic" OR "CRHM" OR "cardiovascular-renal-hepatic-metabolic")
2. ("cardiorenal syndrome" OR "cardiorenal axis" OR "cardio-renal" OR "heart-kidney interaction") AND ("metabolic syndrome" OR "insulin resistance" OR "MASLD" OR "MASH" OR "NAFLD" OR "NASH")
3. ("chronic kidney disease" OR "CKD" OR "renal dysfunction" OR "kidney disease") AND ("metabolic dysfunction-associated steatotic liver disease" OR "MASLD" OR "MASH" OR "NAFLD" OR "NASH" OR "hepatorenal" OR "liver fibrosis" OR "cirrhosis")
Databases Searched: PubMed/MEDLINE, Embase, Web of Science, Cochrane Library, Scopus (from inception to March 2026)
Inclusion Criteria: Original research articles, systematic reviews, meta-analyses, and expert consensus statements published in English with direct clinical relevance to human disease.
Study Selection: Two authors (Y.G. and Y.Z.) independently screened titles and abstracts. Disagreements were resolved through discussion with a third author (S.L.)."

Table S1. Comparative Framework Analysis: CKM, CRHM, and MMCK Syndromes
	Feature
	CKM Syndrome
(AHA 2023)
	CRHM Syndrome
(Theodorakis &
Nikolaou, 2025)
	MMCK Syndrome
(Proposed)

	Conceptual Origin
	Cardiorenal-metabolic triad; hepatic component acknowledged but implicit
	Parallel four-organ dysfunction model (cardiac, renal, hepatic, metabolic)
	Metabolism-centric operational extension with MASLD as independent risk-modifying axis

	Liver Assessment
	Metabolic risk factors only; no direct hepatic staging
	Conceptually included; no operational staging algorithm
	Mandatory FIB-4/VCTE fibrosis staging with L-Score (0–3) integrated into multi-organ scoring

	Risk Stratification
	Qualitative health stages (0–4)
	Conceptual staging without quantitative scoring
	Quantitative MORS (L+C+B+K, range 0–12) with bedside-applicable stage assignment

	Fibrosis Integration
	Not incorporated
	Modified staging mentioned; no specific thresholds
	FIB-4/VCTE-based stratification with population-specific cutoffs; fibrosis stage directly modifies MMCK stage

	Therapeutic Thresholds
	Guideline-directed by individual disease
	Not defined
	Stage-specific, organ-specific thresholds (BP/UACR for ACEi/ARB; eGFR/UACR for SGLT2i; BMI/ASCVD for GLP-1 RA; FIB-4/VCTE for hepatology referral)

	Multidisciplinary Model
	Recommended in principle
	Recommended in principle
	Structured MDT with defined members, tiered meeting frequencies (monthly/quarterly/biannual), MORS-based EHR triggers, designated coordinator

	Measurable Endpoints
	Not provided
	Not provided
	Three-tiered framework: process measures (screening/prescribing rates), intermediate outcomes (MORS change ≥20%, metabolic targets, VCTE stability), clinical endpoints (MACE, kidney/liver events, mortality)

	Clinical Utility
	Conceptual framework requiring specialist interpretation
	Conceptual framework for specialist awareness
	Operationalizable system with linked management algorithms for primary care and cardiology integration



Abbreviations: CKM, Cardiovascular-Kidney-Metabolic; CRHM, Cardiovascular-Renal-Hepatic-Metabolic; MMCK, Metabolic disorder-MASLD-Cardiovascular disease-Kidney disease; MORS, Multi-Organ Risk Score; MASLD, Metabolic dysfunction-associated steatotic liver disease; FIB-4, Fibrosis-4 index; VCTE, vibration-controlled transient elastography; EHR, electronic health record; MDT, multidisciplinary team; MACE, major adverse cardiovascular events; ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; SGLT2i, sodium-glucose cotransporter-2 inhibitor; GLP-1 RA, glucagon-like peptide-1 receptor agonist.

Table S2. Tiered Biomarker Panel for MMCK Inflammatory Pathway Validation

	Tier
	Biomarker
	Assay Method
	Clinical/Research Threshold
	MMCK Pathway Validated

	1. Core Clinical Panel
	hs-CRP
	Immunoturbidimetry/High-sensitivity ELISA
	>2 mg/L
	Systemic low-grade inflammation[1]

	(Routine Metabolic Inflammation)
	IL-6
	Chemiluminescence immunoassay
	>3 pg/mL
	Macrophage activation, acute-phase response[2]

	
	TNF-α
	ELISA
	>2.5 pg/mL
	Pro-inflammatory cytokine signaling[2]

	
	Adiponectin
	ELISA
	<4 μg/mL (M)
<6 μg/mL (F)
	Adipose tissue dysfunction, insulin sensitivity[3]

	2. Extended Research Panel
	MCP-1
	ELISA
	>200 pg/mL
	Monocyte recruitment, vascular inflammation[4]

	(Mechanistic Depth)
	MMP-9
	Zymography/Activity assay
	>50 ng/mL (active)
	ECM remodeling, fibrotic progression[5]

	
	NGAL
	ELISA
	>150 ng/mL (plasma)
	Neutrophil activation, renal tubular stress[6]

	
	suPAR
	ELISA
	>3.0 ng/mL
	Immune activation, CKD progression risk[7]

	3. MCK-Specific Mediators
	FGF21
	ELISA/Chemiluminescence
	>200 pg/mL
	Hepatokine cardioprotection, HFpEF severity[8,9]

	(Organ Crosstalk Validation)
	Fetuin-A
	ELISA
	>0.6 g/L
	Hepatic insulin resistance, vascular calcification[10]

	
	Zonulin
	ELISA
	>10 ng/mL
	Gut barrier integrity, metabolic endotoxemia[11]

	
	LBP
	ELISA
	>20 μg/mL
	Bacterial translocation, TLR4 activation[11]

	
	sST2
	ELISA
	>35 ng/mL
	Cardiac fibrosis, volume overload (HFpEF)[12]

	
	GDF-15
	ELISA
	>1,200 ng/L
	Mitochondrial dysfunction, cardiometabolic stress[13]

	
	Uric acid
	Uricase/Pspectrophotometry
	>7 mg/dL (M)
>6 mg/dL (F)
	Endothelial dysfunction, oxidative stress[14,15]




Table S3. Summary of Key Molecular Pathways in Cardiorenal Syndrome

	Pathway Category
	Specific Pathway/Molecule
	Main Mechanism of Action
	Target Organ Effects

	Neuroendocrine Activation
	RAAS (Ang II/AT1R)[16,17]
	Stimulates NADPH oxidase → ROS production[18]; activates inflammatory signaling; promotes fibrosis
	Heart: myocardial hypertrophy, fibrosis, contractile dysfunction; Kidney: vasoconstriction, glomerular injury, interstitial fibrosis

	
	SNS (β-AR/cAMP/PKA)[19,20]
	Promotes pathological cardiomyocyte hypertrophy and apoptosis[19]; stimulates renin release[21,22]
	Heart: cardiomyocyte apoptosis, adverse remodeling[19]; Kidney: increased sodium reabsorption, renal vasoconstriction[20]

	Inflammatory Signaling
	TLR4/NF-κB[23]
	DAMPs recognition → pro-inflammatory cytokine transcription
	Heart: cardiomyocyte apoptosis, negative inotropic effects[23,24] Kidney: podocyte injury, renal tubular epithelial cell apoptosis[24]

	
	TNF-α/IL-1β/IL-6[23,24]
	Direct cytotoxicity; amplifies inflammatory response
	Both organs: promotes fibrosis, apoptosis, functional decline[24,25]

	Fibrotic Pathways
	TGF-β/Smad2/3[25,26]
	Phosphorylates Smad2/3 → complexes with Smad4 → ECM gene transcription
	Both organs: collagen deposition, interstitial fibrosis, organ stiffening

	
	CTGF[25]
	Synergizes with TGF-β to promote fibrosis
	Both organs: excessive extracellular matrix deposition

	Metabolic Dysregulation
	AGE/RAGE[27]
	Activates inflammatory and oxidative stress pathways
	Both organs: microvascular endothelial dysfunction, pathological remodeling

	Mitochondrial Dysfunction
	PINK1/Parkin pathway[28]
	Impaired mitophagy → accumulation of dysfunctional mitochondria
	Both organs: reduced ATP generation, excessive ROS production, apoptosis

	Energy Sensing
	AMPK/Sirtuins[29]
	Regulates cellular energy metabolism and mitochondrial function
	Both organs: metabolic insufficiency, energy crisis

	Mineral Metabolism
	FGF23/Klotho axis[29]
	Regulates phosphate and vitamin D metabolism
	Heart: myocardial hypertrophy, vascular calcification; Kidney: mineral metabolism disorders

	Oxidative Stress
	NADPH oxidase/ROS[18,28]
	Oxidative damage to proteins/lipids/DNA
	Both organs: cellular injury, endothelial dysfunction, apoptotic activation



Table S4. Population-Specific Considerations for Fibrosis Thresholds in the MMCK Framework
	Population
	Recommended Threshold Adjustment / Consideration
	Key Rationale / Reference

	Age ≥65 years
	FIB-4 low-risk cutoff: <2.0 (instead of <1.3)
	Age-related rise in FIB-4 reduces specificity; adjusted cutoff maintains NPV >95%[30]

	Diabetes mellitus (T2DM)
	Standard VCTE thresholds (8/12 kPa) apply, but interpret with caution; some cohorts suggest a lower high-risk threshold (≥10 kPa) for screening
	Diabetes may increase LSM independent of fibrosis; evidence for lower threshold is promising but not yet guideline‑endorsed[31]

	Obesity (BMI >35 kg/m²)
	VCTE requires XL probe; thresholds are comparable to M probe when using the correct probe
	M probe underestimates LSM in severe obesity; XL probe provides equivalent diagnostic performance[32]

	Asian ethnicity
	International thresholds (FIB-4 <1.3/2.67; VCTE <8/12 kPa) are recommended for now; some Asian studies suggest possible lower cutoffs (e.g., VCTE <7 kPa for low risk, >11 kPa for high risk)
	Metabolic risk profile differs; lower thresholds may improve sensitivity but require large‑scale prospective validation [33]

	Heart failure (HF)
	VCTE values should be interpreted with caution due to passive hepatic congestion; a higher threshold (e.g., >10.6 kPa) has been proposed to detect true advanced fibrosis in HF patients
	Elevated central venous pressure increases LSM independent of fibrosis; clinical correlation essential[34,35]



Table S5. Supporting evidence for the MMCK framework
	Topic
	Key Findings
	Relevance to MMCK Framework
	Refs

	Novel metabolic risk markers
	TyG‑BMI top quartile (vs. bottom): CVD HR 1.49 (1.43–1.55); TyG‑WHtR: CVD HR 1.58 (1.51–1.65) in 282,920 UK Biobank CKM 0–3 participants. TyG‑CVAI (per SD): stroke HR 1.20 (1.10–1.31) in CHARLS; 26–33% mediated by SBP.
	Supports inclusion of TyG indices in “Five Highs” assessment (Table 1) and cerebrovascular B‑Score (Table 4) for early MMCK risk stratification.
	[36,37]

	CKM stages & all‑cause mortality
	Kailuan study (n=97,777, 15‑year follow‑up): all‑cause mortality HR gradient from Stage 1 (1.24) to Stage 4 (3.73) vs. Stage 0 (P‑trend<0.001); stronger in <60 y.
	Validates the prognostic gradient of the MMCK staging system (Stage 4 discussion).
	[38]

	CKM stages & MASLD outcomes
	CKM Stages 3–4 vs. Stage 1: all‑cause mortality aHR 2.69 (1.92–3.76); MASLD fibrosis aOR 2.24 (NHANES III & Kailuan).
	Provides direct evidence for integrating MASLD fibrosis stage into MMCK Stages 3–4 (Tables 2,6).
	[19]

	Maternal nutrition & offspring CKM programming
	Maternal polyphenols (e.g., resveratrol) may program offspring CKM health via antioxidant/gut‑microbiota pathways. Elevated maternal BCAAs linked to adverse metabolic epigenetic programming in offspring.
	Adds a prenatal (DOHaD) dimension to MMCK gene–environment interactions, highlighting early‑life nutritional susceptibility.
	[39,40]

	COVID‑19 pandemic & CKM prevalence
	Propensity‑matched study (n=61,022): during pandemic, T2DM nearly doubled (10.3%→24.4%), prediabetes +170%, with parallel increases in hypertension and obesity.
	Demonstrates environmental influences on CKM/MMCK epidemiology, reinforcing the need for population‑level surveillance (Figure 3).
	[41]

	Central adiposity phenotypes
	SIMETAP‑AO (n=6,588, 18–102 y): age‑adjusted prevalence—abdominal obesity 39.6%, high waist‑to‑height ratio 30.6%, excess adiposity 65.6%; all independently associated with CKM components and hyperuricemia.
	Reinforces dysfunctional adiposity as the core of MMCK Stage 1 and waist‑to‑height ratio as a practical risk‑assessment tool (Table 1).
	[42]

	Nutraceutical intervention: Flexovital
	In a CKM mouse model (UNX+Western diet), Flexovital prevented fasting hyperglycemia, endothelial dysfunction, hypertension, and glomerular injury.
	Suggests a potential ancillary role of targeted nutritional strategies in MMCK Stages 2–3 management (Figure 4).
	[43]


Abbreviations: aHR, adjusted hazard ratio; aOR, adjusted odds ratio; BCAA, branched‑chain amino acid; CHARLS, China Health and Retirement Longitudinal Study; CKM, cardiovascular‑kidney‑metabolic; CVD, cardiovascular disease; DOHaD, Developmental Origins of Health and Disease; HR, hazard ratio; MASLD, metabolic dysfunction‑associated steatotic liver disease; MMCK, metabolic disorder–MASLD–cardiovascular–kidney disease; TyG‑BMI, triglyceride glucose‑body mass index; TyG‑CVAI, TyG‑Chinese visceral adiposity index; TyG‑WHtR, TyG‑waist‑to‑height ratio; UNX, unilateral nephrectomy.
[bookmark: _Hlk228306191]Table S6. FIB-4 Incremental Value:

	Study Population
	Outcome
	FIB-4 HR (per 1-unit)
	Incremental C-index

	T2D with MASLD (n=4,429)[16]
	Liver-related events
	2.4 (1.9-3.0)
	+0.04

	Heart failure (n=1,058) [44]
	All-cause mortality
	1.3 (1.1-1.5)
	+0.03

	General populatio [45]
	CV mortality
	1.6 (1.3-2.0)
	+0.05



Table S7. VCTE (LSM) Incremental Value:

	LSM Category
	CV Events HR
	CKD Progression HR
	All-cause Mortality HR

	<8 kPa
	Reference
	Reference
	Reference

	8-12 kPa[46,47]
	1.4 (1.1-1.8)
	1.3 (1.0-1.7)
	1.2 (1.0-1.5)

	>12 kPa[46,47]
	2.3 (1.8-2.9)
	2.1 (1.6-2.7)
	1.9 (1.5-2.4)

	>15 kPa[46,47]
	3.4 (2.5-4.6)
	3.0 (2.2-4.1)
	2.8 (2.1-3.7)



Table S8. MORS vs Established Risk Assessment Tools
	Feature
	MORS (proposed)
	ASCVD Risk Estimator Plus
	DIAL Model
	KDIGO CKD Staging
	FIB-4 Alone

	Organ coverage
	Liver, Heart, Metabolic, Kidney
	Heart (CVD only)
	Kidney (DKD only)
	Kidney only
	Liver only

	Hepatic fibrosis integration
	Yes (FIB-4 + VCTE)
	No
	No
	No
	Yes (liver only)

	Intended use case
	Multi-organ risk communication; MDT staging
	CVD primary prevention
	DKD progression prediction
	CKD severity classification
	Liver fibrosis screening

	Validation status
	Conceptual; no prospective validation
	Extensively validated (RCT-derived)
	Validated in T2DM cohorts
	Internationally standardized
	Validated for advanced fibrosis

	Endpoint specificity
	Multi-organ composite (conceptual)
	Atherosclerotic CVD
	ESRD / DKD progression
	CKD progression
	Liver-related events

	Evidence grade
	Hypothesis-generating
	High (RCT-derived)
	Moderate-High
	High (observational + consensus)
	Moderate

	Prediction time horizon
	Cross-sectional staging; longitudinal trajectory monitoring conceptual
	10-year risk
	5-year DKD progression
	Current severity; progression risk implicit
	Current fibrosis severity only

	Required inputs
	FIB-4 (age, AST, ALT, platelets), VCTE, BP, eGFR, UACR, BMI, waist, TG, glucose, history
	Age, sex, race, TC, HDL, SBP, HTN Rx, DM, smoking
	Age, sex, BMI, HbA1c, eGFR, UACR, HTN, lipids, smoking
	eGFR + UACR only
	Age, AST, ALT, platelets only

	Cost per assessment (USD)
	$50-150 (FIB-4: $20-30; VCTE: $80-120; other labs routine)
	$0 (free calculator)
	$0 (free calculator)
	$0 (labs usually available)
	$20-30 (routine labs only)

	Availability
	Proposed; requires prospective validation and EHR integration
	Freely available online and via apps
	Freely available online
	Universal (labs only)
	Universal (labs only)

	Primary care applicability
	Designed for primary care with specialist escalation triggers
	Primary care standard
	Specialist/endocrinology focused
	All settings
	Primary care screening tool



Abbreviations: MORS, Multi-Organ Risk Score; ASCVD, atherosclerotic cardiovascular disease; DIAL, Diabetes Italy Astrate; DKD, diabetic kidney disease; KDIGO, Kidney Disease: Improving Global Outcomes; FIB-4, Fibrosis-4 index; VCTE, vibration-controlled transient elastography; MDT, multidisciplinary team; CVD, cardiovascular disease; ESRD, end-stage renal disease; RCT, randomized controlled trial; EHR, electronic health record; BP, blood pressure; eGFR, estimated glomerular filtration rate; UACR, urine albumin-to-creatinine ratio; BMI, body mass index; TG, triglycerides; AST, aspartate aminotransferase; ALT, alanine aminotransferase; TC, total cholesterol; HDL, high-density lipoprotein; SBP, systolic blood pressure; HTN, hypertension; DM, diabetes mellitus; HbA1c, glycated hemoglobin.



Table S9. Clinical Vignettes for MORS Calculation and MMCK Stage Assignment
Four representative cases illustrating step-by-step MORS scoring per formal Table 2B–5 definitions. Each case corresponds to a distinct MMCK Stage (1–4), demonstrating clinical heterogeneity across age, sex, ethnicity, and organ involvement.
	Parameter
	Vignette 1
Stage 1
Metabolic Predominant
	Vignette 2
Stage 2
Renal Predominant (Lean)
	Vignette 3
Stage 3
Hepatic-Cardiac Overlap
	Vignette 4
Stage 4
Multi-Organ Decompensation

	PATIENT PROFILE

	Patient
	52-year-old White woman
Prediabetes (HbA1c 6.2%), BMI 31 kg/m², waist 94 cm, BP 132/82 mmHg
	55-year-old South Asian man
T2DM 5 years (HbA1c 7.2%), BMI 24 kg/m² (lean), BP 136/84 mmHg
	58-year-old White man
T2DM 8 years (HbA1c 8.1%), BMI 33 kg/m², BP 144/90 mmHg
	70-year-old Black woman
T2DM 18 years (HbA1c 8.8%), BMI 34 kg/m², BP 152/94 mmHg, prior STEMI (3 years ago)

	Key labs
	eGFR 78, UACR 52
AST 26, ALT 32, Plt 240
TG 168, HDL 44, LDL 128
NT-proBNP 195
	eGFR 48, UACR 280
AST 24, ALT 30, Plt 250
TG 155, HDL 38, LDL 112
NT-proBNP 165, HbA1c 7.2%
	eGFR 56, UACR 22
AST 58, ALT 68, Plt 150
TG 210, HDL 36, LDL 156
NT-proBNP 420, CAC 320
	eGFR 28, UACR 850
AST 72, ALT 85, Plt 120
TG 245, HDL 32, LDL 98
NT-proBNP 1250, EF 38%

	L-SCORE (HEPATIC) — Table 2B

	Step 1: FIB-4
	(52×26)/(240×√32) = 0.996
Age <65: FIB-4 <1.3 → Low risk
	(55×24)/(250×√30) = 0.964
Asian <65: FIB-4 <1.0 → Low risk
	(58×58)/(150×√68) = 2.720
Age <65: FIB-4 >2.67 → High risk
	(70×72)/(120×√85) = 4.556
Age ≥65: FIB-4 >2.67 → High risk

	Step 2: VCTE
	Not indicated
(FIB-4 excludes fibrosis)
	Not indicated
(FIB-4 excludes fibrosis)
	16.2 kPa (≥12)
	18.5 kPa (≥12)

	L-Score
	0 (no significant fibrosis)
	0 (no significant fibrosis)
	3 (F4 cirrhosis)
	3 (F4 cirrhosis)

	C-SCORE (CARDIAC) — Table 3

	Coronary (CAC)
	Not performed
	Not performed
	CAC 320 (100–400) → Score 2
	Prior STEMI + multi-vessel PCI → Score 3

	Cardiac function
	EF 64%, normal → Score 0
	EF 60%, normal → Score 0
	EF 55%, normal → Score 0
	EF 38% (HFrEF) → Score 3

	NT-proBNP
	195 pg/mL (125–299) → Score 1
	165 pg/mL (125–299) → Score 1
	420 pg/mL (300–899) → Score 2
	1250 pg/mL (≥900) → Score 3

	Rhythm
	Sinus rhythm → Score 0
	Sinus rhythm → Score 0
	Sinus rhythm → Score 0
	Persistent atrial fibrillation → Score 2

	Clinical history
	No ASCVD → Score 0
	No ASCVD → Score 0
	No prior MI → Score 0
	Prior STEMI → Score 3

	C-Score
	1 (NT-proBNP)
	1 (NT-proBNP)
	2 (highest: CAC)
	3 (highest: EF + STEMI)

	B-SCORE (CEREBROVASCULAR) — Table 4

	Imaging
	No plaque → Score 0
	No plaque → Score 0
	Bilateral carotid plaque → Score 1
	Multiple lacunar infarcts (mRS 0–1) → Score 2

	Cognition
	Normal (MoCA 28) → Score 0
	Normal → Score 0
	Normal → Score 0
	Mild decline (MoCA 24) → Score 1

	Symptoms
	None → Score 0
	None → Score 0
	None → Score 0
	None → Score 0

	Risk factors*
	1 RF (prediabetes)
→ Score 0
	2 RF (DM + HTN)
→ Score 1
	3 RF (DM + HTN + dyslipidemia)
→ Score 2
	4 RF (DM + HTN + AF + dyslipidemia)
→ Score 3

	B-Score
	0 (all domains normal)
	1 (highest: 2 RF)
	2 (highest: 3 RF)
	3 (highest: 4 RF)

	K-SCORE (RENAL) — Table 5

	eGFR / Albuminuria
	G2 (78) / A2 (52)
	G3a (48) / A2 (280)
	G3a (56) / A1 (22)
	G4 (28) / A3 (850)

	K-Score
	1 (G2 + A2)
	2 (G3a + A2)
	1 (G3a + A1)
	3 (G4 + A3)

	MORS
(L+C+B+K)
	0+1+0+1 = 2
Max = 1, N = 0
	0+1+1+2 = 4
Max = 2, N = 1
	3+2+2+1 = 8
Max = 3, N = 2
	3+3+3+3 = 12
Max = 3, N = 4

	MMCK Stage
	Stage 1
Metabolic abnormalities
no organ damage
	Stage 2
Single-organ moderate
(K-Score = 2 only)
	Stage 3
Multi-organ moderate-severe
(N = 2, L = 3)
	Stage 4
Multi-organ decompensated
(MORS = 12 ≥ 8)

	Key Actions
	• Intensive lifestyle (≥150 min/wk exercise, 5–7% weight loss)
• Annual FIB-4 + VCTE screening
• Metformin if HbA1c ≥6.0% persistently
• ACEi/ARB if BP ≥130/80 or UACR ≥30
	• SGLT2i (eGFR 48, UACR 280, T2DM)
• ACEi/ARB uptitration
• Annual VCTE + hepatology if FIB-4 rises
• Finerenone when eGFR ≥25 + K⁺ <5.0
	• Urgent hepatology referral (FIB-4 2.72, VCTE 16.2)
• GLP-1 RA (BMI 33 + T2DM + ASCVD risk)
• Statin (LDL 156 + CAC 320)
• Quarterly MORS monitoring
	• MDT activation: cardiology + hepatology + nephrology
• Transplant evaluation (cirrhosis + G4 CKD)
• HFpEF/HFrEF optimization (SGLT2i + MRA)
• Monthly MDT, advance care planning


*Risk factors for B-Score (Table 4): hypertension, diabetes, smoking, hyperlipidemia, atrial fibrillation. Vignette 1: 1 RF (prediabetes alone, not meeting DM threshold). Vignette 2: 2 RF (T2DM + hypertension). Vignette 3: 3 RF (T2DM + hypertension + dyslipidemia). Vignette 4: 4 RF (T2DM + hypertension + AF + dyslipidemia).
†Stage 3 MORS = 8 meets Stage 4 threshold (≥8); however, the primary assignment rule is "≥2 organs = 3" for Stage 4. Here only L = 3 (single organ = 3), so Stage 3 is correct per the staged rule priority (Table 6).
Abbreviations: ACEi, angiotensin-converting enzyme inhibitor; AF, atrial fibrillation; ARB, angiotensin receptor blocker; ASCVD, atherosclerotic cardiovascular disease; BMI, body mass index; BP, blood pressure; CAC, coronary artery calcium; CVD, cardiovascular disease; DM, diabetes mellitus; eGFR, estimated glomerular filtration rate; EF, ejection fraction; FIB-4, Fibrosis-4 index; GLP-1 RA, glucagon-like peptide-1 receptor agonist; HbA1c, glycated hemoglobin; HFrEF, heart failure with reduced ejection fraction; HDL, high-density lipoprotein; HTN, hypertension; LDL, low-density lipoprotein; Max, maximum individual organ score; MCI, mild cognitive impairment; MDT, multidisciplinary team; MI, myocardial infarction; MMCK, metabolic disorder-MASLD-cardiovascular disease-kidney disease; MoCA, Montreal Cognitive Assessment; MORS, Multi-Organ Risk Score; MRA, mineralocorticoid receptor antagonist; N, number of organs with score ≥2; NT-proBNP, N-terminal pro-B-type natriuretic peptide; PCI, percutaneous coronary intervention; Plt, platelets; RF, risk factors; SGLT2i, sodium-glucose cotransporter-2 inhibitor; STEMI, ST-elevation myocardial infarction; T2DM, type 2 diabetes mellitus; TG, triglycerides; UACR, urine albumin-to-creatinine ratio; VCTE, vibration-controlled transient elastography.
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