Cardiovascular-kidney-metabolic (CKM) syndrome is associated with
increased mortality in individuals with metabolic dysfunction-associated
steatotic liver disease (MASLD)
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Association between CKM syndrome and the risk of mortality in individuals with MASLD: data from
NHANES and kailuan database
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Abstract

Background: Cardiovascular-kidney-metabolic (CKM) syndrome is a systemic
disorder characterized by pathophysiological interactions among metabolic risk
factors. We aimed to determine the prevalence of CKM syndrome and
investigate the association between CKM stages and mortality in patients with
metabolic dysfunction-associated steatotic liver disease (MASLD).

Methods: We extracted data on patients with MASLD from NHANES Il and
the Chinese Kailuan cohort, enrolling a total of 2159 and 22,865 patients,
respectively. Hepatic steatosis was assessed by liver ultrasound. Participants
were categorized into three groups according to CKM stages: 1, 2, and 3—4.
Mortality was evaluated using the Cox proportional hazards model with or



without inverse probability of treatment weighting (IPTW). Results In NHANES
lIl cohort, 84.5% MASLD patients meet the criteria for CKM stage 2 or higher,
and 36.9% deaths are observed. CKM stages 3—4 is an independent risk factor
for liver fibrosis after adjusting for confounding factors (aOR 2.24 95% CI: 1.14—
4.40,P = 0.019). By using stage 1 as a reference, an increasing trend in all-
cause mortality is shown in patients with higher stages (stage 2: aHR 1.55, 95%
Cl1.17-2.07, P = 0.003; stages 3—4: aHR 2.69, 95% CIl 1.92-3.76, P < 0.001),
as well as for cardiovascular mortality during a follow-up of 50,895.4 person-
years. Moreover, patients with stages 3-4 have the highest mortality risk among
different stages across most subgroups. Similar results are validated in Kailuan
cohort.

Conclusions: The majority of MASLD patients also have CKM syndrome. A
significant increase in all-cause and cardiovascular mortality is associated with
advancing CKM stages.

To kapdiopeTaBoAiko—vePpikd  (cardiovascular—kidney—metabolic, CKM)
OUVOPOUO ATTOTEAEI MIA OUCTNUATIKA dlaTapaxn Kal Xapaktnpidetar atrd
TTOBOQUOCIONOYIKEG  AAANAETTIOPACEIC METAEU  METOABOAIKWY  TTAPAYOVTWV
KivOUvou, TTou TrepIAaUBAvouV TNV Kapdlayyelak vooo, Tn XPOvia VEPPIKA
vOOoOo, TNV TTaxuoapkia Kal To cgakyxapwdn diaBATn. QoT1doo, n €midpacn Tou
CKM ouvdpdpou otnv mmpoyvwon Twv aoBevwyv pe MASLD dev €xel TTARpwG
OIEUKPIVIOTEI. 2KOTTOG TNG Trapoucag MHEAETNG ATaAvV va TTPOCOIOPIOTEI O
emITTOAACOHOG Tou CKM cuvdpouou Kal va diepeuvnBEi N CUCXETION PETALU TWV
otadiwv CKM kai Tng Bvntotntag o aoBeveic Ye PETABOAIKA OXETICOMEVN
AiTTwdn vooo Tou Atratog (MASLD). AvaAuBnkav dedopéva aoBevwy pe MASLD
a6 1 peAétn NHANES Il kai  tnv  kiveQikfp  kooptn  Kailuan,
oupTtrepIAapBavovtag ouvoAika 2.159 kai 22.865 acbeveig, avrioTtoixa. H
NTTATIKI) OTEATWON EKTIUABNKE PE uTTEPNXOYPAPNUA ATTATOG. OI CUPMETEXOVTEG
Tagivoundnkav o€ Tpeig ouadeg avaloya pe 10 otddlio CKM: 1, 2 kar 3—4. H
BvnToTnTa agIoAOYrBNKE PE T XPrON TOU HOVTEAOU avaAoyiKwy KIvOuvwy Cox,
ME 1 Xwpig epapuoyr] inverse probability of treatment weighting (IPTW).

2tnv kooptn NHANES I, 10 84,5% Twv acBevwv pe MASLD TTAnpouce 1a
kpitpia yio CKM oT1adio 22, evw mrapatnprilnke Bvnrétnta 36,9%. Ta otddia
CKM 3—4 atrotéAecav ave¢dptnTto TTapdyovta KIvOUVOU Yia NTTOTIKA ivwon
(aOR 2,24, 95% CI: 1,14-4,40, P = 0,019). Mg 10 014810 1 WG opGda avapopdg,
dlammoTWONKE TTPOOdEUTIKN) auénan TnG OAIKAG BvnrdétnTag e uywnAoTepa
otadia CKM (otddio 2: aHR 1,55, 95% CI: 1,17-2,07, P = 0,003 otddia 3—4:
aHR 2,69, 95% CI: 1,92-3,76, P < 0,001), kaBwg kal TnG KapdiayyeIaKNG
OvntotnTag, katd Tn didpkela TTapakoAouBnong 50.895,4 avOpwITo-£TWV.
EmmAéov, o1 aoBeveic ye CKM o1adia 3—4 gu@dvicav Tov upnAdTePO Kivouvo



OvnToTNTag METALU Twv OTadiWvV, 0€ OAEG OXeDOV TIG uTTOOUAdES. Mapouola
atmroteAéopata emBeRaiwbnkav Kal oTnv KodpTn Kailuan.

2UMTTEPACHATIKA, N TTAEloVOTNTA TwV aoBevwy pe MASLD trapouaciadel €1riong
CKM ouvdpopo. H mpoodeutiky augnon Twv otadiwv CKM oxetiCetal pe
onPavTikn auénon TNG oAIKAG Kal Kapdlayyelakns BvntétnTag. Ta eupApaTa autd
avadelikvuouv 1o CKM oUvOpONO WG KPIOINO TTPOYVWOTIKO TTapdyovTa oTnv
KAIVIKA TTopeia Tng MASLD kai uttoypappiouv TNV avaykn yio OTOXEUMEVEG
TTOPEUPBAOCEIG HE OKOTTO TOV TTEPIOPIOUO TNG £EENIENG TOU.
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