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Abstract

Metabolic dysfunction-associated steatotic liver disease (MASLD) has become a highly prevalent
chronicliver disease worldwide, which can progress to steatohepatitis, liver fibrosis, cirrhosis, and
hepatocellular carcinoma, and significantly increases the risk of cardiovascular disease. Conven-
tional diagnostic approaches—such as invasive liver biopsy, limited sensitivity of ultrasonography,
and low predictive performance of routine blood lipids and liver function tests—are inadequate
for early screening and precise risk stratification. The non-high-density lipoprotein cholesterol to
high-density lipoprotein cholesterol ratio (NHHR), the homeostatic model assessment of insulin
resistance (HOMA-IR), and visceral fat area (VFA), as three noninvasive and simple metabolic
markers, can reflect metabolic disturbances from the dimensions of lipid metabolism, insulin re-
sistance, and body fat distribution. Existing studies indicate that excessive accumulation of VFA,
insulin resistance, and abnormally elevated NHHR are all closely associated with the development
and progression of MASLD. Mediation analysis has confirmed that lipid indices can mediate the
association between body mass index and MASLD, and the mediating effects of non-traditional li-
pid markers are superior to those of conventional blood lipid parameters. Decreased HDL-C levels
and increased non-HDL-C and NHHR levels can all increase the risk of MASLD. A large body of cross-
sectional and cohort studies has confirmed that VFA, HOMA-IR, and NHHR, used as individual
markers, are significantly positively correlated with the risk of MASLD (e.g., the highest NHHR
quartile was associated with a 134% increased risk of incident MASLD); the highest HOMA-IR quar-
tile had a 7.055-fold risk compared to the lowest quartile; and for VFA, women in the highest quar-
tile had an 18.91-fold risk compared to the lowest quartile). They are also closely related to the
degree of hepatic steatosis (assessed by controlled attenuation parameter [CAP]) and the risk of
liver fibrosis. NHHR outperforms conventional lipid indices in predicting MASLD, and HOMA-IR can
independently predict the progression of liver fibrosis. In clinical application, all three markers
are based on routine physical examination data, making them suitable for large-scale early screen-
ing. They can be utilized for risk stratification in high-risk populations, monitoring of treatment
efficacy, and comprehensive management of comorbidities such as type 2 diabetes and cardiovas-
cular disease. Statins may have potential benefits for MASLD by reducing the risk of steatohepatitis
(NASH) and fibrosis. Current studies remain predominantly cross-sectional, and there is a lack of
standardized cut-off values and randomized controlled trials with defined intervention targets.
Future prospective cohort and mechanistic studies are needed for validation. The combined use of
these three markers is expected to enhance the noninvasive diagnostic performance for MASLD,
thereby providing new strategies for refined clinical management.
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1. 5|8

AR Tl e S A 5 i i 14 995 (MASLD) 20 A 4 BR B UL IS IR, BN BB R 2 25%, H
SRR B HETA 1] . 200 v ARG T AR 17 7 P e S AR DG AR D PR 98 (MASH) FFEF 2k JTFAEAL,
F 2R, b 10%~20%0 835 7 K BN MASH [1]. MASLD FEEISE (I FFATZRG, 102 4 S AR
HROLAIRFRER I, 3 O 8 0 IRV S 4= TR BT S B 35 T, TR % R0 5 R o A 1 3 L 0
MASLD 5.0 IfiL 5 555 HAZ DR [ 2]

MASLD R IFHLEIPE & 2 B Z, PBEAR I HEAR L i 5 2405 e oA Rt S 8 A% O IR B 3R T [ 1]
PR et HEAR ] 5 R 4 By R B s kb, e g B AL RN BT G S AR T A, S B ke A
WHRE A B RPN E A KCE NBE, Ry RS % BN 8 o 0 5 s 2 R s A I I LU A
(NHHR) S # FH#i1[3] [4]o A HTIESE, R Bifabs il /i SR E 5405 MASLD [0REK, JARESIRFibr &
WIS R T H M AR S (5], BiR =F M EALHE, ROBMHEIEN, 2225 MASLD R4S
J&.

H AT MASLD HIIGIRVPASAEE B SR BR . T 28 VAT B 12 W S bnite, (RN QIRAE, MELLH T
R[] REEHEA RBUEA MR, TSGR R WG D Re s bn S S F i 7
ML REEAR6]. Ht, WRFEM. Lol EEKREHREY AR EEIRRE L.

NHHR . Fa A58 JiE 5 2= A PTHE 2(HOMA-IR) 5 N JIE AR 7 T FR(VFA) A& =2 ml i i A e SR B A
BHEPR. NHHR 256 AL AR AR R ERIRAS, 2 WUF 7 IE SEFL T MASLD Rk RE IR T4 S i 45
FR[7]-[10]. HOMA-IR H] &EAt4 B R FIPIKT, 5 MASLD FRi RS A 4R 44tk e S A O [11]
[12]. VFA ASUERAE P E ARG HEARRLEE, & MASLD HIMOL G KR [4] [13]. =& 0 BIMBE AU .
By Ay, MR A0 = AR IR R R EL, B IUR RIS MASLD 340K,

A ZGi i NHHR\HOMA-IR 5 VFA [AEY) 258 SC il 7732 Bkl BAE AL, 45 HAE MASLD
Lo B VAL s 2 2 RIG RSB P RN A E, BEN MASLD G0 & 5 M2 7 1R (LB it
WA -

2. ZEIRHEN . BAlSZESIERE X
2.1. EEEERZEQBERE/S%EREEQEEENENHHR)

NHHR 2L GRARFACHIREY), ARy, (R BERERE - w5 R 2 1 RE )/ v o i 2
FRHE R, 7708 A BEh oL IE R AR, M REERER . WREERER. FohE
RESE, > BN EAIHE B R s . ST pTa b Ry E A 1 s IR 52 A RS B (HDL-C) [3]. % LfE
F SR A RHUAREOR R G 5 A S PO REL IR R A ISP, SRAh 1B — I AR HR AR DU RS — 2K
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e AT R BRI 14].

NHHR A AR FE I R AR A I A= ARSI, 2 I K SR Ll 4 151 300 26 A 3 A4S0 5 A O e
HDL-C 7KF, RAAXRBIAHEA N, MGG, et s MbsE e s, ZIRE. mEs%R
IR N15]0 ARFRRES N, HUANE BUACE-F AT 4E4F NHHR ERURK: iR B AL R A1
ik HDL-C F+5+ HDL-C F#MK, BE#:53 NHHR 59 38 m[7].

H AT NHHR T 32 B T O MU B« AR5 A IE S0 5 2 3P A RS PEAl, R S22 e O~ 3
oK R RE AL R B S 00 BN [ 16]0 147 22 TRURH F gt — 20 40 R IR PRIZ A, 1IESE NHHR 7£ MASLD §fi#5
R 23 2 o B AR T3 SRS 48 AR K12 W &g, ROC 284 #7 S 7= NHHR Fill MASLD [ i 28 T 2
B3 S T EE HDL-C. HDL-C. S JHEEESEFRFR[9] [10], wI/EA MASLD TG Al A% 0 i o b i
Yo

2.2. FRBEFRIIBH(HOMA-IR)

PSR AL B K AKPTIR B (HOMA-IR) 2 I R VAL 4 B ik & =i e B R da s, S8t A
e R MPE(mmol/L) x IR F(mU/L)/22.5 . HAZ O S5 BEEE T2 MRS T I U460 26 b i o -5 1k = ke
Sy i RS A AT, B R S AR LA R 15 R HCPURE OB ™ FE[12],

HOMA-IR A& 75 KA 23 BE AR K ML, (R4 25 R IR 5 28 B JE 5 R/KF, B B 3R IR FH Ak 22 R
Yo MR, MR L RE R s, B EME RAF[17]. A FRRE T E AR HOMA-IR Z4ERF7E KK F, A
JHE v TR IALAE ey i S A AR AR 5 S W] S BERBUT w11 AE S AL & R ARBT I T 2 o Q4545 , HOMA-
IR O Z R T 2 BOBE IR . ARIHER AR BT 2, B FEm ARSI 5 MASLD K. IF4F4efb it g
YR, RN 2 0L -5 I D TR R s R AR B[ 12] [18]. 43 29T 7R, HOMA-IR
e U T BN MASLD R XU S AR DU 43 L2 7.055 £i%, AR IETR AR 2R 5 XA B A7 R 1]

2.3. RREBEREFA(VFA)

P AR T2 ORI s o i . ERE S i AR 20 4R, 5 R TR RRIALE . AR BT REAF1E
BEZES, WIERE I A SR P o isiE e S BRI R ELIE 4], P9 N 7 THI R (VFA) & =4k 3 I AR
HERAREE (A% 0o s TR RS, RO VA Ao IR A5 AR M98 XU P 2 AR AR [ 13]

VFA K5 &R I S IE R BRI P25, CT. MRI W& N VFA R 4hriE, & L 14-
LS MEARZK PR TR, RS e & 9 BEAR DT AR, BCERSAERE &, 2 RMIA 53 ¥ 32 BRI 77 2 [4]. B CT
EAERESS . MRI AR A i B, AEDAH T ORRUBE N B A . AR BHAL e T i PR e i B AR B
PRAE(ESE. ToHRST . BUARMRRR[14].

PIIERE 7 AR R A ) B AP ALY, T ER . REEER . MR IER T-an EINN -6 S 2 FhHE N
MART, Z5IHENRART JORE SRR B 2 A5 T Im k[ 1]. VFA I FEHERA R RIS TR 0% i
fige Tt AN A B JE S R NS PR 0 AL DTAR, & MASLD. 2 BURE R SO I35 95975 (00 8k ST 5 o [R]
#[13]. EASMIFFASL T VFA Tl MASLD s EMTE, 2t 115.55 em?, 551%4 178.35cm?,
il FHE JG MASLD FE5 KU 238 T+ =41

2.4. RiEWEA: M NAFLD Z| MASLD B2 S #

2024 4F [ B Ak R, IE R BL “AR D) B RS AR 56 8 107 HE R (MASLD) ” B AL G AR kS
P B VE PR (NAFLD), AR B8 5 (4% .0 J5 I 7E T NAFLD it B sl “ CREAN ", 230 T A o agks
TEE A% O IRBN B AR, ELARTER 2 285 PR 5 A5 2 A W0 1) 15[ 191
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3.NHHR, HOMA-IR 5 VFA (W EERA#NF
3.1. AIBERE AP HEFROREhER B R IR o FHLE

VFA i BEHERRRE 5 5 4 B 1 By SR AR DU AR s R 3 o P I A 0 4 O A 2 2 58 T B R i, 4
VFA Sy, ARt S BOCRE 2 R B NI, 281 T KRR ELS R IE S B iU 1] 9 B
WTRRAERTHE B AL. BRSNS A UTAR 0l & 3R 52 AR R BRI 1 FELIBT R 8 3K A5 5 1%
IR, FEARSNE AL AR RS R, RSN RS R AEST5]

[RII, PG 07 A 2 B T 20 A 5 0 WA SR BT R AT TR S 3R B, LR A T AR B 2R 20 b kD>
MYEE . RIASEE T -a. FAER-6 SEIER . BURGTR 7 KE W[ 1], SR IRGTHE— D0 RI AR 2 8
RSN ER, (eRE 7RG S SO RN, RIS p 4RRIIRE, HISSRE R MWAE ST, MANE
TR 73 Wb R B XU 4L P N B B 2 Ak hi[ 18] WM IR, IEHAEARE. hHFEANBFH VFA 5%
EES IS ANNPS PR VS ETE S e e NP E S R EA R

3.2. REFBNSBIERNABFEES NHHR FSa941H]

YRS RIPUCEUE, 2 BIELU IR PREEaRS, B HEAHES) NHHR 8 T s IR S R4
PURAS T, B8 368 JH I g ot & e iR 4 il 4 FH 9805, A ES BE IR 22 I (VLDL) & iS5 7 e i 35 3, K&
B H = BRI R 8 FgE N MRERR,  $27H9E HDL-C /K [5].

HDL-C & 5 390 ) fIH [ i 4 2 R R 52 e i R AR B35 500, BRI 3R A5 5 A A2 40 40 I K /N
HDL-C iR %, [ IN i 55 B 20 fH [ B A M DI e, 3230 HDL-C 7K FEAIR I Bl m) %38 32 BH 2] .
3F HDL-C J+ =& JF HDL-C P&k, BE#:iE sk NHHR $0E 558w, TR ROR BRI R AR AL 3], b
WESE, JEEFEAPUE VFA JHim 5 NHHR 53 2 MR FE B A ER, AR /A 5 18 i &= AL A%
Lo AR [18] 6

3.3. NHHR FrEMER SRR SN AEREDHERE SRR

NHHR AR afifig J R mL I Es 8, Oad sy it — D s g i R APt 5 W BE IR ERR, TR OB
FEIA . NHHR 3 SRR B RERE A0 I8 82 51 o b, 2% 82 T B 1 e S T R 1R 2% 32 1 25 F (ox-LDIL),
B0 M N B2 ThRe, 15 FRRMI SRR, IR s gn e shse 30, (edk IR — 2 & 16].

re /KT 8 R I R 5 S L A = T B e B AR AR T Re, IR R R A RS 4
Wh, INER RS AP B[ 17] [RIEE, S5 M 0 28 23 vy )8 42 g 0y 4 P oA 5 14 e % 1 33 T R 07 40 e )
FCGA A ER R A B Ak, 3 — 04 KM R o R G D HERR AR [ 1] BAZIWFFTIESE, NHHR Fhs ABERR S &
PR B 2 EME E T3] (18],

3.4. HERFREEEEM: BHRERESEUMN

B PR RS KE 5 8L N2 NHHR . HOMA-IR. VFA A2 AR, JL[EKE) MASLD &4 K 3L [F
JRERELRE . VFA I B HERURE IR 2 IR 7 T30S Toll #E324K 4 (TLR4)/NF-«B 15 53888, Jash4: & KT
JIE SR 9 RE SSA[ 1] SR B0 i — 2D IR B 115 5% 5, INE R & s (A gk T FOE i I
B # HDL-C 425, ##E3) NHHR FHi5i[2]

EAL BRI AL K EIEPEA(ROS), FLAML RGACELAE JI AN I S SR AL S8k T
40 B 20 B« i 5% 44 P % G 7 4 43540 5 T AE[20] ROS A I fai A 2K 1 280180, 32T NHHR 0% 20
(7 F 175 3 i 7 A P JRE PR -4 ih s T CRA REIB - SAE - i B 3 AT - MR P3RS AR M8 [1]. 1%
W 28 R SO 2 5 S A R A B I 107 78 P . VR e B R A & Ak, 1% HEZ)) MASLD M S afi g i 4%
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PE 1) MASH. FFAF4EAb 3t R [21]. FF AT B AR 55 3 2 % B2 NAFLD 45 3h Bk RERE AL ) JC R R 5 . P4l
P9 BB L K B2 A i BRI, WSk S AN HE BN AS SR, 1% T4 0k VR T S 5008 2 1 0T S % I R
SALUURR22].

4.NHHR, HOMA-IR 5 VFA 5 MASLD Hyx%&

4.1. £18¥R5 MASLD EBiHRERAXEH

4.1.1. VFA 5 MASLD BRENFE - REXFH

% U T 1T A BA B STIESE, VFA 5 MASLD 5 R AFAE R IE R - ONRR, AR AR
B, MASLD A& KBk [ 1310 X0 o B AR 7T 278, NAFLD B3 VFA 7K1 525 i g Fexs 1
41, H VFA KV 5 PR IAR 1 B FL R S IEAHC[13]. 4 VFA WAy 25, &bk ABE Q4 41 MASLD
SRR Q1 411 18.91 %, Fi itk NBE RIS B # 5 LE — 3 [4]. £ T NHANES FAZI B FLMIESE, VFA
J& MASLD [T Gl R &R, REIEERY . BMIL MR MpESRA N R)G, KB EAAIE[14]. ARF
& THJ1E] VEA TG0 MASLD 8B AE L 22 5, TvEIm AU E = T 2ok, s RAMA A KBS PPt 4k 1
WHE[4]o HEAL, VFA AMUJE MASLD Wi R R 2, =2 00 it R (R S Tt B8 - — Tt [l st 14 A 31
W E”, VFA 5 ALT. TG. FBG 3:[FIHI AL NAFLD 3R k7 i R 2, AR F 5 FER 2 2
TR A 22 (23]

4.1.2. HOMA-IR 5 MASLD BB R <E

HOMA-IR J}&Ei7& MASLD RAEMARBNER R 2, & AR IR R G 11]. ZEHFRRIEAL T IE
. LR ARET, HOMA-IR 7K FE, MASLD Hup K& B2t FT#12]. ERWFRR 3370
BN HTRIL, RIERARKZEG, HOMA-IR 5 0A 2 AH#E MASLD i XU 2 S DY 7 hr 25 )
7.055 f%5[11]. 1 Z4F NAFLD BHFEVIHT A RN, 4 HOMA-IR F & A i35 38 I 5 22/ 4 4 Andk e X
[, UESERR B R AP S MASLD BRiAEE, 2 55wt RAR[12]. WA T ER, HOMA-IR 5
MASLD [JRBAAZAERE . PR BMI ARG IFmERm, BA RAFM AR e 18],

4.1.3. NHHR 5 MASLD SfFRaHE %M

NHHR 5 MASLD SR WA ORI . JLEEDE. ANFEFE AR E R Z8UE[7] [15].
KFEAR (BT A S 70 7%, NHHR 855 VU 4307 2N EE MASLD K AR e e A% DY 43 07+ 157 134% (HR
=2.34,95% CI: 2.13~2.56) [3]. — T4t o [l e A\ RTREPE A 7 [FFFIESE, NHHR s — 2 b 2028 5
& NAFLD )RS AR LT 5040 2.66 135 (o)A 2.11 #%5(5 1%), H. NHHR B FI L BE(AUC 0.717/0.682)
BERT HAEE HDL-C [24]. JLEFH /DS ABEF, NHHR 55 =754 NAFLD £9% OR fHiX 8.61,
RIEAERS . BMILL R ZARGT AR R 3K 5 Rk 24 15]. NHANES BAFIHFFTIESE, NHHR &EFhi 1>
fi7, MASLD 255 K I 25%~39% [7] [25]. ROC HiZk 3 #r—FGIESE, NHHR X MASLD )7 24 fE
BEMT A HDL-C. HDL-C. S H & B2 555 RIS L Fe b7, 2 58 3 A0 0 I 0 2R IR 409 [10].

4.2. ZIGFE5S MASLD =EEE X

42.1. EREHREHEERNXRE

A LIRS AL (CAP) 2 RIS 58 AR T A AR I A2 1 A 2 R AZ o b 22 TR FE4IE 55 NHHR  HOMA-
IR. VFA ¥J5 CAP {H 5 2% IEMI<[14] [26]. NHHR 5 CAP fF/EARLRMERE RN, 45550 T 2.54~3.398
Z [8), R AR S A AR A PR B NHHR FH s 2B (3] [27]. HOMA-IR /KF-F& R BE CAP {H
EFt, A 2 BUREIRE A I MASLD B A N34 [17]. VFA SRR PE > S R 4 1 IEAH K,
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R . HE MASLD B3 VFA KFEH Tt &,  TlE A B R A2 P AUC 7T3& 0.870 [13].

4.2.2. SRTHEEREREXEHMEFRMASHRNXR

NHHR. HOMA-IR Ft &2 MASH KA I HEFNK 1. #FFt 7R, NHHR ECE T = A NASH K
B IEIN 54.4%, HUIEYS ALT. AST SEFIhaetififabs 2 IEAHIC[28]. Ji i R AR B Al I 10
kAN MASH oG8R B) K 25, HOMA-IR 3 & n] &5 28 3 T+ I 28 0 5 1T 40 B 46240 UG [ 1] 0t
MASLD ABEHIWFFEiHE— AL T 1% HOMA-IR 5= VUi 8 MASH XU 5 Ak DU 207 B0 v
5 fi5, H BMI A[E A F1ZKEE[29]. VFA i B HERRUE b S P AT 28 R %, (2t sl fig i A8 )
MASH #1k, 7588 MASLD. 2 BBEIRHA I MASLD ABEHZRBIU AR [14].  H AT FRIE bRt
MASH (RS HETIATIAAAE R B, AR AT AR W0 43 J2 1) E AR

4.2.3. EFAEURFBELRNXR

= KIEVR S A4 IAEAE SR AR ZRMESCES, BA U B, S R4 A X, (BT 45 iR A e
4=—%[8] [25]. NHHR 5 MASLD #HATEF4E(b 2 U JEBE, FE/KF NHHR ARG 30 T £F 440 KU
AR, s BUS R S I R A R (8] #8407t s NHHR T 5 AR 44 TG BRSO,
ERT TR0 S 35 2 A 1) R AR IR (301 R 1M 5 55— T2E T NHANES 2017-2018 (1) B [ T 72 2.7~ , NHHR
5 NAFLD &35 FIFFAF g fb AR B 82 EAE G, HAEM 2 2 Hrh B REGTE &i[31].  EIREF 3R,
NHHR 5 LRG0 2 B RS M7 B4, XA STl TR LA 58—, FRABSA
AR AR 5 o RE EIRTE IR | NHANES 3048 Fe, AEAAE AT g NI 3 o ] e SR 2 AR
W A ANE], BRSO RS H o NHHR Ay — AN MR 1 B BBURR R Fa b, AU T i ) A%
Oy Z BB ARTTRE I 26 BRI RS SRR T B2, 4iRE XNESR. KA VCTE 3k
AR WA B2 AL (LSM) S8 SCEFAEARINT, AN (R 5836 FH AR B 4 % 2 75 485 6 AR TG GNP 43- (1 FIB-4)3i3E47 4y
JZ, BIRTRe S8 R R0 s, AT B AR R0 . 58 =, B 7 sk i 2 57 58U IR S o
o FE LA R D AR 1y R BESE R [25] [30], H A 5 it sy nl Re it AR A i 25 Jmmithab, S35
HAPA ek ERRREWREEA R R, RRFL 0L, 2 AL AS] A5 T 5AE NHHR
SRV RIBIEAS, JUH RN SR T A FACHTS 50T (W02 755 J5 08 FRI%) BB RS R R - 7E S
JEIE BT, ASECK NHHR A 4EA0 R Tl fabs, 0K g A AL 5 A A A8 2 R A PPATHE
PR A L.

HOMA-IR 7K-F-5 FFAF2fb /3 I SR TR AE G, LRI 5 RALPU™ B 1) NAFLD &35, B U5 £ 4
Aot g RS (235 T [ 12]. 7E3R B MAFLD (11, HOMA-IR S0 1 AN 807, 535 2T A0 I XU 14
16%, FAZOCERLEARRE PRI« HE IR S8 AL R AR B 3 vp ) B ST A7 4E[32] . VFA Fh e B3 FF A 44
MSTERGRIZR, A AR R AR N\ i F 22 PR R AL, 1) XU S5 35 T e[ 141

5. IsFR B 5#CEZMNE
5.1. £ MASLD B HifF &=y

NHHR. HOMA-IR. VFA &I B I B RIA] 58 sk, 76582 B I7 AL T e K I MASLD
AT A T T R — e . WAL B IR AR R A FD AR e . IR IRE . SIS R
11% NHHR 5 HOMA-IR, @it EWHBAPIENE VEA, X =T bR 5 NBEIE— 2547 I AR 5 sl i)
PAMERUASAG AT 10]. FERE. 2 AUBEIRIG . ARHZEAME. 4 ANBE N MASLD mfaiifk, w58k Lidig
PRI BIAS AN = e NFE @ AR 25 T H , (H A HEREAE N2 W i B AR TR 18] AHEC T Hidl
NEEREE RS, TRk & A B A B IR R TORE R i) B B IR AR 1R R, SEBL R I, R k4t
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