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risk of incident metabolic dysfunction — associated fatty liver disease

in non — obese individuals: a large — scale cohort study
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Abstract: Objective  To investigate the association between baseline atherogenic index of plasma ( AIP) and incident
metabolic dysfunction — associated fatty liver disease (MAFLD) risk in non — obese individuals. Methods This cohort study
enrolled 62 868 participants who underwent health examinations in 2006—2007. Participants were stratified into quartiles ( Q1
—Q4)based on AIP values. Multivariable Cox regression calculated hazard ratios ( HRs) and 95% Cls for MAFLD risk across
quartiles. Results During a mean follow — up of 14.34 +5.03 years, there were 25 848 cases of new MAFLD. There were
4 892,5 758, 6 736 and 8 462 cases in group Q1 — Q4 respectively, and the incidence density was 25.23/1 000, 31. 15/
1 000, 38.77/1 000 and 55. 04/1 000 years, respectively. In multivariate Cox regression analysis, compared with Q1, the HR
(95% CI ) for new — onset MAFLD in Q2 — Q4 was 1. 16(1. 12 -1.21), 1.37(1.32 -1.43)and 1.80(1.73 - 1. 87) (all P
values <0.001 ) . Conclusion Elevated baseline AIP is an independent risk factor for incident MAFLD in non — obese
individuals.
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Table 1 Baseline characteristics of individuals according to AIP level groups

BARE

AIP U4z

A (n‘:‘62 868) Q1 #(n=15717) Q2 4 (n=15716)

AIP -0.26 £0.63 ~1.00 £0.27 -0.49 £0.11
AR (H xxs) 51.49 +13.15 51.37 =13.76 51.45 +13.39
BMI(kg/m? ,x +5) 23.35 £2.46 22.49 £2.50 23.18 £2.42
FEFE (em,x +5) 83.65 +9.06 81.09 +9.34 82.94 +8.88
SBP(mm Hg,x +) 127.56 £20.34 124.61 £20.28 126.98 +20.29
DBP(mm Hg,x +5) 81.34 +11.21 79.31 +10.98 80.93 =11.03
ALT(U/L,x %5) 18.87 +18.62 17.67 £20.78 18.50 +18.20
FBG(mmol/L,x +5) 5.27 +1.45 5.09 +1.25 5.23 £1.31
TG [ mmol/L,M(P,s,Py5) ]* 1.11(0.79,1.58) 0.65(0.54,0.78) 0.97(0.83,1.11)
TC(mmol/L,x +5) 4.87 £1.10 4.79 £0.94 4.89 +£0.98
HDL - C(mmol/L,x +5) 1.56 +0.40 1.80 +0.44 1.60 +0.35
LDL - C(mmol/L,x +5) 2.32£0.91 2.15+0.93 2.36 £0.86

hs = CRP [ mg/L,M( Py ,Ps5) ]*
FE[n(%) ]

R R FBERE (%) ]
A A A =1 000 JE[n(% ) ]

0.68(0.25,1.90)
49 585(78.87)
12 943(20.59)

8 728(13.88)

0.58(0.20,1.87)
11 443(72.81)
3795(24.15)
2 426(15.44)

0.64(0.23,1.80)
12 273(78.09)
3057(19.45)
2 037(12.96)

KB (%) ] 57 261(91.08) 14 424(91.77) 14 420(91.75)
W AR [ n(% ) ] 21 763(34.62) 5127(32.62) 5085(32.36)
R [0 (% ) ] 23 122(36.78) 5936(37.77) 5298(33.71)
BRI [ n(% ) ] 4074(6.48) 693(4.41) 871(5.54)
EMER T n(%) ] 22 823(36.30) 4 628(29.45) 5455(34.71)
MAg S [ n(%) ] 32 741(52.08) 5270(33.53) 5949(37.85)
IRIEAHZ [ n(% ) ] 871(1.39) 158(1.01) 188(1.20)
MRBEEZG [ n(% ) ] 3974(6.32) 701(4.46) 866(5.51)
IRIERS 25 n (%) ] 3 497(5.56) 605(3.85) 751(4.78)
S| AP 7Rl Wald y* fii PAH
Q3 #H(n=15718) Q4 4H(n=15717)
AIP -0.12+0.12 0.57 +0.42 1 869.85 <0.001
AR (H xxs) 51.66 +13.05 51.48 £12.33 1.357.86 <0.001
BMI(kg/m? ,x £5) 23.64 £2.36 24.09 £2.29 5718.10 <0.001
JEEFEl (em,x +5) 84.38 +8.82 86.17 +8.41 2422.75 <0.001
SBP(mm Hg,x + ) 128.45 £20. 19 130.22 +20.18 35.65 <0.001
DBP(mm Hg,x +s) 81.92 +11.21 83.19 =11.27 333.62 <0.001
ALT(U/L,x %5) 18.82 £16.72 20.49 +18.44 538.76 <0.001
FBG(mmol/L,x +5) 5.31 +1.46 5.46+1.72 48.70 <0.001
TG [ mmol/L,M(P,s,Py5) ]* 1.27(1.10,1.48) 2.15(1.69,3.05) 2 026.53 <0.001
TC(mmol/L,x +s) 4.96 £1.02 4.84 +1.39 206. 67 <0.001
HDL - C(mmol/L,x ) 1.47 £0.32 1.37 £0.35 81.06 <0.001
LDL - C(mmol/L,x +5) 2.41 +0.87 2.35+0.94 1.12 <0.001
hs = CRP [ mg/L,M(P,5,P;5) ]* 0.70(0.27,1.89) 0.80(0.30,2.04) 172. 60 <0.001
B[ n(%) ] 12 587(80.08) 13 282(84.51) 0.26 <0.001
R FHERE (%) ] 2997(19.07) 3094(19.69) 19.90 <0.001
A A A =1 000 JG[n(% ) ] 2000(12.72) 2265(14.41) 0.10 <0.001
EEBE (%) ] 14 277(90.83) 14 140(89.97) 3.39 <0.001
AR [ n(% ) ] 5313(33.80) 6 238(39.69) 78.85 <0.001
TR [ n( % ) ] 5505(35.02) 6 383(40.61) 202. 45 <0.001
BRI [ n(% ) ] 1 066(6.78) 1.444(9.19) 3.52 <0.001
EER S [n(%) ] 6 098(38.80) 6 642(42.26) 17.67 <0.001
MAgFH# [ n(%) ] 7 483(47.61) 14 039(89.32) 614.35 <0.001
MRBEIEZE [ n(% ) ] 222(1.41) 303(1.93) 236.76 <0.001
IRIEEZG[n(% ) ] 1039(6.61) 1.368(8.70) 213.92 <0.001
IRIEREZ [ n(% ) ] 922(5.87) 1219(7.76) 232.57 <0.001
1 a LI AIEL(Pas , Prs ) 3278 o
2.3 RE AIP K-F 420 ABE# X MAFLD 4 Cox b B R w2 B A A DUAE R BE B R S B K
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PEOTH(RAE: Q1 20 =1,02 2 =2,Q3 4 =3, 04 1.87), L% 3,
4 =4) Jy [ As R, 7 Cox B G XURS: [m] 4850 48550

1 258878 5 Q1 HAH I, Q2 — Q4 4H3 & MAFLD 11y £2 AN GH K MAFLD 510

HR(95% CI) 4354 1.23(1.19 ~1.28) . 1.54(1.48 Table 2 New — onset MAFLD in the four groups of subjects

~1.60)F12.17(2.09 ~2.25) , 1A 2 45 BR. 5 Alﬁil;llﬂﬁ . Ziig ?ﬁ%@(é{;

Q1 HAHIL, Q2 — Q4 ZH 387 & MAFLD 1Y) HR (95% CI) 014 15717 4892 25.23(24.53 ~25.94)

Ak 1,16 (1.12 ~1.21) . 1.38(1.33 ~1.43) f Q2 2 15716 5758 31.15(30.36 ~31.97)
e — Q34 15 718 6 736 38.77(37.86 ~39.71)

~ 13 4 . B
1.86(1.79 ~1.93) , B3 ZiR BN 15 Q1 4IMIL, Q4 4 15 717 8 462 55.04(53.88 ~56.23)

Q2 - Q4 4k MAFLD [ HR(95% CI) 435/ 1. 16

&3 AR AIP KP4 %A MAFLD 520 R A Z 2R Cox HE A KUK [ U462 284 73-A
Table 3  Analysis of the association of baseline AIP levels with MAFLD using Cox regression model

A B SE Wald y* {ti Pl HR {8 (95% CI)
B 1 (L QL 4% )
Q24 0.21 0.02 116.17 <0.001 1.23(1.19 ~1.28)
Q34 0.43 0.02 523.38 <0.001 1.54(1.48 ~1.60)
Q4 4 0.77 0.02 1 823.98 <0.001 2.17(2.09 ~2.25)
B 2 (1L Q1 41 %) 18)
Q24 0.15 0.02 57.71 <0.001 1.16(1.12 ~1.21)
Q34 0.32 0.02 287.67 <0.001 1.38(1.33 ~1.43)
Q4 4 0.62 0.02 1134.82 <0.001 1.86(1.79 ~1.93)
B 3 (LA Q1 1A% HR)
Q4 0.15 0.02 59.28 <0.001 1.16(1.12 ~1.21)
Q34 0.32 0.02 277.05 <0.001 1.37(1.32 ~1.43)
04 4 0.58 0.02 840. 62 <0.001 1.80(1.73 ~1.87)

TE AR 1 ACIEAR I Mo s BERY 2 a1 (AT LA IE SR M (SBP ALT TG \FBG \RHR [CR \hs — CRP; F 3 7Y 2 (4 BLRE 145 1 2
BCF ME B MK s i U BB LA S8 ) (IR s (T2 Rl 2 R 2 ) o

2.4 BB PAHEBRTES — A 2 ARREVIR R PRERE S BB AT AR S _Lid R R T A R AR
Mk MAFLD R SR MRS gy [ —8 k4,
WEE iR 24 J8 3 B HEBRR Bt 077 300 18] 0 T B e A S P e e <

&4 AR AP ZKCFXEE & MAFLD XU 520 B BEURE 2 A

Table 4 Sensitivity analysis of cumAIP exposure level and cumulative exposure time on the risk of new — onset MAFLD

A As it B SE Wald y* {8 Py HR {(95% CI)
HUBCE /M 1L Q1 2 %R
Q2 4 0.15 0.02 48.21 <0.001 1.16(1.11 ~1.21)
Q3 4 0.30 0.02 210.32 <0.001 1.35(1.29 ~1.40)
Q4 41 0.57 0.02 673.77 <0.001 1.77(1.69 ~1.84)
UM BT 2( DL QL 41X IR
Q24 0.16 0.02 58.54 <0.001 1.17(1.12 ~1.22)
Q3 4 0.32 0.02 253.24 <0.001 1.38(1.32~1.43)
Q4 41 0.60 0.02 790.23 <0.001 1.82(1.74 ~1.90)
U BT 3 (LA QL 4% IR
Q2 0.15 0.02 50.55 <0.001 1.16(1.11 ~1.21)
Q3 4 0.31 0.02 233.14 <0.001 1.36(1.31 ~1.42)
Q4 41 0.58 0.02 717.48 <0.001 1.78(1.71 ~1.86)

VE  BURME ST 1 HEBRAE A — A~ 2 SERE VTN R A BT K MAFLD SR s S0k 047 2.« HERR LR IR T MR F 245 WM 24 S BRI 24 28 2 5 ik o
BT 3 HEBRBE DT B U T B R A E R SRR

2.5 B KR AP SMHSEVERAF S E UL & MAFLD (1) HR(95% CI) 2y 1.41(1.35
VERT M 3 200 A s, B AHE (n =49 585) % 4 ~1.48) iz PEAHE (n =13 283) 5 1.65(1.51 ~
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1.79) (R 5,681 3) , 4F#E <50 B 55 4 U4l k&
H: MAFLD [ HR(95% CI) 2}y 1.54(1.45 ~ 1. 63) ,4F

1% =50 %55 4 o2 & A MAFLD [ HR(95% CI)

F11.45(1.37 ~1.53) (35,1858 3)

RS AP K553 % MAFLD XU (9 Z N R Cox BRI (PR AR & BMI 232504 )

Table 5 Multifactorial Cox regression analysis of AIP level and risk of new — onset MAFLD (sex — , age — and BMI — stratified analysis)

S Ko N B ATP Y 2337 20 HR(95% CI) P P for interaction
31 <0.001
Bk (n =49 585) 3591/11 443 Q141 1.00 -
4 426/12 273 (O | 1.04(0.99 ~1.08) 0.105
5290/12 587 Q3 41 1.15(1.10 ~1.20) <0.001
7 054/13 282 0441 1.41(1.35~1.48) <0.001
4Pk (n =13 283) 1301/4 274 Q141 1.00 -
1332/3 443 Q24 1.12(1.04 ~1.21) 0.003
1 446/3 131 Q3 41 1.28(1.19 ~1.38) <0.001
1 408/2 435 Q4 41 1.65(1.51 ~1.79) <0.001
ER(F) <0.001
<50(n =27 556) 2396/7 011 Q14 1.00 -
2 947/6 896 Q24 1.14(1.08 ~1.20) <0.001
3 461/6 805 Q3 41 1.29(1.22 ~1.36) <0.001
4301/6 844 Q441 1.54(1.45 ~1.63) <0.001
=50(n =35312) 2 496/8 706 Q1 241 1.00 -
2 811/8 820 Q24 1.02(0.97 ~1.08) 0.415
3275/8 913 Q3 41 1.13(1.07 ~1.19) <0.001
4161/8 873 Q44 1.45(1.37 ~1.53) <0.001
BMI(kg/m?*) <0.001
<22.27(n =20 931) 1 344/7 438 Q1 21 1.00 -
1 203/5 568 0| 1.16(1.08 ~1.26) <0.001
1 145/4 534 Q3 4 1.35(1.25 ~1.46) <0.001
1 188/3 391 Q4 41 1.94(1.77 ~2.12) <0.001
22.27 ~ <24.61(n =21 124) 1797/4 972 Q1 21 1.00 -
2 117/5 492 Q4 1.05(1.00 ~1.13) 0.055
2321/5 383 Q3 41 1.23(1.16 ~1.31) <0.001
2751/5 277 Q4 41 1.60(1.49 ~1.70) <0.001
=24.61(n =20 813) 1751/3 307 Q141 1.00 -
2 438/4 656 O | 1.00(0.94 ~1.07) 0.889
3 270/5 801 Q3 41 1.11(1.05 ~1.18) <0.001
4523/7 049 Q4 41 1.31(1.24 ~1.40) <0.001

T BEAURG IR AR RS M) MR \SBP \ALT TC \FBG \RHR \CR \hs — CRP ZUF /K T HR AR o sl (35 M B IO s 57 ) iR 25

o (FEIRZS RS ENRZS) o - T

3 3t i

AL TR BN, SR ATP m KPR AR
R MAFLD By &R R 2, Sk 7 AIP BT S 0 0 s
AR 0 B A BRAL TR ZE MAFLD i) A% v i)
BRI 5 Li KU SRR A5 3] T [RIRRLE L . ATP
AT AR IR A B TR B NAFLD 38 9 1 [ PR 25, 4 1)
JEXT T AHEH AR BMI AR, (HIZ A58 rg 7 ARERY
REWT IR ¢ NAFLD B8 5%, i A 55 b 7 AFEBA
FIBFSE , BETI R, L MAFLD Sy 28 05 350 1 25 9%
WNFEE 3z, W8RG R ek 38 s B R, AIP
T Tz e 8 e AR5 7 S5, AT R e e 0
/O 2 TR PR A K A3 s 0T i e IR
Br , T I = 3% LS MAFLD 2 Wil b 45 55067 . A BF

FEGETATAEAR 8 0 I PR S R 5 3 38 M
AHFFEIESE T ATP R i MAFLD %955 KUK [R) B¢
G TR EIC T AEREREARE, 55 Duan SJ ZE4F 58 AIP
ZEA T (BMI AT AR & 5 #00) MAFLD J& A= XUBS: A5
—EBEER Z R [E R AT AR, BN
B BB WIS, S 2H S B AR AR B 4 B
DI —HW R IEASE R LRSS MRI AR
RISWibR EXT BRI JE AT T NSRS IR, YE— 2 UESE T
AIP 7 MAFLD Uil 7 1 () s 6% 4 58 , [R) Bt A4k 1
AR, S —Tok A TR E MM ARG
X NAFLD ¢ &5 92 15 5 - NAFLD 78315 52 1 v [ g
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