2278 G RATRB R 5 4155 118920254 11 B J Clin Hepatol, Vol. 41 No. 11, Nov. 2025

- BERAMERTR - DOI: 10.12449/JCH251113

F B BRI LR B AR A RE RS PR WG PR v
e WU TR BA ST 5

SER"N, F AT, FEm, ZRAET, HeRT, E FP F RN, 2R, A%, TR
1 BLTIAER a F% %, b.sAH, 7k &L 063000

2 MAAEAXFERESRE, &FE 050017

3 BFKRFBREFR, XiE 300071

4 FFREER S A, Ak EL 063000

5 T RXFIERESKR, A EL 063000

ql)

W@AEEH . # 4R, hanquanle@126.com (ORCID: 0000-0002-3200-9224 )

WE: BHY  RITRIRM B BN EKFE LIS E (cumAIP) 5 FE#8 <60 % A FE 3 & I B S MBS B M FF9% (NAFLD ) KBS B9 5 BX o
Fik  RABEMAIIFRTTE, HEL 2006 ££6 B—20104F 10 B TR A EREZE TE 10 % B 5 AR RIS N TFERR
PSS FEABE(FHR 18 ~ <60 & ) ATFR IR, ARIBAWN SHEBRFRETFIE S, 33 987 I AL ERAT . ARIBITEAY cumAIPEM
DALED A 44B(01.02.03.Q448) , F Kaplan-Meier %115 4 4H NAFLD f BRI A fw R , 78 Log-rank 438 EL IR 8] 2 7 %
Z A& Cox @ AN T35 4 LA & NAFLD XBE AR LE (HR) 1 95% s[5 X (8] (CT) . EADHATEARR ZHBLLK XA
BREFTEDN, FESHHITERRN LA LR R A Kuskal-Wallis H1§38; DX T EAELHBRIAVRE. &R LUk
35(10.89 +2.54) £, 2t 37 & NAFLD 6 011 1, cumAIP Q1 ~ Q4 B4 B & 4 99541 .1 366 51 . 1 661 5170 1 989 4, K I/ B FEMR K b
11.37/1 000 A £E.16.02/1 000 A £E.19.97/1 000 A FEF124.91/1 000 A£E . Log-rank 1% B 7=, KA B RIRA SRR £ FH %t
FEX(P<0.001) s WMEBBELENAFLD AR EE, RE cumAIP RFEKEMN MDA A BT E, MeumAlP Q1 B AR, £
K Cox [O AR B 7R : 02.Q3.Q4 HHT & NAFLD 89 HR & 95%CI 43 51 73 1.30(1.20 ~ 1.41) . 1.52(1.41 ~ 1.65) F1 1.79(1.64 ~ 1.95),
P <0.001, IEBHANAFLD AR L E AP ZRFREBE024FOEHNEEE, MAIP RIREB0ENS R, CxBEASTE
TR AIP RITRE 2. 4.6 R HR K 95%CI 7 779 1.24(1.15 ~ 1.35) (1.51(1.40 ~ 1.64) F1 1.70(1.56 ~ 1.84) , P 4,,<0.001, 7EHEER 25
M# & NAFLD, R iH A8 & 4 ASCVD RHEE , IRARE KA PEEA BIEANHRINRE, Dol T8RN, ERE5TE
PMERBU ZERECERT SEREHFERFAR, UTRTEEREI T, ERET, NEIMERSTESNER
B &iE cumAIP SAKERBIENF S E AR & NAFLD KK

KR DB MM S ; MBEHELIEE; BREE
EL2WB: it EEFRIAE SRR E (20231775)

A cohort study on cumulative atherogenic index of plasma for predicting the risk of developing new-onset non-

alcoholic fatty liver disease in a population of young and middle-aged individuals
GAO Zhenhong', QI Qi", LI Wansong®, WU Xinyu" , HAN Quanle” , LI Lei" , JIANG Yue", WU Ruojie’, WU Shouling®, LI Kangbo’

1. a. Department of Catheterization, b. Department of Cardiology, Tangshan Workers’ Hospital, Tangshan, Hebei 063000, China;
2. School of Clinical Medicine, Hebei Medical University, Shijiazhuang 050017, China; 3. School of Clinical Medicine, Nankai
Unuversity, Tianjin 300071, China; 4. Department of Cardiology, Kailuan General Hospital, Tangshan, Hebet 063000, China;
5. School of Clinical Medicine , North China University of Science and Technology, Tangshan, Hebei 063000, China

Corresponding author: HAN Quanle, hanquanle@126.com (ORCID : 0000-0002-3200-9224)



2279

Abstract: Objective To investigate the association between cumulative atherogenic index of plasma (cumAIP) and the risk of new-onset
nonalcoholic fatty liver disease (NAFLD) in young and middle-aged individuals. Methods A prospective cohort study was conducted
among the young and middle-aged individuals (aged 18 to <60 years) in the Kailuan study cohort who underwent physical examination in
Kailuan General Hospital and its 10 affiliated hospitals in June 2006 to October 2010, and after screening based on the inclusion and
exclusion criteria, 33 987 individuals were included in the observation cohort. The individuals were divided into Q1, Q2, Q3, and Q4
groups based on the quantiles of cumAIP. The Kaplan-Meier method was used to calculate the cumulative incidence rate of new-onset
NAFLD in the four groups, while the log-rank test was used for comparison between groups. A multivariate Cox regression analysis was used
to obtain the hazard ratio (HR) and 95% confidence interval (CI) of the risk of new-onset NAFLD in the four groups. A one-way analysis of
variance was used for comparison of normally distributed continuous data between multiple groups, and the Kruskal-Wallis H test was used
for comparison of non-normally distributed continuous data between multiple groups; the chi-square test was used for comparison of
categorical variables between groups. Results The mean follow-up was 10.89 +2.54 years, and there were 6 011 cases of new-onset
NAFLD, including 995 cases in the Q1 group, 1 366 in the Q2 group, 1661 in the Q3 group, and 1 989 in the Q4 group, with an
incidence density of 11.37, 16.02, 19.97, and 24.91 per thousand person-years. The log-rank test showed that there was a significant
difference in cumulative incidence rate between the four groups (P<0.001). With the presence or ahsence of NAFLD as the dependent
variable and the quantiles of different exposure levels to cumAIP as the independent variable , the multivariate Cox regression model analysis
showed that compared with the Q1 group, the Q2, Q3, and Q4 groups had an HR of 1.30 (95%CI: 1.20—1.41) , 1.52 (95%CI:
1.41—1.65) , and 1.79 (95%CI: 1.64—1.95) , respectively, for new-onset NAFLD, with a P, value of <0.001. With the presence or
absence of new-onset NAFLD as the dependent variable and the cumulative exposure to AIP for 0, 2, 4, and 6 years as the independent
variable, the Cox regression analysis showed that compared with cumulative exposure to AIP for O years, cumulative exposure to AIP for 2,
4, and 6 years had an HR of 1.24 (95%CI: 1.15—1.35), 1.51 (95%CI: 1.40—1.64) , and 1.70 (95%CI: 1.56—1.84) , respectively,
with a P, value of <0.001. A sensitivity analysis was performed after exclusion of the individuals with new-onset NAFLD within 2
years, the individuals who experienced atherosclerotic cardiovascular disease events during follow-up, and the individuals taking
antihypertensive, hypoglycemic, and lipid-lowering drugs, and the results were similar to those of the main analysis. Considering
the competitive relationship between all-cause death and outcome events, a competing risk analysis of death was performed, which
showed that the results of risk analysis were similar to those of the main analysis. Conclusion A high level of cumAIP exposure

can increase the risk of new-onset NAFLD in young and middle-aged individuals.
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Table 1 The basic conditions of different camAIP level group

it

cumAIP PUS i 50320

A (n=33987)  QI#(n=8496) Q2#H(n=8497) Q341(n=8497) Q4% (n=8497) AIHE PiE

cumAIP -0.18+0.58 -0.88+0.24 -038+0.11 -0.04%0.10 0.57 £0.38 F=47805  <0.001
() 4933+9.32 48.94 +9.46 4931+9.48 49.30 +9.38 4974+893  F=321358 <0.001
BMI(kg/m®) 24.42+3.03 23.25+2.98 24.19 £3.00 24.73 £2.85 2549+283  F=760.19  <0.001
JEF (em) 85.93 £9.74 82.40 £9.69 85.12+9.73 86.75£9.31 89.44+883  F=270.63 <0.001
SBP(mmHg) 12680+ 18.00 12296+17.90 12604+17.80  127.69+1761  13052+17.88  F=3120  <0.001
DBP(mmHg) 8298 +10.62  8023+1044  82.35+10.52 83.88 £ 10.35 85.48 +10.44 F=590  <0.001
ALT(U/L) 191241677  1652+18.06  18.04+16.04 19.89+13.71 2203+1833  F=67.56  <0.001
FBG(mmol/L) 549 +1.70 5.27+1.46 542+1.55 5.53+1.99 573+ 1.73 F=552  <0.001
TG (mmol/L) 1.2000.87 ~ 1.74) 0.75(0.58 ~ 0.97) 1.08(0.86 ~ 1.36) 1.35(1.10~1.72) 2.13(1.51~3.08) H=431.82 <0.001
TC(mmol/L) 493+1.16 4.80+1.02 4.87+1.18 493 +1.33 5.11+1.06 F=1439  <0.001
HDL-C(mmol/L.) 1.58 +0.48 1.85+0.54 1.61+0.44 1.48+0.38 137041 F=17898  <0.001
LDL-C(mmol/L) 2.56 +0.96 2.36+0.77 2.59+0.77 2.65+0.79 264+135 F=666  <0.001
hs-CRP(mg/L.) 0.92(0.40 ~2.10) 0.80(0.40 ~ 1.90) 0.93(0.49 ~2.00) 0.86(0.30 ~2.00) 1.10(0.50 ~2.47) H=145.79  <0.001
RHR (#/min) 73.00+10.14 7199 £9.95 72.90 £ 10.10 7320+ 10.15 73901026  F=5784  <0.001
AIP, -0.19+0.66 -0.80+0.42 -0.38+0.40 -0.08+0.42 0.49 £0.59 F=31244  <0.001
AIP, -0.18+0.68 -0.92+0.35 -039+0.28 -0.02+0.27 0.62%0.55 F=28332  <0.001
AIP,, -0.18 +0.71 -0.86 +0.46 -036+0.42 -0.03+0.42 0.54 +0.64 F=53621  <0.001
BHLBI(%)] 24742(72.80)  5196(61.16) 5910(69.55) 6512(76.64) 7124(83.84)  x=2849  <0.001
ER AL, FHERE 10239(30.13)  2549(30.00) 2531(29.79) 2662(31.33) 2497(29.39)  x’=188.52  0.073
[#1(%) ]

ANIGHMA=10007C 17787(5233)  4441(52.27) 4 473(52.64) 4280(50.37) 4593(54.05)  x=169.83  <0.001
[#1(%) ]

WEHIEFI(%)]  22229(6540)  5360(63.09)  5576(65.62) 5713(67.24) 5580(65.67)  x=14.51  <0.001
W AR L[5 (%) ] 11468(33.74)  2320(2731)  2759(32.47) 2838(33.40) 3551(41.79)  x=36.80  <0.001
WEbE S [11(%) ] 2308(6.79) 339(3.99) 474(5.58) 584(6.87) 911(10.72) X'=29.55  <0.001
EERS(%)] 12347(3633)  2324(27.35) 2843(33.46) 3258(38.34) 3922(46.16)  x*=46.51  <0.001
Mg S5 [6(%) ] 17 656(51.95)  2906(34.20) 3562(41.92) 4338(51.05) 6850(80.62)  x=47.55  <0.001
MRFEREZS [ (%) ] 1205(3.55) 201(2.37) 240(2.82) 287(3.38) 477(5.61) XY=1795  <0.001
IR 245 [ 1 (%) ] 4461(13.13) 673(7.92) 963(11.33) 1191(14.02) 1634(19.23)  x=4824  <0.001
NREENRZ5 [ 41 (%) ] 2164(6.37) 331(3.90) 468(5.51) 538(6.33) 827(9.73) X=12.09  <0.001
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Table 2 Multivariate Cox regression analysis of the effects of camAIP exposure on NAFLD

28 RIFNEC BT R HR(95%CI)

-~ (%) ] (NAF) (/1 000 \4E) 1 I 2 R 3

cumAIP
Q14H(n=8496)  995(11.71) 87500  11.37(10.69 ~ 12.10) 1.00 1.00 1.00
0241 (n=8497) 1366(16.08) 85245 16.02(15.20~16.90) 1.44(1.33~1.56) 1.29(1.19~1.41) 1.30(1.20~1.41)
Q34H(n=8497) 1661(19.55) 83181 19.97(19.03 ~20.95) 1.80(1.66~1.95) 1.52(1.41~1.65) 1.52(1.41~1.65)
Q42H(n=8497) 1989(23.41) 79859 24.91(23.84~26.03) 2.39(2.20~2.58) 1.81(1.67~1.97) 1.79(1.64 ~1.95)
Py <0.001 <0.001 <0.001

ALP SRR FR T ]
04F(n=9346) 1107(11.84) 96162 11.51(10.85~12.21) 1.00 1.00 1.00
24E(n=8 005) 1290(16.11) 80241 16.08(15.22~16.98) 1.39(1.28 ~1.51) 1.25(1.15~1.36) 1.24(1.15~1.35)
44F(n=7 852) 1599(20.36) 76502  20.91(19.90 ~21.95) 1.81(1.68~1.96) 1.53(1.41~1.66) 1.51(1.40~ 1.64)
64F(n=8784)  2015(22.94) 82880 24.31(23.27~25.40) 2.25(2.09~243) 1.73(1.60~1.87) 1.70(1.56 ~1.84)
Py <0.001 <0.001 <0.001
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Figure 1 The cumulative incidence of NAFLD in different cuamAIP groups and cumulative exposure time
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(Fine-Gray LU 7] XUBS BERY ) o 45 3 8o, Fifi U5 39 [B] e A
1 657 il BFFE X G R FE T T AS 5 2 A8, XU 20 A 4
5 1A% St Cox o1 KU 452 L 45 3] 11 3 235 21 e B AR AR
KT w5 , T as e kR Falg (£ 3) .

2.5 C354 NRIAIDI 435185 BMI, AIP, Al cumAIP
IR0 B JFAS R o) %% B BMI, ATP,, A1 cum ATP T 37 %
NAFLD [ C 48 504 JF 5 78 £ 55 (P #<0.001) ; NRI 43
5174 0.2353.0.202 0 F110.211 6 (P {H)<0.001) ; IDI 43 5]
“}70.005 9.0.004 5 110.004 8( P 14<0.001) ; 14 /il BMI
ATP, 06 1 cum ATP BRI FIINET & NAFLD XU 1) 1E 4 53
JERE AN IERA UM AR A 2 = S ek (R 4) .

3 it

AW 5% Z B FR Cox [1H 73 A7 45, v 4F AR
cumAIP (= B FR/KEWE I NAFLD &9 XUG: , 5 Q1 4HAH L,
Q2 ~ Q4 ZH NAFLD #4355 KUBS: 43 301138 1 30% .52% . 79% ,
H 5 HAAARBOCR ; AIP TR R EE 24F 44 6411
NAFLD % 955 KU 23 51 38 i1 24% . 51% . 70% ., — 540 A
6 TAFFFE Y Meta 0 HT45 s , ATP J& NAFLD B2 K &
PPAL H 7 HE R 1 R AR AR s R
— 3, B HETE A S A AR AIP 5 NAFLD
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£3 cumAIP FFE/KFER BRITRFZHTEIXTH & NAFLD XU 52 06 59 B R 43 47
Table 3 Sensitivity analysis of cumAIP exposure level and cumulative exposure time on the risk of new-onset NAFLD
TiH KRN IE HR(95%CD" | TiH KIRNBUENE  HR(95%CI)"
cumAIP AIP S FH IR A 1]
UM SIHT 1(n=33 408) U537 1(n=33 408)
Q14 935/8 436 1.00 04 1 .040/9 279 1.00
024 1274/8 405 1.31(1.21~1.43) 24 1197/7912 1.25(1.15 ~ 1.36)
032 1513/8 349 1.53(1.41 ~ 1.66) 44T 1460/7 713 1.53(1.40 ~ 1.66)
Q4 1710/8 218 1.75(1.60 ~ 1.92) 641 1735/8 504 1.66(1.52 ~1.81)
Py <0.001 Py <0.001
HIENET 2(n=31 604) B E T 2(n=31 604)
Q14 954/8 060 1.00 04 1 066/8 872 1.00
024 1298/7 976 1.30(1.19 ~ 1.41) 24F 1221/7513 1.24(1.14 ~ 1.32)
(ORE:E 1567/7 880 1.53(1.41 ~1.67) 44F 1491/7 223 1.51(1.39 ~ 1.64)
Q44 1843/7 688 1.81(1.66 ~ 1.98) 64F 1 884/7 996 1.73(1.59 ~ 1.88)
P oy <0.001 Py <0.001
HEPET 3(n=30553) U E ST 3(n=30 553)
Q144 957/8 002 1.00 04F 1055/8 753 1.00
Q2 1284/7 756 1.29(1.18 ~ 1.40) 24F 1215/7 353 1.24(1.14 ~ 1.35)
Q034 1556/7618 1.52(1.40 ~ 1.65) 44F 1491/6 988 1.52(1.40 ~ 1.65)
Q4 1779/7 177 1.79(1.64 ~ 1.95) 64F 1815/7 459 1.72(1.58 ~ 1.87)
Py <0.001 P <0.001
FET-5E 4 U (n=33 987) FETZSE 4 A (n=33 987)
0144 995/8 496 1.00 04 1107/9 346 1.00
Q2H 1.366/8 497 1.30(1.20 ~ 1.41) 24 1290/8 005 1.24(1.15~1.35)
Q034 1661/8 497 1.53(1.40 ~ 1.66) 44F 1599/7 852 1.51(1.40 ~ 1.64)
042 1989/8 497 1.79(1.64 ~ 1.95) 6 4F- 2015/8 784 1.70(1.56 ~ 1.84)
P, <0.001 Py <0.001

e DAERAGIE T AR MRS BMILE Rl SBP,ALT . TC.FBG .RHR W AH o2\ # & /K R E Bk A K g s (o It e A DR s LR 57
W) JIRZ S (BRI 2G M2y EN625) . BURE BT 1 HERR 2 4E 3T & NAFLD S SR 04T 2 - HERR BE DT I IA] & 2 ASCVD S04 5 SUsp: 43

B 3 HEBR MR Fie I 25 Wl 24 RNl 25

#4 FH CIEH NRI.IDI Lt BMI,AIP,,,. 5 cumAIP X NAFLD % 4 K k& g9 7 il (B
Table 4 Comparison of the predictive value for NAFLD risk between BMI, AIP,,,, and cumAIP using the C-index, NRI,

and IDI
iH CHE%0(95%C1) NRI(95%CI) P{E IDI(95%CI) P&
A 0.7225(0.716 9~ 0.728 1)
JEURE T+ BMI 0.7327(0.7272~0.738 3)  0.2353(0.207 6~0.2631)  <0.001  0.0059(0.004 9 ~0.0069)  <0.001
R+ ATP, 0.727 4(0.721 8 ~0.7330)  0.2020(0.1742~0.2297)  <0.001  0.004 5(0.003 6 ~ 0.0053)  <0.001
JER +cumAIP 0728 4(0.7228~0.7340)  0.211 6(0.1838~0.2394)  <0.001  0.004 8(0.003 9 ~0.0057)  <0.001

TE: JEBRURCIE T R LR AR I VRS Rl \SBP \ALT . TC . FBG .RHR WA St A KT A BB MO K g B (g L B PROP | L 5

) R (B2 RS RIRZS ) .

J 9 RV A A B 5, % 8 3353 ATP BT A TG KF-52
R DU T H R s S B, AR AT cumATP HE
A, BE RS ff M S e B S B ATP B B R KT [R] IR A A
FEAUESE T cumATP 48 ATP AT LU S G- s T v 5 47 A FE
HNAFLD B9 XU

F 5T R, BB (BMI>28 kg/m?) i 2 141l NAFLD
KA R (OR=3.37,95%CI:2.78 ~ 4.09) , Hoh i} T4F
% <45 2 NHE NAFLD & 4= AU (5% i B2 K (OR=3.93,
95%C1:3.12 ~ 4.94) , Ui W AE AT bk AHE Hh BMI AT AR B
TN NAFLD %95 AU 2. — T A T 538 (il A ik A2

B (BMI=28 kg/m?) B W7 B 5% 24 5% . BMIL B LAl
AIP (R IFEAE—S0E , ATP I3 25 5 NAFLD & 25 YIAH
X% IZIEFE RIS Y, ATP ¢ BMIGE B 4 Hb T NAFLD %
o5 IAUR: , 20 HE IR AT A S BMIAS BE AR 1l 2 e fig 764
FEFEIZAESE R, NAFLD 9 BB 50 73% , iX MG K24
1/4 (R AR E AR 5 NAFLD, B BMI>30 kg/m® ABEF)
RIS, A AT 919% A JEAALE R 75 K 2 h A2 26 B i
ASPE I 2 T T AEAE B ARE (BMI<25 ke/m?) , ATP
528 & NAFLD S fa e R 2= A F R A T 16 173
PR A SRRV, Horb 2 322 44 (14.4%) AR NIEHE3Z
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KEIZWA NAFLD, JU R BMI S 53 th | AIP B3
T LA B X 2 NAFLD (4 B0 FH s m 2 ~ 3 6%, 7%
I BMI 4L, Q4 41 372380 187 & NAFLD 8 48 J5 1) HR
(95%CI) 13 12.59(4.69 ~ 33.84) , it & 1= T+ BMI41[HR
(95%CI) : 5.42(3.55 ~ 8.26) ] I & BMI £ [HR (95%CI) :
3.43(2.65~4.43) 1% FIRBFFTSE R W% BMIFIAIP 2
AL TR AEE NAFLD A AU, 17 ATP XFF 3R AR
BEIR B T HHOM NAFLD % A8 KUK (4 23230 it
TR AR, AT R cum ATP A] T3 NAFLD %% X
K, cumAIP [ &R 202U 1E T ATP 3208 R 2 S0 2 S e
AR A I 7S 3 BMIAE R S WL B i 5 B i
FUAR GRS S VRIS IR — 2 T 3
I, AE T AR RE NAFLD &9 XU B, cum ATP A 26
S RS F A 3 A

BEAEF 5T 27 R, I AL 3 ATP VT 9728 1 4 %
ORI E T I TE LR S S HI L B, BT KA NAFLD
W RN A v KU SRR R L 12O TR HoO 0
ML FEAT R 2 5 NAFLD %556 XU AR 56128 T 5@
T BT A f R VT 43 SR 4% ATP ZKF-, DT 5 31 B3 A1
NAFLD A5 AU H 1. BRIpE SR T g anF
—J7 1], R AN TR A R s S R E L
1M NAFLD (& ZAE B30 A R 5 ™ B A e e
AR AYIE 0711205 55— 07 T 4B T i R s, | R
Dy B BRI 725 46 it B 9 A 3% Jr R 9802 NAFLD &
fﬁm@(z&aosﬂo

ZE L TR cumAIP S 7K P2 #8351 i AR N BE
NAFLD AR XU . ATP A MBS R 25 548 b5 , i 5
15, PTHERAVEPE RN B &2 P, e RS P 4T, W /E i NAFLD
R RS T B T PSR Al e b , BAT BB IR o

AW FEAR e AW N E Wb AE AR AIP S
NAFLD %5 WU (1 BRI WF 5%, A 21 3218038 2, Bt 1 B[]
o, S5 R E PE TSR, X Im RHE T R, AR ZAL
WF5E AHE R v A5 Tl 3 AR 3 AT BEXT o8 A RE
AARER VI I — g 2 o O, i T OB PR, — 260
I fg EAT T B2 0 A T AR TR 2% TR R ek e e HERR , T g
X485 SR J— o 5]

RIEFHER: AL ET206F1 A58 2 HTFRE
FERBEERAFI, 5 . [2006] E4F 55, HT
NEEHEFRIAES
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