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aCHANGE model: a predictive model for the risk of significant liver fibrosis in NAFLD
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[Abstract] Objective: To develop a predictive model for significant liver fibrosis based on serological markers in the population with
non - alcoholic fatty liver disease (NAFLD). Methods: A total of 2 543 NAFLD patients from the he National Health and Nutrition
Examination Survey (NHANES) database in the United States were selected. These patients were randomly divided into a training set
and an internal validation set in a 7:3 ratio. Chi-square tests, univariate analysis, and binary logistic regression analysis (stepwise )were
performed on both sets using SPSS 26.0, followed by model evaluation and validation in R 4.3.1. Results: Age, gender, hip
circumference, ferritin, aspartate aminotransferase (AST) , gamma-glutamyl transferase (GGT) , and cardiometabolic index (CMI) were
identified as independent risk factor for significant liver fibrosis in NAFLD patients, respectively the predictive model aCHANGE
demonstrated good performance in both the training and validation sets, with an area under the curve CAUC) of the receiver operating
characteristic (ROC) curve of 0.775 in both sets. The calibration curves and decision curve analysis (DCA) also showed good results.
Conclusion: The aCHANGE model is useful for predicting the risk of significant liver fibrosis in NAFLD patients.

[Key words] non-alcoholic fatty liver disease; significant liver fibrosis; prediction model

[J Nanjing Med Univ, 2024,44(08): 1092-1099]

AE K V£ B 05 12 JH 995 (non -alcoholic fatty liver
disease, NAFLD) /& — Ff 4= Bk 890 K 2 30% HIAX 15
FH IR 0 » 5 IR 5 3R AR A A% R SR B VA %
S IR AY I A B () R R 2 — s WAL
[(REWMB] EXARR AR 81871242)

{5 1EE (Corresponding author) , E-mail: dr-lijun@vip.sina.com

7N NAFLD 34 0 Ca I8 22 99 « /0o UL ¢ JIE 475 4 A1
ORI R, 5 45 B s )k A R
FHIRET . H BT M e SR R R TT 2, R kit
OO A T 5 ORI RE R T HEAT T i 2020 4F &
F VK NAFLD 55 44 9 A8 AH 56 M I 107 14 JH o

(metabolic dysfunction - associated steatotic liver dis-



544 555 8 1 JrERE, R, R, 2% aCHANGE 57 NAFLD A BE 5 25 HF2F 440 U i oo A 7 [ 1.
202448 A R ERIRZEZER (ERBIERD , 2024, 44(8): 1092-1099 <1093 -
ease, MASLD), 2023 £ 3 [ s i 41 2% 2> (AASLD) % FJes e AR T 1. CALLY 18 %45 & CRP.

R ERIF 902 2 (EASL) LA B2z T S AT 7 2
2 (ALEHD %5 34N [ bR DX A 27 R W SCRRX — 5
Ho RWITERY, KZHNAFLD #4775 MASLD
B, BT 9 285 R JAH SR B A2 97 € SCR A 20
IR, ASHIF 72 4K 45 L NAFLD BER O ST IR R

JHF 21 YA A 0 32 45 )5 I R 4 4 5 2 i A =
B LRI D RE R . W RIR, A4l 2
TR NAFLD 38 K45 R i s oc s e b, 2o s
SURBEE RS AU A A R F AR B3 A O
JH 3% dar BB I A8 4 A2 W 1 e s 1, L BRL H 4
PE | 8 BRAS R XU, 3 AFE NAFLD A A B i
AAENHATIRE . A, AR I H ZUR AR
PR AN 159 5 53 AT A 45 JH 3 Ao 485 SRS e 4 D e I I
o A2 AT E 48 2T 4E Ak 48 2L (fibrosis 4
score, FIB-4) Fll K |74 & IR & 2 ¥ 7% ¥ (aspartate
aminotransferase, AST) 5 Ifil /M (1) EUABL A A TG 8112
Witk 2, ety A RO IF AR il . (HIXPRASHRTT
V2 ISP AR TR L TG A T 58 Cn g 40 75 1R AT
RO BEIT K, R 7870 7 18 NAFLD B R &, 1E
NAFLD S5 i & PR AR i FE A TR . 48 Grau-
pera 25 R U B, 2 B AR IR (liver stiffness
measurement, LSM)=8 kPa I}, FIB-4 [ Bl A~ 4
o H OB R AR AL I AR S SORE 4R bR 55 Ho A
NAFLD # DI OG B 2 5 X L H2 7R i PR 38 D) 55K
BEX) NAFLD N G 57 A7 R8C0F Al 5 13 o A1 JH 21 4
R EE RO () To B2 e Al . 3Ttk SRR A&
I L R 9 RE B 75 4 A5 4 b i S2 A BT SE R TR B
IR, DU 6 NAFLD 5538 T 4F 4R 4L 112 W v
B O I PR AT T R

i I AR 15 #8 %4 (cardiometabolic index, CMD
2015 4 fH Wakabayashi 55"/ 42 i , 38 i ifil i = 80 H
H =g Ceriglycerides, TG) « /=1 % B i 2% 1 Chigh den-
sity lipoprotein, HDL) 1 J& & [t (waist-to-hip ratio,
WHRO PF Al A BE AE B, %€ X CMI=(TG/HDL) X
WHR. IS CMI 5 22 R A3 AH 57, 4 ]
Fee U ML B T 5 0 R v PR R IMILRE 5 2 D £k AR R
Jod 1) B BT AR . 2022 AR 1) — TR 7R R B,
CMI /& NAFLD f) 837 fa [ K 3%, {H H 55 NAFLD AT
LY O 2 1 A B o

C /= B #g H (C-reactive protein, CRP) #& 78 fift i}
JH I s 1) 201t S B B, T IfLYE B 2R A (albumin,
ALB) R WUE SRS DI RE, 5 RIEIRES B H
CRP 5 ALB AR (CCAR RSB R SR AR, CLORIER

ALB RS bk ESAH B K, S BRARE s A 77
WROL, T FU R B H S e TUs AH G, {H CAR
FICALLY $5%0U2 755 NAFLD BEJRAR K 1 AR AR A o

g5 b, N TIRR B H AR AR AE NAFLD A B
HIZ W48, AT 7R 56 [ B X g e 5 8 o &
(National Health and Nutrition Examination Survey,
NHANES) ' 18~80 % A HF (i AH 5¢ B BH 4T 0F 78 70
I, JFEESL NAFLD N\ HEE e O 32 25 FFF 2T 440 1 XU
TR

1 MRITTE

1.1 %

NHANES 52 — T &% 56 [ 4 [\ B AR 1
WA, A B A% 2 BOME S bR D7 VR R A ok
EHE N D E TR R REE RS AWK
I NHANES #0408 7 1 2017—2020 45 5 76 s # X
AT BT I B ANRERIAH IS BR (=15 560D , 75 B
A iR DFER <18 & ; @B A 58 5 CMIL ALB,
CRP. & [H . LSM. I I 55 AR AR 12 W 1 32 7258
%2 (controlled attenuation parameter, CAP) 5%} ;
Q@EEAE 2 Wi 2 75 B 1 i 28 5 2 T i 98 003 7
B0 (HBsAg) BAYE, A K BEAE 12 Wick TR 24 95 5
PR 28 L P9 BB 96995 35 (HCVD AZ R 54T HCV 4
A BE A 5 aok BRSPS > 14 B AEAR/JH 515
PEUGI RS2 1 AR D™ CAP<274 dB/m ¥ o AR 41%
Eddowes % 5T, CAP=274 dB/m ##1 /& NAFLD,
FUAEAS DN P A 2 2 1) JHF i 017 28 1 777 1T A 90% 1
RPE . RENNAEFIREA T2 5434
1.2 Fik

NHANES f) TAE N 5345 FH 3% 4647 502 V2 #7k
i) FibroScan®xf 52 53 #EAT I 2 425 il Bk 1 58 12k j 1%
(transient elastography, TE) £ 7 , Jf1c 3 52 il & 1)
CAP {f Fl LSM fH . #R 4% Eddowes % ™8 5¢ , #%
LSM=8.2 kPa #J NHEE N A 235 BT 4R AL N
A LSM<8.2 kPa & (N 70 S 3 i 2F 4 4k 10 N B
ASHIT FE B PR AR B D9 RE TN 15 A7 AE 2 35 4T 4
. BARE VRN ER 2 EE R P
Chip circumference, HIP) « [ 41 Jfd i1 %X (white blood
cell count, WBC) 8k 85 [ (ferritin) « N 2 FR A L7
(alanine aminotransferase, ALT) « AST. B M4 i % [ifg
(alkaline phosphatase, ALP) -7 Z Bt % # i (gam-
ma - glutamyl transferase, GGT) « £k &5 1 (globulin,
GLO) « JK IR Curic acid, UA) - & fH [{] B (total choles-



1094 - [z

VS PN

F44BHE M
4 2024 F 8 A

2
%

=2

Ei'd

terol, TC).CMI.CAR.CALLY .
13 “%itgnk

fEFHRIE T 4.3.1 A, S8 247 /b BE, LA 723
BE ALY 7> 9 I 25 48 LA R B0 58 E £ o A SPSS
26.0 A GE T 24301, Jo ISR EE DL K PN B 56 1E 4B 1)
SRR TTREE, XA G RS A A
MM REA K38, ANFF A IR 2040 19248 5 H A7
B VUL EO LM (Pas, Prs) 1327, B G iR R 7
U5 o Ror e S RR AR 6 285 SR 5 FE 45 A e R S B A U1 25
£ R BR8P 3 AT 2 IR 3 0T Logistic 128 45 1] 1
IIHT AR T TUAR ) AR A 3 e 2% i A4 1) i PR
MERL . 19 BB S8 RIEF 4.3.1 A, XA Y

HEATVEMY , AL 38 2 1) A I PR 75000 A5 24 fy 2] 2% P
ROC Hl 28 12 HE il 28 11 PR v 5 il 28, 5 76 N 3056
E S0 TS B HEATBRAE . P < 0.05 N ERH %

S-S
2 &% R
2.1 HFRAFGEEAFIE

FRAE LSM &5 5, R SR EE AR IE AR ) NAFLD &
N TE R E I A AR (LSM<8.2 kPa) FH 2 35 iF
LI i Ak (LSM=8.2 kPa) B 2K . It 4 N W 7T 11
NAFLD & 2 I PRAFFAE B AR 53 #7 S B8 3R 3 A 45
WK1,

F1 R ABHIGRIFE

Table 1 Clinical characteristics of the study population

Training set

Internal validation set

No significant Increased fibrosis

No significant Increased fibrosis

Index fibrosis and above P fibrosis and above P
(LSM<8.2 kPa, (LSM=8.2 kPa, (LSM<8.2 kPa, (LSM=8.2 kPa,
n=1463) n=317) n=626) n=137)
Sex (%) 0.016 0.830
Male 80.1 19.9 82.3 17.7
Female 84.5 15.5 81.7 18.3
Age(year,x 5) 53.57+16.48 56.56 + 14.68 0.001 52.78 + 16.84 54.84 +15.73 0.170
Race(%) 0.550 0.300
Mexican American 82.2 17.8 86.7 13.3
Non-Hispanic Black 80.5 19.5 79.1 20.9
Non-Hispanic White 81.4 18.6 81.3 18.7
Other hispanic 84.3 15.7 77.8 222
Other race 84.9 15.1 85.9 14.1
Education(%) 0.140 0.430
Below high school level 82.4 17.6 84.4 15.6
High school level 78.7 21.3 78.8 21.2
Above high school level 83.2 16.8 82.2 17.8
HIP(em, % + 5) 111.03 +13.69 122.31 £ 17.16 <0.001  111.64+13.73 124.55 £ 18.72 <0.001
WBC (10°/L,x £ 5) 7.37 +£2.08 7.78 £2.22 0.003 742 +2.07 8.11+£2.48 0.003

Ferritin(ng/mL)

123.00063.00,219.00) 149.00(73.85,256.50) 0.003119.00(61.75,227.50) 126.00(64.65,243.50) 0.358

ALTLU/L, M(P2s, P ] 20.00(15.00,28.00)  23.00(16.00,35.00) <0.001 21.00(15.00,29.25)  23.00(16.00,37.50)  0.010
ASTLU/L, M(Pss, P55) ] 19.00(16.00,24.000  21.00(17.00,28.000 <0.001 20.00(16.00,25.000 21.00(17.00,27.50)  0.026
ALP(U/L,x £5) 80.32 +24.28 84.67 £ 28.78 0.013 80.56 +25.72 84.74 £25.69 0.086
GGTLU/L, M(Pxs, )] 24.00017.00,34.00)  28.00(21.00,52.000 <0.001 24.00(17.00,34.000  31.00(20.00,54.00) <0.001
GLO(g/L,x + ) 30.98 £4.16 31.58 +4.41 0.027 30.84 £4.15 32.50+£5.28 <0.001
UA(pumol/L, x + ) 334.76 + 84.32 367.65 +93.99 <0.001  343.38+87.03 362.87 £ 101.97 0.022
TC(mmol/L,x £ s) 2.32+0.10 2.32+0.11 0.550 2.32+0.09 2.33+0.10 0.630
CMILM(Pss, Prs) ] 0.81(0.49,1.35) 1.07(0.70,1.59)  <0.001 0.85(0.55,1.34) 1.01€0.66, 1.55) 0.017
CARIM(Pss, Prs) ] 0.06(0.03,0.14) 0.10€0.04,0.19)  <0.001 0.07¢0.03,0.13) 0.11€0.05,0.23)  <0.001
CALLY[M(Pss, Ps5)] 3.44(1.66, 8.00) 2.41(1.15,5.42)  <0.001 3.31(1.65,6.72) 2.06(1.04,4.50)  <0.001

*: Normally distributed data, expressed as x * s. #: Non-normally distributed data, expressed as M(Pas, Prs).
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Table 2 Results of multivariable binary Logistic stepwise regression analysis for significant liver fibrosis in NAFLD patients

Variable B Standard error Walds P Exp(B) 95%CI
Age 0.029 0.005 39.16 <0.001 1.029 1.020-1.039
Sex(male) 0.624 0.153 16.66 <0.001 1.867 1.383-2.519
HIP 0.064 0.005 173.21 <0.001 1.067 1.056-1.077
Ferritin 0.001 0.000 3.99 0.046 1.001 1.000~-1.001
AST 0.035 0.007 26.25 <0.001 1.035 1.022-1.049
GGT 0.005 0.002 9.61 0.002 1.005 1.002-1.008
CMI 0.137 0.058 5.59 0.018 1.146 1.024-1.284
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Figure 1 Nomogram of the aCHANGE model
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A: Calibration curve of the training set. B: Calibration curve of the internal validation set.

2 aCHANGE 52 BB ih 2
Figure 2 Calibration curve of the aCHANGE model
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Figure 5 Comparison of ROC curves between the aCHANGE model and FIB-4
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