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Abstract

Objective: To investigate the predictive factors for recurrent acute pancreatitis (RAP) in patients
with acute pancreatitis (AP) and to construct a nomogram prediction model based on multidimen-
sional clinical features. Methods: A retrospective analysis was conducted on 380 AP patients admit-
ted to the Second People’s Hospital of Hefei, Affiliated to Bengbu Medical University, from January
2023 to January 2025. Feature selection was performed using LASSO regression and the Boruta al-
gorithm, and predictive variables were determined by multivariate logistic regression. Categorized
serum calcium analysis, robustness assessment, and etiology-based stratified analyses were further
used to interpret key variables. Results: During a median follow-up of 18 months (IQR: 12~24
months), the incidence of RAP among the 380 patients was 31.8%. Multivariate analysis showed
that serum calcium, smoking history, drinking history, triglycerides (TG), uric acid (UA), alanine
aminotransferase (ALT), admission age, and albumin (ALB) were predictive factors for RAP. Cate-
gorized and robust analyses of serum calcium showed a consistent direction of association with in-
creased RAP risk, whereas the inverse associations of age and ALT were mainly interpreted in rela-
tion to etiological composition and etiological interventions. The AUC of the validation set was 0.822
(95%CI: 0.730~0.903), and the calibration curve showed good consistency between the predicted
probability and the actual incidence. Conclusion: The nomogram model constructed in this study
helps identify high-risk RAP patients and supports individualized follow-up and secondary preven-
tion decision-making.
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1. 53|

SRR 78 (Acute Pancreatitis, AP)/& Wb RGHH WIS IE 2 —, HRWRAESERVLE N 2125
EFEH(]-[3]. RERZH AP BEETRKERRETEERE, HVHA21%NEE2E K, ER
4 2P IR 28 (Recurrent Acute Pancreatitis, RAP) [4]. RAP AMUEZEHIEIN T BFH BT L5, KT
AEVERE, T R NS IR IR 4% (Chronic Pancreatitis, CP)A1 i iR 1Y 25 22 fa 6 K 2= [5]-[7]. WF7E &M,
2 it RAP HIEEHEE 9 CP I XS AUE IR AP RAEEE 6], Hitk, FHREA®mERX
i) AP S8, FFRE PRI E MAA I Z Rl 77 58, T B S A TIUE A S A R R

HAl, KT RAP fEIGH R A ORISR — it e, CRMRERNR . & =B e . K Ham BL
FLECW AL RAL 7 FE AP R I)E W [8]-[10]. SR, FEWGIRSEE, V2 BEEE ORIER FFARE
U R R R, BB AR 2 PGS R RIS BAE A, X845 RAP [T AR Hpk skt . L4800
TR IEAEAE A T 5 — G R AB AR ER T R VT 7 R G0, M LA TR I S 0, S Emil 2k se
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BRI11]e UTAESR, B2 BT R Bt R R, L3827 S0 s IXURG: T 454 8 B s K9 00 5
TGO, PLE ST Renp AT w2 . JRLR PR Sl , 8 2 AR R R, RSV
0750 A T AR R, AT 440 2 4 B g e {0 v 8 0 T A A

ARG EER NS S S Sk, B AP BB BRI B0 2 I RS AE, 45 A 023245 8 B4 52 LA
Jo el A I TERE, IRAIRIT RAP Hsr fafH 2. @it LASSO [ 5 Boruta BV MW E A E 7 1% ,
it ZH & Logistic FIHMT, MEE—ANAIHL. 5 T IR B A9 51 28 8 (Nomogram) IR . A 13
R e A I PR IS AR R A — AN B RSO0 AU VA TR, B 77 RAP (1185 i A BERR 75 5 AN AL 2 B,
BATEAR AP IR %, o BE HE TS -

2. #EREFE
2.1. FARIR

AHIF TR (B NS 7 it , JESRIREE 2023 45 1 A % 2025 4F 1 AR EERER O EHE &
JE T 58— N R B v Ak P BE B S 2 BRI 1 S R 28 A8 2 I R B R

WMAFRE: (1) FFE ChESPERRIRRIZIHTER2021)) [8]H AP K2 Wibsitk, BIEELLT 3 WK
2L b O FFEVER ERGESRIZUETE, A U s @ A ek B IR D KT e R R R
BRE 3 bl by @ BEEAL (s CT 8t MRDZFEILE AP (IAURAE. (2) 4Eld > 18 . (3) IIf
PR Al R S 36 5 A 56 B e 2 o

HEBRARE: (1) BEAE O B MR 2 BRI B . (2) G IRy B MR e B & %
PEBIR MRS . (3) AEORMISFLINIA . (4) BRI PRFE br b8 U7 £ S 0 R o

RAP F5E s HBFHTEE IR AP RAEIGAIER 58 08k SE0 S fabr ik &2 IEH H B 270 30 K5,
IR A AP bR e R 1.

RYE LibbrnE, BN 380 Bl B FHHEAT M. GINKI 380 19 B & 4% 7:3 MO LI BENL 4 NIl 44k
(n = 266)FIZRAEEE(n = 114). ZEH THRAEFE AR M EE, I0UE48E TIPS 83 (1072 10 58 71 A
D BE o

2.2. IEPRFRMLE

JE I ER B FL T 1T R GE(EMR) J SIS S S 3 IR R k) Dby B 4 b S e o 2 VAR AS Rl B AN
TRBEVT SR, BTA SRU0 S R PR R AR F I BERT o WCEER AR EAHE: (1) NDIEAFHE: M. AR . (2)
BOEAE 5 5 S AR G SO0 REIROR . I . RO DRI S . BEAERERAR S . (3) WK AP JRIK . 4
AW R A S S /CT/MRCP KN B0, R R 7 A IRIEYE il =B fUREVE . 5K
Peo RERME L HABE R . (4) MERE S KR (P E SRR R 2R 2021)) [8], KEE S N
iE SR 28 (MAP) o R BEE S IR 28 (MSAP) I EURE 2 M BRAR K (SAP). (5) SREEIAYT T Fldite: id
SEIRIEME AP 35 e M2 I YIBR AR ERCP, & H i = Be MUGE T AP 35 2 M2 B RTa T R 4%
i, WA AP B & BN T IR E . (6) Bt L= mietats: H il =8K(TG).
JRER(UA)~ IM45(Ca). WRAREILFHEBEH(ALT). HEH(ALB). T MAEH(GLU). HAMITHE(WBC).
PR A5 94k S 40 LE AL (NLR) . C 32K 1 (CRP).

23. ZHESIMESEBIGE

FTe Bl Gt o A S AT AL I Python (RCA 3.11)HEAT . SR RE T AL, DL +
PRUEZE(X 5 )R, AL FLBCRRIBOIAEA ¢ 86 & ST, T BLAr A 80R Y 7 Ar 2l B M (P25,
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P75 7R, ZHIE] LK Mann-Whitney U K56 . 73 28748 8 DU 43 o n (%)), AR HLBER A 2
K56 8% Fisher #0256 .

TERR RN B, 1 e E IR TP A AR I IR R B AT LR 3R Logistic [BIVA53#r, 1Tk
5 RAP RAARMIEIE KA ZR . BEJG, SKRH LASSO (Least Absolute Shrinkage and Selection Operator)
[E] 9] 12140 Boruta 5032 13]HE4T W B HFE %1% « LASSO [A] V3@ it 4748 X IR IFAf & UL ST S50 0, ik
HAEE RERHE: Boruta FIENZETRENURMAESE, 18I LLEREAGRHIE S 2 7R VAR 4y, i
— RN AZ O TI A B .

HY_E R R LS 2% 2] SR IR 45 R FIF AR Z O R, IANZIRER Logistic B, THE XA
= B8 Eb(Odds Ratio, OR) &2 H: 95% {5 [X [A](Confidence Interval, CI), #fisZ RAP [ TMAI 2K . %1% i
P i OR B ey H B (5 X B 58 (URF s AW A R0 T B AT 73 A AR gt 20 . — 5 T % 1l
GV 53 AT BT AN N Logistic B8, WS A A5 /KF5 RAP RIS HIEHA K R, 55— 77 K H 57 % 40
FEAL BRI RS AR AR R A 30 45 S U7 1F) ) — B o 6 TR AT ALT 7E 2 R 3R AL i 47 1) QK ASHIF F gt —
WEEG IR AP IR 2 03 RSB YT T TR R 20 B 0, R ER BRIk . R XALT 2 I,
DL W FL S8 1 SC IR 15 52 093 DR R M TR 25 Biia I 7 5 o 2T 2 IR A S5 SR, M@ Fitill RAP &A= XU
HI%1 28 B (Nomogram) i . AR M:FELL ROC Bk, AUC. AU HIZEAN Brier 540 1F-47 . BT E G560
RN, P <0.05 AZEFAGHE

3. 58
3.1. ERFED

AWFFILGIN 380 9] AP /i, b Bk 244 51(64.2%), L 136 51(35.8%). B H A0z [t 15 st 1]
18 AN A (IQR: 12~24 AN H). (EBEVT IR, $L4 121 #1(31.8%)H ¥ K4 RAP, 259 17(68.2%)f ¥ K K4
HRERM). WAHBENRELRELLEWE 1 PR, 4RER, RAP AEBEFPIAGEREZERKTER
H(37.2 % vs 43.8 &, P <0.001). fEATEIWIIT1H, RAP ZHA WK 5 1 E ) 55 3 115 K 24H(57.0% vs
22.8%, P < 0.001), iP5 L 5 3 T 151(44.6% vs 19.3%, P < 0.001). H e S5 = 48b5J7 1, RAP 41
B H I =8 (TG) /K 2 35 5 T 8 K 41.(4.06 mmol/L vs 2.81 mmol/L, P < 0.001), JREZ(UA)KF&FTH 5
(350.5 pmol/L vs 330.8 umol/L, P=0.010), If.£%5(Ca)7K ¥t & 2 F+ 51(2.23 mmol/L vs 2.11 mmol/L, P <0.001).
A, RAP AN AR E I BE(ALT) KR EK T & & 4(27.5 U/L vs 43.8 U/L, P < 0.001), HEH
(ALB)7ZKF- i 2 F£1I%(35.4 g/L vs 38.3 g/L, P < 0.001).

Table 1. Comparison of baseline characteristics between the two groups

1. MABERLIHELLR

B B R H(n =259) RAP #(n=121) it P {H
NS 03
), n (%) 167 (64.5%) 77 (63.6%) 22=0.002 0.964
ABEFER () 43.80 (36.80, 52.80) 37.20 (28.70, 47.60) U =11454.0 <0.001
BEHR 2
BRI, n (%) 66 (25.5%) 35 (28.9%) 72=0.340 0.560
FILE, n (%) 86 (33.2%) 41 (33.9%) 22 =0.000 0.989
WA, n (%) 59 (22.8%) 69 (57.0%) 7 =41.777 <0.001
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WIS, n (%) 50 (19.3%) 54 (44.6%) 72 =125.346 <0.001

BEAE R 2 5, n (%) 47 (18.1%) 23 (19.0%) 22 =0.004 0.952
H B sEi 4R bR

Hith =g (mmol/L) 2.81(1.73, 4.84) 4.06 (2.34, 6.54) U =18956.5 <0.001

SRR (umol/L) 330.80 (265.25, 390.05)  350.50 (298.70, 418.90) U =18226.5 0.010

11 4% (mmol/L) 2.11(1.95,2.26) 2.23 (2.06, 2.40) U=20471.5 <0.001

WRREEELABE(U/L) 43.80 (24.40, 75.55) 27.50 (12.60, 43.40) U =10395.0 <0.001

HEA/L) 38.30 (35.00, 41.85) 35.40 (30.50, 39.60) U =11056.0 <0.001

25 I LB (mmol/L) 7.14 (5.39, 9.40) 6.74 (5.43, 8.61) U =13410.0 0.272

AT (< 109/1) 7.68 (5.67, 9.90) 8.02 (5.93, 10.39) U =16848.0 0.238

NLR 6.80 (4.94, 9.96) 6.47 (4.40, 9.90) U =13389.0 0.234

C ¥ H F(mg/L) 12.60 (4.70, 28.30) 26.85 (15.85, 43.98) U =19268.5 <0.001

3.2. WA EREARNTFESZERS

3.2.1. BEERESH
TEYIZREE R, X 16 AN TE MG AR AN D258 % A8 B AT B K 3K Logistic [FIAZM 1T 455K BoR, NBEaFEsg .
WS RIS Hl =R SRR A5, WRREEEEN. 0EH. C RNEHFLES RAP K
A FEAIR(P <0.05). HZEHTEs RIWA 2, RAREIE 1,

Table 2. Univariate Logistic regression analysis of risk factors for AP recurrence

2. AP X RHEEZBRFZE Logistic BIJANER

ZE OR & 95%CI P
AFBEFER (D) 0.956 0.934~0.978 <0.001
PETI(S) 1.061 0.614~1.832 0.833

LS 1.423 0.795~2.546 0.235

o 1L 0.950 0.537~1.681 0.861
WA s 3.841 2.216~6.659 <0.001
T s 3.626 2.050~6.414 <0.001

RRAT: B e ¢ o 1.122 0.576~2.187 0.735

H it =l (mmol/L) 1.096 1.015~1.183 0.019
JRIER(umol/L) 1.003 1.000~1.007 0.032
1fiL4% (mmol/L) 10.831 3.219~36.443 <0.001
WA A SR E(U/L) 0.979 0.970~0.989 <0.001
HEH(g/L) 0.914 0.871~0.958 <0.001

=7 J1§ i BE (mmol/L) 0.928 0.846~1.018 0.113

H AT (x10°/L) 1.042 0.972~1.118 0.244
NLR 0.980 0.920~1.043 0.522

C VB A (mg/L) 1.016 1.007~1.026 <0.001
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%5 (mmol/L) 1 g <> OR=10.831 (3.219-36.443) P<0.001
IR é —— OR=3.841 (2.216-6.659) P<0.001
B é —— OR=3.626 (2.050-6.414) P<0.001
FEPRIR - —E—Q— OR=1.423 (0.795-2.546) P=0.235
BETERRBRA 52 —’E-Q— OR=1.122 (0.576-2.187) P=0.735
HH=B (mmol/L) 1 E’ OR=1.096 (1.015-1.183) P=0.019
M5 (8B) A + OR=1.061 (0.614-1.832) P=0.833
i
B 4R34 (X 109/L) I’ OR=1.042 (0.972-1.118) P=0.244
CRRMZEH (mg/L) ‘ OR=1.016 (1.007-1.026) P<0.001
FRER (umol/L) 1 ‘ OR=1.003 (1.000-1.007) P=0.032
NLR A Q: OR=0.980 (0.920-1.043) P=0.522
1
ARBRIERZE (U/L) QI OR=0.979 (0.970-0.989) P<0.001
i
NBREEHS (%) QI OR=0.956 (0.934-0.978) P<0.001
BIE —Q:— OR=0.950 (0.537-1.681) P=0.861
i
ZSREM#E (mmol/L) 4 ‘i’ OR=0.928 (0.846-1.018) P=0.113
1
BZEA (g/L) 0; OR=0.914 (0.871-0.958) P<0.001
H
e pe pe e

ORfE (95%FE (X |a])

Figure 1. Forest plot of univariate Logistic regression analysis

1. BEZE Logistic BN FRFKE

3.2.2. LASSO [ElJ3p&4E

N T BE— B AL O TN AR B I BR 2 SR 2, SR LASSO (8= 8 R 3R 7 B vh HA T R = X
AR B HEAT R . BT AT A IRAE, TS A BURMLER, BALABIRMRMERE, BN iRk AR
FERAE . LASSO $FAETH e B8 4715 58 IRAIE -2 an P 2 P [12]

LASSOE/3REE1Z LASSO3z R I EdhL%
_ i — N () — R (o) H vy

10 i 150 (2) —— %5 (mmol/L) : A&Rf/=5.2665
— R FEMERIIEE (/L) i
— BmE — a®a gl 0.9 1 |
ﬁ\ TR R (mmol/L) -
0.5 . — e BRI (X 10°L) f
D B — NIR . ]
+ A (mmol/) CREEA (mg/L) s !
—_——— \ & |
00 T ——— l?( 1
8 g !
W& 07 !
= 1
05 1 ! o i
! = 1
< 061 i
1
-1.0 4 i
1
1
! 051 !

.: | } L .
-4 2 0 2 4 6 -4 2 0 2 4 6

log(A) log(N)

Figure 2. LASSO feature selection path and cross-validation curve

2. LASSO $HETFILRS1E 532 X i ErZ%:

3.2.3. Boruta B3EI84iF

NI R SR (R AV, A FL RIS SR Boruta SN kAR & 1EAT B B P4 [13]. Boruta &
FHET RENUARMAMELY, Gl PUBFURRHIE 5 57 T RAE R B ZAEA5 0, RRHE N “BRIARRIE” « “FrE ks
fE” A0 “HELERFIE” o« FPREIR, WRRARLBN. C RMER. BEA. 8. ABFER . Hih =,
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PRIR VR S0 S5 A AR XS RAP TN A A B E 0Tk A% 0 AE . Boruta SEIEHFHEHE ZLMEHE A 4014 3
Fs o

AEREERSH (U/L) 0.1315
CRRZER (mg/L) 0.1289

BEA (g/L)

%5 (mmol/L)

NBREEHE (%)

HH=8 (mmol/L)

FRER (umol/L)

TRIRSE
NLR 1 0.0588
B4AREITER (X 10°/L) A 0.0568
SEREMHE (mmol/L) 0.0544
TRESE 0.0415
YRS 00114
A E - 0.0073
#3 (8) 1 0.0073

BECERERR A S 1 0.0065 - AMHE (OFER)
HAHE

0.00 002 0.04 0.06 008 0.10 012
FEEZM (PYFAERL)

Figure 3. Feature importance ranking by Boruta algorithm
[ 3. Boruta BSAFHEEZMHFF

3.2.4. ZEAE Logistic [EY3

274 LASSO [0 5 Boruta Hyk It st B, B mas. Wom s, Yol s, Hm =88, JRIR. HERE
BERRE . NPT, AEEIX 8 ML OB EPANLZIHE Logistic [FIFREAL, /- Hrai fRM, [M45OR=
13.753, 95%CI: 2.729~69.310, P=0.001). M HH 52 (OR = 5.388, 95%CI: 2.633~11.026, P < 0.001). X 52(OR
= 3.545, 95%CI: 1.669~7.527, P < 0.001)F1JREZ(OR = 1.005, 95%CI: 1.001~1.009, P = 0.016)5 RAP &4 X
& TS R R LM EF(OR =0.977, 95%CI: 0.967~0.988, P <0.001). AP (OR =0.959, 95%ClI:
0.932~0.987, P = 0.004)F1 [4 55 F1(OR = 0.879, 95%CI: 0.826~0.936, P < 0.001)5 RAP K4 & i jm <k, 1L
5 OR fE# 25 HAR NS R B 1A R G L, B OR RARMASEIE I 1 mmol/L I RAP KU
FRIAFGT S s 6 R8BI PR I AT6 i 3h 0 Bl e 78, AS SCIRIIN &5 5 o SRAL RS R P 0 M AR L5 5L . 4R A ALT
{10 A7 1) SIS L5 [ T BB PR R R XU PR A P 2 28, T 5 2 R 2 23 AR 1R 2 e ol A7 i
Feo HARH M =EE(OR =1.108, 95%CI: 0.999~1.229, P = 0.052)7E £ K & AR b Kk BE S G i 24 B E P
<0.05), AFEEIHAERF R IEEE HIAEE ) BIEHERE DU S RAP A G 1 B s B AR 2 L il
[14]-[17], AHFFEAT K FAR A AR e TR AL b o Z R BT 45 R L& 3.

3.2.5. M543k, REURFESESH

N BRARIESA B A REEXT IS OR ELISZN,  AHIE FCRE— 24 M 4954% DU 7 A Bt AT 70 SRAL AL
IF 45 & w4 AL PR A AR AE R IEAT U E BT . G5 R EIR, BURIILES K5 RAP AT e O/ 15 [
[FRAR, RIS FIPEIER, $EoRMAs 5 RAP &K USRI AR H 20 a2 2 B RURE sl 7 (i i
Bo R BAER MR, ABEAER K& ALT 5 RAP (¥ 6 ) SCBELEAS [R5 R 41 p A7 4F 2 5%
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Table 3. Multivariate Logistic regression analysis of risk factors for AP recurrence

2 3. AP EAERERZEF Logistic BlJAT AR

T OR f& 95%CI (TR~ ERR) P1E

4% (mmol/L, ELLAF &) 13.753 2.729~69.310 0.001
MR A SR 5.388 2.633~11.026 <0.001
R s 3.545 1.669~7.527 <0.001

H it =5 (mmol/L) 1.108 0.999~1.229 0.052

R (umol/L) 1.005 1.001~1.009 0.016
NRRAEHFMU/L) 0.977 0.967~0.988 <0.001
ABLAFERE () 0.959 0.932~0.987 0.004
HEH(g/L) 0.879 0.826~0.936 <0.001

Ve MG DUESAR BN B, OR (AR MAS ARSI 1 mmol/L I RAP XU FIAHXS AR 4k s 3 AL ARSI 7>
A T4 B W2 SR B [ RO RS E

HARJRTE AP A IHFEVIFR AR B ERCP S5 A £ Br T 1Ua 2R R T, Wil ALT JHis 5
BURR RS 2 8] A R Hk s T H o = BR MUGEE IR PR AR R AP A8 S8R W TR R AR, KRR
SR B8 25 5y 52 B FF S AU S A AR 7 IR s o [RIMG, AR08 FT ALT 78 AR o B 3 /R Sy e B[R]
RN HAR 2 5 A &, 1A L] B AR Y AT DRI R 3

3.3. P& EFMRR R

BT Z IR Logistic [BIHHTHHE R 8 MZO TR RS RS DEE s Hh =K. JRIER.
NRIRZIEFLAE N . ABER . FEE), M 7 Il RAP KAEXE 512 (Nomogram)#i 7 . #£1% 5
Lo, REANARRRS NN E P (Points), KEITA AR IV A NS £ 7> (Total Points), 7317 F
Xf N2 RT3 2 R A RAP BOTRINAESE . IR I, ImAS . SEEAT ALT HIPP 45 R T 45 & M85 72K
WEER . VIR AP R 202K, B B SR IRT T AT 45 & HIT. B2 BB AN IA] 4 o

&5

F (%) 80 75 70 65 60 55 50 45 40 35 3 25 20 15
Ltikd
1
poms 1T
HiA=E (mmol/L)
FRE (umol/L)
5 (mmol/L)
REMARRBE (/L) a0 350 300 250 200 150 100
BER (g/L) 55 50 a5 0 35
BSH 0 50 100 150 200 250 300

RAPRpiESR

Figure 4. Nomogram for predicting RAP risk
[ 4. RAP XU P& 7551 2% Bl (Nomogram)
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3.4. FURMARBYR 1 REVEAE S5EE

34.1. BEXSETG

K2R E TAERHEROC) #I 28 PEAil 1) 28 B B (1) X 40 5 o FEUIZR4E T, ZA AL 28 T AR (AUC)
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Table 4. Performance evaluation of the prediction model
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