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Abstract

Methods: A total of 499 inpatients diagnosed with Acute Pancreatitis (AP) at the Second Affiliated
Hospital of Anhui Medical University between January 2019 and July 2023 were enrolled. They were
categorized into a Non-Severe Acute Pancreatitis (NSAP) group (n = 349) and a Severe Acute Pan-
creatitis (SAP) group (n = 150) based on disease severity. Plasma and general data collected within
24 hours of onset, prior to any treatment, were obtained from all patients. After comparative anal-
ysis between the two groups, univariate logistic regression and LASSO regression analyses were
employed to identify potential risk factors for SAP. Independent risk factors identified via multivar-
iate logistic regression analysis were used to construct the nomogram. The discriminative ability,
calibration, and clinical utility of the nomogram were assessed using the Receiver Operating Char-
acteristic (ROC) curve, the Hosmer-Lemeshow test, calibration curves, and Decision Curve Analysis
(DCA). Results: Among the 499 included AP patients, 150 were diagnosed with SAP. D-dimer (D-D),
C-reactive Protein (CRP), Calcium ions (Ca2*), and APACHE II score were identified as independent
predictors of SAP. The constructed nomogram prediction model achieved an Area Under the Curve
(AUC) of 0.951, demonstrating excellent discriminative ability. The Hosmer-Lemeshow test and cal-
ibration curves indicated satisfactory calibration of the prediction model. Decision Curve Analysis
showed that the nomogram model had good clinical utility for predicting SAP. Conclusion: This nom-
ogram prediction model can accurately predict the occurrence of Severe Acute Pancreatitis.
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1. 5|8

LA (AP)RE I PRI AL R S8 W DL, 3 DR R e o s 3 BB R B B A R 4 B R A =
RALSMI[1] (2] AP R 73 EERE . vh BEMIER FEE . G H AR AP W] AT ZRMR, 1T 20% 1A BUAE S BRI 8 (SAP)
AR A I RAE IR . AP [ E SRR PN B (4 B SORE OSSR A AL, fed] 14 ) RN 3
(BRERIR UG, AP i 2 J4JE T 4R) [31. AER P4l ™ SR P I M) R 3 24 A0 BT Rl 3 T e S dn 45 )R &2
REL, Hil, BERERE. DTSRG LW EMEL AL AP IR A TBL HE&ERE
VPG AP XELUEAL, TN EVIRR S B0 R GRS AER PR B ZE [4]. C RVER F(CRP)Z IR
RG2S B E A 258, T AP AR — A SRR AR, T CRP I PP Al 17 ™ B AR [ 5]
HATA DI FOESS, HUABLIIRE AL S AP IE R . RREVIML[6]. D-—EM(D-D)/K-F-TH il &8
BUANFFERBEIRS, Bk, D-D ArRgS AP AR 15 ™ EAZ AR 7] L4 “ 2B YONFE
AP KA, JFAR B B G W ALK BRI A, R K U0 2 AR TR o X SR R TR 5 ML v A A
BTG, AR BT [8]. MHEMAERMIT AR, EREMERIET, AR AN P 5 25
TRAAS LRI o SR P A 28 (Rt A R D)ol R TR RS 1 1, RIS AR ML A (K055 B K N . XA (1 F
By “H5EST 2P BREON L RS, ORRThRERRRT, JUE/MABEE[9]. HUEES BT (Ca?h)K
RS AP [ EREEE VMR APACHE W2 Pl fm B A B R AL LR & R, EReEE
HRFENZBUEISH, A WS I ™ SRR LA IS i) B A e, (HHIF A AP R R VLT
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7y, S IR R A S AP RAKR A R A bR T, W R R P I A ) 2R Fe bR el
P RGN SAP BTN, A7 RIRME. AWFFORRITARE 48 /MFA ML CRP. D-D. Ca®lkf
APACHE I1 173 % HURE S BRAR 2 10 RS TN 06, JF 56T IRy 2 2 26 B TR A, LASICEL SAP Y%
Bl B2l SCBURRREAMEL, &3 m SAP HITRIT & .

2. ENERE
2.1. —RR PR

(5 1 A 2 B S R 2 5 R S e &2 AR 2019 4F 1 A & 2023 4E 7 HUGE 499 i) AP B
IR TERE. AIANARHE: (1) FFE (2012 WARFE K7 FAE BT BRIl () AP 2 Wiksdt, 776 LA
T3 TWikRAEH Y 2 RIS W AP: O 2. RE. 8 RIZUR) EREESE, TaisEmst: @ i
THVER B AN/ BRI R K F>2 0 LR 3 f5; @ 5 CT Bt IRMRE(MR) 2 AP HLALAR 008
(FERRK e B JR J v8 HAR) - 7 AP 23RN b, I AP AHOCI 2R B ThRE R, H38 B D) Re 3 1 +F
ZEIFIE] >2 RA[ZWIN SAP[10]. (2) EE T &% 2d (48 h)yIW ARG, FEAEANFEE<6 h ATRAR 246 & (I 56
CT. Mt CT): (3) Fkd > 18 % (4) AEBAIGIKTIRL. HEFRARAE: (1) IRBFRIATEERE: (2) K2
d (@8 h) G NBE B (3) 1S PEMERIR A B 12 IR 28 SR AR B (4) PRI E . )% RaTi
MBS B IhREAE s (5) AR I L, (6) Fh/NT 18 5 (7) FEBIEMIE . ABHERIIE

2.2. #wfI5r4R

RYE €2012: THEZE K 2F0E SUBTT B E BRIl KU AP il 7 i 2i, JE SRE SubE IR AR 48
ZH(NSAP n = 349) (RIFRIE S R AR 58 85 25 R b B Stk R AR 9% f8 3 2 R A ECRE 2 R AR 28 ZH(SAP n = 150)

2.3. MEIGHR

WA (A 2H RR o — AR BT R RLFE M SRS L AR EEARE(BMI) PRI S TR SR L AR S (I
BE PR AR ) PR 28 A . Wi e AEF 5k I (SBP #1 DBP). Bk #(P). A &idi st 5 & 48 /)
I P9 RS2 86 A6 B4R bR, 35 4R E((WBC). 1415 (A (Hb). M4 EL 2 (HCT) /MR %(PLT).
MPHZLZ(TBIL) A EBHALT) B EHZEF(AST). Hil =85(TG). S JHEEL(TCHOL). If145(CaZ").
C [ i 2K I (CRP)D- - 4K (D-D) 7 4k 25 11 J7 (FIB) « i A4 0 43 ik 1L 375 Fifg ) 18] (APTT) 5 I fig J5 ) 1) (P T)
J58 1M g P[] (TT) 55

2.4. Gt oA

K H SPSS 27.0. R4.4.1 FAF X AR R BT MBS GEiH 0T o F5 & IES AT E VR IS £ 45
HEZE(X £ 9)RoR, A HLBCR - SRR A t K3 ARG IEAS 20 A0 A vk 8 BORE L b A6 0 (1Y 4362 %0 [M(P25,
P75)]% R, #0A] HLEER F Mann-Whitney U K556 . THECZRNDAFIEL(H 43 L) [n (%) 137K, I HLECR A o2
Ko BT GEiE o i 8 U 56, K36 KT o BE3E N 0.05, LA P<0.05 NZER BB S %E L. L LASSO
[ U1 B 4 4] i J i3 N 2 IR 3R Logistic BIEZMIT,  JRidk X SAP A FMERI R F, FHRAH R AT
I SAP [FF) L IR, 224 323038 TARRE 28 (ROC HiZR), FFiH5 ik R FU(AUC) K3 95% CI, LA
PRI [X 43 850 5 9 S SRR A8 RO RE 7o JE I 22 s v il 28 5172 1T Hosmer-Lemeshow $L& 41 FE46:
5, VPASTREAURHERE . SR VSR 2R 2 W (DCA) KAl 1 2% B IR R S I . 55 K A Bootstrap H AT
TE(E S 1000 )X AT Y EREIE
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3. 5%
3.1. FABEEAR TR L

IINWFFTI 499 5] AP &, NSAP 45 1E 221 41(63.32%), ot 128 151(36.68%): SAP 415314 87
51(58%), 63 1(42%). PILLEF MR Z R TG F = (P > 0.05) (£ 1), [FIN ELEH L B3 A
W, RIVEE(P>0.05) L5 L, FRP<0.05), ERHFLHHELEE ). HPEBREHaS
1£ APACHE I V43 R4+, AT 2T SAP () — N E . 48 EFTIR, NSAP 4RI SAP 2H & i dk
AAFHARL,  GERLAT F TS SR AL R AT .

Table 1. Comparison of basic data between the two groups of patients

= 1. MEBREERTRIIEE

Lo EEREEFERR AN =349 FERESMEBERAAM=150) SHKiHEXYZ) P14

PEAN(F/%) 221 (63.32%) 87 (58%) 1.259 0.262

FH M (P25~P75) 42 (34, 57) 50 (36, 66.5) —2.437 0.015
I [n (%)]

i g ML JAE 146 (41.83%) 52 (43.33%) 2.252 0.133

iR 110 (31.52%) 59 (39.33%) 2.861 0.091

3.2. WEBENBG 48 METARKRIELERE APACHE 11 49 EL i

Z BRI, PR HCT. PLT. ALT. UA & TG 8 & E5FP>0.05) (5% 2). 1£ SAP 4, AST.
TBil. PT. Fib. APTT. D-D. CRP. HbAlc. /% APACHEII /> 8 & & T NSAP 41, ifi Ca**. TC B
KT NSAP 41, ZRAGIT#E (P <0.05) (£ 2), H15 AP K™ ERAEHYIMHE,

Table 2. Comparison of laboratory test results and APACHE II scores within 48 hours of admission between the two groups
of patients

%2, FLEEENIT 48 h BSLIE =R B ER KX APACHE IIES ELEE

LU ERE JEERESMEEREA AN =349) EEIEBERLAM=150) SiHE@N) P{E

HCT 0.41 +0.55 0.41 +0.85 0.446 0.656
PLT (x109/L) 206 (159, 250) 198 (151, 260) ~0.785 0.432
AST (U/L) 33.00 (21.00, 68.00) 49.00 (30.75, 100.50) ~4.068 <0.001
ALT (U/L) 42.00 (24.00, 101.00) 44.50 (23.75, 125.00) ~0.433 0.665
TBil (umol/L) 17.90 (12.50, 26.65) 21.70 (14.28, 32.23) ~2.777 0.005
PT (S) 11.20 (10.40, 11.90) 11.90 (10.80, 13.26) ~5.074 <0.001
Fib (g/L) 3.45 (2.80, 4.45) 4.62 (2.84, 6.45) ~4.043 <0.001
APTT (S) 26.50 (24.90, 28.40) 28.25 (25.90, 31.65) —4.542 <0.001
D-D (ug/ml) 0.78 (0.39, 1.75) 3.52(1.43,5.87) ~10.617 <0.001
CRP (mg/L) 30.60 (7.80, 86.40) 155.70 (63.50, 239.98) ~9.100 <0.001
UA (umol/L) 309.00 (236.50, 390.50) 319.50 (220.75, 462.25) ~0.842 0.400
TG (mmol/L) 2.44 (1.06, 9.48) 1.91 (1.03, 6.03) ~0.810 0.418
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gk
TC (mmol/L) 5.17 (4.22,7.06) 4.36 (2.97, 6.41) ~4.562 <0.001
HbAlc (%) 7.36 (5.74, 9.20) 6.17 (5.69, 8.06) ~2.679 0.007
APACHE Il 3.00 (3.00, 4.00) 6.00 (6.00, 8.00) ~15.054 <0.001
Ca (mmol/L) 2.20 (2.09, 2.31) 1.99 (1.73, 2.20) -8.632 <0.001

3.3. A\BLRINSE D-D. Ca?*. CRP & APACHE II 7£4y % = fEE RS 28 B FU N &

DL BRI R B, AST. TBil. PT. Fib. APTT. D-D. CRP. TC. HbAlc. Ca*} APACHEII
PEA3 350 0] R JR R 28 A OO 3L, RBRAICAR B 2 s AR M, G LA\ LASSO [EE 404, I HARRR
APACHE Il 35> R4 h & A 46 b5, w40kt U MEE & D-D. Ca**. CRP & APACHEII 343 (/4
Do ¥ BimE AN TR NARRE, 2T KA SAP AHEE, #1172 HE Logistic HIH4T,
LR, D-Dv CRP /KF J2 APACHEIIVE 70 =, SAP [k, H o APACHEIIVY- 732 Bt 5 [ il 37
fERiR R, T Ca? E AR TR ZR, HoKF#im, AN EARE AP ) XRHEAKP 16 351<0.05) (£ 3).
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Figure 1. LASSO regression analysis for predicting severe acute pancreatitis. Ten-fold cross-validation was used to select the
tuning parameter (1) (a), and the LASSO coefficient profile plot is shown (b)

1. FUMEESMEBRBRK LASSO ElVAS 4. /A 10 X XEIBEFHESH(L) (a)F1 LASSO TERKIKEZE
(b)

Table 3. Multivariate logistic regression analysis for predicting severe acute pancreatitis

3. PNEESMBRRANZERZERASH

ZE 15 R 3 EhE 95% B X 8] P1E
D-D 0.260 1.297 1.160~1.450 <0.001

Ca ~1.451 0.234 0.073~0.754 0.015
CRP 0.006 1.006 1.003~1.010 <0.001
APACHE II 1.114 3.047 2.436~3.812 <0.001

3.4. SAP TR pY403E

FT Z HZ Logistic [B1VH 43 Hr H 8 E 1 DU AN MO B0 R F-(D-D Ca?*s CRP #il APACHEII ¥¥47), 4
AN A R (] 2)0 A HZ AN B, F5 A AE B3N Tl AL 5% 2 1 221 B 4 o R85 1) B Ak
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SRR N AR SOV AR 2% A TR 26 o —Ar Sk R 2 R, N 48 /NI Y SEIG E A A g L. IfL
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BIFF 205 166 Fr, XA KA FORE S IR AR R IIMEZR 20 93%.
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Figure 2. Nomogram for predicting severe acute pancreatitis

B 2. FUNEES M RRANTILE
3.5. iTfh SAP FUREIMX 9 RBEE
221 7 ROC {2k LK 36 21 2k B i A e 0 (18] 3) . iR [ Hh 28 N THIAR(AUC) N 0.951, R BIRI
1) 2 P SN A 250 7 AR 1) R B R SR MR 6 O T R I LTS (A R Re . BEAh, 2t T B2 B R
28K 4). W, 433 Bootstrap 15452 1E 5 F) il 28 (Bias-corrected) 5443 76 58 T A 5% F 2R (Ideal) I3 51T o

IX R 1% 5 26 B 0 P A 3 LA R A I HER B, 145 RS Hosmer-Lemeshow LG L FER I (45 (R 7
fH X2 11.28, P=0.186)F HLEIIF, & [FJTESE T AL 75 AL HE & o
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Figure 3. ROC curve of the nomogram for predicting severe
acute pancreatitis
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Figure 4. Calibration curve of the nomogram for predicting severe
acute pancreatitis
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A8 R TS B R AT I PR U S T RE AR AT 1) “ BRI B3R a3 7 dh 2 m T “X AT B 3T 107 (AIDAD “ Xt flr
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Figure 5. Decision curve analysis of the nomogram for predicting se-
vere acute pancreatitis
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4. Wig

AP R MM HEE ARG —, HRRE FT@EE. 4 20% M EH S REN SAP, 1M SAP
HERIRGE, FE XK JERES . SET R A CATRIN, PR R A AP 1 9 T DLEE IR 7 06 T 2K
HPIR PG R 11 ] AW T W H 5 TR IR T b, Xk B AN R0 499 41 Sk iR
BR IR HEAT T BB 087, &L CRP. D-D M APACHEII $£4) & SAP G A &K, 1 Ca2*iE SAP (X
TRPER R, FET IR @ IR 7 — > SAP f 51151 28 B i A5 78

PR & — P s BDW H 2 A R TR, R A A b v DA% 32 0 JRUIS: R I PR T
F[12]. ERERRAR A R B, CRP RE T i . CRP & —Fh e ATAEA B S e A N2, TL-6 F13
AP R T T e . B — M AR R M ROERR B, TR AMA R G, S SRR R S )
LR AN, BRI SR I H CRP KFTHE[13]. AP & BRI & SRR SERAE, 7T S5
L E B . TEEE AP B, Rl e EIRIABE & - 40 1 IR L 1) %, CRP ] BE i Ft 1. CRP
KRBT AP RAEMFRE, 50T RE TN ™ AR . R ARERISE T RN E B b . Sl [E Py 4ME e 5k
W, K = RIS CRP > 150 mg/L "J{E N SAP B Tif5 4845, B4, ABtfg CRP F>90 mg/L BB 5
48 h W FHE>190 mg/L MR N —ANBRIME[14] [15]. AWFFEEE R KB CRP & SAP I F K 7. ABE
FHIE KT 1) CRP SRZR ISR N AFAEA 218 (103 BE JORE IRBE, 293 1 i) B AL I B 5

D-D RE I LT R G055 W BUREfa b, FOREFYEE LR, D-D /KFTt s U ik A7 TE =
BRSO ML RGBS . TEARTFFEH, FATE D-D #iE N SAP 1— MK ER, X581 1Tt
B —FL[16]-[18]. 7E AP [FRERSFE A, JHRAR A & I 20 231 28 iE AR BE 2 B Bk i R 48, S B Y
MARTER, FREEAE RS, &K D-D AKFREF . X FpE I ae i EELA NS /S R,
B HES) 4 5 3 RORE (N 28 B T Re 2838 A S BN [ 7] BRI, D-D ZK-F i 7 MUBR L 2 £ 1 /9 SAP )
KR A TR 7 E AR . X SR FLE R D-D & SAP SR K 73,

AWFFILUESE [ 1L Ca?* /& SAP FIMSZERI 3, BI L Ca> 7K-TBRAIK, #EREJy SAP Y RUBR = [3].
MFTRT S IN Y Ca® i B2 SV IR AR 28 AL B A% BT [ 11, LA T8 Jok ik 2 Pk B (3 il D i i
o BNk T Re Rl A A ISR FEPESE T, E4EE 3N 1AM B IR IS R X — i FE P K A 5 45 2R )
W R LA K Bt i B STIM-ORAT S IE A (RS 85 PN IR [ 19]0 IRIHKs Ca? 4 B8 o i F0 4 A —
AN EEIRERE, FRATHZ R BT BRI EGAIE T HAE IR IO A Y v ) 2 AR

)i, APACHE I VP E NVl fa B B AR B R AL E NS R, AR TR i 1 H g 5 1)
TS CREM RS B I 2 AR B S AL, A T s e 7 1 7 F R B T AL Jd 1 B A4 2w [20] . H2
APACHE 11 FAE 2R R IR 28 (R Ve VR 20, HLILAL B I FR AR AN REAR I bk 25 5 2 R JR IR 26 I ML A
KINSH, BORTE TR H 5 SRR KA R S HO AT G, B4 T AR 2R 2 e

5. ZARPMEBMS REIRYE

FRAVEE ST ) T AR AL AR AL T FRA N HE RIS M B A7 5 SR IFRMR 28 i A OGS B8 = Fa by, T2 il
LASSO =55 £ [H 3 Logistic [F4, K EfHEER]— MR — MBI F, Fd— 0 T Tzl
L. FWE R IBUF R ERE IR 5 1P 70 TR, WOKIRA T HIEREH M. H4h, FRATRERY
BEAT T A Hm i IOE . E5E, ROC M4t s, ALK AUC &k 0.951, RUIHARFFIHX 73,
REMERG U SAP 53k SAP BEH X Pk . K281 Hosmer-Lemeshow 36(P = 0.186)MI4IE B R 7 H,
A AR, R T AR 5 PRI DU A — 3, TRINSE R SEmT§E . e, (RER 2R HriiE sk
TGRS . 5450 Ranson ¥4« BISAP Y438k 8 — AR S L, ARRIGES T JOE
(CRP). #tI(D-D). fRiH(Ca2")flLi A4 H(APACHE INPUMNASELERE ()45 8., $=248 7 4. Ehafdn
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PPft. CHIE T RHEA IR TR AT R R AR AR I Z BT, AT 012 A )R Sk
AT T -

IR, AR TFCABAFAE S RIRYE . 5, 2 — TR A O RIS TT, AN Al St 7 AR I B -
H, BB BRI AR B T R — AH, M@ A A I8 2 ot s RSP B AN B AT i — P e
B, A LB EMR(X 150 ], /T NSAP FEASEE 349 i), 4700 BE RAEA & LUl LR 45 R
Yo R, FATIHRITFREATIEVERT IT, IR A A 50 M I AE IR S F o 3R B 3 R 55 HEAT LU AL,
ARSI AL B 0 T 2K RE o

6. &g

BT T AP B, RIS IE N EREIE T — /M T CRP. D-D. Ca*fl APACHE II ¥4/
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