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Abstract

Objective: To investigate the predictive value of serum direct bilirubin (DBil), calcium (Ca), total
carbon dioxide (TCOz), and lactate dehydrogenase (LDH) for the severity of acute pancreatitis (AP)
and to establish a predictive model. Methods: This retrospective study analyzed clinical data from
499 patients with acute pancreatitis admitted to our hospital from January 2019 to July 2023. Pa-
tients were divided into two groups based on their discharge diagnosis: a non-severe acute pancre-
atitis (NSAP) group (comprising mild acute pancreatitis (MAP) and moderately severe acute pan-
creatitis (MSAP), n = 349) and a severe acute pancreatitis (SAP) group (n = 150). Baseline data and
laboratory results within 48 hours of admission (including WBC, N%, L%, CRP, etc.) were compared
between the two groups. The correlation between serum levels of DBIil, Ca2+, TCOz, LDH and the se-
verity of acute pancreatitis was statistically analyzed. Results: Intergroup comparison showed that
serum levels of direct bilirubin (DBil), total carbon dioxide (TCO:), and lactate dehydrogenase (LDH)
were significantly higher in the severe acute pancreatitis (SAP) group compared to the non-severe
group, while serum Ca2+ levels were significantly lower in the SAP group. These differences were
statistically significant (P < 0.001). Univariate analysis was performed on the collected data to pre-
liminarily screen for significant variables. Subsequently, ten-fold cross-validation via the LASSO re-
gression model was used to determine the optimal penalty term coefficient A. At this A value, 9 po-
tential relevant factors were ultimately selected: DBil, Crea, BUN, PT, Ca, TCOz, LDH, BS, and HbA1c.
Binary multivariate Logistic regression analysis indicated that DBil, Ca, TCOz, and LDH were inde-
pendent risk factors for severe acute pancreatitis. The nomogram prediction model had a C-index
of 0.793. Receiver operating characteristic (ROC) curve analysis showed that the combined detec-
tion of DBIil, Ca, TCOz, and LDH had high sensitivity (0.660) and specificity (0.854) for diagnosing
severe acute pancreatitis, with a Youden index of 0.514. The Hosmer-Lemeshow goodness-of-fit test
yielded a P-value of 0.122 (>0.05). Conclusion: The predictive model established based on DBil, Ca,
TCO2, and LDH can be used to assess the severity of illness in patients with acute pancreatitis.
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1. 518

SV iR 2 (acute pancreatitis, AP) & — I E Z At A @, HAeRRKRRIBELT, ER T E#H
PIVEAG R G A, JHRAR 2 IS 2SS A, LI 3k e Ak DATIIN , 20% 75 A5 R85 23 V5 AR Ay HORE S PR
JIk % (severe acute pancreatitis, SAP), H H ¥ SR IIR 28 B E i AL 2 I8 20%~30% [1]. H AT, HFHEAIVEAL 2
PEJR AR 28 J 3 3 1 ™ B FE P R B T I R I &2 00 . BRAR 28 B IR PR R . MG AV hn 9. R
SR A U SIRIAPOETE 7 RS B RRY, REQRFE MMM, mREE. UL C R FE AL
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PN IR 22 i 9 RE AR ) S5 SR 56 =5 48 b v] LA FH SRS Bl PRI AR T i S PR PR IR 48, (R — Dildabn B 2
% P 7 e 1 R 4R P T DA SR D DA T o R 8 9 1 PR B AR B (2] 1 H AT PR B VR RS,
Ranson 114> i B 48 /NI 5E 8504, AA/Ei 5t APACHE I Fr WAL 2, HIEEMEEZ:; CT™E
FeBU(CTSH) MK T34 58 CT AR N MM A[3]. 10 CT /B MRI B B TE7% AT S b e Sk R IR 6 A2 R FE
L AR, AR AU & 78N BE I ASAELE [ 2] o ASHIF 03 3T [ J 1 3 A s ek g i 28 £ i PR i
PR T — AN REAE 3 1 (5B 5 FH 1) 2 26 BRI ROARE 28, b iz A AT T PR ERIE . DA St iR 8 iR
FH 2T PRAE IR BRI . Sl MR YT oG SRR 28 B TS

2. #IRE
2.1, ISFRER

AWEFE BB 7 2019 4 1 H & 2023 £F 7 H EEHUA T 499 F SRR % B IR IRBURE. 9
NbRifE: 1) £54 2021 b E SRR 2R R R A1 S WibRiE: 2) ABeAbT-R0% 48 /NEF I, IFRTE
HABERBE #2697 3) MR BERIANGI T L IE e 4) BEFR 218 5. HlRirdE: 1) A5 R rkBR
Ry 2) BMEBIRA 3) AAAEMHALY] B SRR SR T PN 4) CAE A PR B s B T ML 3 2
FRIBTTs 5) KRS BIRAKR R, 6) BHFER <18 %,

2.2. WmBilsreR

75 R E 2 RAR R 12168 (2021 4F)) HARHE RCA 70 (BT IREARE 22 K 70 ) ks St J i 4 8 3
Gy N AE S IR %6 (mild acute pancreatitis, MAP). H #E il [l % (moderately severe acute pancreatitis,
MSAP) A1 5 JiE 2 Ji i % (severe acute pancreatitis, SAP). HRE1ZIZWIAI > 2Kbrl, AHF 70K G B )
AR HE SV R 2 (MAP + MSAP) 2N I S iR 28 (SAP)HBEAT G it 4 i, FerpdE BE Sk AR 28
L 349 5, Frh Btk 220 91, Lotk 128 1. EGEMEAR KA 150 B, b 5% 87 B, Lotk 63 1 P
(B PE A e 452 2 (P > 0.05).

2.3. MEIBHR

WS B E W — TR INBE )G 48 h W& TS #48hr, WA FEAREMEA. T Wal. 8ok
HZ& . AL HCT). /MR E(PLT). B ZE(AST). ARFEEEALT). SIHZE(TBIl). B
IR 2 (DBIl). M54 & F(Ca) . M ~E KK E(TCO,) AR ARG (LDH) I JREZ(UA). YLK
(Crea). Ifl /R 2 ZU(BUN) . & L1 J5 5] (5] (PT) « 34450 43 L VS G IS (] (APTT) « H ¥l =BR(TG) IR & BE(TC)
M¥E(BS). FEALIN £ 2 FH (HbALC).

24. G FERE

ARWFFCRIH SPSS 27.0 & R4.4.1 AT WA MBI HAT Goit b, W& IEAS A0 T FERER H
B t ARG AT AL AL, FRRAX £s (9% + bl ZE)RFOR . AR A 1 TE & 7O DUh A 8 (B R
U5 2 %0) [M(Pas, Prs) oK 7, 5 4L 1R] LA SR A Mann-Whitney U #6556 . +H 5070 RE LUIEL(H 4 LE) [n/(%)]
For, AN 25 . BLP<0.05 RFnMA N ZEF RS EE L.

T4, A SPSS XA El AR B AT A E 4T, #LL P < 0.05 bRAEM AR BYIL IR K, B
J&, AACERI ARG 1 FEE, 18 RAE S B RIX L i AR BN Lasso (IE T 1 A1), LABEAT4F
TEERE, ZPRMEE T J54% Lasso [ml A9 H AR B4 N — 02 R 3R Logistics [HEARRL, DL E 50
SRR A B RS R MG R R, BUE, ETXEMSIEEE, EH RIESHEIFTIS
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RETRIMAEA . @t H-L AR A RS, ROC BHZR 4 BT A BTN . C-index A s 28 v it 55
GRGARE A e T S Esaa vaw A A O] )7 e
3. &R
3.1 EEESMBEBRAESEESMRBERAEEN—MAREER

WA TEERS . DR IEAST). BNERAEALT). BIHLZR(TBIl). HEHZ R DBIl). Ml
BF(Crea). IfLpR % Z(BUN). Bt INHA](PT) 3& AL 56 20 Bk I % B[R] (APTT) LIS 45 55 1-(Ca?*). A
FULTRIKE (TCO,) . SRR EBF(LDH). HEEE(TC). IMAE(BS). Bk ML 8 H (HbALc) () 2 % BA Giit
27 (P <0.05), PIZLEELENED . BURIK &R . AN L R (HCT) MR THEL(PLT) B TR EBF(ALT).
MJRER(UA) Hl =B8(TG) M Z R L Fe it 2 (P > 0.05), W% 1. & 2,

Table 1. Comparison of baseline characteristics between the two groups

=1 MEBREERTRIIEL

L7 JEERESEBRRAL(N=349) ERESWEERRAL(N=150) SiHEKY2) P&

PG (531%) 221/128 (63.32%) 87/63 (58%) 1.259 0.262

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

e g HLAAE 1 146 (41.83%) 52 (43.33%) 2.252 0.133

JilEM/ e 110 (31.52%) 59 (39.33%) 2.861 0.091

Table 2. Comparison of laboratory results within 48 hours of admission between the two groups
2. FABENE 48 NETARIGERLE

LW ERE FERESEBRERA(n=349) EESMEBRERAL(n=150) ZitHEZNr) P 1A
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
DBil (umol/L) 3.80 (2.10, 6.60) 5.80 (2.90, 12.45) -3.952 <0.001
Crea (umol/L) 64.00 (50.00, 78.00) 74.50 (56.00, 134.25) -4.886 <0.001
BUN (mmol/L) 4.98 (3.75, 6.36) 6.81 (4.37,10.77) -5.585 <0.001
PT (S) 11.20 (10.40, 11.90) 11.90 (10.80, 13.26) -5.074 <0.001
APTT (S) 26.50 (24.90, 28.40) 28.25 (25.90, 31.65) —4.542 <0.001
Ca (mmol/L) 2.20 (2.09, 2.31) 1.99 (1.73, 2.20) -8.632 <0.001
TCO2 (mmol/L) 24.20 (22.05, 26.60) 21.95 (18.60, 25.13) —5.556 <0.001
LDH (U/L) 195.00 (161.50, 248.50) 248.63 (189.40, 347.88) -5.903 <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
BS (mmol/L) 7.16 (5.72, 10.10) 8.50 (6.18, 13.73) -3.974 <0.001
HbALc (%) 7.36 (5.74, 9.20) 6.17 (5.69, 8.06) ~2.679 0.007

3.2. Lasso [EVATH LT =

FH LRI B A Ml NS . S ELELERF(AST) BHHZ 2 (TBIl). H#/HZ K (DBIl). M ALEF(Crea). I
PREEU(BUN). 5 I Al R IS (5] (PT) « 3% A 15 234k AL 3% Al N 8] (APTT) 475 75 1~(Ca") « i — S8 LR B2 (TCOy)
FLER B E B (LDH) . H[EEE(CHO). IMA#(BS). Btk M2l & (1 (HbALC) 5 AP it ™ EAEFEMIOE, ERHA
guitEm X, K 2 04 Lasso T2 XIGIEZE F, on log(2) T Lasso AR — i fm 2=, FHFiEFHx
Al BN B L RN i/ IRAIE IR Z ) Lambda {8, EP Lambda.min. A0 TEEBLRR 1
ANFRERZERUU ) Lambda {8, B WAL B RE 1 bR 2 N5 i/ MR Z B8 Y Lambda {8, FR
v Lambda.1se. A7t H0 il 1% 4% Lambda.1se, XA A5 20 Sife ot 1 it M S mT ARk, DRTIG,  AHIE Fe
#£ Lambda.1se. f# [ Lasso i — Pk K = o b B gt 2= & LA &, ik DBIl. Crea. BUN.
PT. Ca. TCO,. LDH. BS. HbAlc 5 F 3 #fE 2P R AR 2 TAH SC(HEAT Lasso [RIVHR, [RIES BT R %L
K, W Ca BUE*10 BT AR R, DASCER R ARG, WK 1. K 2.

3.3. %% Lasso BVATFEFENZESIANZTLEZEAE Logistic ElJFHESY

¥J#40 % DBil. Crea. BUN. PT. Ca. TCO,. LDH. BS. HbAlc ) ~7c£ % Logistic [ 73#7
B, BRI R, Sk 28 B NI DBil. LDH {HTHE. Ca. TCO fH N M dk HiE 2o s 4
ST ) EELTE P R I 98 0 1 0 R 0 ST fE R PR 2R (TR LR 3)e

34. RAEERMRRATNRRENWERIIZE R

Logistic [ JF 43 #1757~ , JF B 20k g iR 4 (NSAP) [ B85 4% 4k i) 5 Bk ST fG 6 K1 & : DBl (P < 0.012,
OR =1.013, 95%CI: 1.003~1.023). Ca?* (P < 0.001, OR = 0.095, 95%Cl: 0.039~0.229). TCO; (P = 0.028, OR
=0.939, 95%Cl: 0.887~0.993). LDH (P <0.001, OR = 1.003, 95%Cl: 1.002~1.005), DBil. LDH. Ca. TCO;
KPRk, U R A R 1 EERE A R 8 3 R 1 XU K
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Figure 1. Lasso regression result 1
1. Lasso [EY3Z5R 1
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Figure 2. Lasso regression result 2
[& 2. Lasso [EVAZER 2

Table 3. Logistic regression analysis for the progression from non-SAP to SAP
%z 3. E SAP EBEIRET 9 SAP B9 Logistic EIYIANHLER

ZE 15 R 3 EhE 95% B {5 X I8 P1H
DBl 0.013 1.013 1.003~1.023 0.012
Crea 0.003 1.003 1.000~1.007 0.070
BUN 0.015 1.015 0.968~1.065 0.535
PT 0.120 1.128 0.993~1.281 0.064
Ca ~2.359 0.095 0.039~0.229 <0.001
TCO> -0.063 0.939 0.887~0.993 0.028
LDH 0.003 1.003 1.002~1.005 <0.001
BS 0.036 1.037 0.986~1.090 0.162
HbAlc -0.110 0.895 0.793~1.011 0.0074

4l FiR — a2 3 Logistic [EIARTF ML G 2R, FIH R BAF 4.4.1 BOAHK) G RN 2]
AEHLE, WE 3 FiR, WRESAERESLE FNRE, #efSNERNES, RIFE TR 55
FEIN, BURTAREE Sy, AR 7 il B AT 45 2] LR SERE e I 28 I TR 2R « O T 41 26 R TR, FRAT TS 4 28
P& 31 7 — AN AT LG 9 U 1) FAD DX 0, 5 Ak T DA ) e ok e 4% A V6 A Oy R A P PR R A M e e L
95% A5 X [ o FLARERAE N : TR 1 15 % b % A\ W ik (https: /112345012032 shinyapps.io/dynnomapp/) ,
T NIGRIRAF10 DBIil. LDH. Ca & TCO {H, R 15 3k A dE S MR 28 I (1] 4).

35. RHAEERMRRAE TR BT

B 5 Al A, A RE £ TEAL, H ROC 4k FIHFA(AUC) N 0.827, H. C i Z%h 0.827, C £
BZHKT 0.7, RonHEA RGHITNAESTES NHSENE. Wkl 6 BaEfiZRTR, 12T AR 1
M X 4R, RZBR B R IR AERE 585 LR (Hosmer-Lemeshow & 3%: % = 25.104, P =
0.1221), P fH KT 0.05, FHIZBAA Em I HMANE . B 7 PO e s dhi 2w &0, 7E 0~72%F1))
ZRETEEAN, NSRRI RE ST AT (ALL) T EMIERIR R 2, RPZHEMNEAR
LI AR A 500
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Figure 3. Nomogram for clinical application
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Figure 4. Dynamic nomogram for the progression from non-severe acute pancreatitis to severe acute pancreatitis
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Figure 5. ROC curve of the prediction model for severe acute pancreatitis
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Figure 6. Calibration curve of the prediction model for severe acute pancreatitis
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Figure 7. Decision curve of the prediction model for severe acute pancreatitis

E 7. EESMBRRRTUMNEEIR RN

4. g

VIR 28 (AP) & — PR IR 20, 4235 b 3 BRI N RHE, RIEIR B Ris AR WL
PR L —[6]o BMEBRIR R EAR 4 N =2 BRAE(MAP) L& B 25 ST RORE, SETHAL; =
JiE(MSAP) 15 8 (<48 h)#s B Wl Bl I R IE, FET % <5%; HE(SAP)UIAFTERFLids B =i, U R
W, HERE S R R IRGE, HBp ARG DU AT, T332 2T Th AR RS v (>48 h)H =
FET:, JRALFALE 36%~50% [7].

FLR A BG(LDH) & — Mt it ig, HEZHITERUL O BET, HRAT . B AR,
Jiti K fibRa 2R . A& &4 5 A E TR, LDH1 F1 LDH2 Tk EH T UL, LDH3 F2RJE T, B,
LDH4 1 LDH5 (3772 LDHS) T ZRJE T FHIE A1 B B AIL8] . Tian S5EHF &N, % LDH >273.04 U/L It,
T SAP 1] AUC 9 0.919 (BUEKSE 82.7%, HFRFE 96%), XK A LDH & BE SO B R 48 i m 5 it
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F[9]. Huang S548H, IR HFAME S8 LDH FH &l idid DN R Z 5o fdre, i, Mpsfii. Bk
SV A S SR TR R 26 I RORE A SO N, TS B UG FIIAAE, 53 LDH BEBGE NI, A
M4 E % LDH /KF[10]. 554F, Chen ZF 50 R, HRE S MEBRAR % B4 LDH Jhm it 32 R VE v 6 2
IR, TS BRAR, X WIFEHR 4 H 3 LDH Tl A8 2 TR T8 I AORE i 77 A2 [11]

RN ICR L —, FESMENEN T EFEREE, D8GR5 45 1Y
NAFTE T M3, BARAFAE T I P A4S & A i B A 2D, (R WA A L 5B i 1 FHI[12] - Peng %5
WA, AR L 55 5 S IR 28 Hr FR VR 48 B 3 B ST A O, AT AR Dy TR0 EERE S P JR U ¢ ST
faR R 2. JE R AT RE 5 S SO R LR i 8, (23 5 el 4 i Y 3% e, AT T2 A R PEAER
#5[13]. Mukherjee Z5RF7E KRB, JEIRAM AR T B Fid 2 2F SRS RS . LRI ReRRG . g0
M EWESZ A Al QEMIAAE, XU SRR R R AE[14]. AHEF AR, IIEE T
NS ERRIATE A IEMOC KR, TR R AT 8y 2 Bk i 2% B ¥ AR I Bk - R s 28 23 1) 0 gk = A6 BB i
P, 1 M BT R 2 55 10045 485 5 T2 BN i P65 5 T IR i 3R T L AR [15]

M3/ 5 AR (TCOR) 2 ML BT TE X b (BRI A3 . IR CO, FIBkIR) e &, E
R W PR FR A R (HCO; )V, T VPAS BR BT 41 R AR IR AS , mT T B B2 Wi W LA R Bl K 7
KISERIF 50 22 W SEE SR JR I A T R AR R S A 405 (AL, Sk <A ddos, &I St i &
PEFRIR A B3, 2 83% A A2 BEAS [ A8 MU RE A5 Fh R 20 1) BT 17 2= LR AE[16] . 34k, & 23%HEGER
PEFRIR A B v ISR B s [17]. BREERF IR, IR R T 'S DhRe vl M WIF RORE, 2T )
AL 1 JR DR I A AR A BE AN 2, BUHC O, IREEREAIK, HEIM pH (A TR FHIOGHE HCO, IR T I
SHEVRIT A BT 2% ARF TS [18]. BEAERTFidaH, SUPERMR A B3 o T O, TR IR i mh Bk & 2% 4y
W2 B ) AT, WEmIAER . BRSNS L . MBERRNZ, Sl
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