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Abstract

Objective: To investigate the predictive value of log-transformed procalcitonin (log(PCT)) and neu-
trophil-to-lymphocyte ratio (NLR), both individually and in combination, for severe acute cholecys-
titis. Methods: A total of 200 patients diagnosed with acute cholecystitis at our hospital from Janu-
ary 2018 to January 2023 were retrospectively enrolled. According to the severity criteria of Tokyo
Guidelines 2018 (TG18), patients were divided into severe group (n = 58) and non-severe group (n
= 142). Clinical data including PCT and NLR at admission were collected. Univariate and multivari-
ate Logistic regression analyses were performed to identify independent predictors of severe acute
cholecystitis, and receiver operating characteristic (ROC) curves were used to evaluate the predic-
tive efficacy of each indicator and the combined model. The clinical net benefit of the combined
model at different threshold probabilities was evaluated using Decision Curve Analysis (DCA). Re-
sults: The severe group exhibited significantly elevated log(PCT) and NLR levels compared to the
non-severe group (both P < 0.001). Following adjustment for confounders, multivariate Logistic re-
gression identified log(PCT) and NLR as independent predictors of severe acute cholecystitis (OR =
1.343,95% CI: 1.020~1.769, P = 0.036; and OR = 1.117, 95% CI: 1.025~1.217, P = 0.011). ROC anal-
ysis demonstrated AUCs of 0.804, 0.830, and 0.851 for log(PCT), NLR, and their combination, respec-
tively. The combined model significantly outperformed individual markers (DeLong’s test, all P <
0.05), achieving 77.6% sensitivity and 81.0% specificity. Decision curve analysis demonstrated that
within the threshold probability range of 0.05~0.70, the combined model achieved a mean net ben-
efit of 0.136, which was superior to that oflog(PCT) alone (0.118) and NLR alone (0.114). Conclusion:
Both log(PCT) and NLR are independent predictors of severe acute cholecystitis. The combined pre-
diction model constructed with log(PCT) and NLR can more effectively predict the occurrence of
severe acute cholecystitis, facilitating early identification of high-risk patients and guiding clinical
treatment decisions. Decision curve analysis demonstrated that the combined model outper-
formed both the “treat-all” and “treat-none” strategies across a wide range of threshold probabili-
ties (0.06~0.98), confirming its favorable clinical utility.
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[ b DX AN B A TE S35 2 e, R T AR I A 2 S o T 1) s 0 Mk ) T RV 9 4 it B 2 S NLR
SR R R VRN B AR LA B R P AEDIRAS BRSSO LA I 28 R AS B PRl . AR ek
YT U SRE SN E RN A, 7 4 T B G i TR R R B JORE AL, BRI REA AR, B
50 JEARIE R o IR C 20 B DAL (13 S G 8 D e AT A 1T R 7)o AR BURGLAN SOREIRS TR, o
PR 2 i S 2 T T b B R, S NLR B35 T [6] . VA DX 4 Sl BRIk G 5 AR IR G 1 A L R L gy
SRR (0 S B4 ) S8 ) v I FH 32 PR A [ 7]

F#45 2% i (Procalcitonin, PCT) /& 4l g & Je ) S B bR B, H MG K PAEG B IR GL 5 2 5 4 /N P LI
FhiE, 6 % 8 /NIARIEAE8]. PCT A& H HURAR C 4ifa. FFAE. BME. MR fig i 41 215 2 R4 447 A2 1)
FEESRATAER A .. EAEFRE N, PCT AKCFHIE(<0.05 ng/mL). fEZNER YL, 405 A 35 2 M 2O 4
[RIF- (U IL-18+ IL-6+ TNF-a) A] 5 F X S 2K &= B FRE i PCT, S 30MiE PCT /KPR 7+ & [9]. PCT
(I 1AZ) 0 25 22 30 /N, I — R L AR08 SRR 4R 1 A0 R I GUIRAS . MBI B3 IS, PCT K
ol R, B PCT B30 WAl F TPl 6 I 7 BOCR IR SR Y7 LK [10]. % T PCT EAFLIRE T
ISP ARAR T 6 7™ B G il P B, 2R A WA /A, AR X 8 J5 1) PCT (log(PCT))
BTG T, DASGEERE BT PR R, R & B br ST SO K A SR, B
i, 2<F NLR BtA log(PCT) il 2 JE FE 45 ™ 5 RE BE (0 (L O BFF 7 AR X 2

R, A5 B @ B 81, PR log(PCT) AT NLR Hph K B 7 FH %S 201 H5 58 H A 4 1 J i
Rhe, DA R A RS 23 JE SR gt s A ) T A .

2. #IRE I
2.1. BAEHR

K BIBERN SR S 710, FELEANN 2018 4F 1 H 28 2023 4% 1 H T-BEHIHAMEME Beia 7 10 Sk IH 22
REH PNbRE: 1) FE > 18 ¥ 2) A TGL8 M S EAHFE R (IS WidRitE; 3) ABE 24 /NP 5¢ BRI
WL PCT kil HEBRARIE: 1) SIFHMSIERANESR; 2) MRS B 5 ek sl 4 i
JE35 3) KU G MBI s 4) WRPRBURIA 42 AHT FL 22 BR Be AR BE 2R 0 2 i A% L HE , Selk BB A R

22. YEEHBME

RAE TG18 ™ E AL 7 bnite, g NE AN 7, SR kB 5 FLIEIE T8 8 I £L A Th RERERS)
FEEEEHN A N %, BRERER). BT ERETHNRFWERF TR, B AN EREGE
WL MR BIFREE MR PR OB IIER) . SO BRIl SEIR EARFR[PCT A4t
H(WBC). F R THE(NEU) kA tHE(LY M) /MRS (PLT) 2] . ARAE A I 25 it 5 NLR
(NEU/LYM).

23. G EAE

ST SPSS 27.0 BT GEHF 0 HT . T BT EER LAMH + bR 2edor, JLIA HLRCR I
WSTREA t Koles ARIEAS AT TR VOB LR R M (P4 L) (M (IQRY]JZE%, LI LR Mann-
Whitney U #5140 b LI 40 o) 2, 2L LRI 2 Kesesk Fisher KSidd 36, T PCT &
(RS 59 A, 40T BEEELHE A7 LL 10 ARG H 0k #elog (PCT + 0.001)]. SKF#PA % Logistic [543 b7 i i
WECE BN T SH SPSS HOLFME T LA M BT (VIF IZEME). 1645 R S5E6 M (VIF > 10)I6H7 5%
J, P < 01 AR L FEE Logistic [HH A HF(AIRT LR 3), LAF A2 2k 73 0 4 4 37 T
%, JFHETHAE BL(OR) & 3t 95% 8 15 (X [7(Cl). it 2 ROC 4k JF i 57 #i4 FIALAUC) Al % 1 b7
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FIRAAERL TN RE, AUC LR DeLong /%6, PLP < 0.05 NEFH G L. RIE ML 5T
(Decision Curve Analysis, DCA)F T VPt il A% 24 il AR S FH 14 o 388 3k v 304N [+ (380 {EL B 6 (threshold proba-
bility) 1743k 2 (net benefit), LLEIPCA TR B —48AR S AR G (A5 3BYATT vs. ANVEIT) IR R AN
8. W3R HE AN Net Benefit = (TP/n) — (FP/n) x [pt/(1 — pt)], Ferh TP AEAVER, FP UMRIATE
B, n AEREAS, pt BIEME.

3. &R
3.1. BEIGKIRELE

LGN 200 BB, A EEYL 58 1411(29.4%), AREEJE A 142 51(70.6%) . PEALEEEMER AL B
M o E . BEERIR . 6 LR S M B AR L. BMI 507 T 2 S 4 e 4t it L (X P > 0.05).
B NFER K TAEREEHP < 0.01). (ESLIEIaba 7M., MARLHp. mMLEm. 2400
ERL BEA. MR BREEE. SREEERN. SERNEBIRIE. SRR, SHa R,
JULIT R I s 546 by 22 BTGt 247 (I P > 0.05). (P > 0.05). HFFAHEEN log(PCT). LM%
FZANTI R A ERTOB . R B SR (] SRR BEIE RS SR e (] A, g 9
BFIAIBR . NLR Fl PLR /KPS TIE R 4P < 0.001), MAEZA. BIETER. BREA. IS
eSS E] L (8. R IREE & 3 PRIR . R AL /K-F B E K THEE (P <0.05) (% 1, % 2).

Table 1. Comparison of baseline characteristics between the two groups

=1 FEBREELAHEER

Ei=1a EFHREAAN=58) B. PEHEERAN=142) 2tz PE
51 (%) 3.171 0.075
5 30 (51.7) 54 (38.0)
s 28 (48.3) 88 (62.0)
a1 1. (%) 2.061 0.151
= 37 (63.8) 105 (73.9)
3 21 (36.2) 37 (26.1)
LI (%) 0.676 0.411
= 55 (94.8) 138 (97.2)
5 3(5.2) 4(2.8)
B IR I (%) 3.616 0.057
P 46 (79.3) 127 (89.4)
e 12 (20.7) 15 (10.6)
I 1075 (%) 0.953 0.329
P 52 (89.7) 133 (93.7)
@ 6 (10.3) 9 (6.3)
SE(%) 0.732 0.392
= 30 (51.7) 64 (45.1)
3 28 (48.3) 78 (54.9)
BMI (kg/m?) 24.21+3.33 24.38 +3.06 0.350 0.727
(R 70.50 (59.75, 76.00) 54.00 (43.75, 68.25) -4.809 <0.001
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Table 2. Comparison of laboratory parameters between severe and non-severe groups
F2 MEHASIFTEEENIUESHIIEL

L
2T (10%2/L)
MLLE A (/L)
2140 i AR (%)
SEH(L)
BREH(/L)
JR I (umol/L)
£5(mmol/L)
TR & 2 (mmol/L)
log(PCT)
1 41 T4 (10%L)
HRz AN £ (10%/L)
I /MR (10°/L)
BRFEEMUIL)
PRSI (UIL)
YR/ NG
B AR FERE(UIL)
B R (umol/L)
4 IH AT 2 (pmol/L)
H & H (g/L)
SE2REA]]
JRZ (mmol/L)
JLEF (umol/L)
£ (mmol/L)
& (mmol/L)
& (mmol/L)
% (mmol/L)
157 8] Bt (mmol /L)
it 10 J S P 1) (sec)
158 1ML T 57 V% 2 B (%)
T 345k I3 BT V) (sec)
AYEEE R (/L)
Yt 11 BT (7] (sec)
NLR

oA oo

G

J
J

¢

PLR

HEHE R A (n = 58)
4.37+052
131.00 + 15.82
39.59 + 4.41
74.28 +9.40
31.96 + 6.16
272.72 +74.63
2.25+0.16
23.98 +3.27
~1.37 (-2.62, 0.42)
13.30 (9.71, 15.62)
0.60 (0.43, 0.90)
183.00 (135.00, 241.25)
28.00 (19.00, 55.00)
28.50 (20.75, 65.00)
1.03 (0.85, 1.31)
3850 (20.50, 92.25)
6.00 (3.08, 12.23)
23.45 (15.45, 33.55)
44.00 (39.20, 46.85)
1.38 (1.19, 1.54)
5.65 (4.50, 7.60)
63.50 (53.75, 77.00)
3.80 (3.58, 4.09)
138.50 (136.28, 140.20)
102.25 (99.98, 104.78)
1.03(0.91, 1.16)
11.60 (10.30, 13.63)
11.25 (10.60, 12.43)
89.50 (78.18, 95.40)
28.20 (25.85, 30.60)
5.14 (4.01, 6.45)
16.85 (15.90, 18.13)
12.33(8.13, 17.58)
189.80 (156.47, 255.18)

. FHREIEBES 4 (n = 142)
4.49+0.56
134.85 + 16.73
40.75 + 4.61
75.24+6.79
30.12 +4.93
306.54 + 90.30
2.33+0.12
25.07 +2.70
~3.23 (-3.65, ~2.55)
7.98 (6.21, 10.31)
0.40 (0.30, 0.53)
186.00 (151.75, 240.00)
33.00 (19.00, 97.25)
28.00 (21.00, 89.75)
1.01 (0.70, 1.33)
38.50 (21.75, 183.75)
4.05 (2.20, 7.70)
19.10 (14.00, 31.20)
45.25 (42.20, 48.13)
1.53 (1.33, 1.68)
5.00 (4.00, 6.20)
58.50 (48.75, 73.33)
3.90 (3.70, 4.20)
140.65 (138.80, 142.13)
105.10 (103.00, 107.00)
1.09 (0.92, 1.23)
10.15 (8.80, 11.80)
10.75 (10.40, 11.10)
94.70 (88.95, 102.20)
26.95 (25.40, 28.83)
3.30 (2.80, 4.18)
18.00 (17.10, 19.00)
4.21 (2.21, 7.66)
136.43 (104.94, 197.25)

yAz 18
1.402

1.500
1.636
0.703
—2.025
2.520
3.582
2.422
—6.752
—6.886
—4.598
—0.708
—1.346
—0.749
—0.831
—0.988
—2.213
—1.287
—2.698
—3.487
—2.654
-1.771
-1.974
—4.634
—-5.013
—-1.628
—3.676
—4.099
—3.595
—2.895
—6.496
—4.986
-7.321
—4.025

P&
0.162
0.135
0.103
0.484
0.046
0.013

<0.001
0.016
<0.001
<0.001
<0.001
0.479
0.178
0.454
0.406
0.323
0.027
0.198
0.007
<0.001

0.008
0.077
0.048

<0.001
<0.001
0.104
<0.001
<0.001
<0.001
0.004
<0.001
<0.001
<0.001
<0.001
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32 AMEEBERXTMNERNEERREZER Logistic BIYH54T

LK Logistic BV HT B, EES. BERR . NLR. log(PCT). HZHAE &, WA, Bk
B IS TE) S GG AL o Bt ML VS I 1) 2R e R AR AR JRER S EEIHTE KM OC(P <0.10) (% 3). Ak
Y EILLRME, SR SPSS BT LR ME IS (VIF R 2L, W LR M (VIF > 10) 2 B I 5, 7l
RABEMNANZH K Logistic [HA50H1, % 4 g5 /R, ZHE Logistic 1155087 45 R 7R (4 3), log(PCT)
(OR = 1.430, 95% CI: 1.089~1.856, P = 0.009). NLR (OR = 1.177, 95% ClI: 1.088~1.273, P < 0.001)& & /& IH
FE R ML R .

Table 3. Univariate Logistic regression analysis
5% 3. B Logistic BV

- FER T
OR 95% CI P1{H

R 1.051 1.027~1.076 <0.001
log(PCT) 2.109 1.655~2.688 <0.001
PLR 1.007 1.003~1.010 <0.001
SEY IR 1.316 1.200~1.444 <0.001
ERR i vedif; ol 1.361 1.233~1.502 <0.001
MR 0.258 0.137~0.488 <0.001
AT 17.431 5.294~57.395 <0.001
HEH 0.895 0.840~0.954 <0.001
HEH 1.066 1.006~1.129 0.029
SEEA /] 0.096 0.027~0.340 <0.001
JRIE 0.995 0.991~0.999 0.014
JRE 1.266 1.090~1.471 0.002
i 0.433 0.195~0.963 0.040
B 0.743 0.655~0.844 <0.001
A 0.800 0.724~0.884 <0.001
5 0.017 0.001~0.189 <0.001
ZE ARG A2 0.877 0.787~0.978 0.018
IH 25— ] B 1.224 1.082~1.385 0.001
58 1L 58 J5 5 (1] 2.199 1.549~3.123 <0.001
5k 1.1 i s B 0.947 0.920~0.974 <0.001
T A B0 - 0L V7 PR (1) 1.207 1.084~1.344 <0.001
Ao AR 2.060 1.608~2.640 <0.001
e i R 1] (sec) 0.526 0.399~0.695 <0.001
NLR 1.228 1.149~1.313 <0.001
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Table 4. Multivariate Logistic regression analysis
5= 4. %EE Logistic EYASHh

ZHEEDT
HE
OR 95% CI P&
log(PCT) 1.430 1.095~1.868 0.009
F A 290 /b B 0 i LR B (NLRY) 1.177 1.088~1.273 <0.001

3.3. ZIEHRR S EBETNRIEER ROC HLk S

ROC £k #Ti27R, log(PCT)FH NLR il 2t = B2 IH 58 58 ¥ AUC 43 %1l 9 0.804 A1 0.830, J: T2 [A]
LR, MWE 7 log(PCT)BA NLR MM AL . B8 8 Bl /Y AUC 4 0.861 (95% ClI:
0.794~0.907), ‘&# T log(PCT)E NLR HALTIMI Y] AUC (DeLong £55:, P $5<0.05). 4IB6A B Fl
N2 I A AR T 8 A 0.285 B, FLTIN M RUREE 77.6%, 4552 A 81.0%, PR TE Jy 80.3%, [ 1 T
MAE A 78.3% (£ 5, E 1),

Table 5. Results of ROC curve analysis
= 5. ROC HiZ& 245 R

SRy AUC R P {H 95% CI FFR 95% CI kR
log(PCT) 0.804 0.036 <0.001 0.734 0.874
F P T 2 Ff /K B2 4 P EE B (NLR) 0.830 0.029 <0.001 0.772 0.888
log(PCT)E4 NLR 0.851 0.029 <0.001 0.794 0.907
ROCH# £ s
—_log(PCT)
— ki i/ R4 (NLR)
08 —— PCTEEANLR
— BEL
0.6
)
E 04
0.2 7
0.0
0.0 0.2 04 0.6 0.8 1.0
1 -% 5 #

Figure 1. ROC curve
[ 1. ROC Hfi%k
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3.4. R IHT(DCA)

VPN B 26 R B (I PR SE T, ANBIFFCEAT T YR i 2 /3 HT(DCA). anlsl 2 firzs, 7E 0.05 % 0.70
BB AL R Y, BEA T2 (log(PCT) + NLR) I F-341%: 38 23 0.136, 43 5l ¥4 log(PCT) (0.118)
HIEH] NLR (0.114)42 5 15.3%1 19.0%. 4 BRI{E AL 1 E 2y 0.20 (B PR EE A=\ B B2 AR 6 XK > 20%
i R R T A, B A AR AR 1% 325 4 0.186, /= T A log(PCT) (0.181)#1 NLR (0.178)

AN, BCERBAE BEM A 0.06 2 0.98 JuE AL T “2&iasT” %N (Treat All), 7£0.01 % 0.98
U AT “ARIT” TR (Treat None). FIRZE R, 7RI 2 (IR R 5K RUEYE Bl A, 2T log(PCT)
FNLR I TS B35 BB Al PR o S S A 1 1] 453K 2

—== Treat None

0.6 —— Treat All

= | og (PCT) (AUC=0.804)

= NLR (AUC=0.830)

s Gombined Model (AUC=0.851)
0.5 1
0.4+

Net Benefit

0.2 A

0.1 1

0.0

0.0 0.'2 0<I4 0<‘6 O.IS 1.0
Threshold Probability

Figure 2. Decision curve analysis
2. RIRHHLL

4. ¥1ig

A FUIE I B S A R, TE SR IR SR 5 A, ABERTR log(PCT) A1 NLR 7K1 & A= 5 5 iR 3%
RS IRME T 6 log(PCT)FI NLR A4 £ (14 156-& TR AR 1Y B AT S5z A 1) T 2 BB (AUC = 0.843), B
FERRS 5 BT 80%, RUZHBAUGEAMUX nEESIEEEFHEREE .

PCT 2 ZH B Ik e B Rr e b ), A2 SR 3E 58 5 IR0 TR IR L i {2 3 T+ =i[10] 0 log(PCT )2 A< B 75 1Y)
FOBNHT 2 — o X PCT AT X0 e, FRATTAR Ve T SR 4G PCT HH s o0 A7 1 1) 8, A ge it A e
g, BIAHLG L. WAEYIMEE, NECESE 1 PCT A0 R TR AR B A BB R R, X
TG 2 R A5 e PR 15 A o b ;5 A B A5 2R A TR A o ASHTE 90 log(PCT) Tl 26 F% I 3% 4% [¥) AUC Ay 0.804,
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=
S

%

UM 79.3%, FESFME 71.8%, /R log(PCT)X 2 EAHFE 58 ™ E AR % HA Rl . PCT BT+
ARG S T A HE S0 & R4 B R I RR 55595 1Y) 7 B P RO T30 AF DG [10] o PCT 77 Bk e A AR R e
P 9 RE HH 8 ORAFIRAR KT, 17 PE 20 TR B A S35 T iy, 3 — R ol FL B 6 T A A A A R
F 2 T H[11].

NLR 1E A RGEFREY BA ZHLH. 1%, NLR THERIE, AT % MU0 H S 25 45 DA+ 42, 6
AN B, S A E R BT HURIHET R o L, NLR 254G Sl 1 Hh P s 4 R AN Ak 2 20 B (1 A2 £k
Ll B —FE bR B RE AT VPl 2SR AS o 35 =, NLR SZ4EWE . MERIER R, BA R erE[12].
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