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Abstract

Objective: To explore the predictive value of multiple hematological and biochemical indicators
for overall survival in patients with idiopathic pulmonary fibrosis (IPF), and to establish a nomogram
model to achieve individualized prognostic stratification. Methods: This retrospective cohort study en-
rolled 894 patients diagnosed with IPF admitted to the Department of Respiratory and Critical Care
Medicine, Zhongnan Hospital of Wuhan University from January 2014 to August 2024, and collected
relevant clinical indicators. A total of 297 patients were finally included in the analysis. The enrolled
subjects were randomly divided into a training cohort (208 patients, 70%) and a validation cohort (89
patients, 30%). Based on the training cohort, Cox regression analysis, combined with clinical signifi-
cance evaluation and collinearity assessment, was performed to construct a nomogram model, whose
predictive performance was subsequently validated. Results: A nomogram model for patients with

IPF was constructed, and time-dependent receiver operating characteristic (ROC) curve analysis was
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performed. The results showed that the area under the curve (AUC) values for 1-, 3-, and 5-year
overall survival in the training cohort were 0. 824, 0.706, and 0. 666, respectively. Due to the limit-
ed sample size of the validation cohort, the AUC of 1-year OS could not be reliably estimated; the
AUC values for 3- and 5-year OS were 0. 652 and 0. 596, respectively. The C-index of the nomo-
gram was higher than that of the Gender-Age-Physiology (GAP) model. In the training cohort, the C-
indexes of the nomogram model and GAP model were 0. 653 and 0. 564, respectively. In the valida-
tion cohort, the C-indexes of the nomogram model and GAP model were 0. 593 and 0. 563, respec-
tively, demonstrating that the nomogram model possessed better predictive ability compared with the
GAP model. Conclusion: The established nomogram model enables individualized risk assessment of
overall survival in IPF patients. Compared with the traditional GAP scoring system, this model has

better predictive performance, which is expected to be applied in clinical risk stratification and
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follow-up decision-making, and has potential clinical value.
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TRFE R CHE b : O A4 AR bR CHE ) A B
RIS ) s @ It D) Re 48 b L 4 1 g il 3% 2 o SO E e
S (FVCY% pred) 55— 80 I 0 A B 7 T HE
H 43t (forced expiratory volume in the first second,
FEV1%pred) | fili — % 4k ik 7% 5 52 00 5 1 E
H 5l (DLCO Ypred) ; O 1L 40 A $8 F , 4 J& 1 20
08a e G D AN B o vt AN £ 2 R N e 1
AL /N ) L 40 i 53 A5 96 B2 (red blood cell distribu-
tion width, RDW ) | 21 4 fifd &£ X (hematocrit, HCT) |
- $5 21 4 Y 1 21 & 1 7% 2 (mean corpuscular hemo-
globin, MCH) . ~F ¥ IfiL /]y #i & 1 (mean platelet
volume, MPV) ; @ & 4E 4§ Fr , W C & W & H
(C-reactive protein, CRP) | IfiL ¥ & ¥y £ 25 1 A (se-
rum amyloid A, SAA) | Il JT . B% 55 F )5 ; © A4 fb 48
b, R | AR i A A (albumin, ALB) B
Ife (BE I Y BE U s © BLAl R  GAP 45 8 b
VidhiJay o WA, A 2 TR 4 B PR R AE TR A
ZLAM L 53 AT B8 BE 5 VG AR LA AR BT AR AR
(body mass index, BMI) \ H i = Fg-H [& B {4 5T 4%
18 %4 (triglyceride-cholesterol-body weight index, TC-
BI) X T J&5 & 7% 5 %t (prognostic nutritional index,
PND) 5 f845 « 40 A bR e - HR 416 2011/2013/2022 5%
P B 2 25 /BN I W 27 25 (AT S/ERS) 19 BE € bk
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B3 M ATS/ERS 45 1 1 i SRS T A A, 78 K Bt
IRV KT 207 T =il & iR EFVC
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/N B bk L A0 ER e (platelet-to-lymphocyte
ratio, PLR) | 7 ¥k kL 40 ] £ 5 ik 2 40 ffg %k 1o {8
(neutrophil-to-lymphocyte ratio, NLR) 47 4= H 4 ki
a0 M B 5 Wk B4 M % b fH (derived
neutrophil-to-lymphocyte ratio, dNLR) . /1 ¥4 %7 2 il
5 0/ B %L b f (neutrophil-to-platelet ratio,
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dex, SII) . & Go 1 R AF N 45 £ (systemic inflamma-
tion response index, SIRI) | & 4 1% % AiF & F5 45 (ag-
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2.1 BEHBRIGKREME A5G A 297 4
IPF & &, Ho 5 ¢ 195 4 (65. 66 %) , 14 102 {4
(34.34%) , F¥J4E 4 M (65.14+10. 7)) % . B #H
DA AR 50 R 3, il ) e A [ R B A7 4, 0 40 iR
A B RO RAE S IR R (R 2),
2.2 HEABEZRNSWMER HHE Cox ML
B R, AFE 1 (HR=1.02, 95%CI: 1.00~1.04,
P=0.024) . FVC% pred (HR=0.99, 95%CI:
0.98~1.00,P=0.011) .DLCO % pred (HR=0. 99,
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[( % );M(Pys, Pys);a=s]

Eian Kl Eian il
541 102(34.34) S IR B2/ mmoleL ! 4.3941.20
195(65.66) Hith =%/ mmol-L ™! 1.3040.82
BMI/kgem * 23.66+3.55 IR 1/ mmoleL 1.0840.33
W/ % 65.14+10.71 K% IR 8 1/ mmol-L. ™ 2.68+0.94
0 1L X 238(80.13) /N B 8 14/ mmoleL ! 0.99-40.52
H 59(19.87) JE#H a/ mgL™! 109.54(53.12, 306.50)
PR s b 270(90.91) UF B % Wi / pmol-L ™! 432.90(287.82, 607.40)
rel 27(9.09) W5/ mmol-L ! 2.3421.00
Sek L ¥ 276(92.93) T 2 R S A W /UL 18.00(12.00, 30.00)
A 21(7.07) KR RS R /UL 21.00(17.00, 30.00)
A & P 258 (86.87) SRLTE /pmol-L 13.11+£6.72
f 39 (13.13) BRI /pmol-L ! 2.40(1.80, 3.40)
FVC Y%pred/ % 85.824+20.15 ] 422 IR 1 2 /pmolL ! 10.41£5.62
FEV1%pred/ % 78.60+21.56 MEA /gL 65.8849.22
DLCO %pred/ % 60.06+18.78 ALB/gL ! 35.59+4.72
4 %/10%L ! 7.2346.29 BREA /gL ! 30.42+5.56
R E AN %/ 107! 1.70+0.87 ¥ A% G L K /UL 22.00(15.00, 33.00)
rp PR 40 g /1071 ! 3.9842.57 M B R /UL 85.88+44.51
B A% 20 L %5/ 1071 0.554-0.29 JARTEER /pmolel ! 3.60(2.30, 5.80)
WE R MR AN 8/ 1071 0.20+0.17 JR%/ mmol-L. ! 5.88+3.41
I Bl 40 % /1071 0.05+0.15 JULIF/pmolel. ™! 74.09422.90
/AR & /107! 187.7467.52 JR#R /pmolel. ! 334.434-111.08
MPV/IL 8.99+2.08 TR/ mmol-L ! 25.834+15.23
RDW/% 14.03+2.28 B4 Z-C/mgeL ! 1.11£0.39
HCT/fL 37.8244.46 W R /mgel 630.134:132.78
MCH/pg 30.694£2.79 JULR il /UL ! 78.00(50.00, 136.00)
CRP/mg-. 7! EH 169(56.90) JULTR 4 i ) Tl /UL 12.00(10.00, 18.00)
S 128(43.10) o T R AU /UL 164.02+58.31
SAA/mgeL ! 15 149(50.17) FLI M S /UL 246.61+186.44
S 148(49.83) LR Jid U ] TR -1/ 0L 35.17+22.22
M3t/ mmeh™! W 175(58.92) T L it O (] /s 12.51+7.49
S 122(41.08) B I JFUAR AL U (B 1.08(1.03, 1.16)
[ 40 Z )5 /ng smL ! EH 242(81.48) HE LGRS B/ % 89.19+18.47
S 55(18.52) 115 AL 435 L T 7 ] /s 30.67+5.02
SII 357.37(225.86, 628.72) | &k ML E] /s 14.40(13.50, 15.30)
SIRI 1.14(0.61, 1.88) YRR R i/ mged L] 357.134+93.63
AISI 182.19(99.18, 355.64) D-— Rk /ngemL ! 147.00(96.00, 343.00)
NLR 2.10(1.35, 3.49) LB /mmolel. ! 6.10+2.96
dNLR 1.25(0.81, 2.00) RAR 0.402£0.09
PLR 111.18(85.83, 145.00) PNI 44.0846.65
MLR 0.400.37 TCBI 3.70£1.23
NPR 0.02(0.01, 0.03)

95%CI: 0.98~1.00, P=0.045) . #k & 40 1 3+ %&
(HR=1.24,95%CI:1.01~1.50, P=0.037) . B4 %
a1 M1 3 % (HR=1.45, 95%CI: 1.01~2.08,
P=0.047) .SAA(HR=1.51,95%CI:1.07~2. 12,

P=0.017) . RAR (HR=7.73, 95%CI: 1.19~
50.08, P=0.032) . Il # (HR=0.93, 95%CI:
0.87~0.99,P=0.021) 5 OS W #F ¢, LR
PN ZHEK Cox [ 1H 5 2k A AR AG (R 3) o
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£3 IPFEEEMAR HUHEERENRFSEEROCox BEENM  [BI(%);M(Pys, Prs) 50+s]
i br 22 (N=160) FET:(N=137) R(95% CI) P
531 2Pk 63(39.4) 39(28.5) 1.24(0.86~1.80) 0.249
5 97(60.6) 98(71.5)
BMI/kg'm ? 23.94(21.53, 25.96) 23.70(20.69, 25.91) 1.00(0.95~1.04) 0.900
AR/ B 64.00(58.00, 69.00) 68.00(60.00, 74.00) 1.02(1.00~1.04) 0.024
[ INES x 128(80.7) 110(80.3) 1.21(0.79~1.84) 0.391
A 32(20.3) 27(19.7)
PRI Jo 143(89.4) 127(92.7) 1.11(0.58~2.12) 0.750
A 17(10.6) 10(7.3)
TG 148(92.5) 128(93.4) 1.41(0.71~2.79) 0.321
12(7.5) 9(6.6)
W 1% 22 55 95656 I 143 (89.4) 115(83.9) 1.50(0.95~2.36) 0.085
A 17 (10.6) 22(16.1)
FVC%pred/ % 88.764-20.05 82.394-19.79 0.99(0.98~1.00) 0.011
FEV1%pred/% 79.89422.17 77.00(64.00, 91.00) 1.00(0.99~1.01) 0.858
DLCO Y%pred/ % 61.00(52.00, 73.00) 55.00(43.00, 69.00) 0.99(0.98~1.00) 0.045
FI 40 % /1071 ! 6.11(4.86, 7.30) 6.70(4.94, 9.24) 1.00(0.96~1.04) 0.992
R A ¥ /107! 1.64(1.16, 2.11) 1.60(1.20, 2.04) 1.24(1.01~1.50) 0.037
RN /107 L 3.18(2.35, 4.20) 3.78(2.56, 5.57) 1.03(0.98~1.08) 0.191
RS/ 1071 0.50(0.40, 0.60) 0.54(0.41, 0.69) 1.45(1.01~2.08) 0.047
T R o 4 ff £ /10%- L 0.15(0.09, 0.22) 0.20(0.10, 0.30) 2.38(0.94~6.00) 0.067
W B A R AN T 4/ 1071 0.02(0.00, 0.05) 0.03(0.01, 0.06) 2.41(0.68~8.49) 0.172
1M/ E/10%1 179.50(138.00, 215.50) 190.00(139.00, 236.00) 1.00(1.00~1.00) 0.280
MPV/IL 8.70(8.00, 9.70) 8.40(7.80, 9.40) 0.94(0.85~1.05) 0.272
RDW/% 13.60(13.00, 14.50) 13.70(13.10, 14.70) 1.05(0.98~1.14) 0.179
HCT/ML 38.10(35.20, 40.60) 38.10(35.50, 40.00) 1.01(0.97~1.05) 0.621
MCH/pg 30.80(29.70, 32.15) 31.20(29.70, 32.50) 1.01(0.95~1.07) 0.765
CRP/mge. ! E# 92(57.5) 77(56.2) 0.91(0.65~1.28) 0.584
S 8(42.5) 0(43.8)
SAA/mgel ! EH 90(56.2) 59(43.1) 1.51(1.07~2.12) 0.017
SH 70(43.8) 8(56.9)
LT/ mmeh ! EH 97(60.6) 78(56.9) 0.92(0.66~1.29) 0.629
S 63(39.4) 59(43.1)
[ 45 % 5 /ng »mL ! EH 132(82.5) 110(80.3) 0.95(0.63~1.46) 0.830
S 28(17.5) 27(19.7)
SII 323.22(226.88, 541.94) 436.77(225.86, 793.87) 1.00(1.00~1.00) 0.667
SIRI 1.00(0.54, 1.51) 1.37(0.70, 2.24) 1.03(0.97~1.11) 0.328
AISI 152.81(96.75, 272.31) 237.60(100.90, 493.67) 1.00(1.00~1.00) 0.240
NLR 1.89(1.26, 3.16) 2.40(1.49, 4.14) 1.00(0.94~1.06) 0.975
dNLR 1.18(0.81, 1.83) 1.42(0.80, 2.10) 1.00(0.97~1.04) 0.809
PLR 110.94(88.10, 143.47) 113.85(82.78, 153.33) 1.00(1.00~1.00) 0.180
MLR 0.30(0.21, 0.45) 0.35(0.25, 0.47) 0.99(0.66~1.49) 0.969
NPR 0.02(0.01, 0.02) 0.02(0.02, 0.03) 1.00(0.99~1.02) 0.737
RAR 0.37(0.34, 0.42) 0.40(0.35, 0.46) 7.73(1.19~50.08) 0.032
PNI 44.97(41.23, 48.73) 43.80(39.35, 47.20) 1.00(0.97~1.02) 0.933
TCBI 3.81(3.05, 4.78) 3.37(2.62, 3.97) 0.92(0.80~1.06) 0.226
MUB /mmolel. ! 5.08(4.62, 6.58) 4.84(4.48, 5.69) 0.93(0.87~0.99) 0.021
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X IPF B85 i i 5 2 g K AR 56 A= Ak 48 b
7R 2 Cox [m1H 43 B, AP H 5 OS I L & .
2t B oK R % IR R 1 (low-density lipoprotein,
I.DL) (HR=0.82, 95%CI: 0.68~0.99,
P=0.035) @5 (HR=0.69,95%CI: 0. 51~0. 95,

Py, i [ 4% BB 4T R (HR=1.04, 95%CI:
1.02~1.07, P=0.002) | Mt # & (HR=~1.00,
P=0.012) } ZL B2 i & W W) L -1 (HR=1.01,
95%CI:1.01~1.01, P<<0.001) Jt & A& K6 N % .
B4R 7 IR AR AR T B | 8 RE B R L SR AR B I

P=0.022) . {if £k #8 53 & 1§ S5 0 8] (HR=0. 92, MUK S AT 662 5 IPF BE A4S R, N
95% CI: 0. 88~0. 96, P<C0. 001) £ ¥ [H Z 43 fr i 1 Z I FR Cox [ HB AR g 4R 4L Tk AR i (R 4) .
*4 IPFEEME FENRERIEN Cox REESH [M(Pys, Ps);x2s]
EfER 2N M e (N=160) BT (N=137) HR(95%CI) P

Ja IR [E 72/ mmoleL ! 4.30(3.70, 5.17) 3.95(3.51, 5.10) 0.97(0.84~1.12) 0.699
H- 3 = 1§/ mmoll. ™! 1.15(0.84, 1.70) 1.08(0.84, 1.43) 0.87(0.69~1.10) 0.246
NG 1/ mmol-L ™! 1.06(0.86, 1.26) 1.02(0.85, 1.23) 1.14(0.69~1.89) 0.618
LDL/ mmol-l. ™! 2.68(2.17, 3.54) 2.43(1.91, 3.05) 0.82(0.68~0.99) 0.035
/INTT % i 2 11/ mmol-L ™! 0.92(0.59, 1.29) 0.80(0.52, 1.23) 0.88(0.64~1.21) 0.446
fE# 1 a/ mgl ! 110.30(53.12, 306.50) 109.54(52.90, 282.47) 1.00(1.00~1.00) 0.134
TiF B MG D7 AR/ pmol-L ! 394.75(285.15, 574.60) 462.50(293.00, 627.60) 1.00(1.00~1.00) 0.741
Wifk/ mmolL ! 2.29(2.00, 2.79) 2.10(1.83, 2.42) 0.69(0.51~0.95) 0.022
[RE-N &0 2751 : 7000 Pt 17.00(12.00, 31.00) 18.00(12.00, 27.00) 1.00(1.00~1.01) 0.344
AR A S A /UL 21.00(17.00, 29.00) 21.00(17.00, 30.00) 1.00(1.00~1.01) 0.095
BHLT % /pmolel ! 11.20(8.75, 15.50) 11.90(9.60, 15.10) 0.99(0.97~1.02) 0.586
BHEARLT E /pmolel. ! 2.30(1.60, 3.35) 2.60(1.90, 3.70) 1.02(0.98~1.06) 0.243
]2 R 4T 2 /pmolel 8.95(6.70, 12.15) 9.60(7.40, 12.40) 1.04(1.02~1.07) 0.002
MEM /gL 65.30(62.25, 70.70) 64.40(60.40, 70.30) 1.01(0.99~1.03) 0.298
ALB/g-L ! 37.05(34.25, 39.50) 35.10(31.60, 38.00) 0.97(0.94~1.00) 0.083
BRI /gL 29.70(26.40, 33.95) 29.80(26.60, 34.30) 1.01(0.98~1.04) 0.615
¥4 B S kRl /UL 23.00(14.00, 35.50) 22.00(16.00, 32.00) 1.00(1.00~1.00) 0.390
Bl P W AR /UL 72.00(61.00, 92.50) 82.00(65.00, 109.00) 1.00(1.00~1.00) 0.697
SRR/ pmolel ! 3.60(2.30, 5.65) 3.60(2.30, 6.10) 1.01(1.00~1.03) 0.110
JR %/ mmol-L ! 5.80(4.58, 7.08) 5.30(4.44, 6.50) 0.98(0.93~1.03) 0.425
WUAT/pmolel. 70.50(57.70, 85.40) 69.60(60.00, 86.90) 1.00(0.99~1.00) 0.269
JRER/pmolel ! 338.50(277.50, 399.75) 314.70(245.60, 395.30) 1.00(1.00~1.00) 0.032
AR/ mmol L ™! 25.10(22.45, 27.20) 25.10(22.90, 27.30) 1.00(0.99~1.01) 0.893
& -C/mgeL ! 1.04(0.85, 1.21) 1.11(0.95, 1.26) 0.71(0.46~1.09) 0.120
M Y 1R /mgel. ™! 594.80(536.65, 688.45) 612.80(549.20, 709.20) 1.00(1.00~1.00) 0.012
WURR g /UL ™! 79.50(50.50, 123.30) 78.00(50.00, 180.00) 1.00(1.00~1.00) 0.470
JULRR 38 ) TG /UL 12.00(10.00, 17.00) 13.00(10.00, 19.00) 0.99(0.98~1.01) 0.375
« B T Wi AR /UL 143.50(124.00, 178.50) 166.00(119.00, 227.00) 1.00(1.00~1.00) 0.070
FLFL M AR /UL 192.00(160.00, 242.00) 220.00(186.00, 295.00) 1.00(1.00~1.00) 0.737
FLFR I SR R TA-1/U-L ! 28.00(21.00, 37.50) 33.00(24.00, 45.00) 1.01(1.01~1.01) <<0.001
R L ST U] /s 11.50(10.90, 12.50) 11.80(11.20, 12.50) 1.01(0.99~1.03) 0.485
UG 1L Al S o AL LU 1.07(1.02, 1.15) 1.10(1.05, 1.16) 0.94(0.81~1.09) 0.412
AE i D53 B/ V4 93.00(82.00, 102.00) 86.00(77.00, 96.00) 0.99(0.99~1.00) 0.144

T A5 53-8 1 i 5 [ /s 30.65(28.60, 33.05) 29.60(27.70, 32.10) 0.92(0.88~0.96) <0.001
58 It i ]/ 14.30(13.60, 15.25) 14.50(13.50, 15.50) 1.00(0.99~1.00) 0.972
YR R i/ mged L 352.50(294.50, 410.00) 353.00(291.00, 419.00) 1.00(1.00~1.00) 0.640
D— 2R {k/ngsmL ™! 132.00(89.50, 236.00) 206.00(108.00, 502.00) 1.00(1.00~1.00) 0.954

2.3 BEAZEERSWE %&EIJ%EE%;E_L 5k
Tk R B A A R AE G R R S

TE LM, B & A 4RI (FVC X pred .\ DL-
COYopred \RAR | ik I 2 i 0 J2 A1 %% B2 g 811 6 1
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75t 7E I 2k 2 A A 22 R Cox [l IF RS . 45
B R, OER (HR=1.02,95%CI: 1.00~1. 05,
P=0.017) . @ FVCY% pred (HR=0.98, 95%CI:

HEST AT RS R BB AL (1)

x5 IPFEHEOSTHEM CoxZEEMMA(ETFilZ%KA)

AASE IHRE ARifR St HR(95%CI) P
0.97~0.99, P=0.007) . @ RAR (HR=21.08, —— SRl UE- e
0 o ; i T A1 0.025 0.010  2.389  1.02(1.00~1.05) 0.017
9520 CI: 1. 36~326. 27, P=0.029) . @ 1 41 DLCO%pred  0.004 0.007  0.631 1.00(0.99~1.02) 0.528
(HR=1.37,95%CI: 1. 13~1. 67, P=0.001) . @Kk FVC%pred —0.018 0.007 —2.684 0.98(0.97~0.99) 0.007
% %R A (HR=0.77, 95%CI: 0.61~0.98, RAR 3.048 1.398  2.181 21.08(1.36~326.27) 0.029
P=0. 035) /3 P ¥ . & P, b 5 UE 41 PF- Ak Iz 1) 28 1] WEAEE 0316 0.099  3.183 1.37(1.13~1.67) 0.001
W ERM(FES) ., T EZHZNWHSRE, CEENREN —0.257 0122 —211  0.77(0.61~0.98)  0.035
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2.4.1 LA ROC WX IE  PE—L A5
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2.4.2 GAPHB AR LF 54k I1H GAPIEH
(P 1) -4 % B0 FVC % pred M DLCO % pred {5 ) &
GAP 5, LIAG S B F 2 Wi i s T KU . 51k
143,61~65% N 143,652 Lh E Ry 24 ,FVC %pred
5 50%~75% R 14 ,50% LLF A 24 ,DLCOY%
pred H 36 %0~55% h 143 ,35% LA F Ry 24y &
TCHEAT N 343 o WA B 0~3, M) bk %8 58 — B
BE;d~5 05 BB 6~8 M =HB., WT-R5
GAP M BEAH X (% 6).
R6 GAPITEHRFIESAM

x7 TUMIPF BEBEMIIKERES GAPEE X 5

B
B Cie#t  triEiR 95U CITFIR  95%CIEMR

2Rl (n=208)

GAP 0.564 0.030 0.505 0.623

B £ [ A T 0.653 0.030 0.594 0.712
IR (n=289)

GAP R 0.563 0.061 0.443 0.683

G| 2% PRI 7Y 0.593 0.064 0.468 0.718
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T s 3
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A48 (B B ) 1 2 3
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FET=HR/ Y%
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