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Abstract

Objective: The aim of this study was to investigate the effect of serum phosphate trajectory in 28-
and 90-day all-cause mortality in patients with sepsis. Methods: This retrospective cohort study
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used data from the Medical Information Mart for Intensive Care (MIMIC)-IV database and included
sepsis patients admitted to the ICU. Group-Based Trajectory Modeling (GBTM) was applied to plot the
trajectory of serum phosphate fluctuations in patients admitted to the ICU for 7 days, and Kaplan-
Meier survival curves were used to compare the differences in mortality rates among septic patients
with different blood phosphorus trajectories. Hazard Ratio (HR) was calculated using Cox propor-
tional risk modeling to determine the association between trajectory and prognosis. Results: A total
of 25,451 patients with sepsis were included, and four blood phosphate trajectories were identified,
including: a consistently normal group, a low-then-high group, a high-then-low group, and a con-
sistently high-phosphorus group. Adjusted COX regression analyses, in 28-day mortality, HR 1.96
(95% confidence interval [CI] 1.82~2.12, P < 0.001) in the low-first-high group, HR 1.41 (95% con-
fidence interval [CI] 1.29~1.55, P < 0.001) in the high-first-high group, and HR 2.83 (95% confidence
interval [CI] 2.53~3.16, P < 0.001); in 90-day mortality, HR 1.77 (95% confidence interval [CI]
1.65~1.89, P < 0.001) in the low-first-high group, HR 1.36 (95% confidence interval [CI] 1.26~1.47,
P < 0.001) in the high-first-high group, and HR 2.45 ( 95% confidence interval [CI] 2.21~2.71, P <
0.001). Conclusion: Serum phosphate trajectories are independently associated with 28-day mor-
tality and 90-day mortality in patients with sepsis, and the relationship between blood phosphate
trajectories and prognosis in patients with sepsis warrants further investigation.
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Figure 1. Patient intake flowchart (MIMIC 1V: Medical Information Mart in Intensive Care
1V; ICU: Intensive Care Unit)
E 1 BENEREEMIMICIV: EESFETERET IV; ICU: EEEFRHE)

2.3. BEREE

ML PostgresSQL (fifi4s 13.7.2)#11 Navicate Premium (fii4s 16), 18 FH 45 #4675 15 = (SQL)HEHX
R TR R AR EARIGARRHEARE BEER . A RE. FE. REREBMI) KRS A
OS24 E Ry A FEMG T O, milu k. FER . 1M R . BT« Sk i
B SRR HY(WBC). C-R M (CRP). M4 EE(PCT). BN 6 (IL-6). ALEF. ILiE
BT IS ST MyEH S MiERFRR LR . T FUS i 6 56 B IE B AR77:(CRRT) . HLGE S
UM A TE PR 25 A s ERE s 1 B A 40 N SOFA 143 F1 Sapsii 1£53; 45 s 48 nfdE A ICU J5 28
RAEFIETH, 90 RAEF T RMELLR .. Hd, HEBEHEHBRIKCEANS RAER RS, &
WFFCERIL T NME ICU J5 7 RN AR B IR A4l , IFe R H PIE. PRk AMAses =80, Wik
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Giit o H R4.2.2. StataMp 18 Fl SPSS 27.0.1 BEAT o IEZSF3 A7 AE IEZS 4340 (14 I 5 5040w 43 7l LA
H+ bR 22 R P B (IQR) R AR o 3 S8 RN 3 AR B 1) 4L [A] L A 43 AR FH 7 2 0 I AR T i3 . St
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] YA DL R R B AR B S AR R . 78 Kaplan-Meier (K-M) 2k DL SR AS [5) 50038 it s R) 35 7% 1) 2 AR
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T 4 PO BR AL PRy, g 2 BoR, S5 R BRSPS H IER 2 BB IR T 5, IERHE
RUEPEI R EE . M 4 AP0 2 FioR: B0l 1 (1A, RReRibEs 4) b i s sk KPR e e s
YU (2.5~4.5 mg/dL); Ui 2 (2 241, SEAIR)E ) B B LB K P RS HIAE IR Y N, BE A I TA) (R HERS AL
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W s B 4 (4 40, FRER L) I B MR SR AL T S B IR RAS
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z5%, WERNHAZEMANOSGHEE. SFEMER =R, WRBIKZHT R AGAEREER.
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Table 1. Optimal trajectory group size selection
= 1. SIEPUEABORE

HH zmA |AIC BIC| ISABIC| i &R b (%) AvVePP (BE/MEILEZH)

1 3 19921336 199233.72 199237.45 100

2 33 178955.96 178996.67 179004.14 0.938 13.07 0.99/0.94

3 333 17287596 172937.04 172948.23 0.883 5.13 0.96/0.88/0.94

4 3333 170033.31 170114.74 170129.67 0.87 3.88 0.96/0.80/0.83/0.93

5 33333 167775.07 167876.86 167895.52 0.824 2.04 0.83/0.92/0.78/0.85/0.94
6 333333 166346.11 166468.25 166490.64 0.814 1.68 0.90/0.76/0.86/0.81/0.82/0.93

AIC, Akaike {5 2HEN; BIC, DAH{ZRAEN]; SABIC, FEAVEEE IIM-Hi(s BHEN; AvePP, F3JEWME
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Table 2. Evaluation within the optimal trajectory model
= 2. RIEPERBLRTEN
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Figure 2. Phosphate trajectory in septic patients

Bl 2. BRERERE MBHIEIE R

Table 3. Baseline characteristics of patients stratified by blood phosphate trajectory groups

3. RMBHITA SRR B E R LAHE

A B% 1 (n=19,525)  HiF 2 (n = 2692) B 3 (n = 2250) BT 4 (n = 984) P
WS (%) 68.00 (56.00, 79.00)  69.00 (58.00, 79.00)  68.00 (57.00, 78.00)  65.00 (55.00, 76.00) <0.001
WE(AT) 77.70 (65.00, 93.06)  83.10 (69.10, 100.00) 81.45 (68.06, 98.97) 84.10 (69.65, 102.00) <0.001
PE5 <0.001
Bk 10,930 (55.98) 1571 (58.36) 1315 (58.44) 644 (65.45)
Eeis 8594 (44.02) 1121 (41.64) 935 (41.56) 340 (34.55)
T <0.001
SEEYN 13,475 (69.02) 1832 (68.05) 1462 (64.98) 615 (62.50)
B NP 1996 (10.22) 313 (11.63) 305 (13.56) 145 (14.74)
HAh N 4053 (20.76) 547 (20.32) 483 (21.47) 224 (22.76)
O YVEEBE S S 3210 (16.44) 658 (24.44) 521 (23.16) 246 (25.00) <0.001
NS 6152 (31.51) 907 (33.69) 689 (30.62) 300 (30.49) 0.07
N i 50 9 s s 5368 (27.49) 832 (30.91) 723 (32.13) 278 (28.25) <0.001
JH R 95 975 52 2940 (15.06) 516 (19.17) 577 (25.64) 249 (25.30) <0.001
B R399 58 5943 (30.44) 1199 (44.54) 943 (41.91) 422 (42.89) <0.001
B R 993 995 5 3940 (20.18) 1288 (47.85) 1202 (53.42) 583 (59.25) <0.001
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P fe e 5 B 2820 (14.44) 375 (13.93) 335 (14.89) 159 (16.16) 0.36
Sofa ¥4 3.00 (2.00, 4.00) 4.00 (2.00, 5.00) 4.00 (3.00, 6.00) 5.00 (3.00, 7.00)  <0.001
Sapsii 143 38.00 (30.00, 47.00)  44.00 (35.00, 54.00)  50.00 (41.00, 60.00)  51.00 (41.00, 62.00) <0.001
FIZAffI%(10%L)  13.50 (9.60,18.50)  13.90 (9.67,19.83)  14.70 (10.10,20.80)  14.80 (10.00, 20.72) <0.001
I35 455 F(mg/dL) 8.0 (7.50, 8.50) 8.10 (7.60, 8.60) 8.00 (7.40, 8.60) 7.90 (7.30,8.50)  <0.001
WILEF(mg/dL) 1.10 (0.80, 1.60) 2.00 (1.30, 3.10) 3.00 (2.00, 4.90) 4.25(2.70,6.60)  <0.001
L% 525 1~ (mmol/L) 137.00 (134.00, 140.00) 136.00 (133.00, 139.00) 135.00 (132.00, 139.00) 135.00 (131.00, 138.00) <0.001
3% #ES 7 (mmol/L)  3.80 (3.40, 4.20) 4.00 (3.60, 4.50) 4.20 (3.70, 4.70) 4.30 (3.90,4.80)  <0.001
FLIER (mmol/L) 1.80 (1.25, 2.65) 1.90 (1.30, 2.95) 2.20 (1.40, 3.75) 2.05(1.30,3.80)  <0.001
WA IE S, 11,931 (61.11) 1885 (70.02) 1575 (70.00) 713 (72.46) <0.001
CRRT 756 (3.87) 355 (13.19) 606 (26.93) 251 (25.51) <0.001
M TE 25 9001 (46.10) 1524 (56.61) 1338 (59.47) 582 (59.15) <0.001
28 RIET: <0.001
Peah 16,083 (78.2) 1763 (65.49) 1529 (67.96) 526 (53.46)
BT 3441 (17.62) 929 (34.51) 721 (32.04) 458 (46.54)
90 RAET: <0.001
A 14,486 (74.20) 1526 (56.69) 1282 (56.98) 458 (46.54)
BT 5038 (25.80) 1166 (43.31) 968 (43.02) 526 (53.46)
?iﬁﬁiﬁm&ﬁﬁ%ﬁ%ﬁﬁ + bRAEZE, AR IES A0 I EEE o T B Y o A7 B . CRRT, 481
EETIT %

MBI~ 12 =34

1.00
0.75
1%+0.50
H
0.25 Log rank P < 0.001
0.00
0 6 12 18 24 30
. NEN)
Number at risk
0
129659224 128471829 127171406 1169%681 116 842 154 0
2250 2005 1807 1673 1586 0
984 775 653 583 545 0

Figure 3. Kaplan-Meier survival estimates of 28-day mortality in each blood phosphate trajectory
B 3. | M T 28 RFET-FE Kaplan-Meier & #1&t

1 Kaplan-Meier 4: 47 #iZk 922, WLIE 3 5 4 fros, 85 RSB m AN R BRI 20 (0 A A7 il A7 AE
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i3 7 5 (Log-rank P < 0.001). *f4# NBEREAT COX [RIHZ0 M B, M 4328 0 A [7) 2E 590 7 4 BB T
REFEREER. 1628 RIWTF, 500 LAHI, S0 4 30T K m, K LL(HR)A 2.83 (95%
Cl: 2.563~3.16), ik 2 FIELZE 3 M s H B m ML K, HR 737004 1.96 (95% Cl: 1.82~2.12)#

MBI = 1 =23 ~4

1.00

0.751 — e
& 0.501
1H

0.251

Log rank P <0.001
0.001
0 9 18 27 36 45 54 63 72 81 90

HFTH] ()
Number at risk

19524 18203 16961 16205 15761 15448 15189 14995 14824 14653 14486
2692 2237 1938 1787 1714 1664 1629 1595 1575 1545 1526
2250 1901 1673 1554 1476 1421 1379 1351 1329 1309 1282
984 703 583 531 504 491 478 468 463 460 458

Figure 4. Kaplan-Meier survival estimates of 90-day mortality in each blood phosphate trajectory
B 4. B MEHIEH 90 RFET-ZEM Kaplan-Meier & & i+

Table 4. Association between blood phosphate trajectory group and ICU 28-day mortality
4. MEHELAS ICU 28 RIET-R 2 [BIA0EEE

B 1 (A% HR, 95%CI) P PR 2 P PR 3 P
41 1.00 &% 1.00 &% 1.00 &%
/42 2.20 (2.05~2.37) <0.001  2.26(2.10~243)  <0.001  1.96(1.82~2.12)  <0.001
3 2.02 (1.87~2.19) <0.001  2.09(1.92~2.26)  <0.001  1.41(1.29~1.55)  <0.001
/4 3.43 (3.11~3.78) <0.001  3.75(3.40~4.13)  <0.001  2.83(2.53~3.16)  <0.001

BT 1 R A COX [RlARERY ;KR 2 Jyif 4 N L2230 i) COX IR, BARAEEe . TRl MR, Fhik;
M3 ONIAN AR R COX [BIARER . HR A LE . CI EAF X TH]

Table 5. Association between blood phosphate trajectory group and 90-day mortality in the ICU
5. MEHITAS ICU 90 RIET-R 2 (B KBk

A 1 (1% HR, 95%CI) P B 2 P B 3 P
41 1.00 % 1.00 % 1.00 &%
/42 1.96 (1.84~2.09) <0.001  2.03(1.91~2.17)  <0.001  1.77 (1.65~1.89)  <0.001
13 1.92 (1.79~2.06) <0.001  1.99(1.86~2.13)  <0.001  1.36(1.26~1.47)  <0.001
/4 2.84 (2.60~3.11) <0.001  3.15(2.88~3.45)  <0.001  2.45(2.21~2.71)  <0.001

FEAY 1 AR VHEEN COX [ml AR AR 2 i 88 A 12225 ) COX [al AR, EFRERS . M), RE. Rk, B
T 3 AN AR AR T COX [RIAEERL., HR Ktk Cl BEX (A,
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1.41 (95% Cl: 1.29~1.55). fE 90 RACT-Frh, HRREIEFAHALL, Pk 2. Btk 3. Bk 4 1R EE 2391
N 1.77 (95% CI: 1.65~1.89), 1.41 (95% CI: 1.29~1.55)F1 2.83 (95% ClI: 2.53~3.16). Fxitz 4, Huik 2. #
753, K 4 2 JH] 28 K5 90 RICT-HFMWAFAERML R, W& 6~9.

Table 6. Association between blood phosphorus trajectory group and ICU 28-day mortality
6. MEHLTLAS ICU 28 RIET-R 2 [BIAEEE

PR 1 (% HR, 95%Cl) P A 2 P
/2 1.00 &% 1.00 &%
43 0.92 (0.83~1.01) 0.092 0.74 (0.67~0.82) <0.001
/a4 1.54 (1.38~1.72) <0.001 1.50 (1.32~1.69) <0.001

B 1 AR A ) COX [Rl AR ; BER 2 W N A fE AR A COX AR, HR KUkt CI BAF XA,

Table 7. Association between blood phosphorus trajectory group and 90-day mortality in the ICU
7. MEHELES ICU 90 RIET-R 2 (B0 555

T 1 (% HR, 95%CI) P R 2 P
42 1.00 &% 1.00 &%
413 0.98 (0.90~1.07) 0.666 0.81 (0.74~0.89) <0.001
4 4 1.43 (1.29~1.59) <0.001 1.45 (1.30~1.63) <0.001

B 1 R A ) COX [Rl AR ; BER 2 9N N A AR &) COX AR, HR KUKt CI BAF XA,

Table 8. Association between blood phosphorus trajectory group and ICU 28-day mortality
8. M#HITES ICU 28 RIET-R 2 (B0 EE

RERY 1 (% HR, 95%CI) P I 2 P
43 1.00 % 1.00 3%
44 1.66 (1.48~1.87) <0.001 1.96 (1.74~2.21) <0.001

BT 1 R EE ) COX [BIEARAY s HUR 2 9 N A A2 f i) COX BRI . HR KUkt CI BAF XA,

Table 9. Association between blood phosphorus trajectory group and 90-day mortality in the ICU
F 9. M#HTLES ICU 90 RIET-R 2 (B0 55EE

R 1 (% HR, 95%Cl) P R 2 P
2 1.00 % 1.00 &%
/4 1.45 (1.31~1.62) <0.001 1.75 (1.57~1.95) <0.001
B 1 AR ¥ COX BIABEAL, B 2 gy N A3 H AR &1 COX [EIARERY . HR RUKIEL . CI B AE X [H] .

4. VWHig

TR R S — o pH R B R 0 e B M A R, TR S S Th RERE RS RISE TS . AT AT T
V3T, 15 B A A FE T T AR e R MR P[] PRI, RN S HEE 195 B A FE Lo S 2L TS S 4%
ST R FI A FR R AR A S E . R M EE MR T, EAh A S M EE e
FIhE, BEA: O B L S RS B BUS R, Wei S 28 A1 META 4 eh[11], 49\ 7 10 T
5. 40,000 4 MEHEE B, ABATRILG IBEIEH S ML, IR KT 7 5 4 R BB T XS 18 e 5%,
X 5 A FTLE R
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FEREAE BT D, IS BERR #h—MOE SO 24 /NN ER 48 /NN Y I B AR [13] [17]-[21], B3 DA A %
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