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Mediating role of remnant cholesterol in the relationship between
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Abstract ; Objective  To investigate the effects of shift work and remnant cholesterol (RC) on renal impairment among steel
workers and to analyze the mediating role of RC in this association. Methods A cohort study was conducted involving 4 113
workers from a steel enterprise in Tangshan. Participants were enrolled in 2017 and followed up until 2023 to record incident
cases of renal impairment. Shift work status was assessed to calculate the Weighted Shift Index (WSI), and RC levels were
determined based on fasting lipid profiles. Cox regression was used to analyze risk associations, the Bootstrap method was
employed to examine the mediating effect of RC, and sensitivity analyses were conducted to evaluate the robustness of the
findings. Results A total of 626 participants (15.2% ) developed renal impairment. Compared with those who never worked
shifts, former and current shift workers had a 3. 267 — fold (95% CI . 2.399 —4.449) and 2.910 —fold (95% CI: 2. 163 -
3.914) increased risk of renal impairment, respectively. Each IQR increase in WSI was associated with a 29. 4% increase in
risk. Participants in the high RC group ( = 0.71 mmol/L) had a 1. 762 —fold (1.364 —2.277) higher risk compared to those
in the low RC group ( <0.34 mmol/L). Mediation analysis revealed that RC partially mediated the association between shift
work and renal impairment, accounting for 12. 4% (former shift work) , 10. 6% ( current shift work) , and 6. 1% (WSI) of
the effect, respectively. Conclusion Higher shift work load and elevated RC levels were both significantly associated with an
increased risk of renal impairment, with RC playing a partial mediating role in this relationship.
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Table 1 Univariate analysis of the incidence of renal dysfunction in steel workers
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Table 2  Effect of biochemical indicators on renal impairment in steel workers

s e P

TG ( mmol/L) 1.6 1.3 2.0£1.9 5.254 <0.001
TC(mmol/L) 5.1+0.9 5.2+1.0 2.643 0.008
LDL - C(mmol/L) 3.0+0.8 3.2+1.0 3.380 <0.001
HDL - C(mmol/L) 1.3+0.3 1.3+0.3 3.485 <0.001
FBG( mmol/L) 6.0+1.0 6.5+1.1 11.283 <0.001
SBP(mm/Hg) 127.4 £10.5 128.6 £12.5 2.261 0.024
DBP(mm/Hg) 81.8 7.1 82.6 8.4 2.137 0.033
GFR[ mL/min/(1.73m?) ] 104.7 £9.5 105.2 £11.6 0.976 0.329
RC(mmol/L) 0.4(0.3,0.7) 0.5(0.4,0.8) 6.730° <0.001
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BIFFLL (HR ;2. 910;95% CI:2. 163 ~3.914) 'F Dy fig it
1 08 o RIS 2 L MO BIE2HL 5 (P < 0..001)
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RC 4115 Dy RE 101403 1) & 9 LR S Q, 4L iy 1. 762 £
(95% CI:1.364 ~2.277) .
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Table 3  Association between shift work and the risk of renal function impairment
RC B 1 BT
HR(95% CI) P HR(95% CI) P
WSI(ESE) 1.003(1.002 ~1.004) <0.001 1.003(1.002 ~1.004) <0.001
AERE I 1IQR 1.412(1.220 ~1.635) <0.001 1.279(1.105 ~1.480) <0.001
MAAEPE 1.000 1.000
W 25 E 3.414(2.510 ~4.644) <0.001 3.223(2.367 ~4.389) <0.001
HEBPE 2.837(2.118 ~3.801) <0.001 2.783(2.070 ~3.740) <0.001
RC BRI BRIV
HR(95% CI) P HR(95% CI) P
WSI(#28) 1.003(1.002 ~1.004) <0.001 1.003(1.002 ~1.004) <0.001
SR 1IQR 1.306(1.130 ~1.511) <0.001 1.294(1.119 ~1.496) <0.001
MARAEPE 1.000 1.000
B 2215 PE 3.212(2.359 ~4.373) <0.001 3.267(2.399 ~4.449) <0.001
IAEEIBE 2.794(2.080 ~3.753) <0.001 2.910(2.163 ~3.914) <0.001
R GRARVE A B D) REAR U A0 XU 1) OGBS0 BT
Table 4 Association between remnant cholesterol and the risk of renal function impairment
RC R 1 gl B
HR(95% CI) P HR(95% CI) P HR(95% CI) P
RC(#%4L) 1.686(1.511 ~1.881) <0.001 1.566(1.401 ~1.749) <0.001 1.559(1.393 ~1.744) <0.001
SR 1IQR 1.213(1.165 ~1.263)  <0.001 1.180(1.133 ~1.230)  <0.001 1.179(1.131 ~1.229)  <0.001
Q,(0.06 ~) 1.000 1. 000 1.000
Q,(0.34 ~) 1.607(1.242 -2.079) <0.001 1.508(1.160 —1.960) 0.002 1.507(1.159 -1.960) 0.002
Q5(0.48 ~) 1.669(1.294 -2.152) <0.001 1.594(1.233 -2.059) <0.001 1.583(1.226 -2.045) <0.001
Q,(0.71 ~3.95) 1.842(1.432 -2.368) <0.001 1.772(1.371 -2.290) <0.001 1.762(1.364 -2.277) <0.001

x5 EIPES R AN B CHAE T

Table 5 Association between shift work and remnant cholesterol 2.4 “l’f]\%'( )2 % 6~8 ﬂu%‘ |_|u:'; ,ﬁﬂﬂﬂﬂ‘ 'll%]j]ﬁ!é )F'l
o s wa GRS EE S A . SR L RC
R HEBORL 4 (P = 0..001) o BAJF]H22 20 0 5 5 288 B4

HFE 0.466  0.404 0.528 215.479 <0.001
EITERS  (5 1. 0 B e 12. 4% | FE B AE R FEL 5 10. 6% , 7E WSI
s AL 07 6. 1% , ¥ RAT G4 (P <0.001) , £
o0 2 (5 PE 0.078 0.037 0.118 14.228 <0.001 s , .
DAL 0.082  0.046 0.117  20.597 <0.001 L PBUPEXS H RE 3R R T, RC 2 ME— FUAT 125
WSl 0.031 0.002 0.060 4.100 0.038 HAER A AR B8, B RC FEi% 6 R A 4% —

TE )7 SCARNMEROR R RE T 4R % (PR O I L EKE  BMILFBG

RE R AER

SBP .DBP . eGFR ,\TC TG .HDL LDL =i FiA 2k
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Table 6 The mediating effect of RC on the relationship between shift work and renal impairment

&6 RCA-SHEIPES B DI REMA I Hh A 200

P ER AR [ 42380 RE{EL (95 % CI) P
R 2515 HF—RC— B gt 0.018(0. 009 ~0.029) 0. 001
R 2B PE—TC— B T REH -0.001( —0.005 ~0.003) 0.671
R B PE— LDL— 5 I Re 45 4 0.001( —0.002 ~0.002) 0.770
B 22 8| BE—HDL— 15 T g 45 0.001( —0. 002 ~0.003) 0.592
AP —RC— 1 W RE 45 0.015(0. 008 ~0.023) 0. 001
PTEEIPE—TC— 5 DG 1 -0.003( -0.008 ~0.001) 0. 084
A PF—LDL— 5 T Bt 1 0.001( —0.001 ~0.001) 0. 850
PRAEAR BE—HDL— 5 3 R 455 —0.001( —0.003 ~0.001) 0.332
RT BRI EHBON K ARV SRR
Table 7 Total, direct, and indirect effects from the mediation analysis

RN A i BUNAE (95% CI) BN (5 L (%) P
S AN B 22 fE 0.017(0.010 ~0. 027) 12.4 <0.001

BUAEAR| BE 0.011(0. 006 ~0.016) 10.6 <0.001
RO R 251 PE 0.119(0. 092 ~0. 148) 87.6 <0.001

PRAEEI DR 0.093(0.069 ~0. 115) 89. 4 <0. 001
SR 1 22 5| YF 0.137(0. 109 ~0. 167) 100.0 <0.001

IAEBIPE 0. 104 (0. 080 ~0. 126) 100.0 <0. 001

£8 RC AT WSI 55 DRedi 4% th A 5500
Table 8 The mediating effect of RC on the relationship WSI and renal impairment

A RO i b RUBIME (95% CI) P
WSI—RC— 1 ThREH 1 0. 040(0. 015 ~0. 070) 0. 008
WSI-TG— 5 ) g i 0.016( —0. 001 ~0. 040) 0.204
WSI—LDL— 5 T sei 4 0. 004( —0. 006 ~0.015) 0.474
WSI—HDL— & I §e i 14 0.001( —0.011 ~0.013) 0. 885
SRR N 0.061(0.013 ~0.114) 0.013

2.5 maPias WA SR RCAE R
A P2 AR fd K H B B 5 B T RE R A% A S ) 2
AN 2 Fros , 78 5 41 DL S TR 4E- % BMI 7.4
H1, RC A H AU 3

2.6 HBMESH FHIRWEAE RN KR VIR,
HEBR R 2 45 8 & #5625 D5 VA [A) 4k B S k47
Ao HT s S5 HERR LDL - C S fH ( <2.6 8 = 4.1
mmol/L) J5 & & 43 A IEAL RC IHE 2%, R
SCHR IR P R R I R 2 R T SRR
WAL, B3 o TP AR .

3 4 it
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JFE A, FATT B Y 45 AL SRR T ORC AR N
CKD 3 Ji g —A AU PR R e

RAEFATIR A UL R, KR BES [ A L
UFSESE T GRL: T NS IR AW I R

A6 IO SRR A 3 T il g 4 T R
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UESERFSE G RC 287 06 T I K8 B DhRe A7 1k
W2 o AERIAELRORE , RC 2 BT LA REZEIBE 5
i 6] A TP, 5 R A B A e ik A
TR PIMISE ™ - RC BURLEL /N, 5 28 36 1045 79 1
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PELIR AR M B A0 35 N B D RE A i AR B 40
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