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The association between plasma remnant cholesterol level and coronary artery disease

in menopausal women
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[ ABSTRACT] Aim To investigate the association between plasma remnant cholesterol (RC) level and coronary ar-
tery disease (CAD) in menopausal women and evaluate its clinical value. Methods In this retrospective study, 654
menopausal women who underwent coronary angiography at Changji Hui Autonomous Prefecture People’s Hospital between
January 2020 and December 2023 were included.  Based on angiographic findings, participants were categorized into CAD
group (n=476) and non-CAD group (n=178). Participants were stratified using the median RC level (0. 37 mmol/L)
as the cut-off value.  Multivariable Logistic regression was used to assess the relationship between RC level and CAD, and
ROC curves were generated to evaluate predictive performance.  Subgroup analyses were conducted to test for interaction
effects. Results RC levels were significantly higher in the CAD group compared with the non-CAD group (P<
0.001).  After adjustment for conventional risk factors, high RC levels remain an independent risk factor for CAD (OR=
1.884, 95%CI: 1.081 ~3.285, P=0.025). The individual AUC values of RC level, type 2 diabetes and hypertension
were 0. 556, 0. 572 and 0. 602 respectively. ~ When the three were analyzed together, the AUC value increased to 0. 654
(95% CI; 0. 608 ~0.700, P<0.001). A significant interaction was observed between RC level and lipoprotein(a) (=
300 mg/L) (P <0.05) , with the highest CAD risk identified in the subgroup with high RC and high lipoprotein(a).
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Moreover, RC levels were significantly elevated in patients with low density lipoprotein cholesterol (LDLC) =2. 6 mmol/L

and in those receiving statin therapy (both P<0.05).

CAD in menopausal women and exhibit a synergistic effect with lipoprotein(a).

Conclusions High RC levels are an independent risk factor for

Integrating RC level with type 2 diabetes and

hypertension improves CAD risk prediction in this population, suggesting a potential strategy for refined risk stratification.
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menopause

B K 5 R R AL P O 1% 9% 0K (atherosclerotic
cardiovascular diseases, ASCVD) H i/} &2 BRIL T
1 A 7E 3R B8 A A i o b 40% |, T
IR S5 R 5 0 e 1 M ST fE R R R
BEE CREAGHZRTL B 25 5k, s Hh = I AE 7Y 8
T2 I A BE TR B2 ALK T PR R A I
[# % ( remnant cholesterol, RC) 7K ) F+ &, RC i
FETESNIK NI, 20 2% SRR 2075 A A 7 A
i, RS &4 B RAE, I T8 ASCVD, HiH5 R
FEE X B AR &R I (low density lipoprotein
cholesterol , LDLC) il 2 , B 7EFE{X ASCVD AU , H
WK RC AT G R, SR, R 5C TbiT 2
25y AT 2259 S5 R T R e PRI 2R W
R LDLC ELIRFI HARMHE, 5 077 18 38 ik
AR, % T e % B B A 1B B8 (high density lipo-
protein cholesterol , HDLC ) 3 = J7 1 76 ) /> ASCVD
R R B TR A S I =R X
& o H O =l Y AR & 1 (iglyceride-rich lipoprotein,
TRL) XY S ASCVD i A % % VARG,
FENm PR H T AR 30 2o Pk R R KO A2 46, 7T g 2
PRk 1 A 5T AR B il S B 3R AR
A5 B FERE B Lotk RC 5500 ( coronary
artery disease , CAD) BYAHIME:

1 #RMTE

1.1 #HRIFH

HHL 2020 51 A—2023 12 A T E&F EH ik #
BEMARERER AT R 30 k&P AW 654 6]
MWLM, Hd CAD &4 476 6], A NARE.O%
M, QEH =40 F H<65 ¥ (%=1 4),02%"
R EBREL &, 2D H 1 AR E BE®
ERE =50%; @7 & th = E o fig 4 & [ HDLC 0
LDLC XA BB =M, EEE (a) H g E B Al f1
HAEE G BRI &tk kW, & E B X
RatmEille], Hrirg O ES ) KB,
QFF kR F(HAREAHEI KL AR A8 A
BATEESHE3IFEU L) TSR RM

remnant cholesterol; low density lipoprotein cholesterol; coronary artery disease; lipoprotein(a) ;

BN ERE E 5T 30 mL/(min - 1.73 m?) ;@)%
MOBELRE @EENEARNOF-ATERE L
AR, @& A e, 7o 178 Bl R A fE i
ERRsh k& ® R A% 8 E 4 B L M 4E h 38 CAD
B, XAFARCHBEERREEZR 2 FHAL(HE
£ . SBGJ202305040006 ) .
1.2 #ERGE

MEMNNBEHENEREL BEEE TR %EY
W2y L ERERAT, &k D BT E K T E
7 A 45 T (2024 £ BT R P2 AU R R 5 B
FROEAR AR B K A2 R OW 96 B A (2022)
WA E S FHEERE=1 X, BT 1 FRNAR
YA 5 OB O YT 1SR R AR R E 4 2 (body
mass index, BMI)= K & (kg)/ & & (m”) ; ik & = ¥
45 £ (mmHg) - 47 % £ (mmHg) ; RC = & fH & & -
(HDLC+LDLC) , A% T e M Eik = & H o =
B KT R FE B A e
1.3 o4

(DERFERARG R EYEREEFEN LB
H CAD #FndE CAD 41 (2) £ ¥ & £ RC # L
B 4 0.37 mmol/L, L RC L%k 4 41 &, 4 RC
& AKF 24 (RC=0. 37 mmol/L) ## RC 1% A& F 4 (RC<
0.37 mmol/L)
1.4 SitZE4aHh

Bl SPSS 29.0 4 #AT AT M, HAEEA
AT BAE DL vk R, 408 BB R R M ST BE K o
I BRSSP ANBEFEUP LI (E 2 LE) X
7, 4L 1E H 3R R R AR B Rk e A B 5 3 2k R DL A
(%) %x= AR EAESBHRMEE £ 7R
4, A8 M AT HE 3 Spearman 48 % AT ; CAD By /&
H %X % H%E Logistic B 94 (R BHZF £
T ¥ H % Logistic B )3 447 P<0.05 th % &) ;&
HE S HEAEA A, KA £ B Kk B F (variance in-
flation factor, VIF) 347 £ 2 M5 W, HE TR % JE [ B2 |
HDLC \LDLC F#t, X & AN N & VIF 2/
T20, kAL ELLEFEALREE, U P<0.05 4
ZRHETFENL, REEA XA Logistic H )7
A TR aAFHATHRLERRL, XA
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Bonferroni X IE, L35 %] H % &k # 3 F & fy 1 K45 M A B A I E i 2 B PRI W B T, e

&, RIEE 8 EEEAFER P<0.01,

2 & R

2.1 CAD A54E CAD BEZLEFRILLE:

JIH [ EE  LDLC F1H i = FE K FEAR (3 P<0.05)
PR TR] WS4 T & o T | 7k L2 A 4 I R e
it KA AR L A G B /N BRUE R JRIR (D-—
PR 5143 %% (ejection fraction, EF ) 45 5l 45 6 K
(fractional shortening,FS) 2253 LGt~ E X (£ 1),

54k CAD 41 He, CAD 41 RC 7K rp ks 2

= 1. CAD 53 CAD HELZLE LK

Table 1. Comparison of baseline characteristics between CAD group and non-CAD group

I H 4 CAD #H(n=178) CAD 4 (n=476) A P1{H
AW % 56.21+5.58 58.16+5.30 -0.775 0.438
BMI/ (kg/m?) 24.97+3.75 25.03+3.56 0.21 0.417
L/ [ (% ) ] 60(33.71) 258(54.20) 17. 803 <0.001
2 TR/ [ (% ) ] 16(8.99) 113(23.74) 40. 861 <0.001
WA/ [ (% ) ] 3(1.69) 3(0.63) 1.587 0.205
P/ [ (% ) ] 3(1.69) 21(4.41) 2.724 0.072
T Z591/ [ B1(% ) ] 15(8.43) 423(88.87) 378.971 <0.001

FTFEARALT T 14(7.87) 416(87.39)

B &7 MY T 0(0) 3(0.63)

FAAIT 1(0.56) 4(0.84)
DR/ (/5 75(68,80) 74(69,80) -0.775 0.438
i s/ mmHg 128.18+14.06 130.4+16.05 1.627 0.052
#F3k I/ mmHg 75.97+2.00 75.819. 67 -0.179 0.429
Jik %/ mmHg 52.21+10.96 54.59+11.93 2.315 0.01
SR FE B/ ( mmol/L) 4.42+0.98 4.32+1.04 -2.542 0.006
HilH =H8/ (mmol/L) 1.51(1.02,2.13) 1.42(1.01,1.93) -1.041 0.298
HDLC/ ( mmol/L) 1.29+0.32 1.2420.27 1.962 0.025
LDLC/ ( mmol/L) 2.7420. 88 2.59+0. 89 1.961 0.025
HASEE A1/ (g/L) 1.45+0.20 1.43+0.20 -1.537 0.062
#HIEEH B/ (g/L) 0.91x0.28 0.87x0.29 -1.142 0.127

EHE M (a)/(mg/L) 143.9(66.3,259.8) 158.4(70.5,353.0) -1.179 0.238

RC/(mmol/L) 0.35(0.15,0.60) 0.39(0.22,0.61) -2.189 0.029
PRI (x10° L) 3.28(2.69,4.04) 3.55(2.80,4.63) -2.169 0.03
WA (x10° L) 0.93+0. 51 1.96+0. 64 0.422 0.377
WR IR/ (TU/L) 17.25(13.00,24.95) 17.30(13.40,23.75) -0.073 0.941
KA R S B/ (TU/L) 18.30(15.95,22.65) 17.65(15.6,21.88) -1.23 0.219
W /NsR g %/ [ mL/ (min - 100.02+28. 32 97.21£23.43 -1.286 0.099
JRER/ ( umol/L) 284.39+71.79 283.30+72.20 -0.169 0.433
D-— A&/ (mg/L) 0.20(0.14,0.36) 0.22(0.16,0.37) -1.064 0.287
EF/% 61.06+4. 89 61.03+5.96 -0.052 0.479
FS/% 32.73+3.63 32.66+4. 19 -0.188 0.426

2.2 AE RCKFBERIGKFZRLLE

HDLC 7K~ 3 3 AR (3 P<0. 05) ; &F X RAEFE xR,

5 RCAKRACFALAH L, RC EKFAEAT Z RC &K A HbE 48 i 11 50R ik L 200 A 114k i 3
BB Ik FERE ARG BTG, o H il =R \LDLC &Il 392 (3 P<0.05) 5 534, RC = 7K F-4H BMI i 3 7t

R G E A B AIEEA (a) KF2FTHE,

BE(P<0.05;%2),
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*2. RCHKTFHASRAFAELTRILER

Table 2. Comparison of baseline characteristics between RC high-level group and low-level group

T H RC f&/AKFE4 (n=315) RC B7K P4 (n=339) FiHH P
BMI/ (kg/m*) 24.75+3. 68 25.26+3.53 1.823 0.034
S/ [ (% ) ] 223(70.79) 253(74.63) 1.214 0.155
L/ [ (% ) ] 147(46.67) 171(50.44) 0.932 0188
2 ORI/ [ (% ) ] 54(17.14) 75(22.12) 2.558 0.066
W4 i/ ( mmHg) 128.69+14. 51 130.83+16. 43 1.763 0.039
JJIE E B2/ ( mmol/1L) 3.98+0.90 4.70+1.02 9.482 <0.001
H il =&/ (mmol/L) 1.23(0.90,1.63) 1.66(1.19,2.30) -8.044 <0.001
HDLC/ ( mmol/L) 1.29+0.28 1.2220.29 -3.071 0.001
LDLC/ ( mmol/L) 2.50+0. 88 2.75+0. 89 3.608 <0.001
#HIEEH A1/ (g/L) 1.45+0.20 1.4220.20 -1.58 0.057
#HIEHE A B/ (/L) 0.81+0.26 0.94+0.28 5.968 <0.001
%M (a)/(mg/L) 128.3(56.7,275.9) 176.1(88.8,354.8) -2.975 0.003
rRPki M (x10° L) 3.36(2.60,4.20) 3.58(2.96,4.59) -2.575 0.010
WREgRML/ (x10° L) 1.89+0. 60 2.00+0. 61 2.241 0.013

2.3 RC 5EEFH L CAD XA MMEXE

Spearman AH 3¢ 73 HT 45 R 7R, RC 55095 |
LDLC  EH [ EE | Hl = Hg & A (a) \BMIL, R
A B2 BRI M I S AR G (P<0.05) , 5
HDLC £ HAH5E(P<0.01) , 5 TCAH E R (P>
0.05;%3),

*3. RC5EEFEH LM CAD R EMBIRERH
Spearman 8% 53> 1
Table 3. Spearman correlation analysis of RC with CAD

and other risk factors in menopausal women

K& r P
PRI 0.086 0.028
LDLC 0.147 <0. 001
HDLC -0.181 <0.001
A I ] 0.410 <0.001
v =g 0.339 <0.001
B (a) 0.124 0.002
BMI 0.104 0. 008
HNe®EA B 0.220 <0.001
1R I 0.086 0.028
2 RUBEFR S 0. 080 0. 040
AR -0. 008 0.835

2.4 BEHLME CAD ZEMHIMEER
DAIEAE I PR 5 A CAD SRR & Bk 1
PRSI F 22 R R AR A Z I R Logistic [0

B, A4 RC 3 55 2> 20 HE 5 & JE [ B | HDLC
LDLC M T, 253 7 . RC Il e 2 ZRO0% iR
W AE W P CAD KAWL fER R (P<
0.05), HH, RC & Thm— A, A &
CAD BRI IN 88. 4% (£ 4)

®4. BEEHZM CAD REMZ E X Logistic B35 17
Table 4. Multivariate Logistic regression analysis of

CAD occurrence in menopausal women

iy B Wald ¥ OR(95% CI) P
RC 0.634 4.993 1.884(1.081 ~3.285) 0.025
5 I 0.718 14.744 2.051(1.421 ~2.959) <0.001

2 HUBEPRAG 0.961 11.095 2.615(1.485 ~4.603) <0.001

2.5 RC2EBIERFMBSMEINEEIH LM CAD
£ ERTAMNE

ROC /3 Hr 4 R W%, RC .2 AUHE PR 6 Il g
L BR300 B A7 0] 4o CAD & AR B AUC {H R
0.556.0.572.,0.602; =& BEA M if, AUC {H N
0. 654,15 T RC .2 AUHHE I Fl ey I Y S 0k 12 Wy
(P<0.001;525 FE 1),
2.6 EZHIE RC ZKFE5 R

EIXT AR 4ot CAD B AT WAH AT, 6 A
M (a) =300 mg/L LDLC=2. 6 mmol/L FlfliyT
25 RC ACEARXS T+ 85 13.51% 28.57% Fl
37.93% (P<0.05) ; 7£ 2 Uk PRI | 5 I HE A 7
A RC K FER TG FREN(K6),
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5. RC.2 BUBERR R A0S ML 7l 58 SE A <o 1%
CAD &%) ROC Hi k53 #ff
Table 5. ROC curve analysis of RC, type 2 diabetes and
hypertension in predicting CAD occurrence in

menopausal women

(SN AUC 95%Cl  TRE RRE P
RC 0.556 0.505 ~0.606 0.765 0.365 0.026
2 WUBEIRSRE  0.572 0.527 ~0.621 0.237 0.910 0.002

ML e 0.602 0.554 ~0.651 0.542 0.663 0.025
ZHIEEKI 0.654 0.608 ~0.700 0.599 0.674 <0.001

1.0
0.8
i 0.6+
&
® 0.4l — B AT
— BLE
—RC
0.2f DEBR A
—sx8
0 1 1 1 ]
0 0.2 0.4 0.6 0.8 1.0

1-HRE

B 1. RC.2 BUHERFEAN S M E TN E 5 Ll
CAD %4 #) ROC #hzk
Figure 1. ROC curves for predicting CAD occurrence
in postmenopausal women using RC, type 2

diabetes and hypertension

6. T4 E RC KFE53H7
Table 6. Inter subgroup RC level analysis

BAAF . mmol/L
AT RC GiE P
2 BUBE PRI -1.66 0.097
s 0.44(0.20,0.72)
w 0.37(0.22,0.59)
o4 I 9 -1.439 0.150
= 0.41(0.23,0.66)
i 0.38(0.22,0.56)
BMI -1.86 0.063
=24 kg/m’ 0.41(0.23,0.64)
<24 kg/m’ 0.36(0.19,0.55)
i 25254 -2.565 0.010
s 0.40(0.23,0.61)
g 0.29(0.13,0.46)
LDLC -2.958 0.003
=2.6 mmol/L  0.45(0.25,0.69)
<2.6 mmol/L 0.35(0.21,0.54)
JEEH (a) -2.175 0.03
=300 mg/L 0.42(0.24,0.70)
<300 mg/L 0.37(0.20,0.59)

2.7 RCEEEHLM CAD XEZWTHSH R
E{EH

WA 5B o, RC 5 HAEI] 2ok CAD A& A
K EAHSE (PR OR>1) . %4 Bonferroni M 1E )5,
RC 5 2 BUHH IR =5 LR BMI KIS M (a) (052
HI P EHMKFRIER S EEBE (P P<
0.01) ,$/RIX L E X RC 5HEAFY LM CAD %
BCEA B B WO ABEIT (2 7) o

*7. RCEEFH LM CAD WX EEH
Table 7. Interaction between RC and CAD in

menopausal women

it OR(95% CI) P XHP

2 RUBE PR <0.001
= 2.246(0.548 ~9.202)  0.261
7 1.966(1.07 ~13.613)  0.029

15 IR S <0.001
b 1.923(0.86 ~4.299)  0.111
% 2.080(0.988 ~4.378)  0.054

BMI 0. 006
=24 keg/m’ 2.147(1.063 ~4.339)  0.033

<24 kg/m? 2.256(0.947 ~5.376)  0.066

LDLC 0.072
=2.6 mmol/L 2.271(1.056 ~4.885) 0.036
<2.6 mmol/L  2.363(1.032~5.411) 0.042

JRHEH (a) 0.006
=300 mg/L  4.484(1.087 ~18.488) 0.038
<300 mg/L 1.789(1.011 ~3.165)  0.046

2.8 RC 5SEEHLM CAD B IED T

FEBRY 1 rh AR OE T HABIR 2R R 5 ,RC 5
SR CAD & AR XU ARG, XU 3% fin 88. 4% .,
FEARBZAMTTIRIT A rh, P /T 0.1,95% CI
M BR 0.968 5 1 JE & 42k, H AL & (OR =
1. 845) 5 EEE RILT w2 —3 (%K 8).

% 8. RC 5EFH L% CAD MBI RES
Table 8. Sensitivity analysis of RC and CAD in
menopausal women
WH AR B Waldy OR(95% CI) P
BRI T 654 0.634 4.993 1.884(1.081 ~3.285) 0.025
BERI2 216 0.612 3.464 1.845(0.968 ~3.515) 0.063

TE AR 1 (00T B AL R 2 (BRI PR 347 ) < et
TR T4,

3o #

AT 8 3 B O [ 4B 654 61 5 AF B 2
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PE CAD EEBRE , 5/~ HAE M 2Pk CAD i35 RC 1Y
JABS 30 32 AR R st % 2R s A i, B A B
T : O RC /KRR 2ot CAD &A= 1Al 37 fé
BRI Z, o RC B — AL, AU 35 110 88.4%
B AUC {EFAR, T BE 1A B s 7540 RC KBS 2
TUWE RIS B 5 1M e T A AL TE AR i Zo Mk CAD kAR X
B& 0 ; @RC A LR 2 RO BRG AE A2 AR
ARG IRE (2 BOBE R 9/ 3 1L ) X RC R0 52 B
G MERE ; DR E M (a) 1 RC P[RS 8% 50
fals N2, Z# T st - .

ARWFFE R, EAEM L CAD B3 1% RC KF
B, MG ZEAL, A ITE i &, T AE 5 ME R
R 51 & A RFAE AR I 2 75 | AM R 335 o B A R R RE A
M, X 5 BE AR S AF 0 W44 A & B, HE
LDLC =2. 6 mmol/L JEE 1 (a) =300 mg/L JR b
TTE259 A RC 7K 34900 e, b IR AR T 2
YA RC KPR, X — IR R S5 iT 2R
25X A AR 2 B AR 1 B A AR slom
LA TEBE B 5 A OC ., EE XL TT 22545 —
WEIR R R, AW 5Tt — 25 7 )R T SUsHE 40 HT
SRR AR Z IR Al R R
AN F GG TR B, P AEAL TG A K
- H RC 7K RN B (OR = 1. 845) 5 F /0Bl 1
(OR=1.884) = —3, iX#/R RC /KF-5 CAD 1)
A BA R iR e | 7EAR KRR B bl 7 by
TTRVYRIT RS, J 2275 38 i T R A Y
RIREPERT ST, ik — 2 7% RC /K76 A R0 21
NBER RN, DL S A TT 225 7l i 5 RC Z [ 1Y
KFR, O RC EL L )52 CAD /& 5w AL
A B i A ) L e A T A R A0 A
RIS, RC $8 5952 TRL H A9 AH [ 55 B 4
5 P B R B 1 LBE RORE 5% A% W LA B AR AP %% PR
A2 n I E RS BRI R W, RC
ASCVD & Az KBS ML AT R A 45 LR 75 i . O 4 7,
BRI A AT 12 B 5 A% R 23 Bl 2 B, AR A
F16 JE T M A 23 R B 2 P ORI 40 5 5%
AR T 175 5 B ik e R 5 L0 AR G AY 2R RE S P
BRC W53 7= W1 e A JF 40 i I 7 A i A R
Ko By ik ok REAE AL 286 BRE R B 7= A= 208 T 90 G g AR
g, 5|k I K BE R, 3h 3l koK A 6 Ak 1 B
B ARBESE T RC K 5 AR CAD 1 K,
AT AR 3R RAE 2 N A G 8 B T, JE Bk
TR — AL (A 5T R UESE

AWFFE R, EAEY Lt CAD B3 RC S5i5HE
M (a) FETE PR R ECHE ] M58 H (a) =300 mg/L

Bf,RC AJCHY CAD & AE XU 2.5 £% (OR {H K
4.484 11.1.789, %2 HAEH P=0.006) , iX—#Liil o]
RESPIHA O IR H (a) #5715 10 A AL B AR 23 12
Pt RC ZEIMAE TR, 1 RC 175 S5 19 48 4 S o 2%
LVEFREAR B T (a) BB L, BN B AR ] CAD
BERLG A RC SHEE M (a) . GG ARE R
T HFRIESR T #I0H% RC=0. 4 mmol/L /£ Ky B 4F
WP s AR B 16 7 1 BIE, DU R AR A IR
HEH (a) =300 mg/L ST 25097 350 2 14 Bl
T, UEAh, AW I A ML AL k& B RC K i 2
T, HEMICALHI AT 68 5 9 IERR 107 5 B0 98 2= i ht
R PO AR ARG 25 AR 1 43 DA B R 5 R KB
Ko PR TAERE LA I8 RC A HEAR I 8 2511
o U E G RERE I RC A AR R, XA Rk LT R
ARG &I, LDLC=2. 6 mmol/L W4 RC /K
FH R, H = E IR HAEH ., HRETE X RC M
LDLC 5 ASCVD BIRFFE 45 FAFAE G : Cao 257 F
ARIC 55 I, RC AN A K ASCVD KUK,
LDL-TG & ASCVD =5 {4 % 7t 37 T B -, {H 3 4
A 3R RC KT+ 5 ASCVD AHG, s
RC/i LDLC 55 ASCVD KUK 38 inAR 562157 S8
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