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Abstract: Objective To investigate the association between very — low — density lipoprotein cholesterol ( VLDL —C) and its
components with atherosclerotic cardiovascular disease (ASCVD) risk in long — term breast cancer survivors. Methods  This
study included 2 333 female participants with a history of breast cancer diagnosed at least 3 years before baseline in the UK
Biobank. Cox proportional hazards models were used to assess the associations of VLDL — C and its components, cholesteryl
ester (VLDL - CE) and free cholesterol (VLDL - FC), with ASCVD incidence. Results During a median follow — up of
13.9 years, 238 participants developed ASCVD. Compared with the lowest quartile, participants in the highest quartile of
VLDL - C had a 61% higher risk of ASCVD (HR =1.61, 95% CI: 1.09 —2.37). Similar associations were observed for
VLDL - CE and VLDL - FC, with a stronger effect for VLDL — FC. Subgroup analyses revealed that the association between
VLDL - C and ASCVD was more significant among participants receiving cancer treatment. Conclusion  Among long — term
breast cancer survivors, elevated VLDL — C and its components are positively associated with ASCVD risk, suggesting their
potential as biomarkers for cardiovascular risk assessment in this population.
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Fig.1 Flowchart of participant inclusion and exclusion
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Table 1 Baseline characteristics of the study population

i (n 585, =T o K" P
VLDL - C [ M(Pys,P;5) ] 0.72(0.56, 0.90) 0.72(0.55, 0.90) 0.76(0.62, 0.94) 0.028
VLDL - CE [ M( Py ,Pys) ] 0.44(0.34,0.54) 0.43(0.34, 0.54) 0.45(0.37, 0.55) 0.065
VLDL - FC [ M(Pys,Pss5) ] 0.28(0.22, 0.36) 0.28(0.21, 0.36) 0.30(0.24, 0.38) 0.008
W (xxs, #) 59.7 +6.5 59.4 6.6 62.2+5.6 <0.001
BMI(x +s, kg/m?) 27.2 4.9 27.0 £4.8 28.9 5.5 <0.001
WA [ % ) ]

MR AR 1315(56.4) 1211(57.8) 104(43.7) <0.001

WE A AR 831(35.6) 730(34.8) 101(42.4)

T 187(8.0) 154(7.4) 33(13.9)
Kl [ (%) ] 0.227

el 123(5.3) 106(5.1) 17(7.1)

[URERy L] 99(4.2) 86(4.1) 13(5.5)

MR 2 111(90.5) 1 903(90.8) 208(87.4)
TRATESKT [((% ) ] 0. 144

i 430(18.4) 377(18.0) 53(22.3)

rh 993(42.6) 889(42.4) 104(43.7)

=] 910(39.0) 829(39.6) 81(34.0)
MENe 25697 [ H1(% ) ] 322(13.8) 268(12.8) 54(22.7) <0.001
W [ (% ) ] 201(8.6) 145(6.9) 56(23.5) <0.001
BLE [6(%) ] 594(25.5) 490(23.4) 104(43.7) <0.001
BRI (x £ 5, /) 7.10 £1.40 7.10 £1.38 7.10 £1.52 0.989
HEKF [H1(%) ] 0.938

KERL L 1611(69.1) 1447(69.1) 164(68.9)

B ERE 158(6.8) 143(6.8) 15(6.3)

KRG h a8 E 564(24.2) 505(24.1) 59(24.8)
VAR E [(H1(% ) ] 0.160

Q1 573(24.6) 524(25.0) 49(20.6)

(0] 612(26.2) 556(26.5) 56(23.5)

Q3 604(25.9) 537(25.6) 67(28.2)

04 544(23.3) 478(22.8) 66(27.7)
AR (% ) ] 112(4.8) 98(4.7) 14(5.9) 0.507
BT BI(%) ] 477(20.4) 427(20.4) 50(21.0) 0.887
FERETRIT [ 61(% ) ] 0.116

KIGIF 270(11.6) 236(11.3) 34(14.3)

BT 1375(58.9) 1229(58.7) 146(61.3)

L EIRIT 688(29.5) 630(30.1) 58(24.4)

T BMI, BHR B 9E 80 VIDL — C, fR AR B i 8 11 I [ B s VDL — CE AR A% B 45 11 BB B8 s VIDL — FC MR AR 2% N A 1 9 o OEL [T e
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- CE(y* =12.261,P =0.002) 7£ A [R) 36 97 4118 1) 43
mESBEAY 2R L (£ 2), Hrp VLDL - CE iy
ZHIGITHM B T RIBITTH A R —IR T H I 2 71
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2.3 VLDL-C A3t L5 ASCVD &% R e # £ B
AT LLASCVD B A A D N AR B 48 22 B b AR
A BT Z2 R Cox HEA AR [l AR 70, 25 58 L
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el 2, HEARPU 07441 (Q1) KTLL, VLDL - C f 5
Pa o 4L (Q4) ASCVD % i KBS 3 fin 58% (HR =
1.58, 95%CI: 1.07 ~2.32), VLDL - CE ffJ Q4 41X,

R 45% (HR =1.45, 95% CI; 1.00 ~2.12),
VLDL - FC ) Q4 2 XS 31 51% (HR =1.51, 95%
CI. 1.03~2.25),
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Table 2 Distribution of VLDL - C and its components across different treatment groups

JRIT AL VLDL - C VLDL - CE VLDL - FC
FIBTF 0.75(0.62, 0.93) 0.45(0.37, 0.55) 0.29(0.24, 0.37)
BT 0.73(0.57, 0.90) 0.44(0.34, 0.54) 0.29(0.22, 0.36)
ZHIRIT 0.70(0.53, 0.90)* 0.42(0.32, 0.54)* 0.28(0.20, 0.36)
¥ 1E 8. 601 12.261 4.538

Py 0.014 0. 002 0.103

TE:a N ARIBITALILE P <0.05;b M5 H—IRYFHILE P <0.05,
fiits VLDL — FC , 1 A % 22 N8 25 1 i 5 L Il et

VLDL - C, A% %% B 5 £ 1 RELIST 9 ; VLDL — CE, A% {1 %5 Ji£ i 25 11 JEL i e

Wh SR o) e
A L 5ith)

VLDL-C

BRI EZS - 1.14 (1.01, 1.28) ot 1.11 (0.98, 1.26)

Q1 44 (1.5)

02 65 (11.1) D 1.48 (1.00, 2.17) e 1.46 (1.00, 2.15)

Q3 60 (10.3) —— 1.42 (0.96, 2.10) i 1.35 (0.91, 2.00)

04 69 (11.8) —_— 1.65 (1.12, 2.41) — 1.58 (1.07, 2.32)
VLDL-CE

BN VbR RS ot 1.13 (1.00, 1.28) - 1.12 (0.99, 1.26)

01 49 (8.4)

Q2 63 (10.8) He—t 1.28 (0.88, 1.86) H—— 1.28 (0.88, 1.87)

Q3 60 (10.3) ——i 1.35 (0.92, 1.98) H——i 1.35 (0.91, 1.98)

Q4 66 (11.3) —— 1.49 (1.02, 2.18) —— 1.45 (1.00, 2.12)
VLDL-FC

I AR 2 e 1.13 (1.00, 1.27) o 1.09 (0.97, 1.24)

01 41 (7.0)

02 61 (10.5) — 1.50 (1.01, 2.24) — 1.46 (1.00, 2.19)

Q3 66 (11.3) — 1.53 (1.04, 2.27) —— 1.46 (1.00, 2.17)

04 70 (12.0) —_— 1.64 (1.11,2.41) — 1.51 (1.03, 2.25)

o 1 2 3 o 1 2 3

Low Risk High Risk Low Risk High Risk

TE B JRREARRS R LR DR AR ST RSAETR YT AN 2 PR AR RS L ML WP AR K JBEAETRYT BRI A RRRI TR R
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Fig.2 Forest plot of multivariable Cox analysis for VLDL — C and its components with ASCVD
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B SRESMTIFEA T VIDL - C 55 ASCVD KA A
UL (063, D4 3. 45545 VLDL - C 5
REAETAST 1716 3 AR L (ST P {1 =0.006) . 74
T 0950 % 1, VLDL - C 5 01 1
AR S5 ASCYD BB A5 UG 881 28% (HR =
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AT HEBRBEDT 2 AR N A& 2E ASCVD B9
X4 )5, VLDL - C Je H4H 53 5 ASCVD KUK Y DGR 3
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Table 3  Stratified analysis of the association between VLDL — C levels and ASCVD risk

o Efﬁ%@ﬁ — _ HR (95% CI) e P
BEREIN 1 AR Q1 Q2 Q3 Q4

A % 0.143
<60 62(6.3) 1.19(0.94 ~1.49) &% 1.35(0.68 ~2.71) 0.74(0.32~1.72) 1.33(0.63~2.78)
=60 176(13.0) 1.12(0.96 ~1.30) &%  1.49(0.93 ~2.37) 1.61(1.02~2.55) 1.74(1.10~2.75)

BMI, kg/m> 0.248
<25 66(7.6) 1.03(0.80 ~1.32) %%  1.40(0.74 ~2.66) 1.18(0.59 ~2.37) 1.33(0.64 ~2.73)
=25 172(11.8) 1.14(0.99 ~1.33) &% 1.54(0.95~2.51) 1.46(0.89~2.39) 1.74(1.07 ~2.81)

W2 0.826
AR 104(7.9) 1.21(1.00 ~1.45) &%  1.79(0.98 ~3.27) 1.68(0.90 ~3.12) 1.92(1.05~3.51)
A5 W s 134(13.2) 1.04(0.88 ~1.24) %%  1.33(0.80~2.20) 1.19(0.71~1.99) 1.39(0.83 ~2.31)

WE PRI 0.899
& 182(8.5) 1.13(0.97 ~1.30) &%  1.59(1.01 ~2.53) 1.52(0.96 ~2.41) 1.63(1.03~2.57)
= 56(27.9) 1.09(0.85~1.41) Z%  1.14(0.56 ~2.33) 0.86(0.37 ~1.99) 1.59(0.74 ~3.42)

fR ML 0.246
& 134(7.7) 1.06(0.89 ~1.25) %%  1.70(1.01 ~2.91) 1.09(0.62~1.91) 1.38(0.81 ~2.35)
7 104(17.5) 1.18(0.98 ~1.42) &%  1.26(0.71 ~2.24) 1.84(1.04~3.26) 1.89(1.06 ~3.37)

FERE IR YT 0.006
KIBIT 34(12.6) 0.72(0.46 ~1.12) %%  1.57(0.55~4.52) 1.19(0.40 ~3.58) 0.51(0.13 ~2.04)
BT 146(10.6) 1.13(0.96 ~1.32) &%  1.24(0.75~2.03) 1.12(0.68 ~1.85) 1.56(0.97 ~2.52)
L EIGIT 58(8.4) 1.28(1.01 ~1.65) Z:%  1.94(0.87 ~4.31) 1.77(0.75~4.16) 2.28(1.04 ~4.98)

TE - VR B AR 5 LR B PR AR K S EEIENR Y B K AR R AE 1R B I I | B R | R D3 Bk CF RIS K BMIL
ASCVD, Bl kst BERE AL o ML 9005 s BMI, B (AT 4845 s VLDL — C A 58 B2 MR 2 P AL 52

x4 UMY VLDL - C 445 ASCVD (2% Cox BIF 514

Table 4 Multivariable Cox regression analysis of VLDL — C and its components with ASCVD after excluding participants in sensitivity

analysis
j5b7 IR B HEBRBES 2 4F N S R IR EI%L HERRFENR 25307
(%) HR(95% CI) (%) HR (95% CI)

VLDL - C

BRI 1 AR 1.14(1.00 ~1.30) 1.13(0.98 ~1.31)

Q1 40(6.9) B 19(4.4) B

02 61(10.5) 1.51(1.01 ~2.26) 52(10.5) 2.03(1.19 ~3.44)

03 53(9.2) 1.33(0.88 ~2.02) 49(9.3) 1.74(1.02 ~2.97)

04 65(11.2) 1.64(1.10 ~2.46) 64(11.6) 1.99(1.18 ~3.34)
VLDL - CE

RN 1 kR 1.14(1.00 ~1.29) 1.14(0.98 ~1.31)

Q1 44(7.6) Bk 21(5.0) 2%

02 60(10.3) 1.37(0.93 ~2.03) 47(9.6) 1.54(0.92 ~2.60)

03 53(9.2) 1.33(0.88 ~2.01) 54(10.0) 1.65(0.99 ~2.74)

04 62(10.7) 1.52(1.02 ~2.27) 62(11.2) 1.72(1.04 ~2.84)
VLDL - FC

RN 1 kR 1.12(0.99 ~1.27) 1.10(0.96 ~1.27)
OIS

Q1 37(6.4) Bk 20(4.4) B

02 57(9.8) 1.54(1.01 ~2.35) 50(10.0) 1.88(1.11 ~3.18)

03 59(10.2) 1.46(0.96 ~2.20) 54(10.4) 1.85(1.10 ~3.11)

04 66(11.4) 1.61(1.07 ~2.43) 60(11.2) 1.85(1.10 ~3.09)

T AR R AR | 5 ML PR IVAR K P ERE IR T R K AR R RR R R TR B IR N R D3 K IR S K BMI
ASCVD, i JJk ok # B Ao 1L 0 3 VIDL — C, AR AR %6 M 4 11 /1B 1 B s VLDL — CE , A% IR 55 JEE i 2 11 RIS B 5 VIDL — FC, AR AR S8 I 4 11 0 8
UL
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W2 IR LR E TN B,

REA:A 5T W], VLDL — C 2 —Ff {7 {5 1fij A5 2L 1Y
O I A5 AR I A 6 R 28 Ao XU E A F b o — 01 356
T N THE R T BE PR 20 5% & B, VLDL - C 53
K ASCVD KU B3| X — 45 51 5 A0 58
FER LRI B AT rb L2 1] 11 IR 1 5 20 1
AR, AR R R N 9 35 TSR TR 1 IE
Piro DEAh, BRAERF R T o FLI I TR YT 7 5T Ry
JaCs M AN R 485 ey AU , ] R -5 1 o % i 25 L o . A
IIREE N E A KD AP LE RS Z M, W
RPN ZIEZ EIRITMAE AT VIDL - C 5
ASCVD UK i SR B I 3

REAEALHIOEFE AT S A58t 48 81 Y VLDL - C
5 ASCVD RUBS CHR$2 4L T4k 4l . VLDL K H g% A3
WLRE S 2F 175 32 100 LS PR B ITAE BT e B At ol A
PEHUE T HE B . FURE AT AT £ R g AR
R VLDL - C BN R0 ML R0 < PN 43 0 B FARIR YT
S MMM Z KT 37 K LG S 5 S R
P74 | 4ok 1A 3 RE R 515 48 A0 T 3 5 ey Tl
S EAEB A R A 2E R 1 R E S P TR
REAG IAEZ Z EIGYT BB E P, O A
VEHITT REAH H. &N, VLDL — C 97K B 3l ik ok A i
A3 HE— B TR .

AW FE I B AR T U B 7 A0 T B BA ST
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