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Prospective cohort study on LDL—-C levels and risks of all-cause and
cardio—cerebrovascular mortality in patients with hypertension and

its comorbidities
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“School of Basic Medicine, Guizhou University of Traditional Chinese Medicine, Guiyang, Guizhou 550025, China
Abstract: Objective To analyze the impact of low—density lipoprotein cholesterol (LDL-C) levels on all-cause mortality and
cardio—cerebrovascular mortality in patients with hypertension and its comorbidities. Method Univariate analyses were
performed using the »* test, and Cox proportional hazards regression models were used to analyze the impact of LDL-C levels
on the all —cause and cardio —cerebrovascular mortality risks of patients with hypertension and its comorbidities. Results
Multivariable Cox regression analysis showed that among patients with hypertension, compared with the first quartile group
(Q1) of LDL-C, the risk of all-cause mortality increased by 75% in the third quartile group (Q3) and by 165% in the fourth
quartile group (Q4), and the risk of cardio—cerebrovascular death increased by 96.4% in the Q4 group. Among the patients
with comorbidities, the all-cause mortality risks of groups Q2, Q3, and Q4 were 1.601 times, 2.082 times, and 2.874 times
that of group QI1, respectively. The cardio—cerebrovascular mortality risk of group Q4 was 2.592 times that of group Q1. The
restricted cubic spline (RCS) model indicated that the LDL-C level was linearly correlated with the risk of all-cause and
cardio—cerebrovascular death in patients with hypertension and its comorbidities. Among them, for patients with hypertension,
the risk significantly increased when LDL-C exceeded 2.713 mmol/L (for all-cause mortality) and 2.650 mmol/L (for cardio—
cerebrovascular mortality). For patients with comorbidities, the risk increased when LDL-C was higher than 2.016 mmol/L
(for all-cause mortality) and 2.020 mmol/L.  (for cardio—cerebrovascular mortality). Conclusion Serum LDL-C levels are an

independent risk factor for all-cause and cardio—cerebrovascular deaths in patients with hypertension and its comorbidities.
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This study reveals the dose-response relationship between LDL—C levels and mortality, providing an important scientific basis

for more stringent lipid—lowering intervention strategies in clinical practice.

Keywords: Hypertension; Hypertension comorbidity; Low—density lipoprotein cholesterol; Risk of mortality; Cardio—

cerebrovascular mortality
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Figure 1 Flowchart of the research process
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Table 1 Baseline characteristics of patients with hypertension and its comorbidities [n(% ), M (P, P;s) ]
[IINEPN i o I s e F
- - LDL-C 7KF-(mmol/L) - LDL~C 7K>F-(mmol/L)
A <2 2~2.63 264~334 =335 Py A <2 2~263 264~334 =335 P1E
(n=454)  (1=755) (n=608)  (n=609) (n=332) (n=538) (n=377) (n=322)
AR () 0.900 0.508
<60 1554 289(18.6) 484(31.1) 384(24.7) 397(25.5) 998 200(20) 347(34.8) 24024) 211Q2L.1)
=60 872 165(18.9) 271(31.1) 224(25.7) 212(24.3) 571 132(23.1) 191(33.5) 137(24) 111(19.4)
el 0.154 0.227
% 1284  252(19.6) 415(32.3) 303(23.6) 314(24.5) 812 183(22.5) 285(35.1) 180(22.2) 164(20.2)
L 1142 202(17.7) 340(29.8) 305(26.7) 295(25.8) 757 149(19.7) 253(33.4) 197(26) 158(20.9)
R 0.024 0.128
R 913 176(19.3) 303(33.2) 236(25.8) 198(21.7) 503 121(204) 219(36.9) 147(24.8) 106(17.9)
W 1513 278(184) 452(29.9) 37224.6) 411(27.2) 976  21121.6) 319(32.7) 23023.6) 216(22.1)
HHKF 0.204 0.145
WHRLTF 2170 416(192) 678(31.2) 54024.9) 536(24.7) 1372 29921.8) 474(34.5) 328(23.9) 271(19.8)
wh 179 28(15.6) 48(26.8) 53(29.6)  50(27.9) 136 25(184) 38279) 36(26.5 37(27.2)
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(5:3%)
o I A e MR R
. i LDL-C 7KF-(mmol/L) . LDL~C 7K-(mmol/L)
- <2 2~263 264~334 =335 PiE - <2 2~263 264~334 =335 Py
A (n=454)  (n=755) (n=608)  (n=609) A (n=332)  (n=538) (n=377) (n=322)
KL KT 77 10(13.0)  29(37.7)  15(19.5)  23(29.9) 61 8(13.1)  26(42.6) 13(21.3)  14(23)
BMI* <0.001 <0.001
BRIkE 91  23(253) 37(40.7) 18(19.8)  13(14.3) 44 15(34.11)  22(50)  6(13.6) 1(2.3)
EH 1231 246(20.0) 429(34.8) 307(24.9) 249(20.2) 699  165(23.6) 281(40.2) 152(21.7) 101(14.4)
H 783 129(16.5) 220(28.1) 193(24.6) 241(30.8) 579 103(17.8) 176(30.4) 147(25.4) 153(26.4)
JEL P 313 53(16.9)  64(20.4)  90(28.8) 106(33.9) 241 47(19.5)  55(22.8)  72(29.9) 67(27.8)
HE 0.361 0.335
i 2335  433(18.5) 734(31.4) 583(25.0) 585(25.1) 1517 316(20.8) 524(34.5) 366(24.1) 311(20.5)
= 91  21(23.1) 21(23.1) 25(227.5) 24(26.4) 52 16(30.8)  14(26.9) 112212) 11(21.2)
H Hime AR 0.279 0.248
T 1642 298(18.1) 499(30.4) 417(25.4) 428(26.1) 1074 21520)  365(34) 270(25.1) 224(20.9)
= 784 156(19.9) 256(32.7) 191(24.4) 181(23.1) 495  117(23.6) 173(34.9) 107(21.6) 98(19.8)
BRI BN =
0.641 0.141
500¢/d
i 753 150(19.9) 237(31.5) 185(24.6) 181(24.0) 497 112(22.5) 175(35.2) 125(25.2) 85(17.1)
= 1667 301(18.1) 516(31.0) 422(25.3) 428(25.7) 1070 219(20.5) 363(33.9) 251(23.5) 237(22.1)
THEEA *>25¢/d <0.001 0.003
i 698  109(15.6) 206(29.5) 166(23.8) 217(31.1) 416  72(17.3) 138(33.2) 97(23.3) 109(26.2)
= 1705  340(19.9) 540(31.7) 439(25.7) 386(22.6) 1137 257(22.6) 395(34.7) 278(24.5) 207(18.2)
A >5¢/d <0.001 <0.001
7 384 63(16.4) 94(24.5) 84(21.9) 143(37.2) 226 41(18.1)  62(27.4) 46(20.4) 77(34.1)
b= 2042 391(19.1) 661(32.4) 524(25.7) 466(22.8) 1343 291(21.7) 476(354) 331(24.6) 245(18.2)
THASAFE] (h) 0.007 0.052
<4 1087  209(19.2) 364(33.5) 276(25.4) 238(21.9) 700 146(20.9) 261(37.3) 168(24) 125(17.9)
=4 1339 245(18.3) 391(29.2) 332(24.8) 371(27.7) 869  186(21.4) 277(31.9) 209(24.1) 197(22.7)
HEHES ] (h/d) 0.524 0.932
<7 425 76(17.9) 122(28.7) 113(26.6) 114(26.8) 284 6021.1) 93(32.7)  71(25)  60(21.1)
=7 2001  378(18.9) 633(31.6) 49524.7) 495(24.7) 1285  271(21.2) 445(34.6) 306(23.8) 262(20.4)
CVD 0.530
g 2402  451(18.8) 745(31.0) 604(25.1) 602(25.1) — — —
= 24 3(12.5)  10@417)  4(16.7)  7(29.2) — — —
) 0.157
w 2057  396(19.3) 643(31.3) 517(25.1) 501(24.4) — — —
= 369 58(15.7) 112(30.4) 91(24.7) 108(29.3) — — —
COPD* 0.001
i 2368  433(18.3) 734(31.0) 603(25.5) 598(25.3) — — —
b= 57 2035.1) 21(36.8)  58.8)  11(19.3) — — —
o I =g I AE <0.001
& 1770 308(17.4) 611(34.5) 470(26.6) 381(21.5) — — —
b= 647  14522.4) 136(21.0) 138(21.3) 228(35.2) — — —
(T S
<0.001
IMLE *
o 1384 244(17.6) 275(19.9) 336(24.3) 529(38.2) — — —
= 1033 20720) 476(46.1) 271(26.2)  79(7.6) — — —
MR RRRR 25 0.604 0.694
i 2379 443(18.6) 742(31.2) 594(25.0) 600(25.2) 1522 321(21.1) 525(34.5) 363(23.9) 313(20.6)
b= 47 11234)  1327.7)  14(29.8)  9(19.1) 47 11234)  1327.7)  14(29.8)  9(19.1)
PIAR 0.715
w 2202  411(18.7) 685(31.1) 554(25.2) 552(25.1) — — —
= 172 35(20.3)  5029.1) 39(22.7)  48(27.9) — — —
151 151 150 147 152 152 150 147
W4 2426 <0.001 1569 <0.001
(142,166) (141,163) (140,162) (138,160) (143,167) (143,166) (141,163) (139,160)
kIR 2426  91(85,98) 91(84,98) 91(86,98) 90(83,98) 0.184 1569  91(84,98) 91(85,98) 92(87.99) 91(83,99) 0.167
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2.2 LDL-C /K-F X5 & /R B A F ST 0 fi
LT 89 COX et e 2 5 PR AR S e,
B 3 @R, Q3 1 Q4 4 A g i e 2B A R B T
KU R Q1 2H ABEARY 1.750 1% (HR=1.750,95% CI:
1.152 ~2.656).2.650 1% (HR=2.650, 95% CI:1.736 ~
4.045); Q4 ZH Lo Il A8 A8 T2 KUK 231 R Q1 ZH A
REY 1.964 ff5(HR=1.964, 95% CI:1.065 ~ 3.621). Bf
F LDL-C K- Thimn, A PRAET O i I A5 A0 T XU
Bifi 2 B4 5 (P g <0.001, P s =0.02), WLFE 2,

23 LDL-CAKRFEZHaErREZAHALT SHE

£ E 8 T8 COX Pbs] RUIe& )2 o-#7

PHREANSCAL B

Jo, R 3 BR,02.03 F1 Q4 A iR 3
FH A BT KU 430 R Q1 4l A#ERY 1.601 (HR=
1.601,95% CI: 1.012 ~ 2.534).2.082 (HR=2.082, 95%
CI: 1.278 ~3.390) F 2.874 1% (HR=2.874, 95% CI:
1.700 ~ 4.858); Q4 £H AL i 1L 45 58 T RUBS: 43 31 A
Q1 #H ABEMY 2.592 £ (HR=2.592, 95% CI:1.265 ~
5.314), Rfi%E LDL-C K- Tk, i e o 1) 4 R
HET U I A5 A6 T XU . Bl 22 348 555 (P 195, <<0.001, P

w = 0.013)0 WL 3,

R 2 LDL-C /KX i L HE A8 A4 PRIAE T 50 06 1 A 26 T2 XU U AT 959% A5 X [A]

Table 2 Hazard ratios and 95% confidence intervals for the associations between LDL-C levels and risks of all-cause and

cardio—cerebrovascular mortality among patients with hypertension

o o HR(95%C
it SR e B 1 Pl e b B 3 P
e 287 10.23
LDL~C /K 287 1023 1.106(1.010~1.210)  0.030 LI21(1.026 ~ 1.224)  0.011  1.260(1.134 ~ 1.399) <0.001
434 (mmol/L)
01(<2) 40 7.35 1 1 1
022 ~2.63) 92 1037  1.453(0.999~2.114)  0.050 1.521(1.045~2213)  0.028  1.483(0.988~2.226)  0.057
03(2.64 ~ 3.34) 75 1072 1.524(1.035~2245)  0.033 1.600(1.086 ~2.358)  0.018  1.750(1.152 ~2.656)  0.009
04(=3.35) 80 11.85 1.740(1.185 ~2.557)  0.005 1.902(1.293 ~2.798)  0.001  2.650(1.736 ~ 4.045) <0.001
P sl 0.008 0.002 <0.001
NNITTIIKER A 132 470
LDL-C K 132 470  1.011(0.879~1.163)  0.875 1.027(0.897 ~ 1.175)  0.704  1.173(1.001 ~ 1.374)  0.049
4320 (mmol/L)
01(<2) 22 4.02 1 1 1
02(2 ~2.63) 44 496  1301(0.774~2.189)  0.321 1.390(0.826 ~2.341) 0215  1.326(0.758 ~2.322)  0.323
03(2.64 ~ 3.34) 36 514 1.371(0.800~2350)  0.250 1.434(0.836 ~2.461)  0.190  1.568(0.884 ~2.783)  0.124
04(=3.35) 30 444 1.2230.699~2.141) 0481 1.333(0.760 ~2.338) 0316  1.964(1.065~3.621)  0.031
P uft 0.527 0.352 0.023

AR | TR AR i AR 2 JEECARS M), R AR 3 AR LR AL BMILZE KT IR .CVD .COPD . B BT & A A =Rk
A >25 ¢ EEIEASS ¢ B KRB SRS ) AR A E) 2201 g il =08 MRE P 7o 2 B NI 2 1 AE BT e e LTk e IR

FENRZ54) .

£ 3 LDL-C /KX i it 5 3 s 2 19 e PRAE T 5 00 115 AE T2 IXUS: b AT 959 435 X [

Table 3 Hazard ratios and 95% confidence intervals for the association between LDL-C levels and the risks of all-cause and

cardio—cerebrovascular mortality in patients with hypertension and its comorbidities

— N s HR(95%C
it iRl | P B K Pl
EHIET 175 9.46
LDL~C 7K 175 9.46 1.101(0.982 ~ 1.236) 0.100 1.123(1.005 ~ 1.255)  0.041  1.272(1.127 ~ 1.435) <0.001
434 (mmol/L)
01(<2) 28 7.00 1 1 1
02(2 ~2.63) 65 10.13 1.511(0.965 ~ 2.367) 0.071 1.669(1.064 ~2.618)  0.026  1.601(1.012~2.534)  0.044
03(2.64 ~ 3.34) 45 10.16 1.537(0.954 ~ 2.477) 0.077 1.718(1.063 ~2.774)  0.027  2.082(1.278 ~3.390)  0.003
04(=3.35) 37 10.21 1.622(0.985 ~ 2.669) 0.057 1.876(1.137 ~3.097)  0.014  2.874(1.700 ~ 4.858) <0.001
P wnfd 0.075 0.019 <0.001
i LA BT T 89 4.81
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Figure 2 The dose-response relationship of LDL-C levels on the risk of all-cause mortality and cardiovascular and cerebrovascular

mortality in patients with hypertension and its comorbidities
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Figure 3 Sensitivity analysis
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