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Circadian rhythm disorder of blood pressure after stroke and its correlation with

stroke prognosis
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[ Abstract | Objective To explore the circadian rhythm disorder characteristics of blood pressure in
patients with acute ischemic stroke and its correlation with stroke prognosis. Methods A total of 346 subjects
without a history of stroke were prospectively enrolled from the First People’ s Hospital of Lianyungang between
October 2019 and January 2020, and they were 140 hospitalized patients with hypertensive first-onset ischemic
stroke (hypertensive stroke group), 105 with simple hypertension ( hypertensive group) and 101 cases with
normal blood pressure (normal BP group). Ambulatory blood pressure monitoring was completed within 72 h
after enrollment, then the patients were further divided into 4 groups based on the reduction of systolic BP from
day to night: extreme-dipper, dipper, non-dipper, and reverse-dipper. The primary endpoint event ( re-attack

of stroke) and secondary endpoint events ( non-fatal myocardial infarction, hospitalization due to heart failure,
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cardiogenic death or all-cause death) were followed up at 3, 6, 9 and 12 months after enrollment. Univariate
and multivariate Cox regression analyses were adopted respectively to screen the potential risk factors of
endpoint events, and to analyze the correlation between circadian rhythm of blood pressure and endpoint
events. Finally, Kaplan-Meier survival curve was used to display the cumulative incidence of endpoint events
The dipper BP accounted for 23. 6% in the
hypertensive stroke group, which was significantly lower than that in the hypertension group (43.8%, P=
0.001) and normal BP group (68. 3%, P <0. 001). The non-dipper and reverse-dipper BP in the
hypertensive stroke group were 41.4% and 20. 7%, respectively, greatly higher than those in the normal BP

with different circadian rhythms of blood pressure. Results

group (19.8%, P<0.001; 6.9%, P=0.003), though there was no statistical significance in comparison
with the hypertension group (31.4%, P=0.109; 13.3%, P=0.133). Multivariate Cox regression revealed
that after adjustment for confounding factors, the reverse-dipper BP was independently correlated with both the
primary endpoint events (HR=5. 177, P=0.047) and the secondary endpoint events ( HR=4.909, P =
0.022). Moreover, the cumulative risks of both primary endpoint events ( Log Rank P = 0. 020) and
secondary endpoint events ( Log Rank P=0.011) were notably increased in the reverse-dipper BP group than
the dipper BP group. Conclusion

Circadian rhythm disorder of blood pressure is prevalent among patients

with acute ischemic stroke, and reverse-dipper BP rhythm is independently correlated with stroke onset and
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cardiovascular events.
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AN B Gt #debr
LEWS/ % 59.17+8. 62 58.21+7.27
el 179(51.7) 49(48.51)
R 85 kg - m™? 25.54+3.24 24.05%2. 95
fa MR
L 245(70.8) 0(0)
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bR 87(25.1) 10(9.9)
iR AN IR 19(5.5) 1(1)
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R R 23(6.6) (1)
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B M W
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TR ERAE
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LDL-C/mmol - L™ 2.54+0.73 2.5620. 69 2.78+0.73 2.71x0. 64 0. 960 0.414
HDL-C/mmol - L™ 1.1120.23 1. 12+0. 26 1.09+0. 22 1. 10£0. 20 0.162 0.922
B M W
ABPM-MSBP/mmHg 145. 76214, 37 143.50£12. 82 150. 90+13. 51 145.59+16. 48 1.955 0.124
ABPM-MDBP/mmHg 87.79+12. 83 83.75%9. 04 89.34212.25 83.62+10.29 2.020 0.114
SBP-NDR(% ) 86. 85+2. 82 77.19+2. 38 95.35+2.79 108. 44+5. 64 358.922  <0.001
DBP-NDR (%) 89. 48+6. 08 78.52+5.93 92,2926. 31 110.95£10. 10 90.472  <0.001
LN
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JEBFEHE MI 1(3.0) 0(0.0) 3(5.2) 2(6.9) 1.333 0.786
HF-IH 1(3.0) 2(10.0) 0(0.0) 2(6.9) 5.811 0. 065
H-died 1(3.0) 0(0.0) 1(1.7) 2(6.9) 2.225 0.451
All-died 1(3.0) 1(5.0) 5(8.6) 7(24.1) 7.190 0.048
KL TR 3(9.1) 3(15.0) 8(13.8) 11(37.9) 9.028 0. 024
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W -F ¥ 47 5k & ; SBP-NDR: M % & £ 1H] 55 & X bk & ; DBP-NDR: 47 5K JE & 18] 5 & R b & HF-IH: & £ AE TR
MI ;& WUAR 58 s H-died ; & 58 1 52 7 ; All-died ; 4 B 56 7=
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R3 FRLREHEEEZRMERR Cox @RS

e [ 9 Z % FrifEiR Wald X* Pl HR{} 95%CI
NB G #4ebr
AEHY 0. 027 0. 020 1.776 0.183 1.027 0.987~1.069
PR 0. 368 0.412 0.799 0.371 1. 446 0.644~3.243
D g2 0.017 0. 060 0. 084 0.772 1.018 0.905~1. 145
faR R
Lg% 0. 596 0.394 2.295 0. 130 1.815 0. 839~3.926
Wi b 1.246 0.425 8.576 0. 003 3.476 1.510~8. 003
B O S 0.922 0. 498 3.430 0. 064 2.514 0.948~6. 671
R 0.074 0. 544 0.019 0. 892 1.077 0.371~3.125
R GERR R 1.939 0. 407 22.711 <0.001 6.953 3.132~15.436
Bz 1417 3 0. 368 0. 397 0. 860 0. 354 1.445 0. 664~3. 147
4 0. 486 0.392 1.536 0.215 1.626 0.754~3.509
el -0.043 0.425 0.010 0.920 0.958 0.417~2.204
A% SBP 0.011 0.011 1.100 0.294 1.012 0.990~1. 033
A% DBP 0. 007 0.014 0.208 0. 649 1.007 0.978~1.036
T E R A
SEJIH [ 0. 069 0. 181 0. 143 0.705 1.071 0.751~1.527
=R H 0.099 0.159 0. 386 0. 534 1. 104 0. 808~ 1. 508
LDL-C 0.235 0.258 0. 826 0.363 1.265 0.762~2.099
HDL-C -1.645 0.987 2.778 0. 096 0.193 0.028~1.335
BhAS i R
ABPM-MSBP 0. 002 0.014 0. 020 0. 886 1.002 0.976~1. 029
ABPM-MDBP 0. 004 0.016 0.071 0.789 1.004 0.973~1.037
SBP-NDR 0. 042 0.017 5.819 0.016 1.043 1.008~1.079
DBP-NDR 0.029 0.014 4.545 0.033 1.030 1.002~1.058
I
LOACSE Y
FEaA 0.531 1. 000 0.282 0. 596 1.700 0.239~12. 069
EIRG)IA 1.303 0.764 2.908 0.088 3.679 0.823~16. 444
KA 1.933 0.775 6.213 0.013 6.909 1.511~31.584

LDL-C 1% % % A2 ) % ; HDL-C : % % J% 2. B] &% ; ABPM-MSBP : 3} 2 s JE Y5 0] -F 34 i 45 JE ; ABPM-MDBP ; 3 %5 s JE
U5 ) - 47 3K & ; SBP-NDR D R R B & Kb s DBP-NDR 47 1K R 1) 55 & Rt &

2.5 mEFHESLEFHGX AR

S5 NIMEBHR T HES A S FAR Cox 1145
B, URIE IR %ot BR, PR B IR 20 R &= i, RAA B
M (HR=6.909,P=0.013) J& 3 24 S FFHY Al fiE
fals N %5 28 model 1 % J5, ) ¥ JE Ifil J& ( HR =
7.219,P=0. 011) Ji& 3= B4 4 1 ok 57 s B PR &5
2 model 2 ARG R ATEME(HR=5.177,P=0.047)
PBSR R F B S fab R . DA IR
XF BR R IR A PR, R RAIE I (HR = 4. 766,
P=0.017) 2 EL g FiAF 1] REFE R P R 5 48 model
1 JaH )5 AIE I (HR=4.526,P=0. 021 ) J2{k B4

SRR IR ST GRS PR 2 5 45 model 2 1% 5 A 1M
JE(HR=4.909,P=0.022) {J§ 8K J& K BEL i3 SF A iy
SEfER N
2.6 mEFAELLEFMHEX R Kn RRRE L
B 2A g AS ) of B 1T e S AR R R Y
Km SRS £, 7] WL S AN JE i e i) 32 2 2% i 4
SRR T = AV I AR (Log Rank P =
0.020) o & 2B Sy A [fl 1fn He 1 4 A 5 vk B AR 5 T
() Km: Z2FRURE: il 28 1], v L s A T I s 1) YR B2 28
4 RBRE 22 5 AR I R FR: (Log Rank
P=0.011),
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R4 REER

EHERERKNERER Cox @A

ZH EVEEY PR Wald X* P1H HR 95%CI
UNEE ===t
A -0.006 0.020 0. 099 0.753 0.994 0.955~1.034
Ll 0.505 0.429 1.389 0.239 1.658 0.715~3. 842
ENGiEie s 0.074 0. 060 1.513 0.219 1.077 0.957~1.212
fE B H 2
Mg S5 0.117 0.417 0.079 0.779 1.124 0.497~2. 544
T PR 0.675 0.403 2.799 0. 094 1.964 0.891~4.329
S AL B 0.726 0. 546 1.770 0.183 2.067 0.709~6. 025
U BN 0.129 0. 546 0.056 0.813 1.138 0.391~3.315
R R s 0.851 0. 500 2.896 0. 089 2.343 0.879~6.247
B2 1k A7 B0 0. 467 0. 408 1.309 0.253 1.595 0.717~3.552
W% 4 0.562 0. 400 1.972 0. 160 1.755 0.800~3. 847
R 0.221 0.417 0.280 0.596 1.247 0.551~2.822
Ak SBP 0.012 0.011 1.181 0.277 1.012 0.990~1. 034
Ak DBP 0.015 0.014 1.043 0.307 1.015 0.987~1.044
SR E A A
SO i e -0.003 0.195 0. 000 0. 989 0.997 0.681~1.461
= H 0.132 0.156 0.715 0.398 1. 141 0.840~1.551
LDL-C -0.036 0.292 0.015 0.901 0.964 0.544~1.709
HDL-C -0.810 0.953 0.722 0.395 0. 445 0. 069~2. 880
SIS AL W
ABPM-MSBP -0. 005 0.014 0.114 0.735 0.995 0.968~1. 023
ABPM-MDBP 0. 007 0.017 0.193 0. 660 1.007 0.975~1. 040
SBP-NDR 0. 050 0.018 8.093 0. 004 1.052 1.016~1.089
DBP-NDR 0.035 0.014 6.798 0. 009 1.036 1.009~1.064
Il 5 A
FIE (X HR)
HFIE 0.513 0.817 0.394 0.530 1.670 0.337~8.272
ML 0.442 0.677 0.426 0.514 1.556 0.413~5. 865
Yz 1.561 0. 652 5.739 0.017 4.766 1.328~17.097

LDL-C . A& % B A2 ] B2 ; HDL-C . % % B A2 B &% ; ABPM-MSBP . 3 & o2 /& 35 0 -F 3 4 45 /& ; ABPM-MDBP . 3 & 2 &

B0 F 3 47 3% % ; SBP-NDR M4 JE 71 5 & & v 5 ; DBP-NDR 473K 7 11 5 & & ok 5

RS5 MEFTEXRBESTE RBZLLAFHHXREZSH Cox @MIFHHT

ERARGF (n=26)

WA R (n=25)

M EZH
HR 95%CI P1{H HR 95%CI P1{H
A%
LB IACSY)
B . 700 0.239~12. 069 0. 596 1.670 0.337~8.272 0.530
EFE . 679 0.823~16. 444 0. 088 1.556 0.413~5. 865 0.514
RITE . 909 1.511~31.584 0.013 4.766 1.328~17.097 0.017
Model [
FITE (X IR
BRI 702 0.237~12.206 0.597 1.550 0.311~7.721 0.593
E|H 51 .920 0.874~17.578 0.074 1.533 0.406~5.784 0.528
RATE .219 1.565~33.302 0.011 4.526 1.257~16.301 0.021
Model 11
I (XFHR)
L .313 0. 164~ 10. 545 0.798 1.789 0.341~9.388 0.492
EIEOiA .533 0.725~17.217 0.118 1.578 0.402~6. 195 0.513
SiNig 177 1. 020~26. 268 0. 047 4.909 1.255~19.210 0.022
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