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Prospective study on association between hemodynamic
patterns and risk of ischemic stroke in people with chronic
orthostatic intolerance

LI Guanfei, ZHANG Xunjuan, PANG Meng, LI Song
(Department of Neurology, People’s Hospital, Jilin Province, Changchun 130021, China)

ABSTRACT Objective: To discuss the association between hemodynamic patterns and the risk of ischemic
stroke in the people with chronic orthostatic intolerance (OI) , and to provide the basis for the early
assessment of the onset of ischemic stroke. Methods: A total of 638 residents aged =40 years from three
streets/townships in Changchun City of Jilin Province were selected as the subjects by multistage random
sampling method. Transcranial Doppler (TCD) combined with head-up tilt test (HUTT) were used to

evaluate the hemodynamic patterns of the people with OI, and the OI research cohort was established. The
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patients were divided into orthostatic hypotension (OH) group, orthostatic hypertension (OHT) group,
postural tachycardia syndrome (POTS) group, and orthostatic cerebral hypoperfusion syndrome (OCHOs)
group according to the changes of hemodynamics. The subjects were followed up once every six months for
two years, and the first incidence of ischemic stroke of the subjects was regarded as the observation
endpoint; the baseline data and incidence of ischemic stroke of the subjects during the follow-up period were
collected; Cox proportional hazards model was used to analyze the association factors with the risk of
ischemic stroke. Results: A total of 121 subjects were diagnosed with OI, including 80 subjects
(66.12%) in OH group, 35 subjects (28.93% ) in OHT group, 5 (4. 13%) subjects in POTS group, and
1 subject (0.82%) in OCHOs group. During the follow-up period, the overall people had 43 confirmed
new cases of ischemic stroke. After controlling the related confounding factors, compared with non-OI
individuals, the risk of ischemic stroke in the entire OI people, as well as in the OH and OHT patients, was
increased by 1. 527 times [ hazard ratio (HR ) =2.527, 95% confidence interval (CI): 1.269 —5.032,
P<C0.01) 7], 2.268 times (HR=3.268, 95% CI: 1.603—6.663, P=0.001), and 2.153 times (HR=

3.153, 95% CI: 1.213—8.916, P=0.008), respectively.

Conclusion: OI is associated with the

increased risk of ischemic stroke, particularly in the patients in OH and OHT groups.
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Tab.1 Baseline characteristics of subjects in OI group and non-OI group

Ttem Ol group(n=121) Non-OTI group(n=>526) 0/t P

Male [n( %) ] 68(56.2) 288(54.8) 0.830 0.773
Age (years,;is‘) 63.14+11.1 62.1£9.6 0.918 0.360
BMI (kg'mfz,;i.\‘) 23.54+2.7 23.71+2.6 0.761 0.447
Supine SBP (mmHg,;ix) 136.6+21.8 134.9+18.4 0.776 0.439
Supine DBP (mmHg,;i.\’) 81.14+12.4 80.24-10.6 0.766 0.445
Supine heart rate (beat+min~ ',z =5) 75.7+13.4 74.8410.9 0.729 0.466
Current smoking [n(/% )] 23(19.0) 119(16.0) 0.363 0.547
Heavy alcohol drinking [n(5/ %) ] 11(9.0) 30(5.7) 1.902 0.168
Physical inactivity [n(/% )] 37(30.8) 107(20.3) 5.957 0.015
Hypertension [n(5/% )] 43(35.5) 118(22.4) 9.037 0.004
Diabetes [n(5/%)] 24(19.8) 84(16.0) 1.057 0.343
Coronary heart disease [n(/% )] 5(4.1) 18(3.4) 0.145 0.784
Dyslipidemia [#(/%)] 29(24.0) 95(18.1) 2.215 0.158
Antihypertensive medication [n(y/% )] 18(14.9) 58(11.0) 1.718 0.205

BMI: Body mass index; SBP : Systolic blood pressure ; DBP: Diastolic blood pressure.

Change rate of mCFB (/%)
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Fig. 1 Hemodynamic situations of patients in three

groups at different time points
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Tab. 2 Variable assignment table for Cox regression analysis

Variable Assignment
Gender Female=0, Male=1
Age(year) 40—49=0,50—59=1,60—69=
2,70 years old and above=3
BMI(kg-m ) 18.5—23.9=0,24.0—27.9=
1,28.0 and above=2
CBFv decline No=0,Yes=1
Current smoking No=0, Yes=1
Heavy alcohol drinking No=0,Yes=1
Physical inactivity No=0,Yes=1
Hypertension No=0,Yes=1
Diabetes No=0,Yes=1
Coronary heart disease No=0, Yes=1
Dyslipidemia No=0,Yes=1

CBFv:Cerebral blood flow velocity.

o, O A e il Pk 25 v i 0 XUB: 38 m . OH
N FCOHT W 7Y 5 e ifn M4 2 v 2% 95 IRUIS: 7 G BK 7
AN U

i TCD B4 HUTT X A 21 O1 H 3 1L i 30
TR AT, SRR OH 5 66.12%,
OHT 45 28.93%, POTS Al OCHOSs 7£ 4 2 H1 Z 4F
OLBHE PR, ZHZE Cox FIH T 45 R B
53k OT ANBELLHR, 2 4F O B 3 2 4F (] i if o 2
o R AU B 1. 527 4% 5 OH A OH'T £ 345 sk 1fi 4
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Tab.3 Univariate Cox regression analysis on OI and risk factors of ischemic stroke

Variable A SE Wald y* P HR (95%CI)
Gender

Female 1.000

Male 1.098 0.359 9.430 0.002 3.008(1.489—6.073)
Age(year)

40— 1.000

50— 0.390 0.494 0.006 0.937 1.039(0.395—2.735)

60— 0.310 0.410 0.574 0.449 1.364(0.328 —3.636)

70— 0.271 0.364 0.553 0.457 1.311(0.374—3.557)
BMI(kg-m %)

18.5— 1.000

24.0— 0.273 0.539 0.257 0.612 1.314(0.457—3.776)

28.0 and above 0.356 0.320 1.236 0.266 1.427(0.762—2.673)
CBFv decline

No 1.000

Yes 2.124 0.598 12.618 0.000 8.361(2.591—26.987)
Current smoking

No 1.000

Yes 0.052 0.359 0.021 0.884 1.054(0.522—2.128)
Heavy alcohol drinking

No 1.000

Yes 1.016 0.411 6.099 0.014 2.761(1.233—6.184)
Physical inactivity

No 1.000

Yes 0.382 0.387 0.973 0.324 1.465(0.686 —3.130)
Hypertension

No 1.000

Yes 0.841 0.302 7.767 0.005 2.319(1.284—4.190)
Diabetes

No 1.000

Yes 0.077 0.390 0.039 0.844 1.080(0.503—2.318)
Coronary heart disease

No 1.000

Yes 0.315 0.723 0.189 0.664 1.730(0.332—5.654)
Dyslipidemia

No 1.000

Yes 0.888 0.524 2.872 0.090 2.429(0.870—6.783)

A b R s KU 2 A OTZH 1Y 3. 268 4 J2 3. 153 1% . JL
T LA N Sy i il 7 2 47 BA B O 1) BIF 5 1 B AR R
B OH 5 e i 1 2 v 2 g IAURS: J8 00 AT OG0 1L 585 fit
BE WF 5% (cardiovascular health study, CHS) X}
65 % DL I8 4F ARESEAT iR ALRE DT 12. 6 4F & 3L OH
K585 B AR B A o KU A G [ EB A L (odds
ratio, OR) = 1.86, 95%CIl: 1.36~2.56] ,

CUT A " BF5E & 3L 1 ORI =2 1k OH JiE IR & AE (1
=604 OH f& 37 Ji W5 P i A5 5 1) 2% 95 XU 43 ) 2
OH # Y 1. 893 fi5 Ml 5. 359 % . A 77 45 1R & /% -
=40 % OH i 3 & A o i P 2 i XURS: B b
i, 5 RESRR T ZERAHAT . OHT & & Hom
S It P A e LR B R A S i g L b, BLATFSE
A — o W4 kT Wk & (systolic blood
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Tab.4 Multivariate Cox regression analysis on OI and risk of ischemic stroke

Model 1 Model 2 Model 3
Group n
HR(95% CI) HR(95% CI) P HR(95% CI) P
Non-Ol 526 1.000 1.000 1.000
0l 121 3.468(1.910—6.299) 3.157(2.005—6.621) <0.01 2.527(1.269—5.032) <0.01
OH 80 3.677(1.858—7.279) 3.348(1.696—6.610) <0.01 3.268(1.603—6.663) 0.001
OHT 35 3.879(1.601—9.397) 3.722(1.535—9.022) 0.004 3.153(1.213—8.916) 0.008

Model 1: Univariate; Model 2: Adjusted for gender and age; Model 3: Further adjusted for heavy alcohol drinking,

hypertension, dyslipidemia and CBFv decline.

pressure intervention trial , SPRINT ) #F 5% """ 44
AT 9 329 Bl &, HALREVIEE N 3. 26 45, 4
S8R ST AV 4R R B 20 mmHg (HR=1. 50,
95%CI: 1.02~2.19, P=0.04) 2 Hl & 7 &F ik
JE F+ & o id 10 mmHg (HR=1.25, 95%CI:
0.99~1.59, P=0.06) 4 #FH.ONFEIE . 2 |
O 1A (5 O ISR T SN R R A
RGBT . Sy A —TaEse 1 A T 3 201
TR AR v R T PR R R AR R, AR R ST Al
FEAEfR A BB o 4 4l 0 S Mk i R v AL
W4 OHT 41 . &7k ] OHT 4L fiR & OHT 41,
SZiRWon: STHEEMEA S, IRk
45 W1 RET 5K 0T OHIT 411 R8I il 45795 & A R AR
(OR=0.56, 95%CI: 0.35~0.89), # /" OHT
5 A e 22 8] O 5 A Ok o B IAE 5T I 1 4
RIS NAATI SRR R BER L, AR
i W RBRHAE D ER P EEREE, OHT
15 25 38 Bk ME A b & KB (HR=3. 153,
95%CI: 1.213~8.916),

OTHE i i 4 25 v 95 AU 1 ATL 7] 1 A W
G I3 A R R AT RE S g e Y BEAR AR SY T
78 OH B B2 BT BRESE A s XU 36, ] g 55 il
M-S FHEA . i, FOSTER-DINGLEY 4 "
XF =75 % 11 e i A N R N A i 3 R DA K ik
BT R BRSSO W . HAE OH 4Lk
B, OHZH & NI & 22 5 R gt % 8 o A
FEEER B . fEWIRNSFE OH B CBFv I I T [,
HAEOIH B2 R A Gt = 5 L. ARSUEEHEDN .
A M 2] 358 57 A7 79 A A7 e A2 T A S0 YR I 40 A
BT B B i DA, 3 AT RE S SO I U D,
OH B # [ 2 %% 2 1 g I 37 f2% 96k 20> AT R 2 e o 44 A
A e XU 3 SRR FEARGLBA S, AR

I 113 B g 2w RN WA D AT S POTS Ml
OCHOs, X 2 #0748 5 ¥4 157 % CBFv BE K Ii
JC B SE AR . 520 CBE v A R 2 54 7 1 & o7
b, FH = EBERE R COMIE ., POTS B H M
AREEF R UL i He 6 B S RIS, kA BT M CBEV MR
P I 55 A0 e 2 I E A OG G AT g AL A AU e R it A
5| A B o ko 4, s /0 G . 9 = 3. OCHO,
ER O TR MR BRI R R R, R AE AR IR R I RE A
M OCHO. & # CBFv ~ 0] 68 5 ik F 2h ¥/ 45 T g
Wi A O i /N B kR R A G Y. AR OHT
BHE ALK E CBFY TR, /8 OHT BF 4
S 9 IRV Y84 i T i 5 0 M O i R R . i FAREESE R
OHT. POTS Ml OCHO & # 54 A 0 4 >, 35 2
iE— 25 KRB 52 ok i 8] O1 4 5 CBFv A48k 5
S A T 2 R

AW FEAFAE— 5 1 R R . OABF ST N
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X 33K 2 A I Y g e ot M A e i XU B DG B M AT
O3M . B RIS SE s QAR
sk OHT 44 A b o BL i &} 5 B0 20 &F 5K - =10 mmHg
B9 R o R T A0 AL I AE A R I R A e
A il AZ K B ST i AT 5K R GE R b 2 T R 5~
10 mmHg "™, B g0 AKX F o B E L T AR X 4
BA T QOB SRR, A5 A 47 0
SR COSERM, AR AT CO,HBUE X CBFv [
R

i LTI, fEAR X AR ARET, O1 5 6
PE AR o R KU A2 E GG, R AR OH Il OHT &
Az eI PR A R KU S S BB, CBFv T R AT RE 5 1
A PR TE R AR B A B Ty T N 2%
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