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Effect of blood pressure on the carotid artery morphology and hemodynamics of mid-

dle-aged people without atherosclerosis

WANG Wen-Rong, XIONG Kai-Yu, HE Hui, LV Yuan-Yuan, YU Meng-Chen

( Beijing Sports University, Beijing 100084, China)

[KEY WORDS ] Atherosclerosis; Middle-aged people; Blood pressure; Carotid morphology; Hemodynamics

[ ABSTRACT] Aim To analyze the characteristics of carotid artery morphology and hemodynamics before and after
atherosclerosis ( As) in subjects with different blood pressure levels, and to provide evidence for the early prevention and
treatment of atherosclerosis in different blood pressure groups. Methods 308 subjects (age range 40~ 65 years, mean
age 52.2+4.7 years) were screened and divided into normal blood pressure group, normal high blood pressure group, grade
I hypertension group, exclusion of major cardiovascular diseases, such as atherosclerosis, coronary heart disease, etc.
The carotid intima-media (IMT) , resistance index (RI), pulse index (PI), peak systolic velocity (PSV) and internal di-
ameter were measured by GE vivid 7 Color Doppler, blood flow wall shear force (WSS) was calculated and four blood lip-
ids were detected by blood biochemical analyzer. Results Age, heart rate, body mass index (BMI) , total cholesterol
(TC), triglyceride (TG), low density lipoprotein cholesterol (LDLC) , high density lipoprotein cholesterol (HDLC) in
the three groups did not show significant difference, BMI did not reach the standard of obesity, the basic information in the
three groups had no significant difference. Systolic blood pressure and diastolic blood pressure in hypertension group were
significantly higher than those in normal high blood pressure group and normal blood pressure group (P<0.05). In normal
high blood pressure group, systolic blood pressure and diastolic blood pressure were significantly higher than those in

normal blood pressure group (P<0.05), and the subjects were successfully grouped according to blood pressure level.
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PSV in normal high blood pressure group and grade I hypertension group was higher than that in normal blood pressure

group, PSV in normal high blood pressure group was higher than that in grade I hypertension group, PSV,PI and RI had no

signifcant difference in the three groups.

nificantly lower than that in normal blood pressure group (P<0.05).

WSS in normal high blood pressure group and grade I hypertension group was sig-

The diameter of carotid artery in normal high blood

pressure group and grade I hypertension group was significantly higher than that in normal blood pressure group (P<0.05),

and IMT had no significant difference between the two groups.

WSS decreased in the two groups of non atherosclerotic middle-aged people with elevated blood pressure.

Conclusion The carotid artery diameter increased and
WSS in non ath-

erosclerotic people with different blood pressure is more sensitive than PI and RI.
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Table 1. Comparison and analysis of the basic information of the subjects

e D EWIMEH(n=117) EWHESMEIMEH(n=101) 1 HEIMELH(n=90) Bk (n=308)
R () 52.6+4.0 51.2+5.0 52.3+4.0 52.2+4.0
45 1 ( mmHg) 111.98+7.00 131.86+4.00" 150.26+11.00% 124.15+16.00
# 9K (mmHg) 69.27+7.00 78.74+12.00° 84.23+9.10% 74.45+11.00
LDER(R/GT) 68.31+9.00 71.15+8.00 69.64+7.20 69.28+8.00
BMI(kg/m?) 25.01+2.10 25.54+2.21 25.67+1.40 25.26+2.00
TG (mmol/L) 0.98+0.14 0.77+0.12 0.82+0.22 0.90+0.18
TC( mmol/L) 4.33+0.20 4.18+0.23 4.16+0.25 4.26+0.23
HDLC( mmol/L) 1.20+0.09 1.34£0.13 1.3120.17 1.26+0.13
LDLC( mmol/L) 2.33+0.25 2.21+0.15 2.32+0.16 2.30+0.22
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2.2 FiFhBkmiiEsh hFEIEIRE L

Nk PSV 7EIE 5 S (eI H 2 A9 & iR 4H =
1A S5 = [ (W £ i 2 A e O
PL Rl H[RIA G725 57, Sk WSS TEIEH &

R 2. MBS F1 FFEAR X LE 4T

i 2EL e o e 2HL A0 X I 2H (P<0.05) |, Tl
EIE e (AL 20 FTT % s i s 4 TB) e e i 25 5%
VS GKAERE A Hr A AL Xt S8k L i 3 )~
TRV, Sk WSS U (K 2) .

Table 2. Comparison and analysis of hemodynamic indexes of carotid artery

£ EWMEH(n=117) EWEBEMEL (n=101) I HEIMIEL (n=90) Mk (n=308)
PSV(cem/s) 60.98+14.14 66.31+15.69 63.35£11.65 62.74+14.14
PI 1.5320.53 1.55+0.43 1.75+1.47 1.58+0.79
RI 0.71£0.07 0.72+0.09 0.71+0.08 0.71+0.08
WSS( dyne/cm?) 16.67+4.48 16.01+4.65° 14.82+2.97° 15.81+4.26
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Table 3. Comparison and analysis of the morphological indexes of carotid artery

Ei=R EHMEH(n=117) FHEMMEH(n=101) [ HEMELH(n=90) MR (n=308)
IMT( mm) 0.73£0.17 0.67£0.13 0.67+0.12 0.70£0.16
B PIAE (mm) 6.1420.49 6.71+0.52" 6.89+0.50° 6.43+0.59

a k) P<0.05, 5I1E® MR i,

3 3 it

(2015 H LG AR A 1) S O LB R o
BB A1) 40% L4 L,y 151 % 0 9 323 0 5t

DRI Bkt A 2 — b P Il A R 4P R T
koS AR, T, ML EEEL , Ak
BRI P B A5, S PN, MR CRR, R 2 i
M/ BT | 2 EUET AR 2 S A K-8 LA 4 7



CN 43-1262/R  h Eah kb4 2018 4F5 26 555 1 1Y) 63

T, e8I L sh Bkl AR am AL 51 DRk, 1ff 9% 3
JIAE SRR REAL T B R R B B EVEH

1933 4515 YA BIF5E WL ER I 37 % 1048 1 2 I, Y
F A LA 1M A5 RE ) B P, A2 380 0t U 7 L AL
W BB BKIE A e bR EEALE IMT FN 4R, IMT
Sk RE L2 Wy i FE bR R sh 1R
bR FEALSE PI ORI, WSS, PI 2 IfiL 5 07 7 P4 K o e
ARASBYFEAR , R A £ 1055 &7 5K AR 100 B2 BH 7 AR B 1
FEFR , WSS 2 1L 3 7t 28 100 75 2 1A B 7 A= 0 5 1] I 35
D7 ) P BERE 7 — PR L, B 5 A % RO IS i
PRI 22 3 i, I PT ORI 3475, PSV WSS FRgel™

FIKEE BT 1 KELE 10~70 dyne/cm?, 1Ml #H L
FIKIIEH 1~6 dyne/em® ™ S5 IRSMNER 21 P9 J
20 it it fin B 1) 7 L, 6 A% 1S 40 AR Az 7
MG s 124556 T ™ . Bk, — &
TO T P A v 1 I 3 B U0 00 A R T R LE R A i
N K D RE AR A I 3 5 D) 7 A2 14 P e B e 32 4 5
Gy i, (2 0F 05 B B B ) & A R kSR IR
IR, BS B4 J2 U 8 400 o i A5 P R A T LA
FRLSE B R R T 20 A RE R i T A 4 BRI B,
FEIEH (IR B, 32 0 2 4 A PR3, P 43 3
O I A A TR A T, B WSS i T e
f) WSS 23 il I 32 453 5 G I 3 PR AT N AR D 5k
MFEZEEL, VI ) mAR 2 A8, o il He i, 5 ifd U
FVRBT DI 7 1) 45 252 0 98, A1 32 200 e 1 g A 1, 1
TN S I TP B2 KT i S5 ) B8 BB B A G, 3 i A%
YA FIAR BTAE P KT SRR RS £ 51 I 55 45 4 RN )
RE MR I A TR B BE B A HRGE DL 53 ~ 66 &
BHERBFEXT G, R H AR T W2 G AR 2 W &
B ARBYY) ) 5 L BEH XS 52 IE AR DG, 6 > H (Y Bifi
Vih 25 5 S e R R BE R > ST R B, 10
AT 67 4 i sh Bk BES ) 4, K& B WSS
SN BEHR G 5514 , WSS 1 BE B A 00 A ok =7 () v
FESH I, R 1 S kB HUE BUAT, —
B PR F 8 2 B B U0 0, A R T A 8RR A O 1l 5 1
57 o R AR A 9 6 B v A S B IOk A B AL N HE
WEFEXTGE, AT AN ] i i 7K - 32 130 3h kol R a1k
U3 80 7 254 a5 SO A 05, AN ) R 7K -
N Bl Rk 18 S )5 Ry T S AR

o I R oA RE MG R A R K, Bl kOB g
PEVRAR | Sl AE BB R T e 2 B
M5 N R D RERR AR ) | S s ke & B VIR B &R
WU ARSI YIRS T 4 P9 Rz T Re i 5405 & B ik
AL & e AR5 e 5 A [F) o 7K SF- 3 3l ik
SRR AL R AR A I 5T X 42, WL R BRI 1 i 351 8

Jok i3 8h Ty 2% A8 Ak, 25 5 % BLAE e (A I R4 PSV
BOEF MR AL, T 2 i R 2 CRBLH TR
T 2% e it 24 0 1 5 v I 2H 3 B ik WSS R 4
FRRAC, AR, 41 R Sk WSS LG
e S AT REAR PR Oy A Bl ook A A A T R e 0l
ZHRN T 2 vy a0 28 00 1 T v o5 | A 37 3k 5 448
075 308 e PR AR 348 ke i/ i 3 % 1 5 R A R g
Bl 25 S IOk 25 ) ) L3 07 1 A A, i 2 5 0
TR NERIE N Fish bk WSS B TR, AN, ABF
FERIUA H BESE PR T, 8 PLLRL M &, MiEXF WSS
(RS B G2 35, ] BB 5 0F 9 6 B2 1 BB BE A R,
DRt S A 2 3 ik WSS AN — 2 7

fE TR A L B 4 FE RS | U 318 OB A
faoE ™ wi R E S S 8O S bk i) 4544 2%
R —Fh A BUE R B IR AR SRR
Sy LA PR s AR TR A B %) 7 v R R 2B m
B R R A Y F 0 2 1 R B ) B R A, i A I
JE P 34 v B PN b RS TR | 328 R R A 2 ks A
RAE A 5T & B Bh bk o R A Ak v i 41
IMT R B | Bt 1l 7K S A 44 v il
PIAETR TG A AR 5% 2 6 AS T ot R 7K S 3f: B)
ik s RERE Ak AR A R I 0 52 B R BB T BT I
Tsh F124728 4k, K B T 0 I 4R I & e 0l
B K IMT Jf A R0 G R R AR n,
SRIBATE 1% 3l Jik sl Jik o A B A, (2 i F il e T
1R, O 20 HH BRI 85 4 ) 3 O 1 A Ak A P AR
JINAESE IO e IR 5 s 18 WSS, i T A I A Y
B RGaes g shelE Y i H, HRTE A
5T 2R 2Pk 2 B A Sz 3l 78 el 22 il U ) 1 2%
(4 [ A oA o A8 s, IR R R R AT T
TG AR 2 RIS, O B SR O A R
Fltse KBE VI ) 45 M 20 12 S50 3K, 5
REREMRIN A A BE ) AR AR T 12 JE A R
B BRSPS VIR S | M 1 3 B S 2E AR bR
IR R R AR T BRI, ST i O B ) 2R A
iz Zhhb 5 5 R AT LA i a8 31 SR TR K
(R h KRR IR 2, %ob O I A8 72 A A B2, DA ITIL 3
B 1A AT AT B

AT LI, P B I 0 T 5, 3E S Kok RERE 1k
FRAE N FOF B AR KR WSS R, AST] IfiL 7k
ARSI AR AR Sk WSS %% PRI 1M 5 5
U, PRI, A WSS, T X Sl kA Ak B 1 75
B FTIA T SR — s K HE . H AT AR S ER A F
WSS HHllz 1% I 4 1) i B A T ik — 2D AR 5T



64

ISSN 1007-3949 Chin ] Arterioscler, Vol 26,No 1,2018

[ &% 30k

[1] Green DJ, Hopman MTE, Padilla J, et al. Vascular adaptation to
exercise in humans: Role of hemodynamic stimuli[ J]. Physiol Rev,
2017, 97(2) . 495-528.

[2] Green DJ, Smith KJ. Effects of exercise on vascular function, structure,
and health in humans[ J]. Cold Spring Harb Perspect Med, 2017, doi:
10.1101/ cshperspect.a029819.

[3] Anderson L, Oldridge N, Thompson DR, et al. Exercise-based cardiac
rehabilitation for coronary heart disease: Cochrane systematic review
and meta-analysis[ J]. J Am Coll Cardiol, 2016, 67(1); 1-12

[4] Cunnane CV, Cunnane EM, Walsh MT. A review of the hemodynamic
factors believed to contribute to vascular access dysfunction[ J]. Card-
iovasc Eng Technol, 2017, 8(3) . 280-294.

[5] Andersson M, Lantz J, Ebbers T, et al. Multidirectional WSS dis-

[

turbances in stenotic turbulent flows: A pre- and post-intervention
study in an aortic coarctation[ J]. J Biomech, 2017, 51 8-16.
[6

[

Sakellarios AI, Bizopoulos P, Papafaklis MI, et al. Natural history
of carotid atherosclerosis in relation to the hemodynamic
environment ; a low-density lipoprotein transport modeling study with
serial magnetic resonance imaging in humans[ J]. Angiology, 2017,

68(2): 109-118.

—
-
[

Ferencik M. Complex relationship between plaque characteristics and
hemodynamic significance of stenosis: Insights from coronary compu-
ted tomography angiography imaging [ J ]. Atherosclerosis, 2017,
260; 150-152.

[8] Brown AJ, Teng Z, Evans PC, et al. Role of biomechanical forces

[

in the natural history of coronary atherosclerosis| J]. Nat Rev Cardi-
ol, 2016, 13(4) . 210-220.

[9] Randles A, Frakes DH, Leopold JA. Computational fluid dynamics

[

and additive manufacturing to diagnose and treat cardiovascular dis-
ease[ J]. Trends Biotechnol, 2017, 35(11) : 1 049-061.

[10] & M ER AR A T2 . P E R MR A5 R 2010
[J]. "PEFE NS, 2011, 19(8) ; 701-703.

(117 32224 o] A 28 R E AR o, 4 e (3 — kst )
[J]. i RBEEESE, 2006, 18(5) : 323-331.

[12] 3¢, sk4e8, AhTse, &5 PR RS )], P
24, 2011, 19(12): 1 101-115.

[13] Malek AM, Alper SL, Izumo S. Hemodynamic shear stress and its
role in atherosclerosis J]. JAMA, 1999, 282(21) : 2 035-042.

[14] BRAfE, WiEsR, X004, 4. ELO RIS 20150T]. &
EEH R, 2016, 31(6) : 521-528.

[15] Taylor AM, Li F, Thimmalapura P, et al. Hyperlipemia and oxidation
of LDL induce vascular smooth muscle cell growth: an effect mediated
by the HLH factor Id3[ J]. J Vasc Res, 2006, 43(2): 123-130.

[16] Li X, Yang Q, Wang Z, et al. Shear stress in atherosclerotic
plaque determination [ J ]. DNA Cell Biol, 2014, 33 (12):
830-838.

[17] Schretzenmayr A. Uber kreislaufregulatorische Vorgiinge an den
groBen Arterien bei der Muskelarbeit [ J]. Pfliigers Archiv: Eur J
Physiol, 1933, 232(1) . 743-748.

[18] E JL. SiShkwBAL A 7E m MAEA 2 Wi N (0] e R =
2, 2016, 36(10) ; 13-14.

[19] Nerem RM, Alexander RW, Chappell DC, et al. The study of the

influence of flow on vascular endothelial biology[J]. Am J Med
ci, 1998, 316(3) : 169-175.
[20] Davies PF. Flow-mediated endothelial mechanotransduction [ J ].
Physiol Rev, 1995, 75(3) : 519-560.
[21] Tzima E, Trani-Tehrani M, Kiosses WB, et al. A mechanosensory
complex that mediates the endothelial cell response to fluid shear
stress[ J]. Nature, 2005, 437(7057) ; 426-431.

[22] Peiffer V, Sherwin SJ, Weinberg PD. Does low and oscillatory wall

[

shear stress correlate spatially with early atherosclerosis? A system-
atic review[ J |. Cardiovasc Res, 2013, 99(2) ; 242-250.

[ 23] Hayashi K, Naiki T. Adaptation and remodeling of vascular wall ; bi-
omechanical response to hypertension [ J ]. J Mech Behav Biomed
Mater, 2009, 2(1): 3-19.

[24] Malek AM, Alper SL, Izumo S. Hemodynamic shear stress and its
role in atherosclerosis[ J]. JAMA, 1999, 282(21) : 2 035-042.

[25] Yamamoto E, Siasos G, Zaromytidou M, et al. Low endothelial
shear stress predicts evolution to high-risk coronary plaque pheno-
type in the future: a serial optical coherence tomography and com-
putational fluid dynamics study[ J]. Circ Cardiovasc Interv, 2017,
10(8) : e005455.

[26] Groen HC, Gijsen FJH, van der Lugt A, et al. Plaque rupture in
the carotid artery is localized at the high shear stress region[ J].
Stroke, 2007, 38(8): 2 379-381.

[27] Bruno RM, Penno G, Daniele G, et al. Type 2 diabetes mellitus
worsens arterial  stiffness in hypertensive patients through
endothelial dysfunction [ J ]. Diabetologia, 2012, 55 (6): 1
847-855.

(28] #ube, 52 ¥, EAMES, % @ UUEETIIAK A TR M K 2h

RE M S IR Pt S BE R SC AR [T ], b I B Ik et Ak 2% A
2014, 22(5) . 472-476.

(291 FEWA, A7 B G400 I 1 v i e £ Sl ik s o e

5 1M R BT YT K - SIS BE AR S (U] IR R

2016, 25(4) . 357-359.

Humphrey JD, Schwartz MA, Tellides G

duction in vascular biology[ J]. Circ Res, 2015, 116(8); 1 448-461.

[31] Mulvany MJ, Baumbach GL, Aalkjaer C, et al. Vascular remode-
ling[ J]. Hypertension, 1996, 28(3) : 505-506.

[32] Ross R. The pathogenesis of atherosclerosis: a perspective for the
1990s[ J]. Nature, 1993, 362(6423) . 801.

[33] bk B, ERAE, REYE. BB AL S0 B KB HE RO =

I B RSk AL 2 WAL [ T]. T S BREE AL 24 i,

2015, 23(11) . 1 149-152.

EEM, REE, B S iE S E 3K AR B R A

[J]. FPF R (ESR) , 2011, 32(5) : 101-104.

[35] & A, w4, X %, 4. MR OIC SRR BT 21400 51
EJJMJ]]I(&ZJD'J?»"E’J,,;"W[ 1] B HZAR . ARBERR, 2013, 52
(5) : 653-660.

Tanahashi K, Kosaki K, Sawano Y, et al. Impact of age and aero-

[30

L

, et al. Role of mechanotrans-

[34

[

[36

[l

bic exercise training on conduit artery wall thickness: Role of the
shear pattem[]] J Vasc Res, 2017, 54(5) . 272-279.

(371 58l BRscHs. RMR %2 Zvd i i He 28 V800 A8 1 19 5% i)
[7]. PEEZFEIE, 2005, 24(5) : 606-607.

(Mo SCEI



