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[FEZ ] BB - %5 24 h Fas i b DI A mE2E Sk (blood pressure variability, BPV) JLH i B8 154 55 BRIk 14 5
B (brachial ankle pulse wave velocity, baPWV) K& Z2Lv% B 5% (left ventricular mass index, LVMI) A%, Fik - gy A 184 HilJ5
R MR B, AR R e R H IR R E A bL, B B A AL, BRI AR T A AL, 21 Il L gk baPWV Fi
LVMI, %} baPWV i1 LVMI 51 A8 1 BPV $5 bR ¢ R FEATHRFE R Z FR BT, SR - BRIEFER . KRR, sinEpte, 2
FIME, 24 h ik, 24 h &FokE, SRRERE, (R%ENRH CHRERE, kA i %05, ERRIZ R AL baPWV 25 T4
R T AL (P=0.000), dEFFLN LVMI 2 & TR (P=0.001) F@@#Ridl (P=0.022), FEMBEZFEEIASHTH, baPWV K
LVMI )5 545 0% . 24 h Wesi B Kbrie 2% (SDAE) . H Il e J SDAE, Z lic 4 HE K SD A, 24 h &F5k e SD i, H &7k e &
SD ff, &nIEF5Kk & SD B F MK (P<0.05), fELPHFELERIASHT, baPWV 5 ]k 4 SD i (8=0.289, P=0.000), %Il
SRR FREE 4> L (6=—0.398, P=0.000), HIJW&i)E (5=0.214, P=0.001) L)% H [I&F3k Ky SD 1 (6=0.207, P=0.002) k1%, LVMI 5 24
h i e (5=0.348, P=0.000) L) Ko 7% [l i e SD A (=0.196, P=0.026) #13¢, £5if - R MR B #H baPWV Sg Wi i SD fH., 7%
MW E FREE S L, H e LA B H I EFSK RS SD BRI AHSE s LVMI 5 24 h i s A e & [l 46 s SD B AT ARG
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Correlation of blood pressure variability with brachial ankle pulse wave velocity and left ventricular
mass index

XU Meng-dan, DAI Qiu-yan
Department of Cardiology, Shanghai General Hospital, Shanghai Jiao Tong University, Shanghai 200080, China

[Abstract] Objective + To explore the association of blood pressure variability (BPV), especially diurnal blood pressure rhythm with brachial ankle
pulse wave velocity (baPWV) and left ventricular mass index (LVMI). Methods * A total of 184 hypertensive patients participated this cross sectional
study. Patients were divided into dippers, non-dippers, inverted dippers and extreme dippers groups according to nocturnal systolic blood pressure (SBP)
decline. baPWV and LVMI in different groups were compared. Correlation of baPWV and LVMI with blood pressure and BPV variables were analyzed
by univariate and multivariate regression analysis. Results - After adjusted by age, BMI, hypertension duration, blood pressure in consulting room, SBP
and diastolic blood pressure (DBP) in 24 h, total cholesterol, low density lipoprotein cholesterin, brain natriuretic peptide and ejection fraction, baPWV
in non-dippers group and inverted-dippers group were significantly higher than that in dippers group and extreme dippers group (P=0.000), and LVMI
was significantly higher in non-dippers group than in dippers group (P=0.001) and extreme-dippers group (P=0.022). baPWV and LVMI were both
significantly correlated to age, 24 h SBP and 24 h DBP, SD value of 24 h SBP and 24 h DBP, daytime SBP and DBP, nocturnal SBP and DBP, SD values
of daytime SBP and DBP, SD values of nocturnal SBP and DBP in univariate linear regression models (P<0.05). In multivariate linear regression model,
baPWYV was independently associated to SD value of nocturnal SBP (£=0.289, P=0.000), nocturnal SBP decline (f=—0.398, P=0.000), daytime SBP
($=0.214, P=0.001) and SD value of daytime DBP ($=0.207, P=0.002), while LVMI was independently associated to 24 h SBP (=0.348, P=0.000) and
SD value of nocturnal SBP (5=0.196, P=0.026). Conclusion - baPWV was independently correlated to SD value of nocturnal SBP, nocturnal SBP decline,
daytime SBP and SD value of daytime DBP, while LVMI was independently correlated to 24 h SBP and SD value of nocturnal SBP.

[Key words] blood pressure variability; 24 h ambulatory blood pressure monitoring; diurnal blood pressure rhythm; brachial ankle pulse wave velocity;
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pressure monitoring, ABPM) iz FH (i #5318 1 il i 19 B 7
A5 S A B A5 TR A8 S A RT g 1 Ay v L I i AR S 2%
HAVERE bR, H AT AR WA I (% S (pulse
wave velocity, PWV) Fl/e.OE M E S 5 A0k .O Mg E 14
PABCOILE FE T3 B UL ™, i % ABPM gk {5 HO i
BPV @i BPV LK i%4L (R BPV 558 ER ok 4 508
J¥ (brachial ankle pulse wave velocity, baPWV) LA /.0
E R385 (left ventricular mass index, LVMI) Z a5
R AW, AHFFCRD T2 H AR R R P i s B
iy BPV 5 baPWV 1 LVMI )% %,

1 HBREHE

L1 W3R

A I 5T A R R T RIE ST, 0% 4 2015 4R 8  —2016 4F
9 AAE bl 28 8 K7 PR S — N B B e A2 Be i i & M v
I Hs BB G 184 (9, & il Hs 12 W A 1 2 1] 2010 47 (rp
EMLEB AT A TTARY, Wi & (systolic blood pressure,
SBP) > 140mmHg (1 mmHg=0.133kPa) #1/ &% &F ik &
(diastolic blood pressure, DBP) > 90 mmHg, 44> 18 %/ jf:
FBIMERIEBEMAALI, Hibrbrifk: &R ORRH,
OIMEFER L, AHONER B (NYHA) 5% I~ 1V
Te, EIhRERE, SMNEIMAE RSk & M m .,

1.2 Wik

1.2.1 ABPM HE &S —0Y 24 h g2 i e M 2%
(TM2430, HA A&D 2v7w]) #f7 ABPM, IfiJEi% & A H
i) 4% 30 min il & 1 7k (6:00—22:00), 7 [A] 45 60 min ]
w1k (22:00—k H 6:00), 4 Hlit% 24 h, HIEL, &
[f] ifl & #9 {E Fabr 25 (SDfH ) & [ IfiL 1 B AR ' 40
bt = ( H il SBP — & [a] SBP) / H ] SBP <100, #J %Y |fi
2 A7 ] SBP [ K1Y B 4y kb >10% H. <20%; 9k
FIB I H & SO B TR SBP BEAR I E 43 kb <10%; A A
I 7 SCA 7 8] SBP BEAR I 4 kb >20% s J A4 7Y IfiL
€ LR 1R TA] SBP BEAIL I H 4> bk <0, BPV H Ifil /s SD {&
Foor,

122 LVMI Ml & % H 4 M 28 7 .0 2h [/ &
NG, MRAE Penn 28 M & /2.0 = &F ik R AN
(LVID), &F 7k A 101 =5 (Al b@ S22 & (IVST)  Fn&F 5k oK 5 BE
JZ B (PWT), /.0 %= & (LVM) (B {7 o4 g) =1.04x
[ (LVID+HIVST+PWT) *— (LVID) *}-13.6, LVMI A2k i
1ER LVM, DA ERREN A RIRI R 24

1.2.3 baPWV [l & baPWV % A AE 30 ik i 1448 ]
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PE (HERBAF) BTN, 85 BCEEME,
UM E RS FRER RSP bty . /DR E S min J5 il B
Ik B 28 B BRI S B0 2 RO It (a] A1 B (A T,,)
TE SRy B I TR A% T 2 R D TR A I T TR B, R RS
50 W Z Ta) A R B 8% AR 48 B B m B
baPWV HUELL T A KR baPWV=[ .00 2 ER AR 5
(La) — DERE AR E (Lb) VAT, BRI F
[EVEAIZEE baPWV (H, W& 2k, BCFHE, HEHR
i 2k em/s,

L3 Ziil2Eanbr

% F SPSS 16.0 8k AT G it 0 M. BB RN A
xts (ERTR) SE ot CEMERR) . SHIELTR
(1 L2 SR P B TR 2505 2 0 W 8 o7 A . &% 41 baPWV )
Je LVMI W LLIER B 5 2250 0, RCIEAR S . M B i
(BMI), @il Epfe, 2% SBP, 2% DBP, G JH [ iz
(TC). fi% FE NG & B I & fE (LDL-C)., faghik (BNP)
Fptif 5y % (EF), baPWV 5 Z) &l & 2 5 & LVMI &
BAIME S5 2 18195 Z 2R FH B R 3R Il VA 40 e fn £ R 352
B RN RNH 5 Hr . 1E 2 BB B G R R, 55 BILA
baPWV 1 LVMI Sy [K 28 &, LA 24 h gh& i E & 250 H
AR, ANEFSIERFRAE S 514 0.05 F1 0.10, P<0.05 KIR
ERAAGUFEL,

2 &R

2.1 BAHIEATUR

BENPHEE A (67.76210.05) %, 1k 82 i
(44.6%), 2Pk 102 5] (55.4%); Hovp 82 ffil (44.6%)
A TR AR B o AE RE AL RO IR G0N ), 63 fil
(34.2%) & IFHERIA, 36 Bl (19.6%) AWME, EEH
flfif oL L 1.

A1 BB
Tab 1 Basic characteristics of patients
TiH g
BMI / (kg/m’) 25.20+3.50

baPWV/ (cm/s) 1942.32 +434.80

TC/ (mmol/L) 4.23+£1.05
TAG/ (mmol/L) 1.68+1.13
LDL-C/ (mmol/L) 2.67+0.95
UA/ (mmol/L) 357.25+98.32
Scr/ (pmol/L) 76.62+24.62
BG / (mmol/L) 5.90+1.62
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HbA1C/ %

BNP/ (pg/mL)
FHizhhk IMT/mm
HEIED /n (%)
LVMI/ (g/m®)
&% SBP/mmHg
2% DBP/mmHg
k& /mmHg

O/ (YR /min)

(%4 1)
e

6.31+0.96
90.06+117.18

0.73+0.12

102 (55.4)
94.89+28.30
145.62+£20.15
81.02+11.97
66.50+15.53

69.21+11.81

1 TAG =L Hih; UA hJRER s Ser IILETs BG Alid; HbAle Jyfifbin

STHER AL IMT i 2R,

2.2 BYLBAIIRARRAE

PR AL 74 (iR, BRI IE 69 LR, Ky

2 F UL R R FHIE L%

2018, 38 (2)

T IE 19 B, B LIE 22 gl E, R4 R
B BERTHAM 34 (P=0.014); {EFBIA IR K
RIZH 12 % SBP Fi2 % DBP i 3 & TR B AL FIE # AL 4
(P=0.000, P=0.044); &HEFMH M RILES, ZERT
Giit#E L (R2),

2.3 %4l ABPM i JE Lb4%

KA H A 19 H ] SBP f1 DBP & 2% & T # # A 4
(P<0.05) ; midEFI B2 5 H (th & 4170 H ] SBP 1 DBP Lt
B, ZSRRGA¥E L AR 24 h DL K%K ] SBP
B m TR mEAaRg (P<0.05); JEF R4 Fij
FIZU 24 h UL Je 7% [7] DBP . 25 i 1 #9 B 41 Frds #9 20 21
(P<0.05) (3, El1), %#24h, HIal, 7 IEIH SBP
J: DBP #y SD {EE AL (K3, & 2),

Tab 2 Clinical characteristics of subjects in different groups

bR
i | %
PRI/ 5 In (%)
BMU (kg/m’)
TC/ (mmol/L)
TAG/ (mmol/L)
LDL-C/ (mmol/L)
UA/ (mmol/L)
Ser/ (pmol/L)
BG/ (mmol/L)
HbA1C/%
BNP/ (pg/mL)
B HLOIE /n (%)
BB In (%)
W /n (%)
#Hiah Pk IMT/mm
FENIKIESE /n (%)
A ACEVn (%)
filF ARB/n (%)
NRHT B =2 B 77 /n (%)
JIRFl CCB/n (%)
i FAMBIT 2258 /n (%)
Nk FABLIL MR 254 /n (%)
R FAFIBR ] /n (%)
Jiie FRHER /n (%)

PRI (n=74)
66.09+10.00
35 (47.3)
25.35+3.08
4.08+1.11
1.61+0.81
2.53+1.05
357.78 +91.63
76.314+21.47
593+1.75
6.32+0.95
87.43+105.31
35 (47.2)
29 (39.2)
13 (17.6)
0.72+0.10
39 (72.2)
12 (162)
40 (54.1)
54 (73.0)
36 (48.6)
65 (87.8)
63 (85.1)
7(9.5)

20 (27.0)

JEFIRIEH (n=69)
70.72+9.02
24 (34.8)
24.62+3.85
431+1.11
1.65+1.49
2.70+0.95
361.44+108.09
75.51+23.18
557+1.22
6.16+0.85
88.46+£99.96
29 (42.0)
20 (29.0)
14 (20.3)
0.76+0.14
41 (78.8)
7(10.1)
37 (53.6)
46 (66.7)
34 (49.3)
52 (75.4)
53 (76.8)
7(10.1)

9 (13.0)

RFBA (n=19) EHIRA (n=22) P1iE
67.16+11.95 6445+ 1001 0.014
10 (52.6) 12 (54.5) 0.233
25.82+3.98 25974327 0.304
4.10+0.80 4.67+0.68 0.111
1.84+1.17 1.90+0.64 0.664
2.53+0.75 3.16+0.59 0.052
355.03+108.30 347.83+84.77 0.954
86.18 £43.86 72.96 + 14.19 0.325
6.48+2.12 6.26+1.69 0.098
6.53+1.06 6.54+121 0.283
152.81+£223.87 54.05+42.99 0.065
8 (42.1) 10 (45.5) 0.928
7(36.8) 7(31.8) 0.622
3(15.8) 6 (27.3) 0.750
0.71+0.08 0.72+0.09 0.287
11 (84.6) 11 (84.6) 0.647
3(15.8) 3 (13.0) 0.748

12 (632) 14 (60.9) 0.830
14 (73.7) 16 (69.6) 0.850
12 (63.2) 8 (34.8) 0.336
15 (78.9) 19 (82.6) 0.282
18 (94.7) 19 (82.6) 0.272
2(10.5) 1(43) 0.857
3(15.8) 4(17.4) 0.192
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EF/%
LR /4

22 SBP/mmHg

2% DBP/mmHg

FIRILL (n=74)
63.78 £8.02
14.73 £11.16

137.85+19.38

78.74+11.89

FERI IR (n=69)
65.00 +4.95
12.32+9.29

153.42+18.21

82.58£11.17

I (n=19)
63.78 +7.55
17.80+8.64

156.21+17.70

86.11+11.45

TE: ACEI A ifi 5 Sk R H eI 7] s ARB i 8 55K 3852 (R BILA 771 s CCB A5 By -+ bisl,

463 %4 ABPM M50 5K BPV (mmHg)

Tab 3 Blood pressure and BPV measured by ABPM in different groups (mmHg)

EIEEa

24 h SBP

24 h DBP

H il
H il
B[]
8]

SBP

DBP

SBP

DBP

24 h SBP SD {H

24 h DBP SD 14

H Al SBP SD {§

H il DBP SD {H

#[A) SBP SD {4

#[A] DBP SD f&

24 h SBP/mmHg

24 h DBP/mmHg

100

z

P=0,008

1504

100-

501
U 2 3 4

KR (n=74)

128.121 (122.283, 133.827)

72.423 (69.359, 75.487)

131.811 (125.905, 137.761)

72.444 (69.172,75.717)

119.434 (112.574, 126.234)

66.477 (62.487, 70.467)
19.123 (17.286, 20.960)
13.987 (12.570, 15.403)
18.206 (16.412, 20.000)
14.658 (12.946, 16.371)
13.410 (11.923, 14.897)

11.055 (9.117, 12.993)

P=0.003

FP=0,040

PEO000 by gng

FP=0.040

T

T LAY 2 4R 3. ROFIRLAL; 4. B FIR4L.

1 ABPM jl{SHY&4H 1N E
Fig 1 Blood pressure measured by ABPM
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qEFIRIA (n=69)

135.875 (130.290, 141.520)

75.263 (72.283, 78.243)

136.320 (130.587, 142.090)

75.917 (72.742,79.092)

131.852 (125.182, 138.682)

73.551 (69.608, 77.495)
17.762 (15.948, 19.576)
13.106 (11.707, 14.505)
17.432 (15.665, 19.200)
14.092 (12.404, 15.779)
16.507 (15.091, 17.923)

10.390 (8.444, 12.336)

HIBISBP mmHg

100

o

H ia) DBP/mmH

A (n=19)

143.680 (134.869, 152.541)

83.527 (78.837, 88.218)

141.192 (132.226, 150.09)

83.114 (78.184, 88.045)

149.511 (139.231, 159.82)

82.444 (76.431, 88.458)
22.023 (19.211, 24.835)
17.078 (14.910, 19.246)
22.958 (20.256, 25.660)
18.023 (15.443,20.602)
16.837 (14.363, 19.311)

16.645 (13.725, 19.564)

P=0.040

(I

P=(.015

(I

2000y

150

100

i ia] SBP/mmHg

100

£ ia) DBP/mmHg

804
&l
404

204

AL (n=22)
64.57+5.08
16.73 £13.39

138.18 +18.40

78.82+13.60

BRRIA (n=22)

129.591 (122.209, 136.897)

72.728 (68.829, 7.626)

130.340 (122.848, 137.664)

75.262 (71.173,79.352)

123.165 (114.708, 131.776)

68.636 (63.651, 73.622)
18.171 (15.833,20.508)
14.177 (12.375, 15.980)
18.093 (15.852,20.334)
13.058 (10.918, 15.198)
13.069 (11.398, 14.740)

11.670 (9.249, 14.091)

P=0,000
F=0,001
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(%:%2)
PiE
0.756
0.199
0.000

0.044

P1iH
0.018
0.001
0.206
0.007
0.000
0.000
0.086
0.030
0.009
0.030
0.001

0.006

F=0,001

1l

P=0.000
P=0,013

P=0.000

N

SRR (BN . 201838 ) ()
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P=0.002 5 Y P=0.004
=100
40 P=0048 P=0.011 40 P=,004 F=0.001 30 ! - P=0.011
oo = oi - L1 A :
= —_— - -
E 30 " “a v E 30 = = E o &
E - u v E .. L] E ala Ty
= . - i = -2 = - T
= 20 $ i % Z 20 ﬁ z % i1, E
w * Z 0 i
= 10 o H i = I H % oo . at v
3 = =]
] s T 0
1 2 3 4 1 2 3 4 2 3 4
40 P=0.006 40 =01 (0% 40 L D00
= P=0.038 P=0.019 20 Pei 032 P=0.001 ] Pe.000 P=0.003
é 304 . . E 30 N E W . v
z ., . u . = - e = =
--E 201 = & v :1 20 2 T ﬂ= 20 - -: Ty
= i ﬁ = i % B ila o
.'._: 104 - - e v [E 10 - r - i, % 1] Lia
-~ = = 2 (]
0 0 0
1 2 k| 4 | 2 3 4 | 2 3 4
e LRI 2. BRI 3. ORI 4. AT,
2 ABPM ll#5R9&4EIME SD &
Fig 2 SD value of blood pressure measured by ABPM
2.4 %4l baPWV K LVMI 1Lz TI ) baPWV B 25 & T AR AR F R (& 3), &KIE

BOEARNEY . BMI, @l Ehife, 2 M. 24 hSBP, LR & )5, AEFARMAN LVMI .25 5 TH B4 ft 4 2
24 h DBP, TC, LDL-C, BNP F1EF J5, EFZMIFIRAF) 4 (1&3),

P=0.000
P=0.000
2 500 P=0,000 P=l) (0 o
= - P=0.001 P=0.022
_ 2000
= .
: =100
5 1500 £
':; =
Z 1000 3 .
£ o
00
i] : ) N _ . | |
I 2 3 4 | 3 : :

TE: LAY 2 4R3I 3. OARIAL; 4. AT,

3 &4H baPWV F1 LVMI Eb%;
Fig 3 baPWV and LVMI in different groups

2.5 baPWV 55 24 h g e s & K 2 AR Hr - BMI, &Il &2, 2% SBP, 2% DBP, TC, LDL-C,
fER A A4 B, baPWV 524 h, HIAl. %l BNP J% EF J5, Hifl SBP (8=0.214, P=0.001). H i DBP

{9573 SBP J DBP . 34052, 524h, HIal, %M SDIE (p=0.207, P=0.002). 7 il SBP SD 1 (5=0.289,

SBP SD 14 2 DBP SD 14 & %4>, S5ial SBP Y FF&E  P=0.000) LA K 7 ] SBP {9y T P& B 4y kb (p=—0.398,

SRR, 2 HREMEABA R, LLbaPWV % P=0.000) A TEIAEER (£ 4),

A&, LL24 hghBMESECh | B R, (ERIE T4,
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% 4 ABPM $A3 {0 1MES %5 baPWV Hy [l 543 47
Tab 4 Regression analysis between BPV determined by ABPM and baPWV

LS ESEIER 2 EASESEUERE
B3

X Pl BIE P
24 h SBP 0.444 0.000
24 h DBP 0.403 0.000
H [i] SBP 0.419 0.000 0.214 0.001
H 2] DBP 0.340 0.000
#iZ ] SBP 0.381 0.000
7¢[7] DBP 0.314 0.000
24 h SBP SD (& 0.317 0.000
24 h DBP SD {# 0.333 0.000
H 8] SBP SD {# 0.423 0.000
H [i] DBP SD (& 0.444 0.000 0.207 0.002
7Z il SBP SD & 0.512 0.000 0.289 0.000
77 DBP SD & 0.254 0.004
#Z iRl SBP FEAIIE —0.603 0.000 —0.398 0.000

2.6 LVMI %5 24 h i 500 i 3 B 2 D& IR 53
PR R A 3B, LVMI 5 24 h, Hidl. A& RAY
P-4 SBP J DBP 441K, 524 h, Hinl. # iy SBP
SD & Jx DBP SD {f . 3% #H5¢, 5 [a] SBP fy T F 1 4>
FL B ARG, (£ RISRE ML SR L LVMI 24
A, LA24h BBl ES 8O0 AR R, (fERIE T AR,
BMI, &Il Ei#E. 2% SBP, 2% DBP, TC, LDL-C,
BNP, EF J5, 24 h SBP ($=0.348, P=0.000) LA % 7 [
SBP SD {f (#=0.196, P=0.026) HfAmIIHHM (% 5),

5 ABPM AR S 4 S LVMI #y [l - 53 7
Tab 5 Regression analysis between BPV determined by ABPM and LVMI

LS ESEUER 2 EASESEIER 2
B3 .
I Pl BB P
24 h SBP 0.389 0.000 0348 0.000
24 h DBP 0.297 0.001
H 2] SBP 0.350 0.000
H [i] DBP 0.205 0.027
72 il SBP 0.342 0.000
1% ] DBP 0.329 0.000
24 h SBP SD 1§ 0.193 0.038
24 h DBP SD {# 0.265 0.004
H ] SBP SD i 0.234 0.012
H [a] DBP SD (& 0.267 0.004
% il SBP SD {f 0.252 0.007 0.196 0.026
7 i1l DBP SD {§ 0.243 0.009
T[] SBP A (E —0.312 0.000
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3 itig

AWE ST B T 7RI & M i R B R, baPWV 5
[A] SBP SD {E, & [A] SBP R 4rtk. HIAl SBP LLJK H
il DBP SD {f 7 4H5&, LVMI 5 24 h SBP ), J2 % lii] SBP
SD {E A S7 A5G, X ULW] baPWV F1 LVMI ¥ 5 24 h g &
A BPV 36, baPWV B 5 [A] SBP Y [ 45 LLHD
I (INEEYE Y PR e ! & SE N

Wroe Y W], 24 hZHhBIME S E M) EMLEL, AL
A S PR A S O L4 . L2 AR 24 h g
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