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HE.HY B AEREZRESLE hETFRGMENE, ik KEEZG—E&IH, A A 2403
A o B AR R | R T F R BABT AR T AL, A A SRR AR CT shs 42, + B AR S R CGR AR ) 551K
B, AW BIRASAIE 55 BT F e AR, R T2 B R AE Sk, ARSI S LA AR, 24 h Bk
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Association between blood pressure variability and vascular
calcification in uremic patients*

Shan-shan Hu', Ning Yang!, Xi-xia Sun? Ping Li*, Da-peng Wang!, Chang-ging Yu!
(1. Department of Nephrology, 2. Department of cardiac CT examination, the First Affiliated
Hospital of Dalian Medical University, Dalian, Liaoning 116011, China)

Abstract: Objective To investigate the association between vascular calcification and blood pressure
variability (BPV) in uremic patients. Methods Medical history and laboratory values of the uremic patients
were collected. Pulse pressure (PP), blood pressure variability and circadian rhythm of each patient were
recorded by ambulatory blood pressure monitoring (ABPM). Coronary artery calcification score (CACS) of each
patient was calculated by plain scan dual-resource spiral CT, and correlation between CACS and BPV was
analyzed. Results In 72 uremic patients who received coronary CT scan and ABPM, coronary calcification
positive group presented significantly higher 24 hPP, dPP, nPP, nCVS and nCVD (P < 0.05) compared with
coronary calcification negative group. Moderate calcification group presented significantly higher 24 hPP, dPP
and nPP (P < 0.05) compared with coronary calcification negative group. The CACS was significant positive
correlated with 24 h CVSBP (r=0.468, P=0.028), nCVSBP (r=0.641, P= 0.001), 24 hCVS (r=0.540, P=
0.009) and nCVS (r=0.756, P=0.000) respectively. Conclusions Coronary calcification positive group presents
higher PP and night blood pressure variability coefficient over negative group. CACS and systolic pressure
variability coefficient are positively correlated.

Keywords: uremia; blood pressure variability; vascular calcification
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BAINIA, 4 - JREEAE B TR BN kA AL 55 M S P B AR SR I 5T

BT . PREEAE B A E5 1k & A2 %258 80%,
A8 0 AR O 1L A8 A e 2 R BB T IR FE s PR R
I SO LS T TET AR B, Il H 7% M (blood
pressure variability, BPV )Xt CVD 1) & A= 75 1R & Y 1
DUANARL , 500 1A 55 RN BE T %A OB, IR 4 7 R B
SERBE I Z A To ke HAT, EINANC T X7
TABFTERD . BRI 6 PREEAE S I 45 A6 A BPV
AR SCHE A TIESE , BT B VR IS A5 A ) A s A2 .
1 #RERE
1.1 #WHERIER

Adtetrife: OFF & L EER NS SRS
US55 I TR A I (KDOQI) TAEH 2002 4F41 1 1)
CKD & SUhRifE, i B e g & ok = (MDRD ) 24 Ak
B /NERIEIL %R (evaluate glomerular filtration rate,
eGFR)<15 ml/(min-1.73 m?) (P2 B Em 5 R,
AR = T ; Q% B MG A5 HEERbRE -
O R RERT = O AR A TR Bk (i
0K ) F8 W 5k ST ARAE AR s QA IR f8 3 Q™
JFDIREAN 4 (O i il R 8 3 s TG R B [ () Fib
IR, ANBERL & SE A 9 T RABEAe I Bt &%

kA

1.2 WRFAE

121 —fackt Jd s AR R R AR
g KRR 25

122 s ET RGN ORI % 90207-

18Q -5 B i Fe WA (SE R Zs A W) ), Il i A
2 E LBk 24 h i, (6 £ 00 ~ 22 £ 00)
30 min I 1 ¥, &[] (22 : 00 ~ 6 = 00)% 1 hill]
JE 1R ARGEEGE L, Y46 70 ~ 250 mmHg; £F
7 & : 30 ~ 130 mmHg; ik % 2% : 20 ~ 160 mmHg. 24 h
A IR A B >80% ak I e 52 4L 7] W7 <2 h \f
SR, A5 D) BT A I B QA g A a K (pulse
pressure,PP),24 h JikJE(24 hPP), H [a] ik /% (day pulse
pressure,dPP ), 7% ] ik & ( nightpulsepressur, enPP) ; b
MR 3, AR TR B B R Ron , 43 R
R4 T B A 43 % (decreased percentage of
nocturnal systolic blood pressure,RS) FI#Z [a] €T 7K &
TR 432 (decreased percentage of nocturnal dias-
tolic blood pressure,RD). AR 18] il T B 4R
MY BE 43 A LATE 4 28 JEA AL I R (<10% ), #7884 1l
5 (10% ~ 20% ), AN BL sl A 51 (>20% ) , B[] 1L
FEAN R B T e Ry S A L 5 75 5 22 %k (variable co-

efficient, CV) : £~ Bt i sl 285 il R A 22 B LA )
AU A4, TR LA 100%9, CV Ak i Y
IMEXT BPV (520 , BEVERA Y )bt BPV ., {4& 24 h
Wi 45 78 55 22 % (variable coefficient of 24-hour
systolic blood pressure,24 h CVSBP) .24 h &7 5k 4%
5 &R % (variable coefficient of 24-hour diastolic
blood pressure,24 h CVDBP) . H [A] st 4 75 5+ 22 5%
(variable coefficient of daytime systolic blood pres-
sure,dCVSBP) | H ] &7 5K H A8 5+ 22 % (variable coef-
ficient of daytime diastolic blood pressure,
dCVDBP) 14 [A] W 47 7% 5 52 X (variable coefficient
of nocturnal systolic blood pressure,nCVSBP) FI#
) 4T 7k 575 5 2% (variable coefficient of nocturnal
diastolic blood pressure,nCVDBP)., CV 7 — €Ll
TS B0 I T KB T4, PRI 92—
A, BPA ST 1% 948 5 Z2 % (variation  independent
of mean,VIM). VIM= Ifil EARHEZE X, X A il K-
bR Z A B C R E, ARARE X EAF,
ROTHWELL SR T 58y X iUfE 2 1.78. VIM £
FGUATF8R 2T 24 h e i A8 5 2 5 (coeffi-
cient of variation independent of 24-hour systolic
blood pressure,24 hCVS) Jii 7 T 24h &F K T Y728 5
Z % (coefficient of variation independent of 24-hour
diastolic blood pressure,24 hCVD) Jft~7. T H [a] U 45
JE Y75 5+ 2280 (coefficient of variation independent
of daytime systolic blood pressure,dCVS) 7 7.+ H
] &7 5K I ()78 53 2% (coefficient of variation inde-
pendent of daytime diastolic blood pressure,dCVD) .
ST T RIS 4 i 1) 722 S 52 85 (coefficient of varia-
tion independent of nocturnal systolic blood pres-
sure,nCVS ) FIMt 37 1 ] &F 7k e 19 72 57 5 45 (coef-
ficient of variation independent of nocturnal diastolic
blood pressure,nCVD),

123 ARt s FRGEIRE CT =41l
(TEEV A8 ARSI 4r, e ks 4
FE2: Agatston P4 AB B Rk LA R ELH 4 L
A3 722 FE T (left main, LM) . ZERiTI K (left ante-
rior descending branch,LAD). Z:[lji¢ % (left cir
cumflex,LCX) & 477tk (Right coronary artery,RCA).
3T 4 ATk oy SZPE4Y, fee SR RI R e ik
#E Ak PF 43 (coronary artery calcification score,
CACS). HR#E Rumberger 43251 , 540 AT &1 43 A
IR 4 MR, DCACS<10 43551k ; @CACS 7
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521 %

11 ~ 100 43 K% EEE5 4k ; (BCACS 7E 101 ~ 400 434
HEE A5k ; CACS>400 43 A H 454k . CACS>10 43
e kS AL BHPE , CACS<10 43 M st kA Ak B
1.3 FitFEFE

B TR SPSS 19.0 Geitak i HHE R
BB + bR 25 (x + 9) Fow , FLERAB « K 30 a8 7 2253
HT , AB 4347 Pearson 72, P<0.05 2% 54 Giit2#

2 %

2.1 —mlEN

2014 4 3 J] -2016 4F 3 H T K% BB K 2E
JR S — BB B N RHME BB 88 i, PR R A TE R AN 5T
BWivE 16 4], £F A bRt 72 1], FHorb, 4% 34
1], 21k 38 19 ; F-441(58.87 + 14.00) % 5 MR I & 9
a1 A SR B NER'E R 29 ], M PR B 18
], R B 14 ), 248 8 5], 25t R
3. BE MRS 25 YA AR R 24 S T R
ERUSEN P S IR E AT IS SUs LN Y Y &
AR EFEIE IR
2.2 AREEREIKESLE MmET M4 8
221 ARRAACTE S IRE A 72 BAT AR B ik
CT WIJREEAE B, TARSIIKES AL BHYE N 50%(36
i), bk 2h ke fb ek E 52 8 bR Bk o Stk 22
PAZERT R ST R WL, IR B IR ES s 15 . WA 1,
2.2.2  TEMBRASACIA ML L FAPE LR A) o B T P 6Y HE

AL T L WE A (kBT R)  RE, R, 72 & 1B
JUES 5 300, BB 15 6 5 B KA AL A, B, 4otk 73 % 1B 1R
WS 5 18 e B /NER '

1 REESREBE CT 2%

2 gk kS 1k BH 4 28 55 B 1 2H 24 hPP (dPP .nPP .,
nCVS J nCVD ¥IF+ &, 22 5 Go it =478 X e bk s
Ak BEVEZH 5 B 4 dCVDBP [, 22 3 A Si it i
Y. W 4ia 24 hCVSBP.24 hCVDBP.dCVSBP.
nCVSBP .nCVDBP .24 hCVS .24 hCVD .dCVS.dCVD .
RS & RD R4 . Wk 1,

223 TIRASACAL B R F) 69 28 18] du JB B o L 8
PE— AR KA AL A3 3, RIS AR 1Y
4 41 [7] 24 hPP .dPP.nPP .nCVDBP & nCVD 2% %74
Siitep i S, B4 nCVDBP S5 R H
FEEEALZAH F T s B EE S IE 4 nCVD S (R
JEREALL A HE T R A AL AL A B 4 24 hPP
dPP .nPP 34 F i 5 H BE 45 Ak 20 A B 41 dCVDBP [
. AcAE 2 Wil H % 24 hCVSBP .24 hCVDBP,
dCVSBP.nCVSBP.24 hCVS.24 hCVD.dCVS.dCVD,

®1 BESUBRMASHEEBXIERIEER

25 A A I(E Xxs) TG)[(( Lnggdl, ch}(?ggdl’ LDL;CJ_{(Sn)'IgldI, Calg(n;n;c;IIL, PI( ;TES;IL
BItE41(n=34) 16/18 50.30 + 15.12 14158 +5859  170.71+57.11 112.03 + 39.74 1.84+0.22 2.30+0.57
FH4:2H (n =38) 14124 61.36+14.14  125.86+113.93  149.85+55.12 93.70 + 35.98 2.01+0.16 2.15+0.95
X At1E 0.771 0.042 1.306 0.025 0.027 1.137 1.111
PiE 0.474 0.839 0.265 0.875 0.871 0.298 0.303
2415 Urea/( mmol/L, Cr/(_w mol/L, FPG/(mmol/L, iPTH/(pg/ml, 24 hPP/(mmHg,  dPP/(mmHg, nPP/(mmHg,
X+S) X+£S) X£S) XS X£S) X+S) X+£S)
[PE4(n=34)  36.65+14.45 931.60+528.05  4.96+1.45  32252+259.35 53.00+1325  52.73=1344 53451445
FHIPEZ(n=38)  34.22+14.30 717.64+493.97 599267  271.32+293.60 66.91+1234  66.82+12.28  68.00+13.98
X i 0.367 0.137 3.057 0.077 -2.548 -2.567 -2.400
P{E 0.551 0.714 0.094 0.784 0.019 0.018 0.026
4301 24 hCVSBP/ 24 hCVDBP/ dCVSBP/ dCVDBP/ nCVSBP/ nCVDBP/ 24 hCvs/
(%,X+5) (%,x+5) (%,x+5) (%,x+5s) (%,x+5) (%,x+5s) (%,x+5)
BItE41(n=34) 7.90 £2.10 11.10 = 3.40 7.90 +2.10 10.90 + 3.20 6.40 + 3.00 8.80 + 3.60 6.00 = 1.50
P2 (n=38) 7.90 +2.40 9.10 = 1.80 7.40 £2.30 8.20 + 1.90 7.90 £ 3.50 11.00 = 3.40 6.90 +2.00
X i -0.036 1.768 0.538 2.363 -1.125 -1.426 -1.193
PiE 0.972 0.097 0.597 0.028 0.274 0.169 0.247
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24 hCVD/ dcvs/ dcvb/ ncvs/ nCVD/ - -
Al (%,xx5) (%,x+5) (%,x+5) (%,x+5) (%,xxs)  RSI(%.xes)  RDI(%,xxs)
BIPELH (n=34) 5.20 = 1.50 6.10 + 1.70 5.20 + 1.60 4.70 + 1.60 3.90+1.10 1.70 + 5.04 3.50+9.19
FE 2R (0 =38) 4.60 + 1.00 6.50 = 2.00 420 +1.10 7.00 +3.20 5.50 + 1.60 -0.20 + 6.59 0.40 + 7.37
X Jt1H 1.109 -0.506 1.772 -2.158 -2.664 0.756 0.868
P 0.281 0.618 0.092 0.043 0.015 0.459 0.396
nCVS.RS & RD R TG 4R L. IR 2, K nCVS £ IEAH, 524 hPP .dPP.nPP .24 hCVDBP,

2.3 CACS 5 BPV gyfax 14
CACS 43 %15 24 h CVSBP.nCVSBP.24 hCVS

24 hCVD .dCVSBP .dCVDBP .nCVDBP .dCVS .dCVD .
nCVD RS }z RD # oA (W5 3 FIlKl 2).

R2 BHBUAREEEABEXIERMLEE (x£s)
2151 Bl FRS TG/(mg/dl) TC/(mg/dl)  LDL-C/(mg/dl) Ca/(mmol/L) P/(mmol/L) Cre/( wmol/L)
B2 (n=34) 16/18 5158 +14.52 132.23+60.65 164.14+54.01 107.83+38.14 186x021 222+055 842.90=520.83
BEMA(n=16) 719 59.29 + 16.94 138.72+142.10 148.60+67.24 93.48+4125 201+0.17 254+1.19 911.20+618.82
A (n=12) 4/8 575+14.85 1065+96.87 1625x84.14 9959+57.14 206+0.13 1.39+0.09 549.50 +381.13
HEM(n=12) 317 71.0+818 135.66+119.20 156.66+44.63 94.86+3504  1.99+0.26  1.96+0.62 590.00 + 279.65
X AF {8 1.338 1.479 0.055 0.105 0.223 1.134 1.201 0.436
PE 0.720 0.25 0.982 0.956 0.879 0.359 0.335 0.729
2 BUN/(mmol/L) ~ FPG/(mmol/L)  iPTH/(pg/ml) 24 hPP/mmHg dPP/mmHg nPP/mmHg 24 hCVSBP/%
B4 (n=34)  34.48+15.20 497+1.347  34521+26218 53.00+13.25  52.73+1344  53.45+14.45 7.90 +2.00
®REM(n=16)  38.19:+17.26 551+232  307.70+364.97 6575+11.18  5273x10.19  63.50x12.72 6.90 +1.80
PR (n=12) 29.12 +0.29 8.73+5.77 19255+18.17 65.75+11.48Y 74.75+11.09"  63.50 + 14.68" 7.40 +1.60
HEH(n=12) 35.48 +7.03 5.95 + 2.02 114.05+132.58  57.00 + 8.89 56.67 + 10.70 59.33 + 4.04 10.00 +3.20
X AF {8 0.215 1.76 0.631 3.709 3.604 3.607 1.377
PAH 0.885 0.187 0.604 0.031 0.034 0.034 0.282
285 24 hCVDBP/% dCVSBP/% dCVDBP/% nCVSBP/% nCVDBP/% 24 hCVS
BItE4(n=34) 11.10+3.30 7.90+2.10 10.90 + 3.20 6.30 = 3.00 8.80 = 3.60 6.00 = 1.50
M (n=16) 9.70 + 2.40 6.30 + 1.50 7.90 +2.30 8.10+2.10 14.30 + 3.30V2% 5.80 + 0.80
A (n=12) 7.90 £1.20 7.30 £2.00 7.30 + 1.50" 6.50 +2.30 9.60+0.30 7.10+2.20
HHEH(n=12) 9.90+1.10 9.00 = 3.20 9.60 = 1.00 9.70 = 6.30 8.20 = 1.60 8.10 = 2.60
X IF {8 1.36 1.005 2.222 0.944 3513 1.573
PiE 0.287 0.414 0.121 0.440 0.037 0.231
251 24 hCVD dcvs dcvb nCcVs nCVD RS/% RD/%
B2 (n=34) 5.20 + 1.50 6.10 £ 1.70 5.10 + 1.60 470 + 1.50 3.90+1.10 1.70 + 5.00 350+9.20
BEH(n=16) 4.80 £ 1.50 5.30 £ 0.80 4.00 +1.40 6.50 + 1.00 6.80 + 1.60" 4.00+5.10 3.30+6.50
PR (n=12) 430+1.10 7.10 £ 2.50 4.00+1.20 6.60 = 3.00 520+ 0.50 -3.20+£2.70 -2.10+7.40
HEH(n=12) 4.80 £0.30 7.20 £2.50 4.60£0.30 8.10 + 5.90 4.10 + 1.60 -1.90 + 10.40 0.10+9.90
X IF {8 0.476 0.861 1.126 1.732 5.961 1.405 0.504
PAH 0.703 0.479 0.365 0.196 0.005 0.274 0.684

D) SRR ER, P<0.05;2) 59 E 4] A, P<0.05;3) 54 L, P<0.05
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P EER R 2k 507 3%
#z 3 CACS 5BPV WHEx
ki
T 24 hPP/mmHg dPP/mmHg nPP/mmHg 24 hCVSBP/% 24 hCVDBP/%  dCVSBP/%  dCVDBP/%  nCVSBP/%
r{H 0.057 0.043 0.101 0.468 -0.073 0.293 -0.040 0.641
PAE 0.802 0.849 0.655 0.028 0.747 0.185 0.861 0.001
kit
D nCVDBP/% 24 hCVS 24 hCVD dcvs dcvD ncvs nCVD RS/% RD/%
r{H -0.075 0.540 -0.024 0.323 -0.019 0.756 0.019 -0.311 -0.257
PAE 0.739 0.009 0.916 0.142 0.935 0.000 0.935 0.159 0.249
3000 1 . 3000 A .
2500 o 2500 A
2000 A 2000 A
(I; U
S 1500 o < 1500 1
(&) &)
1000 A 1000 1
500 - . 500
-, e oo'; %“ec @ T
0 /‘. T T T T T 0 I ! I I I
40 60 80 100 120 140 0 50 10.0 150 20.0
24 hCVSBP/% nCVSBP/%
A B
3000 . 3000 A .
2500 1 2500 -
2000 2000 A
= 1500 A 2 1500 -
o &)
1000 1 1000 A
500 1 500
a 4, ee * e’
)// T T T T 0 )/é T T T T T T
4.0 6.0 8.0 10.0 25 50 75 100 125 150
24 hCVS ncvs
C D
A:CACS 5 24 hCVSBP (A1 ;B: CACS 5 nCVSBP (W21, ;C: CACS 5 24 hCVS S E ;D CACS 5 nCVS Ry
2 CACS 5 BPV gyta M
3 it W 4 AR S R B v AT ok R AR S, 1R Il R AR S

IEEAGFOLT M0 AR — 5 0 P 22 ) i 5
A H E B R R , SIS RN LA DU — 25 I
4. BPV $5— Bhst B Py IR 37 B FR L, fig
Tl 52 W AT P B R Ak, 58 AL 7 P B LA I R (L
TEARWEZE H, 72 4147 ABPM F{ FREEAE H 3, AR Y
MR 77.8%(56 1), 7L 22.2%(16 f4]) , 3%
2B H R L IER BT AL ENSPZ I
7%, CKD A RN T & A R4 w5 . %t 825 44
T LR R T 28 15 AR R S Wi TRAE St
B DAk py i s g 0, Bl B R r AL,

PEZ T H RS S . AT RESLAE 0 Nk
N B R, SR KSR it
ARAZA B HE G 2, (R 18] i, s o3 AR 52 1 A 34
R B BRI 7 . el S A Ehz
DIRES MU TE AR T AR G

FIR BPV HY & AR AL 1 A GA B 5 — IR, 52
RN AR, 30% ~ 60%HT LK A2 e o BRAbist
RN R, RTREAFAEZ PN TR] R 2 A R] — AR Ta] 2 1
Wesh o M AIBLEIA : OFE T EHEURE TR BPV
5512 AU R 2R ok, O F S R SR OG,
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BAINIA, 4 - JREEAE B TR BN kA AL 55 M S P B AR SR I 5T

FRORRI R R, IR I8 AR B R N R T U D g A
AN RN 30, FBUNEAS S R - KAUR Z50%F
PREFAE B B RAE S i o8 & R, 5B AT A H
SRS BRIk AE A BPV FRAIK; @K
i PRI AT A7 (a0 A e 4 - sl e, 2R T 523 BPV
WK ML ARG IRESREL. BPV BRI & R
SRR, R BB Z ARy, RN BPV 1Y
P R B R TE M H T, BPV I/, L,
ZRGEMIRTT DI REZE LT, 4 4 P i 1) I S AT
TR 22 O R B X ot [ 448 3 1 P
WA T2 B ARG L 24h I AR Sk | H ) FIR ] I
JEAR S RS () 885 £k AN i g4 i 25 6L e
TE B B K s AR B, AT 526 1Ko AR (A IR 1 , 32 T
5] BPV S .

BPV K, S 3L MAS i kA%, X 1618
] CKD 2~5 MRy oy W A i s Sk
SRR AU T AU AL A8 S () 1 S T R, R
SZHERE AR, A8 A A A A il A5
Wl Z WA, SE i 5| A R 25 i e i T, [z
H (] 72 8] 9 Jok Fe A2 Ak A v 5 350 8 Jk s A6 1 e A= 09,
SIS A B, BPV 51L& 5 AL AR SCE-12, BPV 4
Jnar LU B I ae AL, XF 21 245 iR BT
3.5 41 ALLHAT 5% 7 , BPV J& 5 D g i e 1Y)
ST FE R P2, FEARIFFE Y, S kS fh BH A2 A )
PELA KT, i — 2 RS AT R 3,
A6 AV ZH B 2H 24 hPP . dPP 2 nPP FH5 , T 8 i
FEALLH A K 25 R ICS T4 L, B IR R S
FEARBRAA X,

BPV 3 1 5 HIL 8% B i1 F5 AH G, GOSMANOVA
SEUSA Sy WA s P 78 S 550 L ' I s
FETRAR . RIS I~ ,CACS 5 24 hCVSBP,
24 hCVS.nCVSBP J nCVS S 1EAH5E  HF K n] RE &
CACS k= , BhIIkE5 fb ™ 5, 2l bk i B2 Bk K, R )
JHHEURAE TR BRI BPV 3G N, gk,
BPV M T 8l 2N T i AR E IS R - A
SRR - BEEIE RS, &Kk N R TR 4, i
PEEGALTE B, IR 00 457 BE 4 AR AE SN, PR ik — 2D fift
BPV 140, T BUBPETEER
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