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[ E] [B8Y] KT 4 Fi % (BaPWV) 5 b FFABRIL T % (CKD) L m Ry £BEME, [ 7
k] BARERASIBER £ IR 2010 44k Kdm BaPWV &8 FEE B IR T B R P HFABE(n=5 835)
AR AR BaPWV K-F 3w e R E A AT o A Wm, FHmES 1 kR, A#H AL CKD L= X EK 35
Z5 R (2020 512 A 31 B) ARG A5, 54 BaPWV 59 F5FAR CKD KA RN~ G LA LBEN, [ER]
(1) BFRAFBET B4 029 41 (69.05% ) , P 1 806 41 (30.95% ) , ¥4 (48.09£6.30) % . (2) KLi5 ¥ 903 4] %
H# A CKD, A7 B 1) 9. 47(5.16,10. 18) 4, Q1 28 & £ £ CKD 159 #1(10.91% ) , & % % A 11. 56 (9. 89,
13.50)/FAS;Q2 408 F K A CKD 195 #1 (13.36% ), X 9% 5% & 14.31(12.43,16.46) /T AF; Q3 B F R A
CKD 248 #1(17.00% ) , X 9% % & 18.50(16.33,20.95) /F A ;04 41 % % 4 £ CKD 301 #](20.63% ) , X% % &
23.41(20.91,26.21)/F A%, F& BaPWV K-FI1& , waEHEH K CKD RRABEZRSH I &, B AAITFE
SL(P<0.001);(3) $ B % Cox @A R 27,5 Q1 22485k ,Q2 £8.Q3 2840 Q4 284 £ CKD ¢ HR(95% CI) %%
1.08(0.87 ~1.34) 1.27(1.03 ~1.58) #= 1.44(1. 14 ~ 1. 82) (P,,;,<0.001) , [£5i€] BaPWV 5 ¥+ &A% CKD
g R e B R R AR
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The relationship between brachial-ankle pulse wave velocity and risk of chronic kid-
ney disease in young and middle-aged people
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[ ABSTRACT ] Aim To investigate the relationship between brachial-ankle pulse wave velocity (BaPWV) and the
risk of chronic kidney disease (CKD) in young and middle-aged people. Methods Using a prospective cohort study
design, the young and middle-aged population (n=5 835) of Kailuan Group workers who participated in the BaPWV
survey for the first time during their health check-up in 2010 were selected for the study. The participants were divided
into four groups according to the quartiles of BaPWV level.  Follow-up was performed every two years, with new-onset
CKD, death or the end of follow-up (31 December 2020) as the follow-up endpoints. ~ The association between BaPWV
and the risk incident CKD in young and middle-aged people was analyzed. Results (1) The study population consis-
ted of 4 029 (69.05% ) males and 1 806 (30.95% ) females aged (48.09+6.30) years. (2) New-onset CKD occurred
in 903 patients during follow-up, with a median follow-up time of 9. 47 (5.16, 10. 18) years. 159 (10.91% ) patients
in the group Q1 had CKD, with an incidence density of 11.56 (9.89,13.50)/1 000 person-years; 195 (13.36% ) pa-
tients in the group Q2 had CKD, with an incidence density of 14. 31 (12.43,16.46)/1 000 person-years; 248 (17.00% )
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patients in group Q3 developed CKD with an incidence density of 18.50 (16.33,20.95)/1 000 person-years; 301
(20.63% ) patients in group Q4 developed CKD with an incidence density of 23. 41 (20.91,26.21)/1 000 person-years.
The cumulative incidence of new-onset CKD in patients in the four groups gradually increased with increasing BaPWV lev-
els, and all of them were statistically significant (P<0.001).
that compared with group Q1, the HR (95% CI) for the incidence of CKD in group Q2, Q3, Q4 were 1.08 (0.87 ~

(3) The results of multifactorial Cox regression showed
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1.34), 1.27 (1.03 ~1.58), 1.44 (1.14 ~1.82)(P,.,<0.001).

with the risk of CKD in young and middle-aged people.
[ KEY WORDS]]
demiology

brachial-ankle pulse wave velocity ;

4 BR YR T A 4 R, 18 M B ( chronic
kidney disease ,CKD ) i S5 B A TN, 2017 4E4¢0
THEE R, R R CKD AHCh 6.98 2, 3
Ky 1.32 AL NBEBA CKD, CKD J& 4k & if &
o B BRI I Ao Bl 1 A 5 A S —
&R NFEHERE A1 PEROR . 2R T A BT
THE W5 22, B BTS2 CKD 34 o i 48
PR T B AR SR AR 0 K R
I HLR 2 1R ™ 52 o S8l 22 AR G 24
P R Y AR ANRERE R CKD B
Ji CKD AP SRBUR #e KUE s HL T A 1Y 2 2
SRR T CKD HE e 2RI g 1 XU . B
DL R A SR CKD M fa s B EE

e LR BE PR LG R IEIESE S CKD iy &
A RSOGO T 3 4 s e PR R[] R 2 3 Bk S
AL FE IS P28 AN B FE R P 3R 22 S 1
LA YRR, ShITKRE AL FERDRE 2 AN ] T LR Dk P e A%
3348 & (brachial-ankle pulse wave velocity ,BaPWV ) J&
PPAG SN BKRE AL i A AR AR L AR B ZEER T
BaPWV 535 4E AERE L CKD 2 75 B A AR G,
NP AR ARE CKD Y301 0 4 5 — 2 19 By 42 1Lk
IR

1 APFFE

1.1 #HRIFH

HIH 2010 £ 4 Kk 5 tn BaPWV H &= T &
PR T EE R P HEAE(n=6615) FH XML
(RBFRES BRI 40k TEH X 0%k,
HHEEANBR TN 18 ~44 & F 4 NBR T N 45 ~
59 % HUARRKRTHEFEABERFZ N 18 ~
59 %), MR E K5 A BaPWV 2 3 58 K I
RO INF AR R 8 18 ~59 ¥ ke A
T, %55 TREENIAE ;B ES Wl R
HRALZRERES, S g . M2 dh

chronic kidney disease;

Conclusion BaPWYV is significantly associated

young and middle-aged people; epi-

HLEF 18 8 2k 3R & @ FopHk k% ; BEE A CKD /7 &
HAREEFMFERESH, HRHEFLIE M0
HLEF 18 8% 2k 2R & & F Rk 2 81 B, B IR ER A
CKD /& % % 699 #, 5k 4 5 835 fl B # N K,
AARERBRFEE ST, AL TREERME
ZR2ME(HF[2006| ERFS5F),
1.2 #RHEE
1.2.1 —R&ITHRE BEHATFRE ER
— R VR IR E A F AR R R R R R I
RAGESBARAAC R LM@Y, A%
RETEREE GBI A& Mo (5 mL) ,ET 2
:Eﬁ?@a@ﬁ%#,ﬁ?@ min N EETLL3 000 t/min &
)2 10 min, Eﬁjﬁm/ﬁ,%‘t4 h W F Beckman 4 #
B A Al BT PO S A 2 R AR

BaPWV i 4% 01 & 1) % R 3h B et 3 B
W4 % BP-203RPE[ W # A f# e = 77 (o &) A IR 2
AEF], BT EFREKRFAE2 ~25 C, BUER
ZMNEw A BN, R E>5 min, F#H K, ZMFE, X
FFOEEET HEEM, MR E w4 T L
B BT BUR B, B 4 R B AR A AL xR R B Rk
W THEREEL2~3 em, TRETAERZE
LT TR AWM, o TEENBKL ~2 em, 24 K ¥
KRCHRAERE RFLH AEMUEHLEL
ME2R,BE2REEANRBLER, RFFRBAE
AWM BaPWV & 0 & K E3#AT 247, RIFEE L
BaPWV I 5~ i BF #F 58 3k B2 4 41, B0 Q1 4.
BaPWV<1 273 em/s;Q2 41:1 273 em/s <BaPWV<
1418 em/s;Q3 4.1 418 em/s<BaPWV<1 604 cm/s;
4 41.BaPWV=1 604 cm/s,
1.2.2  AXE LB W47 (1) CKD # W 47
BV AR B A E SR S N IR R A F (esti-
mated glomerular filtration rate, eGFR) < 60 mL/
(min -+ 1.73 m*) & & & =30 mg/24 h, B 54 i
I8 # 3t 3 /A B R #5 BF CKD, eGFR #y3F fl . fn %
JLET ( serum creatinine , SCr) >k J AL 2 B &, 1t B | &
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EIM R R B ARYE CKD W AT % 5 W fE 7 A2 4t
H eGFR(% 1),

(2)mtE MR e R E D SRR E
E " RERES BT RN EXHERE A
MERUNTZHFTRE, REREELNBRE =
3 0k/ #4230 min/ ok, BEEE X T
B HROE 1 UL E FE1 FULE, R % (body
mass index,BMI)= A% (kg)/ & & (m)>,

# 1. eGFRITEAR

Table 1. eGFR calculation formula

P SCr/(pmol/L)  eGFR/[ mL/(min + 1.73 m?) ]
E-Qe <62 144x(SCr/62) % (0.993) T
>62 144%(SC1/62) "2 x(0.993 ) F#*
L <80 141x( SCr/80) **1'x(0.993 )
>80 141x(SC1/80) 2% (0.993) T#
1.2.3 &5 FHHBKE L2010 54 FiRR

B 18] Sy RV AT 46 B 1], DA #T K CKD, Jb T2 £ HE
53K (2020 4512 A 31 B) HEE T4 E, wHF Rt
SRR KA E M, N AR E A 2020 4 12
A3l H; WA RMERK AL RERT PRI,
B 7 £ 0F B R O Ao B A
1.3 SHitEHE

KA SAS 9.4 KU HAHELIN, HEEL L
FH T ERR U vts BT, HELKRRXAELEEF

Z T 5 AE IE A AT B9 1F & FEOR DL AL B I
B A R R A S B KA i ROE R
KA EER, FHRERA X £k, XA Ka-
plan-Meier 3% % #| 2 AR &/ & & , 3 & Al log-rank
Ao o b A% 4 1B] 22 5 R B Cox Bb 7] XU T A A AL 4R
% BaPWV AK-F 5 CKD #y 48 % 1, AR P<0.05
HEFAFIFEL,

2 # B

2.1 A[E BaPWV 7k F Mo iz 53 H— A FF LR

HBARNTE, B4 020 191(69.05% ) , FH4E
% (48.09+6.30) %, #F5C /R, BEE L BaPWV
K-8, BIF X G R 4R 0% BMI, eGFR | I 45 T
('systolic blood pressure, SBP ) | 7 5 F& ( diastolic
blood pressure, DBP ) . %5 & Ifil #¥ ( fasting blood
glucose , FBG) . S HH [E B (total cholesterol , TC) | /5 %
£ 5 8 H H 5] B (high density lipoprotein cholesterol ,
HDLC) A% A5 2 H AR [E B (low density lipoprotein
cholesterol , LDLC) . H ¥l =1 ( triglyceride, TG ) . =
C [ Vi #5 1 (high sensitivity C-reactive protein, hs-
CRP) SCr B ZHERE AT B WAL K
T 50 L S O S L e I B
25 T2 IR A RE AR 259 LB, 25 S 39 A
GeilaE 7 L (P $<0.001;3% 2) ,

R 2. IN[E BaPWV /KE—g &+ Lk 8

Table 2. Comparison of general information in different BaPWYV levels

p DA I PAY AN
. B : Bal:WV 7@@]}@)}? 9 b
(n=5 835) Q1 4 Q2 #H M4 044
(n=1457) (n=1460) (n=1459) (n=1459)
BaPWV/ (em/s) 1473.44%303.33  1170.89+77.56 1 346.46x42.03  1502.9652.26 1 873.10+298.89 <0.00I
i/ % 48.096.30 45.55+6.11 47.82+5.97 48.72+6.13 50.26+6. 06 <0.001
BML/ (kg/m?) 25.16+3.30 24.40+3.16 25.09+3.24 25.52+3.42 25.63+3.23 <0.001
eGFR/[ mL/(min + 1.73 m?) ] 98.22+16.58 100.49+15. 84 97.48+16.59 97.28+15.55 97.66+18.04  <0.001
SBP/( mmHg) 128.38+18.21 115.53+13.74 124.46+14. 14 131.34x15.36 142.18+17.98  <0.001
DBP/ ( mmHg) 84.73x11.37 77.52+9.40 83.10£9.71 86.62+10. 14 91.66211.22  <0.001
FBG/ ( mmol/L) 5.57+1.39 5.15%0.77 5.41+1.03 5.67x1.53 6.04x1.82 <0.001
TG/ (mmol/L) 1.40(0.99,2.16) 1.15(0.81,1.72) 1.35(0.97,2.07) 1.51(1.07,2.35) 1.65(1.17,2.59) <0.00I
TC/( mmol/) 5.01=1.37 4.770.89 5.00=1.81 5.06+1.00 5.21£1.52 <0.001
HDLC/ ( mmol/) 1.62+0.48 1.680.45 1.64+0.56 1.58+0.43 1.60=0.46 <0.001
LDLC/ ( mmol/) 2.640.75 2.40+0. 67 2.65+0. 67 2.7120.71 2.8020.85 <0.001
hs-CRP/ ( mg/L) 1.00(0.49,2.35) 0.80(0.40,1.70) 0.95(0.42,2.13) 1.04(0.52,2.60) 1.20(0.57,3.07) <0.001
SCr/ ( mol/L) 73.69+16.56 69.74+16.21 74.69+16. 89 75.39+16.36 74.93216.16  <0.001
B/ [ HI(%) ] 4029(69.05) 696(47.77) 1016(69.59) 1126(77.18) 1191(81.63)  <0.001
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. S PU 4337 434
. B : BaZWV 7k$l£1ﬁuﬁ;ﬂ Q i
(n=5835) QLA Q24 Q3 4 04 A
(n=1457) (n=1460) (n=1459) (n=1459)

TR LHEERE/[(HI(%)]  2427(41.59) 741(50.86) 675(46.23) 553(37.90) 458(31.39) <0.001
IRE B/ [ B1(%) ] 3236(55.46) 795(54.56) 789(54.04) 828(56.75) 824(56.48) <0.001
P/ [ (% ) ] 2 401(41.15) 396(27.18) 591(40.48) 670(45.92) 744(50.99) <0.001
WS/ [ (% ) ] 2229(38.20) 363(24.91) 532(36.44) 613(42.02) 721(49.42) <0.001
WP S/ [ (% ) ] 543(9.31) 41(2.81) 87(5.96) 149(10.21) 266(18.23) <0.001
LR/ (% ) ] 2 582(44.25) 222(15.24) 514(35.21) 752(51.54) 1094(74.98)  <0.001
MAs /[ B1(%) ] 3 344(57.31) 663(45.50) 814(55.75) 879(60.25) 988(67.72) <0.001
N FA A 25/ [ (% ) ] 169(2.90) 14(0.96) 15(1.03) 52(3.56) 88(6.03) <0.001
g FHBE 25/ [ 1% ) ] 727(12.46) 39(2.68) 103(7.05) 203(13.91) 382(26.18) <0.001
MR FRERE 259/ 161 (% ) ] 70(1.20) 4(0.27) 15(1.03) 52(3.56) 88(6.03) <0.001

.1 mmHg=0. 133 kPa,

2.2 A[E BaPWV KEXF CKD EHA S EZE Cox
Eb B =1 Y3 53 47

Hh BTN E] 9. 47 (5. 16,10. 18 ) 4EHA ], HhA47
903 fil i ZFEH CKD, Q1 41 ~ Q4 ZH43 514 159 1]
(10.91% ) 195 1 (13.36% ) 248 4] (17.00% ) FiI
301 1(20. 63% ) FE 5 CKD, VU ZH & %5 % & 23 51
11.56 (9.89, 13.50 )/F AN 4, 14.31 (12.43,
16.46)/T AN 4E . 18.50 (16.33,20.95)/T N 4E,
23.41(20.91,26.21) /T N4E, BRE WG F 9 A
10.44% \12.25% ,14.88% F1 17.28% , FtiZ BaPWV
KT, CKD BBV 3 R 2% E B Wi T, 48
log-rank 555, 22 A G it 2# B L (P<0.01;% 3 F
K1),

B IE AF S M%) BMI, eGFR . SBP . FBG . TC .
HDLC .LDLC TG  hs-CRP & & # 5 WA BB kil
SR L S B PR S Il e S IR R 2
W RFRE 258 IR AR 25 SR 22 R R 5, 45
WK, 5 01 A, Q2 241 Q3 4H .Q4 4H k4= CKD

1) HR (95% CI) 43 %} 1.08 (0.87 ~ 1.34) 1.27
(1.03 ~1.58) J 1.44 (1. 14 ~ 1. 82) ( Py <0.001;
#3),

20 —Q148(n=1 457)
—Q24H(n=1 460)
15k —Q44H(n=1 459)
2 Log-rank P<0.01
B
i€ 10 |-
N
‘E'lé
B
5 -
o |

i 2 3 4 5 6 7 8 9 10
e 3 e i)/ 47

1. [ BaPWV KFFH & CKD EH4H
EMEkmBRMLE

Figure 1. Cumulative incidence curves of new-onset
CKD in different BaPWYV levels

*3. AE BaPWV KFEHEE CKD ZFXKH Cox Lk 5 BT 547
Table 3. Cox proportional hazards regression analysis of the association between different
BaPWYV level groups and the risk of new-onset CKD

p CKD i1/ KR BRI HR(95% CI)

[Bl(%)] (/FNE) (%) iz 1 Bizl 2 Y 3
Q1 2 159(10.91) 11.56(9.89,13.50) 10.44 1.000 1.000 1.000
Q2 2 195(13.36) 14.31(12.43,16.46) 12.25 1.25(1.01 ~1.54) 1.28(1.03 ~1.59) 1.08(0.87 ~1.34)
Q34 248(17.00) 18.50(16.33,20.95) 14.88 1.60(1.31 ~1.95) 1.66(1.35~2.05) 1.27(1.03 ~1.58)
Q4 4 301(20.63) 23.41(20.91,26.21) 19.28 2.01(1.66 ~2.43) 2.08(1.69 ~2.56)  1.44(1.14 ~1.82)
P g — — — <0.001 <0.001 <0.001

AR 1 RAGIE B 2 MEIE TARRA M B P AR o B 3 FEARAN 2 (3RS _EMGIE T BMI L eGFR ,SCr SBP ,FBG ,TC HDLC ,LDLC TG , hs-

CRP PAH BRI S R0 sl s I P S W DR S0 MR S It 2 IR TR 25 I e 25 9 2 1

=
A

R THEIR,
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2.3 A[E BaPWV 7KEIF CKD 00 BB S 47

TE M HERR 2 4F B & CKD 3 (n=140) K& ik
FHRE 2 M2 FERR 2535 (n=850) , HEERA O AL
REZES s I 2 o s R E e B (n=604) ),
LR BaPWV ZKF-%F CKD 5400 43 5 A T SR 2
Br 25505 RS AL R &t
GERFMAEAE TR R R AT IE T3 5 KU 23 T
SE R BEVTIIA] 189 BIRFIE X 4 & A ve A i
(BET2), B 43 B 45 R 5 32 2 45 i 45 A
(F£4),

% 4. R[E BaPWV K FEXt CKD 2 MmfySRE 1455 47
Table 4. Sensitivity analysis of the effect of different
BaPWYV levels on CKD

BaPWV 7K P44l &éﬁj\\g/ HR(95% CI) P
HEBR 2 4EPHT & CKD 35
(n=140) <0.001

Q1 133/1 430 1.00

02 169/1 431 1.12(0.89 ~1.42)

03 211/1 421 1.30(1.03 ~1.65)

04 261/1 413 1.52(1.18 ~1.96)
HEWR MR FH R 2 FAmE2Y | 0.006
FENs25% (n=850)

01 154/1 405 1.00

() 183/1 335 1.08(0.86 ~1.35)

Q3 194/1 218 1.18(0.94 ~1.49)

04 203/1 027 1.40(1.09 ~1.80)
HEBRA O LA SE 5 s | i
A s JRRE SR S <0. 001
(n=604)

Q1 152/1 371 1.00

02 175/1 349 1.04(0.83 ~1.30)

Q3 227/1294 1.31(1.05~1.64)

04 249/1 217 1.43(1.12 ~1.83)
BET e MR (n=5 835) <0.001

Q1 159/1 457 1.00

() 195/1 460 1.08(0.87 ~1.34)

Q3 248/1 459 1.28(1.03 ~1.60)

Q4 301/1459 1.45(1.15~1.84)

B AG IE T 4F IS M 9L BMI, eGFR, SCr, SBP, FBG, TC,
HDLC ,LDLC TG . hs-CRP 5 8B Mk WA 52 2RO S8 | s i e 9 52
WEIRAG S MAE 5 8 IR H B pE 254 IR B R 2500 IR FH I IR 25 40
HEhER,

2.4 AR BaPWV KFE3F CKD 82009 3IF 28 53 #r
DMES (=45 %/, <45 %) B HER% % BMI

(=24 kg/m’*,<24 kg/m’) A FTCHE I A FICHE

PRI AT FTCHAR S A TC R S 4 2 53 A

TELL CKD Ny &5 Jm 43 Fr vy, Y9 2R WL A2 3 52 HAE
(Pyy >0.05), HIEAE <45 ¥ L P BMI =
24 kg/m* IR TG st 45 WV 21 H A7 AR B R )
KUK (P<0. 05,52 5)

% 5. AE BaPWV KEXF CKD #20i iYIE 20 53 47
Table 5. Subgroup analysis of the effect of different
BaPWYV levels on CKD

KRNI

e E| K HR(95% CI) P Pugx

AF 0.421
=45 % 650/4 061 1.47(1.11~1.95) 0.008
<45 % 253/1774 1.61(1.04 ~2.50) 0.033

PE5 0.751
B 619/4 029 1.47(1.10~1.98) 0.010
7k 284/1 806 1.58(1.02~2.43) 0.040

BMI 0.382
=24 ke/m?  625/3 623 1.98(1.28 ~3.05) 0.002
<24 kg/m?  278/2212 1.14(0.75~1.74) 0.532

W 0.191
f 335/2229 1.97(1.19 ~3.24) 0.008
¥ 568/3 606 1.23(0.92~1.66) 0.157

el 0.325
H 343/2401 1.21(0.82~1.80) 0.345
7 560/3 434 1.59(1.19 ~2.14)  0.002

L BOE T AR 4 51 BMI, eGFR . SCr, SBP . FBG . TC . HDLC ,
LDLC TG .hs-CRP AR T HR WA sl AR 50 | g i A 0 s 4 R s
oSSR R B 25 IR R R 25 IR I % B 24 4 4 1R 2%

3 3 i

ARFFE L2 P Z Cox F A XU 815 43 #1 & BE .
Bt BaPWV 7KV F 5, Q2 ~ Q4 2 & = CKD A9
;325 T 188 i, HR (95% CI') 435 4 1.08 (0.87 ~
1.34) (1.27(1.03 ~1.58) 2 1.44(1.14 ~1.82),
S Py — 3[R RE DL R A ST N BE O A, g0 A
19 376 B A 55> 45 i — 30, % WFoE A BEH) =18
& A TR AB N A AR >40 2 AR KBRS
PRI =60 % 153 Bl BaPWV 3T, eGFR &
% SRR BRI CKD A8 & 4n . BaPWV Ayl
(B AT S Bl 4 B Bk ol A Ak B RR B, E TR R AR
Sk ok A A Ak 0 i I A LA A A 1 KU
2B BBk R SR B B ik — 8 4 R RE A2 31 5
Wi, 24 % A= s kR Ak 5, 32 3h bk A B S bk B A 15 e
B, 20 T HL g PE A 2 10 2% ol VE T, 3 v B9 sh Bk R
JIAERM I BT[] NGB /N BR B ik o Bl K i) i TR
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F1, T Z A8 20 ik e A= AR VIR BB, eGFR FEAIL, [H]
EA5L 93 I P B 200 6L, B0 T It 4 S A v, R
FIPR i 28 [k A o B /NS B /N I B 1R
W AAC AT — A o R S A R 5 sl ke
BRI R A B B K 3 ik e 2 g 5% i) ' /DN Bk i Vi
FE, L7 A B R T AR AR [ AN F
FEPOAR AR FR N E G, BaPWV 5 eGFR
REAR AN B D B Pl TG, M H s R T g
R AZFRGE AN B O K, T ¥4 (63 £10)
B AR ST K kg 0 AR I Y 10 28,
ANHE B 388 05 417 R 1 2 BEPE eGFR AR X F 55 9 5%
M) 5 Bt 1 i 21, H (7 BBt T R4S 3.2 4R, sl ik ik
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