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Table 1. Clinical Characteristics (n=153)

Sex (male/female) 75/78
Age (years) 56.3+111.6
BMI (kg/m®) 23232
Smoking 37/153 (24.2%)
Type of CKD
DM 48 (31.4%)
HTN 39 (24.2%)
Chronic glomerulonephritis 27 (17.6%)
Others 19 (26.8%)
Mean follow up duration (months) 448*129
Hemoglobin (g/dL) 103+14
Calcium (mg/dL) 89%05
Phosphorus (mg/dL) 44+10
Fasting glucose (mg/dL) 97.1119.8
Albumin (g/dL) 36%06
BUN (mg/dL) 31.6*116
Creatinine (mg/dL) 21%06
GFR (mL/min/1.73m") 353103
Total Cholesterol (mg/dL) 22471742
Triglyceride (mg/dL) 172.1£89.1
Uric acid (mg/dL) 6.8+2.0
24 hour protein in urine (g/day) 29+15
SBP (mmHg) 152.4£20.9
DBP (mmHg) 87.1+124
MAP (mmHg) 1089*134
Pulse pressure (mmHg) 65.8+F17.1

i

J= p<005% wWol EAGHom oo Aow
LI

i

4 1}
1. Clak R 2lay 54

20000 58 2001 12€74x] B AW 9l
2 yEg g A3 a2 165390 2EHUTH &
A2 B AYE 563+116xﬂai°f1%,
w Fapt 487, 1S 3
Ap7b 397, wAALFANG #@x7h 27l At HE
HHEA] SRS P AMAE 103114 g/dl, EF
AgolEld 21106 mg/dl, 24X £F Wl

29+15 g/9, MDRD &4 2% ARFA ofi&e
3531103 mL/min/1.73m’0| Atk #AE5e HF F
27] " 15241209 mmHg, HT o7 ¢
8717124 mmHgRom, J# 9% 1039+134
mmHg, H7 9ete 658+17.1 mmHgel# et (Table

rir

¥

1.

2. 57| g0l ©HE AMH SH

Z7] "gte] AR MAE g ¢

-rl?fﬂ A9 %7 ¢S 20 mmHgr Wl 2o
2 o] BEREe, ol & TolA A WE3R

S "o AR T2 A7t YA detH T
(Table 2). 2 ¥4 ¥, 2= /59 Aol= AU
o} A8 £&7] ¥ 171 mmHg ©/dl oA
Uz A ol Hs] FeekA =9ken, 130 mmHg
olahitel s} 131-150 mmHg, 151-170 mmHg<!+
A ddFge] EelxE AL o EATH 9

Table 2. Clinical Characteristics on Baseline Systolic Blood Pressure (SBP)

<130 (n=37) 131-150 (n=48) 151-170 (n=43) =170 (n=25)

Age 543+12.7 55.8*£11.0 5541116 62.0+9.7> 7
Sex

Male 21 (56.8%) 22 (45.8%) 18(41.9%) 14 (56.0%)

Female 16 (43.2%) 26 (54.2%) 25(58.1%) 11 (44.0%)
DM 9 (24.3%) 11 (22.9%) 17(39.5%) 11 (44.0%)
SBP (mmHg) 1244+79 147.1+42" 1642+59" 1835+80" 1
S-Cr (mg/dL) 1.8+04 20105 23%06 22%06
GFR (mL/min/1.73m’) 39.1110.0 36.319.8 330103 321197
24 hr protein (g/day) 2515 29%15 29+15 32*15

"p<0.01 vs SBP <130 mmHg, "p<001 vs SBP 131-150 mmHg and vs SBP 151-170 mmHg
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vE gk "% AdolEd FxE £%7) ¥y
130 mmHg °]3 &% 131-150 mmHg 3= 2
ol7b giglen, 151-170 mmHg +, Z81 171
mmHg ©]4<¢l #FollAEe 130 mmHg ©)8+t 3 &
% AolE BYow 131-150 mmHg , 151-170
mmHg &, Z18]3 171 mmHg |4 7 AloldlA =
o 2olg HolA = gkl AFTA o]itg o
Al w%7] "¢ 130 mmHg ©ols+d T3 131-150
mmHg T3 Zpoj7b §iglert, 151-170 mmHg &,
83 171 mmHg ©)4<¢ FolAE 130 mmHg ©
skl T fo)gt Aols BYon 131-150 mmHg
7, 151-170 mmHg *, 2183 171 mmHg ]33l
T AtololME froldh AHolE HelXE i) 244
b T —’F-Z ] gl &5 Fvksle 4%
o

OS2 FostAE &sdth
3. OI27] sHetol ME AMN 8o

oj¢t7] dtE 10 mmHgrith Al o=

THetem, o)g 7t oA H-g WEPS wo )
Al 71550l Abelzt UEA] ol Sk} (Table 3).
Zb oA dEE dW s fRe] zol: glgle
o, @5 Zdoteld, AbA ong, 2447 2% ©
ko] Aol Al FellM frol3k xbolE Mol W%

2

Buii

4. WM mME MY X

WekE 20 mmHg vhe} Al $£og o] BE3t
fem, o5 Z+ welA A& TEIUL wo) rHx
1554 Aozt JEA dotr gttt (Table 4). 2z #+
A A, dx §F9 Aol giglor} wgte] 8]
mmHg ]l TollA vmA] T Foil wls] dgo)
FAEA =gt dF AdgelEld &= 61-80
mmHg «, 81 mmHg ©oJ4Sl FolA wigte] 60
mmHg ]38}l w3} HlmAl FEHAl =ohh AFTA
q#&L 61-80 mmHg &, 81 mmHg ©]4 F9
A kel 60 mmHg ©13H) ¥ BHImA] §-¢]5HA]

Table 3. Clinical Characteristics on Baseline Diastolic Blood Pressure (DBP)

<80 (n=56) 81-90 (n=43) =91 (n=54)

Age 57.7+11.3 548+11.1 5621124
Sex

Male 28 (50.0%) 19 (44.2%) 28(51.9%)

Female 28 (50.0%) 24 (55.8%) 26(48.1%)
DM 19 (33.9%) 10 (23.3%) 19(35.2%)
DBP (mmHg) 74.0%6.8 885+2.8" 99.7+58" 1
S-Cr (mg/dL) 2.1+05 20105 2.2+0.6
GFR (mL/min/1.73m% 336189 384+11.7 347198
24 hr protein (g/day) 29+15 28t14 29*16
‘p<00I vs DBP <80 mmHg, 'p<0.0l vs DBP 81-90 mmHg

Table 4. Clinical Characteristics on Baseline Pulse Pressure (PP)
<60 (n=68) 61-80 (n=52) >81 (n=33)

Age 533*+12.1 56.2+10.7 62.9£93" "
Sex

Male 34 (50.0%) 25 (48.1%) 16 (485%)

Female 34 (50.0%) 27 (51.9%) 7 (561.5%)
DM 16 (235%) 17 (32.7%) 15 (45.5%)
PP (mmHg) 49.2+11.7 73.1%58 886+50" 1
S-Cr (mg/dL) 19+04 23206 23106
GFR (mL/min/1.73m% 38.81+9.2 33.9+11.07 30585
24 hr protein (g/day) 26+15 27t15 35+14"

"p<0.01 vs PP <60 mmHg, 'p<00l vs PP 61-80 mmHg
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g AR A, $37] GG Aol FHAFE,
Ao ofghe we) AgEgied, o9y H3pl
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(Fig. 1-3, Table 6)
5. £ BEA| =57 g, o|2t7] et ojet
g B 5 1270
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o
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Table 5. Impact of Pulse Pressure on Renal
Progression, Multivariate Cox Propor-
tional Hazard Analysis Adjusted for
Variable Factors

Hazard ratio (95%CI) p-value

Sex 1.93 (0.99-3.75) 0.052
Age 1.02 (0.99-2.04) 0.198
BMI 1.04 (0.96-1.11) 0.346
Smoking 1.21 (0.66-2.22) 0.538
DM 2.03 (1.01-4.06) 0.046
Hemoglobin 0.74 (0.56-0.96) 0.024
Serum albumin 0.50 (0.31-0.82) 0.006
Total cholesterol 1.00 (0.99-1.00) 0.495
24 hour proteinuria 166 (1.38-2.00) <0.001
Serum creatinine 4.02 (2.31-6.99) <0.001
Pulse pressure 1.02 (1.00-1.04) 0.016

" p<0.01 vs DBP <8) mmHg
<001 vs DBP 81-90 mmlig

Aol A wete) kg oo —
of %] 8sh ojgr] "ot W Y, Ak o
oA Zasgoh zev 3 2Heledel T ouj
2 s v £4 33 o (3F7 379 F
Z7] g2 12719 4 gEA R Aeste A
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Fig. 1. The main outcome by Kaplan-Meier anal-
ysis on baseline SBP.
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Fig. 2. The main outcome by Kaplan-Meier anal-
ysis on baseline DBP.
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Fig. 3. The main outcome by Kaplan-Meier anal-
vsis on baseline PP.
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Table 6. Renal OQutcome Based on Baseline Blood Pressure

No. of patients Event (%) Hazard ratio (95%CI) p-value
SBP (mmHg)
<130 37 12 (32.4%) 1.00 (reference)
131-150 48 26 (54.2%) 2.06 (1.04-4.08) 0.039
151-170 43 27 (62.8%) 3.42 (1.73-6.78) <0.001
=171 25 19 (76.0%) 5.14 (2.47-10.7) <0.001
DBP (mmHg)
<80 58 28 (48.3%) 1.00 (reference)
81-90 43 23 (53.5%) 1.03 (0.59~1.78) 0.928
>9] 54 33 (61.1%) 1.47 (0.89-2.43) 0.137
PP (mmHg)
<60 68 27 (39.7%) 1.00 (reference)
61-80 52 31 (65.4%) 2.20 (1.31-3.70) 0.003
=81 33 26 (78.8%) 5.25 (3.01-9.17) <0.001
170 ié— A]@Z}Q’} ﬁé%‘ sﬂ—‘?—%ii, %%_?_1 /&%y %‘ET}\]
( WP, AP kg ol oA AseER A
e B3k3, ol% QAEIH Wgel @ BAE APl
130+ gk M FE wro s 34 g3 g, gF
o fmaed £As gARAd, da-o HER 3y
el ] N gge Frlsiden, ¥4 ¥Ie 9n BAE
Of AJetas oudA F7HetATt (Table 7). o1& &
ol T TToep|  AE EWW A, ATA A3 w el e
BT e MAP e s B
~~~~~~~~~~~~~~ M N A3 wete 93 Fansh AT ojzgo] g
50 ‘ A~ Py juj o ey 37 & = e
Baseline 12 months  Last follow up T, A" ZE-Q 4AE, 8F TEA 9] SU1E
. Last follow up 2 F7MEIg ey, dF F5A] 892 9= 3T
BP (mmHg) Baseline 12 months (m;eaanrs?] o Aolaele EAHSGHOE So8 An BAS
SBP 152.4420.9 136.1+13.9" 138.2+13.2° Bk o3 ARES a8sld AlYF GEHAEE
oo SriEInl Bausly e M A% dd, dw, WY, 2E-9 AR, 9F TEA
9+13. .949. 0+8.8" ] ~ ] L
PP 65.8+17.1 55.7+13.3" 61.9+13.8"" g, AFPA kg ol ek Fege WA AR
Number of 1.32£0.6 2.01£0.7° 311,001 =2 eyttt (Table 8).
antihypertensive
agents
"p<0.01 vs baseline, 'p<0.01 vs 12 months i #
Fig. 4. Changes of BP from baseline to last follow glom A

up.

& F7hstad (Fig. 4).
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Table 7. Changes of Clinical Characteristics between Baseline and Last Follow up

Baseline Last follow up p-value
Hemogolbin (g/dL) 103*+1.4 91*15 <0.001
Fasting glucose (g/dL)
All 9721199 103.5118.0 <0.001
Non-DM 91.4+156.2 96.8+14.9 <0.001
CaXP product (mg”/dL") 39.0+86 49.7+87 <0.001

Table 8. Mutilple Linear Regression for Pulse

Pressure
Beta p-value
Age 0.162 0.039
Smoking -0.080 0.329
DM 0.161 0.044
Hemoglobin -0.173 0.045
CaXP product 0.229 0.002
Fasting glucose 0.166 0.035
GFR -0.183 0.030
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Endpoints in NIDDM (non-insulin-dependet dia-
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Clinical Implications of Pulse Pressure
in Chronic Kidney Disease

Seung Hyeok Han, M.D., Sang Cheol Lee, M.D.
Jung Eun Lee, M.D., Song Vogue Ahn, M.D."
Bum Suk Kim, M.D., Shin Wook Kang, M.D.

Ho Yung Lee, M.D., Dae Suk Han, M.D.
and Kyu Hun Choi, M.D.

Department of Internal Medicine,
The Institute of Kidney Disease,
Department of Preventive Medicine”,
Yonsei University College of Medicine,
Seoul, Korea

Background : Arterial hypertension is one of the
major factors for progression to end stage renal dis-
ease (ESRD) in chronic kidney disease (CKD). Pulse
pressure, which stands for arterial stiffness, is a
well known risk factor for cardiovascular disease,
especially in old patients. A few reports showed that
increased arterial stiffness is associated with de-
creased glomerular filtration rate (GFR). The aim of
this study is to investigate the effects of pulse pres-
sure on renal outcome in CKD patients.

Methods : Total 153 patients were included who
visited our institution for the first time between Jan-
uary 2000 and December 2000. Patients’ medical re-
cords were reviewed retrospectively. CKD was de-
fined as GFR by MDRD equation less than 60 mL/
min/1.73m>% Patients with CKD 5 were excluded.
The primary end point of this study for progression

of renal disease was doubling serum creatinine.

Results : On multivariate analysis based on base-
line clinical and laboratory data, pulse pressure was
an independent risk factor for progression of CKD.
Antihypertensive treatment for 1 year (since the first
visit) decreased both systolic and diastolic blood
pressure (BP) significantly, and pulse pressure as
well. At the end of follow up of 3.7 years (mean),
while systolic BP tended to increase slightly, dias-
tolic BP was persistently decreased. Consequently,
pulse pressure was further widened compared to that
of 1 year. Pulse pressure was positively correlated
with age, fasting glucose, and calcium phosphorus
product (CPP) whereas it was negatively correlated
with hemoglobin and GFR.

Conclusion : This study shows that pulse pres-
sure is a good predictor for renal outcome in CKD.
Besides age and hypertension, anemia, fasting glu-
cose, CPP and uremia can adversely affect pulse
pressure in CKD. Therefore, BP control and correc-
tion of those factors are recommended to attenuate
the progression of CKD. (Korean ] Nephrol 2006;
25(3):401-412)

Key Words : Systolic blood pressure, Pulse pres-
sure, Chronic kidney disease
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