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[Abstract] Objective: To identify risk factors associated with treatment resistant hypertension (TRH) and easily detectable through
routine blood tests in chronic kidney disease (CKD) patients, who received hemodialysis. Methods: One hundred and seventy-four
CKD patients with hypertension receiving hemodialysis between December 2009 and June 2015 were enrolled in this study. Of these
patients, 69 patients had TRH; the other 105 patients had not. Univariate and multivariate logistic regression analysis was used to assess
risk factors associated with TRH. Results: In our study population, the gender distribution, serum level of creatinine and hemodialysis
duration were comparable between two groups. The mean age,serum leves of uric acid(UA), white blood cell numbers, aspertate
aminotransferase(AST), gamma-glutamyl transferase(GGT) and adenosine deaminase(ADA) were lower in the case group than those in
the control group. The serum level of calcium and albumin(ALB) was higher in the case group than that in the control group. Age
younger than 40(OR:3.350,P=0.010),GGT less than 20 U/L(OR:2.554,P=0.024), 10<AST<15 U/L(OR:2.499,P=0.011), and
ADA less than 12 U/L(OR:2.259,P=0.044) were positively correlated with TRH. Meanwhile, serum level of ALB less than 41 g/L
(OR:0.298,P=0.002) was negatively correlated with TRH. Stepwise multi-variate logistic regression showed that ALB was positively
(OR:1.130,P=0.002) and ADA was negatively (OR:0.900,P=0.027) correlated with TRH. Conclusion: The younger age (<40 years)
and lower serum level of GGT(<20 U/L), AST(10 U/L<AST<15 U/L) and ADA(<12 U/L) are risk factors, and serum levels of ADA
decreasing and ALB increasing are independent risk factors for TRH in hemodialysis patients.
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— T XEIA M 5 1R (treatment resistant hypertension,
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TRH % 3 2 /0 3 R e i i 25 (4 7 ARG
BITRREE 3 A UL b A AN BB W 4 = A i 5k s 23
¥ H7E 140 .90 mmHg LR, F H i M Ei il & =
140/90 mmHg, & #7 )5 ¥ ¥ 8 Jk JE (mean arterial
pressure , MAP) 5 i BT i AH LU T FE<2.5% 85 T+ .
B 2009 4F 1 H—2015 4F 6 H 767 B i i 4k 0
A 4E 5 P IR B 6 7 Y PR BT 5 I e 1 R At
174 5] oo 1240 % TRH (3% 69 1], %3 B 41 R 7
B2 WA AR TRH = IR B3 105 41, B4 8 3
W A5 WM AE T o HRER P AT A 58705 BOK SRk
BT 15 | ) v AL
1.2 Fik

Fi IR A TRH € SCIfi 8 28 AL 7 D Al
PRAG 30 2 48 vh AR IBCE 3 (0 B A TR S i i B | i AR
FRZE A o SR LB % BRAIE 5 5 3 | B A v i)
AR BTN ] 5 I LA 17 0 5 4% B 7] 1
WA AR S DL , 45 & I RARHERE T 20 )=, o0 b
M AAFEPR S TRH Z ] A, FHRfER R &R
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IR GORER IR A 43 LR R | T BERR
FHYI B AR E 25 (x5 ) /R o 402 8RR Pearson
RIS, BT AR 2 BERERR 4 B O A AN AT RS
Gy AT 252855 o BORER FH Mann-Whitney U
g, PR ZEMZNE Logistic [543 H T ¥F
TRH #HER 2 | Geil 8444 % H SAS version 9.2,
P<0.05 AZEFAGIFE X,
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X(P>0.05,7% 1) o ML HUAS A8 b AU 01 419 F- 24 H
AT BT X IR (36 2) i A= fk AR br b e 41
P4 L7 85 7K P L I 18R 1T (albumin, ALB) /& T %)
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(aspertate aminotransferase, AST) . % & It ¥ Ik
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Table 1 Baseline characteristics of the enrolled patients

- I 1912 TR
Hk ’i@i (ijmsﬂ) Pl
B (S ) 49.36x14.84 55.07£14.07  0.009
B n(%)] 41(59.42) 50(47.62) 0.163
MAHSENTHTRI(4E)  6.703.57 6.60+3.83  0.783
5 (mmHg)  162.97+15.75  128.28+10.79  <0.001
&7 3KE (mmHg) 95.35+13.69 78.21£9.51  <0.001
Ly (K /min ) 80.14+9.76 83.35+14.11  0.289
WLEF(mol/L) 772.29+246.64  744.31+248.75 0.380
JREA (mmol/L)  18.3126.97 19.8247.35  0.149
PREE (pumol/L) 321.37£103.42  364.81x117.39  0.031
G IR n(%) ]
AR 12(17.39) 20(19.05) 0.843
Vi VN EiY i 7(10.14) 19(18.10) 0.193

2.2 TRH £ B & 54

KB & Logistic BH 2087 o (38 3), 4F
% <40 % (OR:3.350,95% CI:1.329~8.446,P=0.010) .
GGT<20 UL(OR:2.554,95%C1:1.129~5.777 ,P=0.024) ,
10 U/L<AST<I15 U/L(OR:2.499,95%CI:1.232~5.071,
P=0011) ADA<12 U/L(OR:2259,95%CI:1023~4987,
P=0.044) B B i3 TRH Y GK N %, ALB<41 g/L
JEENT I H TRH 1497 P &K (OR:0.298,95%Cl
0.140~0.631,P=0.002), HEEARE > HHERHE
BHAG e it24 & SR bR (4R .GGT (AST (ALB) # 47
BHAEZ R Logistic AT, Z5R K (R 4).
ALB 7KF-5 TRH & IFAH ¢ (P=0.002) ,ADA KV 5
TRHE A (P=0.027)
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Table 2 Comparison of routine blood test and biochemical indexes between two groups

& tr R B (n=69) Xif 1 26 (n=105) PE
140 i (x 10° /1) 5.59+1.49 6.46x 2.57 0.042
L1470 (x 102 4M/L) 3.48+0.71 3.30+ 0.81 0.108
1L 218 1 (g/L) 102.54+20.30 98.18+23.41 0.220
/MR (x10° 4N/ 169.67+53.51 167.21+66.37 0.527
B K* (mmol/L) 4.62+0.66 4.55+0.74 0.604
&4 Na* (mmol/L) 139.39+2.60 139.19+3.11 0.577
% CI* (mmol/L) 99.60+3.04 98.98+10.55 0.669
45 Ca® (mmol/L) 2.51+0.24 2.43+0.32 0.048
W Pi* (mmol/L) 1.93+0.58 1.84+0.53 0.134
fitf Mg> (mmol/L) 1.03+0.18 1.07+0.21 0.734
4 (mmol/L) 4.84+2.71 4.99+1.78 0.259
MIEH (gL 67.79+6.60 66.61+7.42 0.233
ALB(g/L) 39.45+4.39 36.61x4.75 0.001
H- 31l = 16 (mmol/L) 1.70+1.71 1.83x1.37 0.597
T2 IR 2 FE G 7% I (U/L) 15.12+25.69 14.71+13.13 0.328
AST(U/L) 15.05£9.95 18.14+13.64 0.019
L2 W U (U/L) 184.17+46.25 204.03+80.41 0.149
GGT(U/L) 31.39+39.07 43.26+54.21 0.031
ADA(U/L) 12.11+3.43 14.66+6.98 0.006
B P s TR T (U/1L) 334.58+409.33 352.13+389.83 0.712
E#EH a(mg/L) 282.65+274.79 286.23+223.16 0.347
JULA %4 i (U/L) 58.02+33.33 102.70+231.99 0.587
FEEE TR B AU (U/L) 117.25+28.08 126.93+52.61 0.472
B % C(mg/L) 8.58+2.00 8.15+2.23 0.449
KB LT 2 (umol/L) 6.32+2.51 7.09+4.51 0.821
B AT # (wmol/L) 2.32+1.42 2.68+2.56 0.622
[] 2 JH 21 2 (umol/L) 4.00£1.40 4.40+2.46 0.879
Jb JIEL B (mmol/L) 4.25+1.25 4.42+1.44 0.528
o % B BB 21 1 (mmol/L) 1.06+0.31 1.07+0.31 0.664
I %% B 8 2 11 (mmol/L) 2.78+0.96 2.83+1.03 0.864
R v B 4h 4 26 11 (U/L) 134.43+47.97 124.08+44.10 0.147

BOEH DB IR L AR AR = RS B TRH™,
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T i R 4

AW 5T K BRAE I <40 % B B /& & 4 TRH
() & 6 2, TRH TE 2 8 B 7E AR W8 AR I J 3
B R — il 45 B 5K R — 0 R 3R e i M S AR B
Lo, A58 R AR B BT A ) B R RGOS ] e
& TRH KAEME LA, 7efE 855 TRH H
(=01 B A= e N W R 3 IR s =D 1WA

ERIARRES, 5o, 5SEFREML, TR
AR T P RE A XA S e A S SR P
Al REL I TRH FEAR 32 B h I A e i i 2 —

ML GGT J&09KE M I s b s 2 — , A B
WFFEUFSE GGT 2 S A 0 54 1 o B2 5 A i 4 7
e 3E AFEH  GGT K15 7 i H Y ¢ A 5 TE A 2 B0
1 300 4 5Pk 0 VR0E AT E BE VT A 5T R B, B Y
GGT 7K 2 b 37~ JH W 28 FHF 2y fig 1) 4= R BB T 1
T o (H A K s K GGT(>28 U/L) 1Y 385 A i
A ET ok H K P B m AR, ASBIE 5 e BEAH XIS
1) GGT (<20 U/L) & HLAEE T 3 TRH Y A& [
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Table 3 Associated risk factors for TRH via univariate

Logistic regression analysis

TE ML NT ML ALB 7KF-5 5 /R 8 2

s TR S R AEACE B FE b, ZAT 8 BB

ALB ZKF- B 5 DL D R Ry 5 AN R () 8 v 1 %
iE K o AR LA 2 32 T AR TS AN Y i
PR 7051 AR IR 5 v e 191 4 B4 SF- 2 ALB 7K - v T 6
A HP C OB 0 BCE AS o8 B Tk IE A A I
9o 91 20 9 A K A A, H AT DAHE A 5 S AN
J& TRH BAMFZEH, X—458 15 GGT M%s
—F, ALB 51355 HKF- A 56 (B 7E 3 i
WM BB TR T 5 ALB K6 ik 5 H A4k
REA &, MFEKFEH ALB, EALIRE ALB 7242 1)
WEAR B33 TR 25 5 TR AR ALBM, AWF5 45
R ALB 7KSF5 TRH £ IEAH5E ,ALB & TRH )
MR R 545 GGT 4530, e #E A2 TRH
AL N OKT AT RE A B TR, DR AR Y Y
fIX ALB X 1 AR B9 A2 325 ., (645 A 200006 0 1.
WD IR FERAT

MG A Z A TE T2 B 20 ) [l s 3
IR /N, ok il — i 42 R 45 R T Re A7
TE—E 2 A R R FEA B RO ST — 2D UE S

[B% k]

& OR 95% C1 P1H

HFW (%)

<40 3.350 1.329~8.446 0.010

=40~50 1.803 0.791~4.108 0.161

=50~60 1.815 0.777~4.239 0.169

=60 1 - -
GGT (U/L)

<20 2.554 1.129~5.777 0.024

=20~45 1.179 0.499~2.783 0.708

=45 1 - -
ALB (g/L)

<35 0.274 0.125~0.602 0.001

=35~41 0.298 0.140~0.631 0.002

=41" 1 - -
AST(U/L)

<10 2.236 0.985~5.078 0.054

=10~15 2.499 1.232~5.071 0.011

=15 1 - -
ADA(U/L)

<12 2.259 1.023~4.987 0.044

=12~15 1.325 0.568~3.091 0.516

=15 1 - -

* 3 Logistic BHZ % H )2,
# 4 TRH HEXEKEZMNEZEST S EER Logistic B35 #7

Table 4 Associated risk factors for TRH via stepwise

multi-variate Logistic regression analysis

&b OR 95% Cl P{H
ALB 1.130 1.046~1.222 0.002
ADA 0.900 0.819~0.988 0.027

£, 2R GGT A T A AN T e AN 2 BT iR
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PR AH OG5 il s 30 W bk I 4 i ADA K P
Fhm B S )N 2 5 e IR & AR B R 1 T
S S50 & AN ADA (X RE R AR 2 47 & I R R B
B4 AL, X6 A e R K BB AR AR g
R MZ P E BIH 08 BoR ADA KPTHE S
TRH & A%, & TRH MER R 2 | 3R e B AT R
# TRH 1 ADA 9 F BESF 2 ML L B QI —Fil
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