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[Abstract]  Objective To investigate the value of bioelectrical impedance vector analysis
(BIVA) in assessing clinical volume status and nutritional status in hemodialysis (HD) patients of differ-
ent ages and sexes. Methods A cross-sectional study was conducted, enrolling 353 participants, includ-
ing 106 HD patients and 247 healthy adults. BIVA parameters (resistance, reactance, and phase angle)
were obtained using the InBody770 device, and biochemical indicators such as albumin, prealbumin, and
serum creatinine were collected from HD patients. Hotelling’ s T test and Mahalanobis distance were
used to compare the positional differences of the 95% confidence ellipses of HD patients across different
age groups (elderly group =65 years, non-elderly group <65 years) and sexes (male, female) , as well
as their positions within the healthy reference tolerance ellipses (50%, 75%, and 95%). In addition,

independent-samples ¢ tests and chi-square tests were used to compare biochemical indicators between
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HD patients of different ages and sexes. A multivariate linear regression model was constructed to ana-
lyze the associations between biochemical indicators, dialysis information, and BIVA parameters.
Results There were significant differences in BIVA vector distribution among HD patients of different
sexes and age groups (P<C0.05). HD patients tended to be located in the lower-right area of the healthy
tolerance ellipse. The proportion of elderly HD patients outside the 75% ellipse was higher than that of
non-elderly patients (56.67% uvs 44.74%) , and elderly male HD patients were located near the lower-
right boundary of the 50% tolerance ellipse. After adjustment for sex, age, body mass index, and primary
disease, multivariate linear regression analysis showed that albumin, serum creatinine, and other indica-
tors were independent factors affecting BIVA parameters (P<0. 05). Conclusion BIVA may serve as a
more intuitive and comprehensive method for assessing volume and nutritional status in HD patients. Be-

cause volume and nutritional status differ by age and sex in HD patients, more precise volume control and

nutritional intervention are needed in clinical HD management.
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®1EFEARES HD BE AR XM s
Tab 1 Comparison of age and sex between the healthy population and HD patients

415 1%k AR (%, 2ts) k(%) ] Rl A PE HERI AL PE
LARFEAR 0. 477 0.754
HD &35 106 57.75%12. 07 55(51.9)
e 247 58.70%10. 17 122(49. 4)
(<65 %) 0.716 0.743
HD ¥ 76 52.33+9. 28 40(52.6)
fa A 160 51.92+4. 58 79(49. 4)
HAE(Z=654) 0.794 =>0. 999
HD ¥ 30 71.47+5.73 15(50.0)
fERREA 87 71.17+3.75 43(49.4)
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Tab 2 General characteristics and bioelectrical impedance indicators of elderly and non-elderly HD patients(7#=106)

it H

FAEHD 4H (n=30)

JEEAEHD A (1=76)

AR (%, Tts)
B (m,ots)
PRI (%) ]

Hk

Lok
SR 1(%) ]

W DR B I

o ML B

B /INER B 46

EZ 35eT

HoAte
BT (A, 7ts)
TR kg, M(Q,,Q;) ]
LS (mmHg, 2+s)
FHLEF 5K % (mmHg, Tts)
#IKFE [mmHe, M(Q,.Q,) ]
13 8 (mL/min, 2+s )
ALK (R /min, Z+s)
BMI(kg/m?*,Z+s)
BT (L, Tts)
H&EHLg/L.M(Q,,Q,)]
A1 1 [mg/L,M(Q,, Q) ]
BEAg/L.MQ,,Q,)]
IR E A [ mmol/L ,M(Q,,Q;) ]
S E EE [ mmol/L,M(Q,,Q;) ]
= EH M mmol /L ,M(Q,,Q,) ]
TUEF [ pmol/L ,M(Q,, Q;) ]
PRIZ [ pmol /L, M(Q,, Q) |
JREWBRR%,M(Q,,Q;) ]
1R ZFE & [ mmol/L,M(Q,,Q;) ]
HUR S5 IR & [ng/L . M(Q,,Q,) |
PhA (%, Z+s)
R/H(ohm/m,z+s)
Xc/H(ohm/m,ZT+s)
CRMEAImg/L,M(Q,,Q,)]
% B NE & A [ mmol /L, M(Q,, Q) |

71.47£5.73
1. 62+0. 06

15(50.0)
15(50.0)

6(20.0)
14(46.7)
5(16.7)
1(3.3)
4(13.3)
68. 20+60. 56
59. 40(51. 00,67. 10)
144. 47+23.07
76.73+11. 37
107.5(93.0,128.0)
259. 00+18. 45
77.30%10. 77
23.7648. 96
2390. 00£1002. 88
41.05(39.10,43.13)
288.5(247. 00,300. 10)
67.62(64.50,71.40)
0.95(0.82,1.12)
4.01(3.43,4.81)
1.75(1.31,2.49)
307.50(208.00,319.90)
98.5(75.0,107.2)
70.70(70. 64,74. 05)
7.48(5.57,7.73)
276.5(174.0,338.7)
4. 65%0. 89
392.96%81. 87
31.2148.55
5.5(1.3,8.6)
2.15(1.87,2.46)

52.33+9. 28°
1. 65£0. 07

40(52.6)
36(47.4)

11(14.5)
26(34.2)
29(38.2)
2(2.6)
8(10.5)
85. 60+71. 47
61.00(51. 63,68.98)
135.51420. 34
78.08+10. 27
115.5(95.8,135.0)
264. 34+14. 91
78.96+10. 27
25.5248.83
2564. 97+830. 81
42.11(41.50,43.90)
300. 12(281. 50,324.50)*
67.62(66.03,71.10)
0.95(0.79,0.95)
4.11(3.57,4. 46)
2.27(1.50,6.80)
319. 86(285. 50,359. 30)"
107.2(85.5,112.0)
70.70(68. 67,73.31)
7.73(6.67,8.22)
338.7(191.5,426.5)
5.54+1. 06°
402. 15%80. 98
37. 65%8. 80°
3.2(1.2,8.6)
2.15(1.89,2.23)

TE HD W LGB DT s BMIS R AR PhA AL A 5 R/H S B i Al B Xe/H o S sinifEfE L. 1 mmHg=0. 133 kPa;"P<C0. 05;

bP<20.01;°P<C0. 01,

K2 s, 5EREARSH ML, HD 8%
O ER R £ N Rl N 1 A 0 VT T N 5
IEHAEEAEHD B H DL B S Lt HD B E W
BIVA R 3 i ¥ 25 R AFAE G T2 5 L(P<<0.05) ¢
EAEHD 838 75% 2552 W6 B 30 50 e s T
ZAEHD B (56. 67% L 44. 74%) , 43 51 Ry 17 1) A
344

= MR K EF

B R AT C RV L L
JiF R R LI PR ZE A L PhA ¥ B 25 T 4t (P<

0.05) , A JIH [ Bt AR BE R A 1 R ZTE BR % HLBH/
B Xe/ B @ B E LT Lot (P<<0. 05) , HiAth 48 45
ZRTGITFE L (5R5)

£ HD 8 F PR s B, bR 4F 5 4 HD
BB HET 50% 2 Z MR A T I FA (BIE R 5N
330.38,27.62) , BAE LM (455,54, 34.81) AR B 4E
Lok (456. 48, 41. 12) FHEZA4FE F 14 (353. 26,34.51)
(RS- 35 o i F4 0 T fa B AR 50% RIS T . S &
EAEYL A2 2 LU AR A A (i 1) A ], 24T
BAENE Y K K w1 R
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&3 HD BHFR SRR X BIVA AR bR A N
I3 hr
Tab 3 Correlations of age with biochemical indicators and

BIVA-related parameters in HD patients

bR WYEr(n=55) LtEr(n=51) 4&B(2=106)
HEM(g/L) -0.231 -0. 034 -0. 102
ATE&EA (mg/L) -0. 300" -0.262 -0. 262"
BAEA(g/L) -0.014 -0.026 0. 004
C Jpi#E A (mg/L) 0.145 0.056 0.082
FORSF IR 3R (ng/1L) -0. 284" -0. 112 -0. 208
£ (g/L) -0. 068 -0. 124 -0. 090
=M (mmol /L) -0. 181 -0.188 -0. 160
I ALEF (pmol /1) -0. 328" -0. 288" -0.311°
PR (mmol/1.) 0.121 -0 284° -0.119
R E R (mmol /L) 0.087 -0. 075 0.038
SR FE FE (mmol /1) 0.114 -0.232 -0. 024
B ENGE A (mmol/L)  0.013 0. 084 0. 047
JRETE R (%) 0.210 0.103 0.197
1M hR % % (mmol/L) -0. 096 -0. 200 -0.157
PhA(") -0. 493" -0. 452° -0. 468"
R/H(ohm/m) -0. 004 -0. 195 -0.018
Xce/H(ohm/m) -0.373" -0. 402° -0. 324*
VL(ohm/m) -0.078 -0.229 -0. 071

T - R8sy Spearman #1568 () s PhA W HIGL /1 s R/H K
EF b AL B Xe/H oy B Rbr AL B 30 s VIL O Je i I B2 5 4R
MR A G EE

&4 HD EHEAFLHBLIR B 9 2 570
Tab 4 Comparative analysis of impedance vector distribution

in different subgroups of HD patients
4131 % T FM D P{H

HD Z4F2H 5 HD 4k B4R 4 106 16.8 8.3 0.88 <C0.001
HD ZEREHAEHDAEEAE 55 8.8 4.3 0.90  0.018
Pk
HD %44 S HDIERAE 51 8.6 4.2 0.90  0.021
A
HD B #2415 HD ot 2

¥ HD ML B 7 ; T2 Hotelling T KK 4t F(E 8 F 48
I Do SRR

R Y ACDEE 3

TE VR E ) AR BMI K & 9 45 TR 24 P 3%
J& , e BN AT 45 2R o, HEE H R R BR
R WUEF K SF 39 5 PhA R IEM 6 B8k E A S
PhA FURHSG .,  EALIKS AN M L0 48 1 5 i BH/ B 52
TEARSG , TP 51 45 Fi B/ B v 522 0R0RH OG5 B AR
R R RS Xe/ B 2R ARG, AR % AP B 5
Xe/ B s S MLLE X EALKE S VL 21E
AHOC, M) BMIL M LEFS VL 205G, Fik2e
B RA G E L(P<<0.05) . (58 6)

106 91.4 45.2 1.86 <<0.001

15 i

H A PRIEAS HD 535 25 bR Ol 32 2R T 1
JE W 375 M ] 30 A T AR Ak KoK iU 8 S5 AL Gt
2o I W00 PRI R R R 1) o A e 1 S i it
PR AT B e B A , (H T 4 S A T 5 b vk HAE 2%
HEIPAL LA AT SRR . Moissl 45 R B,
25 1 7107 119 HD B3 R SR oA w8 1, 75 A
24 b ) iR E R A, B I S A RS IR
SE4—30, R T8 S A RS X TAE
PHARATAE SR PR 3 B A /K T B I 25 S KA
KA B 25 Ry 1A IRUBSE o I DR b K 1 425 AT (1) 1A
B RS AR A E AR i 2 v A R R AR
B8 0y I A5 I K RE RV , A% S8 K I A T BE a7k
PUNBRE PR . B FRTAG T LG8 RN
R I FRLE AV E R . MRz
TLBIVA B4 JGA]  nT iR &0 w0 S
B ] [ AP A0 S B R AR S, R R 51
KB KA B R T HD B AR ME R e
FEI, Piccoli S5 HAdtHE AT 75% . 50% 25 2Z W R
R 1E K AL FE FMR S FRUE , Nieves 5510 4 1 18 2%
TEMEFRMFTETE, 6N HFEERE R EUE.
I AN A BIVA Hh s 20 i 45 ¥ Fioh RE Y B B 2
%, PhA B BIE S REA SO 08 7R R RS

ABFFE LS F R HD 835 B BET K & 5 A
e fet BRE N2 SZ A IR (0 4 T, B3 o B 3 T
FETEAR A IRAS I IN B AR A 2 A el RS IE . TR
PETE Xc/ B (PhA F1 VL b0 25 5 5 BP9 —
O X FER B LS IR AR AN

BE— 5T & I, EAE HD H 3 A4 BT 2% 5 1
R0 Ay B i, [R] sE BE PhA LR R 1R I LT 7K
PR, IK PhA S50 8 SR A B SR R BUS %
PIARSE ™ i 4F HD B4 R e (B 45 1E 5 Pic-
coli 251 H 1) 25 iR £ fof FDE RS AR R — 2L
FF T RETE T 2 AF B A TR RAE AL 3 AR
i 8 SOE SRR AN R EE A R T LA A B
Sy-FESE N, R EG B = 5 AR Ak e T
1o 2 A O S ) TR B RS

ULAh, AR N AE A B B 22 5% . BAE
BYEBLBLR B R 1) N RS, PR A L e 5
TN R FEAE , B AR % i E 2 A RS
AR B NI, RS TN R XS, 5
DI g — 802, BAEHME M B R E T
FE ] B FH I PR IEAR J5 R 5 A g 2 R 28 3L JR) 4
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F5 BUESLMEHD B FE R AR Y s BT bR L4 (n=106)
Tab 5 General characteristics and bioimpedance parameters of male and female hd patients (7=106)
ity B HD B (n=55) L HD B (n=51)

AR (2, 7ts) 56. 67+11. 60 58.90+12. 56
B5Eim,M(Q,,Q,)] 1.68(1.65,1.72) 1.59(1.56,1. 63)"
Jst R [ 51(%) ]

W e P B9 11(20.0) 6(11.8)

[ INE =g 23(41.8) 17(33.3)

B /INBR 42 16(29.1) 18(35.3)

EZ 40T 5(9.1) 7(13.7)

HoAts 0(0.0) 3(5.9)
BRI (A Tts) 82. 47+62. 34 77.76%70. 20

Tk kg, M(Q,,Q,) ]
L e (mmHg , 74s)
HLEF K (mmHg, 7+s)

ek E [ mmHg ,M(Q,,Q;) |

137 & [ mL/min, M(Q,,Q,) ]
ML (R /min, Zts)
BMI(kg/m?,z+s)

BT (mL, Tts)
HEH[g/L.MQ,.Q,)]
ATEE A [mg/L,M(Q,,Q,) ]
BEAL/L.MQ,,Q,)]

ML A g/ . M(Q,, Q)]

C IR &M [mg/L . M(Q,,Q,)]
4% B g 2 1 [ mmol /L ,M(Q,, Q) ]
AR E A [mmol /L, M(Q,,Q,) ]
BB EE mmol /L ,M(Q,,Q,) ]
=HEH I [mmol/L,M(Q,,Q5) ]
HLUEF[ pmol /T, M(Q,, Q) ]
JRIR [ pmol /1. ,M(Q,,Q,) ]
PREWERARL%,.M(Q,,Q,) ]

IR 2 & [ mmol /L, M(Q,,Q,) |
FOIR S5 I8 % [ ng/L,M(Q,,Q,) ]
PhA(®,74s)

R/H(ohm/m,Z+s)
Xc/H(ohm/m,Z+s)

66.00(60. 40,75.00)
139.22422. 62
79.35%11. 03
120. 0(100. 0,134.0)
260. 00(260. 00,280. 00)
79.0549. 65
24.15+8. 82
2773.274929. 97
42.11(40.95,43.80)
300. 12(272. 50,306. 00)
67.54(64.95,70.20)
109. 38(104.00,113.50)
5.6(1.7,10.2)
2.15(1.80,2.15)
.95(0.79,0.95)
3.94(3.41,4.15)
.80(1.23,4.79)
319.86(319.86,392.5)
107.23(97.00,116. 50)
70. 70(66. 46,70.70)
7.73(7.34,8.55)
338.70(165.50,431.50)

o

—_

5.50+1. 14
347.02456. 22
32.63£8. 24

56.00(48.75,61.00)°
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Tab 6 Multivariate linear regression analysis of bioelectrical impedance vector indicators and general characteristics
. PhA R/H Xc/H VL
plE  SEfE  PfH PRI SE{H P{H AE SE{H P1H A1E SEfH P{H
AERE -0.021  0.012 0.071  -0.974  0.737 0.190  -0.216  0.098  0.030 -1.494  1.154 0.199
531 0.038 0.210 0.856 -72.542 13.351 <C0.001 -5.748  1.768  0.002  -88.417 20.897 <Z0.001
SR 0.049  0.100 0. 626 4121 6.393 0.521  0.454  0.846  0.593 5.852  10.006 0.560
BMI 0.036 0.028 0.197  -6.914  1.783 <C0.001 -0.350  0.236  0.142  -11.137  2.790 <<0.001
BT 0.002  0.001 0.247  -0.014  0.087 0.871  0.011  0.012  0.347 -0.006  0.137 0.967
ERGINCE S 0.002  0.005 0.684  -0.526  0.337 0.122  -0.037  0.045  0.411 -0.783  0.527 0. 141
HLEF IR IE -0.007 0.010 0.465  -0.388  0.634 0.542  -0.090  0.084  0.290 -0.678  0.992 0. 496
#ilk e -0.003  0.003 0.223 0.057  0.175 0.745  -0.021  0.023  0.364 0.172  0.274 0.533
I3 0.009  0.006 0.146 0.116  0.402 0.774  0.061  0.053  0.256 0.412  0.629 0.514
I ML icHE -0.009  0.010 0. 404 1.792  0.650 0.007  0.075  0.086  0.385 3.041  1.017 0.004
BEH 0.000 0.012 0.979 0.011  0.766 0.989  0.009 0.101  0.926 0.126  1.198 0.916
HEH 0.136  0.032 <C0.001  -2.360  2.067 0.257  0.760  0.274  0.007 -4.304  3.236 0.187
ATEEH 0.003 0.002 0.120 0.036  0.119 0.763  0.028  0.016  0.082 0.115  0.190 0.539
RN -0.087 0.036 0.017 2.096  2.273 0.360  -0.473  0.301  0.120 4.095  3.558 0.253
ML 2R -0.001  0.001 0.221  -0.084  0.043 0.053 -0.008  0.006  0.143 -0.126  0.067 0.064
=EEH 0.001 0.001 0.302  -0.022  0.077 0.770  0.004  0.010  0.681 -0.043  0.120 0.721
% FENR AR -0.251  0.229 0.275  -8.803 14.564 0.547  -1.760  1.928  0.364  -18.870 22.795 0.410
S I 0.061 0.156 0. 696 7.591  9.948 0. 448 0.926  1.317 0. 484 14.321  15.569 0.361
R IR -0. 164 0.369 0.658  -9.346 23.487 0.692 -1.861  3.109 0.551  -13.880  36.760 0.707
PR % 0.041 0.021 0. 050 2.126  1.316 0.110  0.453  0.174  0.011 2.594  2.059 0.212
Jilikans {=| -0.007  0.007 0.299 1.051  0.455 0.024  0.032  0.060  0.602 1.535  0.712 0.034
PR FE A -0.045 0.078 0.563 7.300  4.967 0.146  0.216  0.658  0.743 14.433  7.774 0.067
I ULEF 0.006  0.002 0.002  -0.211  0.119 0.079  0.022  0.016  0.165 -0.414  0.186 0.029
C M B 1 0.004 0.008 0.660  -0.351  0.535 0.514  -0.039  0.071  0.587 -0.643  0.837 0. 445
HARZS MR 0.000  0.000 0.743 0.019  0.024 0.444  0.002  0.003  0.580 0.037  0.038 0.327
PRIER -0.002  0.002 0.350  -0.121  0.153 0.432  -0.026  0.020  0.209 -0.197  0.239 0.412
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