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[#HZE] BB 4Rk 0% % BT (maintenance hemodialysis, MHD) 14 2 418 1 ' 5%
(chronic kidney disease , CKD) 3 3= A8 R A0 5200 B 28, M 2 16 PR S FH (9 TN AR 8D | oy RLHA 1 F3T 48 it
WG, FE B A 2021 4F 9 H 22025 4F 9 A 2RI 55— £ B 4252 MHD 1697 192 4F CKD i
H 360 B, 4% 7: 3 LB B AL 43 R AR AL (=252) RS IE AL (2=108) o R FH 32 00 4 1f 85 9% v Al i %
(patient-generated subjective global assessment, PG-SGA) fil & 3& AN K 4 4 #F 43 (malnutrition-
inflammation score , MIS) ¥ B 3R 00 , 3 1 B R 28 M £ I 3R Logistic [543 B i 58 5 F2 A8 R i 4l 37
FER R 2, T ST £ W PR 28 3 57 91 e (R T B 280 3 5 RO 75 SR04 1 9 4 I TS 280, SR JH Az 48
F TAERFIE L (receiver operating characteristic curve , ROC #HZE) B HE 2R B3k i 4 XA 8 P pE ik
M SRAE, &8 360 MHD AT HYZ4E CKD B A 197 1B R AR, L4 FH 54, 72%.
2 % [ 2% Logistic M 4301, 4E#4 =80 % (OR=4. 362, 95%CI: 1. 934~9. 842, P<C0. 001) ¥R (OR=
4.448,95%CI: 1. 273~15. 470, P=0.019) i 1 4~ H 3 At o A K il (OR=4. 336, 95%CI: 1. 677~
11. 211, P=0.002) | bR 2 & B 35 %X (urea kinetic modeling, Kt/V) <1.2 (OR=7. 813, 95%CI: 2. 710~
22,522, P<C0.001) ZE (R BEE B A A L (OR=8. 997, 95%CI: 3. 541~22. 827, P<C0. 001) . {ij 1 &
(prealbumin, PA)<20. 32 g/1.(OR=3. 382, 95%CI: 1. 494~7. 658, P=0. 003) . Ifil. WL (serum creatinine,
Ser) <<1000 pmol/L (OR=3. 622, 95%CI: 1. 619~8. 102, P=0. 002) . F ik 5% JI¢ 3 % (parathyroid hor-
mone, PTH) =600 ng/L(OR=3. 969, 95%CI: : 1. 350~11. 665, P=0. 012) J& MHD & J7 i) 2 4F CKD &
HRERFANRMGERHZE(P<0.05), FET G B R 2 B, ROC k48 B, B
MHD &7 B % 4F CKD f3 & A5 F7 8 KA LA 21 14 il 28 T T A (area under curve, AUC) 4 0. 893
(95%CI:0. 855~0. 931) , J UELL KU AT (1) AUC 4 0. 880(95%CI: 0. 816~0. 944) ; Bootstrap {2 # & il
FEBEAT N AR IGAIE , AR 2 FIB6IE 4H 19 Hosmer-Lemeshow 6 56 25 5243 51 g A 2H 5°=8. 096, P=0. 424;
R x'=5. 226 . P=0. 632, FIH L5 FEY R A7 SR M e 45 R R BB/ 45 v 1) 190 (Y [l N B O
MR, BB TIRRIOR . 4518 BFEMHD BEER AR EAERE S, AL SR BRRE GI
1A A NENT P A ARNE Kt/ V R AR R AN L (PA Scr PTHA 3¢, 8 7 1 6 PR 28 4 22 119 31 45
PRI RY TR A5 B R4, vl AR S I PR 30907 2 3 3R AN IR s KU 247 MHD SR i SE T TR, g /MR
T TIPS

(gAY AEREbE i BGE T s AR B VL PR 5 5 FR IR 00 ; U451
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[Abstract] Objective To investigate the factors associated with malnutrition in elderly patients

with chronic kidney disease (CKD) receiving maintenance hemodialysis (MHD) , construct a clinically
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practical prediction model, and provide a basis for early intervention. Methods A total of 360 elderly pa-
tients with CKD who received MHD at Wuhan No. 1 Hospital from September 2021 to September 2025
were retrospectively enrolled and randomly divided into a modeling group (#=252) and a validation group
(n=108) at a 7:3 ratio. Nutritional status was assessed using the Patient-Generated Subjective Global As-
sessment(PG-SGA) and Malnutrition-Inflammation Score (MIS). Independent risk factors for malnutri-
tion were identified by univariate and multivariate logistic regression analyses. A nomogram prediction
model was constructed based on the independent risk factors and plotted using R software. The model
performance was evaluated and validated using receiver operating characteristic (ROC) curves, calibra-
tion curves, and decision curve analysis. Results Among the 360 elderly CKD patients receiving MHD,
197 had malnutrition, with an incidence of 54. 72%. Multivariate logistic regression analysis showed that
age=80 years (OR=4.362, 95%CI: 1.934-9.842, P<C0.001) , diabetes mellitus (OR=4. 448, 95%CI :
1.273-15. 470, P=0.019) , intradialytic hypotension within the past month (OR=4. 336, 95%CI: 1. 677~
11.211, P=0.002) , urea kinetic modeling (Kt/V) <{1.2 (OR=7.813, 95%CI: 2.710-22.522, P<<
0.001) , inadequate protein-energy intake (OR=8.997, 95%CI: 3.541-22. 827, P<0.001), prealbumin
(PA)<C0.32 g/L.(OR=3. 382, 95%CI: 1.494-7. 658, P=0. 003), serum creatinine(Scr) < 1000 pmol/L
(OR=3.622, 95%CI: 1.619-8.102, P=0.002) , and parathyroid hormone (PTH) =600 ng/1. (OR=
3.969, 95% CI:1. 350-11. 665, P=0.012) were risk factors for malnutrition in elderly CKD patients re-
ceiving MHD (P<C0. 05). Based on these risk factors, a nomogram model was developed. ROC analysis
showed that the area under the curve (AUC) for the modeling group was 0. 893(95%CI: 0. 855-0.931),
and the AUC for the validation group was 0. 880(95%CI: 0.816-0.944). Internal validation using boot-
strap resampling showed that the Hosmer-Lemeshow test results were x*=8. 096, P=0. 424 for the model~
ing group and y*=5.226, P=0.632 for the validation group, indicating good fit in both groups. Decision
curve analysis showed that the model provided positive net benefit across a relatively wide threshold
range, supporting its clinical utility. Conclusion Malnutrition is highly prevalent in elderly patients re-
ceiving MHD. Its occurrence is associated with age, diabetes mellitus, intradialytic hypotension within
the past month, Kt/V, inadequate protein-energy intake, PA, Scr, and PTH. The nomogram model
constructed from these risk factors demonstrates good predictive performance and may serve as a practical
tool for early screening of elderly MHD patients at high risk of malnutrition, providing a reference for indi-
vidualized nutritional intervention.

[Key words] Maintenance hemodialysis ; Elderly ; Chronic kidney disease ; Nutritional status ; Pre-
dictive model
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R (n=252) R IEL (n=108) . A AFRME: (1)
i R A2 CKD7, H #4432 U MHD 1397 5 (2)
ARG 60 JH 2 5 (3) I IR BT R SE 8% . HEBRARME: (1)
FEAE B (2) 3 1 H N AR A 2 s (3) FEAE™
G BON A REREAG . AR 2R 8 — B B
e Bl (BHE[ 2024151 5)

= BRIy ik

LR AC S IR IR R BERE, B R) 5 i A
MHD B B Ja (B2 B =3 > ) faoe 1, AL 46 4
% PR AR FEFE L (body mass index, BMI) . K )iz H
WA AR EE B 2 S R Ol L 58N R B
Ol A2 SRR BRSO O S s A PR
e B IALAE O XL AE7 58 D AT | R IR o 22 V'
FERE W S ey 3 A A L AN R] G AT R
1A A ST R & AR S O R I8 R RN R
$8%4 (urea kinetic modeling, Kt/V) ZE [4 FiAE A
AR E ORI 2 DL P COMREEA BE R ITAN
WREAFBEA<0.8 g kg'd", fERBEA<104. 6
kI-kg'+d™s (2) AR , M55 118 11<238 g/L 5
F A <2300 mg/L) VE FRFIRAIGEBE | =8 C S
i H (high-sensitivity C-reactive protein, hs-CRP) |
H #& 1 (albumin, Alb) \§j F & H (prealbumin, PA) |
ML LT (serum creatinine, Scr) . B R 52 B 3 3 (para-
thyroid hormone ,PTH) .

2. BIARARFIARE I 304 1 R
fili # & (patient-generated subjective global assess-
ment, PG-SGA) fl’E F2 A B 9 4E 43 (malnutrition-
inflammation score, MIS) - i , PG-SGA i £ & H
PELL S B 55 N GUVEA PR o4 1, Ferp R 5 A%
FET 0~4 53, 0w 5B E LT 0~2 43, AR LK
RS S AR KA T 0~3 4, B e M 94 14
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7.813, 95%CI: 2. 710~22. 522, P<C0.001) . 4K [ &
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3.622,95%CI: 1. 619~8. 102, P=0. 002) .PTH=600
ng/L (OR=3.969,95%CI: 1. 350~11. 665, P=0. 012)
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Tab 1 Comparison of clinical characteristics between the modeling group and the validation group[7(%) |

iH A (n=252) BEA (2=108) Y 1H P
ARy 0.027 0.869
<80 % 154(61.11) 65(60.19)
=80 % 98(38.89) 43(39.81)
el 0. 487 0. 485
5 166(65. 87) 67(62.04)
@ 86(34.13) 41(37.96)
BMI 0.309 0.857
<18.5 kg/m? 137(54.37) 59(54. 63)
18.5~24. 0 kg/m* 100(39. 68) 41(37.96)
>24. 0 kg/m? 15(5.95) 8(7.41)
FEE WA 0. 809 0.368
<5000 JC 113(44. 84) 54(50. 00)
=>50007C 139(55. 16) 54(50. 00)
AR 0.769 0.381
IR LT 132(52.38) 62(57.41)
mE L 120(47.62) 46(42.59)
Tl 2 7y 0. 021 0. 884
Wi 7155 5 86(34.13) 36(33.33)
55 8h 166(65.87) 72(66. 67)
TE ARG 0.570 0. 450
L 189(75.00) 85(78.70)
KU/ B 5 63(25.00) 23(21.30)
EINIGIL 225(89.29) 97(89.81) 0.022 0.881
FaRAS S 0.314 0.575
o] 34(13. 49) 17(15.74)
LRE(iS 218(86.51) 91(84.26)
BEAR AT 195(77.38) 91(84.26) 2.190 0.139
e I 83(32.94) 30(27.78) 0.934 0.334
BRI 43(17.06) 17(15.74) 0.095 0.758
1= IR AR 50(19. 84) 17(15.74) 0.839 0. 360
NNIIKER VT 61(24.21) 28(25.93) 0.120 0.729
Gi9753 120(47.62) 54(50. 00) 0.172 0.679
AR 128(50.79) 59(54. 63) 0. 446 0.504
M IR o £ 25 159(63. 10) 74(68.52) 0.974 0.324
' R AE 16(6.35) 10(9. 26) 0.955 0.328
2 AR 59(23. 41) 20(18.52) 1. 057 0.304
15 3 AT 198(78.57) 80(74.07) 0. 869 0.351
BT[] 0.561 0. 454
<121-H 172(68.25) 78(72.22)
=121H 80(31.75) 30(27.78)
BRI 0.353 0.553
<3/ 97(38. 49) 38(35.19)
=3/ 155(61.51) 70(64.81)
3T AN A P BT A AR 64(25.40) 28(25.93) 0.011 0.916
BRI 0.653 0.419
<2000 mL 140(55.56) 55(50. 93)
>>2000 mL 112(44. 44) 53(49. 07)
Kt/V 0.007 0.934
<1.2 57(22.62) 24(22.22)
>1.2 195(77.38) 84(77.78)
EARREEEAANL 164(65. 08) 70(64.81) 0. 002 0.962
EIA R 0.272 0. 602
5] 159(63.10) 65(60.19)
ik 93(36.90) 43(39.81)
hs-CRP 0. 490 0. 484
<3 mg/L 108(42. 86) 42(38.89)
=3 mg/L 44(17. 46) 66(61.11)
Alb 0. 092 0.762
<35g/L 145(57.54) 64(59.26)
>35g/L 107(42. 46) 44(40.74)
PA 0. 009 0.926
<0.32¢g/L 111(44.05) 47(43.52)
=0.32¢g/L 141(55.95) 61(56.48)
Ser 0.013 0. 908
<1000 pmol/L 130(51.59) 55(50.93)
~>1000 pmol/L 122(48. 41) 53(49.07)
PTH 0.014 0. 906
<2600 ng/L 204(80.95) 88(81.48)
600 ng/L 48(19.05) 20(18.52)

1 : BMUATREFSEG K/ V N IRETE A hs-CRP Rl C RV AR A s Alb R AR s PA IR s Scr ML ILUEF s PTH A HUARSS IR
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R2 AR NE TR RAUAVE IR IE 5 AL IR ORE LS B (%) ]
Tab 2 Comparison of clinical characteristics between the malnutrition group and the normal nutrition group

within the modeling group[2(%) |

E| ERARY (n=138) BRIEHH (n=114) 1 Ai P{H
AR 13. 847 <<0. 001
<80 % 70(50. 72) 84(73. 68)
=80 % 68(49.28) 30(26.32)
51 1.850 0.174
5 96(69.57) 70(61. 40)
@ 42(30. 43) 44(38.60)
BMI 25.572 <0. 001
<18. 5 kg/m? 94(68.12) 43(37.72)
18.5~24. 0 kg/m* 41(29.71) 59(51.75)
>24. 0 kg/m? 3(2.17) 12(10. 53)
FREH WA 1.697 0.193
<5000 7% 67(48.55) 46(40.35)
=50007C 71(51. 45) 68(59. 65)
Ak 0.336 0.562
W E L 70(50.72) 62(54.39)
LSS 68(49.28) 52(45.61)
B 7 0. 601 0. 438
ki 155 2y 50(36.23) 36(31.58)
#1558 88(63.77) 78(68. 42)
TR 0.021 0. 884
=g 103(74. 64) 86(75. 44)
KU/ B 5 35(25.36) 28(24.56)
EINIGIL 121(87. 68) 104(91.23) 0.821 0.365
(IR S a 2.928 0. 087
= 14(10. 14) 20(17.54)
% 124(89. 86) 94(82. 46)
B AR SE AT 101(73.19) 94(82. 46) 3. 064 0. 080
e I 47(34. 06) 36(31.58) 0.174 0.677
AR 35(25.36) 8(7.02) 14.845 <20. 001
1 g LA 29(21.01) 21(18. 42) 0.264 0. 607
NN IRV 35(25.36) 26(22.81) 0.222 0. 637
IR 72(52.17) 48(42.11) 2.537 0.111
AR 76(55. 07) 52(45.61) 2.235 0.135
R IR o £ 2% 94(68.12) 65(57.02) 3.302 0. 069
BB A 11(7.97) 5(4.39) 1.349 0.245
L] 33(23.91) 26(22.81) 0.043 0. 836
1 18 AT 108(78.26) 90(78.95) 0.017 0. 895
75 Hr it A 7.677 0. 006
<12 H 84(60. 87) 88(77.19)
=121 H 54(39.13) 26(22.81)
BT 6.928 0. 008
<3/ 43(31.16) 54(47.37)
=3/ 95(68. 84) 60(52. 63)
3T 1A A BT A AR 48(34.78) 16(14.04) 14.183 <<0. 001
HBYE 0.353 0.552
<2000 mL 79(57.25) 61(53.51)
>>2000 mL 59(42.75) 53(46. 49)
Kt/V 28.950 <20. 001
<1.2 49(35.51) 8(7.02)
=>1.2 89(64. 49) 106(92.98)
AR ERARN 115(83.33) 49(42.98) 44.726 <0. 001
AU 13. 621 <<0. 001
= 73(52.90) 86(75. 44)
ik 65(47.10) 28(24.56)
hs-CRP 6.729 0. 009
<3mg/L 49(35.51) 59(51.75)
=3 mg/L 89(64.49) 55(48.25)
Alb 12.118 <0. 001
<35g/L 93(67.39) 52(45.61)
=35g/L 45(32.61) 62(54.39)
PA 13. 132 <0. 001
<0.32¢g/L 75(54.35) 36(31.58)
=0.32¢g/L 63(45.65) 78(68. 42)
Ser 16. 031 <0. 001
<1000 pmol/L 87(63.04) 43(37.72)
21000 pmol/L 51(36.96) 71(62.28)
PTH 9.803 0.002
<2600 ng/L 102(73.91) 102(89. 47)
=600 ng/L 36(26.09) 12(10.53)

1 : BMUATREFSEG K/ V N RETESRAEEhs-CRP R C R AR A s Alb R AR s PA IR A s Scr ML ILEF s PTH A HUARSS IR
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Tab 3 Multivariate binary logistic regression analysis of malnutrition in elderly CKD patients receiving MHD [72(%) ]

PSS AE SEA{ Wald{l P{H OR1H el
TR B

R =80 % 1.473 0. 415 12.591 <<0. 001 4.362 1.934 9.842
BMI

18. 5~24. 0 kg/m? 0.716 1.032 0. 481 0. 488 2.046 0.271 15. 467

<18.5 kg/m* 2.015 1. 035 3.790 0.052 7.504 0. 986 57. 086
Wl PRI 1. 493 0.636 5.509 0.019 4. 448 1.279 15. 470
BT =124 H 0.826 0. 438 3.557 0.059 2.283 0.968 5.386
BT =3 IR/ 0. 362 0.398 0. 830 0.362 1.437 0. 659 3.133
AN H BT A R 1. 467 0. 485 9.161 0. 002 4.336 1.677 11.211
Kt/V<1.2 2.056 0. 540 14. 484 <<0. 001 7.813 2.710 22.522
EARE AN 2.197 0.476 21.326 <20. 001 8.997 3.541 22.857
BRI EE AR 0.559 0. 424 1.739 0.187 1.749 0.762 4.016
hs-CRP=3 mg/L 0.753 0.397 3.598 0.058 2.124 0.975 4.627
Alb<35 g/L 0.430 0. 402 1.147 0.284 1.538 0.700 3.381
PA<C0.32g/L 1.219 0.417 8.542 0.003 3.382 1. 494 7.658
Ser<<1000 pmol/L 1.287 0.411 9.819 0.002 3.622 1.619 8.102
PTH=600 ng/L 1.378 0.550 6.280 0.012 3.969 1.350 11. 665
g -6.934 1.335 26. 981 <<0. 001 0. 001

: BMIR IR TR 4 Kt/ V N IR ZH T BRAEE0; hs-CRP N &8 C KN 2K 15 Alb S F1ER 1 PA T F1TER 115 Ser b i WLET s PTH S FER 55 iR

W s VD S i 1025 7 5 CID A8 44 B s

(<<1.2) + 2. 197<E H R AEE AL + 1. 219XPA
( <C0.32 g/L) +1.287xScr ( <<1000 pmol/L) +
1.378XPTH(=600 ng/L) . ROC &7 w7, i
I MHD 3897 0924 CKD g kKA B R A R B
P2l il 26 F 1 FH (area under curve, AUC) =0. 893
(95%CI: 0. 855~0.931) , B Uk 21 K & £ % AUC=
0.880(95%CI: 0. 816~0.944) (& 2) . i<k 5
FRA LA B 47 (K1 3) . Bootstrap 5 &2 filiFE
TN EBEEE , AR ZH FNEIE 2H 1Y) Hosmer-Lemeshow
K 56 45 40 51 4 17=8. 096 . P=0. 424, x’=5. 226, P=
0. 632, A EEH RIF (B 3) . PeRith ka5 R} R
7, BERLTI MHD 697 1Y 2 4F CKD B35 K45 5+
AR E AR g X YRR, A BT R
F(E4),

it

i

MHD J& 1897 & AR W CKD B = 53557 vk 5
BT R, B A SR, SRR A
K XEAE N E K gttt &4 MHD &
BERANRRARR 23%~76%"" . AT,
R KU/ VU EARBEARZHGER KRR, KR
T, A G fa b DR 3R 4 2 Ak ok S FH R I R 7
TN T, BATHFs Ao ik, ARFIE A A O S

B8 DR 2, g A 8 XL A 7

AT R, it (=80 %) SHEIRIG =8 I A
RPN ASE SECIE S S SN € T L
— & HNAENLHITE T, g2 FENLN D, [
P i PR T M AT A B I AR, S s LA A 2
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