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Comparison of the application value of two prediction models in the pre-

diction of post—stroke fatigue risk in stroke patients
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Abstract: Objective To explore and compare the application value of post—stroke fatigue (PSF) risk prediction nomogram
and Web calculator program in post—stroke fatigue risk prediction in convalescent stroke patients. Methods The patients with
acute stroke admitted to the Department of Encephalopathy of a tertiary hospital from February 2023 to August 2023 were
prospectively selected, and the nomogram and Web calculator program were used to predict the risk probability of PSF in
convalescent stage. The area under the receiver operating characteristic curve (AUC), Hosmer—Lemeshow goodness—of—fit
test, and clinical decision curve were used to evaluate the discrimination, calibration, and clinical utility of the two models,
respectively. Results A total of 282 patients were included, of which 128 had PSF, and the incidence of PSF was 46.89%.
The AUC of the nomogram and Web calculator were 0.687 (95%CI: 0.624-0.749) and 0.743 (95%CI: 0.683-0.803), respec-
tively. The Hosmer—Lemeshow goodness—of—fit test showed that the nomogram (}*=8.357, P=0.213) and Web calculator pro-
gram (y’=4.467, P=0.614) were well fitted in stroke patients. The clinical decision curve analysis showed that the nomogram
and Web calculator program had clinical benefits in the range of threshold probability of 0.35-0.81 and 0.33-0.88, respec-
tively. Conclusion The nomogram and Web calculator program can effectively predict the PSF risk of stroke convalescent pa-
tients, and the Web calculator program is superior to the nomogram. However, the future Web calculator program model still
needs to be further updated to balance simplicity and accuracy, thereby improving its clinical applicability.

Keywords: Stroke patients; Post stroke fatigue; Predictive model; External verification

ESTE. | PO AR X T E TR [ 22 SRR (GXZYA ki 2 v S 5% 57 (post—stroke fatigue, PSF)J& —Fli £
20220065 )5 ] P P R 227 2= U A8 i BT T A A 3 YRS s RIE I ERADA ARG 25 AR, 255
T H (2022A010) ;| P4 & 25 K245 | JHE - RIF R sh 3 4 IRy 2K B 5 AN B 2R L35 28 17 A5 (4 0 B0 P o 25

15 H (2023BS055)
J&21, PSF J2 B UL I ARE 2 — , R R
PR 4 B1(1904—), 50 B LAeE BRGETT - R 4E A Wity o ° PoF el %/J“E'/H{C FAEZ e Ik
Bt TR 48901, I FEELRZIR A R A AL AR AR

BEEE  DBF, E-mail:396793934@qq.com



- 1162 -

AR P27 2024 4557 51 4255 73] Modern Preventive Medicine, 2024, Vol. 51, NO. 7

ANA T B, S AT AR, TR PSE LI
WU TAG , U PSF A 87, 2 FEAIR PSF & 31
SCHEPRAT . PSF XU RN UL PSF 119 229 [H 2
filt, AR AR S PSR Sfe T A v £ A Ok R A
PSF FHEARD, H |, &k 2= ST Su 55012728 A1) H]
logistic [B1H 43 BRI EE T PSF JXURS: T 41 £ 1 F Web
THRART . NAREIESZ 08 TARRAE T T m AR
(area under curve, AUC)ﬁ’?JUﬂ\] 0.711.0.762, B B 4
DX o AE F R W PO ASE Y 24 0K A T AR S IE
W TC PP A AT RS AR P AN AT 2 A , S e Il R R
FH o A A R] T ASE I T 68 5 90 £ X R AU 6 7 7
SN B EARS AT B AT LB E AU, SRS
AU B AL TE P A L AN R 22 SR g ik 1 T3
DAL TG R S B . PRI, A9 ] i 1 81 2k [
1 Web &R X A rPiR S ) 7Y PSE 2B K
W AT TN, F PSR A B R B v i) 00
e, LR AR A 04, , LI S A (9 4 1o 42
PESCER LA

1 AMSHE

11 BFRBGHEA ARG RIIEME . WM
1.2 BrRAT% R B WL, BEICE = F B
i B 2023 4F 2—8 H IR 1Y £ 3k il MRI 5% CT iF
SR AR 282 2 R SN S . 12 Wi
RS (P A 2E i A 2 W 2 55 201911,
PAARE: (DR =18 2 ) FERE, AES
ARG ; (3) KR <14 H. HEBRARE: (1) K4
HRT R AR ST 5 (2) 2T 3 A4S H A AR 5L
(3FFAEE T ) USE 838 GAFIRERS A, sl A7 fe ™
TR, ARREC A 7 T 5 A S 2T &
(4) BRAT A7 B AR B RS | D002 2R G0 15 I 3R e 50
IR B, B I E R 5 (5) 9 D BRI SE A m bl
ViR VI o AP R R (i /R B2 H ) e
MIF8 ST 5 AT, 28 VU B 2R — B R B B =
A PRZE 51 25 (GXZYA2022-031-01) [A] &, BT A WF5%
X5 A B S 5158 T 40T RS R 5 .

1.3 BT A (1)PSF 520 K RV )35 i o
F AATICTE A R s B A s A R
RLFIAEWS PRSI VIS5 A RIXE APARIRAS A
HH IR PRI A T AL i S AR
T (2)PSF JXUSG: TN 51 £ I 5] 2 Pl b A S 3
J7 2, GRS PR MARIRAS A JE £ A
TR T, WL 1. PNERERIIE s AR A Y AUC Sy
0.711 (95%CI: 0.645 ~ 0.778). (3)PSF XU i Web
THA AR PR — P L G Web F2 )7, 38 338 5% https:

/lyasu2020.shinyapps.io/dynnomapp/, TEZ&H AR A5
BRI SRAG A R 1 PSF XUBSHAE, IS R 3 1
S VSRR ST AR R SDARIRAS 2R b RiE AL
PR E TS T PR N BRI s, AR B Y
C—index 2} 0.801(95%CI: 0.700 ~ 0.902), [X. [&] % iF 45
A C—index 4 0.762, (4) Y757 ™ S5 153 (fatigue
severity scale, FSS)J& 32 [El. Uy P20 1L FIAS Hr 4 B
Ze bRz KA o 2 B 2 IR Al T B8 55 DAL A
FSS SR IR T 41, =4 4y IE55 A5 50w %
55 B E, 0L A B Cronbach o 224 0.929™, 75
ik PSF J5 I RAFAME R

SHiE

i

BEIRAE

WO URSER

FLATIEINA

B4

PSFRAEH

1 PSF ZI£k & s 7y

Figure 1 PSF nomogram prediction model

1.4 TR E T & ARBEFEUKHE PR RL A Y T
WA BAT B A ) 4, th 2 BRI EsE 8 T4
TR TEBEIIE] I HIS HL 5 107 2R 48 R4 SC
B AL rh & A T A 7 L AR AR R RS AS:
A BB TEIR I KA PSF MM . BEDTEES 3
A AER T BEIKE ], d 2 B a5l
FSS 5 RVEAG A 8 e 3 D H JE 8998 55 IR 10
(FSS1853). L NBATEHR A 2 — A8 47
gttt

1.5 %it# 7 Hl SPSS 26.0 B TEE 4T,
IERD AR TR (v £ s WREZE IR, 4] HLEER
FH ¢ K55 R AT BORER I LM (Pas, Prs) 132
7N, 2H 18] FE R R AR 305 RO R [n (% ) 136
7N, 2] FEBER 2 K . SR 1000 ¥R Bootstrap H 4
FE X BE A E AT AR ik . i R 4.1.2 B
pROC L2l F 1A AR (1) 3238035 TAEFFE (receiver
operating characteristic, ROC) [t & Fl1 AUC . IIf FH R
TR e S B VR PR TSUIEL B O 246
F850; R DeLong 1% AL AUC 17 HAR,
PEARASEAY [B] T BB 147 TC 22 57 5 6 rms A2 A5 Y
IR HER 2R, K Homser—Lemeshow fELG 1 2 6 56
PR AR A HERE 5 B rmda BTS2 AR (1)
Il PR P2 128 43 BT (decision curve analysis, DCA)] . 2K
FHRUMAS S , 45 507K IE 2=0.05



BRTIR R~ 2024 4F55 51 4855 78] Modern Preventive Medicine, 2024, Vol. 51, NO. 7

- 1163 -

2 # R

21 BERATZF—MTA ARG 282 A rh
B9 Bl R RBET JF R EENLC ) R R
SEEIRR VT, & dt 273 FlEAT 5047, PSF &A%
H 46.89% ., Ho, B o171 ], 4102 5 AR K
(67.40 £ 10.73)% . —MFORHLE R, PSF 4R H 2
PRI D7 A A PR E PR R A b s AR
B WL/ RE EE 1) e Age 7K P34 F NPSF 41 (P<
0.05); 151 IARIR A A b5 A9 i i B B8
A, 2R TG X (P>0.05). WK 1,

22 BARHE SR ROC L FFhs £ ) [X
GYEEHATANIE SR . Sk B Web R8T 7EST
ERIIEATET 1 AUC 230918 0.687 (95%CI: 0.624 ~
0.749)11 0.743(95%CI: 0.683 ~ 0.803), % Ff] DeLong 72
XTI AUC (HHE T LUER, 455 WoR B A 2
SRG 5 L (2=1.531,P=0.126>0.05), FI|Z&E Y
R AR ECH 0.293, Sl FHE N 0.592, REE
FIVER S 20 5114 0.500.0.793 s Web H8 2572 5 1Y %
KAEIEH 0.416, T AT FE N 0.438, RAEE
TR LS54 0.609.0.807, LI 2.3 2,

R PLURE BRHE (2 £5), n(%)] S
Table 1 Comparison of general data between two groups of
patients[(;cis),n(%)] =
5 PSF 41 NPSF 4 . .
(n=128) (n=145) ,
ERY(R) 69791143 6530 +9.64 3.523 <0.001 ,}& 3
51 0.633 0.426 B
L] 77(60.16)  94(64.83) = 9
Bs 51(39.84)  51(35.17) -
LPEBIES 78(60.94)  26(17.93) 48.491 <0.001 gt |
T A PRI X 53(41.41) 30(20.69) 13.378 <0.001 |
IARIR S 39(30.47)  34(23.45) 1.703 0.192 1 _ \N'V:rzocga[';z'}ar:;g;fg’am L
ISR 34(26.56)  33(22.76) 0.530 0.466 ' I ' ' ! '
RS 91(71.09)  96(66.21) 0.751 0.386 100 80 €0 40 20 0
BT S 6046.88)  38(26.21) 12.356 <0.001 R (%)
BEAERE g 62(48.44)  38(26.21) 14.134 <0.001 2 P PSF JRUSS: BOIA T SRR EEIER ROC HHZk
AT Figure 2 ROC curves of external validation of two PSF risk
i 39(30.47) 12(8.28) 19.554 <0.001 o
L E prediction models
F 2 PP PSE XU T DU Y A AH DG 0 g bRt
Table 2 Results of related prediction indicators of two PSF risk prediction models
FEEHY AUC(95%CI) PiE I SHE R FERIE WERIRE  PHMETUNAE BAMERONE 2988k
BIEEAE] 0.687(0.624 ~0.749)  <0.001 0.592 0.793 0.637 0.633 0.640 0.293
Web T34 T 0.743(0.683 ~0.803)  <<0.001 0.438 0.807 0.714 0.736 0.701 0.416

23 BAREE K Hosmer-Lemeshow HIE 1L E
K 56 PFAST PR RS (R MERE 71 - Hosmer—Lemeshow
B PCEER IR R | 51 2 P T A R A S Al 1
JCHA 22 5 (°=8.357,P=0.213 >0.05); Web 115 &5 2
JF 11 000 AR 5 R0 S PR ME 256 TC BH Wk 25 57 (P=4.467, P=
0.614>0.05), &R ZE K F1 Web A28 FR T AE2E
BE T RIEE R, ZINTRARSE R 2%, Web 1
SRR YA T A R R A T A< ik &2 10 2B R A
PSF J5 2 B0 B4 A v fE

2.4 FAWIERZA T R 4.1.2 B mmda £
THHE IR AP DCA K, “None” FE/R20 A )
AR NPSF H RS TG R T-HUG YT, ik 5
05 “All” KRR 7R B PSF H A2

TIRRTHAIT, ke RPR R RE R R R, X
2 SR T T AT AR AN R AR VS . 7E B
0.35 ~0.81 yuREIN, FILERERLEE T “None” Hl
“AN”; TEBIMERR 0.33 ~ 0.88 JL N, Web 11 E 25 LT
MR TN “None” I “All”, H 71 PR A s U
Y HA —ERIGRZS . H Web M4 FEFA H 5
() BRI AE SRR R i . DL 3,

3 i i

31 FPBELRAPSFHRLERS AR TH, %
TR I B PSF R AER R 46.89%, 5 REEREAE

AT FEAS RIEA —B AT R IG5 U A 1Y 51.40%,
] RESABEIEXT R AYZE AR ] (14 ~ 90 d)%E T 2%



- 1164 -

AR P27 2024 4557 51 4255 73] Modern Preventive Medicine, 2024, Vol. 51, NO. 7

IG5 4051 3.00(0.00 ~ 8.00)4E A 3, (H 5 BEA:HF 5%
toigh 58.(23.3% ~ 74.2% ) A HE , AT 4 P 25 i 155 7K F- o
FEHFE A AW A AR IR [ (67.40 £10.73) %
BER WURAFAERA T , B WL S i o8 K
18T B8 T 2 V3% sl 07, ] A v R B ) kA
125 P 4300 25 L RN AR 252 1A AR 3R /K T 28 7 o 9 57
FEPRIS, PRI, A rh i S 0 s o B e 1Y) PSF A
R, POREP TR PSF & A X I kT
FH, DIHERE PSF (1) & A= A/ b Hou 25 v g 5 1
J A IR

1.0

Web calculator program model
—— Nomogram model

= All
b — None
i @
it °
i
e S
i

o™

o

o

o

L 1 1] ] J
0.0 0.2 04 06 08
[ {E

B3 Pl PSF A BIAL ) DCA
Figure 3 DCA of two PSF risk prediction models

3.2 A PSF RUeTRM AL A LA W 442 % 0 T
e ARRISNAREG UE BB AR XA AU,
DX 73 B R S WA Y [X 73 BE T 445 , AUC AE 0.60 ~
0.75 Sy P DX 3 BEPO, R RE T Sz RASERRY f18 28 X IR
UM HER , BASRYSIOINAE 32 5 SR e A AR 1) —
FRREEN 5 DL Hosmer—Lemeshow 0510 FE K 56 P>
0.05 FRMUERE BAF . ABFGTAMNBIRIE B , 511 £ 1A
F Web HHRZFEFA) AUC 43514 0.687 .0.743 A H
BB IE , X 73 BE AT BT T K, ABATS 1 > 0.6, 2 ] A Y
BAPERERN XD, AR5 Hosmer—Lemeshow
LAV RER IR A5 R W7 | AR A fr Bt (i 0 S om W
DU ) 22 5538/ NP> 0.05) , 72 B P 78 (14 JXURS: 75
IR R A v RCTE B R AR, BRI Web 1
AR R B AR, 73532 0.500.,0.609, B A7 7E
B BB  HH L N FRGAIE , SN ERESIERY AUC FiI
R X AT B8 5B R TR 4R A EA
[ AR AR IEA O AR IR TIEIE 2 ] A B A
Bl , WO A TR PN 8 R = T MRS UE ,
DPERE = A2, R, 47 PSE XU Tt s £
it LA SR

8.3  FAT PSF R TRM LA 69 16 R AR RAF, X
it A Web i+ H 5425 Han G2 F5 04 0 A5
U2 A0 FH S PO A P v [l o B A ] LA 32
IR 55 o SRTTT, H R R 222 A SRR AL A F500

HERATE | B Z USSR (Il RIS FHAE R RLE I TR iz
Ja B BAR IR . 514k I & AR A PR IR
ARAS A JE PR S DU TIRN PR 7, 9 B A e A
b2 F B NG PTG TR, HH AUC FIR
BRORE AN, EL A T (o 1 () B A e 7 50 4 ) o
PE. Web THEERFEF GG 5 2R IA% 57 W 1R
ME AR A bR B LB e 55 A~ T -,
WA AV MIFEER, —E B S mBES A
BPERE TR, {2 Web THEZSRF R AUC, REL
JE RS R R T A R, BT A i T
BUHE. BLA, Web THR#8 R P8 B e i 099 i -5 o)
REE AT AR RN AR 3 B g 15840 23 il PR £ Bl
B & X 7= A ) PP A (), S L (s
I A M . R PG T 3 BRI R AR £, AT
FE51 A DCA SKITAL PSF XU T AR 7Y 7 11 P Y 1
FAPERS 25 , SR R BB N BRI IR i B R 2 1
IR RPERR, DCA Bs , FEBIAE% 035 ~ 0.81 F10.33 ~
0.88 JLREIN, 2 BIF|FH AL A Web 3144 25 A5y 7l
AR Fr R 55 1 R B PSEXURS: I e i J2 75 2R BURH 7
TR it ELAT N A, T B B A B R
PRIt iz B F ik as , Hh Web MR SR A
LRI RIS M Rosliss . AL, @ =3 A Gk i
Il R ZE1E H Web THRARFET, [FIRARR AT — 2
TR A A, S A M AT RO =
A

AWFFERIL, WD PSE XU FASE 71 B AT rp 45
FREER X AR | Bl BRI RS , A
FITF R PSF @ e . ARSI R, Web
HAEZFEFH AUC(0.743)F1 DCA BIHEZ(0.33 ~ 0.88)
PIRFHNLL I, a8 e FH 1000 5 R o A I RSO
BAFHY Web TR o (HABFFRAEA BN, 7 REAF
TEER TR AAT o ASK, AT KEEAR AT 2 b S P pF
5% S TR REHE BASBF SE T, F R E % WY 5
AR A B AR AR B 1) 52 36 2 8 AL eI B0 IE PSF
ARG TRIAR AR, 4 28 5 X Web 1R AR FE Y LAEF)
s ARAE) I, 2 B 4P A G RO SR R T i it
S FK PSF AR,
I N O NS (P IR LI

S35 30k

(1] EAAS, BRI, B0, 5. s K e S B sl A s
6L AL EF) MR )], AR, 2021,24(17):
2214-2217.
Wang MJ, Deng YF, Zhou X, et al. Interpretation of the Canadian
stroke best practice recommendations: mood, cognition and fatigue
following stroke [J]. Chinese General Practice, 2021, 24 (17):
2214-2217.



BRTIR R~ 2024 4F55 51 4855 78] Modern Preventive Medicine, 2024, Vol. 51, NO. 7

- 1165 -

[2]

[4]

[6]

[8]

[10]

[13]

FEIR, PNE I, B, 5 A SR ST I PR I A AR
2022,30(7):544-550.

Cui P, Sun Y], Zhao X, et al. Post—stroke fatigue [J]. International
Journal of Cerebrovascular Diseases, 2022, 30(7): 544-550.
Alghamdi I, Ariti G, Williams A, et al. Prevalence of fatigue after
stroke: A systematic review and meta—analysis[J]. Eur Stroke J, 2021,
6(4): 319-332.

English C, Simpson DB, Billinger SA, et al. A roadmap for research
in post—stroke fatigue: Consensus—based core recommendations from
the third Stroke Recovery and Rehabilitation Roundtable [J].
Neurorehabilitation and Neural Repair, 2024, 38(1): 7-18.

Paudel SK, Rolls K, Green H, et al. Prevalence and impact of
poststroke fatigue on patient outcomes in the first 6 months after
stroke: a systematic review and meta—analysis [J]. The Journal of
Neuroscience Nursing: Journal of the American Association of
Neuroscience Nurses, 2023, 55(5): 178-185.

Aali G, Drummond A, das Nair R, et al.Post—stroke fatigue: a scoping
review[J]. F1000Research, 2020, 9: 242.

Collins GS, Reitsma JB, Altman DG, et al. Transparent reporting of a
multivariable prediction model for individual prognosis or diagnosis
(TRIPOD): the TRIPOD Statement[J]. BMC Medicine, 2015, 162(1):
55-63.

R, BRI A S 5T B P SR R g 2 K A
[J]. *RAREE2AHSE,2023,21(4):139-143.

Gao YY, Lin L. Construction and verification of the nomogram
prediction model of post—stroke fatigue [J]. Chinese and Foreign
Medical Research, 2023, 21(4): 139-143.

Su Y, Yuki M, Hirayama K, et al. Development and internal
validation of a nomogram to predict Post-Stroke fatigue after
discharge [J]. Journal of Stroke and Cerebrovascular Diseases: the
Official Journal of National Stroke Association, 2021, 30(2): 105484.
Ramspek CL, Jager KJ, Dekker FW, et al. External validation of
prognostic models: what, why, how, when and where? [J]. Clinical
Kidney Journal, 2021, 14(1): 49-58.

AR 2 o P 2 A0 2 , TR BR A 2Pl 20 00 23 I L
. hES R TN IS W S 20190]. AR
43k, 2019,52(9):710-715.

Chinese Society of Neurology, Chinese Stroke Society. diagnostic
criteria of cerebrovascular diseases in China(version 2019)[J]. Chin J
Neurol, 2019, 52(9): 710-715.

Hinkle JL, Becker KJ, Kim JS, et al. Poststroke fatigue: emerging
evidence and approaches to management: a scientific statement for
healthcare professionals from the American heart association [J].
Stroke, 2017, 48(7): e159-e170.

FRAE, M, (AR, 45 2T S Tl TR AL I 2R )]
A dP IR, 2023, 58(1):46-54.

Zang S, Cui Y, Ni CP, et al. A scoping review of assessment tools for

[14]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

post—stroke fatigue [J]. Chinese Journal of Nursing, 2023, 58 (1):
46-54.
WREEEE , RZ50, MR L. S PR P i A o S8 s vl v
AR B 2 T AT AR R S AR R S5 I OC R 1] PR R
£,2022,17(10):1491-1495.
Chen BC, Wu XW, Chen YH. Changes of serum soluble cellular
adhesion molecule levels in patients with acute ischemic stroke and
their relationship with post—stroke fatigue[J]. China Medicine, 2022,
17(10): 1491-1495.
SIGUh AT, EAL. B H FRALAETE 2 AR A o R SR
A S VRS A TP S 95 R A R RO ()] B BREAR,
2021,28(17):64-69.
Wu QD, Zhou J, Wang S. Mediation effect of rehabilitation
self—efficacy between post—stroke depression and post—stroke fatigue
in elderly patients recovering from stroke [J]. Journal of Nursing,
2021, 28(17): 64-69.
R, R0, T A o AR RS R 7 RO R MR S
Meta 7M4T[J]. HE2FHES:,2024,27(3) :364-374.
Xue C, Li J, Fang Q, et al. Prevalence and trends for post—stroke
fatigue in China:a meta—analysis[J]. Chinese General Practice, 2024,
27(3): 364-374.
Coletti C, Acosta GF, Keslacy S, et al. Exercise—mediated reinnervation
of skeletal muscle in elderly People: An update[J]. European Journal
of Translational Myology, 2022, 32(1): 10416.
(AT S I Ve S I N L DRI S e i DS AL ESE S
BETEHEREL). I RIS AE 2021, 34(3) :223-226.
Ren SQ, Zhang Q, Dai YX, et al. Research progress on the
pathogenesis and influencing factors of physical fatigue after stroke
[J]. Journal of Clinical Neurology, 2021, 34(3): 223-226.
Binuya MAE, Engelhardt EG, Schats W, et al. Methodological
guidance for the evaluation and updating of clinical prediction
models: a systematic review[J]. BMC Medical Research Methodology,
2022, 22(1): 316.
Alba AC, Agoritsas T, Walsh M, et al. Discrimination and calibration
of clinical prediction models: users' guides to the medical literature
[J]. JAMA : the Journal of the American Medical Association, 2017,
318(14): 1377-1384.
Ho SY, Phua K, Wong L, et al. Extensions of the external validation
for checking learned model interpretability and generalizability [J].
Patterns (N Y), 2020, 1(8): 100129.
Han QY, Hu ZD. Clinical prediction model construction and
evaluation: a challenge for clinical researchers [J]. Ann Transl Med,
2020, 8(4): 74.
Vickers AJ, Holland F. Decision curve analysis to evaluate the
clinical benefit of prediction models [J]. The Spine Journal, 2021, 21
(10): 1643-1648.

Yo B3 :2023-07-15



