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Abstract

OBJECTIVE: To construct and validate a predictive model for the trajectory of disability-free life ex-
pectancy in middle-aged and elderly populations. METHODS: Utilizing panel data from the China
Health and Retirement Longitudinal Study (CHARLS) database, individuals aged = 45 years with
complete follow-up records were included as study participants. The cohort was randomly divided
into a training set (n = 7826) and a validation set (n = 3354) in a 7:3 ratio. Data preprocessing, in-
cluding data cleaning and feature engineering, was conducted using Python. A Long Short-Term
Memory (LSTM) model was employed to construct a trajectory prediction model for disability-free
life expectancy. The SHapley Additive exPlanations (SHAP) values were utilized to assess feature
contributions to the model’s predictions. Model performance, including goodness-of-fit and predic-
tive accuracy, was evaluated using the area under the receiver operating characteristic (ROC) curve
(AUC), and external validation was conducted using the validation dataset. RESULTS: The preva-
lence of disability increased from 16% in 2011 to 24% in 2020. The AUC for the training set was
0.788 (95% CI: 0.603~0.798), with a sensitivity of 81.3%, specificity of 86.2%, and a calibration
curve closely aligned with the ideal curve, yielding a Brier score of 0.115. For the validation set, the
AUC was 0.745 (95% CI: 0.668~0.865), with a sensitivity of 83.9% and specificity of 85.5%. SHAP
analysis indicated that key predictors of disability status in middle-aged and elderly individuals
included age, number of chronic conditions, presence of arthritis, sleep duration, and gender. CON-
CLUSION: The trajectory prediction model developed in this study demonstrated robust predictive
capability for disability-free life expectancy in middle-aged and elderly populations. This model
holds potential for supporting early prevention and decision-making in care management.
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1. 5|

H 2000 FHREFENZRAAE LUK, ZRAHFEARWINE. #E5iT 2019 £ EF 2.54 {0 NERTE
60 & EkLL E, FiitF| 2040 4F, X—H A 4.02 12, 295 BN 28% [1]. BEEZEL N TG
Ko, WFEEIT VEUR I T SR ARG 0, i e B A E A R T AR DR PR D B A 2 1) . AR ) R AR
IR RGN T B2 ETE, AR A DR g BRI A T I Th R R i, AT e L TG e e fe R T
(disability-free life expectancy, DFLE) [2]. DFLE & X N/MARTE R A TR BAS 52 Thae M BR il IRPIRES T A
HHER BT BRI AR A A AR 2K 3]
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Sullivan J5¥% 72 H AT A4 55 DFLE Se# RO %, DRI THSRT A AR DR e R HL 2 T rem |3z N H [4]
TEAZ TR T AR T i % . BRIR R DA R, JF HALBE B R —BFA) DFLE 22 fbi&, Tk
WA 2 [B] 1) 22 I ELHME DU B RS 1K AR AL & 35 (5] 1T J 12 12 M 4% (Long Short-Term
Memory, LSTM){EA—FhE [ AL BRI (8] F7 51 B R R 22 I 2 A5, R e i AR 2R 14 AN B 2 I B S 81
IZ AT RIETRNEAL6] . PR, ASHIFFOR S T F v [ R 5 77 208 158 25 (China health and retirement
longitudinal survey, CHARLS) %4 i H 2011~2020 4F (W 4#E, J@id LSTM AL g v 2245 N TG Tl
FF R TR A . B E T T P A N BORAS AR A BE, YR SRR I v AU N, DA AT R
HITI, WD A, KA NI e T f A B

2. ZINEH*E
2.1, —PRER

AW T B R B B 4 EACR IR & ——CHARLS 35 e . I A AR M hlicsE 1 PR 45
B E LA A B S, A X R 2. SBrA@ BRI, Horp e LA T 2011
TR, PERE 2~3 HEIBEE 1 IR[7][8]. AHFFLLL 2011 4 R /E N3 HdE, 5 2013, 2015, 2018, 2020
SRR T BOE L R T W BA S . AHE Tk 2011 4 CHARLS 45 i Fh>45 % ) B e BB VT ¥ RH
HEENENT TG © PIANFRE: 765 DR B 510E; @ HbkbadE: 7E5AmE SR,
DA% [R] 71 B 5 A T 5 B = i 8 B 1 Nk

22. A%

221 ERTE

HF 70 F 1 32 R 4 e A e I [P 4 PP R BOIRAS 28 4E, 36T CHARLS $dfs 3 “ i BRI T g ”
NN H R SE R PORAS , AT K. . far. AT Am[3]. © WA 4% B Bk « %
WA W5E SCHTRIRAS: @ WRAEE— A& HIER A NAETIRE S 50 “A A, FHEAED”
222, MMEE

AHIE FERR Y AG 2 A 5 STk LA B %5 & 1) CHARLS $dis B O3 i 42k [0]-[11], el 4Eie . HEm. /2
FISEAY. 2257 ST M P26, 18 MR B, WO Wl B2y s iy BRI 1] 45 A T A &

2.2.3.LSTM =&

LSTM & —FhEE Bk I8 A 00 22 P 4% (Recurrent Neural Network, RNN), ‘& 454 1 3@ 24 i3 T8 i 2
SJEE, BUEET RNN IRRE, R R T I Thae, AR A SR 22 Rp A5 2 42 i 2508 1
i [12]. LSTM i 51 NI SN T 1A T RIALE], Re9% A ot il PR IO G &, T3 B
] 1) 1 21 v i B A BN A8 . LSTM AR o T 42 K S AT A AR 6 00 R I A% 00 A SN BB I8 S T T
BATIA T, a1

c = f *c_, +i, *c, (1)
Hor:

C, A 2 HIT I [A) 25 1) B e RS

fRIBRETT, Bl B ARSI SR,

Coy R RNTT, M HHE RIS AT,

i, R CRE, RRFIIEE:
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* FIRBITCR AR .

2.2.4. Gt EHE*E

AHFFALEFH Python3.12 K JLiR & 27 ST HESE PyTorch2.50 Sk Sl 20 B FIAs R Ky 2 . I Python i
JRAGHE AT AR IE VAR AL B 0 TSR EEE, R 2 EAEANEREAT A B, DU R AR AR 1) e 4 1k
BT A BEE # O R AS 73 A, Bt DUASHIF ST () v 8 SRR A A 3R DU o Rr 880 R ,  THECBORER A e Al
BBk, W T adBE, TGRS AR, DAEERIR S IR R N R SR e, R
FAFRHEAG AL, DACRIEAE R USSR R R A HE R M . B YIRS, o P 58 IR 451 2K iRy ol A5 28 000 S
RAEMIRZE . LR Adam R1LES, 221 F 8N 0.001. AP b LA, HEASIZRd #2941 5] X\ Dropout
IENME, Hefly 0.2 R4 7:3 (LB 73 upe st AR AR 4L o L rb iy el B TR A B AN 2 40
R, OISR TSR Rz PR . fERLAI SO R, LRSS RS, O E Y 64,
T BN ZRd R A R A SR BT, IR TR AEIES: 10 YAoK B PR, ATkl
S, VORI AE AR 7 1 (SHapley Additive exPlanations, SHAP){H I H i e ek A A B o) 455 70 Ji ) 4%
B TTERAEE[13] . #3238 LAE451E (Receiver Operating Characteristic, ROC) i £& Al #h £& N 1fi £ (Area
Under Curve, AUC) R ITAL AL IR X 43 FE o R B FIRR S T3k — 25 VP AG A 2R AE BEAN I 8] 2500) TE AR IR
A FITRIARAS B T 5 5R

3. &R
3.1 BE—MIER

AWFFEILEIN T 11180 4 B, WFIHAE 2011 £, 2013 4E. 2015 4F. 2018 4EF1 2020 4F /M a4
RN VR AT G0, 45 S mT LS8 1 53 2o L B o 351, 20 54.3% 5 2otk 45.7% 9 55 1%
EE TR ALAERS M 2011 4E 11 57 B IBAER N4 2020 4E (1) 66 %, VR 1. %M 7:3 LLBIRENL > Ak 5
(n = 7826) FIEGHIEEE (n = 3354).

Table 1. General information about patients (n = 11,180)
F 1. BAE—RER(n = 11,180)

TH 25| 2011 4¢ 2013 4 2015 4 2018 4 2020 4

P % 6073 (54.32) 6073 (54.32) 6073 (54.32) 6073 (54.32) 6073 (54.32)
[BI(E 7%, %)] ] 5107 (45.68) 5107 (45.68) 5107 (45.68) 5107 (45.68) 5107 (45.68)

ﬁ@[i’s)';"(ma 57 (50, 63) 59 (52, 65) 61 (54, 67) 64 (57, 70) 66 (59, 72)
) YeZa) 1918 (17.16) 2028 (18.19) 1934 (18.28) 2114 (18.94) 2238 (20.70)
m e} 9256 (82.84) 9122 (81.81) 8645 (81.72) 9048 (81.06) 8574 (79.30)
NLLR 5126 (45.89) 5126 (45.89) 5126 (45.89) 5126 (45.89) 5126 (45.89)
AT N 2440 (21.85) 2440 (21.85) 2440 (21.85) 2440 (21.85) 2440 (21.85)
ZESRO) g 2370 (21.22) 2370 (21.22) 2370 (21.22) 2370 (21.22) 2370 (21.22)
Ll 1233 (11.04) 1233 (11.04) 1233 (11.04) 1233 (11.04) 1233 (11.04)
BRI (T Hfth 1091 (9.76)  1238(11.07) 1427 (12.76) 1820 (16.28) 1998 (18.48)
o, %) CLUs 10089 (90.24) 9942 (88.93) 9753 (87.24) 9360 (83.72) 8816 (81.52)
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04 3704 (33.16) 3183 (28.48) 2088 (18.69) 1708 (15.29) 1641 (14.69)

14 3391(30.33) 3311 (29.65) 2907 (26.02) 2548 (22.83) 2381 (21.31)

R R 24 2174 (19.45) 2327 (20.81) 2522 (22.62) 2368 (21.19) 2268 (20.31)

(A%, %) 34N 1093 (9.78) 1279 (11.45) 1697 (15.18) 1808 (16.19) 1809 (16.21)

44 499 (4.46) 626 (5.61) 1012 (9.05) ~ 1139(10.19) 1289 (11.54)

>5 202 (1.81) 274 (2.45) 515 (4.61) 761 (6.82) 774 (6.94)

g I 2672 (24.30) 3023 (27.29) 3691 (33.64) 4745 (42.45) 4878 (45.12)

R SR 9o 606 (5.46) 762 (6.92) 1048 (9.57) 1547 (13.84) 1731 (16.10)

S e 89 (0.80) 103 (0.93) 161 (1.45) 249 (2.23) 278 (2.57)

it 940 (8.44) 1067 (9.62) 1524 (13.76) 1959 (17.53) 1764 (16.32)

OBE 1235 (11.11) 1430 (12.9) 1962 (17.82) 2466 (227) 2580 (23.87)

R 226 (2.30) 278 (2.50) 393 (3.54) 915 (8.18) 951 (8.80)

MR 61 (1 45 K 147 (1.32) 165 (1.49) 255 (2.30) 379 (3.39) 357 (3.30)

R, %)] KATHR 3750 (33.61) 3989 (35.82) 5091 (467) 5020 (44.92) 4767 (44.10)

A 578 1049 (9.56) 1396 (12.95) 2019 (18.77) 2597 (23.24) 3040 (28.12)

JHF ik 55 373 (3.36) 463 (4.19) 717 (6.50) 824 (7.37) 824 (7.62)

(=RiIRz TS 587 (5.28) 714 (6.46) 1088 (9.86) 1196 (10.70) 1230 (11.38)

i 2512 (22.53) 2780 (25.10) 3673 (33.23)  3683(32.95) 3651 (33.77)

I i 95 427 (3.84) 456 (4.11) 627 (5.65) 758 (6.78) 807 (7.47)

RS 132 (1.18) 174 (1.57) 279 (2.52) 454 (4.60) 586 (5.42)

W KA ( 2 4> " 4196 (37.54) 4579 (41.01)  4785(42.81) 4659 (41.71) 4521 (41.82)

R, %)l 2 6981 (62.46) 6587 (58.99) 6393 (57.19) 6512 (58.29) 6289 (58.18)

PB4 = 7510 (67.22) 7339 (65.81) 7403 (66.28)  7631(68.32) 7238 (66.97)

R, %)l P 3663 (32.78) 3813 (34.19) 3767 (33.72) 3539 (31.68) 3570 (33.03)
BR77 3 i 9 1000 (300, 1000 (300, 1000 (200, 2000 (500, 2000 (120
e, M(P2s, 3000) 4000) 3500) 5000) 5000)

P75)]

HERI TR, 6.50 (5, 8) 6(5,7) 6 (5, 8) 65 8) 6(5.7)

M(P25, P75)]

3.2. BRAERSHEMNES

AT 11,180 4 B ELE S MR SARE MBI T LA, SRR SR 2 ZE A REHE. N
2011 “EBHRE LN 16%, 3| 2020 4F FFEL 24%, SonH— BRI ES, LA 1.

3.3. FUETRR B R AR

DUKE) S B 1) 6 355 AN [ IR 1) A AR BOIR AR (2011 4F. 2013 4F, 2015 4. 2018 4. 2020 4F, AN 1A
WA T ARSI NG R R, @i LSTM R B To ik U3 ar U AR . K 24 N
EAFNRFIEANRSAL SR T, SRR RS B . SO A AR 1] S5 A A5 2R T ) s R

%, K 2
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Figure 1. Trends in disability rates
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Figure 2. Characterization map based on SHAP values
& 2. &F SHAP {ERY4HEE

DOI: 10.12677/m0s.2025.141031 329 A ()


https://doi.org/10.12677/mos.2025.141031

FKRILFY 55

3.4. FhEETRAREY A SRS IE

etk R ROC M2k, HEAS M EERAL AUC = 0.788 (95% Cl: 0.603~0.798), HBUKEE N
81.3%, KFFIEN 86.2%, FKUHIZMAEA B X 4 BE SRR v, VR OLE 3. RevE Hh 2R 5 BEAR 2R A1
i, Brier =0.115, Ui ZARA TN GE S8y, VEWLIE 4.

ROC Rhik

EPAMEE (True Positive Rate)

BRE = 81.3%
HRE = 86.2%

02 04 06 0’ 1.0
fBRFHM 2 (False Positive Rate)

—— ROC BhZk (AUC = 0.788 (95% EIS[X[&]: 0.603 ~ 0.798))

Figure 3. Construction of ROC curves for centralized prediction of disability status
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Figure 4. Calibration curves for disability state trajectory prediction models
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3.5. FTTFRAE R R SRS IE

FRAE My 2 (R T AR A, s P36 SR BE (n = 3354)HEAT AN IGAIE -4 ROC #h4k, HE5 5%
WEE ) AUC = 0.745 (95% Cl: 0.668~0.865), UL 83.9%, K/ 85.5%, HrnitbiAlnf LLiR 5%
SARRPRES, VEWE 5. IS FBENLEL 100 4 B, B ET DY R EHE (2011 4. 2013 4E. 2015 4.
2018 “F ) N TR, 7531 2020 4 B TR AR 5 2020 F RS POIRES AT R L, 45 R BoR
98%MA (1 TN I AR B RS 5 LA R BOIR S TR FF— 8, TR LIE 6.

ROC HHZ%

EPAMZE (True Positive Rate)

BRKE = 83.9%
HRE = 84.8%

0.0 02 0.4 06 08 1.0
BRFHM4E3R (False Positive Rate)

—— ROC #hZk (AUC = 0.745 (95% EfS[Xid: 0.668 ~ 0.865))

Figure 5. Validation of ROC curves for centralized prediction of disability status

[# 5. IUEEEFFUNZEZIRZSA ROC Bk

HLESTHNERERS XL

N —e— HIE
= F n T -3 FE

BRS %

20 40 60 80 100

HAZRS|

0

Figure 6. Plot of predicted vs. true disability status
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4. 7Fig
4.1, PEFANBRKEBTHL

AW FE R CHARLS %4 2 (1) 2011 4R % 2020 414 5 40 1 2 v B b 2 48 A BRI AR Lk
B, GEREIR: 5 2011 R E 16%AHEL, 2020 R R R E R A 24%. Ui B BEE RS I K
PAK B PR THREI T B, 3G ImaRse R AE M mT REME, S PR TOR T A5 diy o 7 S0 DTk T 3 % 1 A
REWT AR N GO ZE NSRS S 5 B D AR T, sk 5 16 R A

4.2. PEF ATRERTAASF ST HURE

A T KL T4 1 TR AR KM A4 T T TR T 2 i I RO ASE 2R DRI w22 4 N AE AR K R B 23k N
BRPOIR . G5 R BoR: MRIIER A SE [0 AUC BN 0.82, IRAIF4ERT AUC A 0.745, FBIREALE B 4 I
(TR R [ 47 o [FIBF, A5 RUTE R MR RIRE R P L IR I3 531 > 83.9% 1 85.5%, YR T ATk BORASHIA
KT GE /7. NeumanndT 5K EE T 19,114 4 B E REWT I AHE, @I WA 3= I M5 I 7 5 S
L TR T e TR AL, L5 Ry VTN AL Y AUC 24 0.76. S METITIIAR ALY AUC 4 0.73,
SE LSRR FEARA14] . FEARSK, BN G AT I b 2B A T S NTE AR SR IEA I 8] S KR OIR S
PR e AU AT o P R TR i e, DARE A Hh 22 4 N TC iR T 25 i

4.3. PEFARERSHEELRE R

ARG R TR, FElh. SR EE. R BEIRE R DL H)2 R 2 N OREHES
AT TR ZR, 76 LSTM BEAY Aot T 25 SR i DR B A e e HLHR AR R P BRBEIR S s i e KR 3, 1K
5 Masahiro N 2545 R —8([11]. SZAEFHERPM, SR, AP 2 IBIL, Z4 NZEHIHLA
T CEEE RS RENREM T, XA AT ) B E ThRESZ IR S AL, XA AKE
SRR BRI [15].

BeAh, AR PR EE 1R S I ER IR A F T 8 ik, T B 10 5 DN R 2 AR B R L R B A T
PR S IS AR, R AT R . R TS AME FREN L, EEEEAL. REIR,
R A FLRE ) T RE[16]. AT IS R A, S R R — AN E BTN E R . O % 5] KA R R
Hl 7 ZENBRESIRE ST, HSBUILA R AL T RERIBAL[17]. FF R N e &, ™ H
H S G2 anAT A0 BB, AT S8 e 2 v BB 2

Luo MJ %5 [18]WF 7t 45 i 7R 25 /b 7 /N B AR F) ) 1) 5 B A TH BE R A R vT BEPEAT 5%, SARHI 7 (1 45
—3o RN MENRFRSEIT 8] 75 R (g B ) AR BRDIRE R B Pl B X E MR, SV TR .
OV B R P RE AT e XU RS B AR 5%, AT B I B () R A 3o Rt o7 o it R £ B IR ) 463
APREE, e BEAR A W A 2 RN, SRS T b ) B AR R AT T

“CPER S R R AR Lo MEAE T SRR SRR R, A A IR A SR I [ AT R
IR 5], X EGATE T RIS FARFE— 51X 0T AR 10 SR IR 2 2o 52 3 46 22 i Jis 1) 3 KPR 6t Th
IRIFHIFEMR,  TEZ AR B2 5 B FT R S e 10 o DRI LA St e ) £ R O 55 M
FEANYEA: 2 D BIh TR, LA S IR (B I T e

5. B4

AHFFEEET LSTM MR 2 T JCHR IR PO A dn s TR AY 45 R SRk i A4 ROC i 4k 1
BN 0.788 (95% Cl: 0.603~0.798), #BUKIE N 81.3%, HFFJE N 86.2%, WAk mhLk SHAEHZEAHIL, Brier
3458 0.115; BAESEARA ROC HIZk NN 0.745 (95% Cl: 0.668~0.865), #UKIE 83.9%, HEF/EN
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85.5% . IX$E7R JC kI FIUA 3 i BL0E TN A Y B R4 B P R 77, B A% Ao b Tt £ AR I ]
T RRBOIRES AT DU BR3P N TR A SRR 2 1 i U A BESR A T SE M98 5. IEAh SHAP (B R ig
e o AR NFRBOIRAS 0 E E R R AFEERE . MR S s, BRIRET AT S, X 58 BN s i
TR P v s DR 3 N TR AR AR 97 A2 08 Mo A R R, AT B K 2 2 N e B T 25 1 o

(EARFFANAAAE— SRR PE: (1) WEFCRIEE RIET CHARLS i, e gt B EERETEE
MURSZ AT, RS G A E e o (2) ASHIEFE OO KL I IR SRR FEAT IR AIE, XTI [H) 5 B2
Tk P TN BT R A AR R A S 30 S e R AR AR AE TN 45 TR AT RE AP AERE B FE I PR . 7R AR 75 B0
A D OIS AEDNEFB RS, DMELEIRIK LT 2 000 KEEAR I SEE:,  Dodt— B e H iy
(10385 FH 1 RN AR

B oW

SRR W DS AT T ROBIT T H B GEih i3 i SO R SIS A BIE TR TE i BEA A
EEFHRNR S BEETH 15 A 2 REE AT L B AR T

E&WE

H Rt S RPAR S ERIUH . N AT 5T BRI 50 5 B BT 7T (21&2D188); 4 KM
NP SR 0 S0 (M 25 DR K ) SCRF T
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