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[ Abstract] Objective To identify distinct frailty trajectories in a cohort of nationwide
community adults aged 50 years and above, and explore the relationship between frailty trajectories
and their socioeconomic characteristics and behavioral factors at baseline survey. Methods Data
were from the three waves of "Global Ageing and Adult Health Research” (SAGE) by World Health
Organization in China. The frailty index is generated from 32 items. Group-based trajectory modeling
using a censored normal model was conducted to identify the patterns in frailty progression over
time. Multinomial logistic regression model was used to examine the effect of socioeconomic status
and behavioral factors on the frailty trajectories. Results A total of 4 303 adults aged 50 years and
above with complete data from all three rounds of project were included in the final analysis. Three
frailty trajectories were identified: low and stable trajectory (LT) (56.8%), moderately increased
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trajectory (MT) (34.4%) and highly increased trajectory (HT) (8.8%). The results of the multinomial
logistic regression analysis showed that the HT group was more likely to be women (OR=1.88,
95%CI:1.22-2.92) and rural residents (OR=1.87, 95%CI:1.29-2.70) compared with the LT group. In
terms of household wealth per capita, there was a clear gradient in ORs, the people with lower
household wealth were more likely to be classified in the HT group. Conclusion This study
identified three patterns of progression of frailty trajectories in population aged 50 years and above
in China and highlighted that interventions should target those vulnerable populations with rapid
progression of frailty.

[ Keywords ] Frailty; Trajectory; Longitudinal study

Fund programs: Project Funded by US National Institute on Aging (R01-AG034479);
Shanghai Municipal Health Commission Program (201840118); Program for Outstanding Medical
Academic Leader, Shanghai (2019L]J24); Shanghai Three-year Action Plan for Public Health

(2020-2022) (GWV-10.1-XK16)

HH e — R WA BN SR AL, R R 2
RGN, USARTUANRIE I RE ) R R . 5
S5 2R A B R ARSI H A XU , B A
T2 B TR 2 I A AR AN T Im TR A A, 55
C BN AR T B A R PR . TS TR 2 AF A
ARl , o B AR PRGN A BIF T B 2 R AR
B, 7P [ 60 % DL E RN, S 8 R AT 3R 2
7.0%, I H AR 0 20 e R~ D AR b 3 o 3
W AT R, R85 B AR A KRS
SN (E AR T B 5 B I (] AN R R
SE B, — B o B AR N EL B LA T340 T A0 2 A 2 55
K T 55— S8 AU 7R AR ) AT il AR A58, I
F WY, A 55 1Y R R R v AT e A A A A 1 S S
Yo Jung 55 FE— >k [ BASAGE P R B T 2
PR — RS h BT R BT
I e AR O 3 55 B i IE T s B b o AR
I WHO " 2 ERZ WAL 5 A FET T ™ (SAGE)
FEl T A 3 e 2 1o ot , RO P [ >50 2 N RER) 3%
S, FARR A HUE AR K

ARERHE

1. PR IR S IR T WHO SAGE H [ 3 H i
3 B A YN 1 B (2007-2018 4F ) . FELL M A T
2010 4F R 58 1, 2k I Z2 B Be o [ S B B AL AT A
R 4 b B AL 25 22 DR K 4 1 318 ok
3 X AR CFRATPE &R ) 5 23 0 AR (o PG AR B AL
VEFE4 2 T 240y (3 5o IR I T AR L
IR AL R = IRV ) o BN A 174
S AR S K T A0 R i R A B LA
IXo SAGE Hr[E I H gk $5 8 8 M 16 Ml
55— By B R FH e 25 1 LU A SR A A 5 3k (PPS) 43
SRR H Bl X BEALHH I 4 A W 5k S AT, S

T 64 WAL AT . 55 B BORH PPS 23 3]
AR EL S A BEDLRIER 2 4 J& 2 2 sk, g
BU128 A e sy o 55 = B BOR B R
A 735 3 N A AT s 2 s A ML A B 2 S
B/ sl /N, Al I 256 4> = ZRE B
ARBFFEIER =50 & ANHEH S 456 3 fe i A 23
SERE 1Y 3 FE R 1 ATEVE A AT X 4 HEBR FEA Ry
TEAS 8 (AR 3% (PR SCAR AR B W& o0 o7 ) i 2k
I A B Bt A T AR B B A . A
i1t WHO (L #E 3¢5 . RPC149) , H [E CDC (it #E SC
5:200601) Fl 17 CDC {8 3 25 51 23 1 2 (4t
51 2014-8,2018-1) , 18 A XF 42 1 45 B 11 ]
B

(1) 255 45 B« 52 55 e A 59 55 BOR A TR
RIS B R B R R S PR AR A | e R
M Hh A v AR ] Bk B A R ARBIESY
B S R R E A PP AL s SRS Ok
SRR R B R Y RSBl L] CREIR AE
PR BRI AR PRAE ) o 38 A B s
B RITECE B2 e A R A LU (E R R
— N NBYERFE R Z | 0 2R B A AT BE R S SR A
TEARBETEH , S 5518 B0k 32 bR B350k, A
B A RAE RIS WG O L R AR 5 TG o) A B
WATEREME )% MAPE3 M 0F] 1.0, R
s LIRS 25 0, AW 50 s 59 46 5 0.2 78 ik A
WEPIRAS A BIE o OB A S R A S 4 (<
0.2) FIEE52H(0.2~1.0) ",

(2) 52 K 2% < N SAGE T4 P4 25 Hh e B 51
FLRAPES SRR A SO R R R EIE
FE B SRR R IR RN 45 A B AT 0 -

3. Biit2# 00 . R FH Stata 16 F1SAS 9.4 443k
TG00 o BER ABERRE R E 4 LUk



PRI AT 2435 2022 4E 11 45 43 %45 11 ] Chin J Epidemiol, November 2022, Vol. 43, No. 11 - 1713 -

FIEL TR T B BT A i A b e A
REAE I AT SRAT 1 ik 55 CPRoK T A Bt AR A AR
BE) o A 2D BEAIL RO M AR T T
T SR AN R W A AR T R . AR AR
a0 B T AR, A XA Bt LUK [ 4 e 49122 K
JE o 45 R S W o3 B, AT T 00 6 K
o3 IR E RS AR HUE 0~1.0 Z A B9 SR
i, A A7 5 R RS 0, P AR W 58 1 4H 4k
B A5 Y (group-based trajectory modeling) H1 >R
T 2 TE Z5 A% 7 ( censored normal model ) B 5 Fifi s} [F]
AL RE S B, BB AR ) fe A e P i T
A [RIBLE A5 28 ) DL I 3445 2D (BIC) Bfi R
AN R VERE BICAE R I T 0 10 e R 1Y 4 8 K
ZIWA R Hh I T BB UN Y B R
Z I logistic [ AR HIGT TS A IEARFAE AT
S R R S S R S . DL P<0.05 Ry 22 S A
gt E L

# =X

1 — B iE O« A WF 58 3L 90 A 4 303 44=50 % H.
P 488 3 56 50 BB (7 R A ok 4, Hod B
21114, &2 19244 ,50~59 % 4RI 4 I A\ B &
(46.9%),60.7% WS 5EAIEEARNHIX . WK1,

2. FEEGHPT - M AR B 4 4 K L
B, & NN T BB 5%, PRI AR5
LA 3 SRR . KRR Bl (LT) ,
JEE S8 (MT) ey B 3G s (HT) o DLIET 1.
H 75.9% W PR A X 2883 LT 41, % 41 7 SE 2k )
5548 B T Y (B B AR, 7R Bl 7 D) () B AR R R AR
FE, BEHF R BN 2010 5249 0.071 31 2018 4F
[0.076. 7 19.1% BT XF G HH A MT 41, 5255
8 BT 348 M 2010 4F 79 0.150 35 i 2] 2018 4F 1
0.238, 5.0% M8 A8 X R4 H A HT 2, 2010 4F HT
ZH Y T 55 HE IR 5 MT 41 AR, 4 0.159, (H
TERE 5 PR N ) 2018 4F 1 0.552,

WA R, LT 4100 50~ 2 ANHE S s, B
M O (P<0.001) o HT ALY/ LR S0k
FRE A7 HE B 5 (P<0.001) o HT 2 K SR A
A HE T HAB P4 (P=0.026) . L2,

3. FEHHIE R R 2% - 2305 logistic [71H 4347
SRR R, 5 LT 4R H , HT 28 59 i 1) J2 &Pk (OR=
1.88, 95%CI: 1.22~2.92) Fl 4¢ ¥} J& & (OR=1.87,
95%CI:1.29~2.70) . TEZKE NI W& J7 1, OR A

R1 WO RIELIEATHIE

T Bk Lot it
(n=2111) (n=2192)  (n=4303)

AR ()

50~ 1003(47.5)  1014(46.3) 2017(46.9)

60~ 715(33.9) 743(33.8) 1458(33.8)

70~ 349(16.5) 403(18.4)  752(17.5)

>80 44(2.1) 32(1.5) 76(1.8)
€7

Wi 731(34.6) 962(43.9) 1693(39.3)

AT 1380(65.4)  1230(56.1) 2610(60.7)
SCAb AR

INERLE 722(34.2)  1130(51.6) 1852(43.1)

I 556(26.3) 431(19.7)  987(22.9)

wIrh 486(23.1) 369(16.8)  855(19.9)

Fr L 347(16.4) 262(11.9)  609(14.1)
W& A5

S — i (M%) 299(14.2) 379(17.3)  678(15.8)

£ i) 426(20.2) 377(17.2)  803(18.7)

= 439(20.8) 451(20.5)  890(20.6)

55 0053 or 471(22.3) 490(22.4)  961(22.3)

55 o7 (he i) 476(22.5) 495(22.6)  971(22.6)
W2 AR 250

PRI 709(34.2)  2094(96.2) 2803(66.0)

HATATL 230(11.1) 12(0.6) 242(5.7)

A H IR 90(4.3) 12(0.6) 102(2.4)

A3 H 1044(50.4) 56(2.6) 1100(25.9)
R IR A

N 850(47.9)  1941(94.0) 2791(72.6)

JEFHREIR 627(35.3) 109(5.3) 736(19.2)

EER 299(16.8) 15(0.7) 314(8.2)
KRB ABA

A 1237(58.6)  1328(60.6) 2565(59.6)

A 874(41.4) 864(39.4) 1738(40.4)

s 310(16.0) 520(26.1)  830(21.1)

7 1623(84.0)  1476(73.9) 3099(78.9)
DB

= 119(6.8) 187(10.9)  306(8.8)

& 1636(932)  1533(89.1) 3169(91.2)
HH DRI

= 96(4.6) 146(6.7) 242(5.7)

B 1992(95.4) 2025(93.3) 4017(94.3)

T A5 5 AN S N 455 RO A L (9% ) 5 S AT Bk
oK F L A S PR AT 5

0600 . HT(5.0%)
— MT(19.1%)

—— LT(75.9%)

0.500

¥

0.400

Ho¥

& 0.300

gm

0200} e

T

0.100}-

0.000
2010 2014 2018

i
TE REEE ) EARAT IS R R SRR SR R e
W R SR A AR RIS 5 LT 2 AR K P R L 5
MT: AR 3 T - e 2 S AN 5 5 5 P R8s b 25 2 9 A
XEGT s LE A
B ES50% &L AR Pk




< 1714 - rRAEA TR AR AR 2022 4E 11 A5 43 555 11 ] Chin J Epidemiol, November 2022, Vol. 43, No. 11

R2 ES50% KL E AR S Pl A AL

FEIE LT MT HT At XA Py
HERYIH (%) 698.71 <0.001
50~ 1682(57.3) 103(14.9) 41(21.1) 1 826(47.8)
60~ 950(32.3) 276(40.0) 69(35.6) 1295(33.9)
70~ 288(9.8) 283(41.0) 72(37.1) 643(16.8)
>80 17(0.6) 28(4.1) 12(6.2) 57(1.5)
el 95.31 <0.001
L) 1 478(50.3) 216(31.3) 64(33.0) 1 758(46.0)
& 1459(49.7) 474(68.7) 130(67.0) 2063(54.0)
Wz 25.20 <0.001
gl 1069(36.4) 319(46.2) 85(43.8) 1473(38.6)
o) 1.868(63.6) 371(53.8) 109(56.2) 2348(61.4)
SCARFREE 69.04 <0.001
INFELLT 1 174(40.0) 358(51.9) 117(60.2) 1649(43.2)
/N 702(23.9) 145(21.1) 37(19.1) 884(23.1)
Wi 632(21.5) 87(12.6) 24(12.4) 743(19.4)
(S AV 429(14.6) 100(14.4) 16(8.3) 545(14.3)
W & A 89.67 <0.001
5 — o (e fi) 399(13.6) 165(23.9) 44(22.7) 608(15.9)
£ ¢ 2 507(17.3) 141(20.4) 50(25.8) 698(18.3)
=40 600(20.4) 146(21.2) 41(21.1) 787(20.6)
E U 2 706(24.0) 130(18.8) 29(14.9) 865(22.6)
A (B i) 725(24.7) 108(15.7) 30(15.5) 863(22.6)
TR 7.28 0.026
e 1785(60.8) 398(57.7) 101(52.1) 2284(59.8)
AR 1152(39.2) 292(42.3) 93(47.9) 1537(40.2)
W2 AR5 56.89 <0.001
A 1930(65.7) 547(79.3) 149(76.8) 2626(68.7)
H AT AN 131(4.5) 18(2.6) 10(5.2) 159(4.2)
AfE H K 70(2.4) 12(1.7) 2(1.0) 84(2.2)
B H W% 806(27.4) 113(16.4) 33(17.0) 952(24.9)
RIGRBL 58.46 <0.001
AR 2054(69.9) 570(82.6) 162(83.5) 2786(72.9)
ElBiti XV 612(20.8) 90(13.0) 24(12.4) 726(19.0)
K 271(9.3) 30(4.4) 8(4.1) 309(8.1)
At 2937(100.0) 690(100.0) 194(100.0) 3821(100.0)

T LT ARVK AR RE B s M« P BESE AN 5 T < 85 BE AN I 5 55 SN A, 355 B A B (%0 ) 5 Bl A ok R LE DA S

PR BT R

A — AU ABREE BRI R W & A AT R
HT 4 A7 R R =R A S 3 Bl G it
RO 3,

Wit

—

AR ST HRR B 3 AR [R5 5 Bl p =X,
W LT 2H (5 75.9% , L300 B RF s S 0 5 55 7K P8R
I, Bt 25 B (] AR Al J PR AR 3R T 8 AR R
B 55 AR A BIFERE U A R R R AR
W85 X5 ENIMECHIREE R 5, 5B AT

K22 B0 5 55 B0 21K AR AR OF B R R A A
P ARBEGE B MT 41 A HT 41 43 51 /5 19.1% il
5.0% , X HB o NAE B AR IR T2 59 P UK, IR R &
Az 5 (H R 55 5 B 2 A )28 9 T L 7R AR
B RSS = 58 By 0 [ Bk, HT 4 A S
PRI T A B U 8 2t 2 o ok 5 ) A — T A
FIBFIESE RIS — 2, I R 3 3 A4
iR 15 2 H e e ™ 2 ol 4 O 8 A B
o, Bl RS B T R B ER A R U S 4
BTS00, BRI S48 BOR B g sn . R E
LIX 0 2 5 AL AN 58 4 2 L ER Tl B S oY



PRI AT 2435 2022 4E 11 45 43 %45 11 ] Chin J Epidemiol, November 2022, Vol. 43, No. 11 - 1715 -

R3 EEPLLR N R A Z T logistic [71)5 734

- MT vs. LT HT vs. LT
OR{E(95%CI) P1H ORAI(95%CI) PE
AR ()
50~ 1.00 1.00
60~ 4.43(3.46~5.66) <0.001 2.62(1.75~3.91) <0.001
70~ 14.57(11.07~19.17) <0.001 7.93(5.18~12.16) <0.001
>80 25.41(13.12~49.20) <0.001 22.18(9.60~51.29) <0.001
P
% 1.00 1.00
S 2.28(1.75~2.98) <0.001 1.88(1.22~2.92) 0.005
Wz
T 1.00 1.00
V) 1.52(1.20~1.93) <0.001 1.87(1.29~2.70) 0.001
SRR
INFLUTR 0.87(0.52~1.47) 0.609 1.65(0.64~4.21) 0.297
/N 0.87(0.52~1.47) 0.604 1.14(0.44~2.94) 0.788
W 0.68(0.40~1.14) 0.144 0.91(0.35~2.37) 0.841
LR 0.92(0.54~1.58) 0.774 0.62(0.22~1.81) 0.385
KR 1.00 1.00
W& A
o (BiR) 2.14(1.54~2.98) <0.001 1.77(1.03~3.04) 0.039
ot ¥ ) 2.05(1.49~2.84) <0.001 2.36(1.41~3.94) 0.001
5= 1.71(1.25~2.33) 0.001 1.57(0.94~2.62) 0.086
EIEi e 1.45(1.07~1.97) 0.017 1.10(0.64~1.88) 0.735
B (fe i) 1.00 1.00
KRB ZEREA
B it 1.00 1.00
e 1.04(0.86~1.26) 0.672 1.23(0.91~1.68) 0.181
R
AR 1.00 1.00
JEH AR 0.94(0.70~1.27) 0.687 0.76(0.46~1.27) 0.295
HEIK 0.82(0.52~1.29) 0.391 0.67(0.30~1.50) 0.335
W KRR 5L
N 1.00 1.00
H AT 0.62(0.35~1.10) 0.099 1.30(0.60~2.80) 0.508
At H WL 1.05(0.52~2.12) 0.885 0.63(0.14~2.75) 0.536
A H WL 1.12(0.82~1.53) 0.495 1.16(0.69~1.94) 0.584
HRO 0.02(0.01~0.04) <0.001 0.01(0.00~0.02) <0.001

TE : LT ARK RS E B s MT - P E RSB s HT - 5 PE RS i

FEAR R AR RS . EAh, a1 U A e —1>
WL FEAR , HE L0 J 0 55 48 B — SEFR bp 2 e A A
W S0T ES BRI RIS, AN P HL PR AR S T RS B0
AR ARERA R SR b, h TAE 2T
FAT 9 2518 2207 1 22 53 . 2, g IR DL A A2 e
S B AN TR 9 e R , AN 5 e B A A
DXAREE S AN HT AL, A, AR A 22 B2 W B AR B0
L5 B PR AR T 55 R LA OC , 3K 5 IR A IE A8 —

T FEAE RAR— B0, TEW I 7 484 4 R KA/ &
PEBAS Ff 5 TG AT F8 4 2 28 T M o7 45 50 v B PR Y
E R SEEARSC Y AN, SABETE L, Peek
SEHRRE T3 PSR Y RE S B , OF A e S
SRR e eSS PUB AU R LA K. BT L
PR BB T 25581308 . Marshall 55 P 25
FLIR BT LB A AT SR A4 7 55 R R il £k
R BB R AL S 2T AT DR B 2 Y



1716 - HIERATIR A A 2022 4E 11 A48 43 %55 11 1] Chin J Epidemiol, November 2022, Vol. 43, No. 11

it R G UM 2 A i EL B v B SO AR BE Al T LA
e B AT N SR IR A R RN AR A9 A= 355 75 2, T fie
HE By AL RE 4k 35 70 B4 AR A, A 22 ool 0 4 A
o

ASBIFFE R A S e A TR 1) e 38 2 A
A T L8 22 7K PR 88 AR TR AP 7 R A
T L BTN AR S A B T RURE R BT R A
RIEPUE " o ABERAFTE R IRYE . BARBETT Y
A AR (IR FUA 3NN LG, VR L A58k 1A
XA o AN, f AR FE 8 A 8 e A B 58
S, IR [R5 55 B DA S O A e St [ sl s T
RREZEA T 89N T RE XS 45 R i i, 38 ox
PSR B RAY o B, Wit AR LU AR X
B ] BB 23 5 M X B 4 5 LR o

Lf L AT SER B T 3R E =50 2 A
TR 5 L R SR AR, /s 1 WAL 2 3
AR AT 0 AR 5 30 5 e o R A ] 4 5
F oI T B R AT e AR SE T 55 Rt
TG R i 55 A FAR
RIS A RS AT 2 o
EZ B R K POl s SCRERE S AVUUE | BT
o ORAERE IR SR AT LN - A SO A R L
TR, I

s % X #t

[1] Clegg A, Young ], lliffe S, et al. Frailty in elderly people[]].
Lancet, 2013, 381(9868): 752-762. DOI: 10.1016/
S0140-6736(12)62167-9.

[2] Cheng MH, Chang SF. Frailty as a risk factor for falls
among community dwelling people: evidence from a
meta-analysis[J]. ] Nurs Scholarsh, 2017, 49(5): 529-536.
DO0I:10.1111/jnu.12322.

[3] Kojima G. Frailty as a predictor of hospitalisation among
community-dwelling older people: a systematic review
and meta-analysis[]]. ] Epidemiol Community Health,
2016, 70(7):722-729.D0I:10.1136/jech-2015-206978.

[4] Kojima G, lliffe S, Walters K. Frailty index as a predictor of
mortality: a systematic review and meta-analysis[]]. Age
Ageing, 2018, 47(2): 193-200. DOI: 10.1093/ageing/

(5]

(6]

[7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

afx162.

TR BMEK, AR, S5 P AR R S AR O S R
K Z A [)]. PR AT A 24, 2018, 39(9):1244-1248.
DOI:10.3760/cma.j.issn.0254-6450.2018.09.019.

Yin JH, Zeng YB, Zhou Z, et al. Study on the status of frailty
and related determinants among the elderly in Chinal]].
Chinese Journal of Epidemiology, 2018, 39(9):1244-1248.
DOI:10.3760/cma.j.issn.0254-6450.2018.09.019.

Jung Y, Lyu J, Kim G. Multi-group frailty trajectories
among older Koreans: Results from the Korean
longitudinal study of aging[]J]. Arch Gerontol Geriatr,
2022,98:104533.D0I:10.1016/j.archger.2021.104533.
VA TS T s ] s L AR AT I (g R v [ A
FEHRE (i —458) [M]. b BRI EHOR I R, 2014,
Shanghai Municipal Center for Disease Control and
Prevention. Study on global AGEing and adult health
(SAGE) (wave 1) [M]. Shanghai: Shanghai Scientific &
Technical Publishers, 2014.

Cesari M, Gambassi G, van Kan GA, et al. The frailty
phenotype and the frailty index:different instruments for
different purposes[J]. Age Ageing, 2014, 43(1):10-12. DOI:
10.1093/ageing/aft160.

Rockwood K, Mitnitski A. Frailty in relation to the
accumulation of deficits[]]. ] Gerontol A Biol Sci Med Sci,
2007, 62(7):722-727.D0I:10.1093 /gerona/62.7.722.
Biritwum RB, Minicuci N, Yawson AE, et al. Prevalence of
and factors associated with frailty and disability in older
adults from China, Ghana, India, Mexico, Russia and South
Africa[J]. Maturitas, 2016, 91:8-18. DOI:10.1016/j.maturitas.
2016.05.012.

Nagin DS. Group-based modeling of development[M].
Cambridge:Harvard University Press, 2005.

Chamberlain AM, Finney Rutten L], Manemann SM, et al.
Frailty trajectories in an elderly population-based cohort
[J1. ] Am Geriatr Soc, 2016, 64(2):285-292. DOI:10.1111/
jgs.13944.

Gardiner PA, Mishra GD, Dobson A]. The effect of
socioeconomic status across adulthood on trajectories of
frailty in older women([J]. ] Am Med Dir Assoc, 2016,
17(4):372.e1-372.e3.D0I1:10.1016/j.jamda.2015.12.090.
Peek MK, Howrey BT, Ternent RS, et al. Social support,
stressors, and frailty among older Mexican American
adults[]]. ] Gerontol B Psychol Sci Soc Sci, 2012, 67(6):
755-764.D01:10.1093/geronb/gbs081.

Marshall A, Nazroo ], Tampubolon G, et al. Cohort
differences in the levels and trajectories of frailty among
older people in England[J]. ] Epidemiol Community
Health, 2015, 69(4): 316-321. DOI: 10.1136/jech-2014-
204655.



