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Abstract

Objective: To explore the mediating role of depressive symptoms and bodily pain in the relationship
between social isolation and frailty among elderly patients with hypertension. Methods: Data were
derived from the 2015 wave of the China Health and Retirement Longitudinal Study (CHARLS), in-
cluding 1759 participants aged 60 years and older with hypertension. Social isolation, frailty index,
depressive symptoms (CES-D-10), and bodily pain burden (number of painful sites) were assessed.
Multiple linear regression and chain mediating effect analysis (PROCESS macro Model 6 with 5000
bootstrap resamples) were employed to examine the hypothesized pathways, adjusting for key so-
ciodemographic and health-related covariates. Results: The total effect of social isolation on frailty
was significant (= 0.097, P < 0.001), with a direct effect (# = 0.050, P < 0.001) accounting for 51.55%
of the total effect. Depressive symptoms and bodily pain jointly exerted a significant chain mediat-
ing effect between social isolation and frailty. The indirect effect through the pathway “social isola-
tion — depressive symptoms — bodily pain - frailty” was 0.007 (95%CI: 0.003 to 0.010), explaining
7.22% of the total effect. Overall, the total indirect effect through all pathways accounted for 48.45%
of the total effect. Conclusion: Social isolation not only directly exacerbates frailty but also indirectly
influences frailty through the “depressive symptoms — bodily pain” chain pathway in elderly pa-
tients with hypertension. Interventions targeting frailty in this high-risk population should incor-
porate strategies to reduce social isolation, screen for depressive symptoms, and comprehensively
manage bodily pain.

Keywords

Hypertensive Older Adults, Social Isolation, Depressive Symptoms, Bodily Pain, Frailty

Copyright © 2026 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 51§

FEAFRN D ZRAINEE 5T, ZERME RS H IR, @i -PHCEE NN, B2 nE
PR ARG 1]. S9N — M DL PGS & T RE . IAEEARGE BE I X BUNFFIE I Z LR G 18, WA 24T
DNBRAR S RBESIUT A REEJRI[2] [3]; fEE AR R L B, 3295 U 318 23%, — & IR TN,
BAIRITE R[4] [5]. Bamisily, ZIHRAER, O, a2 YERRS, B4 AR
YEHI[6] thBa R et it 2 O BN R, WIE L IR A & 2 5N 9920 A%, 170562 55 75 I [ il e
TERRRIALHEINT][8]: SR, X —RIERAEZAE LS ARE i AN . SRR DAL AT IR 4 HF 2tk
TR ARTE S 2 M ARACE RO RRAE, £ 2248 ML S8 TP RO R 2008 29%, AR I T Rt A 25 AN R R
[91[10]. LAk, RARPCIRAEE A e i B (3 R =8 57.12%. AR A E &L g5t e, En]
RE I PR H W53 54502 SR S 08 B Ak 2 B8 B A e S 2 H 98 B 0 POR RO RIXT BE T, B
JRSGAENERA o [RIR, PRI Al i T PR | 5 IR SRS 255 2 B, AR R g5 K R e[ 11]-[13].
PRI, TR P EE A L, RN A SRR AR AR S s B e s b, A
BT LB A L R O 5, K DRI AR 5 SRR AR BE P A RO, Fos 2 B s 28 O
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2. #EREFE
2.1. BIEFKIE

AT FEREBTTHATE FC, K P [ {8 3¢ 5 9% 22 18 5% 1 7 (China Health and Retirement Longitudinal Study,
CHARLS) 2015 “FI1E Vi (4%, CHARLS A2 B 7 o B v 245 ABER L aAR B il ANARiE: © F# >60
% @ R NIME—%MF: ARG ST iz EE, EERA SMEZY), =REERET
JEEIIE > 140/990mmHg. HEBRbr#E: © FEALBEGFERMEE . MAVERF AL RS FEERRER 2
5#; @ WEEFHREAHTEIRME >20%. AN 1759 fi.

22. HREEREX

2.2.1. X§5HEH(Frailty Index, FI)

HR4E Rockwood 25 AT & IR RS RIRGZE FI, &8 T 37 MR, W S APLAE. I ELOERR M
FBIRARGL . BT AL AR AR 2 (I SB35 (0 51 1) 0 RORANAFELEARREGG, 1| RORAFELE
BRI . FL I TE SV R A @ BRERREAR I, BREA 37, SRJ52LL 100. FI BTG 0 2 100, {HBK
RN TR, FEESHE E SN F1 > 25 [14],

222 HERE

S RATTE[15], AW FARIE A NGB RFE 5 45805 30 2 5 FE M @ A 2 B S 48 4. & I85E S 4 T
Bbr: O BEREMEIL 1) @ HIRECREEE 1 4, BFRE. 7FE. SIS @ 57
LR A ZE (<R 1 00 1 4)s @ #HA8WEEh 2 500d % 1| MH RS SEMEEE 1 5,
HAIESN SRS A S TR IRL TR SN XSS B S B CRMERISE A IE 11 ).
B R B AR B, R IUE 0 RN, TR 0-4 HIRSY, 13500 R AL 2 B R FE R = [16]

2.2.3. #I%B

AT SR A g e 5 77 2 1B 1 A (CHARLS) A A A 10 THIRAT o3 AT 52 Lol 35 (Center
for Epidemiologic Studies Depression Scale, CES-D 10) ¥l 52 U7 & FIHIARAER . 1 ERAS 10 M H, W
KZViFAEE 2 — A A IS AT AL, 0 /N FEREEUN 7 CHEUERER )T O AR RI R
WA &, BNFERAE AL R DA IR AR ED SR AR R S R A
CORIBABARIE]” L A 0y 1. 24 343, ERES 30 47, 190 m R R AR IE R ™ EL [ 17].

2.2.4. SRIFFERE

KA CHARLS 2015 [o) 34 R oAl 2% B . “ 18 B Al SR MR A R 240 2 18 51 H BT A &
fr(an: Sk, A FE. Fhi. Fh. M. B, F. . B, BRE. M. R, Bk,
B S FAhRAL) o i B R RS R T B RS — R AL 1 4y, B 0~16
g, 4357 8 R WIRAR PR I 2 1A) BRARRE OBk e . AT B R AR [ 18].

225, BHTE

R IR A R R R, B 000 DA R AR B R AT T AR AR L MR SRR (A T AR/ E BC A ) <
AR CCE /NIRRT R UL ) B AERCRAT AR SR EE AR R B 254(F5
&) MRS BLOE S/ — %/ /=50 SRR 1R A ST AOL ) L& H PP
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BRIl = “dEmZE” &25= “dEHEGT” ).
2.3. ZitEAE

AREFAEH R4.3.1. SPSS27.1 X PROCESS v4.3 M TS5 HT. SRR 2 EifitMb . JEIE
B AT ETUEIDL M (P25, P75)R R, THEUTRE DAL (%) 7 o 2HIR] LR R 5 R 3 A E S 50 56
K H Spearman AHIC /3 AL & (B AHOCHE, 2 J0ZRMERNAM T 1 2 BR B 5551 9¢ & . FIH PROCESS #i%4!
6 F i EE A P AL, Il 22 1 IE Bootstrap VAT 5000 O H /RN, 95%EAE X EIAEL S 0
AR 2 o BB T A2 N 2RRAE . EREA OGAT o B VPR B M B E S e & . DXL
il P < 0.05 NZERE G FE L.

3. 58
3.1. — SR

AWFFTILIN 1759 LEFEMEERE, ZHMHEN 38.3%, TAFEE 6763, 73)% . Hi ik
47.7%- HHECAHE 80.0% ARAEMAE 62.3%. L TAEE 50.3%. CH 58.0%; MAEEZE & 63.0%; I
JEFEHIEDL AT N IEIER # 34.3%. —HEiE 48.0% & ME 12.7% =&ML E 5.0%; &1
JEIRFEHAIECN 6 (2, 10)5F; 1@ MEHEE 2 (1, HF, BRAIAT N 3 (2,3)F, tt2fEA 58 10, D)5y,
TARIEIRTE Sy 7 (3, 13)%r, FEFI154) 19.59 (12.16, 31.76)7y » HHE M4 RiEIR, BEKREEFEAR
WSS PRSI ISWIRAL . SCARRIE . JE . TARRAL . IR BEEZGE O Al R RE . AR SGAT A
PP . A b AR IR S T TH B 0 A0 22 e B Gt %= (33 P < 0.001); T AS ] i 45
T OLESE 5920 5 R S AN 73 A 22 e gt 5 (P = 0.101). WL 1.

Table 1. Descriptive statistics of basic characteristics and core study variables in older hypertensive patients, stratified by
frailty status

* 1. BERBFESENZFSNEZREENFHESROMRTSHA NS
A BFEARN =1759) wi P

(N =1088) (N =671)
g, M (P25, P75) 67 (63, 73) 67 (63, 72) 68 (64, 74) <0.001
A, N (%) <0.001

goq s 920 (52.3%) 505 (46.4%) 415 (61.8%)

Sk 839 (47.7%) 583 (53.6%) 256 (38.2%)
BRARARDL, N (%) <0.001

TChC i 352 (20.0%) 178 (16.4%) 174 (25.9%)

HHCAE 1407 (80.0%) 910 (83.6%) 497 (74.1%)
JEAEH, N (%) <0.001

il 663 (37.7%) 442 (40.6%) 221 (32.9%)

BAY 1096 (62.3%) 646 (59.4%) 450 (67.1%)
SHFEEE, N (%) <0.001

XH 1020 (58.0%) 558 (51.3%) 462 (68.9%)

N 420 (23.9%) 297 (27.3%) 123 (18.3%)
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gLy 201 (11.4%) 149 (13.7%) 52 (7.7%)
& BLE 118 (6.7%) 84 (7.7%) 34 (5.1%)
TAEWRSBL, N (%) <0.001
i 884 (50.3%) 475 (43.7%) 409 (61%)
2 875 (49.7%) 613 (56.3%) 262 (39%)
R B 2 <0.001
& 650 (37.0%) 473 (43.5%) 177 ((26.4%)
2 1109 (63.0%) 615 (56.5%) 494 (73.6%)
I 32 ) 175 400 0.101
E# 604 (34.3%) 351 (32.2%) 253 (36.7%)
— LR 845 (48.0%) 543 (49.9%) 302 (45.0%)
ZHELE 221 ( (12.7%) 141 (13.0%) 80 (11.9%)
XTI 89 (5.0%) 53 (4.9%) 36 (5.4%)
HPHERE, N (%) <0.001
EH = 120 (6.8%) 26 (2.4%) 94 (14.0%)
% 413 (23.5%) 141 (12.9%) 272 (40.5%)
— & 895 (50.9%) 642 (59.0%) 253 (37.7%)
iy 176 (10%) 140 (12.9%) 36 (5.4%)
|3 155 (8.8%) 139 (12.8%) 16 (2.4%)
= MR R FZE(EE) M (P25, P75) 6 (2, 10) 5(2, 10) 6(3,11) <0.001
BIREE, M (P25, P75) 2(1,4) 2(1,3) 4(2,5) <0.001
AN, M (P25, P75) 3(2,3) 3(2,3) 3(2,3) <0.001
2 fE R, M (P25, P75) 10,1 1.00 (0, 1) 1.00 (0, 1) <0.001
HARAEIR, M (P25, P75) 7(3,13) 5(3,9) 12(7,18) <0.001
R IR, M (P25, P75) 0 (0, 3) 0 (0, 0) 2 (0, 8) <0.001
59, M (P25, P75) 19.59 (12.16, 31.76) 13.57 (9.46, 18.52)  33.46 (24.73, 44.59) <0.001

e A ESEEEE K Mann-Whitney U R0 iEAT LA Z ARk ), 2R RRM - ROTRIGHATHES N, HE;

M, Hfifh; P25, SH—VUsrfig; P75, B =DUA0hiE.

3.2. RBESHREE. AHMER, EEEBIBRXMETH

Spearman AH5S /M Bt SRR E 5 (r = 0.161). FABAER (r = 0.192) YRR ZIE 7 4H(r = 0.072)1
B REFE M MRS =0.533) G40 U 532550 =0.474), DLSAMARAEIR 5 SRR 750 1
Hr=0474)J8 2 EFEME, W& 2.
33. HLREEESRHEMREM

ZIuME R TR, R RS, Ak I m T 55(8 = 0.094, 95% CI 1.028~1.962). Il
AN AR B JE (R 2), 4 B 8 10 ELIE RN 38 (8 = 0.050, 95% CT 0.175~1.544), HARIE IR FIHR A4 A
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SRR ARG BRI S (IS R2 AN 49.3% T2 57.9%, AR?=8.6%), HErniIARsitR A1k {4
PR AR PR WA 3,

Table 2. Correlation analysis among variables

2. BEEEXMSH

235 e FARIEAR AR
=5 1
a1 0.161*** 1
FHSAEIR 0.533"™" 0.192*** 1
IRAA IR 0.474™ 0.072" 0.463** 1
H: "P < 0.05; P < 0.01; ™P < 0.001.
Table 3. Association between social isolation and frailty
# 3. HREERBERIXKEK
AT |
BT
B SE B 95% CI B SE 95% CI
HEBEE 0.094™ 0168 1495  [1.028,1.962] 0.050° 0.349 [0.175, 1.544]
G 0.101™**  0.040 0293  [0.264,0.322] 0.113**  0.037 [0.174, 0.318]
P
ik
Bk -0.125"*  0.552 -3.073 [-3.616,—2.529] —0.083""  0.507 —2.364 [—3.359,—1.369]
RN
T A
AR 0.045*  0.797 1.449  [1.159, 1.739] 0.046" 0.727 [0.197, 3.047]
JE
A
A 0.094™*  0.535 3.934  [3.414,4.453] 0.073"*  0.489 [1.196,3.112]
AR
XEH
N -0.077"**  0.621 —1.746 [-2.878,-0.614] —0.059""  0.566 [—3.065, —0.844]
I -0.073"**  0.835 —3.754 [-4.557,-2.951] —0.043"  0.764 [—3.424, —0.426]
L E —0.072"  1.056  -3.096 [-4.166,-2.025]  —0.036"  0.969 [=3.956, —0.157]
TARARSL
5
& -0.102"**  0.538 —1.853 [-2.496,-121] —0.115""  0.491 [—4.218, —2.292]
JIR FH Bt 1 24
5
& —0.024  0.546 —0.698 [—1.768,0.372] —-0.026  0.497 [—1.727,0.224]
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B VT 5
e %=
%= —0.160"™*  1.057 —5.373 [—7.446,—3.300] —0.116"* 0969 -39 [—5.800, —2.000]
ook [_14211, sokk
— & —0.430 1.019 —12212 10213] —-0.279 096 —7.921 [—9.803,—6.039]
B B [—16.411, B B [—10.977,
4 0.295 1.246 —13.969 11.526] 0.184 1.17 8.681 —6.386]
- B B [—19.632, B B [—13.816,
JEE LT 0.340 1293 —17.09 | Sei 0.227 1217 —11.429 —9.041]
EIMLERE  —0.005 0153 3452  [3.153,3.751] 0.002 0.031  0.003  [—0.058,0.064]
YRR 04417 0253 —1.112 [—1.609, —0.615]  0.354™*  0.145 2774  [2.490,3.058]
& AT
ﬁ‘%ﬁ%” -0.078""  0.153 3452  [3.153,3.751]  —0.067"** 0231 —0.959 [—1.413,—0.506]
FIABAEIR 0.270"* 0.04 0579  [0.500, 0.657]
AR I 0.136"  0.071  0.522  [0.383,0.662]
F 101.597*** 128.354**
B R? 0.493 0.579

TE: B OB RS, BT SRR SRS KRR, B 2 B RR PR, B S
WS SRS L IO RHE: B, ARMEMC ARG B, ARFRMEML RS SE, ArifEiR; CL EfSIXE; "P < 0.05; P <0.01;
P < 0.001,

34. HERBESRENPNBLSH

PRI HT N A2 B S R I ) T AR IR (B = 0.140, P < 0.001), {EXTHRAA P TC & 35 B3
N(B=0.010, P=0.690). HHRAEIR 2 1E 7] T HRAA LI/ (B = 0.309, P < 0.001)F13E 55(8=0.278, P<0.001).
ARAA P IR 2 2 P 558 = 0.149, P<0.001). #HIH A EEAT IS, AL BB B X 557 2% BN (B =
0.050, P < 0.001). AN EE S5 (1) fFRE J14 58.0% (R? = 0.580), $& 742 i 75 ] i ik FAISRE DR AT X 44 % e
MR TESS . WP 4. & 1,

A RUBAT IR 25 BN, AR E A R SRR B AR I S R4 3R ) Bootstrap 95% B 15

Table 4. Path analysis of the model
4. BEMRESWN

g B B SE Bootstrapped 95% CI R? F

#h22 B B — HIARE R 0.140"** 1.117 0.220 [0.686, 1.547] 0.235"*  48.859
L2 B B — XA 0.010 0.045 0.119 [—0.188, 0.278]

0.292**  59.988
AR — SX A 0 0.309" 0.173 0.013 [0.147, 0.199]
I RS D 0.050"** 0.850 0.353 [0.157, 1.542]

HIAREIR— 3 55 0.278"* 0.594 0.043 [0.510, 0.678] 0.580"**  185.678
AR — 3 55 0.149"** 0.566 0.071 [0.426, 0.705]

E: p AREACREG B, ARRMEWL RS SE, ARifEiR; CL Bf5XIE; P < 0.05; 7P < 0.01; "P < 0.001.
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XA S 0, RFEE P NIRRT . B RN (5 RN 48.45%;  HIIAISE IR A0 Bk o A 25087 A
8 0.039, R EFERUN T 40.20%;  JRAAREIRE ) h A A OS AN E3Es BESR A ONAE N 0.007, R
MR 7.22%. W7 5.

0097+
Hams > =55

0.309%**

1IDAEBEER IRRESE

0.140%3* 0.149%**

0.050%**

E: "P<0.05, "P<0.01, ™P<0.001,
Figure 1. Serial mediation models for social isolation, depressive symptoms, bodily pain and frailty

1 R, IBAER SR AR, RSP ARE

Table 5. Serial mediation effect analysis

5. NP AHNRE

iz SE Bootstrap SE Bootstrapping 95% CI HA R
L 0.097"* 0.0228 [0.052,0.141] 100%
IEEZ3 IV 0.050" 0.0207 [0.009, 0.090] 51.55%
FEN[E 2 0.047°** 0.0103 [0.027, 0.067] 48.45%
iz 1 0.039*** 0.0084 [0.022, 0.055] 40.20%
1% 2 0.001 0.0039 [-0.006, 0.009] 1.03%
1% 3 0.007"* 0.0017 [0.003,0.010] 7.22%

R ESRRESIMAEEIR -3, BE 2. MBS BEEIR-ETE; BE 3 SR E-IEER— K
RER—59; SE, #rdEiR; CI, EfFXI[E; "P<0.05, "P<0.01, "P<0.001,

4. g
4.1. ZESNEEERHFNREEWE RS

AWFFRAN 1759 FIEFEmINEEE, ZEREHEN 38.3%, SH W FHRER 9.8%~42.4% |3
A—[19], BHREMTER, FHHAGIEZFAMETER . HHl. RAREZAER . S ERE. 20
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5 R ANV AE DR 55 77 T8 PR 7 A 22 7 340 LA Gt 2 SC, T L 42 1 156 0 78 PR 2L 18] (9 70 A1 22 5 e Gt v 2 8 3
FE R MR A OGRS B, I P T 24 ) SR S 9 L B2 v TR IR 2, T s 2 s i s A rp LB i
I Az HI I DUR WALIE 2257 . HRRET, RERAREHEFEMEE K. SIFEES, KT RRN
FEEREE EIRST ORI NG R N, RS S SR SORE . AN IE[RE R, TR
FERER A BB (1 I 7 e 6} B 28 B (R RESEAR A [20] [21] 0 M FE AR I 00 A WL 35 22 57, $R7 4 i I /K
FAREFFARIE S ST TR 3R o HIEENLBIAE T, ISR W] R i s 5 R R A SR R R TR, fE A RE
SN, MR SIETRE U BOCR, i (el m i i I 2 ) gesg iUz [22], 20T FiRM, FEIRiR
JEREEGS B AL M IR A B S AR S B E A Y, HRFE B EA RFREEIN[23]. 735tk &
FHEAE RBERE . LR, 2RI AR S5 g B ARG, e TR A B2 5. BT B
HC B A St AL S R R A 59 R A P M ER e M E I [24] [25] R EEME S ZHRERSHZ L H
PIZRROM, AR AL DX B R SR AL 3 TR A 5 T 900, Ryl itk AREE AT LA A 295
AN, DESESg AR IR R,

4.2. HERENRHNEENR

Mo bR R g B R BN, L EBNET 51.55%, SERAEWTTT—E[26]. L EAH SR
LI OB 2 R R R T B S 5anhL, et 2 BRR[27]. MUk L, 2 ff Bl i S
W R o BE 2L, IR RGNEARYEJORE, DML 2 AU AR A DY REREDS ,  IX et R 3 g5 %0
TRERRFAE[28] [29]0 (RIS, A2 B8 B2 P fE B R TR 5 R IR 28 AT IR AL 2R 46, T4k 2 SRR S = I )
S5 HAT I, MR WL 578 7R A R A ZE[30]. BETCRIRS, Yotk & 50 LR AT
MR IET[31]o AT S RN (48.45%) Fllr ELAERALS, s T BEAE HR I8 AOHAR AR B — th /RS
(23.6%) [32], FERIWHCAERAN IR PORAE AL 2 00 B 5 3 99 0 R b B AR

4.3. #IERAEIR 5 SRS FEBAI R A BN

FVRISERAE A 2 R 88 5 28 4 v oL s R 2 S 95 TS A8 0 R AR T o5 A O 1 40.20%, k2 o 88 RT3
Ao AR TR e I T 99 XA o 4R I R BRAEIR S S BUARE T 22555, St
SRRE[33]0 KIIRE B A AL SO . (RS BERE /) T I, BETIINEIZESS(34]. AL L, Ak R iE
ERIZF SRR S TN A AMAR[35] s SOVAIS I R 2 o A« 19 PESORE L Bl . R AR T B
SEIRAEINIEIESG[36] [37] - [FIN, A2 8t i) il e N 70 W s 51 A1k 2O 29 AEAHE I,
GGG IMAAAAEXUR IR, A P B A P S Thae T B, MRS NG A RalT, N HAE AT e A 55 e 1
FeBE LR, IR AR - A0 - 22557 KEBPEIEIA[38] [39]. B, MR OLHEERESH 2
SHRFINZ R A H, @A TP ACRRSGR SO BHX — %1%, RTHEAR KT

R B SRR  HR AR 5 5 55 R A7 AE 235 XU BRI [40], (AAEZ AR R rh v iy, 4RIk
PR A A RN ARIB G 2R3 . KRS RIEIRA G R EAL S RE S (8] 20 Ai, (H Bk
T PEIIRSE . RRE (A SRR A BIUR M . EAh,  FPHIGEE R T RE I o0 28 Y 0 WA IR A [ IS RO P
EAMIIRETEIR, TR AL 22 08 B —~ AR AE IR —~ SR AR —~ £ 55 7 IO S ERAE, MR 1 AR 1
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