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[ Abstract] Frailty and heart failure with preserved ejection fraction ( HFpEF) are closely related diseases that share common

pathophysiological mechanisms,such as chronic inflammation, oxidative stress,abnormal endocrine metabolism and neurohormonal regulation,

which interact with each other to accelerate the disease process and lead to the poor prognosis in elderly patients. The current interventions for

frailty and HFpEF are limited, especially in terms of pharmacological treatment. An in-depth understanding of the pathophysiological

mechanisms of frailty and HFpEF will help to explore potential therapeutic targets in order to improve the prognosis of elderly patients.

[ Key words] Frailty ; Heart failure with preserved ejection fraction ; Inflammation ; Oxidative stress

TEH e BN — T H L) 5 AR A 5 Y A IR
AVEEEE 208 E RGEHIIRER T B, HARE
S X IS S SRR A 3 T R BEAS S L 91 ) B e
TR, 5 SERREMBET A RS R o 5 il S
B O 71 32 3 (heart failure with preserved ejection
fraction, HFpEF) J& & 4F A DL R0 g 32 58 1Y, A
U B R g A R v HLAR VS BT £ 22, HFpEF By 55
SSAIRLI G PR ASAE , 4n = WL A Bl 20 K 44 1) g
W H ARG e AR 8 A RGATT Y, HAR S
.0 18R 7 25 W) %) HFpEF J7 RN o WH5E
R IR AE S5 A HFpEF HA7 i g B A= PR LA, ang
PERAE LRI T BE A5 | 480 H0 L L PN 23 D A3 A ol
SR W& WA T E 5 0 B A B 4L
il X A SRR R ETE WA ST AT TR it B B2 3

EEWA : [ ZEAUK T (2020 YFC2008604 )

MM RAE 2 7 8O B i AR P2 ML,
FRAE L 98 RS 0 Dt PR A 466 1wt A% DR 2% v b 4 0
N A RAR T RE RS 250 TE R NMERE Y
EENHPHERTESS C RNEAMANER
(IL) R MAYPR EW LI, 255 8 F C &
. IL-6 Al IL-1Ra /K Fhis ™, 2255 A0 ot 1A
R C RN K IL6 KT RiESsEso
TESHY) S A3 2] )2 AGIE . TL-10™" /) Bl 22 iy
55/ B e /N TL-18 IL-6 g YRAE A 7--
o SERAE S M IR 7K, IR WL TG g St
M EEZ M, S AR EB MM, BN T
kB17 /N BRI E — 25 B0 IE 1 S 0 76 3 55 & i P i
ZUAEH B kB-pl05/p50 W7k = 255118 AR

BE1EE . 24, E-mail : liy_xw@ sina. com; i , E-mail : malina0883 @ 126. com



O IME IR 2022 £ 1 A 43 B 1 M Adv Cardiovasc Dis , January 2022, Vol. 43 , No. 1 -39 .

JERAE /N R R, 5 AR E R
AEARL A ML A4 A2 £k, L2 6 | R = 9 0 UL R
ST R RIS BN BRE 55 AR R S 4 4R R
S AL T 7 6 559 119 A A R A e rh ke 3 E AR

HFpEF 13,5 95 25 U] 1K , 5 569 1073 BB AR A 0
JIEE M L, HFpEF 8 5 0E KV 5, H Bt
R AL 4 i P4 L TR B A AR R ML L 0 I
PR fe Bz PR 2R A 435 JIE e | e 1L s FROME DR 55, X5 P 3
R4 BEAE SRS BRI B KA M 4 R AE . RAEAE
PN — S E A=A FH B2 AR, 28 T 00038 P 12 240 i A
O VAR KT 1 PR B IR 5 1 & 1 F B LA e G
TEPEREAR, A2 25O LA LA K o0 AL 2400 oL 08 s 2 34 o
P Ja] 5T £ 4E Ak, 3 BT 5K T #E B A% M. HFpEF (1) &
AT A1 B RE T 4H 20 (epicardial adipose tissue,
EAT) B A fiE 5 8500, O e W L PR A A UE 55 HFpEF i
# EAT (R 10, B EAT P 54 1% AR R
BHRBOMIA S o EAT 51N PE S P A1 MR i , OF
15 #2386 IR IR SE R F-o F1 TL-1B SEAE 4 T, i
HREEAR Bl oK 585 A A A 38 R I 14 i g I ke 95 A 4 it
Y5, S B0 WUA B UG 48 0 2D S 4 R T 2
i B 2 B EAT S Ao e 2 vk, R AL
SEEE Al HFpEF B9 & AR R JE
2 SRR INRERERS A AL N

LRLRTNRERE AT S DNA 45475 2 32 55 AL ) 08
3E (0 A= W 2 ok B, AT S SO A8 B 65 0 4 A
&, 2GR AN M IRFE , T 51 A 53 H AR AE A 5T 1Y 7
H R PE TG o 15 PE 4R (reactive oxygen species, ROS)
SRR IR % ™ A 5 1 2T, 1 1 ROS X EE
JiT \DNA F1Jfig Jot 55 20 i 41 53 7= A= 450 35V FE, DA i Bl
LRRAARTHAE , JE— 10 ROS B4R BT, DL F 3 FE g FR
FEACN . B 9T K B 58 5 2 R AR A AR
WhrR SRR G, IR I RENREE A2 K& 8-S Hi %1
JR 2R R AL BB LR I RR S TEAE IS > 60 27 1 2 4F
NHREhEss SR E AR B A2 S 8-S Hii 4 Ik R /K-
ThEs A 5, BhAh, 8-FR L2 M AR 1 T S A Ak
DNA 50405 19 77 9, HooK S 18 38 55 22 48 v 18 25 3
AN BRFEAR R A 8 AR i A, KR
BRAE AR ST DT B B A T O 5 0 55 AR 0 o
S SR — IR T R 55 AL R
. Bl D BT E A Cu/Zn 848 AL W) 1B AL I 1Y
Sod 1 KO /N — Ff o BY 2 55 A B, 55 N R 55 R A
BA B0, 45 I e A T3 S FE = 45
FFAE, Sod1KO /)y B3R 3K A 562 555 FA AL il €0, 975 S A DL 38
LR RERE RS M4 e

ROS jaf Fe3k K Zeobi 14 Iy e 05 76 O I 5 2 v ke

BB, O L R R A AU s, A
A LA P v B DR 5 L 35 K P R 3 g
T BB . N R A DNA B4 il
RS 33 B B SO LI JBE R 4T 4 AL, O F 3
Wi R A7k T RERERS T b Sk A S 2k LA
ROS, 1] $E2% 5 /N O U | 2F 4 A0 R AT K D RE R
N I0Y-9 SN 8 Y )| &l TN AR A AR GALES % TR o
SO, HE T 5 & HEpEF , JRI6 3 2 A O BESR
R, N 5 4 205 (0 S 106 28 /K SF F 8, HFpEF
JGIE 22 B = 5 B0 0 JULAE AU 57 48 o 760 240 6L 1) 45 980 45
KT R VR, T R O LA JE RN AT 3k T Bl R
B A5 S G M SO DR T 3 AT AR AR B
HUCEL PR DI fE , =2 (5 5 7% 5 X% SE0E 1 3
{14 71N B2 B A 1 194 K o BLAIE 48k 400 DR 84 0
LA 4EAE™ . 85K ROS W] BB BRS: & R Ak
SRR Z AR 1 3 (NLRP3) /M T R P+
R 2 3k B A 8 N BRI, 55 I A R AL L,
Z NLRP3 48 1/IVAR f) 10 AR /N SR B 4547 B B 434
FIE S I FE K2 BFSE & B0 J0 B0 S0 2 v A T
NLRP3 5 % (14 85 2, R it 4804k 17 384FH 5 (19 NLRP3
SN/ IMA 5 2 15 T B 2 5 55 10> 5 58 AR B4R T 10
e P e
3 ASMRERMEHSZATEE

TR SR C R A O, TE 5 R R K
FOKOETH R R Z R A KT 1 KR T R &
TP o W9 B o I e ot 4 T 5 UL PR A3
AHI , Bz K 7 T v w3 LR 4o e AT, i 5 &
BT TR 7 S A AR i 55 UL A A A B b 3 P 40 0%
RS ) 0 PO 0 UL P 0 A A et UL I B, 535
JULP B8k sl A R0 T e, 2 T 51 2 JUL A i, k8 3
SRR . DR R E R KM E RS R
FEAER I T 1 b S e 47 S B 4, S5
LB JEE £ K T e s sk B 1L A5° 19 I ) R R 7, 3k
i HFpEF f) % J& 2

Ao BE O B R R RE R G AN R - Bk -
0% [ B 22 45 (RAAS) JE S BOL ERE Z bl =2 —. O
JIE B ' _E R 2 RESZ A RT3 I SR AL UL 48 T
(ELC LR BB B 22 1 52 I Mk B A 435 K T e, G
JELPRI AT R -5 I Y00 3R P s LS B K- S50 B W b
i 2K Bl R v S A 5 B F IR BE R SR M
TR SLRR ROS K- TH5 , 1 A Ak B3 e o i
BiE S RAAS M0t e O JIE 58 2 h R IEVEIT,
M KR TEH TR/ FECO LR 2 4E
FEFIRS 5t % T B 55 LA HFpEF H#AE .00 JIE 3 % 3R
BT, A RAAS A RE LR 2E LA E 7058 55 19 % 2B



< 40 -

DM E 2022 41 A% 43 55 1 8 Adv Cardiovasc Dis, January 2022, Vol. 43 , No. 1

RS —E/E M ShPse s Bon SMIRIE I A 5Kk R
2B B NLZE 4RI ROS 7K T, M T A2 a2 5
SRR R, B2 R S S S
1 HFpEF F 7872 BLA: B2 AL o
4 NG
BEAE B AR AR RS O RIS, 2855 1O B R B2 Tt

LA RS AR O L PR R R R B T
Ko, R O & AR O I A8 5 A B 4 PR BE T XU B I T
. HFpEF B 43 7 4% R I 16 6 R 2 R 56 Wi 2
ENTUG o AEPEAE SR A W I S N 73 I T B 5
BTN VR LA 2R S5 48 S T e 35, in =z 0 7
LB RH IR )P 28 PN 70 DA % AT RN A 2 2R T A
&, FIRPLHIE E R B0 A M2 E R A A K
THRESH , i 2F FA 28 T K AL A g 58 P 1, 30 i
IS . sl A0 B BBl 3, 15 3697
S i A A5 - A i nT A 5 AR AR AR, O AT EE
HFpEF [ 1 WU o SR 3 1 25 W36 97 1716 SRy BR
P, ERTET XS 255 i oA SI6 7 259, HARge.0 )
TGS 2P AN RAAS il 77) 55 R 72 HFpEF o i 7R

A MG YT 3 0 DR, 3 EE 9L 5E 55 Ml HFpER
R FHLAE BRI, LUIR 3R T 1 25 W06 7 FIAH O
TR A

Z F 3z Wt

[1] Morley JE, Vellas B,van Kan GA et al. Frailty consensus:a call to action[ J].]
Am Med Dir Assoc,2013,14(6) :392-397.

[2] Warraich HJ, Kitzman DW, Whellan DJ, et al. Physical function, frailty,
cognition , depression, and quality of life in hospitalized adults =60 years with
acute decompensated heart failure with preserved versus reduced ejection
fraction[ J]. Circ Heart Fail,2018,11(11) :e005254.

[3] Ferrucci L, Fabbri E.
cardiovascular disease,and frailty[ J]. Nat Rev Cardiol ,2018,15(9) :505-522.

Inflammageing: chronic inflammation in ageing,

[4]  Velissaris D,Pantzaris N, Koniari I, et al. C-reactive protein and frailty in the
elderly ; a literature review[ J].J Clin Med Res,2017,9(6) :461-465.

[5] Soysal P,Stubbs B, Lucato P, et al. Inflammation and frailty in the elderly:a
systematic review and meta-analysis[ J]. Ageing Res Rev,2016,31:1-8.

[6] Walston J,Fedarko N, Yang H, et al. The physical and biological characterization
of a frail mouse model [ J]. J Gerontol A Biol Sci Med Sci, 2008, 63 (4):
391-398.

[7]  Jurk D, Wilson C, Passos JF, et al. Chronic inflammation induces telomere
dysfunction and accelerates ageing in mice[ J]. Nat Commun,2014,2:4172.

[8] Tromp J, Westenbrink BD, Ouwerkerk W, et al. Identifying pathophysiological
mechanisms in heart failure with reduced versus preserved ejection fraction[ J].
J Am Coll Cardiol ,2018,72(10) :1081-1090.

[9]  Paulus WJ, Tschope C. A novel paradigm for heart failure with preserved ejection
fraction ; comorbidities drive myocardial dysfunction and remodeling through
coronary microvascular endothelial inflammation[ J].J Am Coll Cardiol, 2013,
62(4):263-271.

[10] vanWoerden G,Gorter TM, Westenbrink BD, et al. Epicardial fat in heart failure
patients with mid-range and preserved ejection fraction[ J]. Eur J Heart Fail,

2018,20(11) :1559-1566.

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

(21]

[22]

(23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

Christensen RH,von Scholten BJ, Lehrskov LL, et al. Epicardial adipose tissue
an emerging biomarker of cardiovascular complications in type 2 diabetes? [J].
Ther Adv Endocrinol Metab,2020,11:2042018820928824.

Liu CK, Lyass A, Larson MG, et al. Biomarkers of oxidative stress are associated
with frailty: the Framingham Offspring Study [ J]. Age ( Dordr), 2016, 38
(1):1.

Wu IC, Shiesh SC,Kuo PH,et al. High oxidative stress is correlated with frailty
in elderly Chinese[ J].J Am Geriatr Soc,2009,57(9) :1666-1671.

de Gonzalo-Calvo D, de Luxan-Delgado B, Rodriguez-Gonzilez S, et al.
Oxidative protein damage is associated with severe functional dependence among
the elderly population:a principal component analysis approach[ J]. J Gerontol
A Biol Sci Med Sci,2012,67(6) :663-670.

Deepa SS,van Remmen H, Brooks SV, et al. Accelerated sarcopenia in Cu/Zn
superoxide dismutase knockout mice [ J]. Free Radic Biol Med, 2019, 132
19-23.

Dai DF,Chen T, Johnson SC,et al. Cardiac aging:from molecular mechanisms to
significance in human health and disease[ J]. Antioxid Redox Signal,2012,16
(12) :1492-1526.
Dai DF, Chen T, Wanagat J, et al. Age-dependent cardiomyopathy in
mitochondrial mutator mice is attenuated by overexpression of catalase targeted to
mitochondria[ J]. Aging Cell ,2010,9(4) :536-544.

Dai DF, Rabinovitch PS. Cardiac aging in mice and humans: the role of
mitochondrial oxidative stress [ J ]. Trends Cardiovasc Med, 2009, 19 (7):
213-220.

Tanaka K, Wilson RM, Essick EE, et al. Effects of adiponectin on calcium-
handling proteins in heart failure with preserved ejection fraction[ J]. Circ Heart
Fail ,2014,7(6) :976-985.

Jacoby JJ, Kalinowski A, Liu MG, et al. Cardiomyocyte-restricted knockout of
STAT3 results in higher sensitivity to inflammation, cardiac fibrosis, and heart
failure with advanced age[ J]. Proc Natl Acad Sci USA,2003,100(22) :12929-
12934.

Youm YH, Grant RW, Mccabe LR, et al. Canonical Nlrp3 inflammasome links
systemic low-grade inflammation to functional decline in aging[ J]. Cell Metab,
2013,18(4) :519-532.

Butts B,Gary RA,Dunbar SB et al. The importance of NLRP3 inflammasome in
heart failure[ J].J Card Fail ,2015,21(7) ;:586-593.

Kalyani RR, Varadhan R, Weiss CO, et al. Frailty status and altered glucose-
insulin dynamics[ J]. J Gerontol A Biol Sci Med Sci,2012,67(12) :1300-1306.
Yanagita I, Fujihara Y, Kitajima Y, et al. A high serum cortisol/DHEA-S ratio is
a risk factor for sarcopenia in elderly diabetic patients[ J]. J Endocr Soc,2019,3
(4):801-813.

Goldwater DS, Pinney SP. Frailty in advanced heart failure: a consequence of
aging or a separate entity? [ J]. Clin Med Insights Cardiol ,2015,9 (suppl 2) :
39-46.

Ferrara N, Komici K, Corbi G, et al. B-adrenergic receptor responsiveness in
aging heart and clinical implications| J]. Front Physiol ,2014,4:396.
Rosenkranz S. TGF-betal and angiotensin networking in cardiac remodeling[ J].
Cardiovasc Res,2004,63(3) :423-432.

Sukhanov S,Semprun-Prieto L, Yoshida T, et al. Angiotensin II , oxidative stress
and skeletal muscle wasting[ J]. Am J Med Sci,2011,342 (2) ;143-147.
Farooqi MAM, Gerstein H, Yusuf S, et al. Accumulation of deficits as a key risk
factor for cardiovascular morbidity and mortality: a pooled analysis of 154 000
individuals[ J]. J Am Heart Assoc,2020,9(3) :e014686.

Beldhuis IE, Myhre PL, Bristow M, et al. Spironolactone in patients with heart
failure , preserved ejection fraction,and worsening renal function[ J].J Am Coll

Cardiol ,2021,77(9) :1211-1221.
S B 7 .2021-05-25



