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Study on the causal relationship between cathepsins and risk

of frailty based on bidirectional two-sample Mendelian randomization

YANG Hui, SU Shijing, LI Fen
( Department of General Medicine, the Second Affiliated Hospital of Hainan Medical University, Haikou 570311, Hainan, China)

Abstract: Objective To investigate the causal relationship between the nine cathepsins and frailty index at the genetic
level using the bidirectional two-sample Mendelian randomization (TSMR), so as to provide new insights for future
prevention and treatment strategies for frailty. Methods Genome-wide association study (GWAS) summary data for
nine cathepsins(B, E, F, G, H, L2, O, S, and Z) were obtained from the INTERVAL study, which included 3,301
European participants, and GWAS summary data for frailty index were obtained from the meta-analyses including
164,610 UK Biobank and 10,616 Swedish TwinGene participants. TSMR analysis was conducted using inverse variance
weighted (IVW) as the primary method, and two regression models, including MR-Egger and weighted median, as the
supplementary. In addition, horizontal pleiotropy was tested using the MR-Egger intercept test and MR-pleiotropy resid-
ual sum and outliers( MR-PRESSO) analysis, heterogeneity was assessed by applying Cochran’s Q test in MR-Egger
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and TVW methods, and sensitivity analysis was performed using the “leave-one-out” method. Finally, reverse TSMR

analysis was used to verify the robustness of the results. Results

The forward TSMR analysis corrected by the Bonfer-

roni method revealed a causal relationship between genetically predicted elevated serum cathepsin E level and higher
frailty index (8=0.033, 95%CI.0.015-0.050, P<0.001). The reverse TSMR analysis revealed no causal relationship

between genetically predicted frailty index and various types of cathepsins ( P>0.05/3). The MR-Egger regression mod-

el intercept term test, MR-PRESSO Global test and Cochran’s Q test showed that the screened single nucleotide poly-

morphism ( SNP) did not have horizontal pleiotropy or heterogeneity. Sensitivity analysis based on the “leave-one-out”

method showed that a single SNP did not affect the robustness of the causal association effect values. Conclusion At

the genetic level, cathepsin E could potentially serve as a predictive biomarker for susceptibility to frailty, providing

new insights for basic and clinical studies of frailty and possible interventions.
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Figure 1 The schematic diagram of TSMR analysis
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Figure 2 Forest plot of TSMR analysis results of the association between the different types of cathepsins and frailty index



7

B A TR0 o PR BEATL A R SR Al T 55 Y R RSB

71

MR/ Ji 2L/ MREgger /" JAL {4

_12‘

&

g

=

é]“\ll:’

i

s

-+

=

=}

7

0.2 0.4 0.6 0.8
SNPXJ L7 4 2L 3 [ REE 808,
K3 HZUEMAE E 5 iz MR R 3 i MR
T3 ¥R B R

Figure 3  Scatter plots of three MR methods for causal rela-

tionship between cathepsin E and frailty index
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Figure 4 Funnel plot of the TSMR analysis for causal relation-
ship between cathepsin E and frailty index

2,32 HUBMESAT

N H B — L Hr S 41 2UE Ul B A G SNP
XPRAREE R, 45 R BN, ZBRAEE — A
K SNP J&5 B4 T 43 B , PRI GRS AN AR | R B AAE
TEXT PR SR SCIR AL [ A 5 M 1) £ &L SNP, WL
K5,

rs57689619

rs1936839

rs74677283

rs10900907

rs112918835

rs10401027

rs57135345

rs149553686

rs13089837

rs8066936

All

0.02

0.04

L3S A RFEXT 55 8 B0 B —IA A4 2R
K5 ALUE ARG E 5 ss e 8 RO R iU o b

Figure 5 Sensitivity analysis of the causal relationship of cathepsin E and frailty index
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Figure 6 Forest plot of TSMR analysis results of the association between frailty index and the different types of cathepsins
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Table 2 Pleiotropy analysis and heterogeneity test

K2Rk SR
455 MR-Egger MR-PRESSO IVW Cochran's MR-Egger »
TG A 56 P Global 146 P O Ko Cochran’s Q 56
HMAEHM B 0.0 061 0.773 64.440 0.112 62.044 0.118 61.937 0.102
HAE AN E -0.0 032 0.863 48.168 0.636 46.464 0.616 46.434 0.578
HAEAM F -0.0122 0.517 50.258 0.553 48.377 0.539 47.952 0.516
HMAEHM G 0.0 208 0.312 61.802 0.158 59.484 0.169 58.242 0.172
AAEHMH -0.0 044 0.844 71.590 0.053 68.911 0.059 68.856 0.052
HAE A L2 -0.0 091 0.627 49.026 0.603 47.190 0.588 46.951 0.557
HLEHE O 0.0 172 0.361 50.644 0.543 48.730 0.524 47.878 0.519
HAEHE S 0.0 126 0.539 61.654 0.162 59.272 0.173 58.813 0.159

HLVENBG Z 0.0 200 0.331 62.099 0.152 59.621 0.165 58.468 0.167




73

BEPLAL L R 2R - s s B DR RO

EIR

oy

- TR

0.25

-0.25

-0.50

FER RO I 4L SV FIRRERY B — TR ST R

T
0.6

0.4

0.2

-0.2

SRR LT AL SV UG Y B — TR M4 R

-0.25

-0.50

FE RO LI AL SR P RRL20Y B — R M AS R

v
put B
o S
I SN ASEREESSENSNANERERRREN SRR RRERSENENERRRERERERENARE] LS SRS LSRRI SRR SR ANR NN LR AR LN AR AN S AL A LR AR AR AR L UL L
FHA—F OO A—CIONOT-ONN IO Aol oot = DB T T B e e e R N S A A e S N A Y o Ran N = TIQG® O S R N N AT SN OISIST NN =
R O O OB o < R e S SR S o e ST T BT e oo < N R e e
TR CI—— IO HON—— NN T NNOPNNAONANNT NONNMNNION—F SN —=——0\ N O D IO AN N A o DOSTO— N ORI —T A= IR O T RN —NO—NONN— NSNS —ANNOY
AO—ORNPINE AN =T ONNT N ONCNCRINNT T —— T O B N O D e I A O OO0 I L T o B3 S S R A S A R A B i R e e T QI R R B Bl
A PN N~ — O DN —— O I MAAOIORADINT —~ OO — SIS SAN—FHNNOODANNNNS - RO TN —— IO ORI —— NN I— ARSI OOV —I=S = NGO DI —INO0—CNON BONSERI~F L=~
OO 2 FAISIOENAIR) BOIAISOIE AF OIS —In—— £—OONA T D000 NI ————F e Hﬂﬂﬂﬂﬂﬁ4lﬁ37ﬁll mn0$7217252ﬂﬁﬂﬁﬁﬁﬁlmm06122774ﬂﬁ267& MGm7%@BZBMSSmlSﬁMZﬁﬂlOl%ZMﬁﬂﬂ%7lM3ﬂ545127Mrﬂ10ﬁﬂm27
SEEs Ceeg geg gty tonon A P P Pl PR NS e v—a \— P At e —En e s i i) Bt — = — D A ——oh— — 2 — P B ==
TP ¢ degrapc GCRR GRpniugyps CERRNiRI iy tyruuee it eRETR TR R TR TR MRt TR e TRt TN e et 5 pe- gerCRrgrrrERRE R RREREReER g tat RapEy ve
4 4
=3
2
S
)
QK S B
S 11 4
SE &
S Y v
; # LS
3E _ =
& &
IS a X S
) IREEC
(=
m% _ MM
“ s
Lo £ £
Sk =
T3 =
= =
3z L~ 38 Q
g S B
= T o P
" " y
=3
L
=
! ©
o
IS SEENSREESRENEREEERENEEEREREREREREENERERERERERERERE] ISR EEERERERRR AR AR R AR AR R R AR AR RN RN RE RN EEE A  SBEESEEEEEEESEENEEEEEESEEREENEEEEEREEEEEESEEREEERERE]
<o = NSO T NN T~OHOOIT < NSNS I = ot ~ousrrr OO I e 0000— =
%m377l974%00Il4700U963244213576%%%@2500615900MH%”%M = P S O S A DO D AN DD S NS SIS ST S e S RN S O R N N e N A NN S R o e X% Z
FOE T e BoRAT S Ao SANNEAST Sare DO 00— R NS = SORE Foor I DIn0eR AT RIS o= A1t~ —t- 3 S NS O—00NIEES =M TONT
P s At O DR A AR PN — RO L — I IOV — I T NN RN D— A SN O B e A N AR CR 5

918124834538175956917644328550799456617563369371749

€ =
e A S et ) At Pt 12 (e 4560 A0 1O 't e e 8 Hy B e i i ety T
App- - Fppeepeomp e egp R Aeg Mg SERERE e o EREnRnn an
(444 A e e ey 2TegLe 2

TS,
S

—7-%% 7E @
]

ST FRORT L 2L SR U REH Y B — TR T4 R



74 [T S N

o (E 2% W) 63 % 2 1

158115058 wf -
oksisia 36299474
TS
1556040623 = 159 g373-
15797 151- rs117133873 =
1556299474 mf rs71460103 =
152391 - 1511245450
558! - 1s35799874 =
15808 - 1562414191 =
1573092909 = 512441344 =
1512441344 = 1334651062 ™
15799 - rs116364534 =
157146¢ - 1s589292 =
rs1195 : rs2111216™
15171444 rs9275160™
rsrls? %5 = rsS 35]4'
9807
1511639600 = rs]2] 1852=
15136 - 719802
rsrzg g = rsZ} 6728:
1571 - rs]195]033'
15207 - 157970350
rs211 6: rs17379561™
159823373 rs145529723™
rsl‘lﬁ 6 34: 1573092909
1517, 79561- 159356282
51231 94_ 15109323349
1512667221 r$33970119
1510932 34: 154952693
rs12131852 1$7603172™
15251 £79: rs171444119
159351 2_ 159894577
153764416 1511639600
15624141 I: rs34045288 =
i R
1512739243 ™ rszrssflig Zg-
15145529723 = rs11872713 4
15760. 2: 157993800
rs4l46140_ 1512667221
153404; 288- 1s11660554™
1535799874 9 1528453001 =
151089 490_ 1s10891490™
15116605547 1520712075
152845 001_ 15176121025
it "ali0%
15176121029 1556040623 7
15755249 153764416 7
Al - - - . Aty - - .
-0.2 0 0.2 0.4 0.6 -0.25 0 0.25 0.50 0.75
5 2T
SR B0 I LR RO P —k i SR ROV I SV IS I P —k e 4
[ 1517379561 =
159275160 =
1510932334 =
1510891490 =
1511660554 =
8089807 =
15145529723 =
1$9894577 =
1562414191 =
1571460103 =
1$12739243 =
1s28453001 =
3583514 =
rs2111216=
1511872713 =
1s346510062 =
1582334 =
15719802 =
rs117133873 =
517612102
512131852 =
1511245450 =
15116364534 =
152396766 ™|
57970350 =
155892920 =
159823373 =
157603172
154952693 =
135799874 =
133970119 =
157993800 =
152510479 =
153764416
rs4146140 =
1856299474 =
1511639600 =
rs17144411 =
151231194 =
15755249 =
1511951033 =
1812667221 =
159356282 ™=
1573092909 =
1512441344 =
151363103 =
1534045288 =
152071207 =
158115058 =
153959554 =
1556040623 ™
All=
T T T
-0.50 -0.25 0 0.25

FE IR 1L 4

K7 s B AN R 26 R4 U I AR OC AR I SO A

A RRZIN B — IR B s

AHZUEHNS BB A4UE NS B; C. 4IZUEHM F; D AI4UE H 8§ G E. A 4UE H s H; F AL ZUE M L2; G 418UEH

i O;H. HLAE AR S; 1. HLEAR Z,

Figure 7 Sensitivity analysis of the causal relationship of frailty index and different types of cathepsins
A Cathepsin B; B: Cathepsin E; C. Cathepsin F; D. Cathepsin G; E: Cathepsin H; F; Cathepsin L2; G: Cathepsin O;

H. Cathepsin S; I. Cathepsin Z.
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