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BHEBREERONPIEALELETE, BT EHRRBE A LHANNRLEE T, @ d1# 5 2w E(AVW) e 1
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Study on causal relationship between walking pace with interverbral disc
degeneration and low back pain based on two-sample bidirectional

Mendelian randomisation”
SU Chao"* s TIAN Yuxiao®, ZHUANG Lifeng®,XIA Di' ,YANG Manhong",
WAN Tianhao' . ZHANG Qing'"

[1. Second Department of Spine ,Wangjing Hospital ,China Academy of Traditional Chinese Medicine ,
Beijing 100102,China ;2. Clinical Medicine College (Wangjing Hospital) .Beijing University of
Traditional Chinese Medicine ,Beijing 100105,China ;3. Second Clinical Medical College ,
Shandong University of Traditional Chinese Medicine , Jinan ,Shandong 250013 ,China |

[Abstract] Objective To investigate the causal relationship between walking pace (WP) with interver-
tebral disc degeneration (IVDD) and low back pain (LBP) by using two-sample Mendelian randomisation
(MR) analysis method. Methods A genome-wide association study database of WP,IVDD and LBP was ob-
tained,and single nucleotide polymorphisms (SNP) strongly associated with exposure were obtained as the in-
strumental variables. The two confounders of smoking and sedentary were conservatively removed, and the
MR analyses were performed by inverse variance weighting (IVW) , weighted median,and MR-Egger methods
to assess the causal relationship between WP with IVDD and LBP. The consistency and accuracy of results
were ensured by heterogeneity,diversity tests, MR-PRESSO and negative control. Results The IVW results
showed a significant negative correlation between WP and IVDD (OR =0. 348,95%CI ;0. 183—0. 661, P =
0.001) and vice versa (OR=0.972,95%CI :0.953—0.992,P =0. 007). Meanwhile there was also a significant
negative correlation between WP and LBP (OR =0. 214,95%CI :0.119—0. 385, P<C0. 001) , but no causal re-
lationship was found between LBP and WP. Conclusion Faster WP could effectively prevent the occurrence of
IVDD and LBP,and IVDD may contribute to the occurrence of slow walking.

[Key words| walking pace;intervertebral disc degeneration; low back pain; Mendelian randomisation;

causality

EGTE b [ rh BE R e B a0 5 g e /K7 o 5 B2 g 22 2 300 H b B2 2411 PR UE AT 58 % I (W)-KY-XZKT-2023-29) 5 H [t 5 ) 2% g Bl 4%
B TA (CI2021A02003), ©  i@4&4E%# , E-mail:zhangqingjys@163. com,



3114

B WFFEIE A 2 84 Y0 1y A AE — A= v 1 B AN B B
A 9 (low back pain,LBP)m , T A 8] 3% 1B 7% (inter-
vertebral disc degeneration, IVDD) J& & il X 7 #1 &
1) F LI R 22— R 4 ph R A R 2T 4 R R I, I
I BOR LR A AR B R MR T 2 RS A AR
W SR 43 BAR R b 7 XA AR B AR RN i2 B B
T X, R AR R BEA P A R AT iR
FI% TR Ik Bl % 95 5 TR KOK 454 fE f PR HLAR
T RE 52 01, 2F 1 BOLT 4 PR 4 L B R R B AR AR
W4 kA IVDD, 1VDD & —A~ &bl 7, 4 5 K AR
S B T RS LG R PR L (E [ 2 R B A B A
A T8 4 A .

AT R B R TR B W — R iz 8, fE TR LBP
7 T 2L 2 A5 FE S H R[] (9 45 47 2 ¥ (walking
pace, WP) 5 IVDD.LBP [H] i R SR RIFAH ., A
AF 5 UE B A PR 2 7 o002 B 2 o A T 2 25 1Y L
A5l ) B AR A A 3L H R ROHLMANN 455 fifi
ME 18] 25 1 5 A ME ) 4% 2 B A0 47 IR M ) 4% 6 ) 2 o
SEFRY 2 A £ B WP XA 7 A TR
¥, WP 5 IVDD #l LBP 456 & (H 15 % ARF5E .,

T M8 /R BEHLAL (mendelian randomization, MR) J&
—Fh i FH 38 A% A 3 AE o T A AR & (instrumental varia-
bles, IVs) #E 47 P SR 4 W 0 A 200 ¥ i Fast A 48 53 02
BE ML BC B B T LAAT R b o IR 5 0 A7 05 =4 F 95 Y
TR M2 2 BRI N E RS, R AR B 5T
AT TR WA MR 2087, LSRR WP 5 1VDD,
LBP MR KR,

1 #&R5HE
1.1 #¥EERR

WP )4 5 R 4 S BEAF5Y (genome-wide associa-
tion study, GWAS) F 4 >k A € & A W pE AR, K [H
A W RE A PR S 3l 5 4 3E 500 000 4 B4R R 7E 40~ 60
% W55 AT — 00K B s R A S AR AT . A3
A5 ) WP (=335 349) J& M\ XiF 7] 50 #4541 {] 4 i 45
WE A AT B A AR AR Y. A N kA
“AETeRREE TR P, B WO <73 B HL/h.
“FasE/FH7E X R 3~4 FeHL/h, P U >4 3
H/h", TVDD 1 LBP A GWAS B4 3k I T 2% >
Bl P, Horh TVDD &8 35 80 29 508 i, XF B2
248 831 fl; LBP M5 N 9 917 fl, X} B 2H
134 889 4], IVDD 2 Wik ¥l 45 ICD-10 M51.,1CD-9
722.ICD-8 275, HE B& K 48 (2 45 ICD-9 7220, 7224,
7227.7228A ¢ ICD-8 7250; LBP 2 Wik #E 0 4% 1CD-
10 M545.1CD-9 7242.1CD-8 72870, % & N & 4%
J SR VR T A TR BB PR A T b e B AR T P o VR A
i 175
1.2 F*

1.2.1 1Vsik#F
HR A A 15 1 5 5 2 i PR 25 B S A 56 1) 2 57 A%
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H R £ & M (single nucleotide polymorphism, SNP)
YER TVs. LL P<<5X 10 ° A B {H . % PN F i 2 5
P =0.001, X5 ¥ (kb) =10 000 kb, />3 K £ 5
PEXFLE B Y TVs X5 5 R R AR 4
NI E

F=(N—K—1/K)(R*/1—R?") @®

Hop N 2REAR K & IVs I8 .R” & 1Vs fif
BB Z g N R A S 0 He ], IR O S b 25 R T W
KA AT 2% 2R A G 19 SNPs,
1.2.2 MR 4 #

MR 2 88 B T P 4% B A = KB B (1) i A8 7
SRR R A4 s (2) AL TVs 5IRZHE L
K (DA TVs {UHE ) B EE R R4, R, 78t A&
il F AT P REAR L] MR 4387, 569 WP 1 b 252
KZ,5 WP BB A EH SNPs /£ ) 1Vs, IVDD, LBP
WIAE A &5 J s TR 18] LA TVDD 8¢ LBP fE b 2 #E N &K,
5B W EMEH SNPs 1 1Vs, WP 1E R 45 J&y it
(T
1.2.3 AR PIEETG X

ARWEFE R A 3%y 22 A J7 3% (inverse-variance
weighted, IVW) [ INAL 7 437 X 35 (weight-median esti-
mator, WME) #il MR-Egger % k4 IVDD,LBP 5
WP XL AR 56 & TVW AR SR 32 219 43 B 7 i, Tk
LA SN AT meta J0 BB SR AR R IE I,
FFLLGS R T 22 0 BIVBOVE S AR 2E 47 B0, 4n SR T P
B4 UE 8 UE BH A7 76 2 850, W TVW 7 ik g0 o 2 Ak 1
PRLIR G &R 10 S HE A 7 25, 4 & A AE W 8 22 S PR
et FH B AL A A5 B A 1 PR A% 5 R =2 A R 1 R
BRI T PR A0 . iR 67 80 2 MR-egger A LA
TE AR R A5 1 R g R (0 T 5 B AR IR E S %
T O
1.2.4 THMBFN
1.2.4.1 FREAEE

S JO A A 6 R AR 4 B T 0 4 R ) R
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[E] (1% R0 S HE
1.2.4.2 AR %3HAER
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1.3 %itzam

AW R4 1. 2 BB TwosampleMR”
F1“MRpresso” 3 #F 17 B4 48 i1 43 Hr. 4% P <<0. 05
A GEF AN R ZE R B G F ., R R
{H H Codds ratio,OR) }2 95 % CI 3w, tH: OR>1
H P<C0. 05, I & B A5 4 0] 47 76 1F 17 S BK ; A &, #4
OR<C1 H P<C0. 05, W] i B A% & [B) 47 76 £ ) I, 3X
So 5 TR ME A B T8 A A R DG R YRR EE
2 % ES
2.1 IVsfZ &

WP.IVDD #1 LBP #¢ 1Vs 4 F>10, 2 81 fr it
RS TVs ¥ 5 28 R A ¢ RS TVs fi
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2.2 MR 5 # &%

26 AN AEKH M SNPs #98 A WP 5 1VDD 1) [A
BN BT 45 B B WP 5 IVDD &2 B 58 1 7 AH
XFZR (VW OR =0. 348,95% CI:0. 183~0. 661,
P=0.001); [/ 19 4~ 5 TVDD #H 5 ) JE & 8 t:
SNPs #28 A MR I 17 43 #fr of, 45 5 & 8L IVDD &5
WP JR & B i A 6 56 &2 (IVW . OR = 0. 972, 95%
CI:0.953~0.992,P=0.007), 26 IEHAMi1E SNPs
A WP 5 LBP #5800 43 8, 45 SR BOR
WP 5 LBP 2 R AL KERAVW.OR=0. 214,
95%CI:0.119~0. 385, P <C0. 001) ;{HA 3 I i
P SNP 8 98 A B a1 53 B & & 3L LBP 5 WP {77
B AH DG, WLEE 2, MR 500 s B 2R 8L 1
M WP X TVDD, LBP KU 43 H7 it £5 21) 1) 1] )5 28 3
A—FL A 1,

x1 MR 4 # &84 SNPs 5 B R

SNP RERR 4R EA OA caf SE P

rs10747784 ws 1IVDD A G —0.051 164 7 0.350 554 0.009 361 7 4.62x10" 8
rs1318756 WS  IVDD C 0.055 033 3 0.533 505 0.008 943 5 7.58x10 '
rs1431196 ws 1VDD G A 0. 065 430 3 0.413 483 0. 009 030 4 4.31x10 "
rs146752096 ws IVDD T G —0.093 048 8 0.116 573 0.014 014 6 3.15X10
rs2290011 WS 1VDD I G 0.053 948 2 0. 432 759 0.008 949 8 1.66x10"’
rs266344 ws 1IVDD A C 0.052 113 4 0. 630 437 0. 009 256 9 1.81x10 *
rs28540719 WS VDD A G —0.060 662 3 0. 244 021 0.010 407 2 5.58x10 7
rs3010043 WS 1VDD G A —0.068 394 9 0.791 233 0.010 827 2 2.67x10 "
rs41308273 wSs 1VDD A T —0.097 341 8 0.072 509 0.017 608 3 3.24x10"
rs10149134 WS LBP A G —0.009 410 5 0.391 386 0.001 519 6 5.93%x10° "
rs10750025 S LBP T C —0.008 952 8 0. 682 868 0.001 602 4 2.31x10°
rs10862220 WS LBP G T 0.010 300 8 0.678 740 0.001 588 9 9.00x10 "
rs10865958 WS LBP G A —0.009 917 0 0.501 988 0.001 483 5 2.31x10 "
rs11152989 WS LBP T C —0.009 538 9 0.314 294 0.001 598 9 2.44Xx1077
rs12739999 WS LBP A G —0.013 5287 0.171 228 0.001 975 1 7.41X10 "
rs13238384 WS LBP G T 0.010 212 4 0. 634 195 0.001 540 9 341101
rs1652376 WS LBP T G 0. 008 936 8 0.464 221 0.001 487 7 1.89Xx10°
rs2054079 WS LBP T C 0.009 791 7 0.680 558 0.001 589 9 7.33x10 "
rs273505 WS LBP C T —0.009 992 3 0.419 906 0.001 503 5 3.02x10 "
rs10747784 IVDD WS A G —0.051 164 7 0.350 554 0.009 361 7 4.62x10"
rs11831278 1VDD WS T C 0.089 874 0 0.165 638 0.011 936 7 5.10x10 M
rs1318756 IVDD WS C T 0.055 033 3 0.533 505 0.008 943 5 7.58x10 '
rs1431196 IVDD S G A 0. 065 430 3 0.413 483 0. 009 030 4 4.31x10 "
rs146752096 IVDD WS T G —0.093 048 8 0.116 573 0.014 014 6 3.15X10
rs266344 IVDD ws A C 0.052 113 4 0. 630 437 0. 009 256 9 1.81x10 *
rs28540719 IVDD WS A G —0.060 662 3 0.244 021 0.010 407 2 5.58x10"’
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ZxR1  MRISWES SNPs FERR

SNP RERNE 4 EA OA B eaf SE P

rs3010043 1VDD WS G A —0.068 394 9 0.791 233 0.010 827 2 2.67x10 "
rs41308273 1VDD WS A T —0.097 341 8 0.072 509 0.017 608 0 3.24%x10°°
rs4148946 1VDD WS T C 0.065 472 8 0.554 382 0.008 955 8 2.66x10 "
rs10502971 LBP WS A G 0.062 740 4 0.421 328 0.010 365 9 1.43%x10°"7
rs2074483 LBP WS A G 0.065 440 6 0.300 619 0.011 137 4 4.21x10°7
rs35989721 LBP WS C T 0.112 188 0 0.101 555 0.016 476 0 9.82x10 '*

EA SO0 A5 7 B PR s O A JE RO A5 (0L HE P 5 35 55 B [K] 14 80N {5 eaf s 55 (37 K& PRI 5 SE AR i 2
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-0. 050 - . . 'E‘ //
>
-0. 002- -
-0.075-
. . : . -0L004- . | : : !
0.010 0.015 0. 020 0.025 0.05 0.07 0.09 0.11 0.13
c SNPXWPHY S R &L D SNPXJLBPEIS R (&
A:WP 5 IVDD;B.1IVDD 5 WP;C.WP 5 LBP;D:LBP 5 WP,
& 1 ERMMAE MR 328 = E
x2 WP 5 IVDD,LBP X4 fER) MR 4> 47
RTEHE 45 Jr) SNP $ & (1) ViRis OR(95%CI) P
WP IVDD 26 IVW 0.348(0.183~0. 661) 0.001
MR Egger 2.095(0. 025~172. 840) 0. 745
WME 0.305(0.159~0. 588) <0.001
IVDD WP 19 IVW 0.972(0. 953~0. 992) 0.007
MR Egger 0.965(0.871~1.069) 0.505
WME 0.972(0.953~0.991) 0.005
WP LBP 26 VW 0.214(0.119~0. 385) <0. 001
MR Egger 1.044(0. 018~60. 135) 0. 984
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GgR2 WP 5 IVDD,LBP # X4 fE#) MR 4> 47
S ASEN 255 SNP % () WIRES OR(95%CID) p
WME 0.270(€0.142~0.534) <0. 001
LBP WP 3 IVW 0.988(0.960~1.016) 0. 394
MR Egger 1.023(0. 871~1. 202) 0.827
WME 0.998(0.965~1.032) 0.903
1510149134 - : 154148946 -
155026760 - . : Jps—
159379843 - 2
159844666 : 1511831278 -
154780421 - 2 1$720465 - °
151652376 - - : 151316755
1510865958 - 2
159972653 - : 15146752096 -
152054079 - S : 153010043 -
r$11152989 - : rs7128736 3
1510828258 - 3
1512739999 - : 151431196
1510750025 - 3 r$58471040 -
1513238384 - - : <7816342.]
159637592 - :
17560257 1 : rs41308273 -
1510862220 - 3 156546534 -
1$75854315 - . ; rs10747784 -
1561134960 - 3
reo7o1a48 : 1561825480 -
15784257 - - : 1528540719 -
154509216 - : 1266344 -
1534898535 - :
15273505 Py : 1788747 -
154839898 - : 1572868879 -
rs7124681 -
Al- : Al :
1 1 B ' ' ' ' ' 1
-15 -1.0 -05 0 -0.05 -0.04 -0.03 -0.02 -0.01 0
1510828258 -
1510865958 -
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e o0 ] 1510502971
r$1652376 - .
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A:WP %} IVDD; B:IVDD X%} WP;C: WP X LBP;D:LBP Xf WP,

2 “BRHBESTERE

2.3 TEMHIFEN
2.3.1 SPHRAHEBAARA S ZBRER

BT A 1 S PG 56 &% B P <<0. 05, IR I i A Bt ML
RO BRI AT IVW 230 B, 98 R & B 78 56 T 230
P, L3R 3.
%3 WP 5 IVDD,.LBP MR M RFRERER SR HEHRTE

BEHE R Cochran Q 6 Pagy  BEES Pasun

WP IVDD 26 69. 001 3.10X10° % —0.018  0.428
IVDD Wwp 19 48.537 7.11X10° 0.000  0.886
wp LBP 26 43. 868 0. 007 —0.016  0.446
LBP wp 3 1.187 0.276 —0.003  0.737

2.3.2 BEBRBRS

“ER k7ML JC B SNIP R S R B L 3IE
B BT A T 0 45 RN RE B AT T B — 1 TVs SRR R, IL K]
2, FE 4T MR-PRESO il j5 &% #t, WS A1 LBP,
IVDD Fl WS () MR 4B Hh AE 76 38 o B BEE, RIS
PR FEAT MR 20 0745 20 09 R RN 5 Z i R+ — 3K
(7] Fsf BH 5 BB By 285 R R B, WP . IVDD K& LBP ¥ 5
IEATE G, B B AR R T FE e B 19 TVs & Aal i .
3 i it

MR R4l SNP = 45 {3 5 PR 78 38t 74 H Bl AL 43 T 1)
SO, T DA g5 B B Ml v R A= 36 PR BE L A T O U AR TR
Z TR 3R 52 e 455 1 0 A D 38 BB 40 Bl AL X AR ik
% (randomized controlled trial, RCT) 5 5", 1F
Oy AR A B g GWAS Ko, IF R AT T £ iU
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PE S BUPE S B  B OR T 0 A A Y — b A e
IR TR 45 8 B on . WP 1 IVDD, LBP o] 877 7E B &7
IR R HE T WP AL IVDD 5 A A7 78 B 2 14 17
IR ZR WP FI LBP ££7E Bt 7R ¢ ¢ & AH = 1] 43
M A e B0 L 422 1) DR SR 500

A R MR RR O M B WIURE G 98 2 L L L %
KNVEE BT EHE ) i2 3 e e YR % 2 ¢ L i AE
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IR TSRS ) s S S = e SR N VAP SR T N T 1 B
VDD M4 LEE 4"  DISTEFANO %15 fiy
T B WP AT DL T W56 22 24 L, 2 0 A 5 L
(435 31 o AT 577 1k UL PR 25 45 8 A1 M T 25 96 0 1) XL
BRZS Sl e A — A A R R AR B Opensim 4
B L PR B R AR 5 B PR S R B ) s L L R R L
Z NG B AT B 0 FTE VE R B IR N R IE Y
NBE 2 B (2. 3 m/s) R FBG LBP i 8 4E 2 of 5
25 % T HE N TE WA A9 LBP H 2 ABESR i, bl
(2.0 m/) BB T FB, ETXELH,EH
e 02 1 WP AT BES 38 TVDD /4 XURS: , P25 3 fig
AR WP VDD Al LBP 8 % £, It 4k, BELAVY
SECU IR B B L BRE 00 B A ) 25 T A 25 . i ek
AR 1 S AN 32 3 D) A ] 3 A8 )

J3—J7 M ,.IVDD 1 WP WA B B A A E R .
IVDD 3 1E 7 | T RN 2 32 BRI #E 12 3B >Rk H
P B i WL PR TG 3, i = 32 By 2 WL PR B R AR
TR fE B K, WP 12 LA 2 48 0 A TE R
B, TS 110 BB 5 H M RCT IEW T 895 B
HE[] 35 28 H 51 kS 1 K 1A R 30 i 28 AR nT S 35O IR
45 f B AP [E BF, BONAB 290 78 “ WIN-
TRACK” & P& F R 5 W58 A7 8 8ds 1Y
BRI AT o0 A S PR, 5 4kt R £ Bb A R A D 4
5 AL R 118 PR ML IR 4L BB s s 2 S S 5
b REAR L DA A [R] 4% 28 A A i A B KR R R S
K. HEREAMAL, X SRR RE BN,
FAM I LI 5 HE 1 A M ] 458 S G A
JE T HIL IR D) B B B A7 A2 A 5GP L 1T DL BT A LR B
LTGS2 X T REE— S SRR E I WV,
AR % B LBP 1 WP ££ 76 PR ¢ &, A & 4 X v]
REJE o B Al ) LBP AR i s S RINLA 2245 . 1IVDD 4§
HLAAR 25 ¥ P i R

MR 5E O i L i A A 9 FH A5 T Y BR L X
WP A1 IVDD . LBP () BE A #fF 53 A £ R il 4% 7 i foF
I8 ARWE ST AL B Kl i MR AL 24~ KB GWAS %
PEAE R Z Moy B or ik, Nt f& M B T2
) ) PR SR80 AR B T A R 2538 . SR T A 554
ErE—Se R BRI, B, 0 T e ANBEST 2 B 5% .
18 1% 2 AT AR BR T B Il 52, AS B AR IE 45 51 19 355
PE . R ASHIE 5T A e A e R 0 4y 2 BEAT A T
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AR, )5, WP GWAS B FEA S AR, &5
R REA Bk AT MR 78 s & i i RCT 348
R UE A 1 45

ZE LR R AR A T WP Fl IVDD, LBP [i]
FEAE I G DR SR A . 3 T b AR A — T TR X
IVDD %45 K LBP B B » EE s x84 IR S 1
K B — I m A IVDD & v GEfE A WP 18
Y AR 52 H A TR T R GE Y A D) RE SR R A R
B, (R RR S — 25 5T R IESE WP Al IVDD,
LBP [H B XFR.
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