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Abstract

BACKGROUND: It has been found in recent observational studies that assessing localized fat mass is crucial in the evaluation of disc degeneration. Although
obesity has been recognized as a risk factor for disc degeneration, the causal relationship between fat mass, which is a key factor in obesity, and intervertebral
disc degeneration has been unclear in previous studies.
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OBIJECTIVE: To investigate the causal risk factors of intervertebral disc degeneration associated with different distributions of fat mass, thereby enhancing

the understanding of the pathogenesis of intervertebral disc degeneration and contributing to the development of preventive, therapeutic, and prognostic
strategies.

METHODS: Genetic markers associated with trunk and lower limb fat mass were extracted as instrumental variables from the publicly available IEU Open
GWAS under the conditions of strong correlation and fulfillment of linkage disequilibrium. These markers were combined with the Mendelian randomization
analysis to investigate the relationship between body fat and intervertebral disc degeneration. We used the latest version 9 database of FinnGen and assessed
the results using several regression models, including inverse variance weighting, MR-Egger regression, simple mode, weighted mode, and weighted median
estimator. We also assessed the heterogeneity of the genetic markers using Cochran’s Q test, and multiplicity was assessed using the MR-Egger intercept test.
Additionally, we used the leave-one-out method to determine the sensitivity of individual genetic markers to the causal effect of the exposure and outcome.
The results were presented as odds ratios (OR) and 95% confidence intervals (C/).

RESULTS AND CONCLUSION: The results from the inverse variance weighting method revealed that there was a positive causal relationship between trunk

fat mass and the risk of developing intervertebral disc degeneration (OR=1.25, 95% Cl: 1.15-1.35, P < 0.001). Additionally, there was an inverse causal
relationship between bilateral lower limb fat mass and the risk of developing intervertebral disc degeneration (OR=0.7, 95% CI: 0.63-0.78, P < 0.001; OR=0.69,
95% Cl: 0.62-0.76, P < 0.001). Furthermore, the MR-Egger intercept analysis did not detect any potential horizontal pleiotropy. No bias single nucleotide
polymorphisms were detected, while heterogeneity tests were present, and the leave-one-out sensitivity analysis suggested reliable results. The results above
demonstrate a positive causal relationship between trunk fat mass and intervertebral disc degeneration. As trunk fat mass increases, the risk of intervertebral
disc degeneration rises. With an increase in both lower limb fat mass, the risk of intervertebral disc degeneration decreases. Fat content and distribution affects

the risk of developing intervertebral disc degeneration and should be given more attention.
Key words: genome-wide association study; Mendelian randomization; intervertebral disc degeneration; fat mass; inverse variance weighting method;

sensitivity analysis; single nucleotide polymorphism; causality
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0 5|= Introduction

LSRRI 69 KR R G, RETRmAL. R, AL
I AEERTRKARY, B LAFRILIAY, ERIZHEMG
FEZRARBAAGBITHE, HIEHENER B EARIBEE®RE EHF,
CAVGY B gh B Ak M 18] A 64 B A AR A I 3R H i KR A A P,
MEB) AR A — AP L e iR M), T Ed P owiiiig. SR a9 EIRA L
TAHAR GG R LM R, CAn TAIARAEIRZ ], #4 E TR, 5ER
R IR E M RSB E S P R Y. MR SR T —ARHOA K
HiERE. RELRE. SUR. MR PARETFREA L. R
MEAMR AR E Y T EHRBEX—", LR FR 2 2B %KTF48
LB 6 g i 8 b i R A | AR RS B ik AR v T R T
ARG H SATA BRF MR HEARZ A ) R A F AT 5 R,
i IS B R AR R B3 5. KA o7 AR R 51 AL A 1F] £ a9 AR
Y BANATRLEM G F L, ERAEM A F L FRIRIR, RAFEAE GG
FIER. HAAREN, I p Bk g9 £ F 5% 505 tmie B F 4
RESFHNHEBERG. RERABHERARA LY, Agmbard,
TV FH A ST 4t R ARM T, LER R

RE W& )i B ) TG &k vk R 6 R KU, A2 4E h & R B 454K
iRk R EZ—, B TAERARTGIRER Y. BHPAFTIEE, A
B8 W 04 BB AAE h B B R AR BAT IR T o T A Y, TR
B ULIAR A BE AR E 6 AR A4, WANG 2 Ui i3 J8 A A 2k 4R AR AT 1
HRRFIE. WA KKRBAF L Pirrmann 52U 694 0] £ 18 T
RIERHRIR BRI M T, WA B4R A FI0 T B, stFipqaeia &
BB EHGIBREAZE T, HARIEEARG S, MEH 0 RE oA
BAIT AR R R $# o, A28 549 B R K R A KA.

FEAFR IR B F B R A AR, ML BRI A RS e A% &
X, A2 T S A6 RIA £ ik T, mHE RIEAL (Mendelian
randomization, MR) & —# Akt % oh T A% F 1, WA E RO,
PPAR AL 04 5 A5 3k B JE R G T AR BT A REAL B EL ) 2 64 R ), HEFR IR 22 A
FaP R FHh, AmAnig T B RIEBHERE R A Gk Y, Tk
FRLPARE AT BRI 4G B 89 U, A6 R G B RARRG94E L, AR
Hh g el &5 LRI, RIRART AT AR & AoAfe 18] 48 3
AR AR AT T4 RN RO AR, oA BB TR B oA 64 I8 Iy & 5 A 1) 4
BEZFAAFEGBERKZ,

1 #RFN775% Data and methods

11 Rt EARHEERRTEALE T E, RREET AT R
A8 W& 2540 % 69 A7 F B % Atk (single nucleotide polymorphism,
SNP) 4k A LA H 8, 128 & REAI AT F iz T RER £ 545

EFFE e ERXBENSA. ARIEERTEME, RAFRRAER. S8R
DHT B BOESAHT R R A B, LERA TOAT 3 A KR
PR F A RSN AT M T OXBEMBIL: TAEEZE5RER
FXRRADAG; QAL TAEEHRERE. £AREH
KBROETR R B F 0220y, Ofifii: TATF Rl

RERFAE R Hh, LE L
dbis

BFETI

BepnE

FyE: SNPs Nz IR 2 &1k
. 1 | HERBENRT R RIRE

1.2 BHERIMAER  #ABME AT T 2023 4 9-11 A b P E 2 K
TP

13 5K

131 AMEEKEERSATTE £ 036358 A M K IEU Open
GWAS(https://gwas.mrcieu.ac.uk), 2~ 2 443 J& The FinnGen Biobank (https://
www.finngen.fi/en) #= PhenoScanner 4k 4% /& (http://www.phenoscanner.
medschl.cam.ac.uk, 4 #7f T £ £ & & 3£ R & 4.3.0 B A. Mendelian
Randomization 0.7.0 3k 4%+ €,4= TwoSample MR 0.5.6 k44 ¢,

132 B FEH4E @iT IEU GWAS 5035 & 5 5| R38R F . AT MAS b &
IREHIE., AP EATRIBHES A TR EOHEHRRTRAR
% HE (Neale 1ab)2017 449 GWAS #F 5, A T MG 244#% R AT
% 331275, SNP 4k& % 10 894 596; # T M5y E 44 £ R EH
331293, SNP %% > 10 894 596, HR-FJI§ iy & 49 4438 kR T MRC 424~
AT 8 3 BF 5 BT 2018 N b GWAS 225 47, 4% K& 4 454 588, SNP
#FH 9861867, #IEm LK1,

133 A4 MR RTRHERIER A S ZHRERIE 9 mA
WA, GHIBEWREF>HTRAS0 T 2A5H5 0 ARAR
{ B AR, AR AEiR T 045 4 (L35 184 683 4 RN A (20 001 4] & 3 Fu
164 682 L2 T AR ), SNP #3 4 16 380 337, ZAF A AL A 2383 %
TR AR G 43, L ORBEEMRELS R E, TAE
RBFIMEEF E, #BmT LA L.
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F1 | HERBIKARPHEEREXKEITEILEER

BB B RIEMIE R4 FEA RETRE AR BUERIE Sk

45 Ja Wt Mg SR 1R i
D5 b3 Fo

HRFHE https://gwas.  ukb-b-20044 KiKJH| 9851867 454588 MRC-IEU 2018

ik mrcieu.ac.uk/

75T https://gwas.  ukb-a-279 Wi 10894596 331275 Nealelab 2017

HEWiH mrcieu.ac.uk/

4Pl https://gwas.  ukb-a-275 KR 10894596 331293 Nealelab 2017

Jig i & mrcieu.ac.uk/

MEMR % https://www.  finngen_ [ 16380337 184683 FinnGen 2021

JB4F  finngen.fi/fen/ R9_M13_ Biobank

access_results INTERVERTEB
14 33k

141 T AETE Hh, HBHTARBMELR, PRROLLETHRE
28 RBANE G, EHFRAP<5x10° h L&A RS A RM E R D
204 SNP, JLE 2, F1% 8 clumped & % 3 4% 48 & P %7 (r* < 0.001,
10 000 kb) 49 SNP. HoKk, Hith Bk L MARE, ®R6 T LT 2FHR
EERERL. SAHAT A ABORERE, BHAEEN LKL
Phenoscanner 35 & F 3) i 16 HE PR HAt 5 i 4 ) & AAE 9] 1R 35 40 X Bk
o SNP™ . R B, i R ARIE BOR VB LB SR £, AR
F=[R*(N=-1-K))/[Kx(1-R*)] h 2~ X3tk F 44 < 10 6935 T B3 2, st &
N RFERE GWAS ZF R F a9 K&, KA ik B1E A T AL F ) SNP
BANH, R AT BREXNIEE T & SNPs fRE 69 K F & th, R*=2xEAFx(1-
EAF)XB®, HF EAF AR E 4R RIE P, B ASF ARz ™, 1
/A MR-Egger =1 )23f SNP # 47 % #UthAbi], % P<0.05 N2 4 % i,
% SNP AT AR89 R P77, MG HAT T 4B RIAAAL B K £ Ao
# ##{4 (pleiotropy residual sum and outlier, PRESSO) J& F X Foiff) B /K-
S aMe AL, R IEEE T BRML. REFRELZHIHiLE N
FHREREIS AT T E T F.

Bt
A

P A D ST g s S A ]
B N e i i A T
BAE; C AT T IBIR D7 L A () £
BAZ, P A AR L Gtk 2k
N S ) AL TR 2 AL
DAASE B B0 & ey oy 4l P B
Ny LB R N F R AN S
T B PR R 2 25 R o7 s IR
FEAT s P AL P T R P <
5x10° {E R IF L 5K AT, 45 A~
TR 2 AV (L i G 20 €5 PN [
6 [ SE A, RITFTIA N 12 AL IR 2 A AL T 22 5 35 (M 0 2% 1
Bl2 | AP <5x10° HEMFELEFRAEREENERTREISHES
R E

142 FZERMEAIAIN FEEFGILXTETELHREFEIA
TwoSample MR #k 4 ¢, 3 47 o 47, @it if 7 £ hmAR ik (inverse variance
weighted, VW)™, MR-Egger & )3, #nAX ¥ 4% £k % (weighted mode,

WM). #mAX ¥ {4 3% (weighted median estimator, WME)®, & 3 & {5 4
% (simple mode, SM) % =] Ja4£A! 49 OR {55 5T 13 X 18] (95%Cl) vA A& 4K
FRERTHAEH T 5HMERTHERXE P, LfiF 2k T
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FRA 4 B AE B, R AT R A BT 3AMBIR TR T
22 B R AU 69 Wald A& THE A RAF EARE B, 2P AR A 6948 7B,
FHE R A ZAAEE, ARG 2% 5% P, MR-Egger
B4R 4 R B W I ARG AT et I Y, BB R I R R %
ok, RERZTEEF SR Prhamits % ok E @i AER
BefE it R, Wy ek B RE RN TE, EHRTAKIALE
5 2 30M3E, M PR ERK T EE SRR FHAGELT, AT
Pt Ty £ AeRGR QT AR, SF A @ — B B AE A, AeAR
AL HRBEE A ZAEF, FEA SNPs 3 6y B R AL HAR
KP4 SNP SBEATAnAL, WAAF i B R AR E e FHE P uFEA
SNP f2 o 49 AR EARR), {3 P A5 Bk 4 A AR MB 89 SNPs WASE 548,
VAL SNP A2k % 94 kiF H B R X A B9, @it 48 R i
7 ZAnAE. MR-Egger B3, 3 P ndtik. AeA AL SR B A AR
= AR 44 OR A8 Aw 95%CI AT AT FHiTME R EL 4 B E e R X % .
LEFEGIHFFH OB TR ESRFADGITFERT.

15 FEMRIENR OATHBEHELMAARETORRXEZ; Q& T
MRREFE LM HREGERXZ; ORETFEFES5MAAREGRER
*F; @BBMSILER.

2 258 Results

2.1 TETSHER #A1%A cdumped &3k bE 4R F45, ET5
= #4423 /- SNPs, £ T MG 5 & #) 4 288 A~ SNPs, & TS &
F| 4 285 /A~ SNPs, 224+ 5 B 13 th Bk FF 5 A58/ SNP 2 249 F &3 > 10
(48-F: 27.36-795.01, A TFAk: 18.12-410.12, # FAL: 18.76-430.60),
PP R A 4255 T K F 4. 4 Phenoscanner (4% & F 4 & 48 X & A 5
BIFaA8 % 69 SNPs, /5 MR el S A7 84 % & M % MR-PRESSO 41
T BRME, RLILTIE BN 347 /N SNPs. A& T IS % 44 A\ 256
AN SNPs. & TSI 4h N 255 A SNPs 4 2 T B % 3 sk iF 46 5 e i) 4
BEHERXEZ,

2.2 RFEMHESHBIERTIERRKR #7572 miGEEN4R 25
OR=1.25, 95%Cl: 1.15-1.35, P < 0.001; AvAX ¥ 1H k40 % £ B &
OR=1.28, 95%Cl: 1.16-1.42, P<0.001; MR-Egger #4 | 4 % 2 +:
OR=1.32, 95%Cl: 1.05-1.65, P=0.02; AuAl ¥ {5 4 ik 4 M 4 R 2+
OR=0.65, 95%Cl: 0.50-0.85, P=0.002, v\ k75 ikt5% P4 <0.05, £
HEEREZL, HEPaskg 2R T OR=1.29, 95%Cl: 0.90-1.84,
P=1.29, 45 R B3 M F 5, 422 5V 7 ik B R 7 &) — 3 (OR1E ) > 1),
HEBALTEEILXLY TR, LE 3, HRTIRT IR Z5AH0E AR
THEGQARKXZ, RFIEHETSHAMNLERTLAGRERE.

2

SNP efect on IVDD

0be
SNP affecton leftieg

obe obs
SNP efect on trunk.

c MR Test
Inverse variance weighted / Weighted median
/ MR Egger Weighted mode
Simple mode

P A D KT e s 2 5 e 1) 48
IBAZ; B AL RGBT B S HE T
RLIRAS; €O T BRI 5 #E ]
FHRAS . X N T HAR BB R

- - EX LD AP ET A AR
AR, Y iy T AR B AL R 22 AP R0 45 R IS IR SR e
AR NN AR 2 S AL A, BLR RO L B BN S A 1
PR 22 A PR RIS BTG s RTINS R R BRIN B /K BEHLAL 22 M
5 Fh L E, 35 EATI SRR R R SR A R E ARG R, TR,
B3 | ERXBHEERBEN I 2R SE

SNP efect on IVDD

obe
SNP effect o righileg
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2.3 WTIASHESHERERTNERXR £A THRIEN Z 54 &
BT, 3 £ AR A B B & & L (OR=0.7, 95%C: 0.63-0.78,
P<0.001), RFAETRIBHESMHNERTARGDERXEZ,; SHH%
R RAL 76—, A TRIEGESMRERE P 37 £ ik,
InACP ARk S AR P AR G R Y B R EHE L, OR(95%CH) 43!
5 0.69(0.62-0.76), 0.68(0.60-0.76), 0.65(0.50-0.85), P {3 < 0.05, 3%
T TRAS N S AR T A R B R XA 8P a4k (OR=07,
95%Cl: 0.40-0.96, P=0.10) vA % MR-Egger(OR=0.8, 95%Cl: 0.59-1.08,
P=0.14) 4 R AL B F M E L, (25 7 ke B RZE 76—, HEHE
RFEEELA RS, RTEREA. L, WFREHE5MR &
BEFRGERXEZ, WFHBAEZAME AR EGRPEE, A Ld
Fmp LIk 2.

=2 | BT R TS A E x4 18] 2R T RS i & B RBEATL (L 45 R

45 BiE KRBT THRARSRZTT OR(95%CI) {4 PE
i Jiik P2 e IR 4E]
e 9KF  Ff/RBENLAL Egger 347 1.315(1.049-1.649)  0.018
[8) AT AR A 7 vk 347 1.280(1.157-1.417)  1.77x10°
ORI 347 1.246(1.152-1.346)  3.07x10°
B a7 5L A 7 £ 347 1.289(0.904-1.839)  0.162
% T A 7 £ 347 1.443(1.141-1.825)  0.002
KT SR BENUL Egger 256 0.730(0.538-0.990)  0.044
T HE R AR A 72 256 0.679(0.602-0.767)  8.35x10™°
JOTRE 5y 2 AL 256 0.701(0.634-0.776)  5.96x10™
i B A 256 0.622(0.402-0.961)  0.033
Ik i Fik 256 0.639(0.483-0.845)  0.002
HE dAEIREENIAL Egger 255 0.795(0.586-1.078)  0.141
JEE b T7 i 255 0.670(0.595-0.755)  1.92x10™
JUTRE iy 2 A 255 0.685(0.620-0.757)  9.53x10™
fij A Hik 255 0.700(0.462-1.061)  0.094
Ik i £k 255 0.654(0.505-0.847)  0.001

2.4 BURMEDATER MR-Egger ®)a 5br4: R, vA L43E R0 2
AWK S EH, PAEY >0.05 (RKFAEME: P=0.617; A THARN
%: P=0.785; % FJAAEM%: P=0.315), Bpi{Bf 3 fF T A% 55 Rl
WRBE SN B YRR, FARRMERL. A T AT FRAM
#) Cochran’s Q F /M e seF, KT AR TR EHLINT Hee)i
Bk, XTRERETFTRAKAE. RRAWETRE. RESHF k.
BRI A R, ARiE T E AR 7 kA ECRIAR R X AR H, 2
P MARIR, MR R, AHoh kg RegfRiE. A EEm
PILER 3,

=3 | BT RN T AR ARBr ExtEE IR TR S A= BRI ISR

gl AREE KL AL
TERBENL - EmERBENLE T 2R nRlE
Egger [7]J P & Egger QP {H QPfi
HEMIAE X TAe T 0.617 1.15x10°" 1.47x10**
WA R ENE 0784 1.30x107%° 1.87x107%°
F T EmR 0315 1.53x10%° 1.23x10%

1R “G—ik” BB ERENEFREAY LR, 2R
TARAF] SNP 3+ HARE R X Z TN = A #m., 428 R Q¥ L Rt
Ak, JUE 4-6( B T2 SNP B4 K, B 4, 54U T35 SNPs).

3 573 Discussion

ZAFR AT GWAS 535 2438 B, 4R 4% RIEAULSATIRIT T 4R
F R T B & HAHER AR T E R AL, LRI FRFIE T
BRI A1 AR K A G, R P AHORS, e 4 AT
RYBAEDEMENL, SHSWHFER AT 6 —E; TR
FBARRMER AR ELAGRE, SHENERTZROERXE, £
R AR B E, R MR-Egger ik Al 4 AP AT R G ELF M
B, SASATF R AL T @ —F. VA B4 R IR FIRTF R AR

AR AR 0 B RBOLRFAE R, LR, X—4 AT AR
T RAG y= 5 A 18] 4118 T 8] SR ALB B 5 1 R i R AR T SRaE B ad 2
#.

JEREAE h HARBATH T HE BB £, TANLANLES
MG W B B F S UKL ) B ATy d B rh AT AR A BT, e R
TG S A AT R G AE AR, ELAER AR T XA L,
CA IR B3R B AR A FI TR, FipAaAE R &R T B0
WAZJE BT E, FH WU F "t S ARSI AL G AR % 5
P LA 18] AR A RS G R BRHEAT T MR WA R, FiFd TaEst Tk
FET FTRYANLER, ZH5LHROERGE -, HAHFEHEES
HEFE TR AREZE T EAFERFE, 4o SNUDER F ik H
FEdcte R, AR TR IS, JR30A8 b 6 3 ARA-T- =T oA By 1k 3] E) 4B AR5
FEl, X5 hd Rtk R G EME P LA FRIIAA IS
SAEN I S F, FALTAMAA 09 MR By T Ak Aodn 2 R 4 0, Be i 6g
O b A8 0 BARAUH A B K T R SR AR o B AR, AT AT R X
IR P8 o oA AT R e 6 B, A% 18 9T S 675 AR L A48 T 16 R
RT—HHREE & @,

AT RGN & 6t S AR AR E N eag 2 R, ZARIA
Hit B R T A R ARXT I KA HAREL A 98, & A4 4 S xAfe 18] 2
HHheREZR F2— 1 JeRE | AR X A8 % & 09 AL T A2
Be e Bh, BP# B IS A ARG AR b R R W R
T, BB ARHIE N MR T, CARRAL e R, it s
HFAEFARK AT, XIEXFERXGEFTRIFEFELLE X
JEIRBE G TACA 5| AL B B0, X G ARIR B 9 HELEM 0, e
JAMALUDDIN % ®" % SL3kdi £ 18 i 444 % B F kB & 423% m, K JE R Fo
PR A A R, HKFL Pfirrmann 54K 2 EAR K, LA —
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