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Abstract

BACKGROUND: Osteoarthritis is a complex disease closely related to metabolic abnormalities. However, previous studies only involved limited blood lipid
indicators and did not conduct more comprehensive blood lipid profile analysis. An in-depth exploration of the causal relationship between the seven items of
blood lipids and osteoarthritis will not only help understand the pathogenesis of osteoarthritis, but also provide new research directions and clinical basis for its

prevention and treatment.

OBJECTIVE: To explore the causal relationship between blood lipids and osteoarthritis.
METHODS: The genome-wide association analysis statistical data of 7 items of blood lipids and osteoarthritis from the IEU OPEN GWAS database were used
to summarize, and significant single nucleotide polymorphisms were used as instrumental variables. The causal relationship between seven items (serum total
cholesterol, triacylglycerol, low-density lipoprotein cholesterol, high-density lipoprotein cholesterol, apolipoprotein B, apolipoprotein Al and apolipoprotein
A1) of blood lipids and osteoarthritis (osteoarthritis, knee or hip osteoarthritis, knee osteoarthritis and hip osteoarthritis) was determined through two-
sample Mendelian randomization analysis. The inverse variance weighting was the main effect, and the MR-Egger regression method and the weighted
median method were the supplementary effects. Bonferroni correction and reverse Mendelian randomization analysis could ensure validity. Multivariable
Mendelian randomization analysis was used to further eliminate confounding factors. A significant causal relationship between seven items of blood lipids
and osteoarthritis was obtained to ensure the robustness of the analysis. Co-localization analysis was used to once again ensure the robustness of the causal

relationship and identify significantly influencing gene loci, making the evidence of causality more complete.

RESULTS AND CONCLUSION: (1) In the two sample Mendelian randomization analysis, the results from inverse variance weighting indicated negative
correlations between osteoarthritis and the following serum lipids: total cholesterol (OR=0.937 2, 95%C/=0.885 6-0.991 9, P=0.025), low-density lipoprotein
cholesterol (OR=0.959 4, 95%C/=0.923 6-0.996 6, P=0.033), high-density lipoprotein cholesterol (OR=0.911 2, 95%(C/=0.833 5-0.996 2, P=0.04), apolipoprotein
B (OR=0.926 7, 95%(I=0.887 7-0.967 4, P=0.000 5), and apolipoprotein Al (OR=0.951 2, 95%C/=0.911 0-0.993 1, P=0.023). Additionally, total cholesterol
(OR=0.892 3, 95%(C/=0.843 1-0.944 3, P=0.000 08), triglycerides (OR=0.938 5, 95%(/=0.884 7-0.995 6, P=0.035), and apolipoprotein B (OR=0.911 6, 95%Cl=
0.865 9-0.959 7, P=0.000 4) were negatively associated with knee or hip osteoarthritis. For knee osteoarthritis specifically, total cholesterol (OR=0.898 3,
95%CI=0.841 2-0.959 3, P=0.001), high-density lipoprotein cholesterol (OR=0.881 2, 95%C/=0.794 7-0.977 0, P=0.016), and apolipoprotein B (OR=0.919 0,
95%(CI=0.869 8-0.971 0, P=0.002) also showed negative correlations. Lastly, with respect to hip osteoarthritis, total cholesterol (OR=0.864 5, 95%C/=0.797 5—
0.937 3, P=0.000 4), low-density lipoprotein cholesterol (OR=0.925 6, 95%C/=0.879 5-0.974 1, P=0.003), and apolipoprotein B (OR=0.888 8, 95%(/=0.817 6—
0.966 3, P=0.005) exhibited negative correlations. No statistically significant differences were found in the reverse Mendelian randomization analysis. (2) In the
multivariable Mendelian randomization analysis, the results from inverse variance weighting indicated a negative correlation between high-density lipoprotein
cholesterol and osteoarthritis (OR=0.942 7, 95%C/=0.896 1-0.991 8, P=0.022). Additionally, total cholesterol (OR=0.799 8, 95%C/=0.647 8-0.987 6,

P=0.037) and high-density lipoprotein cholesterol (OR=0.865 1, 95%C/=0.7781-0.961 9, P=0.007) were also negatively associated with knee osteoarthritis.

(3) Colocalization analysis revealed that total cholesterol and low-density lipoprotein were significantly associated with osteoarthritis at single nucleotide
polymorphisms rs13107325 (H4 posterior probability=99.9%). (4) These findings, using international databases and non-Asian populations, provide valuable
insights for early clinical diagnosis, understanding the pathogenesis, and researching prevention and treatment of osteoarthritis in Chinese biomedicine and the

Chinese population.
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&% JZ g % @ f2 B] BF (P=0.042) & &
LA %48 (P<0.05); % f2EBE
(P=0.350). & % A I8 &% & fz B &%
(P=0.573). 1K % L JE % & fz [ B2
(P=0.463). # fi§ & & AI(P=0.322) 5
AT K, Z B (P=0.494) 5%
KBEXT K, HFEEMBEOILEE
(P=0.229) 5icF AP X, HIFEEE B
(P=0.008) 5#tF X F X, ¥ IREA D
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Exposure Outcome Method P.value OR(95%Cl)
Total cholesterol ~ Osteoarthritis VW 0.02500 o 0.94(0.89 to 0.99)
MR-Egger 0.05100 —— 0.92(0.85 to 1.00)
Weighted median 0.02300 -—-—< 0.92(0.85 to 0.99)
HDL-C Osteoarthritis VW 0.04000 '—'—l: 0.91(0.83 to 1.00)
MR-Egger 0.35000 —— 0.87(0.67 fo 1.14)
Weighted median 0.10100 E=%—] 0.91(0.81 to 1.02)
LDL-C Osteoarthritis VW 0.03300 (] 0.96(0.92 to 1.00)
MR-Egger 0.01200 —— 0.94(0.89 to 0.99)
Weighted median 0.02900 —— 0.95(0.90 to 0.99)
Apo-B Osteoarthritis VW 0.00050 e 0.93(0.89 fo 0.97)
MR-Egger 0.00900 —_— 0.92(0.86 to 0.98)
Weighted median 0.02600 e 0.93(0.88 to 0.99)
Apo-Al Osteoarthrifis VW 0.02300 - 0.95(0.91 fo 0.99)
MR-Egger 0.55200 —e—t 0.98(0.91 to 1.04)
Weighted median 0.02800 e 0.95(0.91 to 0.99)
Total cholesterol ~ Osteoarthritis of the knee or hip VW 0.00008 e 0.89(0.84 to 0.94)
MR-Egger 0.00300 == 0.89(0.82 to 0.96)
Weighted median 0.00020 = 0.88(0.82 to 0.94)
TG Osteoarthritis of the knee or hip VW 0.03500 —— 0.94(0.88 to 1.00)
MR-Egger 0.57500 —— 0.97(0.89 to 1.07)
Weighted median 0.12100 L 0.95(0.89 fo 1.01)
Apo-B Osteoarthritis of the knee or hip VW 0.00040 e 0.91(0.87 to 0.96)
MR-Egger 0.00600 == 0.89(0.83 fo 0.97)
Weighted median 0.00040 = 0.90(0.85 to 0.96)
Total cholesterol ~ Knee osteoarthritis vw 0.00100 e 0.90(0.84 to 0.98)
MR-Egger 0.02900 —— 0.90(0.82 to 0.99)
Weighted median 0.00700 Lo 0.89(0.81 to 0.97)
HDL-C Knee osteoarthritis VW 0.01600 —e— 0.88(0.79 to 0.98)
MR-Egger 0.26200 0.82(0.60 fo 1.12)
Weighted median 0.10900 E—=—ti 0.90(0.79 to 1.02)
Apo-B Knee osteoarthritis vw 0.00200 Lo 0.92(0.87 to 0.97)
MR-Egger 0.02300 = 0.91(0.84 to 0.98)
Weighted median 0.02300 e 0.92(0.86 to 0.99)
Total cholesterol  Hip osteoarthritis VW 0.00040 =l 0.86(0.80 to 0.94)
MR-Egger 0.00900 —— 0.86(0.76 to 0.96)
Weighted median 0.00200 e | 0.85(0.76 to 0.94)
LDL-C Hip osteoarthritis VW 0.00300 = 0.93(0.88 to 0.97)
MR-Egger 0.00100 —e— 0.89(0.84 to 0.96)
Weighted median 0.00200 —— 0.89(0.82 to 0.96)
Apo-B Hip osteoarthritis VW 0.00500 = 0.89(0.82 to 0.97)
MR-Egger 0.03000 —— 0.87(0.77 to 0.98)
Weighted median 0.00100 e 0.87(0.79 to 0.95)
0.5 075 1 125

—_—
protective factor risk factor

B ¥E: Expose N %t #& Al 2, Outcome 445 5, Total cholesterol Jy i JIH [ i, TG N =Wt H i,
LDL-C Jy i 2 J& i 2% (1 JH [ /%, HDL-C Jy =y % B IR 2 (I IH [ #%, Apo-B N#JEE A B, Apo-Al iy

#H S & [ Al, Osteoarthritis 8 &7 4,

Hip osteoarthritis A <45 %, Knee osteoarthritis 4

B 95 4%, osteoarthritis of the keee or hip NI BERH B =T %, IVW N 7 Z N, Weighted

median AN ALEL

3 | MAES B AXTTRER KRNV RZERBEN U IAMEER

Z M X3k (P>0.05).,

2.3 BURMDAT KA Cochran Q 4
oab 48 RUAT AR, BN
OB B 5 E X K (QP val=0.58)
Falle B £ £ (QP val=0.79), 5%
@ BL5F £ £ (QPval=0.28), &5
Eéa Al 58 X X (QPval=0.79),
¥) & F M (P>0.05), BF R A
EHMPEAER, ERRAELEEFXT
£ (Q_Pval=3.9x10"). M & %% F *
X (QPval=3.1x10%). B F £ %
X (Q Pval=3.4x10"°) f= BL B £ %
(Q_Pval=2.8x10"), & ENE &G 2
B2 5 F % £ (QPval=5.7x10")
Fa BB # £ (QP val=2.3x10™), #

%8 B 5B FT LT X (QPval=
0.000 12). &8 % £ (Q_Pval=0.021)
Fo BB X P XK (QPval=7.7x10"),
ZBH S BRRE AT £ (QP val=
3.6x10°), ¥ &£ 75K M (P <0.05),
) b3 ok SRR AL R AR A

2R MsHERIE T, R
MR-Egger & JE, K% E 5 & & 2
B2 5 I R B A X P K (P=0.002) F=
Fed X9 XAEAEKTFS M (P<
0.05), AR RMX2ALE;, &
e ] B2 (P=0.60). & & E 5% @ 2]
8% (P=0.74). 1% Z 8 & & 2 B B3
(P=0.16). # Ji§ & & B(P=0.65). # fi§
A AP=037) 5HEXF XK, &=

7008 | DEHERTIEHAR | 5529% | 5328 | 2025F 118

BZ (P=0.80). = Bt-H i (P=0.32). #
§%& 8 B(P=0.51) 5387 X7 X,
&9 B B3 (P=0.96). &% ZfE & & 2
E) B2 (P=0.66). #XJ§%& & B(P=0.66) 5
RdxF K, EI2E B (P=0.82). 1&
% 2 G & @ fe B B (P=0.13). #HJE &
B B(P=0.60) 5 & F X F K, ¥ALK

F % 3k (P>0.05),

x4k RFATE —ik o, EHEA
RALFER S AN TR G RAT 48 RaE R
REFR, A LR EIHRT X,
JLE 5.
2.4 ZLEZBRBNLDITEVRSR
N i E By ERE T O
EINDEREA ST AT RXEAL
FRRKXIK, UWHEAIEEGILEBE
(OR=0.942 7, 95%CI=0.896 1-0.991 8,
P=0.022) 58 A% L Z fitaxk;, @%
QNMIERE R ERERXTREA R
2R R £ B%, Bp %2 F B2 (OR=0.799 8,
95%C/=0.647 8-0.987 6, P=0.037) #=
5 58 B JE & @ A2 B B2 (OR=0.865 1,
95%C/=0.778 1-0.961 9, P=0.007) 5
M X RKERARK, IR 2 FTw,
2.5 HEMDI A F 5B HA e
JLF 5T 46 R &R, & AR B BF (0.999 98)
Fafk, 58 S & & e B B2 (0.999 99) 5
BRP REA L AL SATIESE, BF
0 AL BR % A M2 rs13107325,
IR EAREEEEaREES
R RREMK, FhRE—/NER
2 F 4% .5 rs13107325 Bk 3, W3 3.
6.

3 {Jif Discussion

BFRF KRR TILOXT %A,
ARKAFRIL2410EF Y, T4
TR R T K JEFe R IR K R
FE2RAE, EARREOZKETTE
Fo) AF L, XPRE G RE G
AT, EFXTEEA LR
REREEN Y, REAIRM
FREBGERET X ROBELGE
%, LR EARRER Y, Hxh
JEEBE AT RKARXANHAREER
od, EAARE, Bk, AR
AT FEMaAE 7 AEF X P LB E
X F, AnEXTE R KL AE) 64 2
f8, AiZ IR TRG 5 06 57 AT R IRAR T
Y RAATEM RS RS, UBA F)
Faf g A K0T B0
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1R FEHLAK 43T 45 Inverse variance weighted
}Jﬁﬁﬁtuffi, Welghted median SAINEL AL S,
Simple mode A faj BfE Az, Weighted mode i
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A g S B g 1513107325
20 1513107325 2 15 1513107325 1513107325 215 i
o ° o °
- -
g 10 s g
. g & g
g1 g s - g s °
3 B 5| oo oo eommays @ . g *|ow oo , e,
(=] e T 3
: : o AR : | dmi e
2 = 0 g £ 0
5 3 g 10 ; T
3
210 =20 ersi3107325 S - 1513107325
8 < . 2 <
] < <
= o 4] w0
3 215 5 & gn
3 : EEY :
s 2% g1 e > r;@a S 10
g ° o S
A 5 . 5
= ° 'Y 4 = ° rXY
. A g o5 3
- g s ‘:a.aso.‘.:$ - ° 8 gw;&?"’.f".f-fﬂf“.-'
& o] s i o B | i APRR
0 g0 ° S o
0

5 10 15 1031 103.2 103.2 1032 103.2 1032 0 5 10 15
ebi-a-GCST90013881 -log,,(P) chrd(Mb)

103.1 103.2 103.2 103.2 103.2 103.2
ebi-a-GCSTI0013881 ~log,,(P)

A L o R ¢ U JEE M R L e 5 5 R
BIE: B A Dy B 5 50 RN AL s B VR B AR & 1 HE W 5 05 R I3
By tre AL HIRZ AL rs13107325 48 2 My b A R R A H IR 2 61k

PR I ] PR RV 2 P58 i 2 P L ) 5 R A 5G40 9 U, 7 T b B A
El6 | MiESEXTRERXANLEMSFTARLE

*2 | MEESEXTREARRANSEELERMENLSTE

E 45 OR i 95%CI {fi P

A R ] BHRTR 1.0495 0.8773-1.2554 0.596

e P IR A A BHRAR 0.9427 0.896 1-0.991 8 0.022*
IG5 FEE I £ 1 O HRATR 0.9290 0.785 7-1.098 3 0.388
HIEEA B AR 1.0210 0.8541-1.220 5 0.819
HIEED Al S 0.9848 0.9248-1.0486 0.633

A R ] VR BB 9K 48 0.899 4 0.777 4-1.040 5 0.154

= H VR BB 9K 48 0.989 6 0.924 2-1.059 7 0.766
HNGHEE B R BB DG 0.9955 0.8652-1.1455 0.950

S ] R HKHT R 0.799 8 0.647 8-0.987 6 0.037*

o 5 T IR B 1 DL e JA TR 0.865 1 0.778 1-0.961 9 0.007*
#HEEA B JEA TR 1.1384 0.9359-1.384 6 0.194

S B S 0.9306 0.740 7-1.169 2 0.537

F 2% I 2 [ e W AR 0.9330 0.756 9-1.150 1 0.516
#HGHE A B R TR 1.050 6 0.8375-1.3178 0.669

Tk 7 RORH G TR HRNAR .

3 | MESEXPHRERXANEEMNSTERBELER

*A F HO H1 H2 H3 H4

A R 5 1.12x107%° 1.12x10" 1.01x10™ 1.70x10° 0.999 983 043
5% B R 2R 1 L BT R o 2.94x107% 2.95x10™° 1.00x10™ 7.30x10° 0.999 992 699

ik RPFEFRISEN S IMRIRG I AIEARME, 2R1% 5(H4) > 0.75(75%) I, RN FI R AT AE L2 ALIESR -

i R AR R TR AE L
BT R EREINEEE 56 RAR
KUERZ A AR ER X R —F 5
Mk, BT MRS RIXIEHE E E
R A RRTAT. WEMAR G TR
BREEE R X EZ M A B ILE X
% A ILR KA AR, K
8 AT F A8 R A AT e fg 7 TR
ERATEANARLRZ, HFRAEEKX,
BERRRLREZGR BT S R EE
& R AL AT AT, H—H 3R
BT RELSLEHOBARXZIEE.
KR ERI T, Lhfi§7 FlEAHR
FaF, WAERFE RIS R
EFSARIEREEF X XABRRX
B, BPEAREEE. HEEREGIZE

B, REEREORAE. X9
BA#is &8 Al KT HAMBIE *
R R IR R 3 A S R L 2K
B AP KA B RXIL, Bp &2 E B2,
ZBH B AEREEE B KA SR
RIS AL E X P K Z A 3 Fh
FEREME AT KA BARXIK, BPE
e B B2, & %A% G e BB A
E8 BRI S ARG E LT £
KRN e; 3F g AL B E KF K
HERARR, PpEIREB. 1B AN
EOlEEBEREEES B K54
BB ET XD KO ERRAE., $EF
HEREAASATERE T, EM2E
BE K P S A TEAKE A7 XA E X
T RE AR, 5% SR 2B

B ATEAIEE A KL RS, £
BHRALNBER AR, SFLT X
A RER, RAIFALINBARXE,
Flet#Fth 7 SR EBEAKEEIEES
flo B B 5 B X P K AR
3.1 EARSEREIIERXARD
M AR EREN, LeBES
FRF R BREEFXT R BEX
FRAMEATREZAMX, RERE
R—FRAT T, HART A XEEE
BEAp A £ D E My A4,
BV EWAER S, iTE R B B E %
R EF R RANEA g R e
XEWRFARAFHEEREBES T XY
KEA RE RADR T B BA e
RAR, TR IR R R
EFHEBEA X, BRRTATS
e B B2 5 X K4k AABA 4,
HARMHE] AR K IR 8 BT AL
BB RFER D ARG BB
FEEDRS. WEREFH @At
EXEENER, A EDHZE
KEMERG AR E D, mEh=
F AR LB B, A A BB
RAEGEFAPTREIAMMELE. R
¥, HEEREQRBEBES T AT X
Falp AT RKERARK, KH5UEN
RMBRR b & % S F G 2 B B A,
fé & & AL 5 3F it 2 5 6948 X 2
ERgme B, s g EERES
fle ) B /2 A5 & & 4515 A 4o B KAE )
H Kk, —RPTIRRARMAAR A T,
R K mie R T ey A BT 4k
AGBEBECREER I EEMED
HBIEZE AL H5FXTKEZRMEX,
AIEZG A THERBSEEIRED
e B BE K-, AR RILE KT K
BEXTHRETFTRIEES A KM%
1%, BRBASEE ARG 58 I8
E ¢ A2 B BE AR B vl 0 A B,
WBERBEOREERES T LT X
FBEXPRERAAK, KEEZE B
5EAFR. BARTEY L. BT
X KAWL KT KERAX, KT
JE N8 @ N2 ) B K A VA R AN A 2 T
REXPRGEED, #FER—R
LR G BEAFRRIL, 1KE
JE G % 6 e [E) BF 4938 An =T FEARE X
KR gm I B, B a4y b Ak
& & & M2 B BE & & @ 97% 49 R 5 &
7 B, b R I FIAEM fiAE X X A,
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vt —F A IRE B &G e B S F
KW KRG ARABEATAZE, 2K
EXVE 2R YRR

Besh, Z B S RRELE AT
X ERAARE, T =B h G A4RRT
H 2, Ho Ry tete s i B A R
Ao, F i i BR 5 A B R TR ) 6 B K Fedn
EAER, n-3 RAbA g I BR 44 3 KA
AR X K AERPER T, n-3
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S FABIRILEF a by S A, AT
HF & oE K E B F 6 4 AR AT R A
FEAER, —RAEETH Y A4 E
FOBEEN, NEMERERT LT
KRB BACA B IEEAEA .

JE R 6 FiE R, L
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RRXALR, T2 REOBERLZY
Wk, —TALE b S TR R
87T B
32 ZLEZRRINEERRXAED
i ESREohT, LeBEKFE
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i KA VARAKIN A ZE R T K E A
REeE %, Kb kAR ERE 24
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BAe BB e T RRA -, ¥ 2
fiAk, Esb, RREBAERTEXT
RAHENDERAIR L. LR eEE
BRiB i ATIE. MRARA=MAIE 7 & SR &
G A, SREEEKEEGEERE ",
RIS JB) 4B 4R 55 ) BT i Ae B 38
e E B OE R, SR EREES
e B) B3 ARIE #r B - A R BB F a9 5
B, PAXBABEME, MIERRXL
5 A ) A AR A Y,

3.3 HEMSERDIN ARBAALITH
8k AR, BALE B, KRB EIR

EalREBELFAT KGR —/NEAR
15 & PR S, @t — 45k A2 B B3 K-F
58 XF K AKX E R X R EHE.
HAARRX A FAFRN BRI
I H, XTHE T EHRREH £,
R T KA K49 GWAS #F K.
SR HOEE LTRSS —
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A S BAER, 5EARLFFEBE
AR RMIKOIEER LR BT
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SrFab e h R B R REAITHENX
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Fakp b 33T K P KK A LR
A RRERm
3.4 ZARNENX AEELATEGE
REXBAMITFIE, KRFEEEG =
EEARIEEG B 5T X X8
BT REA AAE X AR S fmpok
R A4 R E RIF R AR E B
fe B Bs e & B E NG & G e B BE 5 X
TR K F, LT H AKX ABIRERAE
58XV RER—K, EFELEE
Hat, MBRAERE| L ZALGAT, B
SR AR, AR RASHE,
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FOBAGFAKEOREEFS
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FRAFHO A REEL, ERG
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3.5 ZARKBR A4AHTELE
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FRPREBFEFXT R, RERL
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BEXETKR. ESEEN>MT, K3IH
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