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A bidirectional Mendelian randomization study on the
association between osteoarthritis and glaucoma
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Abstract Objective: To investigate the potential bidirectional causal association between osteoarthritis and glaucoma through
the application of bidirectional Mendelian randomization (MR). Methods: Instrumental variables were selected in
this study based on single nucleotide polymorphisms (SNP) strongly associated with osteoarthritis and glaucoma, as
utilizing genome-wide association studies (GWAS) data. The inverse variance weighting (IVW) method was served as
the primary analytical approach, while the weighted median mode, simple plurality and MR-Egger regression methods
were employed as complementary methods. Sensitivity analyses were conducted using F-statistic, Cochran Q-test, MR
Egger's intercept test, leave-one-out, and multiplicity of residuals and outliers method (MR-PRESSO). The ratio of odds
ratios (OR) was adopted as the primary effect estimate, and the strength of association was evaluated by 95% confidence
interval (CI) to explore the bidirectional causal relationship between osteoarthritis and glaucoma. Results: The IVW
analysis revealed that osteoarthritis elevates the risk of glaucoma with an odds ratio of (OR) of 1.10(95% CI: 1.00-1.20).
While the adjunctive methods concurred with this causal direction, their findings did not reach statistical significance.
In contrast, the inverse Mendelian randomization (MR) analysis utilizing the inverse variance weighting method
demonstrated that glaucoma does not enhance the risk of developing osteoarthritis (OR=1.02, 95% CI: 0.97-1.08). This
conclusion was upheld by all four auxiliary methods. The F-statistic values for the selected SNP exceeded 10, indicating
the absence of weak instrumental variables. Furthermore, the Cochran Q_test, MR-Egger intercept test, and MR-
PRESSO analyses revealed no evidence of heterogeneity or horizontal pleiotropy among the SNP. However, the inverse
MR analysis displayed heterogeneity in the Cochran Q test, yet no horizontal pleiotropy was detected. The leave-one-out
method analysis identified no significant influence of any individual SNP on the overall results. Conclusions: Forward
MR analyses indicated that osteoarthritis may serve as a risk factor for glaucoma, indicating a positive correlation
between the two conditions. Conversely, reverse MR analysis failed to establish a causal link between glaucoma and
osteoarthritis.
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Figurel Diagram of the two-sample Mendelian randomization (MR) study design
“x 7 FESNPHIRAAMRTCR, HABld REEREHMER . V7 ISR IE AR RS R S AN DE . MRIFSE A DAT R

HELR RIS, SNP: HUEHIRZ .

" x " means that the SNP is not associated with confounders and can only affect the outcome through the exposure pathway. "\/" means that the

genetic variant is highly correlated with exposure. dashed pathways should not be present in MR studies. SNP: single nucleotide polymorphisms.
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The vertical dashed line indicates the null line (OR=1), the horizontal coordinates corresponding to each square indicate the OR values
calculated by different methods, and each horizontal solid line indicates the 95% CI of the corresponding OR value. ci, confidence interval.
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Figure3 Graph of the results of two-way MR heterogeneity test

(A)BFENTRATR, GIRNTEI; (B)REE N TR, S5 R .

MR Method
Inverse variance weighted
MR Egger
.
. .
K3
SO PO 5
OI2
Brv

(A) Exposed to osteoarthritis, outcome is glaucoma; (B) Exposed to glaucoma, outcome is osteoarthritis.

06



BRI RFNE LR AU T R BT TE Vrel, 45

A MR Test B MR Test
Inverse variance weighted /// Weighted median Inverse variance weighted // Weighted median
/ MR Egger Weighted mode / MR Egger Weighted mode

Simple mode Simple mode

0.010-
0.004 -

0.005- s 14
0.002- 2

0.000-— :.‘." =
*

0.000 S

-0.005 - -0.002 - . .

SNP effect on Glaucoma
i°
<
o
»
SNP effect on Osteoarthritis
$
o
>
*
*
>

0.004 0.008 0.012 0.005 0.010 0.015 0.020
SNP effect on Osteoarthritis SNP effect on Glaucoma

El4 WEAMRS BT 45 R E
Figure4 Bidirectional MR multiplicity test results graph

R1 WEMRERMES LR
Table 1 Results of Bidirectional MR Sensitivity Analysis

SR USE 2 e

TR 25 )5
Cochran's Q p MR-PRESSO-P MR Egger.intercept MR Egger. P

OA THGHR 47.229 0.267 0.286 0 0.900

HOLIR OA 62.707 0.004 0.287 0 0.398

LTI D X X D F I~ AT O I AT T DA TATA AT T
B B B B =
BoDBB o AP
23 RO~ B OB WD i
3
2 (200 0D A O (0 (O IS DI (D03
I R D P LI F o O I I RO —h k.
D I NICI NI I RI03 Ea GOt (D2 CIOD e L D NN SN DD A BN

0.00 0.05 0.10 0.15 0.20 0.00 0.05
MR I t ivity analysis for O: hritis on Gl MR t ivity analysis for Gl on O

Es WEMRE—XERE

Figure5 Graph of results of two-way MR leave-one-out method



126

AR A} 2£4R, 2024,39(3) journal.gzzoc.com

(mitogen—activated protein kinase, MAPK) ERepili gl
JIg P9 AL 3384 i ( (phosphoinositide 3-kinase,PI3K) /4
4B (protein kinase B,AKT)IE [, 22475 AL 2 (11
it} (MAPK) {55 5380 5 A2 FH 3FP I 2E g, 3 S0 Pl LA
G SORER, S 5REHRNAER . s RTE
T2 Z R LY e R, MAPKSS Sl ik 5iF £k
Pyis PRV A EAE T, BIanER . A  F
ARKET, LR B IREE RN ER I 5 AN RAE
S MAPKFME 22/ Al 43 4N - Al o1 4
R 1l (extracellular regulated protein kinases,ERK), 1
$HERK1FIERK2, c—]unﬁ%ﬂi%f%ﬁﬁﬁ(c—]un N-terminal
kinase,JNK), fUfHJNK1, JNK2 FIJNK3, p38FIERKS,
A3 AR F T 4% 25 il B MAPIGE B8, AR CHFSE B
MAPKZ 5 T HGIR A B A8 i 2, WERK1/25
S e A AN A = A, TR s K HE . p3s
FERK /238 F S5 T AR /IN G2 ) 4t it v i 26 4 it [
F 42 -6 (interleukin-6,IL-6) i) [, 3 1 H i %A
5 T B AR TL-6 1 KR R SRS R
MAPK(5 53 %5 5 OAM BB 03 . A AT
K Hp3sf T Il K RE M AAE A WIL-1 8 . MR IRSEA
-« (tumor necrosis factor- « ,TNF- a )%B"J%J&iﬂ[},}ﬂ
MINEOARAE I . LA FAFFE I MAPKA 53 2
OAFIFFIEHR AL 5 5@ B% . PI3K/ AKT/Z2HLIA Y
EAlE Sz — 2 54 K28 EmiG s, A
HRIN, PI3K/AKT JE##%-5 OAR A HAHVIC R,
Pl S ey IR FiE G =gt o e s Sp = S i
FEWIR, PISK/AKTE ST LRI A . K
T AL, T 5 A I R T 4 B Y O T R R
RS ARG L FIE R, PISK/AKT(R 538 i
W ZOAME CIR AL [E (5 S am i o ik Let[m] Y15
SIE g S RAEF VMG, A MR OAME LR
BIb e A i te, IAIMAPKHIPI3K/AK TS 518
B, IXEEE P AR B VIAHOC . X 7R OAFI LR
Z AR CHR AT R S AR s A A ¢, SR, HETH
JCH i A UEE 22 B O AT DGR 22 W) A7 78 B4 Y A 2R
KFR o AR OAFNT MR Z (8] W e G ER At T
BUESE , UESE T OAFITEOGIRTE B % iy CHk, W)
B 7 A RIROCR, AR TR
Ji1a), PASOARE T CHR T A A B

RETE ZIUH4E, FHOGIRIIA T IS 1 A1
MRAHERE, (BT GAR S | A A 25453 0 A0 P At
AN AR RN R T H E OGIR i2 W T
AIRAEIR Y, A B E W] e — BRI TCAER RS

B BUEARE A 2 A, SRR
AT BT T AT REAE R MR RS A OB A ORI
ZHRE M, XA T RIS W RNG YT T
PES S AR, RBIEOEIRAY GG N K AT REA Bh T
Xof e RS AT (A1 AN O A SR8 ) A T BE XM A T A, T
I AE Lk S g 3 I, X TR AR TR e
B X

RAFFEALEA — LR RRYE . 5—, 7Effik TR
AR SIBR T AR AT AISNP, FIRESECH LT A
A D, NI ST ). SR, JREE
28 FIMR-PRESS O A i 16 71 555 57 7 (ESNP, {H
NBETE A HERR S T S5 R T e . 7 OBAR
VER—FhIZ 240809, AATEL R, TN R 0 2 ) g
A5 AT REAFAE 22 5, SR AT RERE M GE 3L ST . 55
=, FEOAMTE IR GWASA TG, QiLLOAF
HHMR R T, F “EREYEBTO” (https://
www.cncb.ac.en/ ) A TR R 5 AR TR BIAH CH I . AHOCHER
WATFEIRE BG4, R E “ER AL
AEE 5557 (https://www.egene.org.cn/ ) ¥R
SRAR IR T . A AR B RO
NBE, AT 25 A o] LI B AR A
T 2B, AHFSEH OAXTE YGHR 7 KUK I ORE
110, SR MIE R OCHE, (R (EA R AIG.
XAREJEM LU R LR R R MZEGEH: B8, OA
T CHR 0 B RAFAE 22 7 . OARY S R AL = ™,
1 AR B4 R R AR XTI, OAXTE YEHR HU% A
SR A R, ELL S8R E R ORM ARk . HAK,
BRI A ZZHERm, iEsfE . A, Rk
458 TOAR BE U A — AR, R OR(E
MsZmA R . BeAh, OAL T GHR Y BRI & 2%,
W R LR, BRI Al RN, 450
7ROAH] BEHG I YEHE ARG U 24109, 0TI PR - H.
H—EMS M, EROARE I RET E 7 JCAR i
A, (HARYIRER A FEALH AN IIRS, LR —
HWIE . FEARIETE T, By KA R, s
FIEPR IR 2R R e, AP IR IR
ZIEPCHR, FEITRERTIEEBASIRISY , BiiFiX — R
KHEo

ZE LRTIR, AT MR WFTE T, 4R
FUHOAS F GHR A9 KUK ELAT I A G B RS GG
177 75 R T O AT JE PR AR G EK

FIZE IR A MEH P IR AEAE R £ oE



BRI RFNE LR AU T R BT TE Vrel, 45

127

FF AR EX A= B

ASCEH TR LZF A Pl (Creative
Commons) s j’EI’fF% =P EE A (BY)—jEﬁﬂk
P FH (NC)-2% 11 28 (ND) (CC BY-NC-ND) 4 )5 5X
= BN ARVRSE =07 XA T 3R SR AT AL A
RAT YL R M. )T RE S0 o F B 2%
] 2 ARAG R, (HTE X S i AR rp o i OR B B 4
ICRRFAER L ME B By . AN AT S AE . TN
5] https://creativecommons.org/licenses/by-nc-
nd/4.0/,

S 3k

1. Abramoff B, Caldera FE. Osteoarthritis: pathology, diagnosis, and
treatment options[J]. Med Clin North Am, 2020, 104(2): 293-311.
DOI: 10.1016/j.mcna.2019.10.007.

2. Martel-Pelletier J, Barr AJ, Cicuttini FM, et al. Osteoarthritis[ J]. Nat
Rev Dis Primers, 2016, 2: 16072. DOI: 10.1038/nrdp.2016.72.

3. GBD 2017 Disease and Injury Incidence and Prevalence Collaborators.
Global, regional, and national incidence, prevalence, and years lived
with disability for 354 diseases and injuries for 195 countries and
territories, 1990-2017: a systematic analysis for the Global Burden of
Disease Study 2017[J]. Lancet, 2018, 392(10159): 1789-1858. DOI:
10.1016/S0140-6736(18)32279-7.

4. Johnson VL, Hunter DJ. The epidemiology of osteoarthritis[J].
Best Pract Res Clin Rheumatol, 2014, 28(1): 5-15. DOI: 10.1016/
jberh.2014.01.004.

5. Weinreb RN, Aung T, Medeiros FA. The pathophysiology and
treatment of glaucoma: a review[ J]. JAMA, 2014, 311(18): 1901-1911.
DOI: 10.1001/jama.2014.3192.

6. Barkana Y, Dorairaj S. Re: Tham et Al: global prevalence of glaucoma
and projections of glaucoma burden through 2040: a systematic
review and meta-analysis (Ophthalmology 2014;121: 2081-90)[]J].
Ophthalmology, 2015, 122(7): e40-e41. DOI: 10.1016/j.ophtha.
2014.11.030.

7. Quigley HA. Glaucoma[J]. Lancet, 2011, 377(9774): 1367-1377.
DOL: 10.1016/S0140-6736(10)61423-7.

8. Comparison of glaucomatous progression between untreated patients
with normal-tension glaucoma and patients with therapeutically
reduced intraocular pressures. Collaborative Normal-Tension

Glaucoma Study Group[J]. Am J Ophthalmol, 1998, 126(4): 487-497.

10.

11.

12.

13.

14.

1s.

16.

17.

18.

19.

20.

21.

DOL: 10.1016/50002-9394(98)00223-2.

Kang J M, Tanna A P. Glaucoma[J]. Med Clin North Am, 2021,
105(3):493-510. DOI: 10.1016/j.mcna.2021.01.004.

Carreon T, van der Merwe E, Fellman RL, et al. Aqueous outflow - A
continuum from trabecular meshwork to episcleral veins[ J]. Prog Retin
Eye Res, 2017, 57: 108-133. DOI: 10.1016/j.preteyeres.2016.12.004.
Kaur I, Kaur J, Sooraj K, et al. Comparative evaluation of the aqueous
humor proteome of primary angle closure and primary open angle
glaucomas and age-related cataract eyes[ J]. Int Ophthalmol, 2019,
39(1): 69-104. DOIL: 10.1007/510792-017-0791-0.

Xu J, Zhao L, Liu X, et al. Aqueous humor proteomic analysis of acute
angle-closure glaucoma with visual field loss[ J]. Ann Transl Med, 2021,
9(21): 1611. DOIL: 10.21037/atm-21-457.

Charo IF, Ransohoff RM. The many roles of chemokines and
chemokine receptors in inflammation[J]. N Engl ] Med, 2006, 354(6):
610-621. DOI: 10.1056/NEJMra052723.

Attur M, Krasnokutsky S, Statnikov A, et al. Low-grade inflammation
in symptomatic knee osteoarthritis: prognostic value of inflammatory
plasma lipids and peripheral blood leukocyte biomarkers[ J]. Arthritis
Rheumatol, 2015, 67(11): 2905-2915. DOL: 10.1002/art.392.79.
Scanzello CR, Loeser RF. Editorial: inflammatory activity in
symptomatic knee osteoarthritis: not all inflammation is local[J].
Arthritis Rheumatol, 2015, 67(11): 2797-2800. DOI: 10.1002/
art.39304.

Sekula P, Fabiola Greco M, Pattaro C, et al. Mendelian randomization
as an approach to assess causality using observational data[ J]. J Am Soc
Nephrol, 2016, 27(11): 3253-3265. DOI: 10.1681/ASN.2016010098.
Bowden J, Holmes MV. Meta-analysis and Mendelian randomization: a
review[ J]. Res Synth Methods, 2019, 10(4): 486-496. DOIL: 10.1002/
jrsm.1346.

Burgess S, Thompson SG. Interpreting findings from Mendelian
randomization using the MR-Egger method[ J]. Eur ] Epidemiol, 2017,
32(5): 377-389. DOL: 10.1007/510654-017-0255-x.

Levin MG, Judy R, Gill D, et al. Genetics of height and risk of atrial
fibrillation: a Mendelian randomization study[J]. PLoS Med, 2020,
17(10): e1003288. DO 10.1371 /journal pmed.1003288.

Codd V, Nelson CP, Albrecht E, et al. Identification of seven loci
affecting mean telomere length and their association with disease[J].
Nat Genet, 2013, 45(4): 422-427, 427el-427¢2. DOIL: 10.1038/
ng.2528.

Han Y, Zhang Y, Zeng X. Assessment of causal associations between

uric acid and 25-hydroxyvitamin D levels[ J]. Front Endocrinol, 2022,



128

AR A} 2£4R, 2024,39(3) journal.gzzoc.com

22.

23.

24.

2S.

26.

27.

28.

29.

13:1024675. DOI: 10.3389/fend0.2022.1024675.

Alamanos Y, Voulgari PV, Drosos AA. Incidence and prevalence
of rheumatoid arthritis, based on the 1987 American College of
Rheumatology criteria: a systematic review[ J]. Semin Arthritis Rheum,
2006, 36(3): 182-188. DOL: 10.1016/j.semarthrit.2006.08.006.
Markovitz E, Perry ZH, Tsumi E, et al. Ocular involvement and its'
manifestations in rheumatoid arthritis patients[ J]. Harefuah, 2011,
150(9): 713-718, 751.

Bjordal O, Norheim KB, Rodahl E, et al. Primary Sjogren's syndrome
and the eye[J]. Surv Ophthalmol, 2020, 65(2): 119-132. DOI:
10.1016/j.survophthal.2019.10.004.

Chan AJ, Rai AS, Lake S. Orbital myositis in systemic lupus
erythematosus: a case report and literature review[ J]. Eur ] Rheumatol,
2020,7(3): 135-137. DOL: 10.5152/eurjrheum.2020.19217.
Dénertas HM, Fabian DK, Valenzuela MF, et al. Common genetic
associations between age-related diseases[ J]. Nat Aging, 2021, 1(4):
400-412. DOL: 10.1038/s43587-021-00051-5.

Cargnello M, Roux PP. Activation and function of the MAPKs and
their substrates, the MAPK-activated protein kinases[ J]. Microbiol Mol
Biol Rev, 2011, 75(1): 50-83. DOI: 10.1128/MMBR.00031-10.

Kim EK, Choi EJ. Pathological roles of MAPK signaling pathways in
human diseases[ J]. Biochim Biophys Acta, 2010, 1802(4): 396-405.
DOI: 10.1016/j.bbadis.2009.12.009.

Ye M, Luo X, Li L, et al. Grifolin, a potential antitumor natural product
from the mushroom Albatrellus confluens, induces cell-cycle arrest in

G1 phase via the ERK1/2 pathway[ J]. Cancer Lett, 2007, 258(2): 199-

30.

31.

32.

33.

34.

3S.

207.DOI: 10.1016/j.canlet.2007.09.001.

Han H, Wecker T, Grehn F, et al. Elasticity-dependent modulation
of TGF- B responses in human trabecular meshwork cells[J]. Invest
Ophthalmol Vis Sci, 2011, 52(6): 2889-2896. DOI: 10.1167/iovs.10-
6640.

Liton PB, Li G, Luna C, et al. Cross-talk between TGF-betal and IL-6
in human trabecular meshwork cells[ J]. Mol Vis, 2009, 15: 326-334.
Ding SL, Pang ZY, Chen XM, et al. Urolithin a attenuates IL-1 [ -
induced inflammatory responses and cartilage degradation via
inhibiting the MAPK/NF- k B signaling pathways in rat articular
chondrocytes| J]. J Inflamm, 2020, 17: 13. DOI: 10.1186/512950-020-
00242-8.

Zhang XF, Ma JX, Wang YL, et al. Calcyclin (S100A6) attenuates
inflammatory response and mediates apoptosis of chondrocytes in
osteoarthritis via the PI3K/AKT pathway[J]. Orthop Surg, 2021,
13(3): 1094-1101. DOIL: 10.1111/05.12990.

Li RX, Wang Q, Shen ZW, et al. MTIM affects retinal ganglion cells
through PI3K/AKT signaling pathway[ J]. Eur Rev Med Pharmacol Sci,
2020, 24(10): 5209-5216. DOI: 10.26355/eurrev_202005_21302.
McKean-Cowdin R, Wang Y, Wu J, et al. Impact of visual field loss on
health-related quality of life in glaucoma: the Los Angeles Latino Eye
Study[J]. Ophthalmology, 2008, 115(6): 941-948.e1. DOI: 10.1016/

j-ophtha.2007.08.037.

(BERZE: HWE; RERE: FH



