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Abstract

BACKGROUND: Multiple studies and observations have indicated a close relationship between inflammation, metabolites, and osteoporosis. However, it is still
unclear whether there is a genetic causal effect between inflammation-related proteins and osteoporosis and whether metabolites play a mediating role in this
process.

OBJECTIVE: To investigate the causal relationships between inflammation-related proteins and osteoporosis using Mendelian randomization method as well as
the mediating effect of plasma metabolites in this process.

METHODS: Summary data from genome-wide association studies (GWAS) were used, with osteoporosis data sourced from the Fengenn database, and

GWAS data on inflammation-related proteins and plasma metabolites obtained from published studies. The inverse-variance weighted method was primarily
used to assess the exposure-outcome relationships. Bidirectional Mendelian randomization analyses were used to explore the causal relationships between
inflammation-related proteins and osteoporosis, and two-step Mendelian randomization was used to discover potential mediating metabolites. Sensitivity
analyses were then performed to further validate the robustness of the results. Cochran’s Q test was used to assess heterogeneity, and horizontal pleiotropy
was evaluated using the MR-Egger intercept and MR-PRESSO methods.

RESULTS AND CONCLUSION: The initial bidirectional Mendelian randomization analysis identified five inflammation-related proteins that showed a positive
causal relationship with osteoporosis and no reverse causal relationship. Artemin (odds ratio [OR]=0.895, 95% confidence interval [C/]: 0.819-0.979, P=0.015)
was negatively associated with osteoporosis, whereas chemokine (C-X-C Motif) ligand 1 (OR=1.100, 95% Cl: 1.002-1.209, P=0.046), chemokine (C-X-C Motif)
ligand 11 (OR=1.150, 95% CI: 1.043-1.268, P=0.005), interleukin 17C (OR=1.087, 95% CI: 1.004-1.176, P=0.040), and tumor necrosis factor-like weak inducer of
apoptosis (OR=1.108, 95% C/: 1.002-1.226, P=0.046) were positively associated with osteoporosis. Sensitivity analyses indicated no heterogeneity or pleiotropy
in these causal effects. Subsequently, we conducted a two-step Mendelian randomization to discover potential mediating metabolites. This study showed that
1-palmitoyl-gpc (16:0) increased the negative effect of Artemin on osteoporosis. 5a-androstan-3a,178-diol monosulfate increased the risk of osteoporosis
mediated by chemokine (C-X-C Motif) ligand 1 and chemokine (C-X-C Motif) ligand 11. The ratio of a-ketoglutarate to succinate led to an increased risk of
osteoporosis mediated by chemokine (C-X-C Motif) ligand 11 and interleukin-17C. Spermidine and the ratio of proline to trans-4-hydroxyproline contributed

to an increased risk of osteoporosis mediated by chemokine (C-X-C Motif) ligand 11. 12,13-DiHOME contributed to an increased risk of osteoporosis mediated
by interleukin-17C. The sulfate level of piperine metabolite C;;H,,NO,(3) and adenosine 3’,5’-cyclic monophosphate contributed to an increased risk of
osteoporosis mediated by tumor necrosis factor-like weak inducer of apoptosis. In conclusion, the above data indicate that some inflammation-related proteins
can influence the risk of osteoporosis, both positively and negatively, and some of these effects are mediated by plasma metabolites. This provides new insights
for future investigations into the occurrence and development mechanisms of osteoporosis.

Key words: osteoporosis; inflammation-related proteins; plasma metabolites; immune response; Mendelian randomization; causality; reverse causation; two-
way analysis; mediating effect; genome-wide association studies
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PR T (C-X-CHEFFHREIA1L 2, 4R T HRBIKT 1.086(1.010,1.168) 0.027
T (C-X-CHEFR 11 HRE3 SR RERRIR T 1.089(1.006,1.179) 0.038
LT (C-X-CHEF )R AT AR 1.128(1.035,1.230) 0.007
HaB IR T (C-X-CHEF)RLIETT X-18345 1.114(1.012,1.226) 0.029
LB T (C-X-CHEFHIR A1 A BB S PRI ARLLAL g 1.087(1.010,1.170) 0.027
AL F (C-X-CHEFDIR K11 TR i 5 S -4 PR I R LA bt | 0.915(0.851,0.984) 0.017
EIBA 170 12,13- = B A\ E R S — L TOMLOISLIE8) 0.016
FAnf A #%-17C A-AIR R SRR LA b @ 1.134(1.051,1.225) 0.002
JHRIRBE R TR TS 7 S R T 7-FHE RS froeeane@enennand 0.888(0.812,0.971) 0.010
TR BE B TR TS 5 S 8 Mﬂﬂé&ﬁiﬂﬂ‘mc161119N03(3>mﬁ§;a7)<+»—o—qé 0.903(0.825.0.988) 0.026
THRIVR SE 617 R 5 75 S T BTy, SRR beet | 0876(0.796,0.963) 0.007
(I! ;§U 0. ;(5 0. ‘;U 0. ‘;5 1 (;U 1 (;5 1 1'0 1 1'5 1 2'() j
Odds Ratio(95%CI)

KvE: BRIZROR LR R R AN R R K 2, MR N R K R BT S R BE LA S5 2R A 7R

M. RRENELE L (OR).
B4 | RIERBENURRE ST RIEEXEB XN MR GHIHERXF

RoA~% 17C AP 9 350 B F 4% B =%
BiEFET 1A F R AR
¥ hm, Sa- Gk -3a, 17B- FARER
— B (1) AAALE T (CX-C 5 ) Be
WIS FRBEAMERRXEZ T PN
2% M EG 9] 5 0.043(0.005-0.082), &
WHEF (CX-C A A ) Buik 11 58 K
BANIE B R K R P8 AR A
0.030(0.005-0.055), 50— # & %% —3a.,
17B- - HiBR —BF (2) £AALE T (C-X-C
AR ) BAR 11 58 R sar e B R %
Z F & /3 b ) A 0.041(0.010-
0.071). LAFMEAAILE T (C-X-CHK
F)BRAILEFRARERRX
Z o /3 bk ) A 0.125(0.058-
0.192), A- R/ —BR 5 3% 30 BA LA 12
Hoo a4 d A2 bk ) 5 0.125(0.058-
0.192), MR 5 R X -4- £ IH & B’
YA 84 o A~ 2R b A) 4 0.008(0.020-
0.098). & #mfe/~%& 17C 5 & ;i s
EREXZ P12, 13- 4L+ A
B W BR P A2 B8] 4 0.145(0.067-
0.223), A- BRI /R —BR 5 3% 24 B8 LU A P
A~ Z R Ee A7) % 0.136(0.060-0.212).
I SRR F AR T HFR TS
BRGANIE B R K R P AR S
# CioHiNO,(3) 9 BRLEL 2 K P o A3k
&I Ee ) A 0.114(0.048-0.179), A% 3
3, 5'- FREERERAR PO HL A A
0.113(0.041-0.184),

3 i1i£ Discussion
BEWLHLIN, HRES
— KA T AT 6 o H R 40 R BEAR R 4K
B3t KIEAR KB G Aol L FANE 69 B
RRXAABR M ERMMEZ LR T
A R BEAT A AR AL AT 69 9L
BHR. BREFR K30 H AT R
FERE (KEMXEZE AR ) 5T
T B R BAN I e 75 v 64 P AR R F 1%
R AN HT 2R RG] i R AL 5
o de RS A MRS ER
ML AT 7 iR B R KR e B T 5
FHREZIMEAREE;, HEAEY
BT FHE REAAHA K ILT 6 #F e
BRI 5 B R BN Z ) A B R
XA, 2RI e B R &
& RN AT, AFLERTIEARE
ZE| ¥k, )T AAE A IS R AL
HRARL AR BELE/HGRR
XA, BYiZ KA PHFIRSEA
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AR He

SRR GE N - REI 7- FHAEREIERS  0.103+0.052

TMEE SR T

JeBE SR BRI AR SRR 0.1030.052

TSI ST CueHiNOL(3) fIR
R 3K
PRRBEI FRER IREF 3', 5'- FAH 0.103+0.052

TSI RE T BERRARE
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(0.005-0.082)
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(0.026-0.166)
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(0.010-0.071)
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(0.021-0.104)
0.083£0.038 0.090+0.044 0.007+0.005 0.053
(0.017-0.090)
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0.095:0.039 0.127+0.042 0.012+0.006 0.145
(0.067-0.223)
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