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[ Abstract ]| Objective To assess the causal relationships between 91 inflammatory proteins and 5 cardiovascular
diseases (including aortic dissection, aneurysm, coronary heart disease, non-rheumatic valve disease, and rheumatic valve
disease) by Mendelian randomization (MR) and reverse MR. Methods MR and reverse MR analyses were used to assess
bidirectional causality between 91 inflammatory proteins and 5 cardiovascular diseases based on Genome-Wide Association
Studies (GWAS) data from European populations. MR analysis methods involved inverse variance weighted, weighted
median, MR-Egger, simple mode and weighted mode approaches. Sensitivity analysis methods included Cochran’s Q test,
MR-Egger intercept test, MR-PRESSO method, and leave-one-out approach. Results A total of 16 inflammatory proteins
might be associated with the risk of cardiovascular diseases, including C-C motif chemokine ligand (CCL)20, CD5, CCL28,
interleukin 20 receptor a (IL-20RA), latency-associated peptide transforming growth factor B1 (LAP-TGF-B1), thymic stromal
lymphopoietin (TSLP), cystatin D (CST5), leukemia inhibitory factor (LIF), eukaryotic translation initiation factor 4E binding
protein 1 (EIF4EBP1), CCL4, interleukin 22 receptor al (IL-22RA1), interleukin (IL)-10, IL-17C, monocyte chemoattractant
protein (MCP)-2/CCLS, neurturin (NRTN), and MCP-3/CCL7. Furthermore, the progression of cardiovascular diseases
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might potentially lead to changes in the levels of 10 inflammatory proteins, including CCL11, IL-8, tumor necrosis factor 8
(TNF-B), fibroblast growth factor (FGF)-19, interleukin 10 receptor a (IL-10RA), FGF-21, interleukin 10 receptor  (IL-10RB),
B-nerve growth factor (B-NGF), CDS5, and MCP-1/CCL2. Conclusion The present study highlights the bidirectional causal

relationship between an array of inflammatory proteins and the 5 cardiovascular diseases. Further research on the correlation

between various inflammatory proteins and the above cardiovascular diseases has potential clinical value.

[ Key words | inflammation; inflammatory proteins; cardiovascular diseases; Mendelian randomization; Genome-Wide

Association Studies
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Exp e [o] nSNPs Method Beta P value OR (95% CI)
MR Egger -0923 00935 0.0 (0.14, 1.09)
Weighted Median -0.3428 0.2145 0.71(0.41, 1.22)
CCL20* 17 Inverse Variance Weighted  -0.4227 0.0281 0.66 (0.45, 0.96)
Simple Mode -0.1882 0.6873 0.83 (0.34, 2.04)
Weighted Mode -0.2461 055 0.78 (0.35, 1.72)
MR Egger -02927 05156  0.75(0.32, 1.76)
Weighted Median -0.4156  0.0776  0.66 (0.42, 1.05)
CD5* 16 Inverse Variance Weighted -0.4249  0.0121  0.65 (0.47, 0.91)
Simple Mode -06709 01339  0.51(0.22, 1.17)
ATt DISECHH Weighted Mode -02867 03718  0.75(0.41, 1.38)
MR Egger 0317 0.4975  1.37 (0.56, 3.36)
Weighted Median 0.52 0.0661  1.68(0.97, 2.93)
CCL28 18 Inverse Variance Weighted  0.4643 0.0288 1.59 (1.05, 2.41)
Simple Mode 0.6474 0.1805  1.91(0.77,4.74)
Weighted Mode 0.5888 0.1751 1.80(0.80, 4.07)
MR Egger 11649 01298 3.21(0.91,11.31)
Weighted Median 07757  0.0296  2.17(1.08,4.37)
IL-20RA 7 Inverse Variance Weighted 0.69 0.0356  1.99 (1.05, 3.79)
Simple Mode 12337 00881 3.43(1.05 1127)
Weighted Mode 04015 04086  1.49 (0.62, 3.62)
MR Egger 04179 00219  1.52(1.10,2.10)
Weighted Median 0.3624 0.0062 1.44 (1.11, 1.86)
LAP-TGF-B1 18 Inverse Variance Weighted  0.2344 0.0138 1.26 (1.05, 1.52)
Simple Mode 0.2543 0.346 1.29 (0.77, 2.16)
Aneurysm Weighted Mode 0.4027 0.0157 1.50(1.11, 2.01)
MR Egger 01585  0.6525  1.17 (0.60, 2.28)
Weighted Median 0.4823 0.0088 1.62(1.13, 2.32)
TSLP 11 Inverse Variance Weighted 035 0.0374  1.42(1.02, 1.97)
Simple Mode 05168  0.0576  1.68 (1.05, 2.69)
Weighted Mode 0.5168  0.0322  1.68 (1.12, 2.52)
MR Egger -0.0194 03718  0.98 (0.94, 1.02)
Weighted Median -0.0355  0.0337  0.97(0.93, 1.00)
CSTS- 32 Inverse Variance Weighted  -0.036  0.0228  0.96 (0.94, 0.99)
Simple Mode -0.0986 0.0844  0.91(0.81, 1.01)
Weighted Mode -0.0373 0.0378 0.96 (0.93, 1.00)
MR Egger -00326 08129 097 (0.75, 1.25)
Weighted Median -0.0846 0.2094 0.92 (0.81, 1.05)
LIF+ 7 Inverse Variance Weighted -0.1325 0.011 0.88 (0.79, 0.97)
Simple Mode -0.0555  0.5836  0.95(0.78, 1.14)
Weighted Mode -0.0609 04697  0.94(0.81, 1.10)
MR Egger 01377 01638  1.15(0.96, 1.37)
Weighted Median 01204  0.0095  1.13(1.08 1.24)
EIFAEBP1 Coronary Artery Disease 10 Inverse Variance Weighted 01222 0.0005  1.13(1.06, 1.21)
Simple Mode 01725 00358  1.19(1.04, 1.36)
Weighted Mode 0.1256  0.0487  1.13(1.02, 1.26)
MR Egger 00383 0092  1.04(1.00, 1.08)
Weighted Median 0.0417  0.0666  1.04 (1.00, 1.09)
cCL4 15 Inverse Variance Weighted 0.033 0.0241 1.03 (1.00, 1.06)
Simple Mode 0.0037 0.9373 1.00 (0.92, 1.10)
Weighted Mode 00335  0.0578  1.03(1.00, 1.07)
MR Egger 01235 01793  1.13(0.96, 1.33)
Weighted Median 0.1224 0.044 1.13(1.00, 1.27)
IL-22RA1 10 Inverse Variance Weighted  0.0965 0.0311 1.10 (1.01, 1.20)
Simple Mode 0.0656 04754  1.07(0.90, 1.27)
Weighted Mode 0.1392 0.1583 1.15 (0.96, 1.37)
MR Egger -01414 00779  0.87 (0.75, 1.00)
Weighted Median -0.0903 00712 0.91(0.83 1.01)
IL-10+ 15 Inverse Variance Weighted  -0.087 0.0166 0.92 (0.85, 0.98)
Simple Mode -01371 01459  0.87(0.73, 1.04)
Weighted Mode -00991 01687  0.91(0.79, 1.04)
MR Egger -0.2039 019 0.82 (0.61, 1.09)
Weighted Median -00719  0.2645  0.93 (0.82, 1.06)
IL-17C= 13 Inverse Variance Weighted -0.1166  0.0092  0.89 (0.82, 0.97)
Simple Mode -0.0035 09779 1.00 (0.78, 1.27)
Non-Rheumatic Valve Weighted Mode -0.0094 0.8383 0.99 (0.79, 1.25)
Disease MR Egger -0.0393  0.0688  0.96 (0.92, 1.00)
Weighted Median -0.0426 0.0008 0.96 (0.93, 0.99)
MCP-2/CCL8* 20 Inverse Variance Weighted -0.0373  0.0245  0.96 (0.93, 1.00)
Simple Mode -00732 02201  0.93(0.83, 1.04)
Weighted Mode -0.0388  0.0254  0.96(0.93, 0.99)
MR Egger -0.0673 0.3868  0.93 (0.81, 1.08)
Weighted Median -01057  0.0828  0.90(0.80, 1.01)
NRTN* 11 Inverse Variance Weighted -0.0857  0.0375  0.92 (0.85, 1.00)
Simple Mode -0.1928 0.0878 0.82 (0.68, 1.01)
Weighted Mode -01943  0.0324  0.82 (0.71, 0.96)
MR Egger 0.6212 01149  1.86(0.91, 3.83)
Weighted Median 0.404 0.0912 1.50 (0.94, 2.39)
MCP-3/CCLT Rhe%ﬁ";;“acs ;/alve 15 Inverse Variance Weighted 03656  0.0367  1.44 (102, 2.03)
Simple Mode 0.092 08379  1.10(0.46, 2.60)
Weighted Mode 0.614 0.0369  1.85(1.10,3.11)

B1 91#MEEZRAS S MHOMERRBZE MR 54 H AR R
Fig1 Positive results in MR analysis between 91 inflammatory proteins and S cardiovascular diseases

*: Exposure was negatively associated with outcome. OR and 95% CI indicate change in outcome OR per 1 standard deviation
increase in exposure. MR: Mendelian randomization; CCL: C-C motif chemokine ligand; IL-20RA: Interleukin 20 receptor o
LAP-TGF-B1: Latency-associated peptide transforming growth factor p1; TSLP: Thymic stromal lymphopoietin; CST5: Cystatin D;
LIF: Leukemia inhibitory factor; EIF4EBP1: Eukaryotic translation initiation factor 4E binding protein 1; IL-22RA1: Interleukin 22
receptor al; IL-10: Interleukin 10; IL-17C: Interleukin 17C; MCP: Monocyte chemoattractant protein; NRTN: Neurturin; nSNPs:
Number of single nucleotide polymorphisms; OR: Odds ratio; CI: Confidence interval.
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Fig 2 Scatter plot of MR analysis between 91 inflammatory proteins and 5 cardiovascular diseases

The single inverse variance (IV) related to exposure risk and the single IV related to outcomes (indicated by black dots) correspond to
each other. The 95% confidence intervals of the odds ratios for each IV are represented by vertical and horizontal lines. The slope of
these lines indicates the estimated causal effect analyzed by the MR method. A-D: The relationships between aortic dissection (outcome)
and inflammatory proteins CCL20, CCL28, CDS5, and IL-20RA, respectively; E, F: The relationships between aneurysm (outcome)
and inflammatory proteins LAP-TGF-f1 and TSLP, respectively; G-K: The relationships between coronary artery disease (outcome)
and inflammatory proteins EIF4AEBP1, CCL4, CSTS5, IL-22RA1, and LIF, respectively; L-O: The relationships between non-rheumatic
valve disease (outcome) and inflammatory proteins IL-10, IL-17C, MCP-2/CCLS8, and NRTN, respectively; P: The relationship
between rheumatic valve disease (outcome) and inflammatory protein MCP-3/CCL7. MR: Mendelian randomization; CCL: C-C motif
chemokine ligand; IL-20RA: Interleukin 20 receptor a; LAP-TGF-B1: Latency-associated peptide transforming growth factor B1;
TSLP: Thymic stromal lymphopoietin; EIF4EBP1: Eukaryotic translation initiation factor 4E binding protein 1; CSTS5: Cystatin D;
IL-22RA1: Interleukin 22 receptor al; LIF: Leukemia inhibitory factor; IL-10: Interleukin 10; IL-17C: Interleukin 17C; MCP:
Monocyte chemoattractant protein; NRTN: Neurturin; SNP: Single nucleotide polymorphism.
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Fig3 Leave-one-out analysis for MR studies on 91 inflammatory proteins and 5 cardiovascular diseases
A-D: The relationships between aortic dissection (outcome) and inflammatory proteins CCL20, CCL28, CDS5, and IL-20RA,
respectively; E, F: The relationships between aneurysm (outcome) and inflammatory proteins LAP-TGF-B1 and TSLP, respectively;
G-K: The relationships between coronary artery disease (outcome) and inflammatory proteins EIF4EBP1, CCL4, CSTS, IL-22RA1,
and LIF, respectively; L-O: The relationships between non-rheumatic valve disease (outcome) and inflammatory proteins IL-10,
IL-17C, MCP-2/CCL38, and NRTN, respectively; P: The relationship between rheumatic valve disease (outcome) and inflammatory
protein MCP-3/CCL7. MR: Mendelian randomization; CCL: C-C motif chemokine ligand; IL-20RA: Interleukin 20 receptor a;
LAP-TGF-B1: Latency-associated peptide transforming growth factor B1; TSLP: Thymic stromal lymphopoietin; EIF4EBP1:
Eukaryotic translation initiation factor 4E binding protein 1; CST5: Cystatin D; IL-22RA1: Interleukin 22 receptor a.1; LIF: Leukemia
inhibitory factor; IL-10: Interleukin 10; IL-17C: Interleukin 17C; MCP: Monocyte chemoattractant protein; NRTN: Neurturin.
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Outcome

nSNPs
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growth factor, B-NGF) . CD5 Fll MCP-1/CCL2 &
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FHBCA B 1 BT MR 2R G AR

Method

Beta P value

OR (95% CI)

Aorta Dissection

CCL11~

IL-8%

TNF-Bx

15

MR Egger
Weighted Median
Inverse Variance Weighted
Simple Mode
Weighted Mode
MR Egger
Weighted Median
Inverse Variance Weighted
Simple Mode
Weighted Mode
MR Egger
Weighted Median
Inverse Variance Weighted
Simple Mode
Weighted Mode

-0.0291 0.3049
-0.0355 0.0525
-0.0331 0.0122
-0.0368 0.3418
-0.0334 0.3034
-0.0250 03323
-0.0226 0.1759
-0.0269 0.0317
-0.0207 0.4587
-0.0169 04571
-0.0025 0.9304
-0.0220 0.2686
-0.0409 0.0036
-0.0094 0.7927
-0.0059 0.8437

0.97 (0.92, 1.02)
0.97 (0.93, 1.00)
0.97 (0.94, 0.99)
0.96 (0.90, 1.04)
0.97 (0.91, 1.03)
0.98 (0.93, 1.02)
0.98 (0.95, 1.01)
0.97 (0.95, 1.00)
0.98 (0.93, 1.03)
0.98 (0.94, 1.03)
1.00 (0.94, 1.05)
0.98 (0.94, 1.02)
0.96 (0.93, 0.99)
0.99 (0.92, 1.06)
0.99 (0.94, 1.05)

Aneurysm

FGF-19

IL-10RA*

24

MR Egger
Weighted Median
Inverse Variance Weighted
Simple Mode
Weighted Mode
MR Egger
Weighted Median
Inverse Variance Weighted
Simple Mode
Weighted Mode

0.0282  0.2447
0.0269 0.1932
0.0380 0.0135
0.0348 0.3353
0.0293 0.1601
-0.0065 0.7869
-0.0129 0.5930
-0.0318 0.0438
-0.0563 0.1279
-0.0086 0.7521

1.03 (0.98, 1.08)
1.03 (0.99, 1.07)
1.04 (1.01, 1.07)
1.04 (0.97, 1.11)
1.03 (0.99, 1.07)
0.99 (0.95, 1.04)
0.99 (0.94, 1.03)
0.97 (0.94, 1.00)
0.95 (0.88, 1.01)
0.99 (0.94, 1.04)

Coronary Artery

Disease

FGF-21+

IL-10RB*

53

MR Egger
Weighted Median
Inverse Variance Weighted
Simple Mode
Weighted Mode
MR Egger
Weighted Median
Inverse Variance Weighted
Simple Mode
Weighted Mode

-0.0568 0.3993

-0.0617 0.1219
-0.0572 0.0402

-0.0574 0.5135
-0.0526 0.4324
-0.1596 0.0116
-0.0726 0.0512
-0.0653 0.0112
-0.0447  0.5690
-0.0704 0.3032

0.94 (0.83, 1.08)

0.94 (0.87, 1.02)
0.94 (0.89, 1.00)

0.94 (0.80, 1.12)
0.95 (0.83, 1.08)
0.85 (0.76, 0.96)
0.93 (0.86, 1.00)
0.94 (0.89, 0.99)
0.96 (0.82, 1.11)
0.93 (0.82, 1.06)

Non-Rheumatic Valve

Disease

B-NGF*

CD5+

MCP-1/CCL2*

40

MR Egger
Weighted Median
Inverse Variance Weighted
Simple Mode
Weighted Mode
MR Egger
Weighted Median
Inverse Variance Weighted
Simple Mode
Weighted Mode
MR Egger
Weighted Median
Inverse Variance Weighted
Simple Mode
Weighted Mode

-0.0682 0.4176
-0.0835 0.0964
-0.0703 0.0431
-0.1800 0.0587
-0.1256  0.0701
-0.1260 0.1854
-0.1152 0.0286
-0.0782 0.0450
-0.1093 0.3181
-0.1260 0.0837
-0.0766 0.4114
-0.0427 0.4208
-0.0762 0.0466
-0.0490 0.6620
-0.0490 0.5696

0.93 (0.79, 1.10)
0.92 (0.83, 1.02)
0.93 (0.87, 1.00)
0.84 (0.70, 1.00)
0.88 (0.77, 1.01)
0.88 (0.73, 1.06)
0.89 (0.80, 0.99)
0.92 (0.86, 1.00)
0.90 (0.73, 1.11)
0.88 (0.77, 1.01)
0.93 (0.77, 1.11)
0.96 (0.86, 1.06)
0.93 (0.86, 1.00)
0.95 (0.77, 1.18)
0.95 (0.81, 1.13)

*: Exposure was negatively associated with outcome. OR and 95% CI indicate change in outcome OR per 1 standard deviation
increase in exposure. MR: Mendelian randomization; CCL: C-C motif chemokine ligand; IL-8: Interleukin 8; TNF-B: Tumor necrosis
factor B; FGF: Fibroblast growth factor; IL-10RA: Interleukin 10 receptor o; IL-10RB: Interleukin 10 receptor B; B-NGF: B-nerve
growth factor; MCP: Monocyte chemoattractant protein; nSNPs: Number of single nucleotide polymorphisms; OR: Odds ratio; CI:

Confidence interval.
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Fig4 Positive results in reverse MR analysis between 91 inflammatory proteins and 5 cardiovascular diseases
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Fig 5 Scatter plot of inverse MR analysis between 5 cardiovascular diseases and 91 inflammatory proteins
The single inverse variance (IV) related to exposure risk and the single IV related to outcomes (indicated by black dots) correspond
to each other. The 95% confidence intervals of the odds ratios for each IV are represented by vertical and horizontal lines. A-C: The
relationships between aortic dissection (exposure) and inflammatory proteins CCL11, IL-8, and TNF-B, respectively; D, E: The
relationships between aneurysm (exposure) and inflammatory proteins FGF-19 and IL-10RA, respectively; F, G: The relationships
between coronary artery disease (exposure) and inflammatory proteins FGF-21 and IL-10RB, respectively; H-J: The relationships
between non-rheumatic valve disease (exposure) and inflammatory proteins B-NGF, CD5, and MCP-1/CCL2, respectively. CCL: C-C
motif chemokine ligand; IL-8: Interleukin 8; TNF-B: Tumor necrosis factor §; FGF: Fibroblast growth factor; IL-10RA: Interleukin 10
receptor o; IL-10RB: Interleukin 10 receptor B; B-NGF: B-nerve growth factor; MCP: Monocyte chemoattractant protein; SNP: Single

nucleotide polymorphism.
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Fig 6 Leave-one-out plot of inverse MR analysis between 5 cardiovascular diseases and 91 inflammatory proteins

A-C: The relationships between aortic dissection (exposure) and inflammatory proteins CCL11, IL-8, and TNF-B, respectively; D, E:

The relationships between aneurysm (exposure) and inflammatory proteins FGF-19 and IL-10RA, respectively; F, G: The relationships

between coronary artery disease (exposure) and inflammatory proteins FGF-21 and IL-10RB, respectively; H-J: The relationships

between non-rheumatic valve disease (exposure) and inflammatory proteins B-NGF, CD5, and MCP-1/CCL2, respectively. CCL: C-C

motif chemokine ligand; IL-8: Interleukin 8; TNF-f3: Tumor necrosis factor 3; FGF: Fibroblast growth factor; IL-10RA: Interleukin 10

receptor o; IL-10RB: Interleukin 10 receptor ; B-NGF: B-nerve growth factor; MCP: Monocyte chemoattractant protein.
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