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ABSTRACT Objective:To explore the causal relationships of inflammatory factors with ankylosing spondylitis ( AS) and blood metabo-
lites. Methods : The genome-wide association study (GWAS) data about the expression levels of inflammatory factors and blood metaholite
indicators ( metabolite levels or metabolite ratios ) were retrieved and extracted from the GWAS Catalog database ,and that about AS from the
FinnGen database. According to the instrumental variable screening criteria, the eligible single nucleotide polymorphism ( SNP) loci for the
expression levels of inflammatory factors were screened as the instrumental variable ,and then a mendelian randomization( MR ) analysis was
conducted with AS as the outcome variable to assess the causality between the expression levels of inflammatory factors and AS,and the sen-
sitivity was examined. Furthermore , another MR analysis was conducted by taking the SNP loci of the expression levels of inflammatory factor
having a reliable causality with AS as the instrumental variable,and the blood metabolite indicators as the outcome variable to assess the
causality between the expression levels of inflammatory factors and blood metabolite indicators, and the sensitivity was examined. Results .
(DThe causality between the expression levels of inflammatory factors and AS. The expression levels of CD244, fibroblast growth factor
(FGF) 23 ,FMS-like tyrosine kinase 3 ligand( FIt3L) and interleukin(IL) -7 exhibited a reliable causal relationship with AS,among which,
the expression levels of CD244 and FI3L showed a inverse causal relationship with AS, while the expression levels of FGF-23 and IL-7
presented a positive causal relationship with AS. @The causality between the expression levels of inflammatory factors and blood metaholite
indicators. The expression levels of CD244 , FGF-23 ,FIt3L. and IL-7 exhibited a reliable causal relationship with 61,62,37 and 68 blood
metabolite indicators, respectively. Conclusion: The expression levels of FGF-23, IL-7, CD244 and FIt3L exhibit a reliable causal
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relationship with AS,and they also have a reliable causal relationship with multiterm blood metabolite indicators, respectively, which pro-

vides a reference for exploring the pathogenesis of AS and the potential drug targets in treating AS.

Keywords spondylitis, ankylosing ; inflammation mediators ; metabolites ; Mendelian randomization analysis
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CCL19 GCST90274765 0.000 0.000 -0.100 0.001

CD244 GCST90274771 0.617 0.587 -0.008 0.537

JRET YE A AR A 23 GCST90274789 0.286 0.244 -0.004 0.812

FMS #% i 2 Wi 3 ik GCST90274791 0.487 0.448 0.003 0.769

41/ Z-18R1 GCST90274805 0.000 0.000 0.138 0.104

4N -6 GCST90274815 0.025 0.016 -0.001 0.974

SE 261l GCST90274816 0.475 0.425 -0.011 0.663
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MR Test MR Test
Inverse variance weighted / Weighted median Inverse variance weighted / Weighted median
/MR Egger Weighted mode /MR Egger Weighted mode

Simple mode Simple mode

SNP effect on ankylosing spondylitis
SNP effect on ankylosing spondylitis
°
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SNP effect on GCST90274816

als
SNP effect on GCST90274791

(3) FMSHE S SRR I G 3 L 4 (4) BB R-7
Bl RERFREKESEEHETRHERXRHSE
Method SNP B SE P OR(95%C)
MR Egger 33 —-0.060 0.117 0.612 : 0.94(0.75-1.18)
Weighted median 33 —-0.087 0.089 0.324 0—0—:—' 0.92(0.77-1.09)
Inverse variance weighted 33 -0.122 0.060 0.043 —e—t 0.88(0.79-1.00)
Simple mode 33 -0.141 0.155 0.368 t—o—:—- 0.87(0.64-1.18)
Weighted mode 33 —-0.035 0.108 0.748 '—0:—1 0.97(0.78-1.19)
0!5 1I 1 !5
protective factor risk factor
(1) CD244
Method SNP B SE P OR(95%C))
MR Egger 28 0.202 0.157 0.210 : < » 1.22(0.90-1.67)
Weighted median 28 0.173 0.116 0.137 -—:—o—c 1.19(0.95-1.49)
Inverse variance weighted 28 0.170 0.080 0.034 I—— 1.18(1.01-1.39)
Simple mode 28 0.179 0.183 0.336 : 1.20(0.84-1.71)
Weighted mode 28 0.156 0.142 0.280 : < > 1.17(0.89-1.54)
0!5 ‘II 1 !5
protective factor risk factor
(2) AT Ae AL A2 K IR 723
Method SNP B SE P OR(95%CI/)
MR Egger 45 -0.134 0.096 0.171 n—o—:c 0.87(0.72-1.06)
Weighted median 45 —-0.7149 0.092 0.106 o—o—:—c 0.86(0.72-1.03)
Inverse variance weighted 45 -0.111 0.055 0.045 —e—i 0.90(0.80-1.00)
Simple mode 45 -0.093 0.175 0.596 : 0.91(0.65-1.28)
Weighted mode 45 -0.131 0.097 0.185 0—0—:—¢ 0.88(0.72-1.06)
0!5 ‘II 1 !5
protective factor risk factor
(3) FMSA: i SR W 3 e 14
Method SNP B SE P OR(95%C))
MR Egger 22 0.330 0.279 0.250 : 1.39(0.81-2.40)
Weighted median 22 0.220 0.146 0.131 o—:—o—» 1.25(0.94-1.66)
Inverse variance weighted 22 0.215 0.099 0.030 1—e—> 1.24(1.02-1.51)
Simple mode 22 0.265 0.258 0.315 : < » 1.30(0.79-2.16)
Weighted mode 22 0.265 0.239 0.279 : 1.30(0.82-2.08)
0.5 1 15
protective factor risk factor
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o . - . Cochran’s Q 5 P {H MR Egger £ 5%
5 MR ACTARHH He A SOy EMEGE MR Egger B P4

1 1-(1-enyl-stearoyl) -GPE (p-18:0) 0.966 0.955 -0.002 0.840
2 13-HODE + 9-HODE 0.653 0.635 0.007  0.439
3 17alpha-hydroxypregnanolone glucuronide 0.823 0. 848 0.011  0.226
4 1-arachidonoyl-gpe (20:04n6) 0. 891 0. 886 0.007  0.421
5 1-arachidonoyl-GPE (20: 04n6) 0.978 0.970 -0.003 0.746
6 1-palmitoyl-2-stearoyl-gpc (16:00/18:00) 0.692 0.648 -0.002 0.790
7 1-palmitoyl-GPE (16:00) 0.590 0.543 -0.002 0.788
8 1-stearoyl-GPE (18:00) 0.734 0.694 -0.003 0.746
9 21-hydroxypregnenolone disulfate 0.798 0.758 -0.001 0.942
10 3-methylxanthine 0.323 0.283 -0.003 0.774
11 3-phenylpropionate hydrocinnamate 0.136 0.122 -0.006 0.536
12 Salpha-androstan-3alpha, 17beta-diol disulfate 0.015 0.020 -0.014 0.217
13 Salpha-pregnan-3beta,20beta-diol monosulfate (1) 0.177 0.148 -0.002 0.837
14 7-methylxanthine 0.889 0.861 -0.001 0.932
15 alpha-ketoglutarate to aspartate 0.300 0.258 -0.001 0.950
16 alpha-ketoglutarate to kynurenine 0.109 0.090 -0.003 0.727
17 androstenediol (3alpha,17alpha) monosulfate (3) 0.760 0.748 0.006  0.425
18 aspartate to citrate 0.040 0.031 0.001  0.928
19 aspartate to N-acetylglucosamine to N-acetylgalactosamine 0.069 0.062 -0.007  0.503
20 aspartate to phosphate 0.026 0.024 0.007  0.465
21 caprylate (8:00) 0.359 0.326 -0.005 0.592
22 carotenoid ( cryptoxanthin) 0.978 0.971 -0.002 0.796
23 cortisol (plasma) 0.452 0. 407 -0.003 0.741
24 cys-gly , oxidized 0.869 0.851 -0.005 0.556
25 etiocholanolone glucuronide 0.466 0.423 0.003  0.699
26 glucuronate to etiocholanolone glucuronide 0.352 0.311 -0.003 0.748
27 glutarate (C5-DC)to caprylate (8:00) 0.850 0.885 0.012 0.178
28 glycerophosphorylcholine ( GPC) 0.631 0.582 -0.001 0.873
29 glycosyl ceramide (d18:02/24:01,d18:01/24:02) 0.788 0.755 -0.003 0.701
30 glycosyl-N-(2-hydroxynervonoyl ) -sphingosine (d18:01,/24:01(20H) ) 0.385 0.377 -0.008 0.370
31 glycosyl-N-behenoyl-sphingadienine (d18:02/22:00) 0.281 0.528 -0.021 0.018
32 glycosyl-N-tricosanoyl-sphingadienine (d18:02/23:00) 0.637 0.668 -0.011 0.221
33 glycoursodeoxycholate 0.624 0.579 -0.003 0.764
34 glycoursodeoxycholic acid sulfate (1) 0.625 0.588 0.005 0.615
35 lignoceroyl sphingomyelin (d18:01/24:00) 0.482 0.436 -0.003 0.758
36 N-carbamoylalanine 0.262 0.234 0.005  0.598
37 oleoyl ethanolamide 0.972 0.990 -0.014  0.098
38 ornithine to glutamate 0.181 0.150 0.000 0.980
39 pipecolate 0.130 0.131 0.009  0.345
40 pregnanediol-3-glucuronide 0.336 0.312 0.006  0.508
41 pregnenediol disulfate ( C21H3408S2) 0.784 0.752 0.003  0.663
42 pregnenediol sulfate (C21H3405S) 0.026 0.020 -0.001  0.948
43 pregnenetriol disulfate 0.954 0.939 0.001 0.919
44 pregnenetriol sulfate 0.361 0.345 -0.006  0.430
45 pregnenolone sulfate 0.032 0.024 -0.001  0.959
46 S-1-pyrroline-5-carboxylate 0.399 0. 366 0.005 0.574
47 salicylate to caprylate (8:00) 0.579 0.529 -0.002 0.845
48 sphingomyelin (d18:01,20:02,d18:02/20:01,d16:01/22:02) 0.470 0.497 0.010 0.228
49 sphingomyelin (d18:01/22:01,d18:02/22:00,d16:01/24:01) 0.609 0.568 -0.003 0.679
50 sphingomyelin (d18:02/18:01) 0.073 0.061 -0.004 0.652
51 sphingomyelin (d18:02/21:00,d16:02,/23:00) 0.951 0.936 0.000  0.963
52 sphingomyelin (d18:02/23:00,d18:01/23:01,d17:01/24:01) 0.318 0.276 0.001 0.875
53 sphingomyelin (d18:02/23:01) 0.803 0.770 0.003 0.727
54 sphingomyelin (d18:02/24:01,d18:01/24:02) 0.708 0. 666 0.002  0.755
55 sphingomyelin (d18:02/24:02) 0.226 0.231 0.009 0.311
56 tauro-beta-muricholate 0.021 0.017 -0.006 0.699
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gR2
Cochran’s Q 5 P {H MR Egger £ 5%
5 IIRT AWK 7Y S A AWK 7 J R S ; N N
Wy ZEMAGE - MR Egger B PE
57 theobromine 0.784 0.743 0. 000 0.964
58 theophylline to EDTA 0.300 0.258 -0.001 0.957
59 X-12822 0.936 0.923 0.004 0.631
60 X-13553 0.670 0.629 0.003 0.700
61 X-13728 0.555 0.518 -0.005 0.598
62 X-16397 0.283 0.245 -0.002 0.794
63 X-16580 0.686 0.639 -0.001 0.928
64 X-21470 0.627 0.577 0. 000 0.971
65 X-21845 0.879 0.853 0.003 0.763
66 X-23636 0.684 0.636 0.001 0.913
67 X-24306 0.683 0.645 0.004 0.649
68 X-24970 0.917 0. 896 0.002 0. 840
Blood Metabolites Levels and Metabolite Ratios SNP SE P B(95%CI)
1—(1—enyl—stearoyl)-GPE(p—18:0) 32 0.040 0.012 . ——t 0.10(0.02 to 0.18)
13—hode + 9—hode 32 0.039 0.039 n—o—ql —0.08(—0.16 to —0.00)
17alpha—hydroxypregnanolone glucuronide 32 0.040 0.024 -—0—-: —0.09(—0.17 to —0.01)
1—arachidonoyl—gpc(20:4n6) 32 0.039 0.041 ID—O—- 0.08(0.00 to 0.16)
1—arachidonoyl-GPE(20:4n6) 32 0.039 0.048 —— 0.08(0.00 to 0.15)
1—palmitoyl-2—-stearoyl—gpc(16:0/18:0) 32 0.039 0.029 — 0.09(0.01 to 0.16)
1—-palmitoyl-GPE(16:0) 32 0.039 0.024 —- 0.09(0.01 to 0.16)
1—stearoyl-GPE(18:0) 32 0.039 0.002 ! ——s 0.12(0.04 to 0.19)
21—hydroxypregnenolone disulfate 32 0.037 0.013 — —0.09(—0.17 to —0.02)
3—methylxanthine 32 0.042 0.033 :l—.—l 0.09(0.01 to 0.17)
3—phenylpropionate hydrocinnamate 32 0.045 0.043 I—O—‘I —0.09(—0.18 to —0.00)
Salpha-pregnan-3beta,20beta-diol monosulfate (1) 32 0.044 0.045 ——t —0.09(—0.18 to —0.00)
7—methylxanthine 32 0.040 0.017 :D—O—l 0.10(0.02 to 0.17)
alpha—ketoglutarate to aspartate 32 0.040 0.020 ——, —0.09(—0.17 to —0.01)
alpha—ketoglutarate to kynurenine 32 0.045 0.048 —e—i —0.09(—0.18 to —0.00)
androstenediol(3alpha,17alpha)monosulfate(3) 32 0.035 0.023 —— —0.08(—0.15 to —0.01)
aspartate to N—acetylglucosamine to N—acetylgalactosamine 32 0.045 0.013 : —a— 0.11(0.02 to 0.20)
caprylate(8:0) 32 0.041 0.018 -—0—-: —0.10(—0.18 to —0.02)
carotenoid(cryptoxanthin) 32 0.039 0.010 —— : —0.10(-0.18 to —0.02)
cortisol(plasma) 32 0.039 0.020 — —0.09(—0.17 to —0.01)
cys—gly,oxidized 32 0.039 0.020 l—O—i: —0.09(—0.17 to —0.01)
etiocholanolone glucuronide 32 0.039 0.042 D—O—{ —0.08(—0.16 to —0.00)
glucuronate to etiocholanolone glucuronide 32 0.041 0.044 I'—O—' 0.08(0.00 to 0.16)
glutarate(C5—DC)to caprylate(8:0) 32 0.040 0.005 | —— 0.11(0.03 to 0.19)
glycerophosphorylcholine(GPC) 32 0.039 0.047 II—O—' 0.08(0.00 to 0.15)
glycosyl ceramide(d18:2/24:1,d18:1/24:2) 32 0.038 0.037 D—O—JI —0.08(—0.15 to —0.00)
glycosyl—N—(2—hydroxynervonoyl)—sphingosine(d18:1/24:1(20H) B2 0.038 0.038 -—o—dl —0.08(—0.15 to —0.00)
glycosyl—N-—tricosanoyl—sphingadienine(d18:2/23:0) 32 0.041 0.005 ——t 1 —0.12(—0.20 to —0.04)
glycoursodeoxycholate 32 0.039 0.031 -—O—G: —0.08(—0.16 to —0.01)
glycoursodeoxycholic acid sulfate(1) 32 0.044 0.010 —— : —0.11(—0.20 to —0.03)
lignoceroyl sphingomyelin(d18:1/24:0) 32 0.038 0.046 n—o—dI —0.08(—0.15 to —0.00)
N-carbamoylalanine 32 0.044 0.014 | ———t 0.11(0.02 to 0.19)
oleoyl ethanolamide 32 0.039 0.034 '—0—': —0.08(-0.16 to —0.01)
ornithine to glutamate 32 0.042 0.049 D—O—‘I —0.08(—0.17 to —0.00)
pipecolate 32 0.045 0.046 I'—O—ﬁ 0.09(0.00 to 0.18)
pregnanediol-3—glucuronide 32 0.042 0.021 ——t —0.10(—0.18 to —0.01)
pregnenediol disulfate(C21H3408S2) 32 0.035 0.027 D—.—i: —0.08(—-0.15 to —0.01)
pregnenetriol disulfate 32 0.036 0.030 '—.—': —0.08(-0.15 to —0.01)
pregnenetriol sulfate 32 0.034 0.012 .—.—u: —0.09(—0.15 to —0.02)
S—1-—pyrroline—5—carboxylate 32 0.040 0.027 ——1 0.09(0.01 to 0.17)
salicylate to caprylate(8:0) 32 0.039 0.025 :-—0—- 0.09(0.01 to 0.17)
sphingomyelin(d18:1/20:2,d18:2/20:1,d16:1/22:2) 32 0.036 0.015 -—0—-: —0.09(—0.16 to —0.02)
sphingomyelin(d18:1/22:1,d18:2/22:0,d16:1/24:1) 32 0.036 0.041 ——s —0.07(—0.15 to —0.00)
sphingomyelin(d18:2/18:1) 32 0.043 0.020 '—0—1: —0.10(-0.18 to —0.02)
sphingomyelin(d18:2/21:0,d16:2/23:0) 32 0.033 0.011 —— : —0.08(—-0.15 to —0.02)
sphingomyelin(d18:2/23:0,d18:1/23:1,d17:1/24:1) 32 0.037 0.007 —— : —0.10(-0.17 to —0.03)
sphingomyelin(d18:2/23:1) 32 0.034 0.036 ——t —0.07(-0.14 to —0.00)
sphingomyelin(d18:2/24:1,d18:1/24:2) 32 0.036 0.005 — —0.10(-0.17 to —0.03)
sphingomyelin(d18:2/24:2) 32 0.039 0.015 ——) —0.10(=0.17 to —0.02)
theobromine 32 0.040 0.007 : —— 0.11(0.03 to 0.18)
theophylline to EDTA 32 0.043 0.042 —— 0.09(0.00 to 0.17)
X-12822 32 0.039 0.009 —— : —0.10(—-0.18 to —0.03)
X-13553 32 0.036 0.013 l—'—': —0.09(-0.16 to —0.02)
X—-13728 32 0.040 0.042 —a—s 0.08(0.00 to 0.16)
X-16397 32 0.042 0.027 ——u —0.09(-0.18 to —0.01)
X—-16580 32 0.039 0.016 '—.—!: —0.09(—0.17 to —0.02)
X—-21470 32 0.040 0.044 D—C—‘I —0.08(—0.16 to —0.00)
X—-21845 32 0.051 0.034 I—O—': —0.11(—0.21 to —0.01)
X—-23636 32 0.040 0.023 —— —0.09(—0.17 to —0.01)
X—-24306 32 0.040 0.045 '—0—1I —0.08(—-0.16 to —0.00)
X—-24970 32 0.039 0.012 —' —0.10(-0.18 to —0.02)
015 0 015

protective factor risk factor

B3 CD244 Rz FH MKk KM IERHERX RHRHE
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FGF-23 357K V-5 67 I i 1R 35 4 48 bR A2 1E
PUERKR o KRR A 57 A S0 25 R
U IR A I P8 A A7 A 57 S, 4 It 3£ it 0 4
PRAFAE K 2280, 3 T LISIBR (2 3) o HoR LAt
TYIEAR B — kAR A R R, O B B IE(E, MR 73
Praffiadd. ik, FOF-23 Fik/KF5 62 T g/t

YIEARATAE Al FE R PR SCAR , o B i i A Ul

AR 55 T, AR A BACE R R 7 . BRI AR
IR bR FCF-23 32kK-F-5 18 Il i A4y 15
PREIERISE, 5 37 TR GBI R AR S TR O s R A
A G b, FGF-23 k5 7 B i 4C
PIEAR S S (18 4) .

R3 BAHAMERET2 REKTFESMRAFMIERZBERXZNEEREINUSRIESTER

Cochran’s Q ¥:56 P {1 MR Egger £ 5%

- e g T e
¥5 IIRT AWK 7 S A AWK 7 J R S ST EMRGE MR Egger WS P4
1 (2,4 or 2,5) -dimethylphenol sulfate 0.808 0.796 -0.010 0.435
2 1,3,7-trimethylurate 0. 840 0.833 -0.009  0.409
3 1-methylnicotinamide 0.620 0.675 0.014 0.188
4 1-palmitoyl-2-docosahexaenoyl-GPE (16:0/22:6) 0.389 0.343 0.004 0.673
5 2-piperidinone 0.565 0.716 0.019  0.077
6 2s,3R-dihydroxybutyrate 0.582 0.528 -0.003 0.742
7 3-acetylphenol sulfate 0.492 0.453 -0.007  0.565
8 3-hydroxyphenylacetoylglutamine 0.208 0.169 0.000 0.977
9 Salpha-androstan-3beta, 17beta-diol disulfate 0.952 0.972 0.012  0.191
10 aconitate | cis or trans | 0.912 0. 883 0.001 0.948
11 adenosine 5'-diphosphate ( ADP)to arginine 0.127 0.165 -0.022 0.178
12 adenosine 5’-diphosphate ( ADP)to aspartate 0.419 0.365 -0.004 0.810
13 adenosine 5’-diphosphate (ADP)to EDTA 0.144 0.139 -0.014  0.402
14 adenosine 5’'-diphosphate ( ADP)to flavin adenine dinucleotide (FAD) 0.167 0.209 -0.025 0.179
15 adenosine 5'-diphosphate ( ADP)to glutamate 0.635 0.648 -0.015 0.290
16 adenosine 5'-diphosphate ( ADP)to glutamine 0.076 0.083 -0.018 0.298
17 adenosine 5’-diphosphate ( ADP)to glycine 0. 166 0.164 -0.015 0.367
18 adenosine 5'-diphosphate (ADP)to N-palmitoyl-sphingosine (d18:1 to 16:0)  0.045 0.051 -0.019 0.284
19 adenosine 5’-diphosphate ( ADP)to uridine 0.184 0.218 -0.020 0.208
20 adenosine 5’-diphosphate ( ADP)to valine 0.177 0.212 -0.020 0.203
21 alpha-hydroxyisovalerate 0.198 0.794 0.034  0.002
22 alpha-ketoglutarate to trans-4-hydroxyproline 0.643 0.618 0.008  0.469
23 androsterone glucuronide to etiocholanolone glucuronide 0.414 0. 406 -0.009 0.364
24 behenoyl sphingomyelin (d18:1/22:0) 0.439 0.412 0.007  0.473
25 branched chain 14: 0 dicarboxylic acid 0.514 0.495 0.009  0.415
26 catechol sulfate 0.924 0.929 -0.010 0.333
27 choline 0.586 0.526 -0.001 0.922
28 cinnamoylglycine 0.740 0. 688 -0.001  0.905
29 citrate 0.722 0.691 -0.006 0.542
30 gamma-CEHC glucuronide 0.097 0.094 -0.012  0.406
31 gamma-glutamyl-2-aminobutyrate 0.780 0.736 0.003  0.758
32 glyco-beta-muricholate 0.255 0.492 -0.026  0.028
33 glycolithocholate sulfate 0.888 0.870 -0.006  0.555
34 glycosyl-N-palmitoyl-sphingosine (d18:1/16:0) 0.445 0.506 -0.015 0.170
35 glycoursodeoxycholic acid sulfate (1) 0.135 0.124 0.010  0.466
36 guaiacol sulfate 0.738 0.716 -0.007 0.476
37 histidine betaine (hercynine) 0.634 0.731 0.017 0.124
38 isoursodeoxycholate 0.162 0.442 0.028 0.014
39 malonylcarnitine 0.437 0.554 -0.020 0.100
40 mannose to trans-4-hydroxyproline 0.657 0.615 0.005 0.621
41 myristoyl dihydrosphingomyelin (d18:0/14:0) 0.325 0.314 0.009  0.389
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42 nicotinamide 0.349 0.378 0.013 0.234
43 nisinate (24:6n3) 0.297 0.285 0.012 0.405
44 nonanoylcarnitine (C9) 0.855 0.858 0.010 0.350
45 palmitoyl sphingomyelin (d18:1/16:0) 0.856 0.840 -0.007 0.500
46 perfluorooctanesulfonate ( PFOS) 0.253 0.209 0.000 0.981
47 salicylate 0.134 0.107 -0.003 0.828
48 salicylate to caprylate (8:0) 0.313 0.263 -0.001 0.967
49 salicyluric glucuronide 0.219 0.192 -0.008 0.577
50 sphingomyelin (d17:1/14:0,d16:1/15:0) 0.781 0.733 -0.001 0.912
51 sphingomyelin (d17:1/16:0,d18:1/15:0,d16: 1/17:0) 0.739 0.690 0.003 0.789
52 sphingomyelin (d18:1/14:0,d16:1/16:0) 0.263 0.244 0.008 0.466
53 sphingomyelin (d18:1/17:0,d17:1/18:0,d19: 1/16:0) 0.983 0.978 -0.005 0.654
54 sphingomyelin (d18:1/22:2,d18:2/22:1,d16: 1/24:2) 0.924 0.908 -0.005 0.597
55 sphingomyelin (d18:2/23:0,d18:1/23:1,d17:1/24:1) 0.884 0. 866 0. 006 0.542
56 sphingomyelin (d18:2/23:1) 0.945 0.943 -0.007 0.421
57 tartarate 0.179 0.170 0.010 0.416
58 trans-4-hydroxyproline 0.500 0.467 -0.007 0.507
59 tricosanoyl sphingomyelin (d18:1/23:0) 0.746 0.701 0.003 0.740
60 X-11381 0.587 0.799 0.022 0.044
61 X-12306 0.727 0.674 -0.001 0.925
62 X-21312 0.193 0.166 -0.008 0.625
63 X-21845 0.448 0.525 0.020 0.144
64 X-22162 0.685 0.631 0.002 0.837
65 X-23593 0.299 0.280 -0.008 0.455
66 X-25520 0.437 0.391 -0.005 0.657
67 X-26111 0.689 0.657 0.007 0.533

FIBL kK5 37 HUALBACH P $5 bR A7 1E ]
RKFR o KT ZRAERI A R B 4 2R R, TG
M A 18 bR A7 AE S BRAE MUK 220k (R 4) o
B — IR A R R, O 2 B EE, MR 045 R AR
fi, R, FIBL 35K 37 Tl ik A 146 b 47
TERTEERY AR G2, Horb & R B A a4 32 30T,
AR BACH IR 5 T, E RSPt
FIBL ZA0KF-5 13 BB S st b ¢, 5
19 79 161 33 A ) 4 s B SROAH G 5 OR R LA B 0 9%
pref FSL A /KF- 5 4 1 B A P 45 5 4 TE AR
5,45 1A AR bR 22 A5G (T S) o

IL-7 K5 70 TR A48 r A7 2 D 2R
KF o LRI A B IR AT R T /R, 2 T
WA W16 DR AF AR K 2 800, 339 T LAAIER (R 5) .
HAR M AP Rabr B — AR IR 25 R s, T B
HE(E, MR A 45 R AS 4 o ok, IL-7 R kK- 5

68 T I R A P P bR AEAE T HE R IR R, o 2
HUME A PIFR R 57 300, AR HNLR A G Fa bRl 1 5,
O W PRI S AR v, TL7 23k K 15 42 J7 1 Wi
B FR R IEAE, 5 15 M AL 5 15 47 5
MG s AR AR S A7 o, TL7 23K/ 11 35
A e br 2 IEAR G (B 6) o
3 it it

AS B K A BILTR W AN T A, BILA Y S e A
TR S Ik A e R MBI Rk
B, OE PR T S 2k PR AS B EEN K,
SR, ELARWIB L 5 IR AR I 4 5 AS A7 78 PR 5%
R, HETMAERE . B, FRATRH MR 2047 1 91 F
RAE P TFHIFEKE-5 AS (NS R, BETT L7
T AS HA SRR LRI N T RBKES
1400 T iy A G bR SR 2R, DA AS B A=
HLI AR R G W0 5 A PR AR 2%
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Blood Metabolites Levels and Metabolite Ratios
(2,4 or 2,5)-dimethylphenol sulfate
1,3,7-trimethylurate

1-methylnicotinamide
1-palmitoyl-2-docosahexaenoyl-GPE(16:0/22:6)
2-piperidinone

2s,3R-dihydroxybutyrate

3-acetylphenol sulfate
3-hydroxyphenylacetoylglutamine
5alpha—androstan—3beta, 17beta—diol disulfate
Aconitate [cis or trans]

adenosine 5'-diphosphate(ADP)to arginine
adenosine 5'-diphosphate(ADP)to aspartate
adenosine 5'-diphosphate(ADP)to EDTA

SNP
24
24
24
24
24
24
24
24
24
24
24
24
24

adenosine 5'-diphosphate(ADP)to flavin adenine dinucleotide(FADR4

adenosine 5'-diphosphate(ADP)to glutamate
adenosine 5'-diphosphate(ADP)to glutamine
adenosine 5'-diphosphate(ADP)to glycine
adenosine 5'-diphosphate(ADP)to uridine
adenosine 5'-diphosphate(ADP)to valine
alpha—-ketoglutarate to trans—4-hydroxyproline
androsterone glucuronide to etiocholanolone glucuronide
behenoyl sphingomyelin(d18:1/22:0)

branched chain 14:0 dicarboxylic acid

catechol sulfate

choline

cinnamoylglycine

citrate

gamma-CEHC glucuronide
gamma-glutamyl-2—-aminobutyrate
glycolithocholate sulfate
glycosyl-N-palmitoyl-sphingosine(d18:1/16:0)
glycoursodeoxycholic acid sulfate(1)

guaiacol sulfate

histidine betaine(hercynine)

malonylcarnitine

mannose to trans—4-hydroxyproline

myristoyl dihydrosphingomyelin(d18:0/14:0)
nicotinamide

nisinate(24:6n3)

nonanoylcarnitine(C9)

palmitoyl sphingomyelin(d18:1/16:0)
perfluorooctanesulfonate(PFOS)

salicylate

salicylate to caprylate(8:0)

salicyluric glucuronide
sphingomyelin(d17:1/14:0,d16:1/15:0)
sphingomyelin(d17:1/16:0,d18:1/15:0,d16:1/17:0)
sphingomyelin(d18:1/14:0,d16:1/16:0)
sphingomyelin(d18:1/17:0,d17:1/18:0,d19:1/16:0)
sphingomyelin(d18:1/22:2,d18:2/22:1,d16:1/24:2)
sphingomyelin(d18:2/23:0,d18:1/23:1,d17:1/24:1)
sphingomyelin(d18:2/23:1)

tartarate

trans—4—hydroxyproline

tricosanoyl sphingomyelin(d18:1/23:0)

X-12306

X-21312

X-21845

X-22162

X-23593

X-25520

X-26111

B4 BFHBBERETF23 REKFESOBRKHDIERHRARKRZRTKE

24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24

SE
0.065
0.055
0.052
0.052
0.051
0.047
0.057
0.070
0.044
0.049
0.081
0.070
0.079
0.091
0.068
0.084
0.079
0.078
0.078
0.051
0.051
0.051
0.053
0.052
0.050
0.052
0.050
0.069
0.054
0.052
0.052
0.067
0.052
0.055
0.060
0.052
0.052
0.054
0.072
0.053
0.051
0.052
0.059
0.055
0.070
0.047
0.050
0.054
0.050
0.047
0.046
0.045
0.063
0.051
0.048
0.061
0.075
0.067
0.049
0.053
0.053
0.052

0.002
0.011
0.022
0.021
0.035
0.049
0.024
0.011
0.012
0.041
0.009
0.015
0.041
0.021
0.023
0.031
0.028
0.046
0.030
0.014
0.007
0.050
0.039
0.027
0.040
0.002
0.018
0.046
0.029
0.019
0.021
0.035
0.016
0.006
0.017
0.011
0.014
0.034
0.042
0.028
0.018
0.036
0.046
0.025
0.003
0.025
0.004
0.039
0.009
0.006
0.048
0.014
0.020
0.032
0.010
0.015
0.007
0.042
0.035
0.030
0.024
0.021

B(95%CI)

——e—> 0.20(0.07 to 0.33)

f———0—ox

|

| p——i

—o—1

I I
-0.15 0 0.15

protective factor risk factor

-0.14(-0.25 to -0.03)
-0.12(-0.22 to -0.02)
-0.12(-0.22 t0—0.02)
0.11(0.01 to 0.21)

-0.09(-0.18 to -0.00)
-0.13(-0.24 to -0.02)
-0.18(-0.31 to —0.04)
-0.11(=0.20 to —0.02)
-0.10(=0.20 to -0.00)
-0.21(-0.37 to -0.05)
-0.17(=0.31 to —0.03)
-0.16(-0.32 to -0.01)
-0.21(-0.39 to -0.03)
-0.15(-0.29 to -0.02)
-0.18(-0.35 to —0.02)
-0.17(-0.33 to —0.02)
-0.16(-0.31 to —0.00)
-0.17(~0.32 to -0.02)
-0.13(-0.23 to -0.03)
0.14(0.04 to 0.24)

0.10(0.00 to 0.20)

-0.11(-0.21 to -0.01)
-0.12(-0.22 to -0.01)
-0.10(-0.20 to —0.00)
-0.16(-0.26 to —0.06)
-0.12(-0.22 to -0.02)
-0.14(~0.27 to -0.00)
-0.12(-0.22 to -0.01)
-0.12(-0.22 to -0.02)
0.12(0.02 to 0.22)

0.14(0.01 to 0.27)

-0.12(-0.23 to -0.02)
-0.15(-0.26 to -0.04)
-0.14(-0.26 to -0.03)
-0.13(-0.23 to -0.03)
0.13(0.03 to 0.23)

-0.12(-0.22 to -0.01)
-0.15(-0.29 to -0.00)
0.12(0.01 to 0.22)

0.12(0.02 to 0.22)

-0.11(-0.21 to -0.01)
-0.12(-0.23 to -0.00)
-0.12(-0.23 to -0.02)
-0.21(-0.34 to -0.07)
0.11(0.01 to 0.20)

0.14(0.05 to 0.24)

0.11(0.01 to 0.22)

0.13(0.03 to 0.23)

0.13(0.04 to 0.22)

0.09(0.00 to 0.18)

0.11(0.02 to 0.20)

-0.15(-0.27 to -0.02)
0.11(0.01 to 0.21)

0.12(0.03 to 0.22)

-0.15(-0.27 to -0.03)
-0.20(-0.35 to -0.05)
-0.14(-0.27 to -0.01)
-0.10(-0.20 to -0.01)
-0.12(-0.22 to -0.01)
-0.12(-0.23 to -0.02)
-0.12(-0.22 to -0.02)
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Cochran’s Q 5 P {H MR Egger £ 5%

o e g1 T e .
5 IIRT AWK 7Y S A AWK 7 J R S SOy EMEGE MR Egger B P4
1 1-palmitoleoyl-2-linolenoyl-GPC (16:1/18:3) 0.809 0.777 0. 000 0.952
2 1 -stearoyl-2-arachidonoyl-GPI (18:0/20:4) 0.748 0.750 0. 006 0.333
3 2-methylserine 0.926 0.911 0.002 0.699
4 3b-hydroxy-5-cholenoic acid 0.424 0.384 -0.001 0.853
5 3-bromo-5-chloro-2 ,6-dihydroxybenzoic acid 0.416 0.484 0. 009 0.112
6 4-ethylphenylsulfate 0.595 0.662 0. 009 0.119
7 4-methyl-2-oxopentanoate to 3-methyl-2-oxobutyrate 0.887 0.872 0.003 0.583
8 5-hydroxyhexanoate 0.810 0.793 0. 004 0.533
9 adenosine 5’'-diphosphate ( ADP)to EDTA 0.309 0.278 -0.003 0.702
10 adenosine 5'-diphosphate ( ADP)to glycerol 0.265 0.232 0.000 0.987
11 adenosine 5'-diphosphate ( ADP)to uridine 0.364 0.328 -0.002 0.791
12 alpha-tocopherol to glycerol 0.156 0.135 -0.002 0.763
13 carnitine to ergothioneine 0.130 0.152 -0.008 0.194
14 ceramide (d18:1/16:0) 0.420 0.379 -0.001 0.886
15 eicosenedioate ( C20: 1-DC) 0.536 0.534 -0.006 0.336
16 fructose to sucrose 0.376 0.372 0. 006 0.355
17 glucose to sucrose 0.360 0.332 0.003 0.604
18 glycerol to palmitoylcarnitine (C16) 0.278 0.255 0.003 0.577
19 glyco-beta-muricholate 0.294 0.259 -0.001 0.910
20 mannose to glycerol 0.305 0.295 -0.004 0.412
21 methylsuccinate 0.943 0.939 0.004 0.448
22 N6 ,N6-dimethyllysine 0.835 0.825 -0.004 0.450
23 N6-methyllysine 0.824 0.817 -0.005 0.408
24 N-lactoyl tyrosine 0.788 0.789 0. 006 0.338
25 N-palmitoyl-sphinganine (d18:0/16:0) 0.568 0.526 -0.001 0.854
26 N-stearoyl-sphingadienine (d18:2/18:0) 0.892 0.871 0.001 0.830
27 N-stearoyl-sphingosine (d18:1/18:0) 0.738 0.733 -0.005 0.375
28 spermidine to adenosine 5'-diphosphate ( ADP) 0.980 0.974 0. 000 0.999
29 succinate 0.917 0.903 -0.002 0.678
30 succinate to proline 0.797 0.770 -0.002 0.696
31 succinate to trans-4-hydroxyproline 0.870 0.858 -0.004 0.516
32 X-12013 0.915 0.897 0.002 0.803
33 X-12112 0.534 0.561 -0.007 0.210
34 X-12306 0.731 0. 699 0.003 0.705
35 X-12851 0.279 0.264 -0.005 0.464
36 X-23648 0.455 0.413 0.001 0.910
37 Xylose 0.920 0.912 0.004 0.503
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Blood Metabolites Levels and Metabolite Ratios SNP SE P B(95%ClI)
1-palmitoleoyl-2-linolenoyl-GPC(16:1/18:3) 45 0.031 0.032 ——t —0.07(-0.13 to —0.01)
1-stearoyl-2—arachidonoyl-GPI(18:0/20:4) 45 0.031 0.031 —a— —-0.07(-0.13 to —0.01)
2-methylserine 45 0.033 0.007 : —e—i 0.09(0.02 to 0.15)
3b-hydroxy-5-cholenoic acid 45 0.035 0.027 :-—o—a 0.08(0.01 to 0.15)
3-bromo—-5-chloro—2,6—dihydroxybenzoic acid 45 0.032 0.028 :o—o—c 0.07(0.01 to 0.13)
4-ethylphenylsulfate 45 0.032 0.049 —c— 0.06(0.00 to 0.13)
4-methyl-2-oxopentanoate to 3—methyl-2-oxobutyrate45 0.031 0.044 r—o—q' —0.06(-0.12 to —0.00)
5-hydroxyhexanoate 45 0.034 0.025 :'—0—| 0.08(0.01 to 0.14)
adenosine 5'-diphosphate(ADP)to EDTA 45 0.044 0.038 r—o—dl —0.09(-0.18 to —0.00)
adenosine 5'-diphosphate(ADP)to glycerol 45 0.044 0.018 —— —0.10(-0.19 to —0.02)
adenosine 5'-diphosphate(ADP)to uridine 45 0.043 0.030 n—o—c: —-0.09(-0.18 to —0.01)
alpha—-tocopherol to glycerol 45 0.033 0.005 —e—i : —0.09(-0.16 to —0.03)
carnitine to ergothioneine 45 0.035 0.044 '_._‘u —0.07(-0.14 to —0.00)
ceramide(d18:1/16:0) 45 0.032 0.035 —e— —0.07(-0.13 to —0.00)
eicosenedioate(C20:1-DC) 45 0.032 0.041 '—0—1I -0.07(-0.13 to —0.00)
fructose to sucrose 45 0.034 0.037 '—0—" —0.07(-0.14 to —0.00)
glucose to sucrose 45 0.034 0.045 0—0—1 -0.07(-0.13 to —0.00)
glycerol to palmitoylcarnitine(C16) 45 0.029 0.003 | ——t 0.09(0.03 to 0.15)
glyco—beta—muricholate 45 0.036 0.003 : ——t 0.10(0.04 to 0.18)
mannose to glycerol 45 0.029 0.045 '—0—1‘ —0.06(-0.12 to —0.00)
methylsuccinate 45 0.032 0.021 —e—t 0.07(0.01 to 0.14)
N6,N6—dimethyllysine 45 0.032 0.016 :o—o—c 0.08(0.01 to 0.14)
N6-methyllysine 45 0.032 0.020 :i—o—c 0.07(0.01 to 0.14)
N-lactoyl tyrosine 45 0.035 0.028 :D—O—i 0.08(0.01 to 0.15)
N-palmitoyl-sphinganine(d18:0/16:0) 45 0.032 0.030 —e—t —0.07(-0.13 to —0.01)
N-stearoyl-sphingadienine(d18:2/18:0) 45 0.033 0.024 i—o—t: —0.07(-0.14 to —0.01)
N-stearoyl-sphingosine(d18:1/18:0) 45 0.032 0.022 '—0—0: —0.07(-0.13 to —0.01)
spermidine to adenosine 5'-diphosphate(ADP) 45 0.044 0.028 :I—O—G 0.10(0.01 to 0.18)
succinate 45 0.032 0.049 —e—i —0.06(-0.13 to —0.00)
succinate to proline 45 0.031 0.025 '—H: —0.07(-0.13 to —0.01)
succinate to trans—4-hydroxyproline 45 0.032 0.042 '—0—{ —-0.06(-0.13 to —0.00)
X-12013 45 0.037 0.021 :'—0—¢ 0.09(0.01 to 0.16)
X-12112 45 0.032 0.033 —o—) 0.07(0.01 to 0.13)
X-12306 45 0.037 0.043 '—0—1I —0.08(-0.15 to —0.00)
X-12851 45 0.035 0.020 :b—o—c 0.08(0.01 to 0.15)
X-23648 45 0.033 0.011 :'—O—l 0.08(0.02 to 0.15)
Xylose 45 0.035 0.025 ——t 0.08(0.01 to 0.15)

I I I
-0.15 0 0.15

protective factor risk factor
B S FMS HERERMEE 3 RAERAKTES DiRREMIERHNERXZRKE
x5 BHEBRNET REKFENFRRGWIERZEERXZNZEREVASRESTER

o . s . Cochran’s Q #;56 P 1 MR Egger ;5
75 MRACEA K- AR R ST ENAGE MR Eger | O P
1 (S) -a-amino-omega-caprolactam 0. 666 0. 608 0.003 0.790
2 2-methoxyresorcinol sulfate 0.286 0.297 -0.018 0.297
3 2-oxoarginine 0.527 0.623 -0.020 0.137
4 3-formylindole 0.659 0.649 -0.011 0.386
5 3-methylglutarylcarnitine (2) 0.79%4 0.751 0.005 0.702
6 4-hydroxyphenylacetate 0.875 0.837 -0.002 0.905
7 5,6-dihydrouridine 0.398 0.340 -0.003 0.847
8 5-hydroxyhexanoate 0.979 0.968 0.002 0.901
9 5-hydroxymethyl-2-furoylcarnitine 0.961 0.987 -0.026 0.140
10 6-hydroxyindole sulfate 0.824 0.779 0.003 0.831
11 adenosine 3’ ,5'-cyclic monophosphate (¢cAMP)to taurocholate 0.285 0.399 0.027 0.099
12 adenosine 5'-diphosphate (ADP)to N-palmitoyl-sphingosine (d18:to 16:0) 0.344 0.311 0.012 0.530
13 anthranilate 0. 886 0.914 0.019 0.233
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@RS
o . s N Cochran’s Q 5 P {H MR Egger £ 5%
FFe MR ACTARHH He A SOy EMEGE MR Egger B P4
14 aspartate to glutamate 0.779 0.730 0.003 0.798
15 bilirubin (Z,Z)to taurocholate 0.258 0.256 0.014 0.356
16 caffeine to theophylline 0.988 0.981 -0.003 0.809
17 caproate (6:0) 0.697 0. 645 -0.005 0.727
18 caprylate (8:0) 0.905 0.872 0.002 0.907
19 cholesterol to linoleoyl-arachidonoyl-glycerol (18:2 to 20:4)[2] 0.294 0. 600 0.034 0.024
20 cholesterol to taurocholate 0.120 0.125 0.016 0.329
21 choline to taurocholate 0.449 0.418 0.010 0.484
22 citrate to taurocholate 0.316 0.339 0.017 0.259
23 cortisol to taurocholate 0.619 0.596 0.011 0.444
24 cys-gly, oxidized 0.524 0.538 0.014 0.286
25 delta-CEHC 0.509 0.499 0.014 0.370
26 docosatrienoate (22:3n6) 0.345 0.414 0.025 0.159
27 ferulic acid 4-sulfate 0. 401 0.372 0.010 0.482
28 glyco-beta-muricholate 0.785 0.769 -0.011 0. 449
29 glycocholate 0.123 0.097 -0.004 0.804
30 glycodeoxycholate 0.078 0.059 0.005 0.807
31 glycohyocholate 0.472 0.454 0.012 0.404
32 glycolithocholate sulfate 0.965 0.965 0.011 0.404
33 indoleacetate 0.571 0.593 -0.015 0.270
34 indoleacetylglutamine 0.688 0. 665 -0.011 0.457
35 indolebutyrate 0.886 0.865 -0.010 0.578
36 leucine to phosphate 0.848 0.919 -0.019 0.130
37 mannose to glycerol 0.886 0. 861 -0.006 0.623
38 methionine sulfone 0.608 0.543 0.000 0.983
39 methionine sulfoxide 0.513 0.662 -0.024 0.089
40 N-lactoyl phenylalanine 0.504 0.489 -0.011 0.388
41 N-palmitoyl-sphingosine (Eicllfg :lot(;ol 16608 )to N-palmitoyl-sphinganine 0. 682 0.766 0.020 0.150
o e (R0 EIOL o oae ooe oo
43 phosphate to glutamine 0.392 0.349 0.007 0.604
44 propionylcarnitine (¢3) 0.217 0.178 0. 005 0.755
45 retinol (Vitamin A)to linoleoyl-arachidonoyl-glycerol (18:2 to 20:4)[2] 0.325 0.362 0.018 0.220
46 spermidine to taurocholate 0.325 0.282 0.007 0.651
47 sphingomyelin (d17:2/16:0,d18:2/15:0) 0.420 0.541 0.020 0. 106
48 sphingomyelin (d18:1/24:1,d18:2/24:0) 0.099 0.093 0.012 0.437
49 tauro-beta-muricholate 0.706 0. 646 0.000 0.989
50 taurochenodeoxycholate 0.279 0.233 -0.004 0.772
51 taurochenodeoxycholic acid 3-sulfate 0.755 0.721 -0.009 0.562
52 taurocholate to oxalate ( ethanedioate) 0.276 0.229 0.004 0.819
53 taurocholenate sulfate 0.540 0.512 0.010 0. 460
54 taurocholic acid 0.376 0.365 -0.013 0.380
55 taurodeoxycholate 0.076 0.062 -0.009 0.628
56 taurolithocholate 3-sulfate 0.148 0.116 0.001 0.930
57 thyroxine to taurocholate 0.120 0.115 0.014 0.409
58 vanillic acid glycine 0.726 0.689 -0.008 0.577
59 vanillic alcohol sulfate 0.694 0.663 -0.011 0.518
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GRS
Cochran’s Q }:5 P {5 MR Egger 56
s MR A K A R : ; N
WIFEMELE MR Egger IR P{A
60 X-11315 0.561 0.564 -0.013  0.326
61 X-12544 0.091 0.086 0.014  0.427
62 X-13695 0.631 0.614 0.012  0.413
63 X-13723 0.083 0.099 0.023  0.251
64 X-17438 0.292 0.242 0.003  0.862
65 X-21286 0.592 0.706 0.021  0.119
66 X-21310 0.878 0.883 -0.013  0.351
67 X-21471 0.403 0.384 -0.011  0.421
68 X-24418 0.641 0.628 -0.013  0.400
69 X-24588 0.972 0.958 0.000  0.988
70 X-25520 0.987 0.983 0.007 0.632
Blood Metabolites Levels and Metabolite Ratios SNP SE P B(95%CI)
(S)—a—amino—omega—caprolactam 21 0.054 0.003 . +——e—— 0.16(0.05 to 0.27)
2—-methoxyresorcinol sulfate 21 0.074 0.034 :’—O—> 0.16(0.01 to 0.30)
2-oxoarginine 21 0.058 0.013 : +——e—— 0.14(0.03 to 0.26)
3—formylindole 21 0.055 0.024 :'—.—l 0.12(0.02 to 0.23)
3—methylglutarylcarnitine(2) 21 0.055 0.046 r—— 0.11(0.00 to 0.22)
4—hydroxyphenylacetate 21 0.058 0.007 : +——e—— 0.16(0.04 to 0.27)
5,6—dihydrouridine 21 0.057 0.040 "—.—' 0.12(0.01 to 0.23)
5—hydroxyhexanoate 21 0.063 0.010 | ¥——e—— 0.16(0.04 to 0.28)
5—hydroxymethyl—2—furoylcarnitine 21 0.075 0.036 :-—.—- 0.16(0.01 to 0.30)
6-hydroxyindole sulfate 21 0.058 0.027 \——e——  0.13(0.01 to 0.24)
adenosine 3',5'-cyclic monophosphate(cAMP)to taurocholate 21 0.072 0.018 *——o— : —0.17(—0.31 to —0.03)
adenosine 5'-diphosphate(ADP)to N—palmitoyl-sphingosine(d18:1 to 16:0) 21 0.083 0.046 #———e——> 0.16(0.00 to 0.33)
anthranilate 21 0.069 0.011 : t———o——> 0.18(0.04 to 0.31)
aspartate to glutamate 21 0.057 0.026 '—0—!: —0.13(—0.24 to —0.02)
bilirubin(Z,Z)to taurocholate 21 0.066 0.010 +——o——t : —0.17(-0.30 to —0.04)
caffeine to theophylline 21 0.061 0.033 —— 0.13(0.01 to 0.25)
caproate(6:0) 21 0.061 0.020 |+——e——  0.14(0.02 to 0.26)
caprylate(8:0) 21 0.059 0.003 ! +——e—— 0.17(0.06 to 0.29)
cholesterol to taurocholate 251 0.072 0.005 <—o—— : —0.20(—0.34 to —0.06)
choline to taurocholate 21 0.061 0.005 +——o— —0.17(—0.29 to —0.05)
citrate to taurocholate 24 0.065 0.004 *—o— : —0.18(—0.31 to —0.06)
cortisol to taurocholate 21 0.061 0.020 —— : —0.14(—0.26 to —0.02)
cys—gly,oxidized 2l 0.058 0.028 :l—.—c 0.13(0.01 to 0.24)
delta—CEHC 21 0.068 0.046 ———e——— 0.14(0.00 to 0.27)
docosatrienoate(22:3n6) 21 0.076 0.045 ;—O—b 0.15(0.00 to 0.30)
ferulic acid 4—sulfate 21 0.063 0.010 : +——e——— 0.16(0.04 to 0.29)
glyco—beta—muricholate 21 0.063 0.022 :.—.—. 0.14(0.02 to 0.27)
glycocholate 21 0.069 0.030 1———e——— 0.15(0.01 to 0.28)
glycodeoxycholate 21 0.078 0.018 : +———e——> 0.18(0.03 to 0.34)
glycohyocholate 21 0.062 0.002 : +———e—> 0.19(0.07 to 0.32)
glycolithocholate sulfate 21 0.059 0.024 :-—.—t 0.13(0.02 to 0.25)
indoleacetate 241 0.058 0.007 | +——e—— 0.16(0.04 to 0.27)
indoleacetylglutamine 21 0.066 0.006 : +———o——> 0.18(0.05 to 0.31)
indolebutyrate 21 0.079 0.000 : ————® 0.29(0.13 to 0.44)
leucine to phosphate 21 0.054 0.011 ——t ! —0.14(—0.24 to —0.03)
mannose to glycerol 21 0.051 0.038 '—0—\' —0.11(—0.21 to —0.01)
methionine sulfone 21l 0.055 0.016 : —— 0.13(0.03 to 0.24)
methionine sulfoxide 21 0.059 0.048 'l—o—c 0.12(0.00 to 0.23)
N-lactoyl phenylalanine 21 0.056 0.028 —— 0.12(0.01 to 0.23)
N-—palmitoyl-sphingosine(d18:1 to 16:0)to N—palmitoyl-sphinganine(d18:0 to 16:®1 0.059 0.027 O—O—C: —0.13(-0.24 to —0.01)
phosphate to glutamine 2.1 0.059 0.043 }—0—1 0.12(0.00 to 0.23)
propionylcarnitine(c3) 21 0.062 0.022 :»—o—c 0.14(0.02 to 0.27)
retinol(vitamin A)to linoleoyl—arachidonoyl—glycerol(18:2 to 20:4)[2] 21 0.064 0.045 ——t —0.13(—0.25 to —0.00)
spermidine to taurocholate 21 0.068 0.027 l—o—c: —0.15(—0.28 to —0.02)
sphingomyelin(d17:2/16:0,d18:2/15:0) 25 0.052 0.015 —_— : —0.13(—0.23 to —0.02)
sphingomyelin(d18:1/24:1,d18:2/24:0) 21 0.068 0.048 ——e——  0.14(0.00 to 0.27)
tauro—beta—muricholate 241 0.079 0.004 I +———ea—> 0.22(0.07 to 0.38)
taurochenodeoxycholate 21 0.064 0.048 "—o—c 0.13(0.00 to 0.25)
taurochenodeoxycholic acid 3—sulfate 21 0.063 0.016 : +——e—— 0.15(0.03 to 0.28)
taurocholate to oxalate(ethanedioate) 21 0.065 0.028 :r—.—c 0.14(0.02 to 0.27)
taurocholenate sulfate 21 0.058 0.028 l—e——— 0.13(0.01 to 0.24)
taurocholic acid 21 0.063 0.012 : +——e—— 0.16(0.03 to 0.28)
taurodeoxycholate 21 0.076 0.013 : ————e— 0.19(0.04 to 0.34)
taurolithocholate 3—sulfate 21 0.068 0.009 : +———o——> 0.18(0.05 to 0.31)
thyroxine to taurocholate 21 0.072 0.022 «——o—, —0.16(—0.30 to —0.02)
vanillic acid glycine 21 0.062 0.030 :-—O—- 0.13(0.01 to 0.25)
vanillic alcohol sulfate 21 0.074 0.035 :-—o—» 0.16(0.01 to 0.30)
X-11315 21 0.059 0.015 : t——e—— 0.14(0.03 to 0.26)
X-12544 24 0.073 0.010 1 +———e—> 0.19(0.05 to 0.33)
X-13695 21 0.065 0.002 | +——e—> 0.20(0.08 to 0.33)
X-13723 21 0.088 0.015 : —————ao—> 0.21(0.04 to 0.39)
X-17438 21 0.068 0.038 #———e— 0.14(0.01 to 0.27)
X-21286 251 0.058 0.050 ;—0—1 0.11(0.00 to 0.23)
X-21310 21 0.060 0.012 : t——e—— 0.15(0.03 to 0.27)
X-21471 24 0.060 0.029 :'—O—I 0.13(0.01 to 0.25)
X-24418 21 0.067 0.003 ' =———e—> 0.20(0.07 to 0.33)
X—-24588 21 0.056 0.017 : —— 0.13(0.02 to 0.24)
X-25520 21 0.060 0.040 —— 0.12(0.01 to 0.24)
T

T T
-0.15 o) 0.15

protective factor risk factor
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A B HEARB U AL A T — 2B F5E . CD244
ST FIAAAET NK A T 200 3 55 S92 200 B v i —Fh
PETEEE L, TE RGMELLBERIE RGBT %8 . | ALK
VR 5 2 Tob 0 8 AR S 0 10 2 7 K B R AR
Ramos %5 fff 5 & B, 26 R 56 4 48 5 0 1L 375 | 5%
WU A 4 v FIBL K OF B E T . SR,
CD244 F1 FIBL 7E AS ) £ F i Bk =2 52 0E 0F 5%
CD244 FIBL FikKF-5 AS 25 AH KA 4518 1 5 i
— W5 T LRI

RAE S A R VIAR G, RAE PR 71 57 4
PR MR AP 15 B o3 . FGF-23 5k
K55 62 I WA P 6 B A A AT SE R RUR E &R
Li &2 BF 58 % B, AS % 4H I W5 P So-fE H5 38,
17B- % T % IR £ (5a-androstan-38, 17B-diol disul-
fate) MR ( citrate ) | I ( choline ) 7K - {I% T {g K
XA, ABEFESE R BoR, FGF-23 Rk /K F 5
3 UM EACHYIHE AR 2 ARG, FRATHEN, FGF-23
W NP M T So-MEH-38,17R- B AR ER )
PRI IBREGX 3 A I 5 K P35 AS Y R
JXUK: . Vittimberga %67 §F 5% & B, /K 4% BR £h ( salicy-
late ) HEA2 41 ] K B 1 W62 400 L e 8 R BE ) -0 1 36
o Zu SRS R B, KA AR B % 00 ) iR R
FEIR -0 H1 385 S 1) K BRI A 400 L 9 i 07 0 e, 3
T R B A A S Bl B AR TR o LAk, K IR
AR SRR E AR BT R 25 1) 2 B RUBAY , 7R AS IYRYT
R R AR, APPSR R, FCF-23 FKikoK
VSRR R UG . FATHEI FGF-23 W fgid i
YR P K A R R K SE 1S T AS R U XU . ik
HbAE FCF-23 Rk /K P A7 A8 AT HE Y PR ¢ & 19 1M
WA bR, Z Y 5 AS B RH SC 1 kb 52
UERIFSE o AEAR I3 A 5 At 8 A 1R 9 B3 88 A A7
TEMIFAE . Paine 25 B 5 W, DA% H 2 AE 2R
AH R B 2 lE ( glycoursodeoxycholic acid sulfate ) 7K 3 1
TR T g o) 18 o P DT R K g, LA A v AR U
FIRESEIE . Nystrom 255V BIF 58 % B, KBAT 908 VE s
B Az LIS o L RS B (182 1/22:0) [ behenoyl
sphingomyelin( d18: 1/22:0) ] KR e ORI 5 R
SE R e R Y] 2T e R ( perfluorooctanesul-
fonate ) J&—F HA B Pk AU /E I RTA HLTS 4, fig
1% S G 2 A0 U T, BEIR e R 4. Zhang
20 g e B, LR RE IO P PR Bk P 6 ( malo-

nylcarnitine ) 7K V-G T il B JSCAE N, 2 3L g 1 LR 47
%, Liv %Y BF5 &80, I B s b 1-H R
P ( 1-methylnicotinamide ) {4 7K ~F- B I 55 T e B AL 4F
NP ERR P o Sidor 257 BF 58 & PR, 1-FH 5
O P 308 2o T P SO R A IR 1 N L 441 Ff NOD
FEZAREE 1 3 S /MY B0 , /> NOD #3214 4R
FI 3 FHOCHY AAEVERIR 1  AE o 3 SR8 AR DA
AWFFERI SR PR E AS 1Y & A L4 Ak 18 g%
2%,

IL-7 F3K/KF-5 68 Tl ik A ¥ 6 b A7 AE 7 5
MIBIRER . Li 47 B0 R L, AS JE A ALAR RUIE I
IR (anthranilate ) 7KP-(R T HEXS BRZH . SR, AT
FER BN IL-T FR7KF-5 MR AR = 2R F R K F-
LIRS, M IL-7 kK5 AS BIEAMH. I,
IL-7 SRS R ATE AS A= vh iy B AE R LI 4
W — PRI o WOM AES TL-T FRDKIKPAEAE TSR
PR2R G 2R Y MR A B, — BB SIERF TR 45 2R 55
B, 300 I A - A S 1 5 R E A7 7 A
etk o BNE 4= IH R B ( taurocholenate sulfate ) & T I8
R I 375 92 T B A e AR AR 0 AR 3-
FL% Bk A B ( 3-methylglutarylcamitine ) 7K - 5 {2284
LRI AN R 2 A PR A ARG

CD244 357K -5 61 T il i Gt P18 bn A7 AE A]
SEMBIRGR . Li %7 B R B, AS B i 1-
TE S IE-GPE(18: 0) [ 1-stearoyl-GPE (18:0) ], 2245 —
1 B 1 £ ( pregnenediol disulfate ) (1 7K 5 i % T
TR ISAE A, 1- (15 - I 195 4k ) -GPE (p-18:0) [ 1-
(1-enyl-stearoyl ) -GPE ( p-18: 0) ] 7K - 15 F {8 KR 1% 4%
No ABEFE IR, CD244 F3K7KF-5 1ML 1-A8 A5 15 -
GPE(18:0) \1-(1-Jf K&-f JIg Bt 4L ) -GPE (p-18:0) 7K
SERIEA 56, 5 1L A e I E A R ER K P & M
Ko FATHEM CD244 FREE i 18 1-6% 5 BE-GPE
(18:0) FT I 1-( 1-J75 KAl I 1% 4L ) -GPE (p-18:0)
ML 7K TR R AS 9 & 2R RS o B 1- (14 JE-fii

RIE4L) -GPE (p-18:0) 5 AS S A= iy HARHL A 15 12
—B G LA, Imrich S50 R B, AS HE
IR H A B2 ST  cortisol ) K5 it g U AF A B3, 22
SEGE L SRMIANF S LRI, CD244 Fik
K55 I B S5 A 7K - S A G, T CD244 3R koK
V-5 AS RIEASG, I, CD244 7 FTFETE AS K E
rh A HARAE AL i o i — 2R
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AR MR 4347 T RAEH 53Rk K P15 AS
K5 Mg e e R R, A LUF RO
JTEILH . ARG AR AE A 123k KV 2% 55 [
2, LLAS R R B T ARAE IR TRk KF- 5 AS ]
IR R, FELL S AS BAT PR 5 & 1 2 0E F 1 3%
ROKV- Ry 2 ig R, DL A W48 A v &5 )5, 23 A
RAEH TR 5 MR A YR PRR C &R, O
B RA BRI ; H MR GE 65 ik % R 4% K 2= A
1) PR R OG 2R 2, R T ARAS P48 %) RLAR OG22 03 i
i, Q¥R ARV S 91 Fh R AE K Fi
1400 390 1fiL Y AR 3 4 46 b, AR F Fang % 6 F
41 PP AEA T-5 AS PURSC R BYWFST , AT RENS B
AT PR SR 5 AS IR &R, AT, A
WFFE AT AE — 22 19 J5 BR A : D GWAS £t U5 B
N AT TAE HA N2 5 B 38 0 i o i — 20
Bk ; @QZ R MBAREY) 5 AS 19X RO IIEDIIE,
AW B 4518 1 2 sh W S R I 5 T LA
ko

AL R B, FGF23 (IL-7 .CD244 . FI3L &
KK-5 AS FEERTSERY PR OC R, 31X 4 FhRAE 1
PR K-35 5 22 T A 4 A A TR AT S Y
RKRIENER AS R AEVLHI RGBT AS 254
Rt 7 2%,

B3
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