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Abstract

Objective: To explore the correlation between vitamin D content level and tuberculosis in other or-
gans except lung. Methods: The 2SMR analysis was performed with “TwoSampleMR” package. First,
r2=0.001, kb =10,000, select a European population and perform linkage disequilibrium treatment
to ensure that the instrumental variables are independent. The main evaluation method is the in-
verse variance weighted method (IVW), which is used as the main evaluation tool, supplemented by
various methods such as weighted median method (WM), weighted method, and MR Egger regres-
sion to enhance the robustness and reliability of causal inference. We set a P-value less than 0.05 as
the criterion for determining whether the 2SMR study results have statistical significance. To detect
whether there is horizontal gene pleiotropy between exposure factors and outcome variables, MR-
PRESSO test was applied, and the Leave-one-out method was used for sensitivity analysis to identify
and evaluate whether a single SNP has a significant impact on MR estimation values. Use Cochran Q
test to evaluate its heterogeneity. Result: The results showed that the level of vitamin D content was
negatively correlated with the incidence of tuberculosis in other organs except the lung, and there
was a significant causal relationship. MR-PRESSO test showed that the SNPs included in this study
did not have level pleiotropy, and Cochran Q test showed that there was no significant heterogene-
ity. With single nucleotide polymorphisms (SNPs) as the tool variable, according to the forest map
of SNPs, the increase of vitamin D content can reduce the occurrence of tuberculosis in other organs
except lungs. Further analysis of the scatter plot shows that the lines of different algorithms are
generally inclined downward, which means that with the increase of vitamin D content expression,
tuberculosis in other organs except the lung shows a downward trend. The funnel plot shows that
the scattered points on both sides are roughly uniform with little heterogeneity. The sensitivity
analysis of the Leave-one-out method did not identify any SNPs that significantly affected the re-
sults. Conclusion: The level of vitamin D is negatively correlated with the incidence of tuberculosis
in other organs except the lung, and there is a significant relationship.
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1. 5]

451% i (Tuberculosis, TB)j& 4 BRYGHE N — ™ 5 1AL G, JCHR MR SR E K, 33
IFET NEUE SN T o SR IS5 %2 I H W S5 AZ 8, (BRI AN HAd 28 B 25 A% 008 (W' 454% . B 451%
S )[R T S5 i A RSBl o i M5 A% AL i A% AR AE i LA AN R 3 BRI, He i 44 T8 K4
AR S (28 B R EARTAL . FEARZ MR, RS B RS N W 1A, 0
FEE S SRS . AR S SRR . A D R I S S . (AR RN, &
LIS R A Bm B R, A R R B . A2 IRG YT, AT R R BURE &
SR, WK IFIEEII[1]. 4EER DA N PO IRIA TR 4E A 21, (RIS 2 U AL B A4 1)
HEWER, KBRS IR HIR TG/, iR e R RERIE2]. 4435 D MigtEss, B 1,25-
TRYEEER D3 [1,25(0H).Ds], @ 544K D ZAK(VDR)IE Gk KA LA P DIBE[3]. BAKTT =,
1,25(0H)2Ds AE % it 1t 5% 20 fa 1) S W2 PRI 23, ks> 8 M AT L B e Ao DR 7 (PR TS, AT J AL HE )
P RGP R[4 X PR 1 F o] RE 38 3 5 ) S e ML R 2 2 5 B 25 00 1 Rk AR 5 R R AR
[5]. M4k, Hughes %5 A[6]fAF Fi48 Hi, 1,25(0H)2Ds A REME I8 SR A i G238 , 34 REE I s A% 41 >R
IS ZATE AR AR D ERIERGTRER T 28 7L, JCHREPURG I . BFFiRM,
YA D AT REIG NSS4 2 At [ 7] SR, A SCHR R BB SR 2 5 T U SR, AR TR 28 A
AR RO RN 0 A ASHE T B AR I R AR BEALA 77 30, MO 22 A FE i — 2P R IX — [ L

o f8 R A4k (Mendelian Randomization, MR 5T & — Fi R B4 AR 5, JCHO 2RI Az B iR 2 65 1
(SNPs){E A T A AZ & (Instrumental Variables, IVs) IR N IR 75 55 K 23 5 45 )5 Fa bn 2 [0 R AR O R I« #
BTAERPERNETT T, MR W 0L R 08 7R TR A% PR 3R B S m) R SRR ORE 7 T A R B R 3. 10k T
AL — AN ARG GBAE AR AR YR A RS FE T B A FO 2 A o T8I ke 5 2R R R R (4R 3R D K
)R E ORI AL A A o TR R, & fE/REEHL(MR)IF TN EA IR T — R R T B BLHERTIX
— fE PR 25 5 5 v 45 SR (n B it 50 DA AR A8 B S5 4%08) R W] REAFAE RITE TE R R [8] X — VA
FeZAAET, TR T 8L AR A MR AR T ED SR EC X — 4R o BT IX FRRE AL/ FC AR
MR 3T e85 R BT A% G AT 998 2001 70 TR IR IR R TP AR A R SR G &R ), AT LA R
8 S ARG AR IR T BURE e O 45 R R EER[9]. MR Tk T 2 At 7o . A o7
KW, 4E4ER D SRR RAAE— MR R, HETHEAE., BERRAMP LA R, #Hd
BHA—E AT HYEE R D = AR RS AR R 2=, 1 FARHE SR BRIE X PG &R .

1.1, Wrssigit

AW AT B AE 8 WURE A 48K B HLAL (Mendelian Randomization, MR) 7> HTHEZE , IR NIR T 4E/E 2 D &
/K 5 il DA AN A 2% B 45 A% 0 IS 2 TR VB TE TR IR BE R . 38 B 3 5 22 INALZ: (Inverse Variance
Weighting, IVW)VENAZ O GE TS, X 5 78 R 3% (4EAE 35 D IRIE) 5 45 /3 A8 S (BRIl LA AN oA 2% B 45 1%0%)
Z A1 R SR RS AT B 2EHE T . SR BE LA AT A% O e TR i I i 5 R i R RS R R B A B
Guit B RERM B LA R, RIPAZH IR 2 51 (SNP), 1E A T HEA% & (Instrumental Variables, 1Vs), Lt A%k
Tl 9 2 2 ) () DR SRR BR[10] . FEASHRFErp, AT SEAE R D IREEVA BRI R, BRI LA A 2%
HEERIRENG R R, W e RS GWAS $dl, ik 5 2 B E M1 SNPs fE AER AT T A48
o AHFFRLIAGEAE R D SRR AL S & S0 E A BB R 545 Rifabs, FiE B 3E G SNPs 1E2h
IVs. BT S /REEHLAGHTE AR Z0 2 3 AN OSBRI B SR (i TARE S BERRNYEAER D
WRIE 2 [AAFAESRZN I et ORIK) « HSr AR B (T AR S S, FATAT R VR R R, DAB AR 0 B &5 SR i) 4k
FE, AZANBE) Hefb R (TR EIGE S R R R4 R D B 52 45 R 78 5 R R i LA
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Table 1. Data sources used in this study

F 1 KRR ERBBIERIR

Fo3it] ID NFf SNPs
#HEED ebi-a-GCST90000618 European 6,896,093
Bl o oAl 28 B 45429%  finn-b-AB1_TUBERCU_OTHORG European 16,380,466
SNPARI S BZE =KL
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Figure 1. Mendelian randomization of three hypothetical plots
E 1 &ZERBENL =R RIZE

1.2. ARFE

HR AR TARISIE NS BRI S 28 M@ B BB A /RN P9 58 BB R (R A X )ik AT, B[R] &
F 2024 4 11 A 1 H# 2024 412 A 15 Ho PAIRSL T 785K 50 3 5 S S48 4 1A, DA R EdE 1)
ZAEVERIHERAVE . Forh — (B 70 K 4 5L R AL OCTRHI 7T (GWAS) 888 2 T S5 4EAE 3 D RIBRIM 41 oA
PR AR E E . A7t WA RStudio B, X R Ek 0555 (4EA4E R D) 545 R (o
FUAAE B 25200 B AT B R, EARER TS A AL 0T o ASHI FORE ™ M A o 8 R B AL AR
TR FIVE(STROBE-MR), DA RIS HIE A FE . 7T H S MERIRL 2P . 7R S AR R E i R vh, AT
PRI — R, GOSN BRI A A, LA KRR B b s/ 1% 72 A 2

1.3, AICHERIR

WAL T ok A AL/ (https://gwas.mrcieu.ac.uk) ) GWAS %4l . B FEEdE N “4i43% D KF”
) GWAS %4 (4 5 “ebi-a-GCST90000618” ), ¥ % 496,946 4 KK % & Jm %, L5 6,896,093 /4™ HLiz
M2 25 (SNP). 45 JRBUE R “B /b Hofh 38 B 2505 ” 1) GWAS %4 (% = “finn-b-AB1_TUBERCU_
OTHORG” ), fi# 16,380,466 1~ SNP. FrA i 7 NBERIBHE L S35 AR,  DAHERR 5 AH ¢ TR 24 A
R, AFRETCEREF RN DGR, FACSEHE, THICHEIE.
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1.4. SNPs BYTFi%k 5iTE R IE

T, AT GWAS Hidhi v i i H 5 5 #5 K 3 B34 AH G SNPs (P < 5 x 107 8){E N T HAZ & (IVs).
b5, i8I E S 52 <0.0001, HEESEIME A 10,000 kb), FRATHES 1 ESATAT(LD) T3, LARRLE IVs
Mt . FERERERE R, BAGIER T A B SCEE R SNPs LA F E/NF 10 ff) SNPs, DU 6055 T HAR &
R AVEAL TR A Vs IRSREETFREG S5 1Vs (%, FRATK FERT 10 € ORTEE5 Vs %, Jfdid
F 4t & (F = p°_exposure/SE?_exposure)#47 #-fili, Hirh SE ARFEYEA TR D AR FRE 1R % [10] [11].

15 &HERBENLSHTTE

A IE R AR T Z AL (VW) TE A B FR 7%, DMRTT4EAE 3 D i8& A8 e 5 Rt 7 A 2%
B A% Z I R ORI . IVW VR 1 B 7 vk, T8I TG40 AT 45 A AT SNIPs 1) Wald il v SR aff i &
AT, 3545 AR B KI5 (CHD) RN X 4k £ 38 D 2850SE R AL [B1 U 4 6 1 Ay 4 A T H{E (R PR 52 A )
[12]. AL H Az Hd: B R 25 /0 50% IR E K H A R IVs, TEFFAE SR AR TS K P 22 R0k I e 400k e i
P& MR-Egger [EIH0 LV AT SNPs 727E 2 Rk, I3 ok A EE RS I /K~ 5 1, kT e 24 1F 22 3t
JEPRAAL TR 2] [13]. dbAbh, R AR A BB A A A 0 R BN LA 2 T s, S R
AT O S ) =R VSR RS E, AR IR VAL 45 SR I AR @ 1 [2] [14]. 4 IVW Z5 R 23 (P < 0.05) HH &
TS IVW J5 1 — 3, AT UCHAEE R R G &

1.6. RREITHIIEHN

B R BB R B AL 45 SRR g, FRATTSRE T LU o3 S 4 4 it -

1) f#H Cochran’s Q # 4% 1 il du i /R BEALAL 2 BT 1 5 . #57 P < 0.05, KB SNPs f77E 7 i P,
PRI SR T IVW 5 725 58 i 22 (0 s R BE M LA 0 AT [ 101 2) I MR-Egger #5205 H] Wik 7 £ 250tk
FikE P >0.05, JUIERHH /BT 45 AAFAE I B 1/K-F 2 201 [12] o 3) SR da il /R B AL 22 A5 PR R 22 P B e
Tl (MR-PRESSO) i H 7l I MHI R B #F SNPs, LUFAT — IR d /R BENLAL 74T o 4) S BR — iR BUs PR ek,
I IE—HIBR S SNP I IFE IR SNPs & JERN, DA AE 514> SNP A& 75X R S 200838 pRF2 I, AT
K562 75 A B SNP S Z8 /R BEHLAL (MR) At VB = A2 T K52

17. W FEE

Gt AT T R B (A 4.3.2)F1 Two Sample MR (fii4s 0.5.7) 1 MR-PRESSO #fH43,(fit4< 1.0.0).
BRMT DA B A A A BN S R AR B, BN Y KA Rl OR Je 3t 95% CI #4787 . P<0.05
NEFRAG L

2. B¢

1) 4EtE % D SERAtAhH A 35 B 45 A% KU 1) R SR O R Al i

K BN 7 Z AL (VW) 715, FATRIGEAE R D ACP 38 5 23 FRAR T BRI 7 A 2% B 45
IR R AR, PAE/NT 0.05, REJIZKBLRA G2 R &M, thoh, InBCh 450, MR-Egger [F]
VA3 HT IR 34T+ 7 B 240 #r LA A2 MR-PRESSO 7772 (1% 77 15k B % 1R ) A1 A 3L S 6 A1) T 75 485 SR 14
—5, BT BRG R IRRE . EAEERIES IR 2.

2) THASRIE SIS

TEGBRAEAEERAFAT(LD) I TR ER(Vs) 5, FAFEMIEH 113 MS54EA 3 D AHRII R IR 2 A0
(SNPs). iX¥t SNPs 1) F {H#5KF 10, REFEATS4E4ER D Z AFERA I, T GEEE% T 55 T 20w f
(e R [FIINF, B 0T HE () SNPs S5 G IEBIAT M R (2R, FRik B 1 Ak R 2H 27K (P < 0.05)
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3) RN SR KT E AR

TE R S 77 T, BATI 4EA: 26 D 5 bR Ab HAth 35 B 45 1200 2 B A SR I T T S R M AG 56 - Cochran’s
Q 4R, PMHKAT 005, LAWY SNPs Z [AIANFELEFFME. AT 28R K T 1H, MR-
Egger [EH M 45 SR, BEET LS8 (P > 0.05), #RIEEMYEAZK D KM IVs FRTEE
RENKEZHME. A, it Leave-one-out VAT BUBRME M, FRATTAR KIS PR R SCIRAN T f2ma ik
KW LTRAR R, 28 BOrd, Ffi /RN Hr 25 R SCRrgE AR R D SRR AN HAth 25 B 454% 0% 2 A A7 E R R
KER. HMBIEIES WA 2 K& 2~5.
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Table 2. Five major methods

2. AK7FE

S

outcome exposure method Nsnp Beta ﬁ‘l‘zi% P.value Cochrane.Q.P MR.Egger.intercept.P

Tuberculosis of Serum 25-Hydroxyvitamin

other organs D levels MR Egger 113 -0.894 0.554 0.110 0.590 0.864

Tuberculosis of Serum 25-Hydroxyvitamin Weighted median

other organs D levels mkpfryg 13 0703 05420195

- .. Inverse variance
Tuberculosis of Serum 25-Hydroxyvitamin

weighted 113 -0.968 0.348  0.005 0.615
other organs D levels W77 = IR
Tuberculosis of Serum 25-Hydroxyvitamin ~ Simple mode N
other organs D levels A AR 2 113 -1.382 1050 0.191
Tuberculosis of Serum 25-Hydroxyvitamin ~ Weighted mode 3
other organs D levels DB 113 -0580 0488  0.238
4) BFEHr

AR IR T % SNP X 4iE &K D /K5 454% 0% 2 7] 2% A 5T k(14 2).

B AFEEEN BT BRI &AM N R, RS 4R D KPR S, SRR A 2R
(A 3).

TeHE: U BB R IR KBS, R T4 R R P EUIN(E] 4).

3. Wig

ARSI I T AR B T AR R T 4EAE R D KPS AR 2 T R SR G &R, $R A T s L 2
F IR RIRL RS . BEARSE REOR, 48R D /KF R4 S Re 08 235 R AR A 25 %8 1R R AR AU, X 3%
HYEAE R D fESSZ TR IA TR T E AR A

T, 4EAEER D MG UR VR F AT R & LR e il A S A% s R I EE ML . 4R FK D i LR Y
1 1,25(0H).Ds 54EE % D 2K (VDR)45 &, T iZ RGN Z RO D). 445 D et {2t BV
Ji 3 WA B IR (0 cathelicidin), BRI 45 1% 70 B B B A [15] [16]. [EIRF, 4E42 2 D 875 Thl B! 4%
SSE, kAR 9 1 4 L DR - (0 TNF-oc R IEN-p) FOREI,  BEAR 20RE 51 RS A U0 [17]. Behbh, 4E4% D
REf i (R HE T YE T 4HM(Treg)AEn, ZEHF e V47, 10 T4 i 45 8% 0 BOAF i i G 9 B0t g 8 22
[18]. IXUEHLHI AT T2k RAeft 7 HIR SR, R4 R D ERZE T RAXER, AUEHE
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