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Abstract

Objective: This paper aims to investigate the causal link between congenital tooth agenesis and
mineral/dietary supplement intake using Mendelian randomization. Methods: The genome-wide
association study (GWAS) database was screened for single nucleotide polymorphism (SNP) that
were closely associated with and independent of mineral and dietary supplement intake in Euro-
pean populations. Finn-b-K11_HYPO_ONLY was selected as the outcome-related SNP including 246
cases and 218,546 controls, which were derived from European ancestry population. Results: In
the causal association analysis, calcium, fish oil, glucosamine, iron, selenium and zinc can be used
as candidate sets of exposure factors. Iron supplement was a protective factor, and the other sup-
plements showed no causal relationship with congenital tooth agenesis. IVW and MR Egger regres-
sion showed no heterogeneity. Egger regression analysis showed no pleiotropy. Reverse MR was
performed on supplement intake and congenital tooth agenesis, which showed that there was no
causal relationship between congenital tooth agenesis and the intake of supplements such as cal-
cium, fish oil, glucosamine, iron, selenium and zinc (P > 0.05). Conclusion: Mendelian randomization
analysis results suggest a causal association between iron supplement intake and congenital tooth
agenesis. Intake of iron supplements was a protective factor against congenital tooth agenesis.
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2.1. BHERIR

AT TR WO AN B AT d BB R BN LA BT, DARIT BT A3 45 RAEA R E 1 . BRI (1) 2 2
NGS5 A R BE#R R H1EU B3 (https://gwas.mircieu.ac.uk/) o 1% B0 ) J5i A HLAth i £ b 78 77 (Mineral
and other dietary supplements){E A 8% Bl &=, EFEREIE WL 1, Jv 2018 FFERIN A EIE; dREEAN
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Fe KRBT, EFE finn-b-K11_HYPO_ONLY 1E N4 FRAH<H) SNP, FIFE ARSI AR, G5 246 41
7 1 F1 218,546 451 1%} HE2H.

Table 1. Data set of the exposure

F 1 RERENBEER

GWAS ID Ffy HFEFFEN IN i PE5 JitolZH Xt R4
ukb-b-7043 2018 5 BRI TR L 31,393 429,991
ukb-b-11075 2018 7l R NTE EElcdiih g 145,707 315,677
ukb-b-11535 2018 Gk KR N T EELcdiih g 89,339 372,045
ukb-b-14863 2018 B R N T FAEA LA 14,150 447,234
ukb-b-19158 2018 il RPN 5 D Lk 11,059 450,325
ukb-b-13891 2018 BE RPN 5 M D Lk 18,826 442,558

22. TEATE&HG

IR PR AAE G SNP /RIS ER TR E, TARENERCGAW T (1) SRR T EA
p <5e-5; (2) LARKIM 1000 Ik RIFEAEHE A NS H B, 15 SNP Z 8 fESIA-T#1(LD), H
i r* < 0.001, clump size Jy 10,000 kb; (3) 5 T HAFE F > 10, (4) ZiBRIUMSE A1 IR AT (effect allele
frequency, EAF) < 0.01 f] SNP.

2.3. BESHT

KH R ES (R version 4.3.0 [iA)#AT MR 73#r 3K 2 2800 0 i AR AUt A, i #2 A
“Two Sample MR” 1. ¥ 5 Z AL (Inverse variance weighted, IVW)45 &84~ SNP PLEEASHb 78 7 1 5%

AN A VR B R ARl Th, B0 P < 0.05 ZoRBFIRK R, RrbATan T i) — Sk 4 F 5L PR 2 2o o)
Mo

i IVW 23 BT MR Egger [IHBEAT 5047, P > 0.05 DA TR AR SR A 57tk
AT L2 S o 1 PR AR G R R

K Egger B9 53 Hr 3 8 22 otk 7 A ) ey, FLrb [ A 480EE FH DA B /K 2 251, P > 0.05 S ANEE
TERFZ 8. W IVW P <0.05, MHIZAELER 2801, U B4 R A 22 .

FIF leave-one-out 34T BBUBE 23 M, RIS IVW VEHR P < 0.05,  FLIE T S5 20 R L R 22 2k o
MTIAR &, BB MHOEH SNP, FHitH R4 SNP FIA IR, Wi IVW VLA FHEMT, NEIAKTE
FEE SNP X7 M 485 R 7 AL RE I

[FIRE SRR AT A RS R R A MR G558, LIRS OC 22 A v ), FEEAT S i1tk 2 A
FNEELR 22 285015 43 BT

3. &R
FEAN AN G2 R F R BB b, 45, M. Babik. 2. Ay RER &
ke . A EAN I IVW 45 3£ 8 P < 0.05, OR {H 4 3.9E-07, 95% [ & {5 [X [A] )y 4.7E-12~3.2E-02,

P=0.011 (% 2), KA ARAE MR E R, HAJUMA AN IVW 1 P >0.05, RIS RRTEE
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Table 2. IVW calculated causal relationship between supplement intake and congenital teeth agenesis
= 2. VW H B RFBASERBRTIAERXER

FERHER SNP # & OR 95% Cl N[R 95% CI kR P 1Y
121 3.1E+00 5.1E-03 1.9E+03 0.727

31 157 2.0E-01 9.0E-03 4.6E+00 0.318
7 W 180 1.7E-01 4.9E-03 5.7E+00 0.319
% 84 3.9E-07 4.7E-12 3.2E-02 0.011

il 77 7.1E-06 6.7E-12 7.5E+00 0.094

=9 95 4.0E+00 2.7E-04 5.8E+04 0.777

IVW FI MR Egger [alJH 27~ P > 0.05, W45 %A 7Bk (E 3): Egger [l 73 #r 3 K 2 240k, Fifs
P>0.05, BiHIEAZANEGE 4), 45 RAFEMmR .

Table 3. The method of MR Egger and IVW to calculate heterogeneity
% 3. MR Egger #1 IVW 897535 E R R M

R AR TR I Q Q_df P1H
MR Egger 101.07 119 0.882
5
vw 102.68 120 0.871
MR Egger 152.33 155 0.546
1
vw 152.33 156 0.568
) MR Egger 186.81 178 0.310
1 25 W
vw 186.99 179 0.326
MR Egger 58.24 82 0.978
B
vw 58.30 83 0.982
0 MR Egger 75.32 75 0.468
VW 76.08 76 0.476
o MR Egger 77.31 93 0.880
22
vw 77.70 94 0.888
MR Egger 180.41 191 0.698
None of the above
vw 180.97 192 0.705
Table 4. Egger intercept method to assess pleiotropy
= 4. Egger 8RR A B AU
BERNE Egger #fH SE P
£ —0.03 0.03 0.207
i 0.00 0.03 0.951
I B I -0.01 0.02 0.681
2 -0.01 0.04 0.803
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il —0.04 0.04 0.385
B —-0.02 0.03 0.536

F 5 XPAMFAIEAFSE R AT 8 MR, FTsas RO RGF 545, . HE K. 2.
BEEEAN AR AR A A R RO Z (P > 0.05).

Table 5. Reverse MR results for IVW assessment of exposure and outcomes

=5 IVWiIENREBEMEFHNRE MR 43R

455 SNP %= OR 95% CI TR 95% CI R P1E

5 47 1.0001 0.9997 1.0005 0.668

13 47 1.0000 0.9992 1.0007 0.945
R 47 1.0000 0.9994 1.0007 0.911

LR 34 1.0000 0.9997 1.0003 0.821

il 29 1.0002 0.9999 1.0005 0.251

22 36 1.0000 0.9996 1.0003 0.803

None of the above 47 1.0000 0.9992 1.0008 0.977

Leave-one-out 2xT 5| RN HEAT U T, BB ER SNP, TSR S IVW & FHEAR T (14
1(A)~(B)), X ULHIHIERAE— SNP AN #4854 2520, B MR o Hr &5 SRAESE AT 5E. 5 A orir
THERI AT IR, % T AR R (K 2(A)~(B)).

All - Inverse varhod YRR | , , - , , , - - ;
-300 -200 -100 0 100 200 300 -20 -10 0

MR effect size for MR effect size for
* || id:ukb-b~14863' on "Tooth agenesis EXCLUDE clefts and syndromes || id:finn-b-K11_HYPO_ONLY" * || id:ukb-b~14863' on "Tooth agenesis EXCLUDE clefts and syndromes || id:finn-b-K11_HYPO_ONLY"

(A) (B)

Figure 1. Beta value of SNP on outcome. (A) Beta value of the impact of a single SNP on outcome; (B) Beta value obtained
by leave-one-out method
1. SNP 3345 /5HY beta fH. (A) B SNP 345 FFEMTAY beta {&; (B) leave-one-out S5Ff 15 beta (&
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Figure 2. (A) Linear relationship between exposure and outcome calculated by 5 sensitivity analysis methods (B) Scatter
plot of heterogeneity analysis
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AW TR 8RB BRI RN RN S e KRBT IR O R S5 R ER M, A mAmA SR
BRAFEERRK R, HEANEA AR R R R 7o, HAL LR, s, M
ML EEREG. AR RS RR KR
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S Y. FRAE S I TR EEHA7]-[9]. 44K A B2 SHF NAEKER. FHAKEAR
[10] A ARG, F AT KRR, TEEA 5 KA Wiket, JF H A48 N5 [11]. Ak, 85
[12]. fayM[13]. iz HEIZ[14]. Al[15]FEE[16] SN BIRAN E W HRE S F G B AWK ERTA
Ko XELEEIB R H 22 38 T BB 434, LT I53 491 0 HECRIARR T TR AF 70 o (L [ Jo5i P Al 5 g DA Y8) 188 22 ol Vi 4
K&, FBOREZNAS S . I, HAFEREZER, HANFERIEAGE RN N, A —E
e, ARWEFIEH GWAS #di e, FEARRE R, HIEHRMb[17].

AR R EEAE T 1) SR EEHLA ) 1 IR 2 K 25 (confounding factors), Aidf m] PR SR OC &
(RIS, FE WS 1 5 SR I A b a3k AT ] 5 ELAERR 0 DR SR AN VAL . 2) BRI AL FR ) GWAS L
P, FEARE KR, WREREAIAMAEFSE A mT 5N, 3) ASCR A A S /R BENLAL, 85 ) 1) R
BENLACTE A B, Bl UEB 7RSS AR Je R PR R R .

BATIHE FAR R AP AE — 5 W RIBR T o AW RT3 50 3505 5 GWAS B e, SRIE T RRINAHE,
RIEAFRAFZ BT F3E, RERITRHSOMBEEE, (B 8E0 5i0)7 2t — 29 KEAR &,
DS A5 B 1R A 1 R SR D0 R VPA

ZRERTIR, KT ERINAEE, d S /R 2 BT 45 SRR BN BN A 5 Je R A AEE R R G, FF
HIENSEANAARI R A R R R T8 Ayl R . ARSI ERN 5 e R BT B LR
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