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two-sample Mendelian randomization (MR) method to provide a basis for exploring the etiology and formulating preven-
tive and therapeutic measures of periodontitis and asthma. Methods We performed two-sample bidirectional Mende-
lian randomization analysis using publicly released European genome-wide association studies (GWAS) statistics for
periodontitis (n = 34 615) and asthma (n = 408 422). The inverse variance weighted (IVW) method was employed as the
main approach to estimate the bidirectional causal relationships between periodontitis and asthma. In addition, weighted
median (WM), MR - Egger regression, maximum likelihood, and Mendelian randomization robust adjusted profile score
(MR-RAPS) were used as supplementary analyses. Sensitivity analyses were conducted using Cochran’s ( test, Mende-
lian randomization pleiotropy residual sum and outlier (MR-PRESSO), and leave-one-out analysis. Results A total of
12 and 43 single-nucleotide polymorphisms (SNPs) were included as instrumental variables for periodontitis and asthma,
respectively. The results of [VW, WM, MR-Egger regression, maximum likelihood, and MR-RAPS showed that periodon-
titis was not causally related to the risk of asthma (IVW: OR: 1.003, 95% CI: 0.973-1.035, P = 0.828, WM: OR: 0.990,
95% CI: 0.951-1.031, P = 0.641; MR-Egger regression: OR: 0.988, 95% CI: 0.960-1.028, P = 0.573; maximum likeli-
hood: OR: 1.003, 95% CI: 0.972-1.035, P = 0.834; MR-RAPS: OR: 1.002, 95% CI: 0.970-1.036, P = 0.890) among the
European population, and no causal effect of asthma on periodontitis was found (IVW: OR: 1.021, 95% CI: 0.938-1.111,
P =0.633, WM: OR: 1.011, 95% CI: 0.894-1.142, P = 0.866; MR-Egger regression: OR: 1.042, 95% CI: 0.824-1.319,
P = 0.731; maximum likelihood: OR: 1.021, 95% CI: 0.938-1.112, P = 0.631; MR-RAPS: OR: 1.017, 95% CI: 0.931-
1.110, P = 0.713) among the European population. Cochran’s Q test showed no heterogeneity among the included in-
strumental variables, MR-PRESSO test found no horizontal pleiotropy, and the leave-one-out method did not identify out-
lier SNPs. Conclusion The results of this study, based on European genetic data, do not support a bidirectional causal
association between periodontitis and asthma in the European population.
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Figure 1  Schematic of the bidirectional Mendelian randomization design
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Table 1  Information on SNPs selected as instrumental

variables of exposure to periodontitis

Exposure(periodontitis) Outcome(asthma)
SNPs EA 0A

B SE P B SE P
1510143801 -0.084 0.017 <0001 -0.002 0.007 0794 24.131

1512438274
1313220384
15138868497
15139182625

A

T -0.088 0.020 <0.001 -0.010 0.009 0.239 20227

A

T

T
13151226594 T

A

T

A

A

A

T

G

G

C 0108 0.024 <0001 -0.009 0.010 0361 20.100

C 1639 0332 <0001 -0.016 0.038 0.676 24.304

C 0102 0.023 <0.001 0.001  0.009 0.929 19.762

G -0367 0077 <0001 -0.051 0.026 0055 22.848
15184267209 G 0246 0.05 <0.001 0.026 0.023 0254 19.717
133779291 C
1572712882 G
1373155039 G
1376734229 G
139954920 C

-0.098 0.022  <0.001 0.001  0.009 0.920 20.106
-0.131 0.029 <0.001 -0.002 0.011 0.861 20.564
0.832 0.176  <0.001  -0.037 0.028 0.191 22.402
-0.176  0.037 <0.001  -0.014 0011 0224 22.652
0.077 0.016  <0.001 0.004 0.007 0562 22.258

SNP: single nucleotide polymorphism; EA: effect allele; OA: other al-
lele; SE: standard error. F value for these 12 SNPs ranged from 19.717
to 24.304, with all the values greater than 10, indicating a low likeli-

hood of weak instrument variable biases
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Table 2 Information on SNPs selected as instrumental variables of exposure to asthma
NP EAOA Exposure (asthma) Outcome (periodontitis) v NP B OA Exposure (asthma) Outcome (periodontitis) v
g SE P B SE P g SE P g SE P

1510477741 G T 0074 0.010 <0.001  -0.029 0.025 0.247 57467 | [rs28498223 T C  0.050 0.007 <0.001  -0.001 0.017 0944  46.226
1510486391 G A -0.039 0.007 <0.001 -0.031 0.016 0.049 34.141 | |1s3024971 G T -0.112 0.011 <0.001 -0.010 0.026 0.710 111.470
1511042902 T C  0.041 0.007 <0.001 0.019 0.018 0.291 33780 | | 135225972 A G 0.044 0.007 <0.001 -0.001 0.018 0973 38918
1511071559 T € -0.085 0.010 <0.001 -0.005 0.022 0818 75219 | | 1s35621564 G A -0.044 0.007 <0.001 0.004 0.016 0.831  42.384
511178649 T G -0.043 0.007 <0.001 -0.004 0.016 0.795 41.704 | | 153785356 T C  0.056 0.007 <0.001 0.004 0.017 0.821  61.774
15112119265 G T -0.078 0.014 <0.001 0.004 0.034 0.899 31.747| [rs3827780 A G -0.037 0.007 <0.001  -0.007 0.016 0.659 31478
15112267124 A G 0.043 0.008 <0.001 0.007 0.019 0.727 31.023 | | rs413214 A G 0.047 0.007 <0.001 0.014 0.016 0388  48.909
15113981909 A G -0.061 0.011 <0.001 0.040 0.026 0.121  34.023 | | rs4739738 A G -0.068 0.007 <0.001 0.001 0.016 0.951  99.605
15117552144 T C  0.079 0.014 <0.001 0.149 0062 0.016 33.155| [ rs4795401 G A -0.103 0.007 <0.001  -0.002 0.016 0.924 247.028
15117710327 A C  -0.126 0.013 <0.001 -0.085 0.045 0.056 89.053 | | rs479844 G A 0040 0.007 <0.001 0.011 0.016 0501  37.834
s11816044 A G -0.047 0.007 <0.001 -0.023 0.016 0.158 45964 | [ 14842921 A G -0.041 0.007 <0.001 -0.001 0.016 0.947  37.019
1512165508  C T -0.045 0.008 <0.001 0.028 0.018 0.118 31.127| | rs56375023 A G 0.103 0.008 <0.001 0.020 0.019 0.284 180.838
1512365699 A G -0.054 0.009 <0.001 0.002 0.022 0916 37.043| | rs7734635 G A 0.077 0.009 <0.001 -0.013 0.020 0.520  71.722
1512964116 G A 0.108 0.018 <0.001 0.020 0.050 0.683 37.169 | [1s7770794 A G 0.042 0.007 <0.001  -0.016 0.017 0349  33.087
1513277355 G A -0.041 0.007 <0.001 0.015 0.018 0408 30.648 | [rs7936312 T G 0.084 0.007 <0.001 0.026 0.016 0.100 164.916
151444782 A G -0.095 0.007 <0.001 0.002 0.016 0.906 209.120 | [ rs7961712 A G 0.056 0.009 <0.001  -0.051 0.022 0.020 37.925
151608555 T C 0038 0007 <0001 -0.015 0.017 0355 30.618 | | rs848 C A -0.09 0.008 <0.001 0.004 0.018 0.844 129311
151837253 C T 0108 0.007 <0.001 0.001 0.017 0.948 209.845 | | rs912131 G A 0058 0.007 <0.001 -0.001 0.017 0956  66.218
151870140 G A -0.050 0.009 <0.001 -0.055 0.022 0.013  30.169 | | rs919826 C T -0036 0.007 <0.001 0.012 0.016 0455  29.858
152412099 A G -0.050 0.007 <0.001 -0.007 0.016 0.640 59919 | | 19272226 T C -0.090 0.009 <0.001 -0.008 0.024 0.747  90.011
152477923 T -0.036 0.007 <0.001 0.011 0.016 0.500 30.334 | | rs992969 A -0.120 0.008 <0.001 0.026 0.018 0.151 251458
152800040 A G -0.038 0.007 <0.001 0.017 0.018 0.355 30.016

SNP: single nucleotide polymorphism; EA: effect allele; OA: other allele; SE: standard error. The F value for these 43 SNPs

251.458, with all the values greater than 10, indicating a low likelihood of weak instrument variable biases

R3 PRGN A SR B ) SR BE LA 5 SR

Table 3 Mendelian randomization results for the association between periodontitis and asthma

ranged from 29.858 to

Method

Periodontitis on asthma

Asthma on periodontitis

SE B OR (95%CI) P SE B OR (95%CI) P
Inverse variance weighted 0.016 0.003 1.003 (0.973-1.035) 0.828 0.043  0.021 1.021 (0.938-1.111) 0.633
Weighted median 0.021 -0.010 0.990 (0.951-1.031) 0.641 0.062  0.011 1.011 (0.894-1.142) 0.866
MR-Egger 0.020 -0.012 0.988 (0.960-1.028) 0.573 0.120  0.042 1.042 (0.824-1.319) 0.731
Maximum likelihood 0.016 0.003 1.003 (0.972-1.035) 0.834 0.044  0.021 1.021 (0.938-1.112) 0.631
MR-RAPS 0.017 0.002 1.002 (0.970-1.036) 0.890 0.045  0.017 1.017 (0.931-1.110) 0.713

RAPS: robust adjusted profile score. 12 SNPs were used as instrumental variables for periodontitis. 43 SNPs were used as instrumental variables for asth-

ma. Inverse variance weighted, weighted median, MR -Egger regression, maximum likelihood and MR -RAPS results showed that periodontitis was not

causally related with the risk of asthma among European population, and no causal effect of asthma on periodontitis was found. MR: Mendelian random-

ization; SE: standard error; SNP: single nucleotide polymorphism
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a: scatter plots of MR analysis. Black dots denote the genetic instruments included in the primary MR analysis. The slope of each line correspond-

ing to the estimated MR effect in different models. b: leave-one-out analysis. Each black point represents the IVW MR method applied to estimate

the causal effect of periodontitis on asthma, excluding that particular variant from the analysis. The red point represents the IVW estimate using

all SNPs. MR: Mendelian randomization; IVW: inverse variance weighted

Figure 2 Results of sensitivity and MR analysis for the causal relationship between periodontitis and asthma
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Figure 3 Sensitivity and MR analysis for the causal relationship between asthma and periodontitis

3 W A 48 DR R SG AR 1 PR K BEATL AL 20 A7 15 SR M AG 56

BET R MUY GWAS S5 B F i 2 sl T 5.
PEAT MR 2087, AR AE A BE 5T 1 45 2

[ Author contributions ]

Chen QW collected, analyzed the data, and

wrote the article. Liu T collected, analyzed the data. Cai Y designed the

study, guided and critically reviewed the article structures. All authors

read and approved the final manuscript as submitted.

(2]

3]

[4]

SE 3
Tibtrcio-Machado CS, Michelon C, Zanatta FB, et al. The global
prevalence of apical periodontitis: a systematic review and meta-
analysis [J]. Int Endod J, 2021, 54(5): 712 -735. doi: 10.1111/
iej.13467.
Hajishengallis G. Interconnection of periodontal disease and co-
morbidities: evidence, mechanisms, and implications [J]. Periodon-
tol 2000, 2022, 89(1): 9-18. doi: 10.1111/prd.12430.
HZZIS, TR . 2 JE SR BRI A5 i —— 3 T BABI BT 5L 1)
ZEIR[I). DR EIR B IR, 2023, 31(10): 751-755. doi: 10.12016/j.
issn.2096-1456.2023.10.010.
Dai AN, Ding PH. Effect of periodontitis on diabetes: a review of
cohort studies[J]. J Prev Treat Stomatol Dis, 2023, 31(10): 751-
755. doi: 10.12016/j.issn.2096-1456.2023.10.010.

Lopes MP, Cruz AA, Xavier MT, et al. Prevotella intermedia and

periodontitis are associated with severe asthma [J]. J Periodontol,
2020, 91(1): 46-54. doi: 10.1002/JPER.19-0065.
Gomes-Filho IS, Cruz SSD, Trindade SC, et al. Periodontitis and

respiratory diseases: a systematic review with meta - analysis [J].

[10]

[11]

[12]

[13]

[14]

Oral Dis, 2020, 26(2): 439-446. doi: 10.1111/0di.13228.

Shah PD, Badner VM, Moss KL. Association between asthma and
periodontitis in the US adult population: a population-based obser-
vational epidemiological study [J]. J Clin Periodontol, 2022, 49(3):
230-239. doi: 10.1111/jepe.13579.

Park SJ, Jung HJ, Park MW, et al. Association between asthma
and periodontitis [J]. Diagnostics (Basel), 2023, 13(24): 3637. doi:
10.3390/diagnostics13243637.

Ibraheem WI, Bhati AK, Essa Ageeli FM, et al. Association be-
tween asthma and periodontitis [J]. Bioinformation, 2024, 20(1): 59-
64. doi: 10.6026/973206300200059.

Wang Z, Li Y, Gao Y, et al. Global, regional, and national burden
of asthma and its attributable risk factors from 1990 to 2019: a sys-
tematic analysis for the global burden of disease study 2019 [J].
Respir Res, 2023, 24(1): 169. doi: 10.1186/512931-023-02475-6.
Sockrider M, Fussner L. What is asthma?[J]. Am J Respir Crit
Care Med, 2020, 202(9): 25-26. doi: 10.1164/rccm.2029P25.
Ibraheem IW, Bhati KA, Ageeli EMF, et al. Association between
asthma and periodontitis.[J].Bioinformation, 2024, 20(1): 59-64.
Rivera R, Andriankaja OM, Perez CM, et al. Relationship between
periodontal disease and asthma among overweight/obese adults [J].
J Clin Periodontol, 2016, 43(7): 566-571. doi: 10.1111/jcpe.12553.
Shen TC, Chang PY, Lin CL, et al. Risk of periodontal disease in
patients with asthma: a nationwide population-based retrospective
cohort study [J]. J Periodontol, 2017, 88(8): 723-730. doi: 10.1902/
jop.2017.160414.

TORES, AR CH, THEWR, 45 . BARIK BEDLAL A 78 S A S 3y



b

AiEgmBiia 2024588 H32% £3H
Journal of Prevention and Treatment for Stomatological Diseases, Aug. 2024, Vol.32 No.8 https://www.kqjbfz.com - 613 -

[16]

[17]

[18]

[19]

[20]

[22]

(23]

[24]

HERURBRAE ()], o B R BE 2 20, 2021, 21(10): 1227-1234.
doi: 10.7507/1672-2531.202107008

Yu TQ, Xu WT, Su YN, et al. Mendelian randomization: the basic
principles, methods and limitations [J]. Chin J Evid Med, 2021, 21
(10): 1227-1234. doi: 10.7507/1672-2531.202107008

T, BEAT AL, EANAL, A5 . W AR BRI AR K AL A
B g L[] T E TR SE i, 2021, 38(3): 471-475+480.
doi: 10.3969/j.issn.1002-3674.2021.03.042

Gao X, Xue FZ, Huang LH, et al. Statistical consensus on Mende-
lian randomization Model and its normalized application [J]. Chin
J Health Stat, 2021, 38(3): 471-475+480. doi: 10.3969/}.issn.1002-
3674.2021.03.042

Zhao SS, Mackie SL, Zheng J. Why clinicians should know about
Mendelian randomization [J]. Rheumatology (Oxford), 2021, 60(4):
1577-1579. doi: 10.1093/rheumatology/keab007.

XV, W, A BB, AE L AR R B AL AL D 5T 04 4R 4 R
(STROBE-MR)fi# i3 [J]1. H I E = 24 2% 5k, 2022, 22(8): 978-
987.doi: 10.7507/1672-2531.202112103

Liu M, Gao Y, Yang KL, et al. Interpretation of STROBE-MR: a
statement for strengthening the reporting of observational studies
in epidemiology using Mendelian randomization [J]. Chin J Evid
Med, 2022, 22(8): 978-987. doi: 10.7507/1672-2531.202112103
Burgess S, Davey Smith G, Davies NM, et al. Guidelines for per-
forming Mendelian randomization investigations: update for sum-
mer 2023 [J]. Wellcome Open Res, 2023, 4: 186. doi: 10.12688/
wellcomeopenres.15555.3.

Chen L, Yang H, Li H, et al. Insights into modifiable risk factors
of cholelithiasis: a Mendelian randomization study [J]. Hepatology,
2022, 75(4): 785-796. doi: 10.1002/hep.32183

Wang Y, Jia Y, Xu Q, et al. Association between prekallikrein and
stroke: a Mendelian randomization study [J]. J] Am Heart Assoc,
2023, 12(16): €030525. doi: 10.1161/JAHA.123.030525.

Shungin D, Haworth S, Divaris K, et al. Genome-wide analysis of
dental caries and periodontitis combining clinical and self - re-
ported data [J]. Nat Commun, 2019, 10(1): 2773. doi: 10.1038/
s41467-019-10630-1.

Valette K, Li Z, Bon-Baret V, et al. Prioritization of candidate
causal genes for asthma in susceptibility loci derived from UK Bio-
bank [J]. Commun Biol, 2021, 4: 700. doi: 10.1038/s42003-021 -
02227-6.

Wang K. Support interval for two - sample summary data - based
Mendelian randomization [J]. Genes (Basel), 2023, 14(1): 211. doi:
10.3390/genes14010211.

FEIK, UL | F SRR AR FE RN T R R 7 % 52 o A1
B R IR A PR ()], TR AR AT 2 24K, 2020, 41
(8): 1231-1236.doi: 10.3760/cma.j.cn112338-20200521-00749.
Wang YZ, Shen HB. Challenges and factors that influencing
causal inference and interpretation, based on Mendelian random-
ization studies [J]. Zhonghua Liu Xing Bing Xue Za Zhi, 2020, 41
(8): 1231-1236. doi: 10.3760/cma.j.cn112338-20200521-00749.
Bowden J, Davey Smith G, Haycock PC, et al. Consistent estima-

tion in Mendelian randomization with some invalid instruments us-

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

ing a weighted median estimator [J]. Genet Epidemiol, 2016, 40
(4): 304-314. doi: 10.1002/gepi.21965.

AR, XUHRER, B80T, 25 . MR-Egger [M1 378 o f5 /8 BEHLAL /3 M7
TR L (3] B B (BE 5 iR), 2021, 48(6): 804-809. doi:
10.3969/j.issn.1672-8467.2021.06.013.

Xu YY, Liu ZQ, Fan H, et al. Application of MR-Egger regression
in Mendelian randomization analysis [J]. Fudan Univ J Med Seci,
2021, 48(6): 804-809. doi: 10.3969/}.issn.1672-8467.2021.06.013.
Lin Z, Xue H, Pan W. Robust multivariable Mendelian randomiza-
tion based on constrained maximum likelihood [J]. Am J Hum
Genet, 2023, 110(4): 592-605. doi: 10.1016/j.ajhg.2023.02.014.
Wang J, Zhao Q, Bowden J, et al. Causal inference for heritable
phenotypic risk factors using heterogeneous genetic instruments
[JI. PLoS Genet, 2021, 17(6): €1009575. doi: 10.1371/journal.
pgen.1009575.

Verbanck M, Chen CY, Neale B, et al. Detection of widespread
horizontal pleiotropy in causal relationships inferred from Mende-
lian randomization between complex traits and diseases [J]. Nat
Genet, 2018, 50(5): 693-698. doi: 10.1038/s41588-018-0099-7.
Brion MJ, Shakhbazov K, Visscher PM. Calculating statistical
power in Mendelian randomization studies [J]. Int J Epidemiol,
2013, 42(5): 1497-1501. doi: 10.1093/ije/dyt179.

Molina A, Huck O, Herrera D, et al. The association between re-
spiratory diseases and periodontitis: a systematic review and meta-
analysis [J]. J Clin Periodontol, 2023, 50(6): 842 - 887. doi:
10.1111/jepe.13767.

Andrea M, Susanna B, Francesca N, et al. The emerging role of
type 2 inflammation in asthma [J]. Expert Rev Clin Immunol,
2021, 17(1): 63-71. doi: 10.1080/1744666X.2020.1860755.

Gani F, Caminati M, Bellavia F, et al. Oral health in asthmatic pa-
tients: a review: asthma and its therapy may impact on oral health
[JI. Clin Mol Allergy, 2020, 18(1): 22. doi: 10.1186/s12948-020-
00137-2.

Bajbouj K, Ramakrishnan RK, Hamid Q. Role of matrix metallo-
proteinases in angiogenesis and its implications in asthma [J]. J
Immunol Res, 2021, 2021: 6645072. doi: 10.1155/2021/6645072.
Abd - Elaziz K, Jesenak M, Vasakova M, et al. Revisiting matrix
metalloproteinase 12: its role in pathophysiology of asthma and re-
lated pulmonary diseases [J]. Curr Opin Pulm Med, 2021, 27(1): 54-
60. doi: 10.1097/MCP.0000000000000743.

(i FH#IG, AFLE, HEH)

This article is licensed under a Creative Commons

(1) Open Access

Attribution 4.0 International License.
Copyright © 2024 by Editorial Department of Journal of

Prevention and Treatment for Stomatological Diseases





