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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 ( 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.

[ Key words] periodontitis; asthma; Mendelian randomization; genome-wide-association study; single nucleo-
tide polymorphism; causal association; bidirectional casual association; instrumental variable; sensitivity analysis
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Table 1  Information on SNPs selected as instrumental

variables of exposure to periodontitis

Exposure(periodontitis) Outcome(asthma)

SNPs EA 0A
SE P B SE P

10143801 A G -0.084 0.017 <0.001 -0.002 0.007 0794 24.131
1312438274 T G -0.08 0.020 <0001 -0.010 0.009 0239 20.227
313220384 A C 0108 0.024 <0000 -0.009 0.010 0361 20.100
5138868497 T € 1.639 0332 <0001 -0.016 0.038 0.676 24304
13139182625 T € 0.102 0.023 <0.001 0.001  0.009 0929 19.762
;3151226594 T G -0.367 0.077 <0001  -0.051 0.026 0.055 22.848
3184267209 A G 0246 0.055 <0.001 0.026 0.023 0254 19.717
133779291 T € -0098 0022 <0.001 0.001  0.009 0.920 20.106
72712882 A G =031 0.029 <0.000 -0.002 0011 0861 20.564
173155039 A G 0832 0176 <0.001 -0.037 0.028 0.191 22.402
1376734229 A G -0.176 0.037 <0001 -0.014 0011 0224 22,652
139954920 T C 0077 0016 <0.001 0.004 0.007 0562 22.258

SNP: single nucleotide polymorphism; EA: effect allele; OA: other al-
lele; SE: standard error. I 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
Exposure (asthma) Outcome (periodontitis) Exposure (asthma) Outcome (periodontitis)
SNPs EA 0A SNPs EA 0OA F
B SE P B SE P B SE P B SE P

1510477741 G T 0.074 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 | | 13024971 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 0291 33.780 | | rs35225972 A G 0.044 0.007 <0.001 -0.001 0.018 0973 38918
is11071559 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 42384
1511178649 T G -0.043 0.007 <0.001 -0.004 0.016 0.795 41.704 | | rs3785356 T C  0.056 0.007 <0.001 0.004 0.017 0.821  61.774
rs112119265 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  31.478
15112267124 A G 0.043 0.008 <0.001 0.007 0.019 0.727  31.023 | | rs413214 A G 0047 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 | | 154739738 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 0.062 0.016  33.155 | | rs4795401 G A -0.103 0.007 <0.001 -0.002 0.016 0924 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
1511816044 A G -0.047 0.007 <0.001 -0.023 0.016 0.158 45964 | |rs4842921 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 0.349  33.087
1513277355 G A -0.041 0.007 <0.001 0.015 0.018 0408 30.648 | | 157936312 T G 0.084 0.007 <0.001 0.026 0.016 0.100 164916
151444782 A G -0.095 0.007 <0.001 0.002 0.016 0.906 209.120 | | 1s7961712 A G 0.056 0.009 <0.001 -0.051 0.022 0.020  37.925
151608555 T C 0038 0007 <0.001 -0.015 0.017 0.355 30.618 | | rs848 C A -0.096 0.008 <0.001 0.004 0.018 0.844 129.311
151837253 C T 0108 0.007 <0.001 0.001 0.017 0.948 209.845 | | 1s912131 G A 0058 0.007 <0.001 -0.001 0.017 0956  66.218
151870140 G A -0050 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 -0.051 0007 <0.001 -0.007 0.016 0.640 59919 | |rs9272226 T C -0.090 0.009 <0.001 -0.008 0.024 0.747  90.011
152477923 C T =003 0.007 <0.001 0.011 0.016 0.500  30.334 | | rs992969 G A -0.120 0.008 <0.001 0.026 0.018 0.151 251.458
152800040 A G -0.038 0.007 <0.001 0.017 0.018 0355 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

|3 FJE RGN R A 23 B ) PR AL 25 2R

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

ranged from 29.858 to

Periodontitis on asthma

Asthma on periodontitis

Method

SE B OR (95%CI) P SE B OR (95%ClI) 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
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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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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
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