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diseases through Mendelian randomization (MR) analyses, to provide evidence for joint prevention and clinical decision-
making in patients with concurrent periodontitis and hepatobiliary diseases. Methods Single nucleotide polymor-
phisms (SNPs) were extracted from the largest genome-wide association study on periodontitis (17 353 cases, 28 210
controls) and hepatobiliary diseases within the European ancestry and used as instrumental variables (IVs). The strength
of the associations was examined by calculating the F-statistic. The SNPs significantly associated with the outcome were
removed by scanning on Phenoscanner platform. Bidirectional causal associations between periodontitis and hepatobili-
ary diseases were estimated using inverse variance weighted (IVW), MR-Egger, and Weighted Median methods. The ro-
bustness of the findings was further verified through additional sensitive MR approaches, including Cochran’s () statis-
tic (IVW), Rucker’s Q statistic (MR-Egger ), MR-PRESSO and Leave-one-out analysis. Further MR analyses, utilizing
other available genome-wide association studies (GWAS) on hepatobiliary diseases, were conducted to validate the re-
sults. Results The IVW method found that periodontitis had a causal impact on acalculous cholecystitis (odds ratio =
1.277, 95% CI 1.097-1.485, P=0.002), implying an increased risk of acalculous cholecystitis associated with periodonti-
tis, while the MR-Egger regression and Weighted Median failed to observe significant causal effects of periodontitis on
acalculous cholecystitis. However, no bidirectional causal associations between periodontitis and nonalcoholic fatty liver
disease, cirrhosis or liver cancer were observed using IVW, MR-Egger regression and Weighted Median. The bidirec-
tional causal relationships were deemed unlikely to be influenced by horizontal pleiotropy. Further, the validation analy-
sis based on alternative GWAS data suggested parallel results. Conclusions The MR analyses suggest that periodonti-
tis may elevate the risk of acalculous cholecystitis. Further investigations, including clinical studies and mechanistic ex-
plorations, are warranted to validate these findings. However, the MR analyses do not support bidirectional causal asso-
ciations between periodontitis and nonalcoholic fatty liver disease, cirrhosis or liver cancer.
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Table 1

Detailed information of GWAS used in the present Mendelian randomization analyses

First author and

Variable Consortium Sample size GWAS Data source
publication year

Periodontitis ~ Shungin (2019)'% GLIDE Cases=17 353 https://data.bris.ac.uk/data/dataset/2j2rqgzedxlq02oqbb4vmycnc2
Controls=28 210

NAFLD Ghodsian (2021)'""  Summary Cases=8 434 https://www.ebi.ac.uk/gwas/studies/GCST90091033

data Controls=770 180

Cirrhosis Kurki(2023)1" FinnGen Cases = 3 970 https:/storage.googleapis.com/finngen—public—data—r9/summary_stats/finn-
Controls=373 307 gen_R9_CIRRHOSIS_BROAD gz

Liver cancer Kurki(2023)!'! FinnGen Cases=1 081 hitps:/storage.googleapis.com/finngen—public—data-r9/summary_stats/finn-
Controls=287 137 gen_R9_C3_BILIARY_GALLBLADDER_EXALLC.gz

Cholecystitis ~ Kurki(2023)I' FinnGen Cases=4 299 https:/storage.googleapis.com/finngen—public—data-r9/summary_stats/finn-
Controls=330 903 gen_R9_K11_CHOLECYST.gz

Cholelithiasis Jiang (2021)"! UKB Cases= 7 426 https://www.ebi.ac.uk/gwas/studies/GCSTI0044198
Controls=448 922

AC Jiang (2021)"?] UKB Cases = 2 650 https://www.ebi.ac.uk/gwas/studies/GCSTI0044196

Controls=453 698

GWAS: genome-wide association study. GLIDE: gene-life style interactions in dental endpoints consortium; NAFLD: nonalcoholic fatty liver disease; AC:

acalculous cholecystitis; UKB: UK biobank. Summary data from serial consortium, including Estonian Biobank, Electronic Medical Records and Genom-

ics, and UK biobank; GWAS data of both periodontitis and hepatobiliary diseases were derived from European ancestry
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| : Periodontitis 5% b)
Ger.letic a) Exposure
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_____________ GWAS for
{Summary-leveli 2 *C»)»X— S
:\____G_WAS___,I—* NAFLD
e \ Liver cancer
' UKB ——  Cirrhosis
""""""" Cholecystitis
S | AC
i __FinnGen Cholelithiasis

GWAS for GLIDE: gene-lifestyle interactions in dental

NAFLD endpoints consortium; GWAS: genome-wide
Liver cancer

Cirrhosis association study; AC: acalculous cholecys-

Cholecystitis . . . .

AC titis; NAFLD: nonalcoholic fatty liver dis-

3 . Cholelithiasis ease; UKB: UK biobank. A genetic variant

S l (i.e., a single nucleotide polymorphism) was

Outcome considered an instrumental variable under

ot T the following three key assumptions: a) the

GWAS for genetic variant is strongly associated with
Periodontitis

the exposure of interest. This assumption
was insured by setting significance thresh-
olds for SNPs; b) the genetic variant is not
associated with the outcome through a
confounder-related pathway. This assump-

tion was insured by sensitivity analyses and

scoping 1Vs for underlying confounders on a phenotype scanning platform; c): the genetic variant can only influence the outcome through an

exposure-related pathway, without directly affecting the outcome. This assumption was insured by an exclusion of any IVs with significant associa-

tion (P< 5%10°%) with the outcome trait. IVs: instrumental variants. SNPs: single nucleotide polymorphisms.

Figure 1  Basic design of the Mendelian randomization analyses
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NAFLD 5 n phisms; OR: odds ratio; CI: confidence interval;

VW 1.045(0.933 to 1.171) #ZH 0.444 IVW: inverse variance weighted; NAFLD: nonal-
C}I\T}&?“ ki 1.040(0.949 to 1.139) ! 0.399 coholic fatty liver disease; AC: acalculous chole-

. A to 1. (had .
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Liver cancer 2 | . 0 )
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VW 0.996(0.996 to 0.939) -4 0.903 . .. g
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C}II\O/%VCYSMIS 2 0.818(0.672 to 0.966) E 0.046 related to the exposure did not satisfy the mini-
AC* 9 % mum requirements of weighted median and MR-

VW 1.006(0.976 to 1.038) + 0.693 Egger

MR-Egger 0.994(0.930 to 1.063) 4= 0.870

Weighted median 1.016(0.975 to 1.060) - 0.442

[ T T 1
0.5 1.0 1.5 2.0

No periodontitis Periodontitis

Figure 3 Mendelian randomization estimates of hepatobiliary on the risk for periodontitis
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Table 2 R? and F-statistic of the variables in the present

Mendelian randomization study

Variable Variance (R?) F
Periodontitis 0.115 85 746.114
NAFLD 0.048 98 10 025.091
Cirrhosis 0.083 43 8 585.631
Liver cancer 0.087 27 9 185.666
Cholecystitis 0.016 41 2 797.559
Cholelithiasis 0.149 80 8 040.634
AC 0.191 67 8 323.308

NAFLD: nonalcoholic fatty liver disease; AC: acalculous cholecystitis;
R?: represents the proportion of phenotypic variations of the exposure ex-
plained by the single nucleotide polymorphisms; F: F-statistic was used

to estimate the strength of the single nucleotide polymorphisms

95%CI :1.097~1.485, P = 0.002) . AR , A B 5%
WZ2 ) 2 J&] J ok HoAls 5 Foft JFF IR 995 198 BRI SRS 3800, S
ZORIR o R Sy BT B 3 Tk ST GWAS Bl 4 1
MR M Hr g6 E T R 45 SR A R e

—IRAMA 27 703 %52 H5EH B ZEH 5B (FEghA
175 BA G 5T K 4 g A8 7 10T AF 5 ) 36 118, F R R R
H A NAFLD B RS AH 4 ) B8 41 T 5 (OR=1.48,
95% CI:1.15~1.89) . SR, 7E K 1F A5 %5 0 1 52
Wi f5 , e OR TR % 1.13(95%C1: 0.95~1.35) 1%,
Ty R LR AT (A T RS R 0 R BRBF Y L2 A T
s BB Bt 9 % W s Ak O 1T BF 5 g A 192 815
%S 5F5)W BN, 4R 5 NAFLD 55 KU AR A7
16 2B (OR=1.04, 95%CI: 0.97~1.12)* . Mt Z
T, B X NAFLD X 28 J& 4 9 5% mi i) wfF 5% 1 3 32 22

T3 IR SRS R IEB I R SR AL ) F& A 1 23 B

Table 3 Robustness analyses on periodontitis-effects on hepatobiliary diseases

Heterogeneity Pleiotropy
Outcome IVW MR-Egger MR-Egger MR-PRESSO
P Q P Q P intercept P Q

NAFLD 0.927 0.881 0.852 0.788 0.780 -0.005 0.934 1.457
Cirrhosis 0.519 4.216 0.387 4.141 0.802 -0.005 0.618 6.031
Liver cancer 0.218 5.762 0.280 6.270 0.582 0.024 0.492 8.755
Cholelithiasis 0.976 1.982 0.852 0.472 0.286 0.017 0.840 3.266
Cholecystitis 0.294 6.127 0.280 5.607 0.412 0.017 0.405 10.104
AC 0.623 3.500 0.746 1.944 0.280 0.028 0.696 5.026

NAFLD: nonalcoholic fatty liver disease; AC: acalculous cholecystitis; IVW: inverse variance weighted



AREHEFBPE 20256108 %335 $F108
Journal of Prevention and Treatment for Stomatological Diseases, Oct. 2025,Vol.33 No.10 http://www.kqgjbfz.com + 879 -

R4 AR X 98 PR 00 B AR A 1 20 A

Table 4 Robustness analyses on hepatobiliary diseases-effects on periodontitis

Heterogeneity Pleiotropy
Exposure Ivw MR-Egger MR-Egger MR-PRESSO
P Q P Q P intercept P Q

NAFLD 0.806 0.061 NA NA NA NA NA NA
Cirrhosis 0.220 4416 0.162 3.640 0.582 0.040 0.486 6.077

Liver cancer 0.220 1.504 NA NA NA NA NA NA
Cholelithiasis 0.835 3.504 0.743 3.504 0.988 ~0 0.884 4.060

Cholecystitis 0.304 1.055 NA NA NA NA NA NA
AC 0.462 9.758 0.371 9.756 0.966 0.001 0.526 10.952

NAFLD: nonalcoholic fatty liver disease; AC: acalculous cholecystitis; IVW: inverse variance weighted; NA: not available. Because no enough single
nucleotide polymorphisms could be used to perform MR-Egger and MR-PRESSO. However, the non-significant results remained robust as presence of

pleiotropy, if any, would bias the results to significant associations
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Figure 4 Leave-one-out analysis for the validation of the robustness of Mendelian randomization analysis
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Table 5 Bacterial species shared by bile samples from patients with cholecystitis and the oral cavity™

Positive frequency

Identified in more

The highest proportion ~ Number of samples contain-

Species Strain
by sequencing than one article? in individuals (%) ing the bacterium [n(%)]
Actinomyces Yes 5.1 3(10.0)
naeuslundii* 1 Yes
gerencseriae 1 No
Bifidobacterium No 0.6 3(10.0)
animalis 2 No
dentium 1 No
longum 1 No
Dialister inwisius 1 No 0.1 1(3.0)
Enterococcus Yes 88.3 7 (24.0)
faecalis 4 No
Jfaecium 4 Yes
Fusobacterium nucleatum™® 5 Yes 47.4 5(17.0)
Haemophilus parainfluenzae 3 Yes 100.0 3(10.0)
Klebsiella Yes 100.0 11 (38.0)
pneumoniae 3 Yes
michiganensis 3 No
Oxytoca 3 No
Variicola 2 No
Streptococcus Yes 100.0 13 (45.0)
anginosus 3 No
salivarius 3 No
Sanguinis* 2 No
gordonii 1 No
massiliensts 1 No
mitis 1 No
mutans 1 No
oraits 1 No
parasanguinis 1 No

This table was organized based on prior investigations that analyzed the bacteria in bile samples from individuals with cholecystitis, employing 16S ribo-

somal RNA sequencing; *: periodontitis-related bacteria
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