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Abstract

Background and Objectives: The purpose of this research is to utilize a combination of cross-sectional data and Mendelian
randomization (MR) to establish a causal association between periodontitis and non-alcoholic fatty liver disease [NAFLD; now
also referred to as metabolic associated fatty liver disease (MAFLD) or metabolic dysfunction-associated steatotic liver disease
(MASLD)], including the progression of the latter to liver fibrosis.

Methods: First, a cross-sectional analysis included 4,425 participants from the National Health and Nutrition Examination
Survey (NHANES) 2009 - 2014. The study employed two multivariable logistic regression models to evaluate the correlation
between advanced fibrosis (AF) and periodontitis, as well as NAFLD. Model 2 controlled for age, gender, and race, while model 3
was additionally adjusted for Body Mass Index (BMI), education level, household income poverty ratio, smoking status, physical
activity, and history of diabetes. Second, in the two-sample MR analysis, periodontitis (n =17,353 cases) was used as the exposure,
and NAFLD (n = 2,275 cases), fibrosis (n =146 cases), cirrhosis (n =1,142 cases), and fibrosis/cirrhosis (n =1,841 cases) were used as
outcomes, and causality validation was performed. Sensitivity analyses, such as heterogeneity tests, multiple validity tests, and
exclusion analyses, were also conducted to ensure the reliability of the findings.

Results: Both the cross-sectional and MR analyses yielded null results. In the observational study, including participants
(mean age: 53.1 years, 50.3% male), there was no significant correlation between periodontitis and NAFLD or AF. Similarly, MR
analyses found no significant association between genetically predicted periodontitis and liver conditions.

Conclusions: According to cross-sectional research, there is no discernible link between NAFLD or liver fibrosis and
periodontal disease, and MR analyses do not support a causal relationship between them.
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1. Background

illness (1), with an overall prevalence of 45 - 48% (2)

among US adults. At 11.2% of the world's population, it is
An ecological dysregulation of the dental biofilm is  the sixth most common human disease in its most

the cause of periodontal disease, a chronic infectious severe form (3). Unhealthy lifestyles such as smoking,
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low-quality diets (high-fat, high-sugar diets), and mental
stress (depression, etc.) can significantly increase the
risk of periodontitis. Periodontitis is primarily driven by
dysbiotic polymicrobial communities, with key
pathogens including Porphyromonas gingivalis,
Prevotella intermedia, and Prevotella corporis, among
others. Risk factors such as smoking, poor diet, and
psychological stress significantly contribute to its
development (4). Prior research has demonstrated how
periodontal disease may exacerbate the onset of
systemic disorders (5), including metabolic disorder
such as non-alcoholic fatty liver disease [NAFLD; now
also referred to as metabolic associated fatty liver
disease (MAFLD) or metabolic dysfunction-associated
steatotic liver disease (MASLD)] (6).

Due to the global obesity epidemic, smoking, high-fat
and high-sugar diets, and mental stress, NAFLD is
currently among the most prevalent liver conditions in
adults and children worldwide (7). The NAFLD can
progress along a pathological spectrum. It often begins
with simple steatosis, which can then evolve into non-
alcoholic steatohepatitis (NASH), leading to liver fibrosis
and ultimately cirrhosis (8, 9), which is often
irreversible and can necessitate liver transplantation
(10,11).

Recently, epidemiological studies have suggested
that periodontitis increases the prevalence of NAFLD
and fibrosis (12). The pathogenesis may involve systemic
inflammation and oxidative damage (13). Another
plausible mechanism that links dental health to liver
function is the concept of the "oral-intestinal-liver axis"

(5)-
2. Objectives

The relationship between periodontal disease and
NAFLD has been discussed from in vitro, in vivo, and
epidemiological perspectives. This study investigated
the possible cause-and-effect link between liver
disorders and periodontitis using data from both
Mendelian randomization (MR) and the National Health
and Nutrition Examination Survey (NHANES) database.

3. Methods

The study was divided into two phases, as illustrated
in Figure 1. In the first stage, we conducted multivariable
logistic regression analyses using data from the NHANES
database to examine the connection between liver
disorders and periodontitis. In the second stage, we
conducted four MR analyses using data from the Gene-
Lifestyle Interactions in Dental Endpoints (GLIDE)
consortium and FinnGen database to examine the

mutual relationship that exists between liver disorders
and periodontitis.

3.1. National Health and Nutrition Examination Survey

3.1.1. Data Sources and Study Population

The NHANES is a collection of a sequence of cross-
sectional surveys aimed at the non-institutionalized
population in the United States. It selects a nationally
representative sample using a multi-stage probability
sampling technique and assesses the nutritional and
health condition of the participants. The survey
includes interviews conducted at participants'
households, physical evaluations, and laboratory
examinations. The NHANES is administered by the
National Center for Health Statistics, a division of the
Centers for Disease Control and Prevention (CDC). The
National Center for Health Statistics Ethics Review Board
has given the study ethical approval, and all participants
have provided written informed consent.

The participant selection process is detailed in Figure
2. Initially, 30,468 participants from NHANES 2009 - 2014
were considered. After excluding individuals without
periodontal data, 18,712 participants remained.
Subsequent exclusions were applied for missing
laboratory examination data, key covariates (e.g.,
lifestyle factors, baseline characteristics), as well as
pregnant individuals and Body Mass Index (BMI)
outliers. Finally, 4,425 participants were included in the
cross-sectional analysis.

3.1.2. Assessment of Periodontitis and Liver Diseases

The oral health statistics from NHANES (2009 - 2014)
show that qualified examiners evaluated the clinical
attachment loss (CAL) and periodontal probing depth
(PD) at six specific locations for every tooth (excluding
wisdom teeth), for a total of 28 teeth. The 2018 global
classification criteria were used to determine the
diagnosis of periodontitis: When interdental CAL is
evident in > 2 non-adjacent teeth, or when buccal or oral
CAL >3 mm is observed in > 2 teeth with a pocket depth
exceeding 3 mm, it is classified as periodontitis (14).

The NAFLD was diagnosed by ultrasonographic Fatty
Liver Index (USFLI) > 30, a validated surrogate marker
that incorporates demographic and metabolic
parameters for the non-invasive assessment of hepatic
steatosis. The formula for how USFLI was determined
can be referred to in the cited reference (15).

Participants who were at risk of advanced fibrosis
(AF) were identified by elevated scores for the non-
alcoholic fatty liver disease fibrosis (NFS), Fibrosis-4
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Stagel observational study

NHANES data

Periodontitis

AIM: explore the associations

N =18,712 participants in NHANES 2009 - 2014 ;

N = 4,425 included in the final analysis:
Periodontitis (N cases|controls = 2,636 [ 1,789)
NAFLD (N cases/controls = 800 [3625)

Periodontitis (data from GLIDE consortium)
(N cases/controls =17,353 [ 28,210)
Liver conditions (data from finnGen R9):
NAFLD (N casesfcontrol = 2,275 | 375,002)
Fibrosis (N casescontrol =146 | 373,307)
Cirrhosis (N cases/control =1,142 [ 373,307)
Fibrosis/cirrhosis (N cases/control =1,841 375,002)

Stage2 mendelian randomization analysis

Liver conditions

AlM:explore potential causalities for two-way relationships

Figure 1. Overall study design

Index (FIB-4), or the aspartate aminotransferase
(AST)/Platelet Ratio Index (APRI). The NFS is a scoring
system used to determine how likely or severe it is that
NAFLD may cause fibrosis (the production of scar tissue)
in the liver. Without requiring a liver biopsy, medical
personnel can assess the degree of fibrosis using the
easily accessible and non-invasive FIB-4 instrument. To
assess the level of liver fibrosis (scarring) in individuals
suffering from liver disease, doctors employ the non-
invasive APRI scoring system. The calculations for NFS,
FIB-4, and APRI were performed according to the cited
reference (16). Those with an APRI exceeding 1, FIB-4
greater than 2.67, or NFS surpassing 0.676 were
classified as individuals at high risk of AF, as per the
criteria outlined in the reference.

3.1.3. Assessment of Covariates

The thorough evaluation of covariates plays a pivotal
role in research, as it serves to control potential
confounding factors, thereby ensuring a more precise
and dependable assessment of the primary associations.
In our study, we carefully selected a set of covariates to
enhance our understanding of the link between
periodontal disease and liver conditions. We included
several key covariates such as age, gender, ethnicity, BMI,
drinking, recent tobacco use, history of diabetes,
education, marital status, family monthly Poverty Level
Index, energy intake, and leisure time physical activity

Hepat Mon. 2025; 25(1): 166415

(LTPA), all of which were gathered through standardized
questionnaires. Additionally, the weight and height of
each participant were measured during physical
examinations, with BMI calculated as weight (kg)/height

(m?).

3.1.4. Statistical Analyses

We combined data from the years 2009 to 2014 and
created 6-year sampling weights in accordance with
NHANES' sampling methodology, which were
incorporated into all analyses. To assess variances in
continuous and categorical variables across various
analysis groups, we used the t-test for continuous data
and the Rao Scott chi-square test for categorical
variables. The impact of liver disorders on the risk of
periodontitis was investigated using a multivariable
logistic regression analysis. We computed odds ratios
(ORs) and the associated 95% confidence intervals. In the
multivariable analysis, we made the following
adjustments: In model 1, no covariate adjustments were
performed; in Model 2, age, gender, and race
adjustments were applied; in model 3, BMI, education
level, household income poverty ratio, smoking status,
physical activity, and history of diabetes were adjusted.
All analyses were performed using SAS 9.4. The
significance threshold was set at 0.05, and two-sided
levels of significance were computed.
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30468 participants in NHANES 2009 - 2014

11756 participants completed the oral health examination

:I 18712 with no periodontal data

511 with no GGT
17 with no blood platelet
3 with no ALT or AST

5797 participants completed the laboratory examination

v

0 with no albumin
5417 with no glucose or insulin
11 with no glycosylated hemoglobin

262 with positive results for hepatitis B or C
92 with no BMI data

409 with no waist circumference data

154 with no drinking data

2 with no tobacco use data

3 with no history of diabetes data

4425 included in the final analysis

Y

6 with no education data or marriage data
274 with no poverty index

1with no leisure time physical activity

86 with no energy intake data

23 pregnant women

60 BMI outliers

Figure 2. Participant inclusion algorithm of National Health and Nutrition Examination Survey (NHANES)

3.2. Mendelian Randomization Analysis

3.2.1. Basic Concept of Mendelian Randomization Analysis

When compared to traditional observational
approaches, MR analysis is less susceptible to errors
resulting from reverse causation and confounding since
genetic differences are assigned randomly during
gamete development and are not connected to
environmental variables. As a result, we used MR
analysis in this work to identify single nucleotide
polymorphisms (SNPs) associated with liver disorders
and periodontitis. Following this, we integrated these
identified SNPs to ascertain the connection between
periodontitis and liver diseases.

3.2.2. Study Design Description

The investigation of the relationship between liver
disorders and periodontitis used a two-sample MR
analysis. We conducted the MR analyses utilizing
summary statistics from open-access databases to
examine the association between periodontitis as the

exposure and liver conditions including NAFLD, fibrosis,
cirrhosis, and fibrosis/cirrhosis as the outcomes. The
study does not require ethical approval because it is
based on publicly available summary statistics.

3.2.3. Data Sources and Selection of Instrumental Variables

The summary statistics derived from two European
datasets served as the foundation for the two-sample MR
analysis: Data for periodontitis (17,353 cases; 28,210
controls) from a genome-wide association study (GWAS)
of the European studies of the GLIDE consortium (17);
and liver conditions including NAFLD (2,275 cases;
375,002 controls), fibrosis (146 cases; 373,307 controls),
cirrhosis (1,42 cases; 373,307 controls), and
fibrosis/cirrhosis (1,841 cases; 375,002 controls) from
FinnGen (18), which was based on over 370,000 Finland
residents with reliable diagnoses in a wide range of
diseases (Appendix 1, in the Supplementary File).

The SNPs were chosen for instrumental variable
selection at a genome-wide significance criterion (P <5

x 10®). SNPs that were deemed eligible for clumping
were selected using a 10,000 kb window size and
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Table 1. Baseline Characteristics of Study Population in National Health and Nutrition Examination Survey 2009 - 2014 and Prevalence of Periodontitis and Non-alcoholic Fatty

Liver Disease by Characteristics

Periodontitis NAFLD
Characteristics Total (N = 4425)
No (N=1789) Yes (N=2636) P-Value No (N=3625) Yes (N=800) P-Value
Age(y) 531+0.2 511+£0.4 54.5+03 <0.01 (51.9+0.2) (58.9+0.5) <0.01
Gender <0.01 <0.01
Male 2226 (50.3) 745 (41.6) 1481(56.2) 1761(48.6) 465 (58.1)
Female 2199 (49.7) 1044 (58.4) 1155 (43.8) 1864 (51.4) 335(41.9)
USFLI 27.6+03 254+05 29.14+0.4 <0.01 22.0+03 53.0+0.6 <0.01
NES 1.5+0.02 1.6 +0.03 1.440.03 <0.01 41.740.02 -0.7+0.05 <0.01
FIB-4 1.3+0.01 13+0.02 13+0.02 <0.01 13£0.01 1.410.03 <0.01
APRI 0.4+0.01 0.4%0.01 0.410.01 0.90 0.4+0.01 0.4+0.01 0.37
BMI (kg/m 2) 29.0£0.09 28.9+0.1 29.1+0.1 0.27 28.140.1 33.0+0.2 <0.01
Ethnicity <0.01 <0.01
Mexican American 614 (13.9) 179 (10.0) 435 (16.5) 455 (12.6) 159 (19.9)
Other hispanic 424(9.6) 150 (8.9) 274 (10.4) 338(9.3) 86 (10.8)
Non-hispanic white 2106 (47.6) 1026 (57.4) 1080 (41.0) 1721(47.5) 385 (48.1)
Non-hispanic black 814 (18.4) 267(14.9) 547(20.8) 718 (19.8) 96 (12.0)
Other races - including multi-racial 467(10.6) 167(9.3) 300 (11.4) 393(10.8) 74(9.3)
Education levels <0.01 <0.01
Less than high school 1081(24.4) 357(20.0) 724(27.5) 789 (21.8) 292(36.5)
High school or above 3344 (75.6) 1432 (80.0) 1912 (72.5) 2836(78.2) 508 (63.5)
Marriage status 0.56 0.12
Have a partner or be married 2899 (65.5) 1181(66.0) 1718 (65.2) 2356 (65.0) 543(67.9)
Single or widowed 1526 (34.5) 608 (34.0) 918 (34.8) 1269 (35.0) 257(32.1)
Poverty status <0.01 <0.01
<130 1506 (34.0) 532(29.7) 974 (36.9) 1185 (32.7) 321(40.1)
130-3.50 626 (14.1) 243(13.6) 383 (14.5) 489 (13.5) 137(17.1)
>3.50 2293 (51.8) 1014 (56.7) 1279 (48.5) 1951(53.8) 342(42.8)
Energy intake levels 0.54 <0.01
Inadequate 1871(42.3) 740 (41.4) 1131(42.9) 1464 (40.4) 407(50.9)
Adequate 1855 (41.9) 767 (42.9) 1088 (41.3) 1573 (43.4) 282(35.3)
Excessive 699 (15.8) 282(16.8) 417 (15.8) 588 (16.2) 111(13.9)
Smoking status <0.01 <0.01
Never 2422(54.7) 1050 (58.7) 1372 (52.0) 1980 (54.6) 442(55.3)
Ever 1175 (26.6) 459 (25.7) 716 (27.2) 916 (25.3) 259 (32.4)
Current 828(18.7) 280 (15.7) 548(20.8) 729 (20.1) 99 (12.4)
LTPA (min) 0.04 <0.01
0 2295 (51.9) 887(49.6) 1408 (53.4) 1779 (49.1) 516 (64.5)
0-150 787 (17.8) 328(18.3) 459 (17.4) 663 (18.3) 124 (15.5)
>150 1343 (30.4) 574 (32.1) 769 (29.2) 1183 (32.6) 160 (20.0)
Diabetes <0.01 <0.01
Yes 826 (18.7) 281(15.7) 545(20.7) 509 (14.0) 317(39.6)
No 3599 (18.7) 1508 (84.3) 2091(79.3) 3116 (86.0) 483 (60.4)

Abbreviations: NAFLD, non-alcoholic fatty liver disease; USFLI, ultrasonographic Fatty Liver Index; NFS, non-alcoholic fatty liver disease fibrosis; FIB-4, Fibrosis-4 Index; APRI,
Aspartate Platelet Ratio Index; BMI, Body Mass Index; LTPA, leisure time physical activity.

@ Values are expressed as mean + SD or No. (%).

linkage disequilibrium as determined by r?> > 0.001.
Palindromic SNPs were excluded from exposure and
outcome data when harmonizing them. Finally, we

Hepat Mon. 2025; 25(1): e166415

verified that all instrumental variables did not impact
the outcomes through other pathways by applying
PhenoScanner for possible related traits. In order to
ensure the trustworthiness of results and reduce the
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interference of confounders related to SNPs with P-value

<1x107, the PhenoScanner database was utilized (19).

3.2.4. Statistical Analysis

The randome-effects inverse variance weighting (IVW)
approach is the main statistical methodology used in
this study to investigate the possibility of bidirectional
causation between liver illness and periodontitis. To
further enhance our results, we also used the weighted
mode, weighted median, and MR Egger techniques. The
IVW method operates on the premise that all
fundamental assumptions of MR are satisfied.
Nevertheless, given that the inclusion of pleiotropic
instrumental variables can introduce bias into IVW
estimates, we conducted sensitivity analyses to account
for any pleiotropic effects. R (version 4.3.2) was utilized
to conduct the MR analysis. Three packages,
"TwoSampleMR"  (20), "MRPRESSO" (21), and
"forestploter", were specifically used for the data
processing and visualization. The study was reported
using the STROBE-MR criteria (22).

3.2.5. Pleiotropy and Sensitivity Analysis

The MR-Egger regression was used to determine if
horizontal pleiotropy existed. The average pleiotropic
impact of the instrumental variables is reflected in the
intercept term of the MR-Egger regression. In addition,
we looked for the existence of pleiotropy using the
Mendelian randomization Pleiotropy REsidual Sum and
Outlier (MR-PRESSO) test. The MR-PRESSO serves
multiple purposes, including the detection of
horizontal pleiotropy, the correction of horizontal
pleiotropy by identifying and removing outliers, and
the evaluation of significant differences in causal effects
both before and after the elimination of outliers. We
used MR-Egger regression and the IVW technique to
measure heterogeneity, and we calculated the degree of
heterogeneity using Cochran's Q statistic. We also
performed a leave-one-out analysis to assess the
consistency and robustness of our results.

4. Results

4.1. Baseline Characteristics of Periodontitis, Non-alcoholic
Fatty Liver Disease, Fibrosis and Cirrhosis in National Health
and Nutrition Examination Survey

The baseline characteristics of NAFLD and
periodontitis in the research subjects are listed in Table
1. A total of 4,425 participants were enrolled in our study,
of which 2,636 were diagnosed with periodontitis. With
a mean age of 54.5 years, the periodontitis patient

group’s age was comparatively higher. Gender
distribution showed that 56.2% of the population was
male, somewhat more than the 43.8% female. Compared
to the healthy control group, those with periodontitis
were more likely to be male, older, smokers, diabetics,
had lower levels of education, and had a lower family
income.

Eight hundred NAFLD patients had a mean age of
58.9 years, with a somewhat higher percentage of males
(58.1%) than females (41.9%). Individuals with NAFLD
were more likely to be male, older, obese, current
smokers, and diabetics as compared to healthy controls.
Their LTPA, household income, and education levels
were also lower.

4.2. Relationship of Periodontitis on Liver Conditions in
Multivariate Logistic Regression Analysis

Multivariate logistic regression analysis was
employed to investigate the correlation between liver
illnesses and periodontal disease. Periodontitis was only
statistically significant in Model 1 in AF (OR: 1.48, 95% CI:
1.08 - 2.07), and it was not substantially linked with
NAELD or liver fibrosis in the overall group (P > 0.05;
Figure 3 and Appendix 5, in the Supplementary File).
Appendix 6, in the Supplementary File, demonstrates a
positive trend of correlation between USFLI and the
incidence of periodontitis.

The relationship between AF and periodontitis was
significant in Model 1 (OR: 1.79, 95% CI: 1.32 - 2.43) when
stratified by sex, but not in the other models (P > 0.05,
Figure 3).

4.3. Causal Relationship of Periodontitis on Liver Conditions
in Mendelian Randomization

In the MR analysis where periodontitis acted as
exposure, 6 SNPs were selected as instrumental variables
(detailed information described in Appendix 2, in the
Supplementary File). The results indicated an overall
non-significant  association between genetically
predicted periodontitis and an increased risk of NAFLD
in the IVW method (OR: 112, 95% CI: 0.98 - 1.27). The
weighted mean (OR: 1.06, 95% CI: 0.91 - 1.23) and
weighted median (OR:1.07, 95% CI: 0.91-1.25) approaches
further supported this conclusion. Notably, VW
validation revealed no indication of considerable SNP
heterogeneity, and no pleiotropy was observed.

Similarly, in the context of cirrhosis, genetically
predicted periodontitis demonstrated an insignificant
elevated risk in the IVW analysis (OR: 0.99, 95% CI: 0.82 -
119), which was consistent with the findings from the
weighted median (OR:1.02, 95% CI: 0.81-1.28) and the

Hepat Mon. 2025; 25(1): 166415
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Group

Subgroups OR (95% CI) Periodontitis: NAFLD P-value OR (95% Cl) Periodontitis: AF P-value
1.23 (0.99-1.54) 0.07 1.49 (1.08-2.07) 0.02
Total 0.91(0.72-1.15) 0.44 1.08 (0.74-1.57) - 0.70
0.82(0.64-1.05) @+ 0.1 1.06 (0.72-1.56) @ 0.75
Gender i
1.19 (0.88-1.61) 0.25 1.79 (1.32-2.43) <0.01
Male 0.98 (0.72-1.35) b 0.92 1.43 (0.96-2.13) 0.08
0.87 (0.63-1.22) g 0.42 1.39 (0.88-2.19) @ 0.15
1.09 (0.81-1.45) 0.58 1.12 (0.67-1.89) | 0.65
Female 0.83(0.60-1.14) 0.24 0.80 (0.46-1.38) -4 0.41
0.75(0.52-1.07) - 0.11 0.79 (0.45-1.38) . 0.39
Age
1.71 (1.12-2.61) 0.01 1.81 (0.60-5.47) | 0.29
<45 1.42 (0.86-2.34) 0.16 1.43 (0.42-4.90)— 0.56
1.08(0.60-193) i 0.79 1.05(0.36-3.05) @ 0.93
0.97 (0.74-1.28) 0.84 1.22 (0.83-1.79) 0.32
245 0.79(0.61-1.01) —A 0.06 1.06 (0.70-1.60) 0.78
0.75(0.58-0.96) 0.02 1.08 (0.71-1.64) _jg 0.72

1 2
Odds Ratio

1 2 3 4 5
Odds Ratio

Model 1 4Model 2 #Model 3

Figure 3. The effect of periodontitis on liver diseases in National Health and Nutrition Examination Survey (NHANES), (abbreviations: OR, odds ratio; CI, confidence interval)

weighted mode (OR: 1.02, 95% CI: 0.83 - 1.26) methods. As
in the previous analyses, there was no significant SNP
heterogeneity based on IVW validation, and no
pleiotropic effects were detected (Figure 4).

In summary, our MR analyses provide insights into
the relationships between periodontitis and various
liver diseases, highlighting generally non-significant
associations and the absence of significant SNP
heterogeneity or pleiotropy in our results. The regional
associational plot indicating the lead SNP and nearby
genes associated with periodontitis is depicted in
Appendix 8, in the Supplementary File.

After conducting a heterogeneity analysis, it was
determined that there was no significant potential
heterogeneity in the way that periodontitis affected the
liver conditions (fibrosis: MR Egger P: 0.88, IVW P: 0.95;
cirrhosis: MR Egger P: 0.58, IVW P: 0.71; fibrosis/cirrhosis:
MR Egger P: 0.63, IVW P: 0.67). According to Appendices 3
and 4, in the Supplementary File, the Egger intercept
(Egger intercept P: NAFLD: 0.85; fibrosis: 0.95; cirrhosis:
0.79; fibrosis/cirrhosis: 0.48) did not demonstrate any
horizontal pleiotropy between the impact of
periodontitis on liver diseases. Appendix 7, in the
Supplementary File displays the findings of the MR
sensitivity study as scatter plots, leave-one-out analyses,
and funnel plots.

In the reverse MR analysis, no significant causal
effects were observed from NAFLD or fibrosis and
cirrhosis on periodontitis (IVW OR: 1.014 and 1.007, P:
0.77 and 0.69), indicating that liver diseases do not
cause periodontitis.

Hepat Mon. 2025; 25(1): 166415

5. Discussion

This is the first study, to our knowledge, that
combines genetic MR in European countries with cross-
sectional US samples to investigate bidirectional
connections between periodontitis and NAFLD-
associated illnesses. The analysis indicates that there is
no significant correlation between periodontal disease
and NAFLD or liver fibrosis, and the MR analysis does not
support a causal relationship between them. The
sensitivity analysis further confirms our conclusions.

These findings, however, must be interpreted in the
context of conflicting existing literature. While previous
research has hinted at a certain link between
periodontitis and NAFLD, the exact cause-and-effect
relationship remains unclear (23). According to research
by Saito et al. (as cited by Kuraji et al.), individuals with
periodontitis had considerably higher levels of AST than
those without the condition, indicating a clear
correlation between periodontitis and liver damage
(24). Nutritional status, such as vitamins, has been
consistently linked to NAFLD (25). According to a cross-
sectional study in a representative sample of Koreans,
the existence of periodontal pockets may be
substantially correlated with NAFLD markers (26).
Recent experimental evidence suggests that
interventions targeting oral and gut dysbiosis, such as
the use of Nisin lantibiotic, may mitigate NAFLD
progression following periodontal disease, highlighting
the complexity of the oral-gutliver axis (27).
Nevertheless, Xu and Tang's meta-analysis revealed that
the available data do not support a causal relationship
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Figure 4. The effect of periodontitis on liver diseases in Mendelian randomization (MR) analysis

between periodontitis and NAFLD (28). In light of the
meta-analysis's conclusions, we applied the latest MR
periodontitis genetic data to similarly obtain consistent
conclusions. The recent MR study suggested that NAFLD
moderately increases the chances of periodontitis by
Tan et al. However, we believe that both the exposure
and outcome samples were derived from the FinnGen
database, which goes against the premise of a two-
sample MR study and makes the conclusions unreliable
(29,30).

Most of the pathologic associations between
periodontitis and human NAFLD have been provided by
observational epidemiologic studies, and causality has
not been established. Smoking and poor diet, among
others, are all common etiologic factors for
periodontitis and NAFLD (31, 32), and when participants
had these risk factors, periodontitis and NAFLD often co-
occurred and therefore showed statistically significant
associations, which no longer existed in our model after
adjusting for these important confounders. The
disappearance of the association after multivariate
adjustment is likely due to confounding by shared risk
factors. Obesity, exercise, and diet play an important role
in driving NAFLD, which have been robustly observed in
former studies (33, 34). After controlling for these
confounders, the link was attenuated, suggesting the
initial observational association was not causal — a
conclusion supported by our null MR findings.

Notwithstanding the lack of a causal link in our
study, several plausible biological mechanisms have
been proposed to explain the observed epidemiological
associations. Currently, some studies have suggested
that oral diffusion of certain pathogenic factors such as
bacteria and inflammatory factors in patients with
periodontitis affects the liver through the oral-
intestinal-hepatic axis or blood-borne pathways (35-37).
Additionally, periodontitis is closely associated with
insulin resistance or metabolic syndrome, which may
also promote the development of NAFLD. It is
undeniable that periodontitis affects the development
of systemic diseases, and MR studies have only inferred
causality, ignoring the biological mechanisms between
them. Therefore, future studies on the mechanisms of
periodontitis diagnosis and treatment on NAFLD-related
diseases need to be further explored.

This study possesses several strengths: (1) This
represents the first-ever combination of bidirectional
MR analysis with NHANES data to investigate the
possible causative relationship between chronic liver
illnesses and periodontitis. Meanwhile, our NHANES
data results were consistent with MR results. (2) The
data we utilized originated from NHANES 2009 - 2014,
representing a substantial dataset. Furthermore, we
leveraged data from the Finnish database for MR
analysis, which offers comprehensive insights into
periodontitis, NAFLD, liver fibrosis, and cirrhosis. (3) Our
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study stands out by introducing three distinct
indicators for assessing liver fibrosis, enhancing the
reliability and persuasiveness of our findings in
comparison to prior research.

Despite these strengths, our study has some
limitations: (1) We refrained from further subclassifying
periodontitis, even though previous research has linked
moderate to severe periodontitis with chronic liver
diseases. This lack of granularity might have obscured
potential associations specific to severe forms of
periodontitis. (2) Our approach employed three
indicators to gauge liver fibrosis, which may exhibit
limitations regarding specificity and sensitivity
compared to the gold standard of liver biopsy. (3) The
NHANES data represent the circumstances of Americans,
while the MR data were obtained from the European
population. This disparity between observational and
genetic data could introduce bias into the results, as
population-specific factors (e.g., genetic background,
lifestyle, environmental exposures) might influence the
associations  differently,  necessitating  further
enhancements and refinements.

5.1. Conclusions

To sum up, observational study of NHANES data
suggests that there is no significant correlation between
periodontal disease and the risk of NAFLD and liver
diseases. Furthermore, there is no discernible causal
relationship between the incidence of NAFLD or liver
fibrosis/cirrhosis and periodontal disease, according to
the MR study. Therefore, this study shows no causal
relationship between periodontal disease and NAFLD.
More research must be conducted to explore potential
associations, but general health measures, including
maintaining good oral hygiene, are recommended
nonetheless. Consequently, further standardized cohort
studies in a more diverse population are warranted to
gain a deeper insight into the interrelationship between
oral health and liver function, as well as the
mechanisms underlying it.

Acknowledgements

The authors thank the Gene-Lifestyle Interactions in
Dental Endpoints (GLIDE) and FinnGen consortia for
contributing data and all participants involved in this
study. An earlier version of this manuscript was
published as a preprint: Yanqiu Huang, Wenhui Wang,
Xiaoyu Wang, Jie Yuan, Jinfan Xu, Yang Yang, Wentao Shi,
Xiaoguang Li, Hui Wang, (2024), Association between
periodontitis and non-alcoholic fatty liver disease

Hepat Mon. 2025; 25(1): 166415

(NAFLD)-related diseases: Results from the NHANES and
Mendelian randomization (MR) study, Preprint,
Research Square.

Supplementary Material

Supplementary material(s) is available here [To read
supplementary materials, please refer to the journal
website and open PDF/HTML].

Footnotes

Authors' Contribution: X. Y.: Conceptualization, data
analysis, and methodology; W. H. W.: Methodology,
validation, and writing-original draft; X. Y. W.: Software,
methodology, and writing-original draft; H. L. L, X. M. Y,
and S. L. L: Supervision, conceptualization, and writing-
review and editing. Each author contributed important
intellectual content during manuscript drafting or
revision. All authors accept accountability for the overall
work.

Conflict of Interests Statement: The authors declare
no conflicts of interest.

Data Availability: Data used for this study are
available on the following websites: NHANES , FinnGen ,
and genome-wide association study (GWAS) summary
statistics for dental caries and periodontitis.

Ethical Approval: NHANES is conducted by the
Centers for Disease Control and Prevention (CDC) and
the National Center for Health Statistics (NCHS), and
received approval from the NCHS Research Ethics
Review Committee.

Funding/Support: The present research received no
funding/support.

Informed Consent: Written informed consent was
obtained from the participants.

References

1. Curtis MA, Diaz PI, Van Dyke TE. The role of the microbiota in
periodontal disease. Periodontol 2000. 2020;83(1):14-25. [PubMed ID:
32385883]. https://doi.org/10.1111/prd.12296.

2. Eke PI, Dye BA, Wei L, Thornton-Evans GO, Genco R], Cdc Periodontal

Disease Surveillance workgroup: James Beck GDRP. Prevalence of
periodontitis in adults in the United States: 2009 and 2010. ] Dent Res.
2012;91(10):914-20. [PubMed ID: 22935673].
https://doi.org/10.1177/0022034512457373.

3. Genco R, Sanz M. Clinical and public health implications of

periodontal and systemic diseases: An overview. Periodontol 2000.
2020;83(1):7-13. [PUbMed ID: 32385880].
https://doi.org/10.1111/prd.12344.


https://brieflands.com/journals/hepatmon/articles/166415
https://www.researchsquare.com/article/rs-3966322/v1
https://www.researchsquare.com/article/rs-3966322/v1
https://www.researchsquare.com/article/rs-3966322/v1
https://www.researchsquare.com/article/rs-3966322/v1
https://www.researchsquare.com/article/rs-3966322/v1
https://www.researchsquare.com/article/rs-3966322/v1
https://www.researchsquare.com/article/rs-3966322/v1
https://www.researchsquare.com/article/rs-3966322/v1
https://www.researchsquare.com/article/rs-3966322/v1
https://www.researchsquare.com/article/rs-3966322/v1
https://www.researchsquare.com/article/rs-3966322/v1
https://www.researchsquare.com/article/rs-3966322/v1
https://www.researchsquare.com/article/rs-3966322/v1
https://www.researchsquare.com/article/rs-3966322/v1
https://hepatmon.brieflands.com/cdn/dl/9a7e2916-d7f1-11f0-bbb3-0f2673588e3a
https://www.cdc.gov/nchs/nhanes/index.htm
https://r9.finngen.fi/
https://data.bris.ac.uk/data/dataset/2j2rqgzedxlq02oqbb4vmycnc2
http://www.ncbi.nlm.nih.gov/pubmed/32385883
https://doi.org/10.1111/prd.12296
http://www.ncbi.nlm.nih.gov/pubmed/22935673
https://doi.org/10.1177/0022034512457373
http://www.ncbi.nlm.nih.gov/pubmed/32385880
https://doi.org/10.1111/prd.12344

Yang X et al.

Brieflands

10.

12.

13.

14.

15.

16.

17.

10

Furusho H, Miyauchi M, Hyogo H, Inubushi T, Ao M, Ouhara K, et al.
Dental infection of Porphyromonas gingivalis exacerbates high fat
diet-induced steatohepatitis in mice. | Gastroenterol. 2013;48(11):1259-
70. [PubMed ID: 23307045]. https://doi.org[10.1007/s00535-012-0738-1.

Arimatsu K, Yamada H, Miyazawa H, Minagawa T, Nakajima M, Ryder
MI, et al. Oral pathobiont induces systemic inflammation and
metabolic changes associated with alteration of gut microbiota. Sci
Rep. 2014;4:4828. [PubMed ID: 24797416]. [PubMed Central ID:
PMC4010932]. https://doi.org/10.1038/srep04828.

Wijarnpreecha K, Panjawatanan P, Cheungpasitporn W, Lukens FJ,
Harnois DM, Pungpapong S, et al. The Association between
Periodontitis and Nonalcoholic Fatty Liver Disease: A Systematic
Review and Meta-analysis. | Gastrointestin Liver Dis. 2020;29(2):211-7.
[PubMed ID: 32530988]. https://doi.org/10.15403/jgld-841.

Rinella ME, Neuschwander-Tetri BA, Siddiqui MS, Abdelmalek MF,
Caldwell S, Barb D, et al. AASLD Practice Guidance on the clinical
assessment and management of nonalcoholic fatty liver disease.
Hepatol. 2023;77(5):1797-835. [PubMed ID: 36727674]. [PubMed Central
ID: PMC10735173]. https://doi.org/10.1097/HEP.0000000000000323.

Hyysalo ], Mannisto VT, Zhou Y, Arola ], Karja V, Leivonen M, et al. A
population-based study on the prevalence of NASH using scores
validated against liver histology. | Hepatol. 2014;60(4):839-46.
[PubMed ID: 24333862]. https://doi.org/10.1016/j.jhep.2013.12.009.

Friedman SL, Neuschwander-Tetri BA, Rinella M, Sanyal AJ.
Mechanisms of NAFLD development and therapeutic strategies. Nat
Med. 2018;24(7):908-22. [PubMed ID: 29967350]. [PubMed Central ID:
PMC6553468]. https://doi.org/10.1038/s41591-018-0104-9.

Ekstedt M, Hagstrom H, Nasr P, Fredrikson M, Stal P, Kechagias S, et al.
Fibrosis stage is the strongest predictor for disease-specific mortality
in NAFLD after up to 33 years of follow-up. Hepatol. 2015;61(5):1547-54.
[PubMed ID: 25125077]. https:|/doi.org/10.1002/hep.27368.

Yoon JH, Lee JM, Joo I, Lee ES, Sohn JY, Jang SK, et al. Hepatic fibrosis:
prospective comparison of MR elastography and US shear-wave
elastography for evaluation. Radiol. 2014;273(3):772-82. [PubMed ID:
25007047]. https:|/doi.org[10.1148|radiol.14132000.

Novacek G, Plachetzky U, Potzi R, Lentner S, Slavicek R, Gangl A, et al.
Dental and periodontal disease in patients with cirrhosis-role of
etiology of liver disease. | Hepatol. 1995;22(5):576-82. [PubMed ID:
7650338]. https://doi.org/10.1016/0168-8278(95)80453-6.

Tomofuji T, Ekuni D, Sanbe T, Azuma T, Tamaki N, Irie K, et al. Effects of
improvement in periodontal inflammation by toothbrushing on
serum lipopolysaccharide concentration and liver injury in rats. Acta
Odontol  Scand.  2009;67(4):200-5. [PubMed ID: 19301160].
https://doi.org/10.1080/00016350902794818.

Tonetti MS, Greenwell H, Kornman KS. Staging and grading of
periodontitis: Framework and proposal of a new classification and
case definition. J Periodontol. 2018;89 Suppl 1:5159-72. [PubMed ID:
29926952]. https://doi.org/10.1002/JPER.18-0006.

Ruhl CE, Everhart JE. Fatty liver indices in the multiethnic United
States National Health and Nutrition Examination Survey. Aliment
Pharmacol  Ther. 2015;41(1):65-76. [PubMed ID: 25376360].
https://doi.org/10.1111/apt.13012.

Udompap P, Mannalithara A, Heo NY, Kim D, Kim WR. Increasing
prevalence of cirrhosis among U.S. adults aware or unaware of their
chronic hepatitis C virus infection. J Hepatol. 2016;64(5):1027-32.
[PubMed ID: 26809112]. [PubMed Central ID: PMC4926998].
https://doi.org/10.1016/j.jhep.2016.01.009.

Shungin D, Haworth S, Divaris K, Agler CS, Kamatani Y, Keun Lee M, et
al. Genome-wide analysis of dental caries and periodontitis
combining clinical and selfreported data. Nat Commun.
2019;10(1):2773. [PubMed ID: 31235808]. [PubMed Central ID:
PMC6591304]. https://doi.org/10.1038/s41467-019-10630-1.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

20.

30.

3L

Kurki MI, Karjalainen J, Palta P, Sipila TP, Kristiansson K, Donner KM,
et al. FinnGen provides genetic insights from a well-phenotyped
isolated population. Nature. 2023;613(7944):508-18. [PubMed ID:
36653562]. [PubMed Central ID: PMC9849126].
https://doi.org/10.1038/541586-022-05473-8.

Kamat MA, Blackshaw JA, Young R, Surendran P, Burgess S, Danesh J,
et al. PhenoScanner V2: an expanded tool for searching human
genotype-phenotype associations. Bioinformatics. 2019;35(22):4851-3.
[PubMed ID: 31233103]. [PubMed Central ID: PMC6853652].
https://doi.org/10.1093/bioinformatics/btz469.

Hemani G, Zheng |, Elsworth B, Wade KH, Haberland V, Baird D, et al.
The MR-Base platform supports systematic causal inference across
the human phenome. Elife. 2018;7. [PubMed ID: 29846171]. [PubMed
Central ID: PMC5976434]. https://doi.org[10.7554/eLife.34408.

Verbanck M, Chen CY, Neale B, Do R. Detection of widespread
horizontal pleiotropy in causal relationships inferred from
Mendelian randomization between complex traits and diseases. Nat
Genet. 2018;50(5):693-8. [PubMed ID: 29686387|. [PubMed Central ID:
PMC6083837]. https://doi.org/10.1038/s41588-018-0099-7.

Skrivankova VW, Richmond RC, Woolf BAR, Yarmolinsky ], Davies NM,
Swanson SA, et al. Strengthening the Reporting of Observational
Studies in Epidemiology Using Mendelian Randomization: The
STROBE-MR Statement. JAMA. 2021;326(16):1614-21. [PubMed ID:
34698778). https://doi.org[10.1001/jama.2021.18236.

Albuquerque-Souza E, Sahingur SE. Periodontitis, chronic liver
diseases, and the emerging oral-gutliver axis. Periodontol 2000.
2022;89(1):125-41. [PubMed ID: 35244954]. [PubMed Central ID:
PMC9314012]. https://doi.org[10.1111/prd.12427.

Kuraji R, Sekino S, Kapila Y, Numabe Y. Periodontal disease-related
nonalcoholic fatty liver disease and nonalcoholic steatohepatitis: An
emerging concept of oral-liver axis. Periodontol 2000. 2021;87(1):204-
40. [PubMed ID: 34463983]. [PubMed Central ID: PMC8456799].
https://doi.org[10.1111/prd.12387.

Hassanzadeh Rad A, Salehi S, Maleknejad S, Fakhre Yaseri A. The Latest
Evidence on the Association Between Vitamins and Non-alcoholic
Fatty Liver Disease in Childhood. | Compr Pediatr. 2023;14(1).
https://doi.org[10.5812/compreped-133596.

Shin HS. Association between periodontal status and non-alcoholic
fatty liver disease in a Korean adult population: A nationwide cross-
sectional study. ] Periodontol. 2020;91(4):524-32. [PubMed ID:
31484207). https://doi.org[10.1002/JPER.19-0291.

Kuraji R, Ye C, Zhao C, Gao L, Martinez A, Miyashita Y, et al. Nisin
lantibiotic prevents NAFLD liver steatosis and mitochondrial
oxidative stress following periodontal disease by abrogating oral,
gut and liver dysbiosis. NPJ Biofilms Microbiomes. 2024;10(1):3.
[PubMed ID: 38233485]. [PubMed Central ID: PMC10794237].
https://doi.org[10.1038/s41522-024-00476-X.

Xu F, Tang J. Is There An Association Between Periodontitis And Non-
Alcoholic Fatty Liver Disease? A Systematic Review and Meta-Analysis.
Community Dent Health. 2023;40(1):47-52. [PubMed ID: 36696480].
https://doi.org[10.1922/CDH_00180Xu06.

Tan L, He Y, Wang T, Gao X, Fan W, Fan B. A Mendelian randomization
study between chronic periodontitis and non-alcoholic fatty liver
disease. | Periodontal Res. 2024;59(2):346-54. [PubMed ID: 38102730].
https://doi.org[10.1111/jre.13218.

Qiao F, Li X, Liu Y, Zhang S, Liu D, Li C. Periodontitis and NAFLD-
related diseases: A  bidirectional two-sample Mendelian
randomization study. Oral Dis. 2024;30(5):3452-61. [PubMed ID:
37877540]. https:[/doi.org/10.1111/0di.14785.

Vasques AMV, da Silva ACR, Bueno CRE, Cury MTS, Ervolino E, Cintra
LTA, et al. Inflammatory profile of apical periodontitis exacerbated
by cigarette smoke inhalation: Histological and
immunohistochemical analysis in rats. Int Endod J. 2023;56(4):465-74.
[PubMed ID: 36585248]. https://doi.org/10.1111/iej.13883.

Hepat Mon. 2025; 25(1): e166415


https://brieflands.com/journals/hepatmon/articles/166415
http://www.ncbi.nlm.nih.gov/pubmed/23307045
https://doi.org/10.1007/s00535-012-0738-1
http://www.ncbi.nlm.nih.gov/pubmed/24797416
https://www.ncbi.nlm.nih.gov/pmc/PMC4010932
https://doi.org/10.1038/srep04828
http://www.ncbi.nlm.nih.gov/pubmed/32530988
https://doi.org/10.15403/jgld-841
http://www.ncbi.nlm.nih.gov/pubmed/36727674
https://www.ncbi.nlm.nih.gov/pmc/PMC10735173
https://doi.org/10.1097/HEP.0000000000000323
http://www.ncbi.nlm.nih.gov/pubmed/24333862
https://doi.org/10.1016/j.jhep.2013.12.009
http://www.ncbi.nlm.nih.gov/pubmed/29967350
https://www.ncbi.nlm.nih.gov/pmc/PMC6553468
https://doi.org/10.1038/s41591-018-0104-9
http://www.ncbi.nlm.nih.gov/pubmed/25125077
https://doi.org/10.1002/hep.27368
http://www.ncbi.nlm.nih.gov/pubmed/25007047
https://doi.org/10.1148/radiol.14132000
http://www.ncbi.nlm.nih.gov/pubmed/7650338
https://doi.org/10.1016/0168-8278(95)80453-6
http://www.ncbi.nlm.nih.gov/pubmed/19301160
https://doi.org/10.1080/00016350902794818
http://www.ncbi.nlm.nih.gov/pubmed/29926952
https://doi.org/10.1002/JPER.18-0006
http://www.ncbi.nlm.nih.gov/pubmed/25376360
https://doi.org/10.1111/apt.13012
http://www.ncbi.nlm.nih.gov/pubmed/26809112
https://www.ncbi.nlm.nih.gov/pmc/PMC4926998
https://doi.org/10.1016/j.jhep.2016.01.009
http://www.ncbi.nlm.nih.gov/pubmed/31235808
https://www.ncbi.nlm.nih.gov/pmc/PMC6591304
https://doi.org/10.1038/s41467-019-10630-1
http://www.ncbi.nlm.nih.gov/pubmed/36653562
https://www.ncbi.nlm.nih.gov/pmc/PMC9849126
https://doi.org/10.1038/s41586-022-05473-8
http://www.ncbi.nlm.nih.gov/pubmed/31233103
https://www.ncbi.nlm.nih.gov/pmc/PMC6853652
https://doi.org/10.1093/bioinformatics/btz469
http://www.ncbi.nlm.nih.gov/pubmed/29846171
https://www.ncbi.nlm.nih.gov/pmc/PMC5976434
https://doi.org/10.7554/eLife.34408
http://www.ncbi.nlm.nih.gov/pubmed/29686387
https://www.ncbi.nlm.nih.gov/pmc/PMC6083837
https://doi.org/10.1038/s41588-018-0099-7
http://www.ncbi.nlm.nih.gov/pubmed/34698778
https://doi.org/10.1001/jama.2021.18236
http://www.ncbi.nlm.nih.gov/pubmed/35244954
https://www.ncbi.nlm.nih.gov/pmc/PMC9314012
https://doi.org/10.1111/prd.12427
http://www.ncbi.nlm.nih.gov/pubmed/34463983
https://www.ncbi.nlm.nih.gov/pmc/PMC8456799
https://doi.org/10.1111/prd.12387
https://doi.org/10.5812/compreped-133596
http://www.ncbi.nlm.nih.gov/pubmed/31484207
https://doi.org/10.1002/JPER.19-0291
http://www.ncbi.nlm.nih.gov/pubmed/38233485
https://www.ncbi.nlm.nih.gov/pmc/PMC10794237
https://doi.org/10.1038/s41522-024-00476-x
http://www.ncbi.nlm.nih.gov/pubmed/36696480
https://doi.org/10.1922/CDH_00180Xu06
http://www.ncbi.nlm.nih.gov/pubmed/38102730
https://doi.org/10.1111/jre.13218
http://www.ncbi.nlm.nih.gov/pubmed/37877540
https://doi.org/10.1111/odi.14785
http://www.ncbi.nlm.nih.gov/pubmed/36585248
https://doi.org/10.1111/iej.13883

Yang X et al.

Brieflands

32.

33.

34.

35.

Yuan S, Chen J, Li X, Fan R, Arsenault B, Gill D, et al. Lifestyle and
metabolic factors for nonalcoholic fatty liver disease: Mendelian
randomization study. Eur | Epidemiol. 2022;37(7):723-33. [PubMed ID:
35488966]. [PubMed Central ID: PM(C9329390].
https://doi.org[10.1007/s10654-022-00868-3.

Mirzaei M, Rahmaninia F, Mohebbi H, Ebrahimi M. Comparison of
the Effect of 8- and 12-Week Aerobic Exercise with Calorie Restriction
on the Bax and Bcl-2 Expression in Rats with Non-alcoholic Fatty Liver
Disease. Annal Milit Health Sci Res. 2023;21(2).
https://doi.org[10.5812[amh-139428.

Avazpour A, Bahramnejad M, Hassani AH, Matin S, Moatamedi M.
Non-alcoholic Fatty Liver Disease in Overweight and Obese Children;
Can Ultrasonography Substitute Laboratory Studies? A Case-Control
Study. Iran ] Pediat. 2024;34(5). https:||/doi.org[10.5812/ijp-148096.

Kardesler L, Buduneli N, Cetinkalp S, Kinane DE. Adipokines and
inflammatory mediators after initial periodontal treatment in

Hepat Mon. 2025; 25(1): e166415

36.

37.

patients with type 2 diabetes and chronic periodontitis. | Periodontol.
2010;81(1):24-33. [PubMed ID: 20059414].
https://doi.org/10.1902/jop.2009.090267.

Nakajima M, Arimatsu K, Kato T, Matsuda Y, Minagawa T, Takahashi N,
et al. Oral Administration of P. gingivalis Induces Dysbiosis of Gut
Microbiota and Impaired Barrier Function Leading to Dissemination
of Enterobacteria to the Liver. PLoS One. 2015;10(7). e0134234.
[PubMed ID: 26218067]. [PubMed Central ID: PMC4517782].
https://doi.org[10.1371/journal.pone.0134234.

Kamada Y, Nakamura T, Funahashi T, Ryo M, Nishizawa H, Okauchi Y,
et al. Visceral obesity and hypoadiponectinemia are significant
determinants of hepatic dysfunction: An epidemiologic study of
3827 Japanese subjects. | Clin Gastroenterol. 2009;43(10):995-1000.
[PubMed ID: 19407661].
https://doi.org/10.1097/MCG.0b013e3181962de8.

11


https://brieflands.com/journals/hepatmon/articles/166415
http://www.ncbi.nlm.nih.gov/pubmed/35488966
https://www.ncbi.nlm.nih.gov/pmc/PMC9329390
https://doi.org/10.1007/s10654-022-00868-3
https://doi.org/10.5812/amh-139428
https://doi.org/10.5812/ijp-148096
http://www.ncbi.nlm.nih.gov/pubmed/20059414
https://doi.org/10.1902/jop.2009.090267
http://www.ncbi.nlm.nih.gov/pubmed/20059414
https://doi.org/10.1902/jop.2009.090267
http://www.ncbi.nlm.nih.gov/pubmed/26218067
https://www.ncbi.nlm.nih.gov/pmc/PMC4517782
https://doi.org/10.1371/journal.pone.0134234
http://www.ncbi.nlm.nih.gov/pubmed/19407661
https://doi.org/10.1097/MCG.0b013e3181962de8

