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Background: Studies have reported varying relationships between periodontitis and non-alcoholic fatty liver disease (NAFLD). This re-
view aimed to summarise evidence by pooling published data on the association between periodontitis and NAFLD. Methods: PubMed,
CENTRAL, Web of Science, and Embase databases were searched for cross-sectional, case-control, or cohort studies published up to 20th
June 2022. The PICO statement was: In the general Population does the presence of periodontitis (/ntervention) as compared to no peri-
odontitis (Comparison) lead to NAFLD (Outcome). All included studies were to report the association between periodontitis and NAFLD
using odds ratios (OR) or risk ratios with 95% confidence intervals (CI). Random effects meta-analysis was conducted to obtain pooled
OR with 95% CI. Results: Meta-analysis of seven studies with data of 192,815 participants found no association between periodontitis and
NAFLD (OR: 1.04 95% CI: 0.97, 1.12). There was medium heterogeneity in the meta-analysis (’=58%). The results did not change with
the exclusion of any study. A small risk of NAFLD was noted in periodontitis patients on analysis of two cohort studies. Results were
non-significant for other study types. Subgroup analysis based on the study population and diagnostic method for NAFLD also failed to

find relationships. Conclusion: Current evidence fails to demonstrate a link between periodontitis and NAFLD.
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Introduction

Periodontitis is a common chronic multifactorial inflamma-
tory disease that leads to the destruction of tooth-supporting
connective tissue and alveolar bone (Knight and Murray
Thomson, 2018). In recent years, there has been intense
debate on the role of oral, and especially periodontal
diseases as a cause of systemic illness (Somma et al.,
2010), with research showing that periodontitis may be
a risk factor for cardiac, respiratory, and renal disorders
(Imai et al., 2021; Park et al., 2022; Pizzo et al., 2010).

Non-alcoholic fatty liver disease (NAFLD) is a com-
mon condition with fat deposits in the liver not attributable
to alcohol consumption or other causes (Powell et al.,
2021). NAFLD is closely linked to metabolic syndrome
including diabetes, hypertension, and obesity with which
it shares a bidirectional relationship. A common patho-
physiological pathway consisting of oxidative stress and
the chronic inflammatory response has been implicated in
both disorders (Huang et al., 2020). Since periodontitis
also generates a chronic inflammatory response, research
has likened it with NAFLD. Animal studies have shown
that periodontitis in rat models was associated with liver
steatosis, inflammation and sinusoidal fibrosis (Tomofuji
et al., 2007). Human studies have also demonstrated a
positive association between periodontitis and NAFLD
associated with periodontal pathogens, inflammatory
mediators, and oxidative stress (Iwasaki et al., 2018;
Shin et al., 2022).
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The capability of periodontal infections to cause sys-
temic diseases may stem from superficial ulceration in
the gingival sulcus allowing pathogenic bacteria or their
toxins translocate into the systemic circulation (D’Aiuto
et al., 2004; Forner et al., 2006; Tomas et al., 2012). Por-
phyromonas gingivalis (P. gingivalis), a major causative
agent for periodontitis, is found in higher proportions
in patients with NAFLD as compared to controls, sug-
gesting its role in the development of NAFLD (Yoneda
et al., 2012). Translocation of periodontopathogens can
also occur into the gut via swallowing, causing changes
in the gut microbiota. Alteration of oral flora (as seen in
periodontitis) can modify the intestinal microbiota thereby
increasing the risk of NAFLD (Wang et al., 2022). P
gingivalis has been implicated in the alteration of gut
microbiota and progression of NAFLD via disruption of
several metabolic pathways. Infections with P. gingivalis
can increase fat deposition, inflammation, and insulin
resistance through immune cell-derived inflammatory
reactions and different intracellular signaling pathways
(Hatasa et al., 2021; Wang et al., 2022).

Considering these pathophysiological mechanisms, it
is suggested that patients with periodontitis may have a
heightened risk of NAFLD and timely and aggressive
therapy may aid in the prevention of the condition (Shin
et al., 2022). However, results from clinical studies have
been inconsistent and it is unclear if there is a causal
relationship between the two entities. Wijarnpreecha et
al. (2020) published a meta-analysis on this topic, but



their review included only five studies with only 27,703
participants. Their review found no association periodontitis
and NAFLD, however, subsequent primary studies have
shown contradictory results (Duseja ef al., 2021; Shin et
al., 2022). Considering such conflicting evidence, we aimed
to combine data from all published studies to determine if
periodontitis leads to increased risk of NAFLD.

Methods

The review began with prior registration on PROSPERO
(CRD42022340272). A detailed literature search was con-
ducted on the PubMed, CENTRAL, Web of Science, and
Embase databases for studies published from the inception
of the databases up to 20" June 2022 and examined the
association between periodontitis and NAFLD. The search
was restricted to English language publications only but
without any limitation on the date of publication. Gray
literature was searched using Google Scholar. The PICO
statement was: In the general Population does the pres-
ence of periodontitis (/ntervention) as compared to no
periodontitis (Comparison) lead to NAFLD (Qutcome).

Studies eligible for the review were either cross-
sectional, case-control, or cohort studies. Cohort stud-
ies were to follow up a group of individuals with and
without periodontitis and examine the risk of incidental
NAFLD. Case-control studies were to compare a group
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Figure 1. Study flow chart.
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of NAFLD with healthy individuals and explore the
history of periodontitis in each group. Cross-sectional
studies were to examine the simultaneous presence of
periodontitis and NAFLD in the study participants. All
studies were to report the association between periodon-
titis and NAFLD using odds or risk ratios with 95%
confidence intervals (CI).

We excluded studies using the same databases in
separate articles. In such cases, the study presenting the
most compressive data were selected for inclusion. Stud-
ies not exclusively on NAFLD and including other liver
pathologies were excluded. Review articles, case reports,
and editorials were also not considered. The PRISMA
statement guidelines were followed (Page et al., 2021).

A mix of free-text and MeSH search terms was incor-
porated for the search including: “NAFLD”, “non-alco-
holic fatty liver disease”, “steatohepatitis”; “fatty liver”,
“periodontitis”; and “periodontal disease”. The search
string used was ((((non-alcoholic fatty liver disease) OR
(NAFLD)) OR (steatohepatitis)) OR (fatty liver)) AND
(periodontal disease OR periodontitis). The search results
were deduplicated and scrutinised based on the eligibility
criteria independently by both authors, first using titles
and abstracts and then the full-texts. Articles completing
all eligibility criteria were included. Any disagreements
were solved by consensus. The references of included
studies were cross-checked for additional articles.

Records removed before
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Duplicate records removed
(n = 352)

Records excluded due to non-

— > relevance

(n=181)
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Reports excluded:
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Data on the study authors, year of publication, study
location and database, study type, sample size, mean age,
diagnosis of periodontitis and NAFLD, factors adjusted
for the results, and outcome ratios were extracted by two
reviewers independently.

The Newcastle Ottawa Scale (NOS)(Wells et al., 2021)
was used to score the risk of bias in the observational
studies on three domains: selection of study population,
comparability, and assessment of outcomes/exposure.
These domains were given maximum of four, two and
three stars respectively, according to the preformatted
questions (total score range = 0-9). Studies with nine
points were considered to have a low risk, seven to eight
points moderate risk and those with scores of six and
below a high risk of bias.

“Review Manager” (RevMan, version 5.3; Nordic
Cochrane Centre (Cochrane Collaboration), Copenhagen,
Denmark; 2014) was used for meta-analysis. Effect sizes
were extracted from all the included studies and pooled
to generate the total results as odds ratio (OR) with 95%
CI in random-effects models. Inter-study heterogeneity
was assessed using I2. I’=25-50% meant low, 50-75%
meant medium, and more than 75% meant substantial
heterogeneity. Funnel plots were used to detect publica-
tion bias. A leave-one-out analysis was performed to
check for any change in the results on the exclusion of
any study. Subgroup analyses was also performed based
on study location (Asian or Western), study type (cohort
or cross-sectional), and diagnostic modality of NAFLD
(ultrasonography or other markers).

Results

In total, 544 sources were identified and retrieved, of
which 352 were duplicates (Figure 2). Eleven were eli-
gible for full-text review, four of which were excluded,
leaving seven (Akinkugbe et al., 2017, 2018; Alazawi
et al., 2017; Duseja et al., 2021; Iwasaki et al., 2018;
Shin, 2020; Shin et al., 2022) included in the review.
The studies were published between 2017 and 2022
(Table 1). They were conducted in the USA, Germany,
Japan, South Korea or India. Two were retrospective
cohort studies (Akinkugbe et al., 2017; Shin et al., 2022),
one was a case-control study (Duseja et al., 2021) and
the remaining were cross-sectional. Sample sizes ranged
from 80 to 165,032 participants. Except for one study
(Shin et al., 2022) that used International Classification
of Diseases (ICD) codes, all other studies diagnosed
periodontitis based on clinical attachment levels or

pocket depths. Three studies (Akinkugbe et al., 2017,
2018; Alazawi et al., 2017) reported outcomes based on
both diagnostic criteria of periodontitis: clinical attach-
ment levels and pocket depth. To maintain homogeneity
between studies, pocket depth data were used for the
meta-analysis. The diagnosis of NAFLD was based on
either ultrasonographic findings, liver enzyme analysis,
or fatty liver index. One study (Shin et al., 2022) did not
report the exact diagnostic criteria as NAFLD patients
were recognized from the database using ICD codes.
Different confounders were adjusted for (Table 1).

Including all seven studies with data of 192,815 par-
ticipants our meta-analysis found no association between
periodontitis and NAFLD (OR: 1.04, 95% CI: 0.97,
1.12) (Figure 2). There was medium heterogeneity in
the meta-analysis with 1>=58%. The funnel plot did not
indicate any publication bias (data available on request).
On leave-one-out analysis, no change was noticed in the
significance of results on the exclusion of any study.

Table 2 summarises the results of subgroup analyses.
There was no association between periodontitis and
NAFLD in studies from different regions. Meta-analysis
of two cohort studies found a small increase in risk of
NAFLD in patients with periodontitis, which was absent
in cross-sectional and the lone case-control study. Nor did
the diagnostic modality of NAFLD impact the results.
Likewise, no differences were found between studies
using ultrasonography for NAFLD diagnosis and studies
using other markers.

Six studies had moderate risk of bias with NOS scores
of 8 (Table 3). The report for Duseja et al. (2021) was
considered to have high risk of bias.

Discussion

Hitherto, the link between periodontitis and NAFLD
has been based on the role of periodontal pathogens,
systemic inflammation and oxidative stress (Iwasaki et
al., 2018; Shin et al., 2022). The periodontal pathogen
P gingivalis may also be a factor in the pathology of
NAFLD by either translocation via the bloodstream or
gut (Yoneda et al., 2012). Considering the potential links
between periodontitis and NAFLD, prevention as well
as adequate treatment of periodontitis has been proposed
to reduce the risk of NAFLD in the general population
(Iwasaki et al., 2018; Shin et al., 2022). However, one
must be careful of such conclusions from singular studies
as these may not denote causal relationships but could
be confounded by other variables. Meta-analysis collates

Odds Ratio Odds Ratio

Study or Subgroup log[Odds Ratio] SE Weight 1V, Random, 95% Cl Year 1V, Random, 95% CI
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Figure 2. Meta-analysis of relationship between periodontitis and
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NAFLD.
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Table 1. Details of included studies.

Diagnosis of

Study Location Study type Sample size periodontitis Diagnosis of NAFLD Mean age Adjusted factors
Shin 2022 South RC 165,032 ICD codes ICD codes NR Age, gender, household income,
Korea smoking, alcohol, physical

activity, diabetes, hypertension,
obesity, hypercholesterolemia,
and ischemic heart disease

Duseja 2021  India CC 80 Presence of  Ultrasound findings 36 NR
either CAL  of hepatic steatosis
or PD > with at least 1.5
4 mm and times increased
bleeding on levels of liver
probing enzymes
Shin 2019 South CS 4061 PD > 3.5 mm FLI score of >60% NR Age, income, education,
Korea and HSI >36% smoking, alcohol,

physical activity, diabetes,
obesity, hypertension and

hypercholesterolemia
Iwasaki Japan CS 1226 PD >4 mm Ultrasound findings 50 Gender, age, BMI, present
2018 of hepatic steatosis teeth, HbA1C, total cholesterol,
without secondary triglyceride, HDL, LDL, SBP,
causes of hepatic fat DBP and CRP
accumulation
Akinkugbe USA CS 11914 Presence of FLI score of > 60% 40.4 Age, gender, obesity, smoking,
2018 either CAL > diabetes, physical activity,
3 mm or PD education and acculturation
>4 mm
Alazawi USA CS 8172 Presence of  Ultrasound findings NR Gender, age, ethnicity, poverty
2017 either CAL > of hepatic steatosis income ratio, education, diet,
3 mm or PD  without secondary smoking,
>4 mm  causes of hepatic fat diabetes, hypertension,
accumulation cholesterol and BMI
Akinkugbe = Germany RC 2330 Presence of  Ultrasound findings 46 Age, waist circumference, BMI,
2017 either CAL > of hepatic steatosis alcohol, education, smoking,
3 mm or PD  without secondary diabetes and physical activity
>4 mm causes of hepatic

fat accumulation or

elevated serum ALT

without other causes
of liver injury.

BMI, body mass index; CAL, clinical attachment level; CRP, C-reactive protein; CC, case-control; CS, cross-sectional; DBP,
diastolic blood pressure; FLI, fatty liver index; HbA1C, hemoglobin A1C; HDL, high-density lipoprotein; HIS, hepatic steatosis
index; ICD, international classification of diseases; LDL, low-density Lipoprotein; NAFLD, non-alcoholic fatty liver disease;
NHANES, United States National Health and Nutrition Examination Survey; PD, probe pocket depth; RD, retrospective cohort;
SBP, systolic blood pressure

Table 2. Subgroup analyses.

Variable Groups No. studies Odds ratio (95% CI)
Location Asian 4 1.31 (0.85, 2.0)
Western 3 0.99 (0.95, 1.04)
Study type Cohort 2 1.04 (1.01, 1.07)
Cross-sectional 4 1.15 (0.95, 1.38)
Case-control 1 1.54 (0.16, 1.82)

Diagnosis of NAFLD Ultrasonography 4 1.15 (0.77, 1.71)
Other markers 3 1.06 (0.95, 1.18)
data from multiple sources to obtain the best possible with periodontitis do not appear to have greater risk of

estimate of a relationship. We pooled data from seven NAFLD. The validity of our results is supported by no
published studies including 192,815 participants and study having a disproportionate effect on the outcomes
found no association between the two diseases. People in leave-one-out analysis. Furthermore, there was no
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Table 3. Risk of bias analysis.

Assessment of outcome/

Study Selection Comparability exposure Total score
Shin 2022 ek *k ok 3
Duseja 2021 ko R o 6
Shin 2019 ke ks *k ok 3
Iwasaki 2018 ok *% *% 8
Akinkugbe 2018 ok ok *% 3
Alazawi 2017 ket o . 8
Akinkugbe 2017 ok ok *% 3

evidence of any publication bias. Wijarnpreecha et al.
(2020) also compiled data on the link between the two
diseases but with only five studies including only 27,703
participants. Our results reinforce the conclusions of
that meta-analysis, but with significantly greater analytic
power. Furthermore, our multiple subgroup analyses were
missing in the previous study.

One important aspect is that to consider is the total
effect size of the results which was 1.04 with the lower
end of the 95% CI close to 1. Furthermore, the OR derived
in most of the studies was towards a positive association
between the two diseases. Thus, the risk of type-2 error
cannot be ruled out. Considering the study designs and
limitations of individual studies in the diagnosis of both
periodontitis and NAFLD, it is plausible that a relationship
between the two diseases could not be revealed. However,
based on current available data wherein the meta-analysis
failed to reveal an association and the subgroup analyses,
all of which were non-significant, it is plausible that
there is a spurious correlation between periodontitis and
NAFLD or that there is residual confounding. Few of the
included studies found an association between the two
diseases. Furthermore, the effect size of these studies was
small, which could influence the overall significance of
the results of this meta-analysis.

The prevalence and severity of NAFLD are influenced
by ethnicity (Rich et al., 2018). However, on separating
studies based on the study population, no association
between periodontitis and NAFLD could again be found.
Study design is also an important factor when assessing
the results. In cohort studies, the exposure is identified
before the outcome and this temporality adds weight to
causal inference. Subgroup analysis of cohort studies
showed a 4% greater risk of NAFLD with periodontitis.
Considering that there were just two cohort studies in the
analysis, the results should be interpreted with caution.
Furthermore, the clinical relevance of such a small risk
is also questionable. Lastly, studies were also segregated
based on the diagnostic criteria of NAFLD. Liver biopsy
is the gold standard for diagnosing NAFLD and other
approaches can over- or underestimate the prevalence of
NAFLD (Huang et al., 2020). No relationship between
the two diseases could be found whether or not NAFLD
was diagnosed with ultrasonography.

There are limitations to our review that need to be
considered. Despite a thorough literature search, the

number of included studies was not high. The search
was limited to English language studies only. While no
non-English language studies were found in any data-
base, the literature search cannot be considered complete
without a detailed search of language-specific databases.
The moderate inter-study heterogeneity could be due to
differences in study designs, study populations, and the
diagnostic criteria of periodontitis and NAFLD. The
variations in diagnostic criteria for periodontal and liver
diseases could have masked any relationships, although
the sub-analysis by diagnosis of NAFLD does not support
this concern. Finally, whilst the source studies adjusted
for several confounders, inconsistency in the selection
of confounders and residual founding could have led to
over-estimates of the relationship between periodontal
and liver diseases.

These data have clinical implications. As the data
do not support a relationship, no recommendation can
be made to screen for periodontitis to prevent NAFLD.
However, irrespective of any relationship between peri-
odontitis and NAFLD, periodontitis should be managed
in its own right. Further high-quality research should
investigate the link between periodontitis and NAFLD
in large prospective studies using standard diagnostic
criteria for both conditions, taking into account multiple
confounding factors.

In conclusion, this meta-analysis found no association
between periodontitis and NAFLD. The higher risk of
NAFLD noted in prior studies could be due to confound-
ing and does not appear to represent a causal relationship.
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