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Periodontal Treatment and Usual Care for Nonalcoholic
Fatty Liver Disease: A Multicenter, Randomized
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INTRODUCTION: Periodontal disease is associated with nonalcoholic fatty liver disease (NAFLD). We evaluated
periodontal treatment efficacy in patients with NAFLD and periodontal disease.

METHODS: This multicenter, 2-arm, randomized study recruited adult patients with NAFLD and periodontitis, alanine
aminotransferase levels 240 U/L, and equivalent steatosis grade >1. Forty eligible patients (18 men and 22
women) were randomly assigned to 2 groups (scaling and root planning [SRP; n = 20] and tooth brushing
[n = 201 groups) stratified by age and sex. The primary and secondary endpoints were changes in alanine
aminotransferase levels and serum Porphyromonas gingivalis 1gG antibody titers from baseline to 12
weeks, respectively. Efficacy analysis was performed using an intention-to-treat approach (ttest). This
trial was registered with the University Hospital Medical Information Network Clinical Trials Registry
(UMIN0O00022079).

RESULTS: We observed a significantly higher decrease in absolute alanine aminotransferase levels and P. gingivalis
IgG antibody titers in the SRP group than in the tooth brushing group (—12 vs 1 U/L; mean difference [3],
—12; 95% confidence interval [CI], —20 to —5; P = 0.002). The decrease in P. gingivalis 1gG antibody
titer was significantly higher in the SRP group than in the tooth brushing group (FDC381, —1.6 [2.5];
8, —1.6;95%Cl, —2.7 to —0.4; P=0.0092; SU63, —1.7[2.0]; 8, —1.7; 95% CIl, —2.7 to —0.7). No
life-threatening events or treatment-related deaths occurred.

DISCUSSION: Periodontal treatment induced significant short-term and mid-term reductions in liver enzyme levels
and antibody titers. Further research is warranted to clearly define SRP efficacy and tolerability in
patients with NAFLD and periodontitis.

SUPPLEMENTARY MATERIAL accompanies this paper at http://links.lww.com/CTG/A861, http://links.lww.com/CTG/A862, http://links.lww.com/CTG/A863,
http://links.lww.com/CTG/A864, http://links.lww.com/CTG/A865, http://links.lww.com/CTG/A866
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INTRODUCTION nonalcoholic steatohepatitis (NASH). NASH plays a role in in-
Fatty liver disease in people who consume limited or no alcohol  creasing the global prevalence of chronic liver disease and is asso-
(=30 and =20 g/d of ethanol in men and women, respectively) is  ciated with an increased incidence of hepatocellular carcinoma and
defined as nonalcoholic fatty liver disease (NAFLD) and includes  liver-related mortality (1). In addition, NASH progresses to cirrhosis
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in 15%-20% of cases and is a rapidly growing indication for liver
transplantation. NAFLD is a pandemic with an estimated prevalence
0f 24%, and cases of the resultant liver cirrhosis and liver malignancy
have been rapidly proliferating in recent years (2). NASH is fre-
quently associated with a remarkable increase in serum alanine
aminotransferase (ALT) levels, small intestinal bacterial overgrowth,
and impaired quality of life (3-5). However, the treatment response
is low in stereotypical trials for NASH; therefore, more treatment
options to prevent fatty liver disease advancement are needed.

Periodontitis is an infectious disease of the gingiva and peri-
odontal tissues and induces tooth loss due to periodontal appa-
ratus destruction. The prevalence of periodontitis is >47% in
adults in the United States (6). More than 700 bacterial species or
strains have been detected in the oral cavity (7). Some species such
as Porphyromonas gingivalis, Treponema denticola, Tannerella
forsythia, Prevotella intermedia, and Aggregatibacter actino-
mycetemcomitans are involved in periodontitis progression (8,9).
Among them, P. gingivalis—a Gram-negative anaerobic
bacterium—exerts a predominant influence in periodontal dis-
ease progression and bone and tissue destruction (10,11). The
lipopolysaccharide (LPS) cell wall integrant of P. gingivalis is a
pathogenic factor that causes a wide range of host responses,
including the production of proinflammatory cytokines, anti-
inflammatory cytokines, and chemokines (12). These cytokines
and inflammatory mediators are important in periodontitis
progression because host immune and inflammatory responses
trigger periodontal tissue destruction under the influence of
multiple behavioral, environmental, and genetic factors (13).

In recent years, several researchers have reported a relation-
ship between NAFLD and periodontal disease (14,15). Yoneda

etal. (16) reported a significantly higher detection frequency of P.
gingivalis in the saliva of patients with NAFLD and NASH than in
control participants. Furthermore, they found that a 3-month
nonsurgical periodontal treatment (tooth brushing instructions,
scaling and root planing [SRP], and minocycline hydrochloride
application) in 10 patients with NAFLD improved liver function
parameters such as serum levels of aspartate aminotransferase
(AST) and ALT. Therefore, infection with periodontal pathogens,
primarily P. gingivalis, may be associated with fibrosis severity in
patients with NAFLD. The prevention or elimination of P. gin-
givalis infection using periodontal treatment has a beneficial ef-
fect on the management of NAFLD.

Consequently, we aimed to evaluate the efficacy of periodontal
treatment in NAFLD patients with periodontal disease. We hy-
pothesized that periodontal treatment of oral infections, in-
cluding P. gingivalis infection, in these patients would normalize
the levels of NAFLD-related clinical markers (see Supplementary
Figure 1, Supplementary Digital Content 5, http://links.Ilww.com/
CTG/A865, which outlines the study hypothesis of periodontal
treatment for patients with NAFLD by periodontal endotoxin
suppression; and see Supplementary Figure 2, Supplementary
Digital Content 6, http://links.lww.com/CTG/A866, which shows
the relative hepatic fat mass decrease and hepatic fibrosis im-
provement assessed by magnetic resonance imaging-proton
density fat fractionation).

METHODS

Study design and patients

The periodontal treatment in NAFLD trial, also known as the
PERION trial, was designed as a prospective, multicenter, 2-arm,
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Figure 1. Of 164 patients, 40 met the inclusion criteria and were randomly assigned to the test group (n = 20) and to the control group (n = 20). The patients

were then followed up to 12 and 60 weeks.
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Table 1. Baseline characteristics of the study population

Demographics

Periodontal Treatment and Usual Care

Table 1. (continued)

Liver function

Male, n (%) 8 (40) 10 (50)
Type 2 diabetes, 5 (25) 9 (45)
n (%)
Hypertension, 6 (30) 10 (50)
n (%)

Cardiovascular 1(5) 1(5)

disease, n (%)

Concomitant drug use

DPP4-inhibitor, 3(15) 4 (20)
n (%)
Sulfonylurea, 2(10) 2(10)
n (%) -
Antihypertensive, 5 (25) 9 (45)
n (%)

Laxatives of regular 0(0) 0(0)

use, n (%)

CAP by VCTE 313 =58 322 £ 62

(dB/m)

Liver fat content by 13975 11.8+55

MRI-PDFF (%)

Blood endotoxin levels

Metabolic factors

BMI (kg/m?) 282+ 43 293 +52

Insulin (wU/mL) 1.8-12.2 19 + 22 25+29
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AST (U/L) - 1330 38=x21 36 =11

GGT (U/L)

13-64 117 = 213 63 *= 49

T.Bil (mg/dL) 03-1.2 0.7+02 08=0.3

Tcho (mg/dL) 150219  210x53 182 + 42

HDL-C (mg/dL) - 409  49=x23 2311

Inflammation marker

Ferritin (ng/mL) 25-280 265 * 168 220 = 186

TNF-a (pg/mL) 0.8-1.7 7.7+58 93x78

Fibrosis marker

WFA-M2BPGi <1
(C.0.1)

46*26 38=x16

BUN (mg/dL) 8-22

eGFR (mL/min)

PPD 28+ 05 28*05

PPD =4 mm, n (%) 20 (100) 20 (100)

Antibody titer
(Porphyromonas
gingivalis) FDC381

1.7+34 -0.18 £ 0.6
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Table 1. (continued)

Normal No SRP (tooth
Variables range SRP brushing)
(n = 20) (n = 20)

SF-8 quality of life
questionnaire score

PhySiCa' 47 +9 45 + 10

component

Mental component 48 =8 48 + 8

Data are reported as either mean = SD or number (percentage).

ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate
aminotransferase; BMI, body mass index; BOP, bleeding on probing; BUN,
blood urea nitrogen; CAP, controlled attenuation parameter; Cl, confidence
interval; CK-18, cytokeratin-18 fragment; DPP4, dipeptidyl peptidase-4; EAA,
endotoxin activity assay; eGFR, estimated glomerular filtration rate; GGT,
gamma-glutamyl transferase; HDL-C, HDL, cholesterol; HOMA-IR,
homeostasis model assessment-estimated insulin resistance; HsCRP, high-
sensitivity C-reactive protein; IL, interleukin; IMT, intima media thickness; LDL-
C, LDL-cholesterol; LSM, liver stiffness measurement; MRE, magnetic
resonance elastography; PDFF, proton density fat fraction; PPD, periodontal
pocket depth; SF-8, Short Form-8; SRP, scaling and root planing; T.Bil, total
bilirubin; Tcho, total cholesterol; TG, triglyceride; TNF, tumor necrosis factor;
VCTE, vibration-controlled transient elastography; WFA-M2BPGi, Wisteria
floribunda agglutinin-positive Mac-2, binding protein glycosylation isomer.

randomized comparison study to test the efficacy of a 12-week
SRP vs a tooth brushing (no SRP) treatment in patients with
NAFLD and moderate periodontitis. Between August 2015 and
March 2020, 164 patients (mean age, 57 years; men/women, 92/
72) were screened for study inclusion. Finally, 40 adults, in whom
the efficacy and safety of periodontal treatment were evaluated for
60 weeks, were included. On August 21, 2015—before research
initiation—the Institutional Review Board of Kanagawa Dental
University Hospital approved the supporting data associated with
the study (approval no. 480). Patients with NAFLD and perio-
dontitis were enrolled at Kanagawa Dental University Yokohama
Clinic, Kanagawa Dental University, Iwasaki Internal Medicine
Clinic, and the Yokohama City University medical institution in
Japan. The research protocol complied with the principles of the
Declaration of Helsinki and the Ethics Guidelines for Clinical
Research produced by the Ministry of Health, Labour and Wel-
fare. All participants provided written informed consent before to
their participation in the study. See Supplementary Table 1,
Supplementary Digital Content 1, http://linksIww.com/CTG/
A861, for patient inclusion and exclusion criteria.

Randomization and masking

We randomly assigned eligible patients to the SRP or no SRP
group. Randomization was performed using a computer-generated
centrally administered procedure and a permuted block method
(block size: 4); the permuted block was stratified by age (65 years or
older/younger than 65 years) and sex (male/female). Moreover,
randomization was performed using a validated allocation system
(Densuke Systems, Tokyo, Japan). Masking was not performed
because of the open-label nature of the study.

Endpoints
The primary endpoint was the absolute change in the ALT
level from baseline after the 12-week SRP treatment. See

Clinical and Translational Gastroenterology

Supplementary Table 2, Supplementary Digital Content 2, http://
links.Iww.com/CTG/A862, which presents the secondary and
tertiary endpoints.

Assessment of liver stiffness and steatosis

Ultrasonic diagnosis of fatty liver was performed in B mode first,
presenting with bright liver, hepatorenal echo contrast, attenua-
tion, and vascular blurring of the intrahepatic portal vein and
hepatic venous branch. The diagnostic tools, i.e., vibration-
controlled transient elastography and magnetic resonance elas-
tography (MRE), were then used to confirm these qualitative
findings. All patients (40 adults) underwent vibration-controlled
transient elastography and MRE at baseline and at 12 and 60
weeks.

Statistical analyses

A previous pilot study showed that nonsurgical periodontal
treatments administered to 10 patients with NAFLD for 3 months
ameliorated their liver function parameters, such as serum levels
of AST and ALT; in that study, a mean ALT change of —25.0 (IU/
L), with an SD of 25, was observed (16). Based on these data, the
sample size was determined to guarantee the power of the analysis
of variance F test. We predicted the average changes in ALT levels
in the SRP and tooth brushing groups to be —25 U/L and 0,
respectively, with a common SD of 25. Hence, the minimum
required number of patients per group (using a power of 80% and
a bilateral significance level of 5%) was computed to be 32.
However, we recruited 40 patients to compensate for potential
study dropouts.

Intention-to-treat (ITT) (patients who underwent randomi-
zation) and per-protocol (patients without protocol deviations)
populations were used to assess the primary endpoint. The pri-
mary efficacy analysis was performed on the ITT population.
Summary statistics (mean * SD) were computed for ALT levels at
baseline and at 12 weeks. In the primary analysis, differences
between the baseline and posttreatment ALT levels were de-
termined for each participant and compared using the Wilcoxon
signed-rank test. The significance level was 5% on both sides. In
addition to P values, we provided point estimates with 95%
confidence intervals (CIs). For sensitivity analysis, the 2 groups
were compared for the primary endpoints using analysis of co-
variance, adjusting for baseline ALT values as a covariate. Sec-
ondary and tertiary endpoints were analyzed using the same
approach as for primary endpoints. Moreover, we computed the
mean difference (8) and 95% CI between groups for factors that
were determined to have significant changes by ¢ test analysis. The
Student ¢ test was used to compare endpoints between the 2
groups. Continuous variables were summarized at each time
point, and the SRP and no-SRP groups were compared using the
same procedure as that for the primary endpoints. All analyses
were performed using SPSS (version 26, IBM, Armonk, NY) and
SAS (version 9.4, SAS Institute, Cary, NC) software.

Concomitant treatment

Thiazolidinedione and bariatric surgery were prohibited from the
time of screening to the end of follow-up. Combined oral and
injectable antibiotics were prohibited from 3 months before
screening to the end of the study. However, a 5-day course of oral
antibiotics only was permitted from before the screening to the
end of the study. The following restricted concomitant medica-
tions were permitted only if they were continuously used with a
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Table 2. Changes in SRP-related factors from baseline to 12 weeks posttreatment (intention-to-treat population)

LIVER

Liver image R

LSM by VCTE (kPa) -08+1.7 —0.06 0.9 -0.8 —17t0.1 0.04

Liver stiffness by MRE (kPa) -03*04 0.03+03 =03 —-0.5t0-0.1 0.001

EAA (x1072) —0.04 = 0.09 0.0003 = 0.03 - —0.04 —0.07 to —0.02 0.002

Weight (kg) —0.05 = 0.4 -0.1=09 - 0.82

Glucose (mg/dL) —-39=+11 -05=11 0.35

HOMA-IR -07x2 =05 = 2 0.77

Platelet count 02+12 —15=+42 D 0.08

—
+
0o
%

ALT (U/L) —12+15 —20to =5 0.002

ALP (U/L) =8 =33

(@)

+
—
(@)

0.32

Lipids

LDL-C (mg/dL) -82x15 06*+6 =9 —-16t0 -1 0.02

TG (mg/dL) —-18+ 34 -1=x11 =17 —33to -1 0.04

HsCRP (mg/L) —0.01 = 0.06 0.01 +£0.03 0.11

CK-18 M30 (U/L) 11 = 68 42 + 88 0.21

IL-6 (pg/mL) SUSE -01=x0.7 0.51

Type IV collagen 7S (ng/mL) —0.06 £ 0.2 0.01 £0.2 - 0.26

Renal function R

Creatinine (mg/dL) —0.007 = 0.05 —0.01 = 0.05 0.77

Periodontal assessment

PPD 24 mm (%) 18 £90 17 £ 85 . 0.64
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Table 2. (continued)

SRP
(n = 20)
Oral bacteria (Porphyromonas gingivalis) -05+12
(cell/mL) x 10°
Antibody titer (Porphyromonas gingivalis) -16+25
FDC381
Antibody titer (Porphyromonas gingivalis) -17x20
Sue3
IMT mean —0.03 = 0.08
IMT max —-0.03+0.2
SF-8 quality of life questionnaire score
Physical component —-0.09 = 6.6
Mental component 1.4 +3.0

Data are reported as either mean = SD or number (percentage).

SRP vs brushing

No SRP (tooth brushing) Pvalue
(n = 20) B 95% Cls for ttest
14 =07 -0.6 —1.3to —0.003 0.049
—-0.03 0.3 -16 —2.7t0-04 0.0092
0.005 + 0.6 =17 —2.7t0 -0.7 0.0013
0.02 = 0.04 —0.05 0.09 to —0.009 0.016
0.005 = 0.07 0.42
026 2.1 0.82
0.1x42 0.28

ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; BOP, bleeding on probing; BUN, blood urea nitrogen;
CAP, controlled attenuation parameter; Cl, confidence interval; CK-18, cytokeratin-18 fragment; EAA, endotoxin activity assay; eGFR, estimated glomerular filtration rate;
GGT, gamma-glutamyl transferase; HDL-C, HDL, cholesterol; HOMA-IR, homeostasis model assessment-estimated insulin resistance; HsCRP, high-sensitivity C-reactive
protein; IL, interleukin; IMT, intima media thickness; LDL-C, LDL-cholesterol; LSM, liver stiffness measurement; MRE, magnetic resonance elastography; PDFF, proton
density fat fraction; PPD, periodontal pocket depth; SF-8, Short Form-8; SRP, scaling and root planing; T.Bil, total bilirubin; Tcho, total cholesterol; TG, triglyceride; TNF,
tumor necrosis factor; VCTE, vibration-controlled transient elastography; WFA-M2BPGi, Wisteria floribunda agglutinin-positive Mac-2, binding protein glycosylation isomer.

stable dose and regimen from 12 weeks before screening and kept
stable until the end of the study: antihypertensive drugs (angio-
tensin II receptor blockers only); vitamin E; antidyslipidemic
drugs; and antidiabetic drugs (dipeptidyl peptidase-4 inhibitors
and glucagon like peptide-1 receptor agonists).

RESULTS

The 40 eligible patients (mean age, 58 years; men: 18, women: 22)
were randomly assigned to the SRP (n = 20) and no-SRP (n = 20)
groups and were included in the efficacy and safety analyses
(Figure 1). The 2 groups had similar baseline demographic and
clinical characteristics (Table 1). There were no significant differences
in liver stiffness between the 2 groups (Table 1). Included patients had
no ongoing periodontal treatment before SRP and no antibiotic use.
By assessing the periodontal pocket depth (PPD) (mean [SD]: SRP,
2.8 [0.5]; no SRP, 2.8 [0.5]) and bleeding on probing (SRP, 37 [32]; no
SRP, 42 [51]), both study groups were shown to have periodontal
disease-induced inflammation sites (Table 1). Although there were
no changes in body weight and body mass index at 12 weeks after
baseline, the ITT population in the SRP group showed a larger de-
crease in absolute ALT levels (—12 [15], 8 = —12, 95% CI: —20 to
—5, P = 0.002) than those in the no-SRP group (Table 2). The
decrease in P. gingivalis IgG antibody titer was significantly higher in
the SRP group (FDC381; —1.6 [2.5],8 = —1.6,95% CI: —2.7 to —0.4,
P = 0.0092 SU63; —1.7 [2.0], 8 = —1.7, 95% CI: —2.7 to —0.7).
Therefore, the secondary endpoint was also met (Table 2). The de-
creased ALT levels and decreased P. gingivalis IgG antibody titers in
the SRP group were sustained until week 60 from baseline (Table 3).
Post hoc analysis indicated that the decrease in ALT levels from
baseline to week 12 was significantly higher in endotoxin activity
assay (EAA) responders (EAA < —0.04), than nonresponders (EAA
> —0.04), in the SRP group (EAA responders/nonresponders: SRP,
—18[11]/4[5],8 = —23,95% CI: —33 to —13, P = 0.0002; no SRP,

Clinical and Translational Gastroenterology

—6[4)/3 [8],8 = —9,95% CI: —16 to —2, P = 0.02) (Figure 2A).
Similarly, the SRP group had significantly lower AST levels from
baseline to weeks 12 and 60 than the no-SRP group (SRP, —9.6 [13],
no SRP, 0.6 [4],8 = —10,95% CI: —16.4 to —4, P = 0.001) (Tables 2
and 3). The decrease in AST levels from baseline to week 12 was
significantly higher in EAA responders than in nonresponders in the
SRP group (EAA responders/nonresponders: SRP, —15 [11]/3[4],
& = —18,95% CL: —27 to —9, P = 0.0009; no SRP: —3 [3]/2 [4], =
—5,95% CI: —8 to —1, P = 0.03) (Figure 2B). In addition, the
decrease in gamma-glutamyl transferase (GGT) levels from baseline
to weeks 12 and 60 was significantly higher in the SRP group than in
the no-SRP group (SRP, —27 [53], no SRP, 1 [11], 8 = —27,95% CL:
—52to —3, P = 0.03) (Tables 2 and 3). The decrease in GGT levels
from baseline to week 12 was significantly higher in EAA responders
than in nonresponders in the SRP group (EAA responders/
nonresponders: —42 [58]/8 [6], & = —50, 95% CIL: 100-0.06, P =
0.0497) (Figure 2C). There was no significant change in alkaline
phosphatase levels from baseline between the 2 groups (Table 2). In
addition, compared with the no-SRP group, the SRP group exhibited
a significant reduction in liver fat content (LFC) from baseline to
weeks 12 and 60 (SRP —2.2 [2.9], no SRP 0.08 [1.2], 8 = —2.2,95%
CIL: —3.7 to —0.8, P < 0.001) (Tables 2 and 3). The decrease in LFC
from baseline to week 12 was significantly higher in EAA responders
than in nonresponders in the SRP group (EAA responders/
nonresponders: SRP, —3.4 [2.5]/0.7 [1.1], 8 = —2.7,95% CI: —6.4
to —1.9, P = 0.001; no SRP, —1.1 [1.1]/0.5 [1.0], = —1.6,95% CL:
—2.7to —0.5, P = 0.007) (Figure 2D). The reduction in liver stiffness
evaluated by MRE from baseline to week 12 was significantly higher
in the SRP group than in the no-SRP group (SRP —0.3 [0.4], no SRP
0.03 [0.3], 8 = —0.3, 95% CI: —0.5 to —0.1, P = 0.001) (Table 2).
However, this reduction was not observed at 60 weeks from baseline
(Table 3). The reduction in liver stiffness from baseline to week 12 was
significantly higher in EAA responders than in nonresponders in the

VOLUME 13 | NOVEMBER 2022 www.clintranslgastro.com
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Table 3. Changes in SRP-related factors from baseline to 60 weeks (intention-to-treat population)

LIVER

Liver image

|
—
(o)

LSM by VCTE (kPa) -20x30 -0.18x1.2 —-33t00.4 0.014

Liver stiffness by MRE (kPa) 31+17 34+23 0.7

EAA (x1072) —0.06 = 0.07 0.003 = 0.04 —0.06 —0.1to0 —0.002 0.0023

Weight (kg) 0.15 + 0.6 0.05 + 1.4 0.77

Glucose (mg/dL) -52+18 -14+15 0.47

HOMA-IR =11 == 2 -0.7+x3 0.6

Platelet count -03=*33 —-15+38 0.28

|
—_
()]

ALT (U/L) =15 2 25 1=x10 —20to =5 0.0057

ALP (U/L) —12 =38 -8+ 26 0.64

Lipids

LDL-C (mg/dL) -10+18 =3=225

|
~

0.3

TG (mg/dL) —-29 + 54 -2+26 0.052

HsCRP (mg/L) —0.03 £ 0.09 —0.01 £0.07 0.27

CK-18 M30 (U/L) 27 (62) 40 (85) 0.57

IL-6 (pg/mL) —0.07 (1.1) —0.03 (0.7) 091

Type IV collagen 7S (ng/mL) —0.23(0.5) 0.09 (0.4) —0.3 —0.62 to —0.02 0.035

Renal function

Creatinine (mg/dL) —0.007 = 0.06 —0.02 = 0.05 0.62

Periodontal assessment

PPD 24 mm (%) 18 =90 17 £ 85 0.22
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Table 3. (continued)

SRP

(n = 20)
Oral bacteria (Porphyromonas gingivalis) -04+12
(cel/mL) x 10°
Antibody titer (Porphyromonas gingivalis) -14+26
FDC381
Antibody titer (Porphyromonas gingivalis) 21=+25
SuU63
IMT mean —-0.09 = 0.17
IMT max -0.1+02

SF-8 quality of life questionnaire score

Physical component 0.17 £ 82
Mental component 22+46

Data are reported as either mean = SD or number (percentage).

SRP vs brushing

No SRP (brushing) Pvalue
(n = 20) 3 95% Cls for ttest
02=*=0.7 0.07

—-0.02 £ 0.5 -14 —2.61t0—0.2 0.0023
05%+19 0.06

0.05 = 0.012 -0.14 —0.23 to —0.005 0.0046
0.05+0.2 -0.2 —0.3t0 —0.02 0.028
0.01 =6.0 0.94
02+6.3 0.26

ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; BOP, bleeding on probing; BUN; blood urea nitrogen; CAP,
controlled attenuation parameter; Cl, confidence interval; CK-18, cytokeratin-18 fragment; DPP4, dipeptidyl peptidase-4; EAA, endotoxin activity assay; eGFR, estimated

glomerular filtration rate; GGT, gamma-glutamyl transferase; HDL-C, HDL-cholesterol; HOMA-IR, homeostasis model assessment-estimated insulin resistance; HsCRP, high-
sensitivity C-reactive protein; IL, interleukin; IMT, intima media thickness; LDL-C, LDL-cholesterol; LSM, liver stiffness measurement; MRE, magnetic resonance elastography;
PDFF, proton density fat fraction; PPD, periodontal pocket depth; SF-8, Short Form-8; SRP, scaling and root planing; T.Bil, total bilirubin; Tcho, total cholesterol; TG, triglyceride;
TNF, tumor necrosis factor; VCTE, vibration-controlled transient elastography; WFA-M2BPGi, Wisteria floribunda agglutinin-positive Mac-2, binding protein glycosylation isomer.

SRP group (EAA responders/nonresponders: SRP, —0.5 [0.3]/0.1
[0.1], 8 = —0.6, 95% CI: —0.8 to —0.3, P = 0.0005; no SRP, —0.2
[0.1]/0.1[03],8 = —0.4,95% CI: —0.6 to —0.1, P = 0.01) (Figure 2E).
Similarly, compared with the no-SRP group, the SRP group had a
significant reduction in both controlled attenuation parameter (CAP)
and liver stiffness measurement from baseline to week 12 (CAP: SRP
—35.7 [68.6], no SRP 6.3 [27.2], 8 = —29,95% CI: —62.8t0 4, P =
0.04; liver stiffness measurement: SRP —0.8 [1.7],8 = —0.8, 95% CI:
—1.7 t0 0.1, P = 0.04) (Table 2). However, there was no significant
change in CAP from baseline to week 60 (Table 3).

The decrease in endotoxin levels (evaluated using an activity
assay) from baseline to weeks 12 and 60 was significantly higher in
the SRP group than in the no-SRP group (SRP —0.04 [0.09], no
SRP 0.0003 [0.03],8 = —0.04,95% CI: —0.07 to —0.02, P = 0.002;
and SRP —0.06 [0.07], no SRP 0.003 [0.04], & = —0.06,95% CI: —
0.1 to —0.002, P = 0.0023) (Tables 2 and 3). There was no sig-
nificant change in platelet counts at week 12 from baseline
(Table 2). Levels of noninvasive inflammatory and fibrosis
markers showed less significant changes between the 2 groups
(Table 2), while ferritin showed a significant decrease only in the
SRP group (SRP —35[42],n0 SRP 17 [63],8 = —52,95% CI: —86
to —18, P = 0.004). The reduction in PPD was significantly higher
in the SRP group than in the no-SRP group (PPD —0.4 [0.3],8 =
—0.3,95% CI: —0.5to —0.1, P = 0.002). Similarly, the decrease in
oral P. gingivalis bacterial counts was significantly higher in the
SRP group (bacterial count —0.5[1.2],8 = —0.6,95% CI: —1.3 to
—0.003, P = 0.049). Nevertheless, no significant change was
observed in the proportion of patients with bleeding on probing
and PPD =4 mm between the SRP and no-SRP groups (Table 2).
See Supplementary Table 3, Supplementary Digital Content 3,
http://links.lww.com/CTG/A863, which shows the change in the
genus levels of oral microbiota between the non-SRP and SRP
groups during the 12 weeks of treatment. None of the 40 patients
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in the study experienced a serious adverse event. During the study
period, no life-threatening events or treatment-related deaths
occurred (see Supplementary Table 4, Supplementary Digital
Content 4, http://links.Iww.com/CTG/A864, which provides
details of treatment-related adverse events).

DISCUSSION

To our knowledge, this is the first study to suggest that inter-
ventional periodontal disease treatment may be a new therapeutic
option for patients with NAFLD. We found an improvement in
NAFLD after periodontal treatment. Patients in the SRP group
met predefined primary (reduction in absolute ALT levels) and
secondary (reduction in absolute P. gingivalis IgG antibody titers)
endpoints (17,18). In addition, several other parameters (AST,
GGT, EAA, and LFC) improved in the SRP group.

NAFLD/NASH is a heterogeneous disease with a corre-
spondingly complex pathophysiology, including redundant
pathways that vary between patients. The complexity of NAFLD/
NASH pathophysiology enables the use of a variety of potentially
practicable therapeutic targets (19). The recent treatment options
for NAFLD are based on antimetabolite, anti-inflammatory, and
antifibrotic mechanisms. However, the efficacy of monotherapy is
limited. Consequently, new treatments based on new theories are
needed.

High levels of blood endotoxin constitute an important factor
in NASH-induced inflammation and fibrosis. Endotoxin-
induced hypersensitivity reportedly plays an important role in
NAFLD progression through the leptin pathway (20). The in-
creased endotoxin level in patients with NAFLD is an influential
stimulator of fatty liver development, thereby leading to NAFLD
progression and increased intestinal permeability (21-23). Pre-
vious studies have reported that P. gingivalis endotoxins can
adversely affect the brain and liver (24,25).
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Figure 2. EAA responders showed absolute changes in ALT, AST, GGT, liver fat content, and liver stiffness and improvement in intraoral parameters by
periodontal treatment. SRP group EAA responders (n = 14); SRP group EAA nonresponders (n = 6); No-SRP group EAA responders (n = 4); No-SRP group
EAA nonresponders (n = 16). ALT, alanine aminotransferase; AST, aspartate aminotransferase; EAA, endotoxin activity assay; GGT, ~y-glutamyl

transpeptidase; SRP, scaling and root planing.

In this study, periodontal SRP intervention dramatically im-
proved the levels of ALT, AST, and GGT and LFC and liver stiffness.
These improvements were correlated with intraoral parameters. Of
interest, there was a higher effect of SRP on liver enzymes, LFC, and
liver stiffness in patients with NAFLD who were EAA responders. In
addition, ALT-level, AST-level, and GGT-level improvements were
maintained for up to week 60 in the SRP group participants.
Therefore, reductions in oral P. gingivalis bacterial counts, and its
serum IgG antibody titers, may be effective for up to 12 weeks post-
SRP treatment; these reductions gradually stopped, decreasing in the
follow-up period after week 60. We hypothesized that SRP treatment
would have a limited effect on imaging findings of the liver. The
intraoral P. gingivalis count may return to its previous state when the
PPD is at least 4 mm in the SRP and no-SRP groups (26-28). At 12
and 60 weeks, the SRP group had significantly improved oral find-
ings compared with the standard care group. The improvement in
PPD by 0.5 mm was significantly effective, which may be of clinical
significance (29,30). It has also been reported that patients with
NASH are more sensitive to endotoxins than healthy participants,
and even trace amounts of endotoxin can cause liver damage (20).
Even if the improvement of 0.5 mm in PPD is mild for the treatment
of the oral cavity, it may have improved the liver damage by reducing
the endotoxin caused by oral P. gingivalis. A decrease in PPD of
0.5 mm may be a weak improvement in the oral cavity but may be
sufficient to reduce endotoxin levels.

Furthermore, the oral effects of endotoxin stimulation expand
to the mesentery, from whence liver damage can ensue. In our
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study, periodontal therapy resulted in remarkable improvements
in patient NAFLD status (liver enzymes and LFC), which was
probably due to SRP improving the liver condition, including
liver damage, by reducing the amount of P. gingivalis—derived
LPS reduction. It has been suggested that LPS activation may
contribute to intracellular lipid accumulation and inflammatory
response (25).

This study has several advantages. First, it is the first ran-
domized controlled trial in patients with NAFLD having peri-
odontal disease. Second, we measured absolute changes in liver
enzyme levels and LFC using EAA responder/nonresponder
subanalysis. Last, we compared colocalized regions of interest for
oral examinations of biochemical markers, such as liver enzyme
levels on weeks 0, 12, and 60.

Nevertheless, this study has limitations. The sample size was
relatively small. Moreover, there was a possibility of selection bias
because liver biopsy was not performed. Last, we did not include
control participants who had no periodontal disease history.
Therefore, future long-term, large-scale studies should include
patients with NASH without periodontal disease; a liver
biopsy-based comparative histological assessment should also be
performed.

In conclusion, SRP treatment significantly reduced liver
enzyme levels, endotoxin levels, and LFC in patients with
NAFLD and periodontal disease and was generally well tol-
erated in these patients. SRP-induced oral P. gingivalis—
derived endotoxin reduction may be a prospective strategy for
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the treatment of patients with NAFLD. Further nation-
wide, large-scale studies are warranted to clearly define the
efficacy and tolerability of SRP in patients with NAFLD and
periodontitis.

CONFLICTS OF INTEREST

Guarantor of the article: Masato Minabe, DDS, PhD.

Specific author contributions: This study was designed by 2
investigators (Y.K. and T. Kessoku). A.N. and M.M. contributed to
the study design. T.S., S.S., T. Kobayashi, T. Kurihashi, T.M., and T.I.
were responsible for data collection and study patients. P. gingivalis
titer was measured by S.T. and K.H. N.H., T. Kobayashi., H.U., and
K.W. served as scientific advisors. T.H. and M.Y. critically reviewed
the study proposal. Physicians collected the data, which were
validated and analyzed by an independent statistician (M.T.). Y.K.
and T. Kessoku. were responsible for the preparation of tables and
figures. All authors participated in manuscript writing and reviewing.
Financial support: This investigator-initiated clinical trial was
sponsored by the Kanagawa Dental University. This work was sup-
ported by the Ministry of Health, Labour and Welfare, Japan (grant
number 16K11872). The funders of this trial had no role in the study
design, data collection, data analysis, data interpretation, and report
writing.

Potential competing interests: None to report.

Ethical approval: The Institutional Review Board of Kanagawa
Dental University Hospital approved the supporting data associated
with the research (approval no. 480). Patients with NAFLD and
periodontitis were enrolled at Kanagawa Dental University
Yokohama Clinic, Kanagawa Dental University, Iwasaki Internal
Medicine Clinic, and the Yokohama City University medical
institution in Japan. All participants provided written informed
consent before their participation in the study. See Supplementary
Table 1, Supplementary Digital Content 1, http://links.Iww.com/
CTG/A861, for patient inclusion and exclusion criteria.

Clinical trial number: This trial was registered with the University
Hospital Medical Information Network Clinical Trials Registry
(UMIN000022079) (https://www.umin.ac.jp/ctr/ctr_regist.htm) in
August 2015.

Data availability statement: The data that support the study findings
are available from the corresponding author on reasonable request.

Study Highlights
WHAT IS KNOWN

\/ Periodontal disease is associated with nonalcoholic fatty liver
disease (NAFLD)

Infection with periodontal pathogens, primarily
Porphyromonas gingivalis, may be associated with fibrosis
severity in NAFLD.

WHAT IS NEW HERE

\/ Periodontal treatment efficacy in nonalcoholic fatty liver
disease was evaluated

\/ Scaling and root planing reduced liver enzyme, endotoxin,
and liver fat levels

Periodontal treatment can reduce liver enzyme levels and
antibody titers
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