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Bajaj JS, Matin P, White MB, Fagan A, Deeb JG, Acharya C,
Dalmet SS, Sikaroodi M, Gillevet PM, Sahingur SE. Periodontal

therapy favorably modulates the oral-gut-hepatic axis in cirrhosis. Am

J Physiol Gastrointest Liver Physiol 315: G824–G837, 2018. First

published August 17, 2018; doi:10.1152/ajpgi.00230.2018.—Cirrho-

sis is associated with a systemic proinflammatory milieu, endotox-

emia, and gut dysbiosis. The oral cavity could be an additional source

of inflammation. We aimed to determine the effect of periodontal

therapy in cirrhosis through evaluating endotoxemia, inflammation,

cognition, and quality of life (QOL). Age-matched cirrhotic and

noncirrhotic subjects exhibiting chronic gingivitis and/or mild or

moderate periodontitis underwent periodontal therapy with follow-up

at 30 days. Saliva/stool for microbial composition and serum for

Model for End-stage Liver Disease (MELD) score, endotoxin and

lipopolysaccharide binding protein (LBP) and immune-inflammatory

markers (IL-1�; IL-6; histatins 1, 3, 5; and lysozyme) were collected

at baseline and day 30. The cognitive function and QOL were also

evaluated similarly. A separate group of cirrhotic patients were

followed for the same duration without periodontal therapy. Cirrhot-

ics, especially those with hepatic encephalopathy (HE), demonstrated

improved dysbiosis in stool and saliva, and improved endotoxin, LBP,

and salivary and serum inflammatory mediators following periodontal

therapy. These parameters, which were higher in HE at baseline,

became statistically similar posttherapy. Pretherapy vs. posttherapy

QOL and cognition also improved in HE patients following oral

interventions. On the other hand, LBP and endotoxin increased over

time in cirrhotic patients not receiving therapy, but the rest of the

parameters, including microbiota remained similar over time in the

no-therapy group. This proof-of-concept study demonstrates that peri-

odontal therapy in cirrhosis, especially in those with HE, is associated

with improved oral and gut dysbiosis, systemic inflammation, MELD

score, and cognitive function, which was not observed in those who

did not receive therapy over the same time period.

NEW & NOTEWORTHY Systematic periodontal therapy in cir-

rhotic outpatients improved endotoxemia, as well as systemic and

local inflammation, and modulated salivary and stool microbial dys-

biosis over 30 days. This was associated with improved quality of life

and cognition in patients with prior hepatic encephalopathy. In a

cirrhotic group that was not provided periodontal therapy, there was

an increase in endotoxin and lipopolysaccharide binding protein in the

same duration. The oral cavity could be an important underdefined

source of inflammation in cirrhosis.

cognition; hepatic encephalopathy; inflammation; microbiota; quality
of life

INTRODUCTION

Cirrhosis and chronic liver diseases are one of the leading
causes of morbidity and mortality (41). Most of these negative
outcomes in cirrhosis are due to development of complications
such as hepatic encephalopathy (HE) and infections. The
development of these complications is linked with a systemic
proinflammatory milieu and altered gut microbiota through
endotoxemia (42). Therefore, treatments for cirrhosis compli-
cations are focused on resolving gut dysbiosis, but endotox-
emia and systemic inflammation often persist despite these
standard therapies (39). Complicating the picture is the use of
nonabsorbable and systemic antibiotics in cirrhotic patients.
Periodontitis is one of the most common inflammatory diseases
worldwide, which leads to destruction of tooth-supporting
structures (15). Although a dysbiotic biofilm structure initiates
the disease, the periodontal tissue destruction occurs as a result
of dysregulated immune response to the microbial insult (19).
Chronic, persistent immune responses to this complex micro-
biome not only can lead to tooth loss, but are also associated
with increased risk for several systemic complications (13, 20).
The proposed mechanisms linking periodontal disease and
systemic conditions include shared risk factors, direct effects
of oral bacteria, and continuous exposure to inflammatory
mediators. Recent evidence has also showed that cirrhotic
patients have an altered salivary microbiota and inflammation,
which has led to the hypothesis of an oral-gut-hepatic axis (4,
33). Patients with cirrhosis had a higher predicted functionality
related to endotoxemia in their salivary microbiota compared
with healthy controls (4). There are also reports showing that
periodontal diseases are associated with negative outcomes in
cirrhotic patients who use alcohol and tobacco (17, 34). In-
creased inflammation has also been linked to HE and cognitive
dysfunction in cirrhosis (40). Therefore, the oral cavity could
be a target to reduce the systemic inflammatory burden and
potentially future negative outcomes.

We hypothesized that the oral tissue microenvironment,
including oral microbiota and inflammation, will be associated
with the changes in gut microbiota and endotoxemia. The
impact of the modification of the oral-gut-hepatic axis on
systemic inflammation, endotoxemia, cognitive function, qual-
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ity of life, and hospitalizations was studied in patients with
cirrhosis and healthy controls after periodontal therapy and
compared with a group of cirrhotic patients not undergoing oral
interventions as a proof of concept.

MATERIALS AND METHODS

Study subjects. Consecutive outpatients with cirrhosis and age-
balanced healthy controls were included. All eligible subjects were
cirrhotic patients or healthy controls who were diagnosed with chronic
generalized gingivitis and/or mild-to-moderate chronic periodontitis
(36). We excluded subjects who were actively drinking or using
tobacco products, those with unstable clinical courses, inability to
provide consent, with dentures/partials or without 20 natural teeth,
and those with severe cavitated lesions and severe periodontitis. All
detailed criteria are in Table 1. They were recruited from the Virginia
Commonwealth University (VCU) Medical Center and McGuire VA
Medical Center Hepatology Clinics (cirrhotic patients) and through
word of mouth (healthy controls). All subjects underwent serum,
saliva, and stool collection at baseline following dental examination
(36). Only HE patients on stable lactulose and rifaximin and those
who could give informed consent (mini-mental status exam �25)

were included. This was a nonrandomized, open-label trial of peri-
odontal therapy with respect to the clinical providers (clinical hepa-
tology, periodontics, and research coordinators).

After informed consent, all subjects in the above two groups
received periodontal therapy by a calibrated periodontist, which con-
sisted of prophylaxis or scaling and root planing followed by oral
hygiene instructions at the VCU Dental School (36). Patients with
abscesses, severe periodontitis, and severe cavitated lesions were
excluded. Subjects were followed at day 10 for safety, day 30 for
safety and for serum, saliva, and stool collection, and at day 90 to
evaluate for safety and hospitalizations (Fig. 1). The composition of
oral and gut microbiome was assessed in saliva and stool. Cognitive
testing consisting of PHES (psychometric hepatic encephalopathy
score) (46), Stroop EncephalApp (3), and health-related quality of life
(HRQOL) testing using Sickness Impact Profile (SIP) was also per-
formed at days 0 and 30 (9, 32).

An additional cirrhotic outpatient group that fulfilled all of the
criteria of those given periodontal therapy was also included and
followed for the same duration without any periodontal therapy.

The Psychometric Hepatic Encephalopathy Score (46) (PHES) is a
paper-and-pencil battery test, including Number Connection Test-A/B
(NCT-A/B; in which subjects “join the dots” between numbers or

Table 1. Eligibility criteria

Inclusions Exclusions

● Age 21–75 yr able to give informed consent (mini-mental status exam
score �25)

● Cirrhosis diagnosed using biopsy, fibroscan or radiological features or
endoscopic evidence of varices in a subject with chronic liver disease

By history or initial examination:
● Unclear diagnosis of cirrhosis, MELD score �25
● Absorbable antibiotics or probiotics within 4 wk
● Smoking, oral tobacco, and alcohol abuse within 3 mo

● Mild-to-moderate gingivitis or periodontitis
For patients with HE:

● Edentulous or less than 20 natural teeth, those requiring prophylactic
antibiotics before periodontal therapy

● Controlled on lactulose and rifaximin for at least 3 mo ● Prisoners
● Pregnant women
● Diagnosed bleeding disorders or on anti- coagulation
● INR �1.5 or platelet count �50,000 within 1 mo
● Uncontrolled diabetes (on insulin or HgbA1c�7 within 3 mo)
● End-stage diseases (COPD on home oxygen, congestive heart failure,

dialysis, disseminated cancer)
● Unlikely to follow- up in the opinion of the PI
● Last periodontal prophylactic therapy within 3 mo
● HIV infection
● Last hospitalization within 1 mo
● Undergoing or cleared HCV in the prior month

By screening dental examination for all subjects:
● Severe periodontitis
● �2 Severe cavitated caries lesions
● Oral soft-tissue lesions such as ulcers or presence of abscesses

COPD, chronic obstructive pulmonary disease; HCV, hepatitis C virus; HE, hepatic encephelopathy; HIV, human immunodeficiency virus; INR, international
normalized ratio; MELD, Model for End-Stage Liver Disease.
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Fig. 1. Schematic of the study design.
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numbers and letters in a timed fashion). The Digit Symbol Test (DST)
is a test in which subjects need to pair numbers with special symbols
correctly within 120 s. In the Line Tracing Test (LTT), subjects trace
a line between two parallel lines, and the time required is noted (errors
were not recorded at all sites). In the Serial Dotting Test (SDT),
subjects need to dot the center of a group of blank circles. A high
score on DST and low score on the rest indicates good performance.
Different versions of these tests were given at baseline and retesting
visits.

The EncephalApp Stroop test (3) was administered using standard
iPod screens. The task has two components: “Off” and “On” state
depending on the discordance or concordance of the stimuli. Both
components were administered after two training runs. In the easier
“Off” state, the subject views a neutral stimulus, and pound signs
(###) are presented in red, green or blue, one at a time, and the subject
has to respond as quickly as possible by touching the matching color
of the stimulus to the colors displayed at the bottom of the screen. The
colors at the bottom of the screen are also randomized and not fixed
to their respective positions. This continues until a total of 10
presentations are completed correctly, which is one run. Outcome
values are included and the total time taken for the run, as well as the
individual responses. If the subject makes a mistake, i.e., presses a
wrong color, the run stops and has to restart again. Therefore, the
number of runs required to make five correct runs also indicates the
number of mistakes. We continued the off state until the subject had
achieved five correct runs. The “On” state is more challenging from a
cognitive standpoint in that incongruent stimuli are presented in 9 of
the 10 stimuli. In this portion, the subject has to accurately touch the
color of the word presented, which is actually the name of the color in
discordant coloring, i.e., the word “RED” is displayed in blue color and
the correct response is blue, not red. Like the “off” state, we gave two
training runs and then continued the task until five correct runs were
achieved. The specific outcomes at the end of the EncephalApp app were
1) total time for five correct runs in the “off” state (OffTime), 2) number
of runs needed to complete the five correct “Off” runs, 3) total time for
five correct runs in the “on” state (OnTime), and 4) number of runs
needed to complete the five correct “On” runs. Offtime�Ontime has been
found in prior EncephalApp studies to be the best discriminator and was
used to determine cognition.

The Sickness Impact Profile (SIP) (9) is a validated health-related
quality of life (QOL) questionnaire. This consists of 136 items. There are
two domains: psychosocial and physical, which are made of 12 subscales:
sleep and rest, eating, work, home management, recreation and pastimes,
ambulation, mobility, body care and movement, social interaction, alert-
ness, emotional behavior, and communication. Subjects are asked to
mark only those questions that are pertinent to their health over the past
24 h. The number of questions are weighted and divided from a total
number to achieve a percentage that translates into the ultimate measure.
A high score indicates poor health-related quality of life.

The trial is registered at https://clinicaltrials.gov/number
NCT03030820.

Statistics. Statistical analysis was performed using traditional para-
metric (paired t-tests) and nonparametric (Wilcoxon signed-rank
paired tests) for pretherapy and posttherapy analyses. Unpaired t-tests,
ANOVA, and Kruskal-Wallis tests were used to compare clinical
variables between subject groups as needed. A P value of 0.05 was
considered significant, and data are presented as means � SD or
median and interquartile range.

Inflammatory analysis. Serum samples were analyzed for endo-
toxin using LAL assay and LBP, IL-1 �, and IL-6 using ELISA using
published techniques (Assaygate, Ijamsville, MD) (6). Salivary in-
flammatory cytokines (IL-1� and IL-6), histatins 1, 3, and 5, and
lysozyme were also determined using published techniques (Assay-
gate) (4). Serum analysis was also performed in the cohort that was
studied twice without interventions.

Microbiota analysis. Microbial DNA was isolated from saliva and
stool samples, as previously described (26).

Bacterial ribosomal RNA gene sequencing. The V1 and V2 vari-
able regions of the bacterial 16S ribosomal RNA (rRNA) gene were
sequenced using Multitag fusion primers and sequenced on an Ion
Torrent Personal Genome Machine next-generation sequencer.

Bioinformatics analysis. 16S rRNA gene sequence data were used
for bioinformatics analysis. Fasta files were demultiplexed using
custom PERL scripts, and sequences were filtered for quality scores
and length. The clean 16S sequences were clustered into operational
taxonomic units (OTUs) using the USEARCH algorithm (14). A
sequence identity of 97% was used to generate OTUs representing
distinct bacterial species. The taxonomic identity of reference se-
quences was determined using the RDP11 Classifier (45). We used the
George Mason University Metabiome Portal to organize raw data,
track clinical metadata, and track analysis. The portal consists of a
Drupal-based interface wrapped around a MYSQL database that uses
PHP to manage the relational database. The system has built-in
safeguards to curate the data, maintain security, and to ensure quality
control. We then analyzed the data for this project through these
pipelines and distributed the data through this interface.

Microbial biostatistical analysis. Bacterial community composi-
tion was characterized using OTU counts generated as described
above. OTU counts were converted to measures of relative abundance
to account for variation in sequencing coverage between samples.
Statistical analysis was carried out using the statistical software
package R (www.r-project.org). Changes in abundance of individual
taxa were analyzed using traditional univariate nonparametric statistical
methods and UniFrac (28). We used LEfSe (linear discriminant analysis
effect size) to determine the microbial taxa most likely to explain
differences between and within groups after periodontal therapy (38). In
addition, we focused on oral-origin taxa (Streptococcaceae, Veillonel-
laceae, and Porphyromonadaceae), autochthonous taxa (Lachnospiraceae
and Ruminococcaceae) and potentially pathogenic taxa (Pasteurellaceae
and Enterobacteriaceae) in pretesting and posttesting.

The microbiota in the stool and saliva were also compared before
and after follow-up in the cohort that was followed without interven-
tion. The protocol was approved by the Institutional Review Board at
Virginia Commonwealth University and McGuire VA Medical Cen-
ter, and all subjects gave informed consent before study procedures.

RESULTS

Subject characteristics. For the periodontal therapy group,
72 subjects were considered between December 2016 to No-
vember 2017, of which 22 were excluded (14 had less than 20
natural teeth, 5 refused to participate, 2 had other medical
problems that would impair adherence). The remaining 50
subjects (30 cirrhosis and 20 noncirrhotic controls) underwent
dental examination.

Four cirrhotic patients had exclusions (three severe perio-
dontitis and one severe cavities) noted during the dental ex-
amination. The demographics and details of cirrhosis are
shown in Table 2. The cirrhotic patients included were statis-
tically similar to controls in age and sex. Baseline cognitive
performance in cirrhotic patients was like controls on PHES
(psychometric hepatic encephalopathy score), but worse on
EncephalApp Stroop (Table 2).

A separate group of cirrhotic subjects who fulfilled the
criteria as the ones undergoing periodontal therapy was re-
cruited between September 2017 and March 2018. This group
of 24 cirrhotic patients had statistically similar clinical scores,
demographics, cirrhosis severity, prior HE and decompensa-
tion, cognitive and HRQOL performance at baseline compared
with the cirrhotic patients who underwent the periodontal
therapy (Table 2). This cohort was similarly worse off com-
pared with controls on HRQOL and EncephalApp Stroop.
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Baseline dental examination. Patients with cirrhosis with a
higher mean plaque score (64.8 � 20.2 vs. 48.6 � 21.9, P �
0.05) and mean pocket depth (2.8 � 0.5 vs. 2.4 � 0.28, P �
0.05) and mean clinical attachment level (2.5 � 1.2 vs. 1.3 �
1.1, P � 0.007) and a trend toward higher bleeding on probing
(25.9 � 18.7 vs. 17.7 � 13.1, P � 0.18) compared with con-
trols. The relative presence of gingivitis and periodontitis was
similar between groups and shown in Table 1. The procedures
were performed safely and tolerated well in those in the
periodontal therapy group.

In cirrhotic patients ultimately undergoing periodontal ther-
apy, at baseline, the WBC count was similar between cirrhotic
patients with and without HE (6.1 � 1.2 vs. 6.2 � 2.2, P �
0.98). As expected, the endotoxin levels (0.22 � 0.05 vs.
0.15 � 0.04, P � 0.04, Fig. 3A) and Model for End-stage
Liver Disease (MELD) scores (13.2 � 3.1 vs. 7.8 � 1.7,
P � 0.02) were higher in cirrhotic patients with HE com-
pared with those without HE. Also, HE patients had a worse
cognitive performance on PHES [median (interquartile
range, IQR) �3.0 (�4.0, �1.0) HE vs. 1.0 (�2.0, 2.0)
non-HE, P � 0.002] and EncephalApp Stroop Off�Ontime
seconds (217.3 � 45.0 HE vs. 156.9 � 29.1 non-HE, P �
0.001, Fig. 2, A and B). As expected, HE patients had a
significantly worse QOL compared with non-HE patients on
total SIP (HE: 11.2 � 5.3 vs. non-HE: 7.8 � 9.0, P � 0.03),
psychosocial domain (HE: 12.1 � 20.7 vs. non-HE:
9.4 � 3.5, P � 0.03), and physical domains (HE: 10.8 �
12.5 vs. 4.7 � 6.0, P � 0.01, Fig. 2C).

Follow-up inflammatory changes. All subjects who received
periodontal therapy returned for follow-up at day 30 post-
therapy. There was no change in the underlying cirrhosis
status. In addition, none of the subjects was prescribed antibi-
otics, developed HE, used probiotics, or were hospitalized
during that 30-day period. There was a significant improve-
ment in the MELD score, IL-6, IL-1�, WBC count, and
endotoxin levels between the visits for the cirrhotic subjects.
After periodontal therapy, the endotoxin levels and MELD
score became statistically similar between cirrhotic patients
with and without HE. On salivary markers, there was no
change in lysozyme or histatin with therapy, but a significant
decrease in salivary IL-1� was noted in cirrhotic patients,
especially in those with HE (Table 3 and Fig. 3). The coeffi-
cient of variation for endotoxin values was 8%, for LBP, it was
7.4%, for IL-6, it was 7.5%, and for IL-1�, it was 8.4%.

In patients who were followed without periodontal therapy,
there was again no change in the underlying cirrhosis status or
hospitalizations within those 30 days. However, there was a
significant increase in endotoxin levels [pretreatment: 0.30
(0.32) vs. posttreatment: 0.62 (0.34), P � 0.001) and LBP
levels [316 (143) vs. 414 (168), P � 0.03] over time in these
patients. The WBC count (5.81 � 1.9 vs. 6.02 � 2.1), MELD
score (9.8 � 3.0 vs. 9.4 � 3.6), International Normalized Ratio
(INR; 1.32 � 0.65 vs. 1.35 � 0.48), or platelet count (138.7 �
79.3 vs. 136.4 � 64.2) remained similar between the visits.
Serum IL-6 [5.7 (6.2) vs. 4.3 (5.9)] or IL-1� [0.49 (0.39) vs.
0.48 (0.32)] was similar between visits.

Table 2. Baseline values of cohorts included in the study

Cirrhosis Observed

without Therapy

Cirrhosis with

Periodontal Therapy

Controls with

Periodontal Therapy

N 24 26 20
Age 61.2 � 4.6 60.1 � 12.4 56.6 � 7.4
Sex 16/8 17/9 12/8
Prior smoking 7 7 0
Prior alcohol abuse 6 6 0
Gingivitis/Peridontitis 11/13 10/16 11/9
Diabetes 14 14 0
Etiology (HCV, Alcohol, Alcohol�HCV, NASH, others) 5/6/5/8/0 7/5/6/8/0
Prior HE 10 10
On lactulose 10 10
On rifaximin 10 10
Prior ascites 8 7
Prior variceal bleeding 4 4
WBC count 5.81 � 1.9 6.12 � 1.90 7.12 � 1.7
Platelet count 138.7 � 79.3# 148.5 � 51.9# 235.1 � 35.4
INR 1.32 � 0.65# 1.36 � 0.29# 1.08 � 0.23
MELD score 9.8 � 3.0 10.5 � 4.2
PHES total score (median IQR) �2.0 (�5.0, 1.0)# �0.5 (�3.0, 2.0) 1.0 (�1.0, 2.0)
EncephalApp Stroop Off�On Time, s 185.9 � 34.2# 181.7 � 45.5# 146.6 � 16.9
SIP total 10.4 � 5.66# 9.2 � 8.1# 0.13 � 2.0
SIP physical 7.8 � 9.92# 7.2 � 9.4# 0.11 � 0.24
SIP psychosocial 11.1 � 12.42# 10.6 � 16.2# 0.34 � 0.9
Serum values

Endotoxin, EU/ml, median IQR 0.30 (0.32)# 0.21 (0.11)# 0.11 (0.05)
Lipopolysaccharide binding protein, ng/ml, median IQR 316 (1428)# 478 (829) 112 (1921)
IL-6, pg/ml, median IQR 5.7 (6.2)# 4.9 (7.0)# 1.1 (1.4)
IL-1�, pg/ml, median IQR 0.49 (0.39)# 0.54 (0.42) 0.51 (0.42)

No significant differences were found between cirrhotic patients who ultimately underwent periodontal therapy compared with those who did not. SIP denotes
Sickness Impact Profile; a higher score indicates poor health-related quality of life. PHES denotes Psychometric Hepatic Encephalopathy Score; a low score
indicates poor cognitive function. A high score on Stroop EncephalApp indicates poor cognition. HE, hepatic encephelopathy; HCV, hepatitis C virus; INR,
international normalized ratio; IQR, interquartile range; NASH, nonalcoholic steatohepatitis; WBC, white blood cell. #P � 0.05 in controls vs. compared cirrhosis
group using Mann-Whitney U-test or unpaired t-test based on data.
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Effect on cognition and HRQOL. There was a significant
improvement in PHES and Stroop Off�OnTime scores in
cirrhotic patients after periodontal therapy (Fig. 2, A and B).
This was accompanied also by an improvement in total, phys-
ical, and psychosocial domains of the SIP (Fig. 2C). There was
a significant improvement in cognition in HE patients after
periodontal therapy on PHES [median (IQR) �3.0 (�4.0, �
1.0) pretreatment vs. posttreatment �2.0 (�3.0, 0.0), P �
0.05] and EncephalApp Stroop Off�Ontime seconds (pretreat-
ment 217.3 � 45.0 vs. posttreatment 194.1 � 29.2. P � 0.03).
The change in non-HE patients was not significant on PHES
[median (IQR), pretreatment: 1.0 (�1.0, 2.0) vs. posttreatment:
1.0 (�1.0, 3.0), P � 0.09] or EncephalApp (pretreatment:
156.9 � 29.1 vs. posttreatment: 152.2 � 27.4, P � 0.35).
There were significant improvements in HRQOL parameters
after periodontal therapy in HE patients on total SIP (pretreat-
ment: 11.2 � 5.3 vs. posttreatment: 7.2 � 2.9, P � 0.03),
psychosocial domain (pretreatment: 12.1 � 20.7 vs. posttreat-
ment: 5.1 � 2.8, P � 0.01), and physical domains (HE 10.8 �
12.5 vs. 5.4 � 2.8, P � 0.001). There was a nonsignificant
trend toward QOL improvement in non-HE patients on total

SIP (pretreatment: 7.80 � 9.03 vs. posttreatment: 7.2 � 9.6,
P � 0.23), and physical domain (pretreatment: 4.7 � 6.0 vs.
posttreatment: 4.6 � 7.0, P � 0.83), but there was an improve-
ment in the psychosocial domain (pretreatment: 9.4 � 13.8 vs.
posttreatment: 5.7 � 9.2, P � 0.04). No changes in healthy
controls were seen on these parameters before or after therapy
given the normal performance at baseline (Table 4).

In the group that did not receive interventions, cognitive dys-
function and HRQOL remained similarly affected between visits:
PHES [�2.0 (�5.0, 1.0) vs. �2.0 (�4.5, 1.0)], or EncephalApp
Stroop (185.9 � 34.2 vs. 178.6 � 45.5), pre vs. post total SIP
(10.4 � 5.66 vs. 9.9 � 7.0), psychosocial SIP (11.1 � 12.42 vs.
10.7 � 10.68), and physical SIP (7.8 � 9.92 vs. 7.4 � 9.01).

Microbiota changes at baseline. In cirrhotic patients who
ultimately underwent periodontal therapy and in controls using
UniFrac, there was a significant difference in �-diversity at base-
line between controls vs. cirrhosis stool and salivary microbiota
(all, P � � 1.0e-02). On LEFSe, the taxa that were higher in
cirrhotic patients’ saliva at baseline compared with controls were
related to Veillonellaceae and Lactobacillaceae, while a large
swathe of microbiota, including Porphyromonadaceae, Neissar-

Fig. 2. Changes in cognition and health-related quality of life after periodontal therapy. Data are presented as median and 95% CI with individual data points.
In the cirrhosis groups, the black dots are patients with HE (hepatic encephalopathy), while the others are without HE. A: change in Psychometric Hepatic
Encephalopathy Score (PHES) before/after periodontal therapy shows improvement in the cirrhosis, particularly the HE group (P � 0.05, Wilcoxon
matched-pairs test). A higher PHES score indicates better performance. Control values were similar pretherapy/posttherapy. B: change in EncephalApp
OffTime�OnTime before and after periodontal therapy shows improvement in the cirrhosis, particularly the HE group (P � 0.05, Wilcoxon matched-pairs test).
A higher OffTime�OnTime value indicates worse performance. Control values were similar before and after therapy. C: change in Sickness Impact Profile (SIP)
total values before or after periodontal therapy shows improvement in the cirrhosis, particularly the HE group (P � 0.05, Wilcoxon matched-pairs test). A higher
SIP total value indicates worse health-related quality of life. Control values were similar before and after therapy.
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eaceae, Clostridia, and Fusobacteriaceae were less abundant (Fig.
4A). Interestingly similar changes in Veillonellaceae and Clos-
tridiales were observed in the stool, as found in the saliva at
baseline between groups (Fig. 4B).

Using UniFrac there was a significant difference in �-diver-
sity at baseline between cirrhotic patients with/without HE on
stool, and salivary microbiota (all, P � � 1.0e-02). Specific
taxa higher in HE patients’ saliva were Enterococcaceae,
Lactobacillaceae, and lower Coriobacteriaceae compared with
the cirrhotics with non-HE (Fig. 5A). Stool samples from HE
patients also exhibited differences with higher abundance of
Erysipelothriceaeae and lower Selomonadales and Veillonel-
laceae (Fig. 5B) compared with non-HE patients. We studied
the cirrhosis dysbiosis ratio (CDR) and salivary dysbiosis ratio

before and after therapy in HE and non-HE patients (4, 6).
There was a significantly worse (lower) salivary CDR (HE:
1.1 � 0.7 vs. non-HE 1.79 � 1.1, P � 0.05) and CDR (HE:
0.59 � 0.17 vs. non-HE 2.1 � 1.2, P � 0.001) in HE patients
pretherapy compared with those without HE. After therapy,
there was a significant improvement (increase) in salivary CDR
(pretreatment: 1.1 � 0.7 vs. posttreatment: 1.78 � 0.90, P �
0.05) and CDR (pretreatment: 0.59 � 0.17 vs. posttreatment:
2.3 � 2.1, P � 0.03) in HE patients but no significant change
in non-HE patients.

Comparisons between groups changed 30 days after the
periodontal therapy. Using UniFrac, we found that there was a
significant difference in �-diversity again at day 30 posttherapy
between controls vs. cirrhosis stool and salivary microbiota

Table 3. Changes in clinical and inflammatory markers pre/post periodontal therapy

Cirrhosis Controls

Pretherapy 30-Day Post Pretherapy 30-Day Post

WBC count 6.11 � 1.90 5.34 � 1.85* 7.12 � 1.7 7.01 � 1.5
MELD score 10.4 � 4.3 8.7 � 3.2*
PHES total score (median IQR) �0.5 (�3.0, 2.0) 0.0 (�2.0,3.0)* 1.0 (�1.0, 2.0) 1.0 (�2.0, 2.0)
SIP total 9.1 � 7.96# 7.7 � 8.1#* 0.13 � 2.0 0.8 � 2.3
SIP physical 7.0 � 9.3# 4.8 � 5.4#* 0.11 � 0.24 0.11 � 0.45
SIP psychosocial 10.4 � 16.3# 5.5 � 7.7#* 0.34 � 0.9 0.51 � 1.65
Serum values

Endotoxin, EU/ml, median IQR 0.21 (0.11)# 0.11 (0.05)* 0.11 (0.05) 0.08 (0.10)
LBP, ng/ml, median IQR 478 (829)# 330 (1,114) 112 (1,921) 122 (1,955)
IL-6, pg/ml, median IQR 4.9 (7.0)# 3.5 (4.4)# 1.1 (1.4) 1.1 (1.6)
IL-1�, pg/ml, median IQR 0.54 (0.42) 0.35 (0.40)#* 0.51 (0.42) 0.54 (0.42)
Stroop Off�On Time, s 178.7 � 45.3# 165.0 � 33.7#* 146.6 � 16.9 147.1 � 18.3

Salivary values
Lysozyme, ng/ml 47,421 (71, 732) 47,933 (64, 097) 29,328 (69, 541) 28,300 (75, 734)
Histatin 1, 	g/ml 5.0 (7.2) 4.5 (9.5)# 6.2 (19.6) 10.9 (18.4)
Histatin 3, 	g/ml 429.5 (267.3) 420.6 (178.2)# 498.4 (360.5) 523.1 (252.7)
Histatin 5, 	g/ml 6.2 (1.8)# 5.9 (2.8)# 4.7 (3.3) 4.9 (3.1)
IL-6, pg/ml, median IQR 6.4 (8.3) 5.0 (10.2) 7.2 (9.7) 7.4 (10.8)
IL-1�, pg/ml, median IQR 111.3 (328.3)# 92.7 (248.1) 68.0 (112.1) 60.3 (109.8)

All data are presented as means � SD unless noted otherwise. These data pertain to the group that received periodontal therapy. IQR, interquartile range; LBP,
LPS binding protein; MELD, Model for End-stage Liver Disease; PHES, psychometric hepatic encephalopathy score; SIP, Sickness Impact Profile; WBC, white
blood cell. High score indicates a worse quality of life. Posttherapy indicates 30 days after periodontal therapy. *P � 0.05, pre vs. post Wilcoxon signed-rank
sum tests for median and paired t-test for means. #P � 0.05, cirrhosis vs. controls using Mann-Whitney U-test for medians and unpaired t-test for means.

Fig. 3. Changes in systemic inflammation after periodontal therapy. Data are presented as medians and 95% CI with individual data points. In the cirrhosis groups,
the black dots are patients with HE (hepatic encephalopathy), while the others are without HE. A: change in serum endotoxin before or after periodontal therapy
shows reduction in the cirrhosis group, and the HE group (P � 0.02, Wilcoxon matched-pairs test). Control values remained statistically similar. B: change in
serum IL-6 before or after periodontal therapy shows reduction in the cirrhosis group, and the HE group (P � 0.42, Wilcoxon matched-pairs test). Control IL-6
levels were similar before or after therapy.
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(all, P � � 1.0e-02). On LEFSe, the taxa that were higher in
cirrhotic patients’ saliva were similar to the baseline results
displaying higher Veillonellaceae and Lactobacillaceae (Fig.
4C). In addition, Prevotellaceae also appeared in cirrhotic

saliva at day 30. Saliva samples from noncirrhotic controls
remained higher on Porphyromonadaceae, Neisseraceae, and
Clostridia with a new increase in Pasteurellaceae and Synerg-
esticaeae. Analyses of the cirrhotic samples at day 30 revealed

Table 4. Changes in serum and salivary inflammatory markers in cirrhotic patients with and without HE pre/post
periodontal therapy

Cirrhosis without HE Cirrhosis with HE

Pretherapy 30-day Post Pretherapy 30-day Post

Serum

Endotoxin, EU/ml 0.17 (0.10) 0.12 (0.08)* 0.23 (0.06) 0.10 (0.04)*

LBP, ng/ml 491 (945) 313 (1,100) 347 (1,322) 264 (1,187)*

IL-6, pg/ml 3.6 (6.4) 3.2 (3.9) 8.8 (6.1)# 4.3 (5.8)*

IL-1b, pg/ml 0.37 (0.40) 0.32 (0.40) 0.72 (0.41) 0.67 (0.42)

Saliva

Lysozyme, ng/ml 45,390 (56,966) 46,009 (58,913) 66,107 (93,190) 50,918 (65,273)

Histatin 1, 	g/ml 4.3 (6.9) 4.6 (9.5) 7.6 (14.3) 3.3 (17.1)

Histatin 3, 	g/ml 391.0 (360.6) 404.5 (172.9) 431.0 (247.0) 475.4 (199.9)

Histatin 5, 	g/ml 6.7 (1.8) 6.4 (2.6) 5.7 (3.2) 5.6 (2.4)

IL-6, pg/ml 4.5 (7.4) 6.7 (8.2) 10.6 (10.5) 12.6 (14.0)

IL-1�, pg/ml 187.9 (272.3) 173.6 (342.9) 83.2 (99.1)# 36.8 (98.9)#*

Data are presented as medians (interquartile range, IQR); n � 16 and 10 patients without and with HE, respectively. These data are for the group that received
periodontal therapy. Posttherapy is 30 days after periodontal therapy. LBP, LPS binding protein. *P � 0.05, pre vs. post-Wilcoxon signed-rank sum tests. #P �

0.05, HE vs. non-HE using the Mann-Whitney U-test.

Fig. 4. Linear discriminant function effect size
(LEfSe) comparisons of microbiota family-level
changes between groups and tissues. The x-axis is
the log change in linear discriminant function be-
tween the groups displayed. A: changes between
Cirrhosis saliva (light gray) and Control saliva (dark
gray) at baseline. B: changes between Cirrhosis
stool (light gray) and Control stool (dark gray) at
baseline. C: changes between Cirrhosis saliva (light
gray) vs. Control saliva (dark gray) at day 30. D:
changes between Cirrhosis stool vs. Control stool
(light gray) at day 30 only showed a decrease in taxa
shown in cirrhosis and an increase in controls.
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significantly lower Enterobacteriaceae, Enterococcaceae, and
Clostridiaceae compared with the controls (Fig. 4D). On Uni-
Frac, there was a significant difference in �-diversity again at
day 30 between cirrhotic patients with and without HE on stool
and salivary microbiota (all, P � � 1.0e-02). Although higher
Lactobacillaceae and lower Coriobacteriace levels observed at
baseline in the saliva of HE patients remained similar at day
30, HE patients displayed significantly lower levels of Cam-
pylobacteriaceae and Fusobacteriaceae (Fig. 5C). At 30 days,
the stool profile comparisons remained like baseline between
patients with and without HE (Fig. 5D).

Changes in microbiota composition within groups after peri-
odontal therapy. On Wilcoxon matched-pairs analysis, there were
significant changes in cirrhosis stool with reduction in Enterobac-
teriaceae and Streptococcaceae and increase in Ruminococcaceae,
which were more prominent in HE patients (Fig. 6A). This was
accompanied by a reduction in cirrhosis salivary Pasteurellaceae
and Streptococcaceae (Fig. 6B), which was again higher in HE
patients. In controls, there were nonsignificant changes in saliva

(Fig. 6D), but stool was again beneficially affected by decreased
Enterobacteriaceae and Porphyromonadaceae and higher relative
abundance of Lachnospiraceae (Fig. 6C).

Comparison within cirrhotic group followed without
intervention. On UniFrac there were no changes in �-diversity
at day 30 compared with baseline on either stool or salivary
microbiota. Similarly, there were no changes on LEFSe in
saliva or stool between visits. In addition, on Wilcoxon
matched-pairs analysis, none of the specific autochthonous
taxa nor oral-origin taxa changes between visits (Fig. 6, E
and F) regardless of HE status.

DISCUSSION

Cirrhosis and its complications are linked with gut microbial
dysbiosis, endotoxemia, and systemic inflammation. However,
despite treatments directed toward the gut milieu, patients with
cirrhosis continue to exhibit systemic inflammation and endo-
toxemia, which can predict negative outcomes, such as hospi-

Fig. 4—Continued
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talizations, cognitive impairment, and psychological effects.
While the oral cavity has been implicated in the liver health
and inflammation in prior studies, the specific determinants and
the effect of oral interventions on these changes are unclear (1,
2, 18). The current proof-of-concept study aimed to systemi-
cally characterize the effect of periodontal therapy on oral and
systemic microbiota and immune and inflammatory markers
and assess the cognitive and psychological effects in a well-
defined group of patients with and without cirrhosis and com-
paring them to cirrhotic patients not subjected to the interven-
tions.

Our results revealed a relationship between the oral cavity
and the gut microbiota that can be modulated by changing the
oral milieu. Specifically, we were able to demonstrate that
periodontal therapy can reduce endotoxemia and systemic
inflammation, as well as salivary inflammation in cirrhotic
patients, especially those with HE. Indeed, the analysis showed

favorable changes with higher relative abundance of autoch-
thonous taxa (Ruminococcaceae and Lachnospiraceae) and
reduction in potentially pathogenic (Enterobacteriaceae) and
oral-origin taxa (Porphyromonadaceae and Streptococcaceae)
in stools of controls and cirrhotic patients, especially those
with HE. In addition, the salivary microbiota significantly
changed beneficially over time within cirrhotic patients with
lower relative abundance of endotoxin-producing Pasteurel-
laceae and also Streptococcaceae (31). There were persistent
differences between groups at baseline and day 30 but largely
salivary and stool microbial changes in cirrhotic patients rep-
resented improvement at day 30 compared with their baseline
differences, especially in those with HE, who had worse
dysbiosis at baseline. Importantly, in a similar outpatient cir-
rhotic group followed over 30 days, there was a significant
increase in serum endotoxin and LBP without periodontal
therapy, which was improved in the periodontal therapy group.

Fig. 5. Linear discriminant function effect size (LEfSe) comparisons of microbiota family-level changes between cirrhotic patients with and without hepatic
encephalopathy (HE). The x-axis is the log change in linear discriminant function between the groups displayed. HE patients are always displayed in light gray,
while cirrhotic patients without HE are displayed in dark gray. A: changes between HE saliva (light gray) vs. non-HE saliva (dark gray) at baseline. B: changes
between HE stool (light gray) vs. non-HE stool (dark gray) at baseline. C: changes between HE stool (light gray) vs. non-HE stool (dark gray) at day 30. D:
changes between HE saliva (light gray) vs. non-HE saliva (dark gray) at day 30.
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The potential mechanisms behind the change in the oral and
gut microbial composition after periodontal therapy could be
related to a reduction of oral inflammation leading to lower
systemic inflammation, or due to lower inflammatory burden

being swallowed and affecting the gut microbial milieu. In-
deed, in prior studies, introduction of a periodontal bacteria,
Porphyromonas gingivalis, led to hepatic inflammation in
germ-free mice; however, this phenomenon is not specific
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B Cirrhosis Saliva Changes Pre-post Periodontal Therapy
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Fig. 6. Prominent microbiota family changes before and 30 days after periodontal therapy. Individual data points for subjects pre and post are displayed, and
statistics employed are Wilcoxon-matched pair rank tests for family-level relative abundance. P values for this comparison are displayed in the title of each
subpart of the figure. A: cirrhosis stool changes showed significant reduction in the relative abundance of Enterobacteriaceae and Streptococcaceae and increase
in Ruminococcaceae in the entire group and in hepatic encephalopathy (HE) patients specifically. Lachnospiraceae were unaffected. HE patients are marked by
Œ, while the remaining are patients without HE. B: cirrhosis saliva changes showed significant reduction in the relative abundance of Streptococcaceae and
Pasteurellaceae in the entire group and in hepatic encephalopathy (HE) patients specifically. Lachnospiraceae were unaffected. HE patients are marked by Œ,
while the remaining are patients without HE. C: control stool changes showed a significant reduction in the relative abundance of Porphyromonadaceae and
Enterobacteriaceae and an increase in Lachnospiraceae. No changes in Streptococcaceae were seen. D: control saliva changes did not show any significant change
in Lachnospiraceae, Pasteurellaceae, Streptococcaceae, or Porphyromonadaceae. E: cirrhosis stool changes in patients who did not receive periodontal therapy.
There were no statistically significant changes in the relative abundance of specific taxa of interest in the entire group and in HE. HE patients are marked by
Œ, while the remaining are patients without HE. F: cirrhosis saliva changes in patients who did not receive periodontal therapy. There were no statistically
significant changes in the relative abundance of specific taxa of interest in the entire group and in HE. HE patients are marked by Œ, while the remaining are
patients without HE.
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because it can also be caused by Enterococcus fecalis (27, 30).
Moreover, given the impaired local and systemic immune
system and the lack of development of periodontitis, the
germ-free mice may not be an ideal model to study these
interactions (24).

The route of reduction of oral and systemic inflammation
that enhances gut microbiota composition by improving the
overall inflammatory milieu may be the likely mechanism.

In addition to the microbiota, there was a lowering of the
MELD score, and a significant improvement in cognitive
performance and HRQOL in HE patients. The results are in
direct support of a prior study that linked oral dysbiosis and
subsequent hospitalizations and reveal for the first time that
periodontal interventions may potentially benefit adverse clin-
ical outcomes in cirrhotic patients (4). Our findings underscore
the importance of targeting all sources of systemic inflamma-
tion and endotoxemia in cirrhosis. Of note, the patients with
prior HE, had higher endotoxemia despite being on modulators
of the gut milieu (6). Following periodontal therapy, endotox-
ins, IL-6 and IL-1� levels in this group of patients returned to
the levels of the patients without HE. This observation implies
that in addition to liver disease severity, endotoxemia and
systemic inflammation are likely mediated by other sources,
such as the oral cavity, which persists despite treating the
unfavorable gut milieu. Also as a counterbalance, the endo-
toxin and LBP levels increased in the group with cirrhosis

that did not receive periodontal therapy, likely reflecting the
underlying nature of the ongoing inflammatory process.

These findings are even more striking, given that we ex-
cluded patients with severe periodontitis and those who were
smokers or actively abusing alcohol, which are all factors
associated with unfavorable dental clinical outcomes regard-
less of cirrhosis (16, 34). Therefore, an improvement in oral
and gut dysbiosis, improvement in liver disease severity and a
decrease in systemic inflammation and endotoxemia that per-
sist several days after periodontal therapy suggests a clinically
relevant interrelationship between these physiological systems.
It is intriguing that inflammatory improvement in controls was
not expected. A recent study has found that the subgingival
microbiota in cirrhosis is different in those with cirrhosis and
periodontitis compared with noncirrhotic periodontitis patients
(22). We could hypothesize that the changes because of oral
interventions could have a greater impact on cirrhotic patients
rather than controls with a relatively lower impact on systemic
inflammation. This would also be explained by the fact that we
excluded active alcohol use, smoking, severe periodontitis, yet
allowed gingivitis patients.

As prior research has suggested, there is a multidimensional
impairment in the immune-inflammatory system in cirrhosis,
which results in a global mucosal-immune change (5, 37). This
is reflected in dysbiosis in stool, large and small intestine, liver,
serum, and saliva in cirrhotic patients (4, 7, 10, 37). In prior
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F Cirrhosis Saliva Changes Without Therapy Over Time
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Fig. 6—Continued
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reports, the innate defenses of the saliva, including histatin and
lysozyme, were impaired in cirrhotic patients along with local
inflammatory activation (5). Following periodontal interven-
tions, we observed a reduction in salivary IL-1� in cirrhosis
patients with HE. Yet, there was no change in salivary histatin,
lysozyme, or IL-6. Although the mechanism of these differen-
tial changes is unclear, it is likely that periodontal therapy may
favor enhancement of the local humoral immune response.
Therefore, further studies are warranted to understand disease
pathophysiology at a molecular level and fully elucidate the
mechanistic link between liver and oral diseases.

Although it is crucial to define the key players related to host
and microbiome to develop better treatment strategies, trans-
lation to the clinics requires elicitation of patient-reported
outcomes (23). Therefore, we also assessed the cognitive
performance and HRQOL in our study population. Our results
demonstrated significant improvement in two separate cogni-
tive testing strategies, PHES and EncephalApp Stroop, in HE
patients after periodontal therapy without any other changes in
their underlying HE episodes or therapy (3, 46). This was not
observed to a significant degree in cirrhotic patients without
HE and healthy controls who were not cognitively impaired or
had issues with HRQOL and remained similar in cirrhotic
patients who were not treated. Given prior literature about
impaired learning capacity in patients with prior HE (8, 35),
this improvement is unlikely due to repeated exposures to the
tests and potentially linked with improvement in the overall
inflammatory milieu. The improvement in HRQOL and cog-
nition in HE patients, who were already on lactulose and
rifaximin, is relevant because there are no further U.S. Food
and Drug Administration-approved therapies for alleviating
cognition in this population in the United States (44). However,
even though the tests and HRQOL values improved in prior HE
patients, they only reached the non-HE patients and not the
control values. This underlines the importance of the continued
liver disease-related inflammation that persists despite reduc-
ing the oral contribution.

It is also important to note that the periodontal disease cohort
included in the current study consisted of patients with chronic
gingivitis, which is a disease characterized by gingival inflam-
mation without alveolar bone loss and chronic mild-to-moder-
ate periodontitis, which is the inflammation of gingival tissues
accompanied by minimal bone loss. Both of these conditions
can be managed by nonsurgical periodontal therapy, which was
delivered in this study. On the contrary, the clinical manage-
ment of severe forms of periodontal diseases usually requires
more advanced procedures, including surgical interventions to
control inflammation. Further, it is the severe and persistent
forms of the disease that are associated with numerous other
conditions through increased local and systemic inflammatory
markers. Yet, despite the exclusion of patients with severe
periodontal disease, alcohol, and tobacco use, we found sig-
nificant changes in cirrhotic patients following oral interven-
tions. However, while the MELD score and white blood cell
(WBC) count changes were statistically significant, the clinical
significance of this change magnitude is low, likely due to the
fact that the baseline inflammation related to periodontal dis-
ease was low (12, 42). In fact, we also noted only very minor
changes in oral and stool dysbiosis or local/systemic inflam-
mation in the noncirrhotic controls despite periodontal therapy,
which is consistent with the notion that more comprehensive

oral interventions targeting severe forms of the periodontal
diseases would have a more pronounced effect on systemic and
subsequent cirrhosis outcomes. In noncirrhotic patients, gut
microbial manipulation using probiotics can favorably change
oral microbiota and local inflammation (25, 43). However,
evidence supporting this in cirrhosis is needed. Therefore,
further studies are warranted, including larger samples and
severe cases to fully elucidate the impact of oral interventions
on cirrhosis.

Our current results serve as proof of concept linking oral-
gut-hepatic axis with statistically significant reductions in
MELD and WBC count. Yet, clinical significance of our
observations needs to be further tested in future clinical trials,
and mechanistic studies, including severe periodontitis cases.
The current study, if confirmed in larger numbers, will likely
have significant implications for clinical practice. First, regular
oral health care is not covered routinely in some public health
care systems, such as the U.K. National Health Service or the
U.S. Veterans Affairs, leading to a relative neglect of this
important source of inflammation (11, 21). Second, all HE
patients were already on the nonabsorbable rifaximin and
lactulose, despite which, there was cognitive impairment and
systemic inflammation compared with non-HE patients who
showed significant cognitive improvement following oral in-
terventions (44). Lastly, the need for dental evaluation and
therapy in potential liver transplant candidates has already been
established, which now potentially needs to be extended to all
cirrhotic patients (29).

One of the limitations of our study was that the posttherapy
dental clinical parameters were not assessed. Bleeding on
probing could be explained partly by the low platelet count in
cirrhosis, but ultimately, this platelet count and INR do not
typically require additional correction in dental procedures.
This was also not a randomized trial, but the cirrhotic patients
who did not receive periodontal therapy were similar to the
cirrhotic group that received this therapy. Improvements in
HRQOL could be reflected by the greater visit frequency and
knowledge of active dental interventions in affected subjects,
but this did not improve in the group that was not given the
periodontal therapy. There is an inherent variability in LAL
assays for endotoxin, but the relatively narrow coefficient of
variation and the similar trends found in LBP point toward
endotoxin level alterations being reflective of underlying bio-
logical change.

In summary, we conclude that periodontal therapy in cir-
rhotic patients is associated with a reduction in endotoxemia,
systemic and local inflammation, HRQOL, and cognitive per-
formance against a background of oral and gut microbial
modulation. The oral cavity could represent a treatment target
to reduce inflammation and endotoxemia in patients with
cirrhosis to improve clinical outcomes. Larger-scale, random-
ized, placebo-controlled trials are needed to define the impact
of systematic oral interventions on clinical outcomes.
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