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A B S T R A C T

Background: Previous studies have reported associations between nonalcoholic fatty liver disease, periodontitis,
and obesity. Serum immunoglobulin G (IgG) antibody titer against Porphyromonas gingivalis, a major pathogen of
periodontitis, is an established indicator of periodontal infection. However, the relationship between the antibody
titer and liver enzyme levels has not been clarified yet. A study in the elderly was needed to evaluate the effect of
long-term persistent bacterial infection on liver function. The objective of this study was to investigate the as-
sociation between liver function and infection by P. gingivalis, and the effect of obesity on the association.
Methods: A cross-sectional study was conducted in adult outpatients visiting Sado General Hospital, in Niigata
Prefecture, Japan, from 2008 to 2010. The final participants included 192 men and 196 women (mean age 68.1
years). Multivariable logistic regression analyses were performed to assess the association between the serum IgG
antibody titer and the levels of aspartate aminotransferase (AST), alanine aminotransferase (ALT), and γ-gluta-
mine transferase (GGT) levels.
Results: In women, serum IgG antibody titers against P. gingivalis was associated with elevated ALT, but not with
AST or GGT, independent of covariates (p ¼ 0.015). No significant association was found between the antibody
titer and the elevated liver enzymes in men. The effect of obesity on the relationship between antibody titer and
liver enzyme levels was not statistically significant.
Conclusions: A cross-sectional analysis of adult outpatients suggested an association between P. gingivalis infection
and ALT levels in women. The effect of obesity on this association was not statistically significant.
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Figure 1. Flow diagram of the present study.
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1. Introduction

Periodontitis is a common chronic inflammatory disease in which
periodontal tissue is destroyed by infection with bacteria (Page, 1998).
Porphyromonas gingivalis is an anaerobic gram-negative bacterium known
as the main pathogen of periodontitis (Scannapieco et al., 2003; Beck
et al., 1996; Offenbacher et al., 1999). Increased levels of immunoglob-
ulin G (IgG) antibodies specific to the bacteria are observed in the sera of
patients with periodontitis (Murayama et al., 1988; Kojima et al., 1997).
Periodontal treatment decreases the number of bacteria in periodontal
pockets and reduces the serum IgG antibody titer against P. gingivalis
(Horibe et al., 1995). The application of the serum IgG antibody titer
against P. gingivalis as a screening test for periodontitis has been studied
(Kudo et al., 2012; Furuichi et al., 2003; Sakai et al., 2001).

Many reports have shown the relationship between periodontal dis-
eases and systemic diseases (Albandar et al., 2018). Periodontitis forms
superficial ulcers in the gingival sulcus and exposes its capillaries to the
biofilm (D'Aiuto et al., 2004), subsequently, periodontopathic bacteria
and inflammatory cytokines enter the systemic circulation and are
transmitted to distant tissues (Tom�as et al., 2012). A significant associ-
ation has been found between periodontitis and nonalcoholic fatty liver
disease (NAFLD) (Loos et al., 2000; Alazawi et al., 2017; Iwasaki et al.,
2018). Meanwhile, periodontal treatment improves aspartate amino-
transferase (AST) and alanine aminotransferase (ALT) levels in sera from
patients with NAFLD (Yoneda et al., 2012). In a mouse model of NAFLD,
P. gingivalis infection induced fatty liver and elevated blood ALT levels
(Yoneda et al., 2012). In another study, probing pocket depth, a clinical
parameter of periodontitis, was associated with serum γ-glutamine
transferase (GGT) independent of alcohol consumption in Japanese men
(Morita et al., 2014). The antibody levels against some types of
P. gingivalis fimbrial antigens were elevated in sera of patients with liver
fibrosis and NAFLD (Yoneda et al., 2012; Nakahara et al., 2018). How-
ever, the relationship between liver enzyme levels and serum IgG anti-
body titer against P. gingivalis has not been yet clear. A study including an
elderly population was needed to evaluate the association between liver
function and long-term persistent infection by P. gingivalis.

Obesity is the most common risk factor for chronic liver diseases
(Harris et al., 2009). The prevalence of NAFLD increases among people
with obesity (James and Day, 1998; Angulo, 2002; Marchesini et al.,
2003; Banderas et al., 2012). Elevated serum aminotransferase activity is
observed in obesity (James and Day, 1998; Angulo, 2002). Many studies
have demonstrated an association between periodontitis and metabolic
syndrome or obesity (Morita et al., 2010; Nibali et al., 2013; Watanabe
and Cho, 2014; Lamster and Pagan, 2017; Sakurai et al., 2019).
Furthermore, obesity has been suggested to influence the relationship
between periodontitis and liver function (Saito and Shimazaki, 2007;
Pischon et al., 2007). However, no previous study has elucidated the
effect of obesity on the relationship between liver enzyme levels and
serum IgG antibody titer against P. gingivalis.

Therefore, we evaluated the association between liver enzyme levels
and serum IgG antibody titer against P. gingivalis along with the effect of
obesity in a cross-sectional study with outpatients including the elderly.

2. Methods

2.1. Participants

The project in Sado for Total Health (PROST) began in June 2008, as
an ongoing hospital-based cohort study with outpatients of Sado General
Hospital in Sado Island, Niigata, Japan, in conjunction with the Center
for Inter-Organ Communication Research, Niigata University Graduate
School of Medical and Dental Sciences. The aging rate of individuals aged
�65 years in Sado City is over 40%, which is equivalent to that of Japan
estimated approximately 20 years later (Niigata Prefecture, 2017). The
project aims to study age-related diseases from the viewpoint of associ-
ation of organs in the super-aging society.
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In the present study, all 733 participants registered for PROST from
2008 to 2010 (34–89 years of age in 2008), and underwent general
physical examinations, blood tests, and health-related interviews. Data
regarding history of illness were collected from the clinical records.
Exclusion criteria included the following: edentulous (n ¼ 61), hemodi-
alysis (n ¼ 7), history of steroid or immunosuppressive therapy (n ¼ 14),
hepatitis A or B, and hepatic cirrhosis (n ¼ 12), and missing data (n ¼
251). The final sample consisted of 388 participants (192 men and 196
women, 34–89 years of age) (Figure 1).

The protocol of the present study was in accordance with the Helsinki
Declaration of 2002 and approved by the Medical Ethics Committee at
Niigata University (Approval number 511). All participants provided
written informed consent. In case it was difficult for them to sign by
themselves, their deputies signed. This was a human observational study,
and the report was prepared in accordance with the Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE)
guidelines.

2.2. Blood test data

The levels of AST, ALT, and GGT were measured from the blood
tests that should be performed for all patients undergoing treat-
ment. In addition, serum high-sensitivity CRP (hsCRP), serum
cytokines, interleukin-1β (IL-1β), interleukin-6 (IL-6), and TNF-α
levels were measured using a portion of the collected blood for this
project. HsCRP values were measured with a latex particle
enhanced immunoassay (NA Latex CRP Kit, Dade Behring, Tokyo,
Japan). Serum cytokine levels were measured using the Bio-
Plex200 Suspension Array System (Bio-Rad Laboratories, Hercu-
les, CA, USA) by Filgen Inc. (Nagoya, Japan).

The standard values for each serum liver enzyme level were based on
the Japanese Committee for Clinical Laboratory Standard Guidelines.
Elevated liver enzyme levels were defined as >30 U/L for AST for both
men and women, >23 U/L in women and >42 U/L in men for ALT, and
>32 U/L in women and >64 U/L in men for GGT.

2.3. Measurement of serum IgG antibody titers against P. gingivalis

Sera were obtained from participants with written informed consent
and stored at -30 �C. Serum IgG titers to P. gingivalis 381 sonicated
preparation were determined by PCL Japan, Inc. (Tokyo, Japan) with the
enzyme-linked immunosorbent assay (ELISA) using the same method as
in a previous study (Kudo et al., 2012). The analyses were calibrated
using pooled sera from 10 healthy volunteers without periodontitis (aged
20–29 years). The mean � 2SD (ELISA unit) of the controls was defined
as the value 1 for the standard.
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2.4. Covariates

Alcohol consumption, smoking habits, age, blood pressure, diabetes,
and body mass index (BMI) were considered as covariates, based on
previous studies reporting the risk factors for elevated serum liver
enzyme levels. Alcohol consumption and smoking habits were surveyed
using a self-administered questionnaire. The responses to the alcohol
drinking habits questionnaire were as follows: (1) “I drink more than 1
day a week”, (2) “I was a drinker before”, (3) “I'm a social drinker” and
(4) “I do not drink alcohol at all”. This study categorized social drinkers
and past drinkers into the “No drinking habits” and “Drinking habits”
groups, respectively. Similarly, the responses for smoking habits were as
follows: (1) “I have a smoking habit,” (2) “I had a smoking habit before,”
and (3) “I do not smoke at all.” Past smokers were categorized into the
“Have smoking habits” group. Age, blood pressure, diabetes, and BMI
were recorded during the PROST registration. Blood pressure was
measured twice. The definition of hypertension was the average blood
pressure �140 and/or �90 mmHg, and/or the use of antihypertensive
medication. Diabetes was defined as the person diagnosed with it. Height
and weight were measured for all participants. Obesity was defined as a
body mass index (BMI) � 25 kg/m2 for the Asian criteria (WHO Expert
Consultation, 2004).

2.5. Statistical analyses

In a previous report (Kudo et al., 2012), six cut-off values for serum
IgG antibody titers to P. gingivalis (1.00, 1.68, 3.36, 5.04, 6.72, and 8.40)
were used to assess the association with periodontitis. In this study,
serum IgG antibody titers against P. gingivaliswere categorized using two
types of cut-off points: the tertile and the six cut-off values mentioned
above.

The characteristics were compared between the participants with
tertile categories of serum IgG antibody titer against P. gingivalis deter-
mined by Mann-Whitney U tests or Fisher's exact tests. Univariate asso-
ciation of elevated serum liver enzyme levels with serum IgG antibody
titer against P. gingivalis or other explanatory variables were evaluated
using the Mann-Whitney U test, chi-square test, or Fisher's exact test.
Multivariable logistic regression was used to analyze the association
between elevated serum liver enzyme levels as outcomes and serum IgG
antibody titer against P. gingivalis as an explanatory variable, adjusted for
the covariates mentioned above.

To evaluate the effect of obesity on this association, the adjusted odds
ratios of the six cut-off values of the antibody titer were calculated from
multivariable logistic regression analyses according to the presence or
Table 1. Comparisons of selected characteristics by the tertile categories of serum Ig

Tertile categories of serum IgG antibody titer against P. g

Men (n ¼ 192)

1st tertile 2nd tertile 3rd

Antibody titer -1.2–4.1 4.2–15.2 15

Age (years) 70 (61, 74) 67 (63, 73) 67

Number of teeth 25 (14, 27) 22 (16, 26) 22

Hypertension (yes/no) 45/19 38/26 43

Obesity (yes/no) 31/33 20/44 21

Diabetes (yes/no) 36/28 25/39 32

AST (IU/l) 22 (18, 25) 24 (18, 30) 24

ALT (IU/l) 21 (16, 26) 20 (16, 26) 20

GGT (IU/l) 30 (24, 52) 29 (21,44) 29

Smoking (yes/no) 44/20 42/22 43

Drinking (yes/no) 43/21 49/15 37

Abbreviations: AST, aspartate aminotransferase; ALT, alanine aminotransferase; GG
percentile) for continuous variables and number of participants for categorical varia
value < 10) were performed. *p < 0.05.
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absence of obesity. Statistical analyses and calculations were performed
using the software SPSS version 19 for Windows (IBM Corp., Armonk,
New York, USA). The alpha level was 0.05.

3. Results

3.1. Comparisons of selected characteristics by the tertile categories of
serum IgG antibody titers against P. gingivalis

The participants were divided into men and women, and further
divided into three groups based on the tertile categories of the serum
IgG antibody titer against P. gingivalis. Age, number of teeth, number of
people with hypertension, obesity, diabetes, elevated AST, elevated
ALT, elevated GGT, smoking habits, and drinking habits are shown in
Table 1. In women, the number of smokers in the third tertile group of
antibody titers was significantly higher than that in the first and second
tertile groups (p ¼ 0.037). There was no significant difference in other
factors between the tertiles of antibody titers in both men and women
(Table 1).
3.2. Univariate association of elevated serum liver enzymes with serum IgG
antibody against P. gingivalis or other explanatory variables

In men, the number of people with hypertension was significantly
higher in the elevated AST group than in the normal group, and the
number of people with drinking habits was significantly higher in the
group with elevated GGT than in the normal group (p ¼ 0.009 and p ¼
0.011, respectively) (Table 2).

On the other hand, women participants in the elevated ALT level
group had a significantly lower age, a significantly higher number of
teeth, and a significantly higher number of participants in the third tertile
of the antibody than in the normal group (p ¼ 0.001, p ¼ 0.002, and p ¼
0.045, respectively) (Table 2).
3.3. Adjusted odds ratios of serum IgG antibody titers against P. gingivalis
for elevated liver enzymes

Multiple logistic regression analyses were conducted to evaluate
whether each tertile category of the serum IgG antibody titer against
P. gingivaliswas associated with elevated liver enzyme levels (Tables 3, 4,
and 5). In women, a significant association was observed between the
third tertile of the antibody titer against P. gingivalis and elevated ALT (p
¼ 0.015, OR ¼ 2.80, 95%CI ¼ 1.22–6.44).
G antibody titer against P. gingivalis.

ingivalis

Women (n ¼ 196)

tertile 1st tertile 2nd tertile 3rd tertile

.3–148.8 -1.3–3.9 3.9–9.3 9.5–109.7

(63, 73) 71 (62, 75) 67 (62, 76) 66 (61, 74)

(16, 26) 22 (15, 27) 21 (12, 25) 22 (12, 27)

/21 44/22 45/20 39/26

/43 29/37 23/42 27/38

/32 22/45 22/42 17/48

(18, 30) 21 (15, 27) 22 (20, 26) 24 (21, 27)

(16, 26) 18 (14, 23) 18 (15, 23) 21 (16, 25)

(28, 44) 17 (13, 25) 18 (15, 29) 21 (16, 25)

/21 2/64 1/64 7/58*

/27 6/60 6/59 4/61

T, gamma-glutamyltransferase; Values represent median (25th percentile, 75th
bles. Mann-Whitney U tests or Chi-square tests (Fisher's exact tests for expected



Table 2. Univariate association of elevated serum liver enzyme levels with serum IgG antibody titers against P. gingivalis or other explanatory variables.

Participants Variables AST ALT GGT

Normal level Elevated level Normal level Elevated level Normal level Elevated level

Men Number of participants 158 34 180 12 161 31

Antibody titer 8.5 (3.0, 16.9) 13.03 (4.9, 28.9) 9.1 (3.3, 17.3) 12.8 (2.5, 35.8) 9.2 (3.2, 17.9) 11.9 (3.1, 16.3)

(1st/2nd/3rd tertile) 56/53/49 8/11/15 60/61/59 4/3/5 51/55/55 13/9/9

Age (yrs.) 68 (62, 74) 72 (64, 75) 69 (63, 74) 71 (62, 77) 69 (63, 75) 65 (60, 73)

Number of teeth 23 (13, 27) 24 (15, 26) 24 (14, 27) 24 (9, 27) 23 (14, 26) 26 (10, 28)

Hypertension (yes/no) 97/61 29/5* 117/63 9/3 101/60 25/6

Obesity (yes/no) 59/99 13/21 65/115 7/5 56/105 16/15

Diabetes (yes/no) 78/80 15/19 86/94 7/5 79/82 14/17

Smoking habit (yes/no) 110/48 19/15 121/59 8/4 105/56 24/7

Drinking habit (yes/no) 108/50 21/13 122/58 7/5 102/59 27/4*

Women Number of participants 172 24 142 54 163 33

Antibody titer 5.7 (2.7, 12.5) 6.6 (2.7, 11.7) 5.4 (2.5, 10.8) 8.8 (2.8, 16.1) 5.7 (2.6, 12.5) 7.4 (2.3, 12.0)

(1st/2nd/3rd tertile) 58/57/57 8/8/8 51/51/40 15/14/25* 56/54/53 10/11/12

Age (yrs) 69 (62, 75) 65 (61, 72) 71 (62, 76) 65 (60, 69)* 69 (62, 75) 67 (60, 71)

Number of teeth 21 (11, 27) 23 (15, 27) 20 (10, 25) 25 (19, 27)* 21 (11, 26) 23 (17, 27)

Hypertension (yes/no) 110/62 18/6 92/50 36/18 107/56 21/12

Obesity (yes/no) 69/103 10/14 51/91 28/26 62/101 17/16

Diabetes (yes/no) 55/117 6/18 40/102 21/33 50/113 11/22

Smoking habit (yes/no) 10/162 0/24 7/135 3/51 9/154 1/32

Drinking habit (yes/no) 13/159 3/21 12/130 4/50 14/149 2/31

Abbreviations: AST, aspartate aminotransferase; ALT, alanine aminotransferase; GGT, gamma-glutamyltransferase. Values represent median (25th percentile, 75th
percentile) for continuous variables and number of participants for categorical variables. Elevated AST level was defined as >30 IU/l. Elevated ALT levels were defined
as >42 IU/l for men and >23 IU/l for women. Elevated GGT levels were defined as >64 IU/l for men and >32 IU/l for women. Mann-Whitney U tests for continuous
variables, Fisher's exact tests for 2 � 2 contingency tables, and chi-square tests for 2 � 3 contingency tables were performed. *p < 0.05.

Table 3. Logistic regression analyses for elevated AST.

Participants Variables Crude OR (95%CI) Adjusted OR (95%CI)

Men Serum IgG antibody titers against P. gingivalis The 1st tertile Reference Reference

The 2nd tertile 1.45 (0.54–3.89) 1.63 (0.57–4.63)

The 3rd tertile 2.14 (0.84–5.49) 2.29 (0.86–6.10)

Age 1.04 (0.99–1.09) 1.04 (0.98–1.09)

Number of teeth 1.00 (0.96–1.05) 1.02 (0.97–1.08)

Hypertension 3.65 (1.34–9.93)* 3.43 (1.21–9.75)*

Obesity 1.04 (0.48–2.23) 1.08 (0.47–2.46)

Diabetes 0.81 (0.38–1.71) 0.96 (0.43–2.15)

Smoking habit 0.55 (0.26–1.18) 0.73 (0.32–1.66)

Drinking habit 0.75 (0.35–1.61) 0.85 (0.36–1.99)

Women Serum IgG antibody titers against P. gingivalis The 1st tertile Reference Reference

The 2nd tertile 1.02 (0.36–2.90) 1.11 (0.38–3.23)

The 3rd tertile 1.02 (0.36–2.90) 1.07 (0.37–3.11)

Age 0.98 (0.93–1.02) 0.98 (0.93–1.03)

Number of teeth 1.03 (0.98–1.09) 1.03 (0.97–1.09)

Hypertension 1.69 (0.64–4.48) 2.09 (0.74–5.88)

Obesity 1.07 (0.45–2.54) 0.88 (0.36–2.19)

Diabetes 0.71 (0.27–1.89) 0.68 (0.25–1.84)

Drinking habit 1.75 (0.46–6.64) 1.64 (0.41–6.54)

Smoking habit as a variable was excluded from the analysis in women because of small number of smokers. AST, aspartate aminotransferase. Elevated AST level was
defined as >30 IU/l. OR, odds ratio; 95% CI, confidence interval; *p < 0.05.
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Figure 2 shows the results of multiple logistic regression
analyses using the six cut-off values (1.00, 1.68, 3.36, 5.04,
6.72, and 8.40) of serum IgG antibody titer against P. gingivalis.
In women, a significant association was obtained between the
serum IgG antibody titer against P. gingivalis, and ALT levels at
the cut-off values of 6.72 and 8.40 (p ¼ 0.005 and p ¼ 0.001,
respectively).
4

3.4. Adjusted odds ratios of serum IgG antibody titer against P. gingivalis
for elevated liver enzymes with or without obesity

Figure 3 shows adjusted odds ratios from multiple logistic regression
analyses to evaluate the effect of obesity on the association between
serum IgG antibody titers to P. gingivalis and elevated liver enzymes. For
men with an antibody titer over 3.36, the odds ratios were consistently



Table 4. Logistic regression analyses for elevated ALT.

Participants Variables Crude OR (95%CI) Adjusted OR (95%CI)

Men Serum IgG antibody titers against P. gingivalis The 1st tertile Reference Reference

The 2nd tertile 0.74 (0.16–3.44) 0.99 (0.20–4.97)

The 3rd tertile 1.27 (0.33–4.97) 1.52 (0.37–6.18)

Age 1.03 (0.96–1.11) 1.04 (0.96–1.13)

Number of teeth 1.00 (0.93–1.07) 1.01 (0.93–1.09)

Hypertension 1.62 (0.42–6.18) 1.43 (0.35–5.88)

Obesity 2.48 (0.76–8.12) 2.74 (0.79–9.51)

Diabetes 1.53 (0.47–5.00) 1.64 (0.47–5.75)

Smoking habit 0.98 (0.28–3.37) 1.23 (0.32–4.67)

Drinking habit 0.67 (0.20–2.19) 0.75 (0.21–2.71)

Women Serum IgG antibody titers against P. gingivalis The 1st tertile Reference Reference

The 2nd tertile 0.93 (0.41–2.13) 1.31 (0.55–3.15)

The 3rd tertile 2.13 (0.99–4.55) 2.80 (1.22–6.44)*

Age 0.95 (0.91–0.98)* 0.97 (0.93–1.01)

Number of teeth 1.07 (1.03–1.12)* 1.07 (1.02–1.12)*

Hypertension 1.09 (0.56–2.11) 1.39 (0.66–2.94)

Obesity 1.92 (1.02–3.62)* 1.64 (0.81–3.30)

Diabetes 1.62 (0.84–3.13) 1.71 (0.84–3.48)

Drinking habit 0.87 (0.27–2.81) 0.77 (0.20–2.95)

Smoking habit as a variable was excluded from the analysis in women because of small number of smokers. ALT, alanine aminotransferase. Elevated ALT levels were
defined as >42 IU/l for men, and >23 IU/l for women. OR, odds ratio; 95% CI, confidence interval; *p < 0.05.

Table 5. Logistic regression analyses for elevated GGT.

Participants Variables Crude OR (95%CI) Adjusted OR (95%CI)

Men Serum IgG antibody titers against P. gingivalis The 1st tertile Reference Reference

The 2nd tertile 0.64 (0.25–1.63) 0.68 (0.25–1.88)

The 3rd tertile 0.64 (0.25–1.63) 0.70 (0.26–1.89)

Age 0.96 (0.92–1.00) 0.96 (0.91–1.01)

Number of teeth 1.02 (0.97–1.06) 1.00 (0.95–1.05)

Hypertension 2.48 (0.96–6.38) 2.98 (1.06–8.41)*

Obesity 2.00 (0.92–4.34) 1.59 (0.68–3.68)

Diabetes 0.86 (0.40–1.85) 0.97 (0.41–2.28)

Smoking habit 1.83 (0.74–4.51) 1.83 (0.70–4.83)

Drinking habit 3.90 (1.30–11.71)* 3.77 (1.20–11.84)*

Women Serum IgG antibody titers against P. gingivalis The 1st tertile Reference Reference

The 2nd tertile 1.14 (0.45–2.90) 1.65 (0.63–4.34)

The 3rd tertile 1.27 (0.51–3.18) 1.50 (0.57–3.92)

Age 0.97 (0.93–1.01) 0.98 (0.94–1.03)

Number of teeth 1.04 (0.99–1.09) 1.03 (0.98–1.08)

Hypertension 0.92 (0.42–2.00) 0.96 (0.41–2.22)

Obesity 1.73 (0.82–3.67) 1.67 (0.75–3.71)

Diabetes 1.13 (0.51–2.51) 1.08 (0.48–2.44)

Drinking habit 0.69 (0.15–3.18) 0.61 (0.13–2.95)

Smoking habit as a variable was excluded from the analysis in women because of small number of smokers. GGT, gamma-glutamyltransferase. Elevated GGT levels were
defined as >64 IU/l for men and >32 IU/l for women. OR, odds ratio; 95% CI, confidence interval; *p < 0.05.
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higher with obesity than without obesity, although none of the odds
ratios was statistically significant. In women, the IgG antibody titer
against P. gingivalis higher than the cut-off titers 6.72 and 8.40 showed
significant associations with the elevated ALT regardless of the presence
or absence of obesity.
3.5. Correlation analyses between serum hsCRP, cytokine levels, and IgG
antibody titer against P. gingivalis

In both men and women, regardless of the presence or absence of
obesity, no significant correlation was observed between serum IgG
5

antibody titer against P. gingivalis and hsCRP, IL-1β, IL-6, or TNF-α levels
(p > 0.05) (Table 6).

4. Discussion

This is the first report to investigate the relationship between liver
function and infection with periodontopathic bacteria in adults including
the elderly. Since sufficient time and skill are required to perform an
accurate periodontal examination, serum IgG antibody titer against
P. gingivalis is useful to determine the relationship between periodontitis
and systemic diseases in a large population (Dye et al., 2009; Eke, 2013).



Figure 2. Adjusted odds ratios of serum IgG antibody titers against P. gingivalis for elevated liver enzyme levels. Multiple logistic regression analyses were performed
in (a) men and (b) women. The odds ratio of the antibody titer over each cut-off value was calculated by adjusting for age, number of teeth, hypertension, obesity,
drinking habit, and smoking habit (except in women due to the small number of smokers). *p < 0.05, **p < 0.01.

Figure 3. Adjusted odds ratios of serum IgG
antibody titers against P. gingivalis for elevated
liver enzyme levels with or without obesity. The
odds ratios for (a) elevated AST in men, (b)
elevated ALT in men, (c) elevated GGT in men,
(d) elevated AST in women, (e) elevated ALT in
women, and (f) elevated GGT in women. Multiple
logistic regression analyses were performed. The
odds ratio of the antibody titer over each cut-off
value was calculated in participants with or
without obesity adjusted for age, number of
teeth, hypertension, drinking habit, and smoking
habit (except in women due to the small number
of smokers). Obesity was defined as a BMI �25
kg/m2 *p < 0.05.

Table 6. Correlation coefficient between serum IgG antibody titer against P. gingivalis, cytokines and hsCRP.

Serum IgG antibody titers to P. gingivalis

Men Women

β p-value β p-value

IL-1β 0.01 0.95 -0.02 0.82

IL-6 0.10 0.18 -0.09 0.23

TNF-α -0.03 0.70 -0.07 0.36

hsCRP 0.11 0.15 0.01 0.86

Adjusted for age, body mass index. IL-1β, interleukin-1β; IL-6, interleukin-6; TNF-α, Tumor Necrosis Factor-α; hsCRP, high-sensitivity C-reactive protein.
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We found an association between elevated ALT and serum IgG antibody
titers against P. gingivalis in women. A statistically significant association
was observed only with the 3rd tertile category, or at a cut-off value >

6.72 of the antibody titers. According to a previous report (Kudo et al.,
2012), the recommended cut-off value of serum IgG antibody titer
against P. gingivalis was 1.68 for screening for the presence of
6

periodontitis. A titer greater than 6.72 corresponded to more severe
periodontitis (Kudo et al., 2012). On the other hand, ALT is one of the
important indicators of declined liver function and is increased as a result
of fatty liver, independent of an alcoholic or nonalcoholic association
(Rakha et al., 2010). Although both AST and ALT are deviation enzymes,
ALT is mainly localized in the liver, unlike AST, which is distributed not
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only in the liver but also in the myocardium, skeletal muscle, and kid-
neys. Therefore, the results of this study suggest an association between
declined liver function and the presence of severe infection by
P. gingivalis in women.

According to a report (Saito et al., 2006) in healthy Japanese women
(20–59 years old), significant associations between periodontitis and
serum AST, ALT, and GGT levels were found by multivariable linear
regression analyses. Another previous study in Japan (Morita et al.,
2014), in which most of the participants were men aged 39–64 years old,
reported a significant association between elevated GGT and periodon-
titis independent of drinking habit. In the present study, only ALT levels
in women were significantly associated with serum IgG antibody titers
against P. gingivalis. The difference in age range may be a cause of the
inconsistencies between the results from the previous reports and the
present study. Indeed, 85% of the participants were 60 years or older in
our study. Additionally, the participants in our study were outpatients of
a hospital, whereas participants in previous studies were recruited during
medical check-ups.

We hypothesized bidirectional relationships between elevated liver
enzyme levels, serum IgG antibody titers against P. gingivalis, and obesity.
Previous studies have suggested that periodontitis affects liver function
by hepatic dyslipidemia, and obesity has been reported to be a risk factor
for periodontitis (Saito and Shimazaki, 2007). However, we did not find a
significant difference in the IgG antibody titer against P. gingivalis be-
tween obesity and non-obesity. Adjusted odds ratios of the antibody titer
for liver enzymes were higher in obese men than in non-obese men, but
the difference was not statistically significant (Figure 3). Similarly, obese
and non-obese women tended to have different odds ratios, but they were
significant only for ALT and for cut-off levels of antibody titers >6.72
(Figure 3). Therefore, we are unable to conclude whether obesity mod-
ifies the relationship between liver enzymes and serum IgG antibody ti-
ters against P. gingivalis based on our results. Further investigations with a
larger number of participants, including data on indicators for dyslipi-
demia, may lead to a greater understanding in this field in the future.

We expected that cytokines and hsCRP produced in periodontitis
would be a link between serum IgG antibody titer against P. gingivalis and
elevated liver enzyme levels. Higher hsCRP and IL-6 levels have been
observed in sera from patients with periodontitis compared to healthy
controls, and the concentrations were significantly decreased after peri-
odontal treatment (Nakajima et al., 2010; Yamazaki et al., 2005). In an
obese rat model, experimental periodontitis increased gene expression
levels of TNF-α and CRP in liver tissue, and IL-6 and CRP in adipose tissue
(Endo et al., 2010). However, in our study, serum IgG antibody titers
against P. gingivalis were not correlated with serum hsCRP, IL-1β, IL-6, or
TNF-α levels, regardless of the presence or absence of obesity. Therefore,
it is unlikely that increased proinflammatory mediators in periodontitis
elevated ALT levels in women in this study. Several biological mecha-
nisms have been proposed to explain the association between peri-
odontitis and systemic diseases. Oral administration of P. gingivalis in
mice has been suggested to induce dysbiosis in the gastrointestinal
microbiota, exacerbate intestinal permeability, and disseminate enter-
obacteria in the liver (Arimatsu et al., 2014; Nakajima et al., 2015).
Further study is needed to determine the mechanism that explains the
observed association between serum IgG antibody titers against
P. gingivalis and elevated ALT levels in this study.

Alcohol consumption is a well-known risk factor for reduced liver
function. GGT levels are elevated in alcoholic fatty liver and are affected
by even small amounts of alcohol (Wang and Yue, 2011). In contrast, a
study reported no differences in ALT levels between NAFLD and alcoholic
fatty liver (Rakha et al., 2010). In this study, the proportion of partici-
pants with a drinking habit was 67% of men and 8% of women. Although
a univariate association between elevated GGT levels and drinking habit
was observed in men, it was nonexistent after the adjustment for
covariates.

The mean age of women in the present study was 68.5 � 9.4, and
most of them were postmenopausal women. It has been suggested that
7

estrogen deficiency is associated with periodontitis in postmenopausal
women (Inagaki et al., 2001; Yoshihara et al., 2004; Iwasaki et al., 2013).
In addition, the effects of sex hormones on NASH and NAFLD have been
reported (Xin et al., 2015; Kamada et al., 2011). It might be speculated
that estrogen deficiency affected the results in this study.

The limitations of the present study were the small number of par-
ticipants and the absence of periodontal clinical parameters. In addition,
the cross-sectional design of the study does not show causative re-
lationships. The mechanism of association between the serum IgG anti-
body titer against P. gingivalis and the liver enzyme level is unknown.
Further large-scale studies and additional research will be conducted in
the PROST cohort.

In conclusion, a cross-sectional analysis of adult outpatients including
the elderly showed an association between the serum IgG antibody titer
against P. gingivalis and ALT levels in women.
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