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Abstract: A relationship between periodontitis and liver function has been suggested. Indeed,
patients with severe periodontal disease have been found to be more prone to liver dysfunction.
The periodontal inflammatory surface area (PISA) has been shown to be a useful indicator of pe-
riodontal and systemic diseases. However, little information is available regarding whether the
PISA is associated with liver function markers, such as gamma-glutamyltransferase (GGT), aspartate
aminotransferase (AST), and alanine aminotransferase (ALT). This study aimed to clarify relationship
between liver function markers, AST, ALT, and GGT, and PISA level in a cross-sectional study. The
subjects were recruited between 2018 and 2021 at the Medical and Dental Collaboration Center of
Kanagawa Dental College Hospital. A periodontal clinical examination was performed, and the
PISA was calculated. Peripheral blood samples were collected, and serum levels of liver function
markers were measured. The levels of liver function markers were examined in different values of
PISA. Participants with high PISA scores were more likely to have increased GGT levels while AST
and ALT were not changed with PISA. Increased GGT was found in 10.8% and 29.4% (p = 0.0056),
increased AST in 48.2% and 52.9% (p = 0.62), and increased ALT in 35.2% and 47.0% (p = 0.20) among
<300 mm2 and
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Abstract: A relationship between periodontitis and liver function has been suggested. Indeed, pa-
tients with severe periodontal disease have been found to be more prone to liver dysfunction. The 
periodontal inflammatory surface area (PISA) has been shown to be a useful indicator of periodontal 
and systemic diseases. However, little information is available regarding whether the PISA is asso-
ciated with liver function markers, such as gamma-glutamyltransferase (GGT), aspartate ami-
notransferase (AST), and alanine aminotransferase (ALT). This study aimed to clarify relationship 
between liver function markers, AST, ALT, and GGT, and PISA level in a cross-sectional study. The 
subjects were recruited between 2018 and 2021 at the Medical and Dental Collaboration Center of 
Kanagawa Dental College Hospital. A periodontal clinical examination was performed, and the 
PISA was calculated. Peripheral blood samples were collected, and serum levels of liver function 
markers were measured. The levels of liver function markers were examined in different values of 
PISA. Participants with high PISA scores were more likely to have increased GGT levels while AST 
and ALT were not changed with PISA. Increased GGT was found in 10.8% and 29.4% (p = 0.0056), 
increased AST in 48.2% and 52.9% (p = 0.62), and increased ALT in 35.2% and 47.0% (p = 0.20) among 
<300 mm2 and ≧300 mm2 PISA groups, respectively. It was found that males with a PISA of 300 mm2 

or higher had an elevated level of serum GGT. In conclusion, elevated GGT was found in the high 
PISA group, particularly in males, while AST and ALT did not differ by PISA. 
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1. Introduction 
Periodontitis is a disease in which tissue destruction progresses owing to increased 

chronic inflammation in the periodontal tissue, which causes loss of teeth and oral frailty 
[1,2]. Bacterial plaques are the main cause of periodontal disease, and various other sys-
temic diseases are known to be associated with periodontal disease [3]. Dysbiosis, an im-
balance of bacteria in the oral cavity, is involved in the progression of periodontal disease 
[4]. Oral microbial dysbiosis can causally link oral disease to extraoral comorbidities via 
the induction of systemic inflammation or ectopic colonization of oral species in remote 
tissues [5,6]. The oral bacteria are classified in order of their association with periodontal 
disease, and the bacteria most associated with periodontal disease are called red complex. 
The three species in the red complex are Porphyromonas gingivalis, Treponema denticola, and 
Tannerella forsythia and are considered to be most responsible for severe periodontitis [7]. 
Periodontopathic bacteria induce persistent immune responses and may affect the whole 
body if the constituent components of the bacteria in the oral cavity, the bacterial cells 
themselves, and the inflammatory mediators produced at the lesion flow into the systemic 
circulation and reach remote organs [8–11]. 
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300 mm2 PISA groups, respectively. It was found that males with a PISA of 300 mm2

or higher had an elevated level of serum GGT. In conclusion, elevated GGT was found in the high
PISA group, particularly in males, while AST and ALT did not differ by PISA.
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1. Introduction

Periodontitis is a disease in which tissue destruction progresses owing to increased chronic
inflammation in the periodontal tissue, which causes loss of teeth and oral frailty [1,2]. Bacterial
plaques are the main cause of periodontal disease, and various other systemic diseases are
known to be associated with periodontal disease [3]. Dysbiosis, an imbalance of bacteria
in the oral cavity, is involved in the progression of periodontal disease [4]. Oral microbial
dysbiosis can causally link oral disease to extraoral comorbidities via the induction of
systemic inflammation or ectopic colonization of oral species in remote tissues [5,6]. The
oral bacteria are classified in order of their association with periodontal disease, and the
bacteria most associated with periodontal disease are called red complex. The three species
in the red complex are Porphyromonas gingivalis, Treponema denticola, and Tannerella forsythia
and are considered to be most responsible for severe periodontitis [7]. Periodontopathic
bacteria induce persistent immune responses and may affect the whole body if the con-
stituent components of the bacteria in the oral cavity, the bacterial cells themselves, and
the inflammatory mediators produced at the lesion flow into the systemic circulation and
reach remote organs [8–11].
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Particular attention has been paid to the association between periodontal disease,
diabetes, and cardiovascular disease [12,13]. Elevated inflammatory factors in the gingiva
of poorly controlled diabetic patients suggest an interactive biological link between peri-
odontitis and diabetes mellitus [10]. In 2017, the European Federation of Periodontology
and the International Diabetes Federation published consensus guidelines for physicians,
oral health professionals, and patients to improve the early diagnosis, prevention, and
management of diabetes and periodontitis [12]. In addition, comprehensive treatment of
periodontitis and the rebuilding of healthy periodontal ligaments can reduce inflamma-
tion in the body, which may play an important role in the prevention of cardiovascular
disease [13]. Among periodontal medicine studies, cardiovascular disease and diabetes
mellitus have been frequently reported, and recent reports have also suggested an associa-
tion between periodontal disease and liver disease [14,15]. Periodontal disease and tooth
loss are positively associated with liver diseases including nonalcoholic fatty liver disease
(NAFLD), elevated transaminase level, liver cirrhosis and liver cancer [15].

Liver disease is a general term for diseases that cause damage to the liver due to
viruses, lifestyle habits, drugs, etc. Altered immune function can alter the pathogenesis of
viral hepatitis, autoimmune liver disease, and even hepato-cellular carcinoma [15]. NAFLD
more recently referred to as metabolic-associated fatty liver disease, refers to a disease spec-
trum ranging from hepatic steatosis to nonalcoholic steatohepatitis (NASH), fibrosis, and
cirrhosis, associated with hepatic complications and extra-hepatic complications [16]. Many
reports have shown that NAFLD is also associated with diabetes [17,18], and liver disease
related to diabetes, hepatogenous diabetes, and liver disease occurring coincidentally with
diabetes were introduced [17]. Diabetes could be a significant risk factor for progression of
the chronic liver disease. In addition, liver function in aging is said to have a significantly
reduced regenerative capacity. A report using aging mice has shown that aging causes
protein changes and a decrease in regenerative capacity [19]. Moreover, alcohol is broken
down and metabolized by the liver. Regular alcohol consumption induces numerous liver
changes, including fatty infiltrates, alcoholic hepatitis, and cirrhosis [20]. Thus, liver disease
progresses due to a variety of factors.

Some reports suggested a relationship between NAFLD and periodontal disease [21–24].
Infection with Aggregatibacter actinomycetemcomitans, one of the periodontal pathogens,
affects NAFLD by altering the gut microbiota and glucose metabolism [22]. Elevated
Porphyromonas gingivalis in saliva was associated with liver stiffness [23]. An in vivo animal
model revealed that infection with periodontopathic bacteria accelerates the progression
of NAFLD accompanied by enhanced steatosis [24]. Moreover, the detection of periodon-
topathic bacteria in the liver may demonstrate that the bacteria have a direct impact on
NAFLD [24].

Liver function tests measure the blood markers aspartate aminotransferase (AST),
alanine aminotransferase (ALT), and gamma-glutamyl transferase (GGT) [25]. A liver
biopsy is one of the reliable liver function tests like blood biomarkers. Using liver biopsies,
periodontitis and gingivitis were shown to be associated with liver diseases [26]. Patients
with periodontitis had higher CRP levels, while those with gingivitis presented higher GGT
levels [26]. AST and ALT are enzymes that perform important functions such as amino acid
metabolism and are present in the cells of organs such as the heart, kidneys, and liver [27,28].
GGT is an enzyme present in the bile of digestive fluid that decomposes proteins and fats
in the intestine. When alcohol is consumed, the production of GGT is activated and
increases [29]. An increasing number of studies have shown that increased GGT levels
are associated with NASH [30]. GGT is not only a marker of liver function, but is also
associated with various diseases [31]. GGT is an early predictive marker for atherosclerosis,
heart failure, arterial stiffness and plaque, gestational diabetes, and various liver diseases,
including viral hepatitis, other infectious diseases, and several life-threatening cancers [31].
GGT may be a factor with systemic relevance in addition to liver function.

NAFLD, a precursor to NASH, is recently being under consideration for the accuracy
of the disease names. In a 2023 report, 74% of respondents to a survey of 236 panelists
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from 56 countries felt that the current nomenclature is flawed enough to consider a name
change [32]. Metabolically associated fatty liver disease (MASLD) was proposed as an
alternative name for NAFLD, and metabolically associated fatty hepatitis (MASH) is
being considered as an alternative name for NASH. Although the new nomenclature
and diagnostic criteria are widely supported and have the potential to improve patient
recognition [32], the terms NAFLD and NASH were used in this study because of their
wide usage today.

The periodontal inflamed surface area (PISA) can be used to determine periodontal
inflammation based on the clinical attachment level, the periodontal pocket depth, the
amount of gingival recession, and the value of bleeding on probing [33]. It is a numerical
value that allows a quantitative assessment of periodontal disease. Gingivitis index and
bleeding on probing, which are conventional indicators of inflammation in periodontal
tissues, are not familiar to medical professionals in the treatment of systemic diseases. As
an objective indicator of inflammation in periodontal tissue, PISA can provide information
on periodontal conditions to medical professionals in an easily understandable form.

Generally, periodontal treatment begins with a periodontal clinical examination to
determine the extent of progression. This is followed by the removal of calculus, plaque,
and other exogenous deposits on the teeth, as well as the removal of many other risk factors
to promote gingival and root attachment. Removal of calculus is first performed by initial
periodontal therapy, which is primarily scaling and root planing (SRP). For teeth that do
not improve after reevaluation, periodontal surgery is performed for further improvement.
Reevaluation is then repeated to stabilize the periodontal condition. The relationship
between periodontal treatment and liver function is gradually becoming clearer. In 2022,
Kamata et al. reported that SRP treatment significantly reduced liver enzyme and endotoxin
levels in patients with NAFLD and periodontal disease, and was generally well tolerated in
these patients [34]. Thus, periodontal treatment may have a positive effect on liver disease.

A link between periodontal disease and liver diseases has been reported; however,
there are no reports on the association between the PISA and the liver function markers like
GGT, AST and ALT. This study aimed to investigate the relationship between periodontal
disease and GGT, AST and ALT levels using the PISA.

2. Materials and Methods
2.1. Study Population

The subjects were recruited between 2018 and 2021 at the Center for Medical and
Dental Cooperation at Kanagawa Dental University Hospital. The participants were
required to be at least 20 years old and provide consent to participate. The exclusion criteria
were antibiotic intake within the past two months, severe systemic infection, pregnancy,
and lactation status. This study was approved by the Ethics Committee of Kanagawa Dental
University School of Dentistry (No. 499), and the protocol was performed in accordance
with the Declaration of Helsinki (revised in 2013). The study purpose and procedures were
explained to each participant. Written informed consent was obtained from all participants
prior to their participation.

2.2. Clinical Examinations

General information about the participants, such as age and gender, was obtained
from interviews and medical records at the initial visit. Subjects had peripheral blood
samples taken to measure serum levels of liver function markers such as AST, ALT, and
GGT, and hemoglobin A1c, a diabetes marker. Blood glucose levels were measured using a
blood glucose meter (Pocket Chem; Arkray, Kyoto, Japan) with a small amount of blood
from the subject’s fingertip.

A trained periodontist evaluated the periodontal status of the subjects. Methods
included counting the number of remaining teeth, excluding wisdom teeth, and measuring
probing pocket depth and probing bleeding at 6 points per tooth for all teeth using a
manual probe (PCP-UNC 15, Hu-Friedy, Chicago, IL, USA). Using these periodontal
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parameters, periodontal epithelial surface area and PISA were calculated using previously
reported methods; PISA reflects the surface area of the bleeding pocket epithelium in square
millimeters. The surface area of the bleeding pocket epithelium quantifies the amount of
inflamed periodontal tissue [33]. Saliva testing was performed using the Sill-Ha (Arkray
Inc., Kyoto, Japan) according to the manufacturer’s instructions for use. Briefly describing
the method of use, subjects put the solution in their mouths, rinsed their mouths for 10 s,
mixed the solution and saliva in their mouths, and collected the mixture by spitting it out
into a cup. The collected saliva was applied to a test strip, which was then placed in a
dedicated measuring device for testing. From the saliva test, the protein and leukocyte
scores in the saliva were calculated to indicate the degree of gingival inflammation.

2.3. Statistical Analysis

The report of Leira et al. was referred to when setting the cut-off value of PISA [35].
They showed that the mean PISA values were 34.30 ± 16.48 mm2 in the healthy group,
292.74 ± 98.08 mm2 in the mild periodontitis group and 645.66 ± 86.29 mm2 in the moderate
periodontitis group. Thus, the PISA cutoff value for this study was set at 300 mm2, referring to
the mild group value, and a comparison was performed between high and low PISA groups.

The Shapiro-Wilk test was performed to test the normality of the data distributions.
Numerical data are presented as medians and interquartile ranges for skewed distributions.
Pearson’s chi-square test was used to compare categorical values. The Wilcoxon test was
used to compare differences in values between groups. JMP version 14.2.0 software (SAS
Institute Inc., Cary, NC, USA) was used for all statistical analyses. A p-value of <0.05 was
considered statistically significant.

3. Results

The characteristics of the subjects included in this study are shown in Table 1. Numeri-
cal data are presented as medians and interquartile ranges for skewed distributions. There
were 114 women and 59 men, for a total number of 173. The median age was 69, with a
relatively large number of permanent subjects.

Table 1. Subject characteristics.

Variables

n 173
Sex [female %] 65.9

Age [years] 69 (60, 76) 1

Number of teeth 25 (22, 27) 1

PISA [mm2] 151.3 (69.8, 270.0) 1

HbA1c [%] 5.7 (5.4, 6.0) 1

Blood glucose [mg/dL] 111.0 (98.5, 128.5) 1

Probing depth [mm] 2.2 (2.1, 2.4) 1

Bleeding on probing [%] 18 (9, 33) 1

Leukocyte score in saliva 67 (40, 79) 1

Protein score in saliva 45 (30, 67) 1

AST [U/L] 21 (18, 25) 1

ALT [U/L] 17 (13, 25) 1

GGT [UI] 20 (16, 35) 1

1 Data are shown as the median (interquartile range). PISA, periodontal inflamed surface area; HbA1c, hemoglobin
A1c; AST, aspartate aminotransferase; ALT, alanine aminotransferase; GGT, gamma-glutamyl transferase.

Subjects were divided into two groups, according to their PISA scores, and their
general health status and oral health values were compared in Table 2. No association was
found between age, gender, number of teeth, HbA1c, or blood glucose levels and PISA,
while an upward trend of HbA1c was observed in the high PISA group. Probing depth and
bleeding on probing were significantly increased in the high PISA group. The liver function
markers AST and ALT were not significantly elevated, although there was an increasing
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trend in the high PISA group; subjects with high PISA had elevated salivary leukocyte and
protein scores, and serum GGT levels.

Table 2. Comparison of the general condition according to periodontal status.

PISA [mm2] < 300 PISA [mm2]
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Abstract: A relationship between periodontitis and liver function has been suggested. Indeed, pa-
tients with severe periodontal disease have been found to be more prone to liver dysfunction. The 
periodontal inflammatory surface area (PISA) has been shown to be a useful indicator of periodontal 
and systemic diseases. However, little information is available regarding whether the PISA is asso-
ciated with liver function markers, such as gamma-glutamyltransferase (GGT), aspartate ami-
notransferase (AST), and alanine aminotransferase (ALT). This study aimed to clarify relationship 
between liver function markers, AST, ALT, and GGT, and PISA level in a cross-sectional study. The 
subjects were recruited between 2018 and 2021 at the Medical and Dental Collaboration Center of 
Kanagawa Dental College Hospital. A periodontal clinical examination was performed, and the 
PISA was calculated. Peripheral blood samples were collected, and serum levels of liver function 
markers were measured. The levels of liver function markers were examined in different values of 
PISA. Participants with high PISA scores were more likely to have increased GGT levels while AST 
and ALT were not changed with PISA. Increased GGT was found in 10.8% and 29.4% (p = 0.0056), 
increased AST in 48.2% and 52.9% (p = 0.62), and increased ALT in 35.2% and 47.0% (p = 0.20) among 
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300 p-Value

Age [years] 69 (50, 75) 71.5 (58, 79) 0.48
Sex [female %] 55.5 10.4 0.07

Number of teeth 25 (22, 27) 26 (22, 28) 0.40
HbA1c [%] 5.6 (5.4, 5.9) 5.8 (5.4, 6.4) 0.24

Blood glucose [mg/dL] 110 (98, 127) 112 (99, 175) 0.25
Probing depth [mm] 2.2 (2.0, 2.4) 3.0 (2.5, 3.3) <0.0001

Bleeding on probing [%] 14 (8, 23) 47 (35, 62) <0.0001
Leukocyte score in saliva 59 (35, 77) 77 (70, 89) <0.0001

Protein score in saliva 42 (28, 65) 58 (43, 83) 0.0001
Increased AST [%] 48.2 52.9 0.62
Increased ALT [%] 35.3 47.0 0.20
Increased GGT [%] 10.8 29.4 0.0056

The subjects were divided into two groups according to the PISA using a cutoff value of 300 mm2. Cutoff values
were also established for AST, ALT, and GGT; more than 20 U/L of AST, more than 20 U/L of ALT, and more than
50UI GGT were judged as high values. PISA, periodontal inflamed surface area; HbA1c, hemoglobin A1c; AST,
aspartate aminotransferase; ALT, alanine aminotransferase; GGT, gamma-glutamyl transferase.

Although the gender difference was not significant, the high PISA group had a high
proportion of males (approximately 90%), and GGT test results showed gender differences,
so subsequent analyses were conducted separately for males and females.

Figure 1 shows the AST levels in both males and females in the low and high PISA
groups. Figure 2 shows the ALT levels in both groups. AST and ALT levels were not
significantly different between the two PISA groups in both male and female subjects.
There were no differences in the AST and ALT levels between the sexes. Figure 3 depicts a
comparison of the GGT levels in the low and high PISA groups, considering sex differences.
In the high PISA group, the GGT levels were elevated in males (p = 0.0497), whereas no
significant differences were observed in females (p = 0.9845).
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4. Discussion

In the present study, it was shown that participants with high PISA scores were more
likely to have increased GGT levels. The PISA is a new indicator of clinical periodontal
conditions and is associated with systemic diseases [36,37]. The current results also showed
an increase in probing pocket depth and bleeding on probing in the high PISA group, which
confirmed the usefulness of PISA. It has also been reported that the PISA is associated with
NASH, liver disease, AST and ALT [38].

The reason why AST and ALT are shown in addition to GGT as markers of liver
function in this study is that AST and ALT are the most commonly used scores to evaluate
liver function, and some studies have evaluated the relationship to periodontal disease
using AST and ALT [39,40]. Recently, GGT has also been used as an indicator of liver
function markers, and this study examined the association between GGT and PISA. AST
and ALT, which have been widely used in conventional studies, were also shown as
secondary markers in this study.

Liver biopsy is an effective method like liver biomarkers in measuring liver function.
In a report by Čolak et al., the relationship between periodontal disease and NASH and
NAFLD was studied using liver biopsy [26]. The reason why we used biomarkers in our
study is that liver biopsy is a rather difficult and specialized method. Biomarkers, on the
other hand, are a relatively simple method of collecting and analyzing blood samples. In
addition, blood sampling is an acceptable test even for dentists in Japan, so we compared it
to liver function biomarkers in this study.

Probing pocket depth and bleeding on probing are conventionally used as periodontal
disease indicators. These values have been used in the previous reports which showed
an association with liver disease or functions [41,42]. Iwasaki et al. performed an oral
health examination and assessed the relationship between periodontal disease status and
ultrasound diagnosed NAFLD in Japanese participants [41]. They found that a probing
pocket depth of 4 mm or more may be a risk factor for NAFLD [41]. Duseja et al. reported
that bleeding on probing was observed to have a higher odds ratio in patients with liver
disease, and concluded that patients with liver disease had a higher prevalence of periodon-
tal disease and poorer oral hygiene conditions compared to healthy subjects [42]. While
probing pocket depth and bleeding on probing have conventionally been widely used as
indices representing the clinical state of periodontal disease, PISA, a novel value of the
periodontal clinical condition, can quantify the severity of periodontitis as one value.

As shown in Table 2, the PISA and liver function markers were divided into two groups
using cutoff values. The cutoff value for PISA was set at 300 mm2 [35]. In this study, fewer
subjects had a PISA of 300 mm2 or higher, and so this point requires caution in interpreting
the results. The cutoff value for GGT was set at 50 IU because a GGT value of 50 IU or
higher during a medical checkup in Japan requires reexamination. Because GGT differs
between males and females [43], we analyzed the levels of GGT by gender and showed
that GGT was increased in the male high PISA group (Figure 3A).

Some previous studies showed the relationship between liver function and periodontal
disease. Helenius-Hietala et al. performed a follow-up study with 6165 people without
liver disease, resulting in 79 subjects having liver diseases during follow-up [44]. Patients
with liver diseases had worse periodontal conditions than the other subjects [44]. Kim et al.
indicated that the subjects with high fatty liver index as a predictor of NAFLD had a
high prevalence of periodontal disease [45]. GGT levels are elevated in NAFLD, a pre-
NASH condition [46]. Many reports have also shown that patients with NAFLD and
NASH have poor periodontal conditions [21,47,48]. Although the specific presence or
absence of liver disease was not noted in this study, few participants had liver disease.
Regarding the relationship between periodontal disease and GGT, Chu et al. reported that
Treponema denticola, a major periodontal pathogen, increases with GGT levels [49]. GGT
levels are significantly elevated in patients with deep periodontal pockets compared to
those without periodontal pockets [49]. Our results are consistent with these findings.
Periodontal disease is not associated with alcohol intake but with liver function [50].
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This suggests that the management and treatment of periodontal disease may improve
liver function.

It has been reported that chronic alcohol consumption increases GGT [31,51]. Teschke et al.
reported that chronic alcohol consumption leads to an increase in the activity of GGT in
serum, which is associated with an enhancement of GGT activity in the liver [51]. Koenig
et al. reported that GGT is an early predictive marker for a variety of liver diseases,
including atherosclerosis, heart failure, atherosclerosis and plaque, gestational diabetes,
viral hepatitis, other infectious diseases, and several life-threatening cancers, in addition to
being elevated by alcohol intake [31]. The relationship between alcohol and periodontal
disease has been reported by Park et al. indicating that men with higher alcohol intake
were more likely to require periodontal treatment regardless of age, socioeconomic factors,
general health, and multivariate-adjusted number of toothbrushes per day [52]. The present
study lacked information on the subjects’ alcohol intake, which is a major limitation of this
study. Data on alcohol intake habits should be taken into account in future studies.

There have been valid reports on the improvement of liver function status in peri-
odontal disease treatment. A report comparing a group that underwent SRP, a periodontal
treatment, with a group that did not undergo SRP discovered a decrease in liver function
markers AST, ALT, and GGT in the treatment group [34]. The main objectives of SRP are the
removal of subgingival marginal calculus and biofilm deposits to create a biocompatible
root surface and reduce inflammatory load. SRP remains important in the treatment of
periodontitis and many reports supported improvements of PISA by SRP [53–55]. These
reports suggest that periodontal treatment may also improve liver function status.

The results of this study showed that GGT levels increased in the high PISA group,
whereas the AST and ALT levels did not increase. GGT is an enzyme that degrades
proteins in the body, and GGT was reported to be elevated in mice that ingested a large
amount of protein [56]. Patients with chronic periodontitis show higher levels of proteins in
gingival crevicular fluid [57]. The present results also showed an elevated salivary protein
level in the high PISA patients. It is possible that elevated levels of proteins, particularly
inflammatory markers, may lead to an increase in GGT in patients with periodontitis.

We also observed an increase in GGT levels in male participants with high PISA scores.
Unstable GGT values in females were reported due to changes in female hormones and
GGT levels before and after menopause [58]. GGT levels were higher in postmenopausal
than premenopausal females [58]. Although many participants in this study were post-
menopausal females, their GGT levels were generally low. This may be another reason
why no relationship was found between the PISA and GGT levels in females. In addition,
males tended to consume more alcohol than females, and their GGT levels were slightly
elevated [59]. Some studies reported that alcohol consumption and periodontal disease are
unrelated [60,61]; thus, GGT levels may be independently related to periodontal disease.

HbA1c and salivary data such as protein and leukocyte scores were also examined
in this study. HbA1c is a score commonly used to evaluate diabetes mellitus and is often
reported to be associated with periodontal disease [62,63]. Baeza et al. reported that
when periodontal treatment was performed on patients with type 2 diabetes, HbA1c
values decreased [62]. The report by Stanko et al. focuses on the bidirectional relationship
between diabetes and periodontal disease, with diabetes increasing the risk and severity
of periodontitis and periodontal disease exacerbating insulin resistance, which may affect
glycemic control [63]. Aoyama et al. showed that elevated HbA1c was found in patients
with decreased masticatory function [64], which indicates that diabetes is associated with
oral status such as periodontal infection and masticatory function. Saliva is currently being
studied for its association with cancer, diabetes, and other systemic diseases [65].

In saliva testing, high protein and leukocyte scores were found in the high PISA group.
The usefulness of salivary tests was proposed in previous reports [66,67]. Kim et al. [66]
studied 10 adult males and females to clarify the measurement principles of salivary tests.
It was also evaluated whether salivary proteins and white blood cell counts were associated
with the severity of periodontal disease in 13 children with periodontitis and 17 children
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without periodontitis [67]. Although these studies investigated a relatively small number of
subjects, the usefulness of the salivary analyzer was confirmed in this study of 173 subjects.
However, saliva scores were not associated with GGT in this study, thus further studies are
needed to indicate the usefulness of saliva testing for the assessment of systemic conditions.

There are several limitations to this study. First, the periodontal treatment period
of the participants was not specified. In addition, the participants’ periodontal disease
was not diagnosed. The subjects in this study were not limited to first-time visitors to
the dental clinic. Therefore, the phase of dental treatment varied from subject to subject.
Next, subjects’ medication and alcohol consumption were not analyzed in this study
due to a lack of data. In particular, alcohol intake not only affects GGT, but should be
considered in relation to periodontal disease, thus alcohol is an important parameter for
deepening this research topic. Third, the study did not assess the subjects’ liver disease
status. Although the specific presence or absence of liver disease was not noted in this
study, few participants had liver disease. The presence or symptoms related to liver disease
need to be discussed in future studies. Fourth, the sample size was not calculated prior to
the study. These issues should be considered when interpreting the results of this study. As
for future research prospects, it is important to investigate whether periodontal treatment
is effective in improving GGT. In addition, it is necessary to conduct research by taking into
consideration the lifestyle background, alcohol intake, smoking status, and periodontal
disease diagnosis for each subject.

5. Conclusions

In conclusion, elevated GGT, a marker of liver function, was found in the high PISA
group. In particular, GGT levels were elevated in males in the high PISA group. In contrast,
AST and ALT did not differ between the high and low PISA groups. The relationship
between periodontal status and general health should be considered in clinical practice.
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26. Čolak, D.; Pintar, T.; Cmok Kučič, A.; Salobir, J.; Gašpirc, B.; Gašperšič, R. Periodontal and Hepatic Parameters in Obese Patients
Undergoing Bariatric Surgery. Oral Health Prev. Dent. 2022, 20, 295–304.

27. Kwo, P.Y.; Cohen, S.M.; Lim, J.K. ACG clinical guideline: Evaluation of abnormal liver chemistries. Am. J. Gastroenterol. 2017, 112,
18–35. [CrossRef]

28. Quan, Y.; Tian, G.E.; Zhou, J.T.; Wu, W.C.; Liu, X.J. The observation of liver and kidney injury and the activation of macrophages
in the overload pressure induced cardiac hypertrophy/heart failure mouse model. Sichuan Da Xue Xue Bao Yi Xue Ban 2020, 51,
331–336.

29. Whitfield, J.B. Gamma glutamyl transferase. Crit. Rev. Clin. Lab. Sci. 2001, 38, 263–355. [CrossRef]
30. Xing, M.; Gao, M.; Li, J.; Han, P.; Mei, L.; Zhao, L. Characteristics of peripheral blood Gamma-glutamyl transferase in different

liver diseases. Medicine 2022, 101, e28443. [CrossRef]

https://doi.org/10.1126/sciadv.aau3333
https://doi.org/10.1016/j.cell.2020.05.048
https://doi.org/10.1034/j.1600-0757.2002.280102.x
https://doi.org/10.1111/jcpe.12335
https://doi.org/10.1111/jcpe.13189
https://doi.org/10.1111/jcpe.12803
https://doi.org/10.1128/CMR.13.4.547
https://www.ncbi.nlm.nih.gov/pubmed/11023956
https://doi.org/10.1111/jcpe.12808
https://doi.org/10.1007/s11883-020-00848-6
https://doi.org/10.1111/jcpe.13341
https://www.ncbi.nlm.nih.gov/pubmed/32621350
https://doi.org/10.3748/wjg.v19.i46.8459
https://www.ncbi.nlm.nih.gov/pubmed/24379563
https://doi.org/10.1016/j.clinthera.2021.07.013
https://www.ncbi.nlm.nih.gov/pubmed/34446271
https://doi.org/10.1016/j.ajg.2018.08.003
https://doi.org/10.1111/jgh.15877
https://doi.org/10.18632/aging.101124
https://doi.org/10.1016/S1089-3261(05)70099-4
https://doi.org/10.1111/jcpe.13523
https://www.ncbi.nlm.nih.gov/pubmed/34250613
https://doi.org/10.1038/s41598-017-14260-9
https://www.ncbi.nlm.nih.gov/pubmed/29066788
https://doi.org/10.1038/s41598-022-17917-2
https://www.ncbi.nlm.nih.gov/pubmed/35948584
https://doi.org/10.3390/ijms22073728
https://doi.org/10.1136/bmjopen-2019-033532
https://doi.org/10.1038/ajg.2016.517
https://doi.org/10.1080/20014091084227
https://doi.org/10.1097/MD.0000000000028443


J. Clin. Med. 2023, 12, 4759 11 of 12

31. Koenig, G.; Seneff, S. Gamma-glutamyltransferase: A predictive biomarker of cellular antioxidant inadequacy and disease risk.
Dis. Markers 2015, 2015, 818570. [CrossRef]

32. Rinella, M.E.; Lazarus, J.V.; Ratziu, V.; Francque, S.M.; Sanyal, A.J.; Kanwal, F.; Romero, D.; Abdelmalek, M.F.; Anstee, Q.M.;
Arab, J.P.; et al. A multi-society Delphi consensus statement on new fatty liver disease nomenclature. Hepatology 2023, 101133.
[CrossRef]

33. Nesse, W.; Abbas, F.; van der Ploeg, I.; Spijkervet, F.K.; Dijkstra, P.U.; Vissink, A. Periodontal inflamed surface area: Quantifying
inflammatory burden. J. Clin. Periodontol. 2008, 35, 668–673. [CrossRef] [PubMed]

34. Kamata, Y.; Kessoku, T.; Shimizu, T.; Sato, S.; Kobayashi, T.; Kurihashi, T.; Morozumi, T.; Iwasaki, T.; Takashiba, S.;
Hatanaka, K.; et al. Periodontal Treatment and Usual Care for Nonalcoholic Fatty Liver Disease: A Multicenter, Randomized
Controlled Trial. Clin. Transl. Gastroenterol. 2022, 13, 00520. [CrossRef] [PubMed]

35. Leira, Y.; Martín-Lancharro, P.; Blanco, J. Periodontal inflamed surface area and periodontal case definition classification. Acta
Odontol. Scand. 2018, 76, 195–198. [CrossRef]

36. Pietropaoli, D.; Del Pinto, R.; Ferri, C.; Marzo, G.; Giannoni, M.; Ortu, E.; Monaco, A. Association between periodontal
inflammation and hypertension using periodontal inflamed surface area and bleeding on probing. J. Clin. Periodontol. 2020, 47,
160–172. [CrossRef]

37. Nesse, W.; Linde, A.; Abbas, F.; Spijkervet, F.K.; Dijkstra, P.U.; de Brabander, E.C.; Gerstenbluth, I.; Vissink, A. Dose-response
relationship between periodontal inflamed surface area and HbA1c in type 2 diabetics. J. Clin. Periodontol. 2009, 36, 295–300.
[CrossRef]

38. Widita, E.; Yoshihara, A.; Hanindriyo, L.; Miyazaki, H. Relationship between clinical periodontal parameters and changes in liver
enzymes levels over an 8-year period in an elderly Japanese population. J. Clin. Periodontol. 2018, 45, 311–321. [CrossRef]

39. Zhang, F.; Zhao, D.; Xu, X.; Wen, P.; Li, H.; Yu, R.; Cheng, T.; Zheng, Z.; Yang, H.; Yang, C.; et al. Periodontitis links to concurrent
metabolic disorders and abnormal liver function in pregnant women. Oral Dis. 2022. [CrossRef]

40. Koyama, T.; Hamada, H.; Nishida, M.; Naess, P.A.; Gaarder, C.; Sakamoto, T. Defining the optimal cut-off values for liver enzymes
in diagnosing blunt liver injury. BMC Res. Notes 2016, 9, 41. [CrossRef]

41. Iwasaki, T.; Hirose, A.; Azuma, T.; Ohashi, T.; Watanabe, K.; Obora, A.; Deguchi, F.; Kojima, T.; Isozaki, A.; Tomofuji, T. Correlation
between ultrasound-diagnosed non-alcoholic fatty liver and periodontal condition in a cross-sectional study in Japan. Sci. Rep.
2018, 8, 7496. [CrossRef] [PubMed]

42. Duseja, A.; Chahal, G.S.; Jain, A.; Mehta, M.; Ranjan, A.; Grover, V. Association between nonalcoholic fatty liver disease and
inflammatory periodontal disease: A case-control study. J. Indian Soc. Periodontol. 2021, 25, 47–54. [PubMed]

43. Takagi, Y. Enzyme. In Standard Clinical Laboratory Medicine, 4th ed.; Takagi, Y., Yamada, T., Eds.; Igaku-Shoin Ltd.: Tokyo, Japan,
2013; pp. 203–217.

44. Helenius-Hietala, J.; Suominen, A.L.; Ruokonen, H.; Knuuttila, M.; Puukka, P.; Jula, A.; Meurman, J.H.; Åberg, F. Periodontitis
is associated with incident chronic liver disease—A population-based cohort study. Liver Int. 2019, 39, 583–591. [CrossRef]
[PubMed]

45. Kim, J.Y.; Lee, G.N.; Song, H.C.; Park, Y.M.; Ahn, Y.B.; Han, K.; Ko, S.H. Association between Fatty Liver Index and Periodontitis:
The Korea National Health and Nutrition Examination Survey. Sci. Rep. 2020, 10, 3805. [CrossRef] [PubMed]

46. Neuman, M.G.; Malnick, S.; Chertin, L. Gamma glutamyl transferase—An underestimated marker for cardiovascular disease and
the metabolic syndrome. J. Pharm. Sci. 2020, 23, 65–74. [CrossRef]

47. Kuraji, R.; Sekino, S.; Kapila, Y.; Numabe, Y. Periodontal disease-related nonalcoholic fatty liver disease and nonalcoholic
steatohepatitis: An emerging concept of oral-liver axis. Periodontol. 2000 2021, 87, 204–240. [CrossRef]

48. Xu, W.; Zhang, Z.; Yao, L.; Xue, B.; Xi, H.; Wang, X.; Sun, S. Exploration of shared gene signatures and molecular mechanisms
between periodontitis and nonalcoholic fatty liver disease. Front. Genet. 2022, 13, 939751. [CrossRef]

49. Chu, L.; Wu, Y.; Xu, X.; Phillips, L.; Kolodrubetz, D. Glutathione catabolism by Treponema denticola impacts its pathogenic potential.
Anaerobe 2020, 62, 102170. [CrossRef]

50. Morita, T.; Yamazaki, Y.; Fujiharu, C.; Ishii, T.; Seto, M.; Nishinoue, N.; Sasaki, Y.; Kawato, T.; Motohashi, M.; Maeno, M. Serum
γ-glutamyltransferase level is associated with periodontal disease independent of drinking habits in Japanese adults. Med. Sci.
Monit. 2014, 20, 2109–2116.

51. Teschke, R.; Rauen, J.; Neuefeind, M.; Petrides, A.S.; Strohmeyer, G. Alcoholic liver disease associated with increased gamma-
glutamyltransferase activities in serum and liver. Adv. Exp. Med. Biol. 1980, 132, 647–654.

52. Park, J.B.; Han, K.; Park, Y.G.; Ko, Y. Association between alcohol consumption and periodontal disease: The 2008 to 2010 Korea
National Health and Nutrition Examination Survey. J. Periodontol. 2014, 85, 1521–1528. [CrossRef]

53. Cobb, C.M.; Sottosanti, J.S. A re-evaluation of scaling and root planning. J. Periodontol. 2021, 92, 1370–1378. [CrossRef] [PubMed]
54. Aydinyurt, H.S.; Akbal, D.; Altindal, D.; Bozoglan, A.; Ertugrul, A.S.; Demir, H. Evaluation of biochemical and clinical effects

of hyaluronic acid on non-surgical periodontal treatment: A randomized controlled trial. Ir. J. Med. Sci. 2020, 189, 1485–1494.
[CrossRef] [PubMed]

55. Costa, F.O.; Esteves Lima, R.P.; Costa, A.M.; Costa, A.A.; Mattos Pereira, G.H.; Cortelli, S.C.; Cortelli, J.R.; Magalhães Cyrino, R.;
Aparecida Silva, T.; Miranda Cota, L.O. Adjunctive effects of photodynamic therapy using indocyanine green in residual pockets
during periodontal maintenance therapy: A split-mouth randomized controlled trial. J. Periodontol. 2023. [CrossRef] [PubMed]

https://doi.org/10.1155/2015/818570
https://doi.org/10.1097/HEP.0000000000000520
https://doi.org/10.1111/j.1600-051X.2008.01249.x
https://www.ncbi.nlm.nih.gov/pubmed/18564145
https://doi.org/10.14309/ctg.0000000000000520
https://www.ncbi.nlm.nih.gov/pubmed/36000999
https://doi.org/10.1080/00016357.2017.1401659
https://doi.org/10.1111/jcpe.13216
https://doi.org/10.1111/j.1600-051X.2009.01377.x
https://doi.org/10.1111/jcpe.12861
https://doi.org/10.1111/odi.14364
https://doi.org/10.1186/s13104-016-1863-3
https://doi.org/10.1038/s41598-018-25857-z
https://www.ncbi.nlm.nih.gov/pubmed/29760403
https://www.ncbi.nlm.nih.gov/pubmed/33642741
https://doi.org/10.1111/liv.13985
https://www.ncbi.nlm.nih.gov/pubmed/30300961
https://doi.org/10.1038/s41598-020-60797-7
https://www.ncbi.nlm.nih.gov/pubmed/32123238
https://doi.org/10.18433/jpps30923
https://doi.org/10.1111/prd.12387
https://doi.org/10.3389/fgene.2022.939751
https://doi.org/10.1016/j.anaerobe.2020.102170
https://doi.org/10.1902/jop.2014.130782
https://doi.org/10.1002/JPER.20-0839
https://www.ncbi.nlm.nih.gov/pubmed/33660307
https://doi.org/10.1007/s11845-020-02230-6
https://www.ncbi.nlm.nih.gov/pubmed/32436173
https://doi.org/10.1002/JPER.22-0672
https://www.ncbi.nlm.nih.gov/pubmed/37051740


J. Clin. Med. 2023, 12, 4759 12 of 12

56. Youngman, L.D.; Campbell, T.C. Inhibition of aflatoxin B1-induced gamma-glutamyltranspeptidase positive (GGT+) hepatic
preneoplastic foci and tumors by low protein diets: Evidence that altered GGT+ foci indicate neoplastic potential. Carcinogen
1992, 13, 1607–1613. [CrossRef]

57. Yu, L.; Zhou, C.; Wei, Z.; Shi, Z. Effect of combined periodontal-orthodontic treatment on NOD-like receptor protein 3 and high
mobility group box-1 expressions in patients with periodontitis and its clinical significance. Medicine 2019, 98, e17724. [CrossRef]

58. D’Abbondanza, M.; Ministrini, S.; Pucci, G.; Nulli Migliola, E.; Martorelli, E.E.; Gandolfo, V.; Siepi, D.; Lupattelli, G.; Vaudo, G.
Very Low-Carbohydrate Ketogenic Diet for the Treatment of Severe Obesity and Associated Non-Alcoholic Fatty Liver Disease:
The Role of Sex Differences. Nutrients 2020, 12, 2748. [CrossRef]

59. Hendriks, H.F.J. Alcohol and Human Health: What Is the Evidence? Ann. Rev. Food Sci. Technol. 2020, 11, 1–21. [CrossRef]
60. Sankaranarayanan, R.; Saxlin, T.; Knuuttila, M.; Ylöstalo, P.; Suominen, A.L. Alcohol use and the development of periodontal

pockets: An 11-year follow-up study. J. Periodontol. 2020, 91, 1621–1631. [CrossRef]
61. Sankaranarayanan, R.; Keränen, A.L.; Saxlin, T.; Myllykangas, R.; Knuuttila, M.; Ylöstalo, P.; Suominen, A.L. Association between

alcohol use and periodontal pockets in Finnish adult population. Acta Odontol. Scand. 2019, 77, 371–379. [CrossRef]
62. Baeza, M.; Morales, A.; Cisterna, C.; Cavalla, F.; Jara, G.; Isamitt, Y.; Pino, P.; Gamonal, J. Effect of periodontal treatment in patients

with periodontitis and diabetes: Systematic review and meta-analysis. J. Appl. Oral Sci. 2020, 28, e20190248. [CrossRef]
63. Stanko, P.; Holla, L.I. Bidirectional association between diabetes mellitus and inflammatory periodontal disease. A review. Biomed.

Pap. Med. Fac. Univ. Palacky Olomouc. Czech Repub. 2014, 158, 35–38. [CrossRef] [PubMed]
64. Aoyama, N.; Fujii, T.; Kida, S.; Nozawa, I.; Taniguchi, K.; Fujiwara, M.; Iwane, T.; Tamaki, K.; Minabe, M. Association of

Periodontal Status, Number of Teeth, and Obesity: A Cross-Sectional Study in Japan. J. Clin. Med. 2021, 10, 208. [CrossRef]
[PubMed]

65. Zhang, C.Z.; Cheng, X.Q.; Li, J.Y.; Zhang, P.; Yi, P.; Xu, X.; Zhou, X.D. Saliva in the diagnosis of diseases. Int. J. Oral Sci. 2016, 8,
133–137. [CrossRef] [PubMed]

66. Kim, H.; Kim, J. Usefulness of salivary testing machine on oral care management: Pilot study. Int. J. Clin. Prev. Dent. 2018, 14,
89–94. [CrossRef]

67. Bimstein, E.; Small, P.A., Jr.; Magnusson, I. Leukocyte esterase and protein levels in saliva, as indicators of gingival and periodontal
diseases in children. Pediatr. Dent. 2004, 26, 310–315. [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1093/carcin/13.9.1607
https://doi.org/10.1097/MD.0000000000017724
https://doi.org/10.3390/nu12092748
https://doi.org/10.1146/annurev-food-032519-051827
https://doi.org/10.1002/JPER.19-0602
https://doi.org/10.1080/00016357.2019.1572922
https://doi.org/10.1590/1678-7757-2019-0248
https://doi.org/10.5507/bp.2014.005
https://www.ncbi.nlm.nih.gov/pubmed/24509898
https://doi.org/10.3390/jcm10020208
https://www.ncbi.nlm.nih.gov/pubmed/33435628
https://doi.org/10.1038/ijos.2016.38
https://www.ncbi.nlm.nih.gov/pubmed/27585820
https://doi.org/10.15236/ijcpd.2018.14.1.89
https://www.ncbi.nlm.nih.gov/pubmed/15344623

	Introduction 
	Materials and Methods 
	Study Population 
	Clinical Examinations 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

