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Introduction: This study aimed to investigate the neuroendocrine responses
based on cortisol, dehydroepiandrosterone (DHEA), cortisol/DHEA ratio, and
chromogranin A levels, which reflect the activity of the hypothalamic-pituitary-
adrenal axis, according to the presence or absence of psychological stress in
patients with gingivitis and periodontitis compared to that in healthy controls.

Methods: In total, 117 patients (60 women, mean age: 36.29 + 19.03 years)
participated in this case-control study, comprising 32 healthy controls, 49
patients with gingivitis, and 36 patients with periodontitis. We investigated the
presence of psychological stress and salivary characteristics, and analyzed the
stress-related biomarkers of cortisol, DHEA, cortisol/DHEA ratio, and
chromogranin A in the stimulated saliva.

Results: Salivary cortisol and chromogranin A levels increased with the severity of
periodontal disease; their levels were the highest in the periodontitis group and
were significantly higher in the following descending order: periodontitis,
gingivitis, and healthy control groups (all values of p < 0.001). Additionally, the
DHEA levels and cortisol/DHEA ratio were higher in the periodontitis group than
those in the healthy control group (all values of p < 0.001). A multivariate logistic
regression analysis revealed that the factors predicting above-average cortisol
levels were periodontitis (odds ratio [OR] = 256.829; p < 0.001), women (OR =
6.365; p = 0.004), and psychological stress (OR = 6.036; p = 0.007); those
predicting above-average cortisol/DHEA ratios were periodontitis (OR = 11.436;
p < 0.001), psychological stress (OR = 3.977; p = 0.003), and women (OR =
2.890; p = 0.026). Thus, periodontitis and psychological stress were significant
and strong predictors of above-average cortisol levels and cortisol/DHEA ratios.
In the gingivitis group, salivary cortisol levels (r = 0.381, p = 0.007) and cortisol/
DHEA ratios (r = 0.479, p < 0.001) were correlated with the presence of
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psychological stress. In the periodontitis group, increased cortisol/DHEA ratios (r
= 0.412, p = 0.013) and lowered salivary buffer capacities (r = -0.334, p = 0.047)
were correlated with the presence of psychological stress.

Conclusion: Periodontitis is a multifactorial disease resulting in inflammatory
tissue destruction, which differs from gingivitis and a healthy state. Differences in
stress-related neuroendocrine markers were revealed based on the severity of
periodontal disease. The biomarkers that could be classified according to disease
severity were salivary cortisol and chromogranin A levels. Above-average cortisol
levels and cortisol/DHEA ratios are significant predictors of psychological stress

in patients with gingivitis and periodontitis.
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1 Introduction

Periodontal diseases are the most common oral diseases and are
characterized by an inflammatory disease of the supportive
apparatus surrounding the tissues of the teeth, which causes
progressive degeneration the periodontium, including the gingival
tissue, periodontal ligament, alveolar bone, and cementum (1).
Periodontal diseases are mainly divided into gingivitis and
periodontitis, and the critical characteristic to discriminate
between the two is the loss of the supporting connective tissue
and alveolar bone. Gingivitis is the mildest form, occurring in up to
90% of the population (2). Additionally, gingivitis is a reactive
disease that can be reversed by improving oral hygiene but if left
untreated, it can progress to its more severe form, periodontitis; the
latter is characterized by chronic inflammation and can cause
irreversible damage to the periodontium and the loss of bone or
periodontal support (3).

Both gingivitis and periodontitis are associated with dysbiosis of
oral microbiome in the biofilm as the microbiota imbalance plays
critical roles in host-damaging immune-inflammatory response
along with the disease development (4). Accumulation of dental
plaque brings out a shift in the composition of dominant species in
the subgingival biofilm from health to gingivitis with an increase in
bacterial biomass. Microbial species commonly associated with
gingivitis are enriched with gram-negatives such as Prevotella
spp., Treponema sp., Fusobacterium spp., and Selenomonas spp.
(5, 6). Periodontitis is accompanied by profound shifts to diverse
groups of gram-negative species including red-complex triad
comprised of Porphyromonas gingivalis, Tannerella forsythia and
Treponema denticola (7). Keystone pathogens such as P. gingivalis
interfere with complement-mediated host immune response, trigger
imbalance between host and bacterial interaction and further
establish dysbiosis (8). Microenvironmental changes by keystone
pathogens might enhance growth of additional pathobionts which
stimulate immune response and severe the disease progression.
However, the critical pathogenic mechanism responsible for the
transition of gingivitis to periodontitis is still unclear, and the
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knowledge of the differences between the two diseases is
extensive. Based on a recent National Health and Nutrition
Examination Survey conducted from 2009 to 2012 in the United
States of America, the prevalence of periodontitis in adults >30-
year-old was 46% (9). According to the national data from Korea,
the prevalence of periodontitis in individuals >19 years of age was
23.9 and 32.9% in 2008 and 2010, respectively, increasing to 52% in
those aged 65-74 years (Furuta et al.).

Periodontitis is accompanied by tissue destruction resulting
from complex host immune-inflammatory reaction in response to
the plaque bacteria (10). Multiple risk factors are known to be
involved in the progression of periodontitis such as genetics,
tobacco, viral infection, nutrition, diabetes, systemic diseases and
stress (11-14), which might affect the susceptibility of host.
Psychological stress has been consistently suggested as one of
these factors (12, 15, 16). A direct relationship between
periodontal disease and psychological stress has not been
established owing to the lack of adequate clinical trials, the
difficulty in quantifying the amount and duration of psychological
stress, and several factors affecting the incidence and severity of
periodontal disease (17). However, emotional stress disrupts
homeostasis maintained by a complex network linking the
endocrine, nervous, and immune systems, which can alter
immune function and exacerbate periodontitis (18).

However, current studies suggest a positive relationship
between stress and periodontitis with putative roles of stress as a
risk factor for periodontitis (19). Neurobiological links between
stress and periodontitis include activation of adrenergic nerve
signaling axis that affects vasculature to decrease blood flow,
reduce wound healing and immune response (20), and activation
of hypothalamic-pituitary-adrenal (HPA) axis that subsequently
increases the release of adrenocorticotropin and glucocorticoids
particularly cortisol (21). Chronic dysregulation of cortisol level
disrupts the body homeostasis with notable increase in the
proinflammatory cytokine and immune system dysfunction which
might worsen periodontitis. Chronic stress might induce physically
adaptive changes in hippocampal morphology through epigenetic
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modifications, which decline health-related behaviors and lead to
the health-damaging behaviors such as smoking and alcohol
consumption (22). Prolonged higher level of cortisol from chronic
stress might also be related to dysbiosis in oral microbiome and
reduction of immune cell activity (23).

The relationship between periodontitis and psycho-neuro-
immunological parameters, such as psychological stress, cortisol,
dehydroepiandrosterone (DHEA), and chromogranin A, has rarely
been studied (24). Cortisol, the major glucocorticoid in humans, is
released when the HPA axis is activated by psychological stress, thus
increasing glucose levels through gluconeogenesis and blood
pressure (25). Furthermore, cortisol levels are the most
representative stress biomarker, wherein salivary cortisol and
blood cortisol levels are frequently used as biomarkers of
psychological stress (26). A major reason for the extensive
application of saliva sampling lies in its convenience as it is an
easy-to-handle, non-invasive method. Long-term stress can lead to
the dysregulation of the HPA axis that induces abnormal basal and
stress levels of HPA hormones, including cortisol and DHEA (27).
DHEA is a biomarker that requires approximately 1 h to increase in
response to acute stress, and it increases after acute psychological
stress irrespective of the type and duration of psychological stress
(28). In particular, researchers have shown that increases in DHEA
levels were greater in women, adolescents, and obese individuals,
and blood and saliva measurements of DHEA were significantly
correlated (29). Chromogranin A has recently received considerable
attention for its role in stress-related diseases, although studies
reporting a correlation between psychological health and salivary
chromogranin A levels are scarce (30). Therefore, the direct
measurement of psychological stress through salivary cortisol,
DHEA, and chromogranin A levels is required in patients with
periodontal diseases, such as gingivitis and periodontitis.

The oral microbiome is a key factor in the development and
progression of periodontitis. The oral cavity likely harbors at least
600 bacterial species (31), and the bacterial plaques attached to teeth
surfaces can also contain billions of oral bacteria (32). The
influencing factors for various forms of periodontal diseases
include local (i.e., because of plaque accumulation and oral
hygiene habits), systemic, behavioral, and environmental factors
(e.g., emotional stress and smoking habits) (33). The effects of
psychological stress on the immune system and inflammatory
responses are well known (34), and such stress may contribute to
chronic inflammatory diseases, such as periodontitis. However, few
scholars have demonstrated the relationship between the latter
inflammatory disease and psychological stress (35), and a limited
number of studies have evaluated the associations between or the
influence of neuroendocrine responses and psychological factors on
the severity and level of periodontal diseases. Therefore, existing
literature has not yet evidenced on the direct link among
periodontal disease, psychological stress, stress-related changes in
the endocrine system, and HPA axis. Investigating this matter is
challenging because of the multiple variables affecting the severity
and level of periodontal diseases and the uncertainties surrounding
qualitative and quantitative measures of stress in patients with
periodontal diseases. In this study, we hypothesize that
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psychological stress induces the hyperactivation of the HPA axis
and contributes to the onset and exacerbation of periodontitis.

In this study, the null hypothesis was that the activity of the
HPA axis related to psychological stress in patients with gingivitis,
periodontitis and healthy control will show no differences among
the groups. Therefore, we directly measured salivary cortisol,
DHEA, and chromogranin A levels and cortisol/DHEA ratio in
patients with periodontal diseases (i.e., gingivitis and periodontitis)
and derived the relationship among these stress-related
neuroendocrine parameters according to the presence or absence
of psychological stress. Ultimately, this study aimed to investigate
the most powerful predictive biomarkers of psychological stress in
patients with gingivitis and periodontitis compared with those in
healthy controls.

2 Materials and methods
2.1 Study population

For this case-control study, patients were recruited through in-
hospital advertisements at Kyung Hee University Dental Hospital
(Seoul, Korea) from May 1, 2021 to October 31, 2022. The inclusion
criteria were as follows: Korean adults aged >20 years; >20
remaining natural teeth, excluding wisdom teeth, at the time of
the first examination; and healthy periodontium, gingivitis, or
chronic periodontitis diagnoses (all defined below). Participants
were classified based on full mouth records of clinical parameters,
including the probing depth (PD), clinical attachment loss (CAL),
and bleeding on probing (BOP), which were measured at six sites
per tooth with a periodontal probe (Probe UNC 15; Hu-Friedy).
The periodontal assessments were conducted by two experienced
periodontists (JYH and SIS), and radiographic examinations were
conducted to confirm the diagnosis for each participant. Calibration
exercises by measuring CAL in 10 patients with 24-hour interval
were conducted by two trained examiners. Intra-class correlation
coefficients (ICCs) of 0.80 and 0.89 were estimated in intra-
examiner reproducibility measurements. Inter-examiner ICCs for
CAL were 0.80 and 0.81 in each measurement. When there was a
disagreement, a unified conclusion was made through several
discussions until a consensus was reached.

The case definition of healthy periodontium, gingivitis, and
chronic periodontitis was based on criteria defined in the 2017
World Workshop on the Classification of Periodontal Diseases (36).
A clinically healthy periodontium was diagnosed when the subject
showed a PD < 3 mm, BOP sites < 10%, and no CAL. A healthy
control was defined as an individual who did not have any major
systemic disease or was not regularly ingesting medication for
physical/psychological problems. Participants with BOP sites >
10% and PD < 3 mm in all sites were diagnosed as gingivitis and
included in the respective group. The periodontitis group
comprised participants with: 1) interdental CAL of > 5 mm at the
site of greatest loss; 2) radiographic bone loss of more than mid 1/3
of the root; 3) tooth loss because of periodontal disease; and 4) a
maximum PD of > 6 mm that affected > 30% of teeth, which
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correspond to stages III and IV in the generalized pattern. The
exclusion criteria were described as follows: history of periodontal
treatment within the last 6 months; having taken medications that
may affect periodontal conditions (antibiotics, anti-inflammatory
drugs, anticonvulsants, immunosuppressants, calcium channel
blockers, etc.) within the last 6 months; taking anticoagulants
(e.g., aspirin); have uncontrolled systemic diseases; pregnant or
breastfeeding; and 6) the presence of intraoral appliances as part of
orthodontic treatment. For the sample size calculation, we used the
G*Power software (latest ver. 3.1.9.7; Heinrich-Heine-Universitit
Diisseldorf, Diisseldorf, Germany); 89 subjects were included with
an actual target of at least 30 per group as suitable for statistical
analysis, and a total of 117 participants were recruited. All
participants were given information about the study and provided
informed consent, and all protocols were approved by the
Committee on Ethics of the Kyung Hee Clinical Research
Institute, Kyung Hee University Medical Center (IRB no.
KH-DT20030).

2.2 Study design

All patients underwent panoramic radiography for the
diagnosis of periodontitis. Through a well-formed questionnaire,
the presence or absence of smoking habits and daily psychological
stress were identified using a dichotomous question. As for the
existence of psychological stress, participants answered yes/no to
the question “Do you currently have daily psychological stress?” at
the time of saliva collection. Unstimulated salivary flow rate (UFR),
stimulated salivary flow rate (SFR), salivary pH, and salivary buffer
capacity were measured to investigate salivary characteristics. Using
saliva samples obtained through SFR measurement, we measured
the levels of stress-related neuroendocrine markers, namely,
cortisol, DHEA, cortisol/DHEA ratio, and chromogranin A. The
detailed process is described below.

2.3 Saliva collection and salivary flow rate

Prior to the laboratory collection of saliva, participants were
instructed to refrain from caffeine and/or nicotine for at least 4 h
and alcohol for at least 24 h. Saliva was collected between 9:00 and
11:00. to minimize circadian differences. The UFR was obtained by
measuring the amount of saliva collected using the spitting method
for 10 min while the patient was resting. After a 2-min pre-
stimulation period to remove saliva retained in the ducts, the SFR
was determined by measuring the amount of saliva collected while
chewing gum for 5 min with habitual chewing of 1 g of gum base.
The UFR and SFR were expressed in mL/min (37).

2.4 Salivary pH and salivary buffer capacity
We used GC Saliva Check Buffer kits (GC Company) to

determine the salivary pH and buffer capacity. The kits contained
in-vitro pH test strips, saliva dispensing cups, wax gum pieces for
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saliva stimulation, saliva dispensing pipettes, bufter test strips, and a
testing chart for determining the pH and saliva buffer capacity.
After measuring UFR, a salivary pH test strip was inserted into the
unstimulated whole saliva, which in turn was placed into the sample
of resting saliva for 10 s. A pH value of 6.8 or higher corresponds to
healthy saliva, whereas a value lower than 6.6 is characterized
as acidic.

The saliva buffering capacity was measured using a pipette to
drop the collected unstimulated whole saliva onto three areas of the
test strip. After 2 min, the colors that appeared in the three areas
were scored as follows: green, 4 points; green/blue, 3 points; blue, 2
points; red/blue, 1 point; and red, 0 points. The result was
interpreted using the scheme in the kit, wherein each total value
corresponds to a degree of salivary buffer capacity, as follows: 0-5,
very low; 6-9, low; and 10-12, normal.

2.5 Assay of cortisol, DHEA, and
chromogranin A

Salivary cortisol, DHEA, and chromogranin A were obtained
from stimulated whole saliva samples. Human salivary cortisol was
measured using radioenzyme immunoassay (Diagnostics Biochem
Canada Inc.) using a commercial enzyme-linked immunosorbent
assay (ELISA) kit according to the manufacturer’s instructions. We
used an ELISA kit (MyBiosource) to measure the DHEA hormone
and the Human Chromogranin A ELISA Kit (MyBiosource) to
measure the chromogranin A levels. The saliva samples were kept
on ice and stored at -20°C until analysis. On the day of analysis,
saliva samples were centrifuged for 10 min at 2000 x g to remove
particulate material. All samples were processed in triplicate during
the same assay. Statistical analyses were conducted using the
average of the three repeated measurements.

2.6 Statistics

The data were analyzed using the Statistical Package for the
Social Sciences (SPSS) for Windows (version 26.0; IBM Corp.).
Descriptive statistics were reported as mean + standard deviation or
numbers with percentages where appropriate. To analyze the
distribution of discontinuous data, we used the %2 and Bonferroni
tests for the equality of proportions. Analysis of variance and
Tukey’s post-hoc test were used to compare the values of
parameters among the healthy control, gingivitis, and
periodontitis groups. Spearman’s correlation analysis was used to
determine factors associated with psychological stress and the
relationships among stress-related neuroendocrine factors. The
correlation coefficients (r) indicate the strength of the correlation
and range between -1 and 1; the closer the absolute value of r is to 1,
the stronger is the relationship.

Multivariate logistic regression analysis was conducted to assess
whether any independent variable led to a significant increase in the
probability of the two outcome variables (above-average cortisol
level, cortisol/DHEA ratio, and chromogranin A level). Odds ratios
(ORs) were calculated to determine how a unit change in a
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dependent variable affected the likelihood of the presence of an
outcome variable, wherein ORs greater than 1 implied a greater
relative risk. For all analyses, the statistical significance was set at a
two-tailed p-value of < 0.05.

2.7 Ethics information

All participants were given information about the study and
provided informed consent, and all protocols were approved by the
Committee on Ethics of the Kyung Hee Clinical Research Institute,
Kyung Hee University Medical Center (IRB no. KH-DT20030).

3 Results
3.1 Demographics and saliva characteristics

In total, 117 patients (60 women; mean age: 36.29 + 19.03 years)
participated in this study; their distribution is as follows: 32 healthy
controls (18 women, 56.3%; 41.97 + 13.48 years), 49 patients with
gingivitis (22 women, 44.9%; 52.39 + 14.98 years), and 36 patients
with periodontitis (20 women, 55.6%; 52.39 + 14.98 years). There
was no significant difference in the distribution of sex by group, but
the age individuals in the gingivitis and periodontitis groups was

10.3389/fendo.2023.1147739

significantly higher than that of the healthy control group (p <
0.001). The prevalence of psychological stress was observed in
44.4% of patients with periodontitis, which was higher and lower
than those in patients with gingivitis (40.8%) and healthy controls
(59.4%), respectively, but these values were not significantly
difterent (p = 0.245). The recent prevalence of psychological stress
in Koreans has been reported 27.9-82.0% (38, 39). The distribution
of psychological stress by sex indicated psychological stress in 33
women (55.0%) and 22 men (38.6%), respectively, and there was no
significant sex-difference (p = 0.096).

Although 11.1% of the patients in the periodontitis group
smoked, there was no significant difference between the smoking
habits in the healthy control (3.1%) and gingivitis (6.1%) groups.
The UFR (1.18 + 0.37 mL/min) and SFR (1.55 + 0.67 mL/min) of
the healthy control group were not significantly different from those
(UFR and SFR: 1.33 + 0.50 and 1.56 + 0.57 mL/min, respectively) of
the periodontitis group. The average UFR and SFR values across
groups showed that all participants had normal salivary flow rates.

Among the healthy control group, the salivary pH and salivary
buffer capacity were 7.15 + 0.41 and 10.69 + 0.82, respectively, and
the periodontitis group showed similar values (salivary pH: 6.96 +
1.68). No significant
differences were observed in salivary pH and salivary buffer

0.55; salivary buffer capacity: 10.25 £

capacity between groups, and their average values were within the
normal range (Table 1).

TABLE 1 The demographic, clinical, and salivary characteristics of participants by group.

Healthy control
(n=32)

Gingivitis
(n=49)

mean = SD or
n (%)

mean = SD or
n (%)

Periodontitis

(n=36)

post-hoc analysis

mean * SD or

n (%)

Demographics

Healthy control <Gingivitis, Healthy control

Age (years) * 41.97 +13.48 52.39 + 14.98 52.39 + 14.98 0001 dontitis
Sex ®

Male 14 (43.8%) 27 (55.1%) 16 (44.4%) 0.502
Female 18 (56.3%) 22(44.9%) 20 (55.6%)

Clinical characteristics

Psychological stress b 19 (59.4%) 20 (40.8%) 16 (44.4%) 0.245
Smoking habit © 1(3.1%) 3 (6.1%) 4 (11.1%) 0.414
Salivary characteristics

UFR (mL/min) * 1.18 + 0.37 1.23 £0.26 1.33 + 0.50 0.276
SFR (mL/min) * 1.55 + 0.67 1.56 + 0.51 1.56 + 0.57 0.998
Salivary pH * 7.15 + 0.41 7.02 + 0.49 6.96 + 0.55 0.274
Salivary buffer

capacity * 10.69 + 0.82 10.57 + 0.74 10.25 + 1.68 0.246

“Analysis of variance and Tukey’s paired comparison test were used to compare the mean values among the three groups.
PResults were obtained using the two-sided chi-square test (two-sided). Statistical significance was set at a p < 0.05.
% p < 0.001. SD, standard deviation; SFR, stimulated salivary flow rate; and UFR, unstimulated salivary flow rate.
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3.2 Cortisol, DHEA, cortisol/DHEA ratio,
and chromogranin A

Salivary cortisol and chromogranin A levels increased with the
severity of periodontal disease (Figure 1). In particular, the salivary
cortisol level was significantly higher in the gingivitis group (231.52
+ 75.49 ng/mL) than in the healthy control group (127.13 + 42.57
ng/mL), and significantly higher in the periodontitis group (277.73
+ 113.98 ng/mL) than in the gingivitis group (p < 0.001); thus, the
periodontitis group had significantly higher salivary cortisol levels
than the healthy control and gingivitis groups.

Salivary DHEA levels were significantly higher in the gingivitis
(226.13 + 56.60 pg/mL) and periodontitis (198.61 + 35.03 pg/mL)
groups than in the healthy control group (122.92 + 24.35 pg/mL; p <
0.001). Furthermore, the cortisol/DHEA ratio was significantly
higher in the periodontitis (1.41 + 0.50) than in gingivitis group
(1.06 + 0.40; p < 0.001) and in the healthy control group (1.03 +
0.20; p < 0.001). The salivary chromogranin A level was significantly
higher in the gingivitis group (204.71 + 34.20 ng/mL) than in the
healthy control group (127.17 + 46.68 ng/mL), and significantly
higher in the periodontitis group (245.90 + 69.31 ng/mL) than in
the gingivitis group (p < 0.001).

Therefore, the stress-related neuroendocrine factors of cortisol,
DHEA, cortisol/DHEA ratio, and chromogranin A were higher
among patients with gingivitis and periodontitis than in healthy
controls. Regarding the cortisol and chromogranin A levels,

(ng/mL) Cortisol
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differences were observed even between the two periodontal
disease groups (i.e., gingivitis and periodontitis groups; Table 2).

3.3 Factors increasing cortisol, cortisol/
DHEA ratio, and chromogranin A

Through multivariate logistic regression analysis, we
investigated the significant predictors of increased cortisol level,
cortisol/DHEA ratio, and chromogranin A level (Table 3). Among
the 117 participants, the factors leading to above-average cortisol
levels were periodontitis (OR = 256.829; p < 0.001), women (OR =
6.365; p = 0.004), and psychological stress (OR = 6.036; p = 0.007).
In particular, periodontitis was found to be a very powerful
biomarker for predicting above-average cortisol levels, whereas
cortisol levels can be interpreted as the strongest factor explaining
the existence of periodontitis.

The factors significantly predicting above-average cortisol/
DHEA ratios were periodontitis (OR = 11.436; p < 0.001),
psychological stress (OR = 3.977; p = 0.003), and women (OR =
2.890; p = 0.026). Factors predicting above-average chromogranin
A values were periodontitis in healthy controls (OR = 16.235; p <
0.001) and periodontitis and gingivitis (OR = 3.080; p = 0.033).
Accordingly, the above-average values of the three stress-related
neuroendocrine factors were significantly affected by periodontitis,
and only chromogranin A was significantly affected by both
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TABLE 2 Comparison of cortisol, dehydroepiandrosterone, chromogranin A, and cortisol/dehydroepiandrosterone ratio values by group.

Healthy control Gingivitis Periodontitis
(G=xY) (n=49) (n=36) post-hoc analysis
mean + SD mean + SD mean + SD
Cortisol (ng/mL) 127.13 + 42.57 23152 + 75.49 27773 £ 11398 <0op | ealthy control<Gingivitis, Healthy control<Periodontitis,
Gingivitis<Periodontitis
Healthy control<Gingivitis,
DHEA (pg/mL 12292 + 24.35 226.13 + 56.60 19861 3503 | <0.001%**
(pg/mL) Healthy control<Periodontitis
Cortisol/DHEA
m‘:,ols"/ 1.03 +0.20 1.06 + 0.40 141 % 050 <0.001** | Healthy control<Periodontitis, Gingivitis<Periodontitis
1¢
Ch in A Healthy control<Gingivitis,
romogranin 127.17 + 46.68 204.71 + 3420 245.90 + 6931 <0.00pxes | o ctWconmosmgivits, o
is, ivi i
(ng/mL) Healthy control<Periodontitis, Gingivitis<Periodontitis

Analysis of variance and Tukey’s paired comparison test were used to compare the mean values among the three groups. Statistical significance was set at p < 0.05.

***: p < 0.001. The significant results are indicated in bold. DHEA, dehydroepiandrosterone.

gingivitis and periodontitis. HPA axis activity was evidently
different between the sexes, and female sex was identified as a
main factor that significantly increased the cortisol levels and
cortisol/DHEA ratios.

3.4 Correlations between the salivary
stress-related hormonal factors

Notably, we only observed positive correlations between the
cortisol, DHEA, and chromogranin A levels in the analysis of the
data of the whole sample, and no such correlations were observed in

the subgroup analyses. Among the 117 participants, we observed
positive correlations between cortisol levels and cortisol/DHEA
ratios (r = 0.668), cortisol and chromogranin A levels (r = 0.603),
cortisol and DHEA levels (r 0.559), and DHEA and
0.505; all p < 0.001; Figure 2). The
cortisol/DHEA ratio and chromogranin A levels were also positively

chromogranin A levels (r

correlated (r = 0.248, p = 0.007). The positive correlation was the
strongest between cortisol levels and cortisol/DHEA ratios in the
periodontitis group (r = 0.883; p < 0.001). We observed negative
correlations between DHEA levels and cortisol/  DHEA ratios in the
healthy control and gingivitis groups but not in the periodontitis
group (Table 4).

TABLE 3 Multivariate logistic regression analysis of cortisol, cortisol/dehydroepiandrosterone ratio, and chromogranin A values.

Cortisol™ Cortisol/DHEA ratio* Chromogranin A*

(T,\(ﬁl 157“‘)mp'e 95%  95% 95%  95% 95%  95%

» (O] Lower = Upper OR Lower Upper p-value OR Lower Upper p-value

(@ (@ @ (@ @ @

Female [ref.=male] 6.365 1.831 22.130 0.004** | 2.890 1134 7.364 0.026* 1188 0477 2.958 0711
Age [ref.<average 0.351 0.107 1.156 0085  0.607 0.229 1.610 0316  1.056 0415 2.688 0.910
value]
Smoking habit 0.802 0.107 6.039 0831  3.044 0459 | 20.166 0249 | 3.130 0467 = 20962 0.240
[ref.=none]
Periodontitis 256.829 25.802 | 2556.484  <0.001** | 11.436 2925 | 44722 <0.001* | 16.235 4103 64237 | <0.001%*
[ref.=healthy
control]
Periodontitis 0.551 0.158 1.926 0351 1.916 0.699 5.250 0206  3.080 1.096 8.654 0.033*
[ref.=gingivitis]
Xerostomia 0.126 0.027 0.585 0.008** | 0.346 0.125 0.960 0.042* | 0455 0.161 1.288 0.138
[ref.=SFR<2.0 mL/
min]
Salivary pH [ref.: 0.241 0.033 1.772 0162 = 2703 0713 10.248 0.144 | 0.619 0.162 2.363 0.482
<average value]
Salivary buffer 1.202 0.102 14.177 0884 = 0373 0.065 2.148 0270 1767 0.335 9.320 0.502
capacity [ref.:<10]
Psychological stress 6.036 1.646 22.131 0.007** | 3.977 1.609 9.828 0.003** | 0.433 0.177 1.062 0.068
[ref.=none]

“The value of the parameter is above the average compared to when it is below the average. Results were obtained through multivariate logistic regression analysis. Statistical significance was set at
p < 0.05. *: p < 0.05; **: p < 0.01; and ***: p < 0.001. The significant results are indicated in bold. CI, confidence interval; and DHEA, dehydroepiandrosterone.
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3.5 Psychological stress and hormonal and
salivary parameters

The factors that were correlated with psychological stress
differed by group. In the healthy control group, psychological
stress was significantly negatively correlated with decreases in
salivary pH (r = -0.412, p = 0.019) and salivary buffer capacity (r

-0.387, p = 0.029). In the gingivitis group, psychological stress was
significantly positively correlated with cortisol levels (r = 0.381, p =
0.007) and cortisol/DHEA ratios (r = 0.479, p < 0.001). In the
periodontitis group, psychological stress was significantly correlated
with an increase in cortisol/DHEA ratios (r = 0.412, p =0.013) and a
decrease in the salivary buffer capacity (r =-0.334, p = 0.047). These
results show that the relationship between psychological stress and
cortisol/ DHEA ratio was not observed in the healthy control group
but was observed in the two other groups, and that the relationship
between psychological stress and cortisol levels was only observed
in the gingivitis group. The relationship between the decrease in
salivary buffer capacity and psychological stress was observed in the
periodontitis and healthy control groups, but not in the gingivitis

group. Notably, psychological stress was not correlated with either
UER or SER in any of the three groups (Table 5).

4 Discussion

This study clearly revealed the activation of the HPA axis due to
psychological stress, a stress-related neuro-endocrine system, in
patients with periodontal diseases and healthy participants
(Figure 3). Moreover, salivary cortisol and chromogranin A levels
increased with the severity of periodontal disease. The cortisol/
DHEA ratio and DHEA levels were higher in the periodontitis
group than those in the healthy control group. Notably, multivariate
logistic regression analysis showed that periodontitis and
psychological stress were significant predictors of above-average
cortisol levels and cortisol/DHEA ratios. In patients with
periodontal diseases, sex-differences may exist in the response of
the HPA axis under stress. Compared with the male sex, the female
sex showed significantly increased cortisol levels and cortisol/
DHEA ratios. This study shows that the salivary characteristics

TABLE 4 Correlations among the hormonal parameters of salivary stress by group.

Total

Healthy controls

Cortisol/
DHEA @ DHEA ratio

Cortisol/
DHEA = DHEA ratio

Cortisol 0.599 0.668

DHEA -0.105 0.505
Cortisol/ 0.248
DHEA

ratio

CgA

Gingivitis Periodontitis

Cortisol/
DHEA = DHEA ratio

Cortisol/

DHEA ratio CgA

-0.041

Results were obtained using Spearman’s correlation analysis. The significant results are indicated in bold. CgA, chromogranin A; and DHEA, dehydroepiandrosterone.
Red: positive correlation, blue: negative correlation, The darker the color, the greater the absolute value of the correlation coefficient.
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TABLE 5 Correlation between psychological stress and hormonal and salivary parameters.

DHEA | Cortisol/DHEA

ratio

Cortisol

Correlation coefficient r

with psychological stress

Healthy
control

Psychological
stress

Gingivitis

Periodontitis

Chromogranin Salivary
A pH

Salivary buffer
capacity

Results were obtained using Spearman’s correlation analysis. The significant results are indicated in bold. DHEA, dehydroepiandrosterone; SFR, stimulated salivary flow rate; and UFR,

unstimulated salivary flow rate.

Red: positive correlation, blue: negative correlation, The darker the color, the greater the absolute value of the correlation coefficient.

and neuroendocrine parameters correlated with the presence of
psychological stress differed by group. In particular, the relationship
between psychological stress and cortisol/DHEA ratio was observed
in the gingivitis and periodontitis groups, but not in the healthy
control group. A significant positive correlation between
psychological stress and salivary cortisol levels was observed only
in the gingivitis group. Additionally, salivary cortisol and
chromogranin A levels were more significant biomarker
predictors for periodontitis and the severity of periodontal
diseases. Furthermore, the DHEA, cortisol/DHEA ratio, cortisol,
and chromogranin A values were more significant predictors of
periodontitis than of healthy controls. Salivary cortisol levels could
also predict the presence of psychological stress in the gingivitis
group and predict cortiso/DHEA ratios in the gingivitis and
periodontitis groups.

According to several statistical analyses performed in this study,
salivary cortisol levels were the most consistent and strong
biomarker predictors of periodontitis. In the literature, blood
cortisol level has been considered as a relevant predictor of

Pituitary
Gland

/

ACTH
Periodontitis

CgAl
DHEAT
Cortisol T

Adrenal
Gland

FIGURE 3

Activation of the hypothalamic-pituitary-adrenal axis because of
psychological stress. CRH, corticotropin-releasing hormone; ACTH,
adrenocorticotrophic hormone; DHEA, dehydroepiandrosterone;
and CgA, chromogranin A.
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psychological stress. Blood cortisol levels were reflected in salivary
cortisol levels within 2-3 min; thus, recent studies have been
conducted on the value of salivary cortisol as a biomarker of
psychological stress (40). Cortisol is a powerful anti-inflammatory
hormone that mobilizes glucose for energy storage and regulates
inflammation (41), and prolonged or exaggerated stress responses
can lead to cortisol dysfunction and result in widespread
inflammation and pain. Notably, upon comparing patients with
chronic periodontitis with and without stress, researchers found
increased salivary cortisol levels for those with stress (42).
Additionally, a previous meta-analysis depicted that patients with
aggressive periodontitis had higher salivary cortisol levels than
healthy subjects and patients with chronic periodontitis (43).
However, studies on the severity of periodontitis and related
cortisol levels are very limited, and to the best of our knowledge,
our study is the pioneering research to demonstrate that cortisol
levels to be the highest in patients with periodontitis, followed by
those with gingivitis and healthy controls. Previous studies have
investigated salivary cortisol in patients with periodontitis, but there
was no comparison with healthy controls (16, 42). Moreover, our
study shows that the presence of psychological stress is associated
with increased cortisol levels in patients with gingivitis. Cortisol is a
well-known stress-related hormone that stably reflects the HPA
activity, and has long been used as a biological marker of stress in
human studies (44, 45). Combined with our results, cortisol can be
used as a stress biomarker in patients with gingivitis and
periodontitis. Additional long-term follow-up studies are required
to further demonstrate the anti-inflammatory response of cortisol
in patients with periodontal diseases.

In this study, DHEA levels and cortisol/DHEA ratios were
higher in the gingivitis and periodontitis groups than among
healthy controls. In previous human studies, the DHEA level,
along with cortisol levels, was suggested as a major stress-related
biomarker that increases with the HPA axis activity in response to
stress (29, 46). In particular, studies have demonstrated that in
response to stress, the adrenal gland co-releases DHEA and cortisol
through a feedback loop initiated in the hypothalamus (47).
Increased cortisol and DHEA levels are associated with increased
PD and CAL in patients with periodontitis (48). Despite such
evidence, in our study, although DHEA levels increased
significantly in the following order: healthy controls, gingivitis,
and periodontitis, the DHEA level was not a major predictor of
psychological stress. Additionally, smoking habits did not affect
cortisol levels or cortiso/DHEA ratios. Meanwhile, prior studies
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have reported that increased salivary hormone levels, including
cortisol and DHEA levels, were greater in the patients who were
smokers than those in the patients who were non-smokers (48), and
that smoking clearly initiates and aggravates periodontitis (49).
However, the relationship between smoking and psychological
stress within the context of periodontal diseases has not been
thoroughly elucidated, entailing the need for further research to
clarify this relationship. Scholars have reported that serum cortisol
levels and cortisol/ DHEAS ratios were correlated with the severity
of periodontitis in older adults (50). Other scholars have continued
to use cortiso/DHEA ratios to examine the HPA activity and
psychopathology (51, 52). This study suggests that an increased
cortisol/DHEA ratio can be a predictor for both the presence of
periodontitis and psychological stress in patients with gingivitis
and periodontitis.

Chromogranin A is a glucoprotein released, along with
catecholamines, in the adrenal medulla and sympathetic nerve
endings, and its release is driven by precise coordination between
the HPA axis and the sympathetic nervous system (53). Thus, this
glucoprotein is recognized as a novel stress biomarker, particularly
for examining psychological stress. In our study, chromogranin A
levels significantly increased in the following order: healthy controls
followed by patients with gingivitis and periodontitis; however, they
were not a significant predictor of psychological stress in patients
with periodontitis. Studies have shown that salivary chromogranin
A is produced by the submandibular gland and secreted into the
saliva following stimulation with noradrenaline and acetylcholine
(54), and that chromogranin A levels were significantly higher in
both saliva and plasma samples of patients with chronic
periodontitis than in those of healthy individuals (55). Other
researchers found significantly higher chromogranin A levels in
the saliva samples of patients with aggressive periodontitis than in
those of patients with chronic periodontitis and healthy controls
(56). Therefore, numerous evidences suggest that chromogranin A
is a potential novel biomarker of periodontitis. Meanwhile, our
study was the first, to the best of our knowledge, to simultaneously
measure cortisol and chromogranin A levels in patients with
periodontitis. In a study examining occupational fatigue and
hormonal changes, chromogranin A levels, but not cortisol levels,
were correlated with occupational fatigue (57), and occupational
stress was associated with higher levels of plasma chromogranin A
(30). However, our results showed no significant relationship
between psychological stress and chromogranin A in any group.
Thus, our results suggest that chromogranin A could be a
biomarker of gingivitis and periodontitis, although not biomarker
of psychological stress in such patients.

Notably, periodontal disease is complex and is caused by a
combination of several local and systemic pathologic, genetic, and
socio-environmental factors. Primarily, periodontal disease occurs as
a result of local infection with specific groups of pathogenic bacteria
(58). However, a possible correlation between periodontal disease and
systemic pathology, which has been considerably discussed in the
scientific literature, should also be considered (33). In addition to oral
infections and poor oral hygiene, risk factors, such as smoking, male
sex, aging, medications, cardiovascular diseases, diabetes, rheumatoid
arthritis, genetics, and psychological stress, have been associated with
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periodontal disease (59). In this study, female sex showed increased
cortisol levels and cortiso/DHEA ratios. Periodontitis is more
prevalent in men (~57%) than in women (~39%) (60). However,
confounding factors affecting the development and progression of
periodontal disease may differ between men and women (61). Further
research is required to determine how psychological factors, such as
stress and depression, intersect in periodontitis. Notably,
periodontitis may trigger a systemic inflammatory response, or
both of these may be bi-directionally correlated, and deserves more
attention. Although our study was conducted in adults, periodontal
diseases pose more risks for growing children and adolescents owing
to the poor public health situation (62, 63). Several in-vivo and in-
vitro studies of periodontitis have shown that the nervous and
immune systems respond to systemic inflammatory responses,
increasing interleukin-1, C-reactive protein, tumor necrosis factor,
and matrix metalloproteinases (64, 65). Furthermore, psychological
stress was associated differently according to negative psychosocial
experiences, socioeconomic and behavioral factors, and sex (38).
Thus, in patients with gingivitis and periodontitis, if the effects of
emotional stress on the human body are evaluated based on the HPA
axis perspective, errors can occur in the results or
their interpretations.

This study had several limitations. First, we assessed the
existence of psychological stress through a dichotomous
evaluation, and not a quantitative one. The nature of the case-
control study was added to this as participants could overreport on
their moodiness rather than stress; conversely, if the survey was
conducted in an uncomfortable environment, some potential biases
might occur with the possibility of underreporting their stress.
Further investigations are required to evaluate the existence of
psychological stress in patients with periodontal disease as well as
its duration, chronicity, precipitating factors, exacerbating factors,
and clinical characteristics. With the binary question on
psychological stress, there is inevitably a limit to sufficiently
grasping and analyzing the patient’s stress. Additional analyses
are required to clarify the relationship between the quantitative
factors of psychological stress and neuroendocrine parameters.
Additionally, although periodontal diseases include various
conditions, we had divided them into the following two
categories: gingivitis and periodontitis. Future studies must
systematically examine both the physical and mental axes in
patients with periodontitis.

In summary, this was the first study to simultaneously assess the
cortisol level, DHEA, cortisol/DHEA ratio, and chromogranin A
level in patients with periodontal diseases, comprising gingivitis and
periodontitis, and compare the values of these markers with those of
healthy controls. Furthermore, we studied the correlations among
cortisol, DHEA, and chromogranin A levels and attempted to
identify potent biomarker predictors of psychological stress in
patients with gingivitis and periodontitis in comparison with
those in healthy controls. However, the diagnosis of periodontitis
is still a challenge (66). Our data on salivary biomarkers, namely
salivary cortisol and chromogranin A levels and cortisol/DHEA
ratio, can assist researchers and clinicians in overcoming the
difficulties in the diagnosis of periodontitis, thereby increasing
diagnostic accuracy.

frontiersin.org


https://doi.org/10.3389/fendo.2023.1147739
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Lee et al.

Data availability statement

The datasets presented in this study can be found in online
repositories. The names of the repository/repositories and accession
number(s) can be found in the article/Supplementary Material.

Ethics statement

All participants were given information about the study and
provided informed consent, and all protocols were approved by the
Committee on Ethics of the Kyung Hee Clinical Research Institute,
Kyung Hee University Medical Center (IRB no. KH-DT20030). The
patients/participants provided their written informed consent to
participate in this study.

Author contributions

All authors including Y-HL, S-IS, and J-YH participated in
writing and original draft preparation. Conceptualization, Y-HL;
methodology, Y-HL; software, Y-HL; validation and formal
analysis, Y-HL, S-IS, and J-YH; investigation, Y-HL, S-IS, and J-
YH; resources, Y-HL, and J-YH; data curation, Y-HL; writing,
review, and editing, Y-HL; visualization, Y-HL, CS, and J-YH;
supervision, Y-HL; project administration, Y-HL; and funding
acquisition, Y-HL. All authors contributed to the article and
approved the submitted version.

Funding

This study was supported by a Korea Medical Device
Development Fund grant funded by the Korean government (The
Ministry of Science and ICT, the Ministry of Trade, Industry and

References

1. Hajishengallis G, Chavakis T, Lambris JD. Current understanding of periodontal
disease pathogenesis and targets for host-modulation therapy. Periodontol 2000 (2020)
84:14-34. doi: 10.1111/prd.12331

2. Gasner NS, Schure RS. Periodontal disease. In: StatPearls. Treasure Island (FL:
StatPearls Publishing (2022).

3. Kénonen E, Gursoy M, Gursoy UK. Periodontitis: A multifaceted disease of
tooth-supporting tissues. J Clin Med (2019) 8. doi: 10.3390/jcm8081135

4. Jiao Y, Hasegawa M, Inohara N. The role of oral pathobionts in dysbiosis during
periodontitis development. J Dent Res (2014) 93:539-46. doi: 10.1177/
0022034514528212

5. Curtis MA, Diaz PI, Van Dyke TE. The role of the microbiota in periodontal
disease. Periodontol 2000 (2020) 83:14-25. doi: 10.1111/prd.12296

6. Nath S, Pulikkotil SJ, Weyrich L, Zilm P, Kapellas K, Jamieson L. Effect of
periodontal interventions on characteristics of the periodontal microbial profile: A
systematic review and meta-analysis. Microorganisms (2022) 10. doi: 10.3390/
microorganisms10081582

7. Socransky SS, Haffajee AD, Cugini MA, Smith C, Kent RL]Jr. Microbial complexes
in subgingival plaque. J Clin Periodontol (1998) 25:134-44. doi: 10.1111/j.1600-
051X.1998.tb02419.x

8. Hajishengallis G, Darveau RP, Curtis MA. The keystone-pathogen hypothesis.
Nat Rev Microbiol (2012) 10:717-25. doi: 10.1038/nrmicro2873

Frontiers in Endocrinology

11

10.3389/fendo.2023.1147739

Energy, the Ministry of Health & Welfare, and the Ministry of Food
and Drug Safety) (Project Number: KMDF_PR_2020
0901_0023, 9991006696).

Acknowledgments

The authors extend their special thanks to Jung-Pyo Hong of
the Department of Orofacial Pain and Oral Medicine at Kyung Hee
University Dental Hospital and Sung-Woo Lee of the Department
of Oral Medicine and Oral Diagnosis at Seoul National University.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found online at:
https://www.frontiersin.org/articles/10.3389/fendo.2023.1147739/
full#supplementary-material

9. Eke PI, Dye BA, Wei L, Slade GD, Thornton-Evans GO, Borgnakke WS, et al.
Update on prevalence of periodontitis in adults in the united states: NHANES 2009 to
2012. J Periodontol (2015) 86:611-22. doi: 10.1902/jop.2015.140520

10. Hajishengallis G, Korostoff JM. Revisiting the page & Schroeder model: the
good, the bad and the unknowns in the periodontal host response 40 years later.
Periodontol 2000 (2017) 75:116-51. doi: 10.1111/prd.12181

11. Kinane DF, Stathopoulou PG, Papapanou PN. Periodontal diseases. Nat Rev Dis
Primers (2017) 3:17038. doi: 10.1038/nrdp.2017.38

12. Decker A, Askar H, Tattan M, Taichman R, Wang HL. The assessment of stress,
depression, and inflammation as a collective risk factor for periodontal diseases: a
systematic review. Clin Oral Investig (2020) 24:1-12. doi: 10.1007/s00784-019-03089-3

13. Genco RJ, Borgnakke WS. Diabetes as a potential risk for periodontitis:
association studies. Periodontol 2000 (2020) 83:40-5. doi: 10.1111/prd.12270

14. Hajishengallis G, Chavakis T. Local and systemic mechanisms linking
periodontal disease and inflammatory comorbidities. Nat Rev Immunol (2021)
21:426-40. doi: 10.1038/s41577-020-00488-6

15. Peruzzo DC, Benatti BB, Ambrosano GM, Nogueira-Filho GR, Sallum EA, Casati
MZ, et al. A systematic review of stress and psychological factors as possible risk factors for
periodontal disease. ] Periodontol (2007) 78:1491-504. doi: 10.1902/jop.2007.060371

16. Mesa F, Magan-Fernandez A, Mufioz R, Papay-Ramirez L, Poyatos R, Sanchez-
Fernandez E, et al. Catecholamine metabolites in urine, as chronic stress biomarkers,

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fendo.2023.1147739/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fendo.2023.1147739/full#supplementary-material
https://doi.org/10.1111/prd.12331
https://doi.org/10.3390/jcm8081135
https://doi.org/10.1177/0022034514528212
https://doi.org/10.1177/0022034514528212
https://doi.org/10.1111/prd.12296
https://doi.org/10.3390/microorganisms10081582
https://doi.org/10.3390/microorganisms10081582
https://doi.org/10.1111/j.1600-051X.1998.tb02419.x
https://doi.org/10.1111/j.1600-051X.1998.tb02419.x
https://doi.org/10.1038/nrmicro2873
https://doi.org/10.1902/jop.2015.140520
https://doi.org/10.1111/prd.12181
https://doi.org/10.1038/nrdp.2017.38
https://doi.org/10.1007/s00784-019-03089-3
https://doi.org/10.1111/prd.12270
https://doi.org/10.1038/s41577-020-00488-6
https://doi.org/10.1902/jop.2007.060371
https://doi.org/10.3389/fendo.2023.1147739
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Lee et al.

are associated with higher risk of chronic periodontitis in adults. J Periodontol (2014)
85:1755-62. doi: 10.1902/jop.2014.140209

17. Goyal S, Gupta G, Thomas B, Bhat KM, Bhat GS. Stress and periodontal disease:
The link and logic!! Ind Psychiatry ] (2013) 22:4-11. doi: 10.4103/0972-6748.123585

18. Zefferino R, Di Gioia S, Conese M. Molecular links between endocrine, nervous and
immune system during chronic stress. Brain Behav (2021) 11:¢01960. doi: 10.1002/brb3.1960

19. Ball J, Darby I. Mental health and periodontal and peri-implant diseases.
Periodontol 2000 (2022) 90:106-24. doi: 10.1111/prd.12452

20. Prete A, Taylor AE, Bancos I, Smith DJ, Foster MA, Kohler S, et al. Prevention of
adrenal crisis: Cortisol responses to major stress compared to stress dose
hydrocortisone delivery. J Clin Endocrinol Metab (2020) 105:2262-74. doi: 10.1210/
clinem/dgaal33

21. Duran-Pinedo AE, Solbiati J, Frias-Lopez J. The effect of the stress hormone
cortisol on the metatranscriptome of the oral microbiome. NPJ Biofilms Microbiomes
(2018) 4:25. doi: 10.1038/s41522-018-0068-z

22. Hunter RG, Mccarthy KJ, Milne TA, Pfafft DW, Mcewen BS. Regulation of
hippocampal H3 histone methylation by acute and chronic stress. Proc Natl Acad Sci
U.S.A. (2009) 106:20912-7.

23. Yost S, Duran-Pinedo AE, Teles R, Krishnan K, Frias-Lopez J. Functional
signatures of oral dysbiosis during periodontitis progression revealed by microbial
metatranscriptome analysis. Genome Med (2015) 7:27. doi: 10.1186/s13073-015-0153-3

24. Castro MML, Ferreira RO, Fagundes NCF, Almeida A, Maia LC, Lima RR.
Association between psychological stress and periodontitis: A systematic review. Eur J
Dent (2020) 14:171-9. doi: 10.1055/5-0039-1693507

25. Stephens MA, Wand G. Stress and the HPA axis: role of glucocorticoids in
alcohol dependence. Alcohol Res (2012) 34:468-83.

26. Hellhammer DH, Wiist S, Kudielka BM. Salivary cortisol as a biomarker in
stress research. Psychoneuroendocrinology (2009) 34:163-71. doi: 10.1016/
j-psyneuen.2008.10.026

27. Basson R, O'loughlin JI, Weinberg J, Young AH, Bodnar T, Brotto LA.
Dehydroepiandrosterone and cortisol as markers of HPA axis dysregulation in
women with low sexual desire. Psychoneuroendocrinology (2019) 104:259-68. doi:
10.1016/j.psyneuen.2019.03.001

28. Lennartsson A-K, Sjors A, Jonsdottir IH. Indication of attenuated DHEA-s
response during acute psychosocial stress in patients with clinical burnout. J
Psychosomatic Res (2015) 79:107-11. doi: 10.1016/j.jpsychores.2015.05.011

29. Dutheil F, De Saint Vincent S, Pereira B, Schmidt J, Moustafa F, Charkhabi M,
et al. DHEA as a biomarker of stress: A systematic review and meta-analysis. Front
Psychiatry (2021) 12:688367. doi: 10.3389/fpsyt.2021.688367

30. Liu X, Dang W, Liu H, Song Y, Li Y, Xu W. Associations between chronic work
stress and plasma chromogranin a/catestatin among healthy workers. J Occup Health
(2022) 64:12321. doi: 10.1002/1348-9585.12321

31. Lee YH, Chung SW, Auh QS, Hong SJ, Lee YA, Jung J, et al. Progress in oral
microbiome related to oral and systemic diseases: An update. Diagnostics (Basel) (2021)
11. doi: 10.3390/diagnostics11071283

32. Saini R, Marawar P, Shete S, Saini S, Mani A. Dental expression and role in palliative
treatment. Indian ] Palliat Care (2009) 15:26-9. doi: 10.4103/0973-1075.53508

33. Nazir MA. Prevalence of periodontal disease, its association with systemic
diseases and prevention. Int | Health Sci (Qassim) (2017) 11:72-80.

34. Segerstrom SC, Miller GE. Psychological stress and the human immune system:
a meta-analytic study of 30 years of inquiry. Psychol Bull (2004) 130:601-30. doi:
10.1037/0033-2909.130.4.601

35. Hilgert JB, Hugo FN, Bandeira DR, Bozzetti MC. Stress, cortisol, and
periodontitis in a population aged 50 years and over. | Dent Res (2006) 85:324-8.
doi: 10.1177/154405910608500408

36. Caton JG, Armitage G, Berglundh T, Chapple ILC, Jepsen S, Kornman KS, et al.
A new classification scheme for periodontal and peri-implant diseases and conditions -
introduction and key changes from the 1999 classification. J Clin Periodontol (2018) 45
Suppl 20:S1-s8. doi: 10.1111/jcpe.12935

37. Lee YH, Kim YY, Chang JY, Kho HS. Changes in oral mucosal MUCI
expression and salivary hormones throughout the menstrual cycle. Oral Dis (2015)
21:962-8. doi: 10.1111/0di.12367

38. Cheon Y, Park J, Jeong BY, Park EY, Oh J-K, Yun EH, et al. Factors associated
with psychological stress and distress among Korean adults: the results from Korea
national health and nutrition examination survey. Sci Rep (2020) 10:15134. doi:
10.1038/541598-020-71789-y

39. Kim J, Lee O. Influencing factors of psychosocial stress among Korean adults
during the COVID-19 outbreak. Int J Environ Res Public Health (2021) 18. doi:
10.3390/ijerph18116153

40. Ansai T, Awano S, Soh I. Problems and future approaches for assessment of
periodontal disease. Front Public Health (2014) 2:54. doi: 10.3389/
fpubh.2014.00054

41. Hannibal KE, Bishop MD. Chronic stress, cortisol dysfunction, and pain: a
psychoneuroendocrine rationale for stress management in pain rehabilitation. Phys
Ther (2014) 94:1816-25. doi: 10.2522/ptj.20130597

Frontiers in Endocrinology

12

10.3389/fendo.2023.1147739

42. Obulareddy VT, Chava VK, Nagarakanti S. Association of stress, salivary
cortisol, and chronic periodontitis: A clinico-biochemical study. Contemp Clin Dent
(2018) 9:5299-s304.

43. Botelho J, Machado V, Mascarenhas P, Rua ], Alves R, Cavacas MA, et al. Stress,
salivary cortisol and periodontitis: A systematic review and meta-analysis of
observational studies. Arch Oral Biol (2018) 96:58-65. doi: 10.1016/
j.archoralbio.2018.08.016

44. Reynolds RM, Hii HL, Pennell CE, Mckeague IW, De Kloet ER, Lye S, et al.
Analysis of baseline hypothalamic-pituitary-adrenal activity in late adolescence reveals
gender specific sensitivity of the stress axis. Psychoneuroendocrinology (2013) 38:1271—
80. doi: 10.1016/j.psyneuen.2012.11.010

45. Pérez-Valdecantos D, Caballero-Garcia A, Del Castillo-Sanz T, Bello HJ, Roche
E, Cordova A. Stress salivary biomarkers variation during the work day in emergencies
in healthcare professionals. Int ] Environ Res Public Health (2021) 18.

46. Lennartsson AK, Theorell T, Rockwood AL, Kushnir MM, Jonsdottir TH.
Perceived stress at work is associated with lower levels of DHEA-s. PloS One (2013)
8:€72460. doi: 10.1371/journal.pone.0072460

47. Howland MA, Donzella B, Miller BS, Gunnar MR. Pubertal recalibration of
cortisol-DHEA coupling in previously-institutionalized children. Horm Behav (2020)
125:104816. doi: 10.1016/j.yhbeh.2020.104816

48. Ansai T, Soh I, Ishisaka A, Yoshida A, Awano S, Hamasaki T, et al. Determination of
cortisol and dehydroepiandrosterone levels in saliva for screening of periodontitis in older
Japanese adults. Int J Dent (2009) 2009:280737. doi: 10.1155/2009/280737

49. Silva H. Tobacco use and periodontal disease-the role of microvascular
dysfunction. Biol (Basel) (2021) 10. doi: 10.3390/biology10050441

50. Ishisaka A, Ansai T, Soh I, Inenaga K, Awano S, Yoshida A, et al. Association of
cortisol and dehydroepiandrosterone sulphate levels in serum with periodontal status
in older Japanese adults. J Clin Periodontol (2008) 35:853-61. doi: 10.1111/j.1600-
051X.2008.01309.x

51. Gallagher P, Young A. Cortisol/DHEA ratios in depression.
Neuropsychopharmacology (2002) 26:410-0. doi: 10.1016/S0893-133X(01)00362-1

52. Saczawa ME, Graber JA, Brooks-Gunn J, Warren MP. Methodological
considerations in use of the cortisol/DHEA(S) ratio in adolescent populations.
Psychoneuroendocrinology (2013) 38:2815-9. doi: 10.1016/j.psyneuen.2013.06.024

53. O'Connor DT, Frigon RP, Sokoloft RL. Human chromogranin a. purification
and characterization from catecholamine storage vesicles of human
pheochromocytoma. Hypertension (1984) 6:2-12. doi: 10.1161/01.HYP.6.1.2

54. Saruta J, Tsukinoki K, Sasaguri K, Ishii H, Yasuda M, Osamura YR, et al.
Expression and localization of chromogranin a gene and protein in human
submandibular gland. Cells Tissues Organs (2005) 180:237-44. doi: 10.1159/000088939

55. Reshma AP, Arunachalam R, Pillai JK, Kurra SB, Varkey VK, Prince MJ.
Chromogranin a: Novel biomarker between periodontal disease and psychosocial
stress. ] Indian Soc Periodontol (2013) 17:214-8. doi: 10.4103/0972-124X.113076

56. Haririan H, Bertl K, Laky M, Rausch WD, Béttcher M, Matejka M, et al. Salivary
and serum chromogranin a and a-amylase in periodontal health and disease. J
Periodontol (2012) 83:1314-21. doi: 10.1902/jop.2012.110604

57. Ding M, Zhao C, Li Y, Liu X, Wang X, Liu F, et al. Changes in the levels of IL-1p3,
cortisol and chromogranin a in saliva of subjects with occupational fatigue. Exp Ther
Med (2020) 20:1782-8. doi: 10.3892/etm.2020.8799

58. Loesche WJ, Grossman NS. Periodontal disease as a specific, albeit chronic,
infection: diagnosis and treatment. Clin Microbiol Rev (2001) 14:727-52. doi: 10.1128/
CMR.14.4.727-752.2001

59. Bingham CO3rd, Moni M. Periodontal disease and rheumatoid arthritis: the
evidence accumulates for complex pathobiologic interactions. Curr Opin Rheumatol
(2013) 25:345-53. doi: 10.1097/BOR.0b013e32835fb8ec

60. Ioannidou E. The sex and gender intersection in chronic periodontitis. Front
Public Health (2017) 5:189. doi: 10.3389/fpubh.2017.00189

61. Gautam DK, Jindal V, Gupta SC, Tuli A, Kotwal B, Thakur R. Effect of cigarette
smoking on the periodontal health status: A comparative, cross sectional study. ] Indian
Soc Periodontol (2011) 15:383-7. doi: 10.4103/0972-124X.92575

62. Knack KC, Sabadin CES, Boclin KLS, Oltramari ES, Portilio MN, Rigo L.
Periodontal conditions in adolescents and young brazilians and associated factors:
Cross-sectional study with data from the Brazilian oral health survey 2010. ] Indian Soc
Periodontol (2019) 23:475-83. doi: 10.4103/jisp.jisp_753_18

63. Giuca MR, Lardani L, Ligori S, Carli E, Giuca G, Miceli M. Oral manifestations
in paediatric patients with hepatobiliary diseases: a review. J Biol Regul Homeost Agents
(2021) 35:117-25.

64. Cekici A, Kantarci A, Hasturk H, Van Dyke TE. Inflammatory and immune
pathways in the pathogenesis of periodontal disease. Periodontol 2000 (2014) 64:57-80.
doi: 10.1111/prd.12002

65. Martinez-Garcia M, Hernandez-Lemus E. Periodontal inflammation and
systemic diseases: An overview. Front Physiol (2021) 12:709438. doi: 10.3389/
fphys.2021.709438

66. Preshaw PM. Detection and diagnosis of periodontal conditions amenable to
prevention. BMC Oral Health (2015) 15:S5. doi: 10.1186/1472-6831-15-S1-S5

frontiersin.org


https://doi.org/10.1902/jop.2014.140209
https://doi.org/10.4103/0972-6748.123585
https://doi.org/10.1002/brb3.1960
https://doi.org/10.1111/prd.12452
https://doi.org/10.1210/clinem/dgaa133
https://doi.org/10.1210/clinem/dgaa133
https://doi.org/10.1038/s41522-018-0068-z
https://doi.org/10.1186/s13073-015-0153-3
https://doi.org/10.1055/s-0039-1693507
https://doi.org/10.1016/j.psyneuen.2008.10.026
https://doi.org/10.1016/j.psyneuen.2008.10.026
https://doi.org/10.1016/j.psyneuen.2019.03.001
https://doi.org/10.1016/j.jpsychores.2015.05.011
https://doi.org/10.3389/fpsyt.2021.688367
https://doi.org/10.1002/1348-9585.12321
https://doi.org/10.3390/diagnostics11071283
https://doi.org/10.4103/0973-1075.53508
https://doi.org/10.1037/0033-2909.130.4.601
https://doi.org/10.1177/154405910608500408
https://doi.org/10.1111/jcpe.12935
https://doi.org/10.1111/odi.12367
https://doi.org/10.1038/s41598-020-71789-y
https://doi.org/10.3390/ijerph18116153
https://doi.org/10.3389/fpubh.2014.00054
https://doi.org/10.3389/fpubh.2014.00054
https://doi.org/10.2522/ptj.20130597
https://doi.org/10.1016/j.archoralbio.2018.08.016
https://doi.org/10.1016/j.archoralbio.2018.08.016
https://doi.org/10.1016/j.psyneuen.2012.11.010
https://doi.org/10.1371/journal.pone.0072460
https://doi.org/10.1016/j.yhbeh.2020.104816
https://doi.org/10.1155/2009/280737
https://doi.org/10.3390/biology10050441
https://doi.org/10.1111/j.1600-051X.2008.01309.x
https://doi.org/10.1111/j.1600-051X.2008.01309.x
https://doi.org/10.1016/S0893-133X(01)00362-1
https://doi.org/10.1016/j.psyneuen.2013.06.024
https://doi.org/10.1161/01.HYP.6.1.2
https://doi.org/10.1159/000088939
https://doi.org/10.4103/0972-124X.113076
https://doi.org/10.1902/jop.2012.110604
https://doi.org/10.3892/etm.2020.8799
https://doi.org/10.1128/CMR.14.4.727-752.2001
https://doi.org/10.1128/CMR.14.4.727-752.2001
https://doi.org/10.1097/BOR.0b013e32835fb8ec
https://doi.org/10.3389/fpubh.2017.00189
https://doi.org/10.4103/0972-124X.92575
https://doi.org/10.4103/jisp.jisp_753_18
https://doi.org/10.1111/prd.12002
https://doi.org/10.3389/fphys.2021.709438
https://doi.org/10.3389/fphys.2021.709438
https://doi.org/10.1186/1472-6831-15-S1-S5
https://doi.org/10.3389/fendo.2023.1147739
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	Salivary cortisol, dehydroepiandrosterone, and chromogranin A levels in patients with gingivitis and periodontitis and a novel biomarker for psychological stress
	1 Introduction
	2 Materials and methods
	2.1 Study population
	2.2 Study design
	2.3 Saliva collection and salivary flow rate
	2.4 Salivary pH and salivary buffer capacity
	2.5 Assay of cortisol, DHEA, and chromogranin A
	2.6 Statistics
	2.7 Ethics information

	3 Results
	3.1 Demographics and saliva characteristics
	3.2 Cortisol, DHEA, cortisol/DHEA ratio, and chromogranin A
	3.3 Factors increasing cortisol, cortisol/DHEA ratio, and chromogranin A
	3.4 Correlations between the salivary stress-related hormonal factors
	3.5 Psychological stress and hormonal and salivary parameters

	4 Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


