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Abstract
Background and Aim: The associations between periodontitis and stress-related
steroid hormone levels released by the hypothalamic–pituitary–adrenal axis are poorly
understood. In this study, we examined the association between levels of the stress-
related steroid hormones cortisol and dehydroepiandrosterone-sulphate (DHEAS) and
periodontitis in elderly subjects.

Methods: A total of 467 subjects participated in this study. Serum cortisol and
DHEAS levels were determined, and a medical questionnaire regarding medical
conditions and lifestyle was administered. In addition, clinical examinations including
probing depth (PD), bleeding on probing (BOP), and clinical attachment loss (CAL)
were conducted.

Results: The subjects were divided into tertiles on the basis of periodontitis severity.
When the analysis was stratified by smoking status, we found that cortisol levels were
significantly higher in those with severe CAL among subjects who had never smoked.
Furthermore, multiple regression analysis showed that a higher level of cortisol was
significantly associated with greater numbers of sites with severe CAL only in those
who had never smoked, while a somewhat weaker association was also observed
regarding cortisol/DHEAS ratio. In contrast, the level of DHEAS in serum was not
associated with periodontitis.

Conclusion: There were significant associations between serum cortisol level,
including cortisol/DHEAS ratio, and periodontitis severity in elderly subjects who had
never smoked.
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Stress can affect many aspects of phy-
siology, while emotional status and the
means of coping with stress can also
influence health and disease. The stress
system consists of brain elements, of
which the main components are the
corticotrophin-releasing hormone
(CRH) and locus ceruleus (LC)-norepi-
nephrine (NE)/autonomic systems, as

well as their peripheral effectors, the
hypothalamic–pituitary–adrenal (HPA)
axis and autonomic system.

Many investigators have proposed an
association between periodontitis, a
chronic inflammatory disease, and psy-
chosocial stress, with a systematic
review recently presented (Peruzzo
et al. 2007), in which the majority of
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studies reviewed found a positive rela-
tionship between stress/psychological
factors and periodontal disease. The
biological mechanisms for such an asso-
ciation can be explained, at least in part,
by host immune response, which makes
the individual more susceptible to the
development of unhealthy conditions
and can affect periodontal health. Sev-
eral studies have shown that psycholo-
gical stress can regulate cellular
immune responses via the HPA axis
through the release of glucocorticoids,
induction of the sympathetic nervous
system, and release of neuropeptides
from sensory nerve fibers (Marcenes &
Sheiham 1992, Freeman & Goss 1993,
Breivik et al. 1996, Monteiro da Silva
et al. 1996).

In general, dysregulation of the stress
system is expressed as either hyper- or
hypoactivation of the HPA axis and LC/
NE system. A group of disorders,
including severe chronic disease, mel-
ancholic depression, and panic anxiety,
may be associated with an increased and
prolonged activation of the HPA axis,
while another group, which includes
atypical seasonal depression and chronic
fatigue syndrome, is characterized by
hypoactivation of the stress system
(Chrousos & Gold 1992).

Cortisol is an end-product of the HPA
axis. When stimulated, the hypothala-
mus secretes CRH and, in response, the
pituitary gland secretes adrenocortico-
tropic hormone (ACTH), which in turn
stimulates the secretion of cortisol from
the cortex of the adrenal gland. Cortisol
circulates in the blood in both free and
bound forms, and is predominantly
bound to corticosteroid-binding globulin
in plasma, while the remainder is free
(Levine et al. 2007). On the other hand,
another ACTH-dependent hormone,
dehydroepiandrosterone (DHEA), also
known as DHEA-sulphate (DHEAS), is
also affected by dysregulation of the
stress system (Heuser et al. 1998,
Michael et al. 2000, Hsiao 2006).
Also, a recent study reported that the
cortisol/DHEA(S) molar ratio was a
useful marker of anxiety and depressive
illness (Ritsner et al. 2007). However,
little is known regarding periodontal
status and HPA axis response, and to
the best of our knowledge, there are only
three studies, including our own, of
cortisol levels (Mengel et al. 2002,
Hilgert et al. 2006, Ishisaka et al.
2007), of which the study by Mengel
et al. (2002) was the only one to use
serum samples. As for the levels of

DHEA in saliva, ours is the only one
to have been presented thus far (Ishisaka
et al. 2007).

Smoking is a major risk factor for
periodontal disease (Tomar & Asma
2000), while it was found to be asso-
ciated with an increase in cortisol levels,
and considered likely to be a significant
mediator in the relationship between
stress-related disorders and the HPA
axis (Olff et al. 2006). Confounding
and effect modification is of increasing
importance as periodontal researchers
address the putative associations
between periodontal disease and sys-
tematic diseases, and is especially perti-
nent when dealing with smoking,
because it is a major risk factor for
both periodontal disease and a number
of systematic diseases (Hyman 2006).

In the present cross-sectional study,
we analysed the association between
periodontitis and the HPA axis using
cortisol and DHEAS in serum as mar-
kers, with the results stratified by smok-
ing status. Furthermore, we investigated
whether periodontitis severity was
linked to changes in the levels of ster-
oids in the same subjects.

Material and Methods

Study population

A total of 624 individuals (293 males,
331 females; age range 60 to 81 years)
residing in Fukuoka Prefecture, Japan,
were invited to participate in the study.
All were physically and mentally
healthy, and independent in daily activ-
ities, with none hospitalized at the time
of the study. Exclusion criteria were as
follows: (1) individuals who used anti-
biotics within the last 6 months, had
symptoms of acute illness (e.g. fever
and sore throat), or any apparent oral
infection; (2) individuals with missing
questionnaires or serum samples; (3)
individuals over 70 years old (in order
to focus on a younger cohort); and (4)
individuals with fewer than 10 natural
teeth. As a result, we analysed 467
subjects (217 males, 250 females),
aged 60–69 years old (mean:
62.6 � 2.89 years).

Before beginning the examinations,
each subject was asked to respond to a
survey consisting of questions related to
general medical condition, medication
usage, lifestyle, oral health behaviour,
oral hygiene habits, and smoking status
(current, past, or never). We classified
the subjects as current-smokers, past-

smokers, and never-smokers based on
their interview responses. A method that
used face-scale scores was used to eval-
uate self-rated health status (Lorish &
Maisiak 1986). From the scores of the
answers, the subjects were divided
into three groups based on overall health
(moderate, good, and very good).
The study was approved by the Ethics
Committee of Kyushu Dental College
(no. 05022250) and all subjects pro-
vided written informed consent before
participation.

Laboratory testing

The subjects were instructed to abstain
from unusual physical activity before
blood collection. Blood samples were
taken between 9:00 am and 11:00 am
after 20 min. of rest, after they had
refrained from oral intake and smoking
for at least 2 h before collection, then
centrifuged to obtain serum, which was
stored at � 801C until the day of the
assay. Total cortisol and DHEAS levels
in serum were measured using a radio-
immunoassay method by a commercial
laboratory (SRL Inc., Tokyo, Japan).
Cortisol level in serum was detected
and considered to be normal in a range
from 110.36 to 504.90 nmol/l, while
DHEAS (60 years old over) was con-
sidered to be normal in a range from
651.36 to 6622.16 nmol/l for males,
325.68 to 3609.62 nmol/l for females.

Clinical examination

Periodontal status was evaluated using
probing depth (PD), bleeding on probing
(BOP), and clinical attachment loss
(CAL). Periodontal examinations were
conducted at 2 sites (mesio-buccal and
mid-buccal) of each tooth using a stan-
dard periodontal probe (Hu-Friedy, Chi-
cago, USA), which was inserted into the
periodontal pocket parallel to the long
axis of the tooth for all teeth fully
erupted in the mouth, according to the
method described in the Third National
Health and Nutrition Examination
Survey (NHANES III) (Albandar et al.
1999), with some modifications. All
periodontal examinations were per-
formed by two dentists. To confirm
inter-examiner reliability, duplicate
examinations were conducted with out-
patients visiting Kyushu Dental College
Hospital. The kappa values between the
examiners for assessment of PD and
CAL were 0.95 and 0.72, respectively.
Severe periodontitis was defined as PD
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of at least 4 mm or more or CAL of at
least 5 mm. Furthermore, we divided the
subjects into tertiles according to the
proportion of sites with PDX4 mm or
CALX5 mm, in order to analyse the
association between the extent of perio-
dontitis and serum levels of the stress-
related steroid hormones, which were:
none, no sites (first tertile); low, second
tertile with PDX4 mm or CALX5 mm;
and high, third tertile with PDX4 mm or
CALX5 mm.

Statistical analyses

The median, and 25th and 75th percen-
tiles for clinical parameters and serum
values were determined for each group.
Kruskal–Wallis tests were used to
examine continuous variables, as a nor-
mal distribution was not present accord-
ing to the results of a Kolomogorov–
Smirnov test. If necessary, a Scheffe test
and Steel–Dwass test were used for
multiple comparisons following the
Kruskal–Wallis test. Categorical vari-
ables were compared using a chi-square
test. Pearson correlation coefficients
were used to compare the hormone
levels to the other parameters. In addi-
tion, we performed multiple regression
analyses separately for PD and CAL to
establish their respective associations
with the levels of cortisol and DHEAS,
and cortisol/DHEAS (n100) molar ratio,
with adjustments for potential confoun-
ders, which showed an association
(po0.20) by univariate analysis, includ-
ing those with clinical epidemiological
relevance, including age, gender, dia-
betes, oral hygiene habits (frequency of
tooth brushing per day), and mean BOP
(final model). Gender, diabetic status,
oral hygiene habits, and BOP (two cate-
gories) were converted to dummy vari-
ables. All analyses were stratified by
smoking status. All statistical analyses
were performed using SPSS 11.0 for
Windows (SPSS Japan, Tokyo, Japan),
with the level of statistical significance
was set at 0.05 for all of the analyses.

Results

The mean cortisol and DHEAS levels in
serum samples from all of the subjects
were 419.62 � 182.15 (SD) nmol/l
(range 27.59 to 1407.09 nmol/l) and
3583.57 � 2104.96 (SD) nmol/l (range
81.42 to 13,162.90 nmol/l), respectively.
There were significant differences
between males and females regarding

those levels. Furthermore, there was a
significant correlation between age and
DHEAS concentration (r 5 � 0.098,
p 5 0.034), while there was none
between age and cortisol (r 5 0.035,
p 5 0.45).

The characteristics of the subjects
divided by tertiles are shown in Table
1. For PD and CAL, there were signifi-
cant differences among age, number of
teeth, maximum PD, maximum CAL,
mean BOP, gender, smoking status, and
diabetes. Conversely, there were no sig-
nificant differences with regard to the
use of an interdental brush, dental visits
in the past 12 months, and self-rated
health status (based on face-scale
scores) for those parameters for PD,
whereas there were significant differ-
ences among the values for frequency
of tooth brushing per day.

Next, we compared the levels of the
stress hormones cortisol and DHEAS in
serum, and determined the cortisol/
DHEAS molar ratio by PD and CAL
levels tertiles, then stratified by smoking
status, as shown in Tables 2 and 3,
respectively. As for the never-smokers,
significant differences were found only
among the CAL tertiles with regard to
the level of cortisol, whereas no signifi-
cant associations were found with
regard to the level of DHEAS or corti-
sol/DHEAS molar ratio, regardless of
the PD and CAL values. With regard to
the levels of cortisol and DHEAS, there
were significant associations among the
three stratifications by smoking (data
not shown), which indicated that smok-
ing causes an increase in cortisol and
DHEAS. From these findings, it was
considered reasonable that smoking be
treated as an effect modifier in the
following analyses.

To determine whether levels of corti-
sol, DHEAS, and cortisol/DHEAS
molar ratio were associated with the
severity and extent of periodontitis, we
performed multiple regression analyses
stratified by smoking status, with adjust-
ment for various potential confounding
variables. Sequential models for the
associations between these stress-related
hormone levels and the groups assessed
by PD and CAL, which were stratified
by smoking status, are shown in Tables
4 and 5, respectively. As for PD, there
were no significant associations between
the level of cortisol and DHEAS, includ-
ing the cortisol/DHEAS molar ratio,
with any of the models, regardless of
smoking status. In contrast, for CAL, the
level of cortisol was associated signifi-

cantly with both the second and third
tertiles with both models in never-smo-
kers, even after adjustment for potential
confounding factors, and a stronger
association was seen with the third
tertile. Significant associations were
also found between the cortisol/DHEAS
molar ratio and second tertile in never-
smokers with the final models. There
were no significant associations between
periodontal status and DHEAS level
with any of the models.

Discussion

In the present cross-sectional-study, we
investigated HPA response and perio-
dontal status in relatively healthy
elderly subjects, and found that serum
levels of cortisol were associated with
periodontitis severity, as shown by
CAL, in subjects who had never
smoked, whereas a somewhat weaker
association with cortisol/DHEAS molar
ratio was observed, while the level of
DHEAS in serum was not associated
with periodontal status.

The association between periodontitis
and stress-related hormones has been
largely overlooked in dental research,
with only three human studies of the
associations between cortisol and perio-
dontal disease reported. Two of those
were presented in a recent systematic
review (Peruzzo et al. 2007) and the
other was our own survey, which found
close relationships between periodontal
status and salivary levels of cortisol and
DHEA in elderly subjects (Ishisaka et al.
2007). In addition, another report
regarding the positive association
between salivary cortisol and perio-
dontitis was presented (Hilgert et al.
2006), in which hypercortisolemia was
found to be independently associated
with the severity of periodontitis, as
defined by CAL (mean CALX4 mm
vs.o4 mm), and the extent of perio-
dontitis, as defined by PD (X26%
vs.o26% of the sites with PDX4 mm)
or CAL (at least 30% of the sites having
at least 5 mm of CAL vs. less than 30%).
In a separate study (Mengel et al. 2002),
no correlations were found among ser-
um cortisol, a pessimistic attitude to life
(assessed by questionnaire), and levels
of immunological mediators (IL-1b, IL-
6). Those latter findings may have been
due to the small sample size, as the test
group of subjects with periodontitis and
control group composed of periodontal
healthy individuals recruited from a
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recall program consisted of only 40
subjects each. On the other hand, an
animal experiment showed an associa-
tion between higher serum corticoster-
one levels and ligature-induced
periodontitis in depression model rats
(Breivik et al. 2006).

The present results indicate that ser-
um levels of cortisol are associated with
periodontitis severity shown by CAL in
individuals who have never smoked,
though no significant associations
between cortisol and periodontitis sever-
ity shown by PD were found. These
findings may be explained as follows.
As noted in a previous study (Chrousos

& Gold 1992), severe chronic diseases
are disorders related to hyperfunction of
the HPA axis response. Because CAL
level can be regarded as a result of an
inflammatory burden from the past into
the present, in contrast to PD level
which reflects the current pathophysio-
logical status of periodontitis, the find-
ings from our study may be attributed to
dysregulation of the stress system, in
which the HPA axis is chronically acti-
vated in patients with severe perio-
dontitis. Several animal studies have
also revealed that HPA axis over-
responsiveness is associated with
increased susceptibility to periodontitis

(Breivik et al. 2000). Thus, we propose
that severe periodontitis be considered
as one of the severe chronic diseases
associated with increased stress system
activity, which was previously reported
by Chrousos and Gold (1992).

The cellular and molecular bases for
the interactions between stress hormones
and periodontitis can be explained by
activities of the HPA axis, such as
promoting the release of CRH from the
hypothalamus and glucocorticoids
from the adrenal cortex (Genco et al.
1998). Glucocorticoids, including corti-
sol (the primary glucocorticoid), exert
major suppressive effects through highly

Table 1. Subject characteristics according to PD and CAL levels

Characteristics Sites with PDX4 mmn Sites with CALX5 mmn

none low high p value none low high p value

Number 159 162 146 188 130 149
Age (years)

Median 60.0 63.0 64.5 o0.001 60.0 63.0 65.0 o0.001
(25th, 75th percentile) (60.0, 63.0) (60.0, 65.0) (60.0, 65.0) (60.0, 65.0) (60.0, 65.0) (60.0, 65.0)

Number of teeth
Median 27.0 26.0 24.5 0.001 27.0 27.0 23.0 o0.001
(25th, 75th percentile) (23.0, 28.0) (23.0, 28,0) (19.0, 27.0) (24.0, 28.0) (24.0, 28.0) (19.0, 26.0)

Maximum PD (mm)
Median 3.0 4.0 5.0 o0.001 3.0 4.0 5.0 o0.001
(25th, 75th percentile) (3.0, 3.0) (4.0, 5.0) (4.0, 6.0) (3.0, 4.0) (3.0, 5.0) (4.0, 6.0)

Maximum CAL (mm)
Median 4.0 5.0 6.0 o0.001 4.0 5.0 6.0 o0.001
(25th, 75th percentile) (3.0, 5.0) (4.0, 6.0) (5.0, 7.0) (3.0, 4.0) (5.0, 6.0) (6.0, 8.0)

Percent of sites with BOP
Median 2 4 5 o0.001 4 4 5 0.001
(25th, 75th percentile) (0, 6) (0, 11) (2, 13) (0, 8) (0, 9) (2, 15)

Sex
Male 65 (41) 68 (42) 84 (58) 0.01 65 (35) 61 (47) 91 (61) o0.001
Female 94 (59) 94 (58) 62 (42) 123 (65) 69 (53) 58 (39)

Smoking status
Current 16 (10) 13 (8) 21 (14) 0.10 17 (9) 11 (8) 22 (15) 0.001
Past 34 (22) 42 (26) 45 (31) 34 (18) 36 (28) 51 (34)
Never 107 (68) 107 (66) 80 (55) 136 (73) 83 (64) 75 (51)

Diabetes
Yes 3 (2) 9 (6) 12 (8) 0.04 5 (3) 4 (3) 15 (10) 0.004
No 156 (98) 153 (94) 134 (92) 183 (97) 126 (97) 134 (90)

Use of interdental brush
Yes 69 (43) 79 (49) 63 (43) 0.26 84 (45) 64 (49) 67 (45) 0.69
No 90 (57) 83 (51) 83 (57) 104 (55) 66 (51) 82 (55)

Dental visit in past 12 months
Yes 85 (53) 92 (57) 64 (44) 0.06 93 (50) 67 (52) 81 (54) 0.70
No 74 (47) 69 (43) 82 (56) 94 (50) 63 (48) 68 (46)

Frequency of tooth brushing (per day)
41 46 (29) 37 (23) 44 (30) 0.04 53 (28) 31 (24) 43 (29) 0.55
2 87 (55) 76 (47) 73 (50) 97 (52) 71 (55) 68 (46)
X3 26 (16) 49 (30) 29 (20) 38 (20) 28 (22) 38 (26)

Self-rated health status
Very good 120 (75) 115 (71) 100 (68) 0.47 135 (72) 97 (75) 103 (70) 0.09
Good 33 (21) 38 (24) 42 (29) 41 (22) 29 (22) 43 (29)
Moderate 6 (4) 8 (5) 4 (3) 12 (6) 4 (3) 2 (1)

nDefined by the percent of sites (tertiles) with PDX4 mm or CALX5 mm.

Categorical variables indicate the number of subjects (%).

Differences between groups were tested using w2 test for categorical variables and a Kruskal–Wallis test for continuous variables.

PD, probing depth (mm); CAL, clinical attachment loss (mm); BOP, bleeding on probing.
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specific mechanisms at multiple levels,
for example, by inhibiting the cascade
of immune response (Snyder & Unanue
1982) and production of cytokines
(Williams & Yarwood 1990). A number
of studies have shown the contribution
of Th-1 and Th-2 cytokines in perio-
dontitis. However, at present no distinct
difference between Th-1 and Th-2 cyto-
kine profiles can be distinguished in
periodontitis lesions, though it is highly
likely that the balance of Th-1 and Th-2
cytokines is an important issue in disease

expression (Berglundh & Donati 2005).
Those changes have major suppressive
effects on immune and inflammatory
responses, and give rise to increased
susceptibility, leading to the establish-
ment of periodontal infection, which in
turn results in destructive periodontitis
(Peruzzo et al. 2007).

DHEAS is a neuroactive steroid pro-
duced by the adrenal cortex in response
to ACTH (Kroboth et al. 1999). Both of
these hormones are apparently inter-
changeable, though 99% of circulating

DHEA is in the sulphate form. DHEAS
concentrations are known to decline
with age, which was confirmed in the
present results. Furthermore, levels of
the sulphate form in serum are 300–500
times higher and have less diurnal
variation than the non-sulphate form
(Ebeling & Koivisto 1994, Leowattana
2004). A previous study reported that
levels of both forms may more ade-
quately reflect HPA dysregulation as
compared with cortisol (Fabian et al.
2001), while another (Hechter et al.

Table 2. Median values for serum stress hormones in presence or absence of extensive periodontitis, separated by PD across smoking status

Current Past Never

sites with PDX4 mmn sites with PDX4 mmn sites with PDX4 mmn

none low high p
valuew

none low high p
valuew

none low high p
valuew

Number 16 13 21 34 42 45 107 107 80
Cortisol (nmol/l)

Median 393.16 333.84 441.4 0.29 441.44 460.75 460.8 0.51 364.19 342.12 389.02 0.11
(25th, 75th
percentile)

(303.2,
525.6)

(198.6,
491.1)

(289.7,
586.3)

(320.7,
517.3)

(357.3,
568.4)

(314.5,
589.0)

(273.1,
485.6)

(270.4,
458.0)

(325.6,
524.2)

DHEAS (nmol/l)
Median 6106.50 3148.2 4858.06 0.10 4559.52 4410.25 4125.28 0.48 2667.86 2768.28 2632.6 0.65
(25th, 75th
percentile)

(3446.8,
7694.2)

(2534.9,
5034.5)

(2917.6,
7368.5)

(3304.3,
5862.2)

(3080.4,
6737.5)

(2095.2,
5916.5)

(1769.5,
3473.9)

(1948.7,
3908.2)

(1842.1,
3867.5)

Cortisol/DHEAS
ratio(n100)
Median 7.67 8.11 9.03 0.55 9.55 10.28 11.89 0.48 14.57 12.99 15.84 0.19
(25th, 75th
percentile)

(5.1, 8.9) (6.7, 15.9) (5.3, 16.5) (6.4, 16.7) (7.1, 17.0) (7.1, 19.3) (9.7, 20.2) (8.6, 18.1) (10.7, 24.6)

nDefined by the percent with sites (tertiles) with PDX4 mm .
wKruskal–Wallis test.

DHEAS, dehydroepiandrosterone sulphate; PD, probing depth (mm).

Table 3. Median values for serum stress hormones in presence or absence of extensive periodontitis, separated by CAL across smoking status

Current Past Never

sites with CALX5 mmn sites with CALX5 mmn sites with CALX5 mmn

none low high p
valuew

none low high p
valuew

none low high p
valuew

Number 17 11 22 34 36 51 136 83 75
Cortisol (nmol/l)

Median 419.37 386.26 413.9 0.84 437.30 437.16 460.75 0.77 332.46 389.02 391.78 0.001
(25th, 75th
percentile)

(306.2,
492.5)

(289.7,
554.6)

(234.5,
550.4)

(323.5,
573.2)

(330.4,
549.7)

(361.4,
571.1)

(249.0,
460.1)

(320.0,
535.2)

(311.8,
524.2)

DHEAS (nmol/l)
Median 5020.90 5563.70 4722.36 0.90 4559.5 4545.95 4016.7 0.87 2609.5 2714.00 2876.84 0.55
(25th, 75th
percentile)

(2575.6,
6703.6)

(2795.4,
6703.6)

(2890.4,
7232.8)

(3087.2,
6255.8)

(3161.8,
5726.5)

(2518.6,
6296.5)

(1789.9,
3514.6)

(1709.8,
3935.3)

(1959.5,
3826.7)

Cortisol/DHEAS
ratio(n100)
Median 8.11 8.27 8.20 0.74 10.03 7.99 12.38 0.23 12.83 15.25 14.16 0.10
(25th, 75th
percentile)

(6.1, 19.0) (4.7, 13.7) (5.4, 15.4) (7.3, 16.0) (6.1, 14.4) (7.1, 19.6) (8.3, 18.9) (10.2, 22.7) (11.0, 20.9)

nDefined by the percent with sites (tertiles) with CALX5 mm.
wKruskal–Wallis test.

DHEAS, dehydroepiandrosterone sulphate; CAL, clinical attachment loss (mm).
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1997) postulated that DHEA(S) main-
tains cortisol homeostasis by serving as
an anti-glucocorticoid in humans.
Therefore, DHEA(S) might block the
development of the diverse pathological
processes potentiated by a prolonged
increase in cortisol secretion. Several
studies have suggested that the corti-
sol/DHEAS molar ratio may influence
the interrelationship between these ster-
oids and individuals with an elevated
ratio may be at risk for psychiatric
disorders (Michael et al. 2000, Ritsner
et al. 2007). Although several studies of
serum DHEAS and cortisol/DHEAS
molar ratio have been published, no
clear pattern has emerged, as increased,
normal, and decreased levels of DHEAS
and cortisol/DHEAS ratio have been
found (Fabian et al. 2001, Harris et al.
2001, Shirayama et al. 2002, Young
et al. 2002, Ritsner et al. 2007). In the
present study, we found a significant
association between cortisol/DHEAS
molar ratio and periodontal status shown
by CAL, though that was somewhat
weaker than the association with cortisol
level. Our results indicate that cortisol/
DHEAS molar ratio should be consid-
ered as a candidate of risk marker for
periodontitis, though it is limited to
individuals who have never smoked.

The primary goal of our study was to
examine the biologically plausible
hypothesis that these hormones can be
used as predictors of periodontitis,
though the present results are limited
because of the cross-sectional nature of
the study. We performed a preliminary
analysis using receiver operating charac-
teristics (ROC) analysis to describe false-
positive versus true-positive diagnosis of
periodontitis (i.e. second and third ter-
tiles) at various cut-off levels of cortisol,
in subjects who never smoked. As a
result, the area under the curve (AUC)
was 0.628 (95% confidence interval,
0.564–0.692, po0.001). The optimal
sensitivity and specificity of cortisol
were found to be 0.60 and 0.62, respec-
tively, when the cut-off value was
368.33 nmol/l, which indicated a corre-
sponding level of the median
(366.95 nmol/l) of cortisol in never-smo-
kers. It may be possible to differentiate
periodontitis affected patients from
periodontal- healthy individuals by mea-
suring cortisol levels in a selected popu-
lation (e.g. never-smokers).

Smoking is a major risk factor for
severe periodontal disease (Tomar &
Asma 2000). In a recent study, the
increase in risk was averaged overT
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both smokers and non-smokers, thus
treating smoking as a confounder also
resulted in a greatly underestimated
magnitude of association (Hyman &
Reid 2004). Furthermore, another study
found an association between advanced
periodontal disease and self-reported
coronary heart disease, however, after
stratifying by smoking status, the asso-
ciation was reported to be limited to
smokers (Hyman et al. 2002). In a very
recent study, it was found that ignoring
the effect modification would have
resulted in a faulty analysis and incor-
rect inferences (Hyman 2006). Hujoel
et al. (2002) also suggested that the
periodontitis-systematic disease rela-
tionship should be studied using healthy
subjects who have never smoked. In the
present study, when smoking was trea-
ted as an effect modifier, our findings of
an association between levels of corti-
sol, or cortisol/DHEAS molar ratio and
periodontitis severity were largely lim-
ited to the never-smokers. These results
suggest that the effects of smoking on
changes in cortisol level and cortisol/
DHEAS molar ratio as markers of perio-
dontal status may be slight. Neverthe-
less, it is important to note that tobacco
smoking and nicotine have pronounced
effects on endocrine function as well,
and smoking is known to increase corti-
sol levels (Steptoe & Ussher 2006). We
found that the level of cortisol was
increased in smokers as compared with
subjects who had never smoked. Thus,
because a strong interaction between
smoking and cortisol level was found,
cortisol does not appear to be an appro-
priate marker for periodontitis in indivi-
duals with a past history of habit of
smoking.

In general, a periodontal probe is used
for periodontitis screening during com-
munity-based oral health examinations,
however, several problems, including
cost, prevention of infection, and man-
power needs, have been pointed out.
Serum stress-related hormones could
be utilized as part of the diagnostic
criteria when screening for the presence
of periodontitis and a special device that
utilizes self-sampled fingertip plasma
(50 ml) has been recently developed
(Leisure Inc., Japan) (Iwasawa 2007).
Assessment of biomarkers in a small
amount of plasma collected with such
a device may be a simple and useful
alternative to the conventional probing
method.

A limitation of the present study is
that our subjects were generally in goodT
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health, thus our findings may indicate
that the association exists primarily in
healthy elderly subjects, and that a co-
hort of these elderly individuals is not
ideally suited to address stress-related
effects in the pathology of periodontitis.
Additional investigations are necessary
to validate and extend the findings using
subjects of other ages or with outpati-
ents. Further, whether cortisol and/or
the cortisol/DHEAS molar ratio are
useful as predictors for periodontitis
is unknown. The causes and effects
of these biomarkers remain unclarified
by the present results, as assessment
of CRH and ACTH in the HPA axis
system were not performed. A longitu-
dinal study would be necessary to deter-
mine the relationships of stress-related
hormones in serum to the progression of
periodontitis.

In summary, we found significant
associations between serum cortisol
levels, including cortisol/DHEAS molar
ratio, and periodontitis severity in
healthy elderly subjects who had never
smoked. Our results suggest that levels
of cortisol and cortisol/DHEAS molar
ratio are useful candidate biomarkers
for evaluating at least a part of the
etiopathogenesis of periodontitis. Inves-
tigations of other biomarkers may open
new avenues for development of a
screening test for periodontitis and mon-
itoring the response to treatment in the
near future.
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Clinical Relevance

Scientific rationale for the study: A
recently published systematic review
suggested an association between
psychological factors and perio-
dontitis. However, the relationship
between periodontitis and the stress-
related hormones cortisol and
DHEAS is poorly understood.

Principal findings: We found a close
relationship between cortisol levels,
including cortisol/DHEAS ratio, and
periodontal status in subjects who
had never smoked. Our findings sug-
gest that these biomarkers are useful
candidates for evaluating a part of
the etiopathogenesis of periodontitis,

at least for individuals who had never
smoked.
Practical implications: There are
several problems with conventional
probing methods and exploration of
biomarkers may open new avenues
for development of a screening test
for periodontitis in the near future.
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