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Purpose: The primary objective of this study was to ex-
amine the changes of basal cortisol and DHEA levels present
in saliva and serum with age, and to determine the correlation
coefficients of steroid concentrations between saliva and serum.
The secondary objective was to obtain a standard diurnal
thythm of salivary cortisol and DHEA in the Korean
population. Materials and Methods: For the first objective,
saliva and blood samples were collected between 10 and 11
AM from 359 volunteers ranging from 21 to 69 years old (167
men and 192 women). For the second objective, four saliva
samples (post-awakening, 11AM, 4PM, and bedtime) were
collected throughout a day from 78 volunteers (42 women and
36 men) ranging from 20 to 40 years old. Cortisol and DHEA
levels were measured using a radioimmunoassay (RIA).
Results: The morning cortisol and DHEA levels, and the age-
related steroid decline patterns were similar in both genders.
Serum cortisol levels significantly decreased around forty years
of age (p < 0.001, when compared with people in their 20s),
and linear regression analysis with age showed a significant
declining pattern (slope =-2.29, t=-4.297, p < 0.001).
However, salivary cortisol levels did not change significantly
with age, but showed a tendency towards decline (slope =
-0.0078, t =-0.389, p =0.697). The relative cortisol ratio of
serum to saliva was 3.4 - 4.5% and the ratio increased with age
(slope =0.051, t=3.61, p < 0.001). DHEA levels also de-
clined with age in saliva (slope =-0.007, t =-3.76, p < 0.001)
and serum (slope =-0.197 t =- 4.88, p < 0.001). In particular,
DHEA levels in saliva and serum did not start to significantly
decrease until ages in the 40s, but then decreased significantly
further at ages in the 50s (p < 0.001, when compared with the
40s age group) and 60s (p < 0.001, when compared with the
50 age group). The relative DHEA ratio of serum to saliva was
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similar throughout the ages examined (slop = 0.0016, t = 0.344,
p =0.73). On the other hand, cortisol and DHEA levels in
saliva reflected well those in serum (r = 0.59 and 0.86, respec-
tively, p < 0.001). The highest salivary cortisol levels ap-
peared just after awakening (about two fold higher than the
11 AM level), decreased throughout the day, and reached the
lowest levels at bedtime (p < 0.001, when compared with PM
cortisol levels). The highest salivary DHEA levels also
appeared after awakening (about 1.5 fold higher than the 11
AM level) and decreased by 11AM (p < 0.001). DHEA levels
did not decrease further until bedtime (p =0.11, when com-
pared with PM DHEA levels). Conclusion: This study showed
that cortisol and DHEA levels change with age and that the
negative slope of DHEA was steeper than that of cortisol in
saliva and serum. As the cortisol and DHEA levels in saliva
reflected those in serum, the measurement of steroid levels in
saliva provide a useful and practical tool to evaluate adrenal
functions, which are essential for clinical diagnosis.

Key Words: Saliva cortisol, saliva DHEA, correlation, age-
related changes, diurnal rhythm

INTRODUCTION

Cortisol and dehydroepiandrosterone (DIHEA)
are major steroids of the adrenal gland. Cortisol
is secreted as a result of steroidogenic activity of
the zona fasciculata and DHEA is the main steroid
product of the zona reticularis. These steroids are
produced in response to stimulation by adreno-
corticotropic hormone (ACTH) in the pi’cuitary.1
Cortisol is the major glucocorticoid in humans
and has a wide range of influences on metabo-
lism, immunoregulation, vascular responsiveness,
cognition, and behavior."” Cortisol also has an im-
pact on numerous pathological conditions in-
cluding inflammatory autoimmune disorders,’
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atopic conditions,4 metabolic syndrome,5 and de-
pression.6

There are some distinctive characteristics of
hormone secretion by the hypothalamus-pituitary-
adrenal gland (HPA) axis such as: age-related
changes, response to physical or psychological
stress, and profound circadian rhythm. Some
investigators have shown that basal cortisol levels
are similar in young and elderly persons,” while
others observed increases8 or decreases with age.”
Thus, the age-related basal cortisol production in
humans is controversial. However, it is generally
accepted that basal levels of DHEA and its sulfate
ester, DIHEA-S, decline progressively with age.10
Therefore, the increased ratio of cortisol to DHEA
or DHEA-S are used as aging bio-markers."
Changes in these steroid secretion patterns are
considered to aggravate some age-related dis-
eases, although their exact biological significance
is not completely understood.”

The HPA axis has a profound circadian rhythm
and follows the wake-sleep cycle.” The highest
cortisol levels are present after awakening, and
thereafter decline to reach their lowest levels at
bedtime. Studies with steroids like cortisol that
have diurnal rhythms in plasma are very limited
because of methodological restrictions on repeated
plasma sampling. Only a few research projects
have used plasma samples, and have demon-
strated that no significant modification occurred
in the diurnal patterns of cortisol or DIHHEA levels
between elder and younger age groups.”*" As
more sophisticated hormone assay techniques for
saliva were developed, more researchers became
involved in the study of age and stress-related
adrenal steroid circadian rhythm changes.' Saliva
provides a useful sample for cortisol measurement
in many cases because the level of cortisol in
saliva reflects that in blood. Also, saliva is easier
than blood for repeated collection.'”*® Therefore,
detailed changes in adrenal diurnal rhythm could
be established with saliva analysis. Recently, the
analysis of salivary steroids is becoming a widely
accepted screening tool for adrenal or gonadal
function. Individual circadian rhythm has become
more important than the absolute hormonal con-
centrations in disease diagnosis."”” This study
examines whether basal adrenal steroid (cortisol
and DHEA) levels change with age by using
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matched serum and saliva samples, and evaluates
the availability of saliva for adrenal function
studies. We also examined the salivary diurnal
rhythm of cortisol and DHEA in the Korean
population, and confirmed that salivary steroid
levels reflect that of serum levels.

MATERIALS AND METHODS
Participants

Among the applicants for medical examination
in a CHA health-promoting center, 359 city
dwelling volunteers (192 women and 167 men)
were recruited from July to September, 2004. Their
saliva and blood samples were collected between
10 and 11 AM. Four saliva samples throughout
the day (20 - 30 minutes after awakening, 11 AM,
4 PM, and bedtime) were collected from 78
participants (42 women and 36 men; 20 to 40 years
of age) who had a normal sleep and wake-up
cycle. None of the participants selected in both
groups presented with diabetes, hypo- or hyper-
tension. Those who were undergoing hormone
replacement therapy, taking hormones for birth
control, or using sleeping pills were excluded.
General information about volunteer health is
summarized in Table 1.

Saliva and blood collection

Participants were asked to rinse their mouth
with water before collecting saliva. A minimum
volume of 1 mL saliva was obtained directly by
expectorating into a collecting tube. Food and
beverages such as tea, soft drinks, and coffee were
not permitted 30 minutes prior to any sample
collection. Because salivary cortisol concentration
is independent of flow rate and sugarless gum
does not interfere with the salivary assay, 21
participants were permitted to chew sugarless
gum if needed to stimulate saliva flow. Par-
ticipants were also instructed not to brush their
teeth 30 minutes before saliva collection and to
refrain from wearing lipstick on the day of saliva
collection. When saliva and blood were simultane-
ously collected from a volunteer, saliva was
always collected first. Saliva samples which were
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Table 1. Summary of Basic Health Status of Volunteers and Number of Participants in Each Age Group

Age Gend Participants Body  Blood sugar Blood pressure  Blood pressure Total cholesterol ~ HDL
ender

(yrs) () weight (kg) (mg/dL) (diastolic, mmHg) (systolic, mmHg) (mg/dL) (mg/dL)
20-29 Men 31 719 823 70.2 118.2 180.1 47.8
Women 49 545 82.7 67.7 110.2 155.4 545
30-39 Men 48 709 86.9 78.8 1229 197.2 446
Women 56 57.6 83.8 72.5 111.7 173.7 54.7
40 - 49 Men 48 71.7 89.3 78.8 122.0 197.3 46.8
Women 47 57.7 85.1 674 110.2 188.7 56.5
50 -59 Men 29 68.1 999 84.0 129.0 191.5 45.1
Women 31 61.3 88.3 73.9 118.6 194.7 51.8
60 - 69 Men 11 721 99.1 89.5 136.6 204.1 47.2
Women 9 59.0 975 76.8 128.3 214.8 56.3

contaminated with blood were excluded from this
study. The collected saliva was subjected to two
freezing-thawing cycles in order to precipitate
mucins, and then centrifuged (10,000 x g, 15 min,
47T).” The supernatant was collected and stored
at -70C until the day of assay. Blood samples
collected between 10 to 11 AM were kept at room
temperature and allowed to clot. The samples
were then centrifuged to obtain serum, which was
stored at -70C until the day of assay.

Measurement of cortisol and DHEA in serum

Total cortisol and DIEA levels in serum were
measured with a commercial RIA kit (Diagnostic
Products Cooperation, DPC). The intra-assay var-
iation coefficient for cortisol was 3.5% (n =10) and
3.7% for that of DHEA (n=10). The inter-assay
coefficient of variation for cortisol was 45% (n=
6) and that for DHEA was 4.3% (n==6)

Measurement of cortisol and DHEA in saliva

Commercially supplied kits were not adequate
for the measurement of cortisol levels in saliva.”
Therefore, sophisticated assay techniques were
required for the analysis of salivary steroids. We
developed a hormone assay system based on a
liquid phased-double antibody method. For stan-
dards, pure cortisol and DIHEA were obtained
from Sigma-Aldrich Chemical Co. (St. Louis, MO,

USA). These steroids were dissolved in methanol
(1.0mg/mL) and further diluted with gelatin
containing 0.1 M phosphate buffered saline (GPBS,
pH=7.0, containing 0.015M NaN; and 0.1%
gelatin). Iodine-125, labeled cortisol [cortisol-3-
(O-caboxymethyl oximino)-2-"I iodohistamine],
was obtained from Amersham Biosciences
(Buckinghamshire, UK) and *I-labeled DHEA, a
component of the DHEA RIA kit obtained from
DPC, was used for the salivary DHEA assay. The
cortisol and DHEA antiserums were purchased
from Biogenesis (Oxford, UK). The cortisol anti-
serum cross-reacts 0.001% with aldosterone, 4.1%
with 11-deoxycorticosterone, 5.7% with 11-deoxy-
cortisol, 0.5% with 21-deoxycortisol, 1.2% with
corticosterone, and less than 0.01% with other
steroids. The DHEA antiserum cross-reacts 6.3%
with ba-andorstane-30, 17B-diol, 1.3% with andro-
stenedione, 0.1% with testosterone, and less than
0.05% with other related compounds. General
assay procedures were adapted from those de-
scribed by our previous reports.’*” The assay
procedure is briefly described below. The volume
of standards added to assay tubes was 0.1 mL. A
standard with no added cortisol or DHEA was
also included. Tubes in which GPBS was substi-
tuted for the antiserum were prepared to estimate
nonspecific binding (NSB). An equal volume of
charcoal-stripped saliva was added to the stan-
dard tubes as in sample tubes. The total radioac-
tivity of “I-cortisol or '“I-DHEA per tube was
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approximately 20,000cpm. The antiserum was
diluted to give approximately 30-35% binding.
The total reaction volume was 0.4 mL/tube. Rou-
tinely, two sets of standards were included in each
assay. Standards and samples were incubated
overnight at 4C. Then 0.5 mL of an antirabbit IgG
coated (developed in goat) cellulose bead solution
was applied to the assay tubes. The tubes were
incubated at room temperature for 30 minutes,
and then centrifuged (1,500 x g, 20 minutes). The
supernatant was aspirated, and the radioactivity
in the pellet was counted using a gamma counter
(Cobra 5005, Perkin Elmer Life and Analytical
Sciences). The steroid levels for individual assay
were calculated by interpolation from the stan-
dard curves using RiaSmart software (PerkinElmer
Life and Analytical Sciences). Multiple tubes of
low and high level quality control (QC) samples
were prepared and kept frozen for use in each
assay. The intra-assay coefficient of variation for
cortisol was 54% (n=10) and 51% for DHEA (n
=10). The inter-assay coefficient of variation for
cortisol was 6.5% (n=6) and 6.5% for DHEA (n
=6). The analytical sensitivity for cortisol was 1
pg/mL and that for DHEA was 0.1 pg/mL.

Preparation of steroid-free saliva and determina-
tion of RIA accuracy

Steroid-free saliva was prepared as follows.
Approximately 50,000 cpm of tritium labeled cor-
tisol (1,2,6,7—3H-hydrocortisone, PerkinElmer Life
and Analytical Sciences) or DIHEA (1,2,6,7—3H-
DHEA, PerkinElmer Life and Analytical Sciences)
was added to 20 mL of saliva sample. Twenty per-
cent (w/v) of activated charcoal powder (Sigma-
Aldrich Chemical Co.) was added to each tube
and stirred at 4C for overnight. The tubes were
then centrifuged (15,000 x g, 30 minutes, 4C) and
the supernatant was collected. The radioactivity
remaining in the supernatant was determined
using a liquid scintillation analyzer (Tricarb 2900,
PerkinElmer Life and Analytical Sciences). The
charcoal stripping procedures were repeated until
there were not more than 100 cpm remaining in
a 1 mL sample. The charcoal stripped sample was
filtered through a 0.45um filter and stored at -70
C until use. To determine the RIA accuracy, un-
labeled cortisol or DHEA was added to the
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charcoal stripped saliva, and the steroid level was
determined using RIA as described above. Non-de-
tectable levels of cortisol or DHHEA were observed
in the charcoal stripped saliva. Exogenously
added cortisol (250 pg/0.1 mL) was detected with
a range from 236 to 277 pg/0.1mL (255.2 + 14.7
pg/0.1mL, n=10), while exogenous DHEA (50
pg/0.1 mL) was detected with a range from 48 to
61 pg/0.1 mL (53.9 = 3.5 pg/0.1 mL, n=10).

Statistical analyses

Conventional methods (mean and SD, Student’s
t-test, and ANOVA) were used to analyze the
diurnal variation in cortisol and DHEA levels
with the level of significance set at p < 0.01.
Linear regression analysis was carried out to
determine the relationship between hormone
levels and age by using STATISTICA version 5.1
for Windows (Tulsa, OK, USA). The Pearson’s
correlation (r, P) was calculated for correlations of
hormone levels between saliva and serum with
GraphPad Prism version 4 for Windows (San
Diego, CA, USA)

RESULTS

Changes in salivary and serum cortisol levels
with age

Fig. 1 shows the relationship of salivary (A) and
serum (B) cortisol levels (sample collection, 10-11
AM) with age. The age-related decline pattern and
concentration of cortisol appeared to be very
similar in both genders. Therefore, cortisol levels
of men and women were combined together in
the plot. Salivary cortisol levels were similar at all
ages examined (9.6 + 0.68, p =0.62 by ANOVA)
and the results of linear regression analysis
showed that the salivary cortisol levels (Fig. 1A)
did not significantly change with age (slope =
-0.078, t=-0.389, p = 0.697). However, serum cor-
tisol levels (Fig. 1B) declined significantly with
age (slope=-2.29, t=-443, p < 0.001). The serum
cortisol levels in the 20s age group were relatively
higher (2882 + 14.5nmol/L) than those in other
age groups (30s; 258.1 * 11.7, 40s; 228.4 = 9.3, 50s;
216.0 £ 13.6, and 60s; 2214 + 21.7nmol/L). In
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addition, serum cortisol levels were significantly
lower in the 40s age group when compared with
the 20s age group (p < 0.01, by Duncan’s multiple
range test). Saliva represented 3.4% of cortisol
levels found in serum for the 20s age group, but
this ratio increased with age (3.8%, 4.5%, 4.9%,
and 4.9%; 30s, 40s, 50s, and 60s, respectively). The
results of linear regression analysis also showed
that the saliva: serum cortisol ratio increased with
age (Fig. 1C, slope =0.051, t=3.61, p < 0.001).
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Fig. 1. Age-related AM cortisol level changes in saliva (A)
and serum (B). Samples were collected at 10 to 11AM and
cortisol levels in 358 paired saliva and serum samples were
determined with RIA. Each point on the figure represents
cortisol levels of a participant. The relative cortisol ratio of
serum to saliva is depicted in (C). The indicated line
represents the best fit linear regression with age. Predicted
salivary cortisol level (nmol/L)=6.4 - 0.078x, beta =-0.022,
p =0.697, n =356, predicted serum cortisol level (nmol/L)
=339-229%, beta=-022, p < 0.001, n=359; predicted
saliva/serum ratio = 2.69 + 0.051x, beta =0.189, p =0.0035,
n =359.

Changes in salivary and serum DHEA levels
with age

Fig. 2 shows the relationship of AM salivary (A)
and serum (B) DIHEA levels with age. Similar
levels of DIHHEA were detected in saliva collected
from the 20s, 30s, and 40s age groups (0.79 + 0.03
nmol/L, p=0.9 by ANOVA), but DHEA levels de-
creased substantially in the 50s age group (0.62 +
0.0.5nmol/L, p < 0.01, when compared with the
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Fig. 2. Age-related basal DHEA level changes in saliva (A)
and serum (B). Samples were collected at 10 to 11AM.
Cortisol levels in 358 paired saliva and serum samples
were determined with RIA. Each point on the figure
represents cortisol levels of a participant. The relative
DHEA ratio of serum to saliva is depicted in (C). The
indicated line represents the best fit linear regression with
age. Predicted salivary DHEA level (nmol/L)=1.009 -
0.007x, beta=-0.21, p < 0.001, n=2356; predicted serum
DHEA level (nmol/L)=27.9-0.197x, beta=-0.25, p <
0.001, n = 359; predicted saliva/serum ratio = 3.58 + 0.0016x,
beta=0.18, p=0.73, n=359.
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40s age group), and decreased further in the 60s
age group (0.42 + 0.07nmol/L, p < 0.05, when
compared with the 50s age group). Results of
linear regression analysis also showed that sali-
vary DHEA levels declined significantly with age
(Fig. 2A, slope =-0.007, t=-3.761, p < 0.001). The
declining pattern of serum DHEA levels with age
was similar to that observed in saliva. Serum
DHEA levels were similar between the 20s, 30s,
and 40s age groups (21.2 + 0.2nmol/L), but the
levels were significantly less in the 50s age group
(169 + 1.3nmol/L, p < 0.01), and decreased fur-
ther in the 60s age group (10.9 + 1.8 nmol/L, p <
0.01). Results of linear regression analysis also
showed that serum DHEA levels declined signifi-
cantly with age (Fig. 2B, slope=-0.197, t=-49, p
<0.001). Saliva represented 3.5-3.7% of the
DHEA concentrations found in serum, and this
ratio did not change significantly with age (Fig.
2C, slope =0.0016, t=10.344, p =0.73).

Correlation of steroid concentration between
saliva and serum

Fig. 3 shows the correlation of cortisol (Fig. 3A)
and DHEA (Fig. 3B) concentrations between saliva
and serum. Data obtained from 358 saliva and
serum samples were used to determine the cor-
relation coefficients. The data presented here was
obtained from only paired saliva and serum sam-
ples; the results show a direct comparison of hor-
mone levels in saliva with simultaneously ob-
tained serum samples in the absence of hormonal
stimulation or suppression. A Pearson’s correla-
tion (r, P) was calculated for the comparison of
hormone levels between saliva and serum sam-
ples. Cortisol levels in saliva were well correlated
with those in serum (Fig. 3A, r = 0.59, p < 0.0001).
Furthermore, DHEA levels in saliva were also
highly correlated with those in serum (Fig. 3B, r
=0.864, p < 0.001).

Diurnal rhythm of salivary cortisol and DHEA

Fig. 4 shows diurnal changes in salivary
cortisol and DIEA levels. Saliva samples were
collected at four designated time points through-
out a day from 74 volunteers (ages ranging from
20 to 40 years). Cortisol and DHEA levels were
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Fig. 3. Correlation of steroid concentration in saliva and
serum. Data was collected from 358 paired saliva and
serum samples, and correlation coefficients (Pearson r,
P) were evaluated. Regression statistics cortisol (A) slope
=815 (SE, 0.58), Y intercept t=73.33 (SE, 4.8) nmol/L,
R2=0.35, Sy.x=45.83. Pearson r=0.59, 95%CI=0.52-
0.66, p <0.0001. Regression statistics DHEA (B) slope =
19.98 (SE, 0.6), Y intercept =5.17 (SE, 0.51) nmol/L, R2=
0.74, Sy.x =4.42. Pearson r=0.86, 95%CI=0.83 - 0.88, p<
0.0001.

measured and are depicted in Fig. 4A and B,
respectively. Salivary cortisol diurnal rhythm
peak levels occurred first just after awakening
(141 + 0.58 nmol/L), followed by a marked
decline thereafter, and finally reaching its lowest
level at midnight (11 AM; 6.5 + 037, 4 PM; 4.9
+ 0.3, midnight; 1.5 + 0.18 nmol/L)(Fig. 4A). The
diurnal pattern of salivary DHEA followed that
of cortisol, with the highest levels observed
following awakening (1.3 + 0.2nmol/L) and
gradually decreasing thereafter (0.9 + 0.06, 0.9 *
0.09, and 0.7 + 0.06 nmol/L, 11AM, 4PM, and
midnight, respectively). There was a significant
decrease in DHEA concentration between post-
awakening and 11AM (p < 0.001, by t-test), but a
slight decrease from 11AM to midnight was
observed (p=0.11 by ANOVA) (Fig. 4B).
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Fig. 4. Diurnal pattern of salivary cortisol (A) and DHEA
(B). Four samples were collected throughout the day
(after awakening, 11AM, 4PM, and before bedtime) from
78 volunteers who were 30 to 40 years of age. Steroid
levels were determined with RIA. Each point represents
cortisol (A) or DHEA (B) levels of a participant. The bar
represents the mean values of each sample time.

DISCUSSION

The present study showed that age-related
adrenal steroids level changes, serum cortisol
levels slightly declined with age, but DHEA levels
significantly decreased in the 50s age group and
thereafter. This study also showed that saliva can
be used as an alternative body fluid for studying
adrenal functions, because the steroid concentra-
tions in saliva reflect well those in serum and ex-
hibited an evident diurnal rhythm. Thus, steroid
analysis in saliva can be applied for the study of
real life situations, such as stress-related diurnal
pattern changes.

It has been well established that major gonadal
steroid production patterns change with age in
men and women. Total testosterone levels in men
were known to decrease 1.6% annually through-
out their lifespan."** Estradiol or progesterone
levels also decrease with age, especially at the
second late stage of menopause.”” Relative hor-
monal ratios of gonadal steroid and other hor-

mones, such as LH, FSH, or inhibins, are used as
a biomarkers for andropause for men”>" or meno-
pause for women.” Many studies have observed
age-related adrenal DHEA or DHEA-S secretion
pattern changes,™ but such studies on the age-
related basal cortisol secretion changes in serum
are controversial.”” The present study demon-
strates that salivary cortisol levels tended to de-
cline, but not significantly, until the 60s age level
(Fig. 1A), while serum cortisol levels declined
significantly with age (Fig. 1B). The AM cortisol
levels in serum were predicted by the equation
339 - 2.29x, which implied that cortisol levels will
decrease annually. The age-related negative slope
of AM cortisol was less steep than that of serum
or salivary testosterone,”” but the estimated
decline rate of AM cortisol was similar to another
1‘eport.31

It is generally accepted that aging in healthy
people is accompanied with little change in the
cortisol and aldosterone ratio, but the ratio of
cortisol and DHEA changed sharply.”” An imbal-
ance of cortisol and DHEA with age is called an
adrenopause.”” An adrenal steroid imbalance, or
adrenopause, is likely to occur in the 50s age
group among Koreans. Salivary or serum DHEA
levels did not change significantly in the 40s age
group, but DHEA levels significantly decreased at
the 50s age group (Fig. 2A and 2B). The declining
slope was steeper (slope =-0.016) in the 40s and
50s age groups than in the 20s to 40s age groups
(slope = 0.001). On the basis of the data shown in
Fig. 1 and 2, we also found that the ratio of cor-
tisol to DHEA in saliva or serum (F/D ratio)
changed with age. The F/D ratio was similar in
the 20s to 40s age group in saliva (11.1 + 1.7) and
serum (12.4 + 0.3), but the ratio gradually in-
creased (15.3 and 14.0, in saliva and serum, re-
spectively) in the 50s age group. This pattern was
maintained (23.9 and 18.6, in saliva and serum,
respectively) in the 60s age group (data not
depicted on the graph). It is well known that the
age-related DHEA or DHEA-S decline occurs in
both genders,™ but the causes of adrenopause
remain unclear. Some studies have shown a de-
crease of the number of functional reticularis
cells”” and a reduction of reticularis mass followed
with age. Other immunohistochemical analyses
showed that immunoreacticities of adrenal steroi-
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dogenic enzymes did not change with age,” but
little information is available on the changes in
steroidogenic enzyme activity with age. The func-
tional and morphological changes of the reti-
cularis could be responsible for the diminished
production of DHEA and changes in the steroid
secretion pattern with age.

Saliva can be utilized as an alternative body
fluid for research in real life situations, such as
stress-related diurnal rhythm changes. More im-
portantly, the steroid concentration in saliva was
found to reflect the free-form concentration in
serum with correlation coefficients of 0.54 to
0.97.*! We also showed that the concentrations of
cortisol and DHEA in saliva are well correlated
with those in serum (r=0.59 and 0.86, respec-
tively) (Fig. 3). Correlation coefficients of cortisol
were lower than those of DIHEA because the
age-related decline patterns of cortisol in saliva
(Fig. 1A) and serum (Fig. 1B) were different from
those of DHEA (Fig. 2). Interestingly, the correla-
tion coefficiency of cortisol was stable until 40
years of age (r=0.63, p < 0.001), but then de-
creased with age (0.38 and 0.43, for 50s and 60s,
respectively, data not shown). However, the cor-
relation coefficiency of DHEA did not change
with age. The observed decrease in cortisol cor-
relation coefficiency is reasonable because the
cortisol concentration ratio of saliva to serum
increased with age (Fig. 1C), and the negative
slope was different between saliva and serum
(Fig. 1A and B). It is likely that a varying concen-
tration,”” affinity, or binding capacity of cortisol-
binding globulin (CBG) are other factor(s) in-
volved in the correlation coefficiency differences
and declining slope with age.

In the present study, the diurnal rhythms of
salivary cortisol and DHEA were observed in the
Korean population (Fig. 4). The post-awakening
cortisol levels (14.1 nmol/L) were close to the total
levels of three secretory episodes (13.0nmol/L)
and approximately twice as high as those of
11AM (6.5 nmol/L, Fig. 4A). The post-awakening
salivary DHEA levels were higher (0.39 nmol/L)
than those of 11AM and were approximately 55%
of the total levels from the other three measures
(24 nmol/L, Fig. 4B). These results are in good
agreement with other reports.””* The measure-
ment of cortisol and DHEA in saliva is becoming
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more widely accepted as a screening test for
diagnosis of the HPA axis because they provide
information about the absolute hormonal concen-
tration and an individual’s diurnal rhythm.”” This
combined data can be applied to the various
diagnostic examination fields, such as chronic
fatigue syndrome,” depression,’ and Cushing’s
disease.** In particular, assessment of the post-
awakening rise in levels provides a useful diag-
nostic tool for stress-related disease, age-related
disease, and pre-clinical states.”***

In conclusion, the data presented here show
various age-related cortisol and DIHEA level
changes, and that DHEA levels decreased signifi-
cantly around 50 years of age. Decreases of DHEA
levels are responsible for the F/D ratio changes
with age. Saliva is an appropriate surrogate for
serum in the research or diagnosis of adrenal
function because it reflects the concentrations of
steroids in serum and provides valuable infor-
mation of an individual’s diurnal rhythm.
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