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ABSTRACT

The measurement of cortisol in saliva has become a reliable
tool fur both the scientist and the clinician for studying adrenal
cortical function in the adult, We have measured salivary cortisol
m samples from 138 healthy infants, children, and adolescents,
and from 14 adalts. Saliva samples were obtained at home vsing
a cotion swab and o saliva-collecting tube at 800, 1300, and 1800
b before meals. Cortisol was measured uging u Ume-resolved
fluorescent immunoassay. Cortizol levels in saliva ranged [rom
less than 2 nmol/L up to more than 100 omol/L. Corlisol levels
were age-dependent. Interestingly, afier the age of 6 v, corlisof
levels correlated significantly with puberial stapes (analysis of

The measurement of cortisol in saliva provides a reliable
ool for investigations of hypothalamus-pituitary-adrenal axis
activity (1-11). Saliva sumples can be obtained stress-free. [n
addition, salivary cortisol represents the free fraction of corti-
50l in plasma and does nol depend on salivary sceretion rale
{(flow rate) nor on salivary protein conlent (4, 3, 9, 11). Aboul
5-10% of 1otal plasma cortisol is not bound Lo corlisol-binding
globulin (= free plasma cortisol} and diffuses rapidly inlo
saliva, Salivary cortisol measurements have been extensively
used in psychobiologic, psychiatric, and adult endocring re-
scurch. Surprisingly, relatively little information is avaitable on
the use of salivary cortisol deferminations in children and
adolescents. Importantly, relatively few studies deal with the
diurnal variation ot cortisol levels in children, developmental
and physiclogic aspects of adrenal funclion in young age, and
the influcnce of weight, age, and pubertal development on
cortisol levels {12-25). We have measured cortisol levels in
saliva samples from 138 healthy infants, children, and adoles-
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variance). No sex dilference was found. In addilion, cortisel
morging levels and daily cortisol levels {(area under the curve
from three measurements) increased with body weighl and body
mass index. The highest cortisol levels were measured in saliva
of children younger than 1 y. No circadian variation was evident
before the age of @ mo. After 1y of age, salivary cortisol levels
varied in a citcadian tashion. The measurement of salivary
corlisal levels s an atlractive way of testing adrenal function in
infants and children. Tt provides a reliable tool for the determi-
nalion of the physiology and developmental characteristics of
corliso! metabolism. (Pediatr Res 37: 502-506, 1995}

cents and from 14 adults to obrain more insight inlo regulatory
mechanisms of adrenal function throughout childhood and
adolescents.

METIIODS

Subjects and study protocol. Saliva samples were obtained
in the home sctting at 800, 1300, and 1800 h betore meals.
Saliva samples were sent o the laboratory by surface mail, A
complele medical exumination was performed, and height,
weight, and pubertal stages were recorded by means of a
standardized examination form.

Ieight, weight, and body mass index values of the subjects
were all within the third to 97th perceantile range (263, A tolal
of 178 bealthy subyjects were recruited [rom an inner city
neighborhood {Munich, Germany), the local kindergarden, and
local schools to participate in the study. Twentv-six subjects
were excluded [rom the study beesuse one or more of the saliva
samples were missing andfor complete anthropomcetric data
were nol available al the termination of the study. A complete
data set was obtained trom 138 healthy infants, children, and
adolescents and from 14 adults. The study protocol was ap-
proved by the lithical Commitee of the Bayerische Landesér-
ziekammer (state medical chamber of Bavaria). Written con-
sent was oblained from the parents andior the subjects.
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SALIVARY CORTISOL LEVELS IN CHILDREN

Procedures. Saliva was collected by using a cotton swab and
a saftva-collecling tube (Salivette, Sarstedt, Germany). 1o in-
fants below 1 v of age, saliva samples were collected by gentle
suction of saliva with a rubber ball pipet. ‘This procedure was
nol stressful to the infants and was tolerated well. Also, the
volume of saliva obtained by this method was sufficient for the
cortisol measurements. In infants, children, and adolescents
more than 1 y of age. the probands were offered cotron swabs,
and (he parents andfor the children were asked to keep the
swabs in the proband’s mouth for 2 min to allow for the
accumulation ol a sufficient saliva volume (usually more than
200 pzL). Because the sensitivity of the assay uscd is high, only
120 L (50 pL for single determination) of saliva are needed
for duplicate determinations of cortisol. Stunulation of saliva
flow (i.e. by use of lemondime) was not used becaose of the
fear that this might not be tolerated well in the young age
group. In the age group between 1 and 3 v of age, seven
children refused to participate or were not compliant with the
procedure. The saliva samples were centrifuged upon arrival in
the laboratory and stored lrozen at  20°C untit analysis.
Cenltrifugation does nol interfere with the recovery rate of
added free cortisol in samples of saliva reference standards but
gives debris-Iree salivary plasma that can be pipetted casily.

Salivary cortisol was measured using a time-resolved flue-
rescent immunocassay as published clsewhere (27). In bricf, a
cortisol-biotin conjugate was used as the tracer in a solid-phasc
microtiter plate-based immunoassay using a high affinity anti-
corlisol 3CMO antiserum (27). The signal was detected in
time-resolved fluorescence system (DELFIA. Wallac, Turku,
Finland) afler 4 second incubation step with a commercially
available streptavidin-curopium conjugale (Pharmacia,
Freiburg, Germany). The [ower detection limit of the assay was
0.43 nM uvsing 30-pl. saliva samples. The specificity of the
agsay is defined by an 11.2% cross-reactivity of the antiscrum
with cortisone, 0.98% with corticosterone, 0.0013% with dexa-
methasone, and 50.6% with prednisolone. Results obtained
with the time-resolved fluorescent immunoassay method are
highly correlated with resuits obtained using standard RIA
(27). The intraassay reproducibility was between 4.0 and 6.7%
in repetitive determinations (n = 37) of samples between 2.2
and 13.2 nM cortisol concentration. The respective interassay
variation was between 7.1 and 9% (at 2.2 and 13.2 nM cortisol
concentration} (n — 350). Mcan recovery of cortisol from
human saliva Is 96.6% (27).

Statistical analysis was performed using BMDP statistical
soltware programs (BMDDP, Statistical Software, Los Angeles,
CA) (analysis of variance, regression analysis as indicated).

RESULTS

Cortisol levels in saliva from healthy children and adoles-
cents. Salivary cortisol levels were measured in morning,
midday, and evening saliva samples as described in “Meth-
ods.” Percentites of salivary caortisol levels were calculaled
using BMDP Statistical Software as indicated. Subjects were
grouped according o age as [ollows: 0 1y (n = 10}, above
1—4 v n =17), above 4 -8 v (n = 22), above 810y (# = 19),
above 10-13 v (# = 33), above 13-17 y (» — 31}, and above
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17 v (n = 20). Figure 1 shows the fifth, 50th, and 93th
pereentife for moming (Fig. 14), midday {(Fig. 1B8), and
evening (Fig. 1C) cortisol congentrations in saliva. Large
interindividual variations of midday and evening cortisol levels
were measured in saliva samples from children under the age
ol T y. In the age groups 1 4, 4--8, and 810 v, much less
variation was measured. Interindividual variability increased
later in adolescence and in adulthood. Tn addilion, morning
sulivary cortisol varied considerably al all ages.

Circadian variation of salivary cortisol levels in healthy
children and adolescents. Salivary cortisol levels were signif-
icantly higher in the moming than al midday or evening in
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Figure 1. Perceniiles of salivary corlisel levels. A, Morning salivary cortisol
lewels; B, midday salivary cortisol levels: C. cvening salivary cortisol levels
(nmol/L) in 1532 healthy subjecis (age T mo to 35 ¥). Subjects were 0-1 ¥
(o= 10, ahove 1=4 ¥ (= 17, above 4=8 v (i = 22), above 8 10y (n 19,
above 10-13 v (n = 33% ahove 13-17 v (n = 31}, and abowve 17 ¥ (v 200
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Table 1. Daveime variation of salivary cortisal levels (mean £ SD, amol/L) in 152 healihy subjects

KIESS BV AL

Age group (y]

-1 1-= = 5—R =8-18 =18 35

Time (n-- 1) n =23 {n =23 {n =282 (- 14

{8000 h 9.8 =224 9.8 1 A7 LG * 5.9 0.9 =54 152 + 43

(300 h 16.7. 3.6 38123 4.9+ 42 S0 =62 6.2+ 38

L8Ok 17.5 2 29.5 LG 17 270123 ER 1336
saliva samples from children over the age of ¥ mo. Tables 1 DISCUSSION

and 2 give the mean = SD. mean £ SEM, and median values
of salivary cortisol levels. respectively. The well-known circa-
dian rhythm of cortisol secretion and cortisol metabolism was
demonstrable in saliva samples [rom children and adolescents.
However, no such circadian variation was delected when saliva
[rom children under the age of 9 mo was tested (Table 23, In
somu ol these young children cortisol levels in saliva were very
high (above 100 nmol/L), and oceasionalty midday or evening
cortisol levels exceeded the morning vahies by up to 5 thmes
(Table 2).

Salivary cortivol levels vary with weight and pubertal stage.
Anthropometric data were collected, and salivary cortisol Jev-
els were analyzed in relationship to weight, height, body
surface (m”), and puhertal stage of the study subjects. Figure 2
demonstrates a steady decline of the ratio of salivary moming
corlisol tevels/body surface during childhood and adolescence:
the larger body surface at higher age is not being compensated
for by higher cortisol levels. Figure 3 shows the relationship
between salivary cortisol levels and weight, Morning salivary
cortisol levels (nmolfL) are positively correlated with body
weight (kg) (r — 028, p =2 0,001, y - 0.08x 1 8.1} (Fig. 3).
When salivary cortisol levels were grouped according (o the
pubertal stage of donors, a significant, positive correlation
belween cortisol levels and pubertal stage was measured (p =7
00001 up to p o= 0.03, analysis of variance). The positive
corrclation between cortisel levels and pubertal stages was
presenl irrespective of sampling time (morning, midday,
evening) (Table 3).

Table 2. Safivearm cortised levels of 10 healthy infants, aged {11
o af deay e O8O0, 1300, and 1800 #

Cartisol level (nmoliL)

Age (mao) Moning Midday Evening
| 2= 7.9 Ny
z 51.3 33 10.G
z 22.8 6.0 1.5
2 kR A 31
2 1.3 8.4 3.3
5 1.4 i.4 1.4
3 L5 22 27
s 1.5 20.7 £4.8
o 210 76 4.2
i 16.8 [ 34
Median 6.0 4.9
Mean L S1M 9.8 = 23 167 £33 175 — 3.0
Range 1.4 813 1.4-107.9 14474

The measurement of salivary free cortisol levels is a reliable,
stress-free, and attractive way of testing adrenal {unclion in
infants and children (28 34). it has been shown in the litera-
ture (for review, see Rets. 10, 13, and 24) and also in our study
that saliva samples can be obtained even from newborns
without difliculty in a stress-free and reliable way, We have
used the measurement of salivary cortisol to investigate phys-
inlogic changes of cortisol metabolism throughout childhood
and adolescence. A sensitive, fast, and reliable time-resolved
fluorometric immunoassay was used to measure salivary cor-
tisol levels, 'This assay does not use radioactive tracer and
reqaires only 50 ul. of saliva for the determination of cortisol.
It thus offers additional advantages over comparable methods
(27).

ITigh salivary cortisol levels were measured during the first
veur of life and no circadian variation of salivary cortisol levels
was cvident during the first 9 mo of lite. This result is in
agreement with previous results from Price e/ al. (13, 24), who
tound ne circadian variation of salivary and plasma cortisol
levels in infants under the age of 3 mo. This finding as well as
the data from our study most likely rellect a lack ol exicmnal
synchronization of the newborn circadian rhythm. We cannol
determine the exaet age at which circadian rhythmicity is
deteetable duc to the small sample numbers in the respeclive
age groups. However, circadian variation of cortisol levels in
suliva is certainly already apparent in infants younger than 1 v
(12, 13, 33). The absolute cortisol concentrations in saliva
measured in our subjects are within the range thal has been
reported from other laboratories with the exception that slightly
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Figure 2. Morning salivary cortisol Jevels and body surface (m”) in relation-
ship to age. Saliva was collected as deseribed in Figare 1 and salivary cortisol
wias measared by a ime-resolved Huorescenl bnmuncassay ws deseribed in
“Methads.” The ratin of morning salivary cortisol levels and body sucface ('}
declines with imercasing age (r = 030, p <2 0.001, ¢ == 523 — 0.00%x),
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Figure 3. Salivary coertisol leveds in relationship w weight. Salivary conisal
ol 152 healthy subjects wis measured by a time-resolved Nuore
neassiy 4% cdeseribed in “Methods,” Morning salivary cortisol levels {mmol/)
are positively correlated wirh body welght (ke) (r 028, =2 0001, v = (2,68
I 0036 % 2.8).

Table 3. Relativnship of salivary cordsol Tevely (inean L Si)
frmel/L) af day time 0800, 1300, aad 1800 & and puberial sfage in
first vear of life)

Puberlul stage

4 s

f 2 3

Time in  BHE [T n=8) (n =8} [ = Hh
(R0 b Qu a4 Thaz=d3 24 =44 123FT1 IS0 R3R
L3060 h 41 L3R 360273 46 =24 11T 4s TA A
1304 h 25+720 LR JLI I 6.r=44 43— 4.3

higher cortisol values were detected in the 14 adults in our
study (for review. see Refs. [, 2, 24, and 33). In addition, the
quetient of the morning versies the evening level of salivary
cortisol is about 3. This quotient is comparable to the quotient
between meorning and evening plasma cortisol levels, e a
factor of 3-5 (1-2). lnasmuch as plasma cortisol levels in-
crease above the binding capacity of cortisol-binding globuiin
after pharmacologic ACTH stimulation, the pereentage of the
increment of salivary cortisol levels after ACTIT stimulalion is
higher thun that of plasma cortisol (33, 34}, Thus the use of
salivary cortisol measurements during ACTII sGmulation tests
may be feasible under clinical conditions.

In our study, salivary cortisol concenirations correlated sig-
nificantly with pubertal stage. A positive carrelation between
cortisol levels and pubarchefadrenarche has been reported in
two studies in the literature: incrcased salivary cortisal con-
centrations in older children and adolescents when compared
with iofants and prepubertal children have been reported by
Gandia er af. (12}, In addition, an increased cortisol production
rate has heen found in adolescents compared with prepubertal
children (153,

Interestingly, body weight s positively related 1o salivary
cortisol levels throughout childheod, adolescence, and young
adult life: with increastng body weight of the study subjects. an
increase in morning cortised levels was measured. However,
body surface is not positively cotrelated with salivary corlisol
levels: the larger body surface in older subjects apparently iy
not compensated for by higher cortisol levels, although the
overall cortisol levels increase with age. This result might
indicate either a lower production rale or 4 higher rate of

0

N
N

metabolism or clearance ol corlisol wilh increasing age (13),
Again, the resalls shown in Figures 2 and 3 indicate that weight
rather than body surface correlaies with inercased cortisol
production and/or decreased cortisol degradation and metabo-
lism. This relationship has 1o be taken into consideration if
salivary cortisol measurements are used in the clinical setting,
i.e. for screening for Cushing’s discase in obese individuals,
Multivariate regression analysis showed that weight, age. and
pubertal stape were independenty and to an equal extent
correlated with salivary cortisol levels {data not shown), How-
cver. we do not assume that the dominant factors influencing
cartisol production or elimination rates can be assessed prop-
erly in our still rather small sample of healthy individuals.
Further investigations with the study of larger numbers of
healthy individuals as well as patients with adrenal disease will
be required to answer the question of which nonhormonal

Tactors predominantly influence salivary cortisol levels.

Because salivary cortisol levels corrclated with pubertal
stages of the study subjects. one could assume that cross-
reactivity of the cortisol antiserum with sex steronds ighi
mimic such a positive correlation. inasmuch as sex steroids
will ncrease during puberty. Adternatively, the increased sali-
vary cortisol levels in puberty might reflect a higher overadl
hormonal activity of the adrenal gland throughout pubcerty.
Third, higher cortisol levels might be required fater in puberty
and postpubertal life, ag well as in the neonatal period than
during prepubertal childhood. a stawe that is characterized by
apparent relative hormonal stability and “inactivity,” Because
the cortisol antiserum used in this stady is highly specilic for
cortisol (26), cross-reaclivity of the assay with sex stereids is
unlikely o have oceurred.

Il has been suggested that in the salivary gland cortisol is
readily converted into cortisone. However, because [ree corti-
sol rapidly diffuses From plasma into saliva, salivary cortisol
and the
inllucnce of cortisone cross-reactivity seemns (o be low. 1 onc
assumes a cortisone:cortisel ratio in saliva of 111, the positive
bias of cortisone in our assay would still be only abouwt 3%,

levels are thought o reflect free plasima cortisol

taking the |1% cross-reaclivity of our assay with cortisone inlo
account,

In summary. a highly sensitive lime-resolved immunotine-
rescence assay was uvsed 1o eswblish reference values tor
salivgry cortisol levels i healthy children and adolescents,
Although salivary cortisol levels vary greatly, the calculated
reference percentiles will help o establish this noninvasive
technigue to monitor adeenal function under clinicul and patho-
logic conditions (36—41),
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