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Salivary cortisol to assess
the hypothalamic-pituitary-adrenal axis
in healthy children under 3 years old

Margarete L. Silva,1 Márcia C. Mallozi,2 Giesela F. Ferrari3

Abstract
Objective: To establish reference concentration intervals for salivary cortisol in healthy children, in the morning

and in the afternoon, investigating factors that interfere with the concentration measured and the possibility that
circadian rhythms are present.

Methods: A controlled observational study was carried out with 91 children aged 45 days to 36months, selected
at random and living in Santo André, state of São Paulo, Brazil. Inclusion criteria were: healthy, well-nourished, free
from fever and corticoid use, subdivided by age group (five subsets) at 6-month intervals. Saliva was collected during
home visits in the morning and afternoon. Cortisol was radioimmunoassayed with cortisol 3-oxime-bovine albumin
antiserum.

Results: The five subsets exhibited higher cortisol concentration during the morning than in the afternoon
(p<0.001), and this differencepassed30%from1year of ageonwards.Mean concentrations, in nmol/L,were557.86
(morning) and 346.36 (afternoon). A negative linear correlation was observed between morning concentrations and
hours’ sleep and frequency of meals (p < 0.05), and in the afternoon with anthropometric measurements (p < 0.05).

Conclusions:Reference values for normal salivary cortisol in healthy childrenwere established. At 45 days it was
possible to observe circadian rhythms, which reached maturity at 12 months of life. Sleep and food deprivation
increased morning cortisol levels.

J Pediatr (Rio J). 2007;83(2):121-126: Saliva, circadian rhythm, pituitary-adrenal axis, suppression.

Introduction

Onemajor obstacle to interpreting laboratory tests of the

hypothalamic-pituitary-adrenal axis (HPA) in pediatrics is the

influence of fear and anxiety caused by invasive collection

procedures, for example venous puncture, and by contact

with strangers (physicians and the nursing team). This

causes stress, altering the results of cortisol assays.1 Another

peculiarity of children is the result of their immaturemetabo-

lisms, which may cause unexpected complications during

laboratory analysis, such as severe hypoglycemia during

insulin tolerance testing.1

Pituitary-adrenal evaluation tests include the measure-

ment of endogenous cortisol, known as basal cortisol,

adrenocorticotrophic hormone (ACTH) assay and dynamic

suppression and stimulation tests. Blood and urine samples

aremost oftenused in clinical practice for basal cortisol assay.
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However, these are both resources that suffer from certain

negative aspects, the need for venous puncture and the

difficulties involved in collecting urine with no losses in 24

hours, especially from infants and girls.2

Assaying cortisol in saliva is a method for evaluating

adrenal function that offers ease of collection and is trustwor-

thy. It is an alternative test and ismore sensitive than plasma

and urine-based techniques, in addition to offering repeated

collections with no stress or blood letting.1,3-11 There is work

in the literature thatdemonstrates theapplicability of salivary

cortisol assay to the study of circadian rhythms,12-15 to

cognitive function disorders and to the influence of stress on

the axis, triggered by anxiety, depression, panic syndrome

and sleep deprivation.1 The most recent application for the

method is for the diagnosis of Cushing’s syndrome.2,16,17

Nevertheless, the literature provides scant information on

the normal range of salivary cortisol in childhood.

The objective of the present study is to establish cortisol

concentration measured from the saliva of healthy children

under 3 years old, during the morning and afternoon, and to

evaluate factors that affect the results of this assay. A further

objective is to identify the presence of circadian rhythms and

the age at which the HPA is mature.

Methods

This was a controlled, observational study that was

approved by the Research Ethics Commission at the Facul-

dade de Medicina do ABC and the Universidade Estadual

Paulista (UNESP) – Botucatu, with free consent given by

means of signature by parents or guardians. Ninety-one

children aged 45 days to 36 months were enrolled and

underwent salivary cortisol assay. Inclusion criteria were

adequate nutritional status, with no history of heart disease,

nephropathy or neuropathy, absence of fever for at least 48

hours and not having received systemic, inhaled or topical

corticoids during the previous 15 days.

The children were selected by review of medical records

from outpatients at the Faculdade de Medicina do ABC, in

Santo André (SP), Brazil, in October 2001, checking for

adequate nutritional status and appropriate age (inclusion

criteria). For analysis, the sample was subdivided into

6-month age groups as follows: subset 1: 45 days |— 6

months; subset 2: 6 |— 12 months; subset 3: 12 |— 18

months; subset 4: 18 |— 24 months; subset 5: 24 |— 36

months.

Home visits were made during which anthropometric

measurements were taken and a questionnaire applied that

evaluated the number of meals and hours of sleep per day, in

addition to the other inclusion criteria that had been set.

Saliva samples were collected under supervision of the

researcher during themorning (7 to 10 a.m.) and afternoons

(3 to 6p.m.), respecting aminimum interval frommeals of 30

minutes.18 For collection, 5% citric acid was instilled sublin-

gually, provoking increased saliva flow.19 Between 0.5 and

1mL of salivawere aspirated from the oral cavity, transferred

to an Eppendorf tube and stored in a freezer at -20 ºC until

testing.9

The free fraction of salivary cortisol was determined in

duplicate, in a single test, by radioimmunoassay without

extraction, using antibodies to cortisol-3-oxime conjugated

to bovine albumin.9 Using amean corticoid pool at 251ng/dL,

intertest variation was 11.5%, and intratest variation was

below 10%, with a sensitivity of 1.7 nmol/L. Salivary cortisol

assay results are expressed in nmol/L and percentiles.

Statistical analysis was performed using BioEstat 3.0.

Student’s t test was used to check that the sample was

homogeneous in terms of the number of children in each

subset, of morning/afternoon collection and in terms of the

number of hours slept each night. Subsets were then com-

pared with each other in terms of salivary cortisol assay

results using Student’s t test and analysis of variance

(ANOVA), with the level of alpha set at 0.01. Data were

log-transformed because of their asymmetrical distribution.

Factors that could impact on cortisol levels, such as sex,

weight, stature, body surface area, number of hours’ sleep at

night and number of meals per day, were analyzed by multi-

variate linear regression.

Basedona5%βerror andanαerror of 1%,adifference of

211.5 nmol/L between means and 136.4 nmol/L between

standard deviations for the two groups (morning and after-

noon) andwith a variance 95%, sample sizewas calculated at

71 children per group.

Results

The 91 children, 46 of whom were male, did not exhibit

difference in terms of the distribution between the five age

group subsets (p = 0.99), time of saliva collection (morning,

p = 0.17; afternoon, p = 0.38) or the number of hours slept

(p = 0.37), demonstrating a homogeneous sample.

Comparison of morning and afternoon salivary cortisol

assay results with Student’s t test revealed that cortisol was

higher in the morning for all ages (p < 0.001) (Figure 1).

According to ANOVA, the different age group subsets exhib-

ited equalmean cortisol concentration (p > 0.05), both in the

morning and the afternoon (Figure 1).

Figure 2 illustrates median morning and afternoon sali-

vary cortisol levels with their amplitudes, in percentages, for

the five subsets. This amplitude is the difference between the

median morning and afternoon cortisol measurements for

each age group subset. Amplitudes greater than 30% and

with statistical significance (ANOVA) were observed from 12

months on (subset 3, p = 0.0002).

Mean (±standard error) morning cortisol levels were

557.86±37.72 nmol/L, with a range of 76.88 to

1,620.08 nmol/L (percentiles 2.5 to 97.5). The mean of

afternoon levels was 346.36±23.42 nmol/L, with a range of

50.92 to 1,169.36 nmol/L (percentiles 2.5 to 97.5) (Table 1).
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The mean number of hours’ sleep per night for the entire

samplewas10±2.5 h (p=0.37). Children less than1 year old

were eating eightmeals a day, while children over 12months

ate four per day.

Therewere negative linear correlations betweenmorning

cortisol and hours of sleep (p = 0.026) and number of meals

per day (p = 0.017). No statistical differences were observed

between sexes in morning (p = 0.17) or afternoon cortisol

levels (p = 0.46). Anthropometric measurements of weight,

stature and body surface area demonstrated negative linear

correlations with afternoon salivary cortisol (p < 0.05).

Discussion
The salivary cortisol assay appeared during the 1960s,

with pioneering research that identified corticosteroids in

parotid fluid. At the time, however, the impact was minimal

because the techniques had low sensitivity and required

impractical volumes of saliva. Radioimmunological methods

for assaying steroidal hormones rekindled the interest in

salivameasurements, and research carried out at theUniver-

sity of Wales Medical School in Cardiff demonstrated the

practicality of the test in numerous publications.19

The radioimmunological method employs a supernatant,

in this case centrifuged saliva, added to a cortisol-specific

antibody and to radioactive cortisol. An equilibrium is estab-

lished, similar to that in dialysis, between the concentration

of radioactive cortisol conjugated to the antibody and the

concentration of the salivary cortisol being assayed, also

conjugated to theantibody.A liquid scintillation counting fluid

is used to evaluate the concentration of the radioactive

cortisol and antibody complex, thus indicating the concentra-

tion of free cortisol in the supernatant.9

What guarantees the quality of this method is the antise-

rum employed, depending on its affinity for steroid metabo-

lites, the most widely used being cortisol-3-oxime

conjugated to bovine albumin, originated from immunization

of rabbits. This antiserum was synthesized at the Fleury

laboratory by Prof. Dr. José Gilberto H. Vieira in 197520 and is

compatible with the best antisera described in the literature.

The test has high specificity for cortisol (100%), low cross-

reaction for cortisone (8.5%), corticosterone (1.6%),

11-deoxycortisol (7.9%) and dexamethasone and budes-

onide (less than 0.1%), and no significant cross-reactivity

(less than 1%) for other steroids.

In plasma, the majority of cortisol is bound to specific

proteins, and it is the free fraction that is responsible for the

hormone’s biological activity. The salivary cortisol assay

makes it possible to evaluate exclusively the free fraction of

basal cortisol,withnoneed formethodsof extraction that rely

on the dialytic capacity of the basal membrane of the saliva

glands. This is important because it increases the reliability of

the technique, irrespective of whether there is hypoproteine-

mia.8-10 Another advantage is that saliva samples are stable

at room temperature for 1 week, making it possible, for

example, to send samples by post with no loss of cortisol

activity.21 Furthermore, by collecting saliva at different times

of day, circadian rhythms can be identified in a practical and

noninvasive manner.1,6,8,11,14,15

Studies that have compared saliva assay with assays of

free cortisol in plasma report a good correlation in children

and adults.2,4,9,13 The trustworthiness of saliva testing has

been validated by concurrent testing of serum and saliva for

variations in cortisol, even using different laboratory tech-

niques, in response to stimulation tests with ACTH and

suppression tests with dexamethasone.1,8,13,16,19 Jerjes et

al.22 demonstrated that saliva assay is equivalent to 24-hour

urine collection for assessing the HPA axis in adults on

corticoid therapy.

Figure 1 - Morning and afternoon salivary cortisol assay results
by age (n = 91), represented in quartiles

Figure 2 - Percentage variation and amplitude trend for morning
and afternoon salivary cortisol, by age (n = 91)
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Despite the applicability of salivary cortisol assays having

been clearly demonstrated, it is surprising how little they are

employed. It is only during recent years that the method has

become better known, but there are still only a few studies

with children.1 In our study, we observed that collection was

quick and easy and could be performed in any environment

with no need for major technical or structural resources, in

addition to there being no risk of losingmaterial, as can occur

when attempting 24-hour urine collection with small chil-

dren. The procedure does not cause patients to cry, since it

causes no painful stimuli.

Cortisol is the principal endogenous glucocorticoid

capable of interfering with organic activity, influencing ret-

roinhibition of the HPA axis. Its synthesis is synchronic, with

maximum levels in the morning, decreasing during the day

and reaching a minimum at night, defining the circadian

rhythm. Some of the factors that can interfere with the

HPA axis, altering the circadian rhythm, are adrenal or pitu-

itary tumors, ectopic ACTH production, surgery, sepsis,

trauma, Addison’s disease and, in particular, exogenous cor-

ticoid therapy.

In laboratory analyses of the HPA axis, it is important to

take account of the possibility that the results of different

techniques may be divergent, making interpretation of the

true degree of organic compromise difficult. Cases have been

recorded of patients treatedwith steroidswho, even present-

ing growth deficits, fractures and cataracts, had normal

laboratory results for morning cortisol plasma assays and

synthetic ACTH stimulus tests.23 These findings placed real

doubt on the quality of laboratory methods, leading to the

need for them to be reconsidered.

Recognition of the superiority of salivary cortisol assay

over plasma and 24-hour urine methods came in 2002 from

the United States.24 Comparing it with corticoid therapy, the

efficacy of salivary cortisol was demonstrated by Patel et al.25

monitoring patients on nasal corticoids, collecting saliva

samples in the morning. These authors observed that sali-

vary cortisol assay is a noninvasive and economic test with a

positive predictive value of 100%, compared with the

ACTH test.

Whenevaluating theHPAaxis, it is essential to respect the

presence of the circadian rhythm. The decision of sample

collection times was based on the results of previous studies.
1,12,14,26 The drop in levels is clear in the results of our study,

since, with the mean time of afternoon collection being 4

p.m., we observed differences between morning and after-

noon assay results in all subsets.

Table 1 - Distribution by percentiles of morning and afternoon salivary cortisol assay results in children aged 36
months or less (n = 91)*

Morning salivary cortisol Afternoon salivary cortisol

Percentiles nmol/L nmol/L

2.5 76.88 50.92

5 150.75 66.13

10 204.16 118.61

15 226.18 143.53

20 254.39 174.74

25 288.00 200.14

30 309.83 212.89

35 334.10 250.00

40 398.26 268.44

45 411.27 276.07

50 462.43 291.91

55 518.79 322.83

60 549.13 347.98

65 621.39 373.41

70 670.52 426.01

75 832.37 462.43

80 944.51 504.62

85 1,043.93 568.79

90 1,134.10 693.64

95 1,328.61 899.42

97.5 1,620.08 1,169.36

Mean (±standard error): morning cortisol, 557.86±37.72 nmol/L; afternoon cortisol, 346.36±23.42 nmol/L.
* Assay technique: competitive radioimmunoassay with cortisol-3-oxime antibody conjugated to bovine albumin
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Faced with the immaturity of children, there are doubts

about the age at which circadian rhythms begin; the most

up-to-date literature puts the start of this synchronization at

8 to 12 weeks.4,14,15 Other authors state that children may

present differences in cortisol levels at different times of day,

but that this differencewill only attain an amplitude similar to

that of adults when the rhythms have matured. Zurbrügg27

suggested that circadianmaturity is possible from2years on.

The 91 children in our study exhibited higher morning

than afternoon salivary cortisol levels (p < 0.001), defining

the presence of rhythm in all subsets. Additionally, we noted

that, as age increases, this difference between the morning

and afternoon cortisol assay results becomes more evident,

achieving statistical significance from 12months on. Accord-

ing to Santiago et al.,15 a circadian rhythm that has reached

maturity should exhibit a mean difference of at least 33%

between cortisol assay results at different periods. In our

analysis, this percentage difference was observed after 1

year, allowing for the conclusion that, in this population of

healthy children, at 45 days of life it is possible to discern

circadian rhythms, with full maturity above 1 year of age.

Countless environmental and behavioral factors, known

as synchronizers, interferewith cortisol levels and, therefore,

with circadian expression. A synchronizer does not create a

rhythm, it merely influences its expression, altering the time

of day at which it peaks, with sleep and food being the classic

examples.28 The interference of diet with cortisol was illus-

trated by Oliveira et al.,26 who assayed serum corticosterone

in mice either feeding at will or with restricted diets, observ-

ing greater concentrations of corticosterone in the morning,

when the diet was restricted, but failing to observe the same

in the afternoons. With relation to sleep, serum cortisol is

lower during rest than when active.29 Our results demon-

strated a negative linear correlation between morning corti-

sol measurements and hours of nighttime sleep (p = 0.026)

andalso number ofmeals daily (p=0.017). This signifies that

sleep and food deprivation function as stress mechanisms,

increasing morning cortisol production, in accordance with

reports in the literature.28

Since, without doubt, younger children eat more meals

per day and sleep for longer, and since, according to the data

described previously, this can be reflected in low morning

cortisol levels, it is understandable that amplitudes of 33%or

more occur after 1 year. Another interesting factor is that

circadian rhythms appear at a similar chronological point in

preterms as in full term infants,12 or even earlier.13 Based on

these observations, we suggest that the factor involved in

HPA axis maturity is not really a fixed date, but the influence

of environment and of habits and culture.

We investigated factors that affect cortisol assay results

and observed that sex did not exert any influence on results,

in commonwith other authors.4,5 In contrast, weight, stature

and body surface area all had a negative linear correlation

with afternoon cortisol levels. No published reports were

located in which only afternoon cortisol levels exhibited a

negative correlation with anthropometric data in this age

group. Kiess et al.5 reported that salivary cortisol assay

results were dependent on age, particularly from 6 years of

age on, with a positive correlation with puberty stage and

with weight at all times of sample collection: morning, after-

noon and night. These observations emphasize the influence

of bodily development on cortisol levels, very probably linked

with the hormonal changes that occur during adolescence.

Linder et al.30 assessed children and adolescents aged 8

to 17 years, demonstrating that daily cortisol production is

almost 50% lower in children (adolescents: 12 mg/m2/day;

children: 7 mg/m2/day). This being so, we emphasize the

importance of conducting studies to ascertain cortisol levels

specifically for the pediatric age group and of the standard-

ization of normal values for salivary cortisol assay results for

early childhood, adolescence and adulthood. We were only

able to locate reference salivary cortisol values for adults in

the literature.Due to thehomogeneity observedbetweenage

group subsets in our sample, it was possible to analyze all 91

samples with the intention of establishing normal reference

values for the salivary cortisol levels expected of healthy

children. The unit of salivary cortisol measurement was

defined as nmol/L, since this is themost often used unit in the

international literature, although we found Brazilian refer-

ence data in μg/dL and in ng/dL.1-3,9,12-16

Conclusions
Assaying basal cortisol in saliva is a simple method for

screening for adrenal activity disorders and can be used with

children in a practical and noninvasive manner. Interference

factors that should be considered with this assay are sleep

and food deprivation, which probably cause stress, increas-

ing morning cortisol synthesis. Weight, stature and body

surface area were negatively correlated with afternoon sali-

vary cortisol levels.

For healthy children under 3 years old, tested using

salivary cortisol radioimmunoassay with cortisol-3 oxime-

bovine albumin antiserum, the mean expected value (±

standard error) for morning levels was

557.86±37.72 nmol/L, with a range of 76.88 to

1,620.08 nmol/L (percentiles 2.5 to 97.5) and the afternoon

value was 346.36±23.42 nmol/L, with a range of 50.92 to

1,169.36 nmol/L (percentiles 2.5 to 97.5).

There is no doubt that at 45 days of life the circadian

rhythm is present, however, it attains complete maturity,

guaranteeing a similar response to adult behavior, from 1

year onwards, as observations of this sample have shown.

What is important to emphasize is that, most probably, there

are no fixed dates for expression of the circadian activity of

the HPA axis. In fact, this period is moveable, being depen-

dent on variations in the environmental characteristics and

the habits of specific populations.
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