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Abstract

Background:  Diagnosing Cushing syndrome (CS) can be challenging. The 24-hour urine 
free cortisol (UFC) measurement is considered gold standard. This is a laborious test, de-
pendent on correct urine collection. Late-night salivary cortisol is easier and is used as a 
screening test for CS in adults, but has not been validated for use in children.
Objective: To define liquid chromatography tandem mass spectrometry (LC-MS/MS)-
based cutoff values for bedtime and morning salivary cortisol and cortisone in children, 
and validate the results in children with and without CS.
Methods:  Bedtime and morning salivary samples were collected from 320 healthy chil-
dren aged 4 to 16 years. Fifty-four patients from the children’s outpatient obesity clinic 
and 3 children with pituitary CS were used for validation. Steroid hormones were as-
sayed by LC-MS/MS. Cutoff levels for bedtime salivary cortisol and cortisone were de-
fined by the 97.5% percentile in healthy subjects.
Results:  Bedtime cutoff levels for cortisol and cortisone were 2.4 and 12.0 nmol/L, re-
spectively. Applying these cutoff levels on the verification cohort, 1 child from the obesity 
clinic had bedtime salivary cortisol exceeding the defined cutoff level, but normal sal-
ivary cortisone. All 3 children with pituitary CS had salivary cortisol and cortisone far 
above the defined bedtime cutoff levels. Healthy subjects showed a significant decrease 
in salivary cortisol from early morning to bedtime.

http://creativecommons.org/licenses/by-nc-nd/4.0/
https://orcid.org/0000-0001-6116-7689
https://orcid.org/0000-0002-9659-619X
https://orcid.org/0000-0001-6116-7689
https://orcid.org/0000-0002-9659-619X


2 � Journal of the Endocrine Society, 2021, Vol. 5, No. 5

Conclusions: We propose that bedtime salivary cortisol measured by LC-MS/MS with a 
diagnostic threshold above 2.4 nmol/L can be applied as a screening test for CS in chil-
dren. Age- and gender-specific cutoff levels are not needed.

Key Words: salivary cortisol, Cushing syndrome, screening test, children

The overall incidence of Cushing syndrome (CS) is ap-
proximately 2 to 5 new cases per million people per year, 
with only 5% to 10% of all cases occurring in children [1], 
an incidence hampered by uncertainty as etiological clas-
sifications differ. In children, CS is most often diagnosed 
during infancy and in children above the age of 8  years. 
Delayed diagnosis may occur, with the condition first being 
diagnosed in adulthood [2].

In healthy individuals, cortisol is subject to overall regu-
lation of the pituitary/hypothalamus via ACTH. Cortisol 
has a diurnal profile, with highest levels early in the 
morning and low levels in the evening [3]. In CS, patients 
are exposed to higher circulating levels of cortisol, and the 
diurnal profile is often disrupted or absent [4].

The most prominent symptom in children is growth 
stagnation and weight gain, unlike what is seen with ali-
mentary obesity, in which there is increase in both height 
and body weight [5, 6]. The symptoms of hypercortisolism 
are influenced by cortisol levels, duration of disease, age, 
and gender [7-10].

The diagnosis of CS is largely based on laboratory 
testing and can be challenging to perform and interpret. 
Measurements of s-cortisol and p-ACTH in the morning 
and evening for evaluation of diurnal variation, the 1-mg 
dexamethasone suppression test, and 24-hour urine free 
cortisol (UFC) are the 3 most commonly used diagnostic 
tests in children [11]. The first 2 tests are not validated 
in children because age- and gender-specific reference 
limits or diagnostic cutoffs are lacking. For UFC, normal 
limits for children exist, and this test is considered the 
gold standard for the diagnosis of CS both in children and 
adults [11, 12].

Measurement of UFC is laborious. The caretaker must 
be trained in proper sampling or the child hospitalized for 
correct sampling. Even with appropriate preparation, the 
risk of sampling errors is substantial. Furthermore, fluid in-
take and renal function may affect cortisol excretion in the 
urine [11]. Thus, there is a need for a simple highly sensitive 
and specific screening test for CS in children.

In adults, late-night salivary cortisol is commonly used 
as a screening test for cortisol overproduction, and UFC 
obtained to confirm the diagnosis [11]. Data for diagnostic 
sensitivity and specificity in adults indicate that late-night 
salivary cortisol and UFC are equivalent [13]. Based on 
high activity of the enzyme 11β-HSD type II in salivary 

glands, which convert cortisol to cortisone, 1 study has sug-
gested that salivary cortisone could be an even better bio-
marker for hypercortisolism [14]. There are a few studies 
that report on expected normal levels of salivary cortisol 
in children [15-17], but none of these use highly specific 
analytical methods such as liquid chromatography tandem 
mass spectometry (LC-MS/MS).

In the present study, we have established LC-MS/MS 
based age- and gender-specific reference levels for bedtime 
salivary cortisol and cortisone to potentially pave the way 
for salivary cortisol and cortisone as a screening test for CS 
in children.

Patients and Methods

Study population and recruitment

In the healthy cohort, 4- to 16-year-old children were re-
cruited from 4 kindergartens and 4 schools in the city of 
Bergen, Norway. Of the 1270 children invited to partici-
pate, 320 were included in the study (Fig. 1). Children 
using systemic or local glucocorticoids were excluded 

Figure 1.  Algorithm showing the inclusion and exclusion of samples 
obtained from healthy children.
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from participation. A  cohort to verify the findings (veri-
fication cohort) consisted of 54 consecutive patients 
aged 5 to 17  years from the Outpatient Obesity Clinic, 
Haukeland University Hospital, and 3 patients with re-
cently diagnosed pituitary CS. Patients with CS had clin-
ical features suggestive of hypercortisolism, and diagnostic 
tests were performed according to published pediatric and 
adult endocrinology protocols [18]. These included 09.00 
p-ACTH, sleeping 00.00 s-cortisol, low-dose dexametha-
sone suppression test, corticotropin-releasing hormone 
testing, radiological investigations (pituitary magnetic res-
onance imaging scans), and bilateral synchronous inferior 
petrosal sinus sampling [18].

Practical implementation

All children and their parents were given written informa-
tion about the study and a consent form for the parents to 
sign along with sampling instructions and 2 salivary tubes 
for salivary samples marked morning and evening. Saliva 
was collected by an oral swab (Salivette, Sarstedt, Germany; 
blue cap specifically marked for cortisol) held in the mouth 
for about 2 minutes. Bedtime saliva was collected within 30 
minutes of the child’s bedtime, and the morning sample im-
mediately after awakening. Participants were instructed not 
to eat or brush their teeth at least 1 hour before the sam-
pling. The tests were labelled by the parents for gender, age, 
date, and sampling time. The sampling had to be observed 
by an adult. The samples were brought along with the con-
sent form to the school, where the project staff collected the 
saliva samples at specified dates. When the samples arrived 
at the laboratory, they were centrifuged and stored at -80°C 
until analysis. Patients from the obesity clinic and patients 
diagnosed with CS all performed 1 collection of bedtime 
salivary cortisol and 2 UFC collections at different days.

LC-MS/MS assay of steroids

The samples were analyzed by LC-MS/MS at the Hormone 
Laboratory, Department of Medical Biochemistry and 
Pharmacology, Haukeland University Hospital. The assay 
measures both endogenous and synthetic steroids. A  de-
tailed description of the method and performance metrics 
are provided in the data repository [19]. For the purpose 
of this study, corticosteroids (cortisol, cortisone, prednis-
olone, prednisone, dexamethasone) were analyzed. The 
limit of quantifications for cortisol, cortisone, prednis-
olone, prednisone, and dexamethasone were 45.7, 68.6, 
68.6, 68.6, and 22.9 pM/L, respectively. The analytical 
precision (coefficient of variation %) ranged from 3.1% to 
7.1%, and the accuracy ranged between 86% and 104% 
for all corticosteroids. Our laboratory is contributing to 

the external quality program SKML (Dutch Foundation 
for Quality Assessment in Medical Laboratories) for sal-
ivary cortisol.

Twenty-four-hour urine collection samples were ana-
lyzed using LC-MS/MS. The excreted cortisol during this 
period was calculated as the product of cortisol concen-
tration and urine volume. A normal test was defined as a 
cortisol level below the age-specific cutoff levels given in 
Table 1. The analytical coefficient of variation was 10% at 
140 nmol/L. The test for cortisol in urine is accredited ac-
cording to ISO 15189:2012.

Quality assurance of all LC-MS/MS results was per-
formed with the software SpecBase, which has been devel-
oped by the Hormone Laboratory, Department of Medical 
Biochemistry and Pharmacology, Haukeland University 
Hospital [19].

Statistics

Categorical data are reported as numbers (percent) and con-
tinuous data as median (range). The data were not normally 
distributed and therefore nonparametric statistics were 
applied. The Mann-Whitney U test was used to compare 
groups. The significance level was set to 0.05. Spearman 
correlation was used to evaluate the degree of correlation 
when appropriate. Dixon’s criteria were used to detect out-
liers [20]. The upper cutoff level for bedtime salivary cor-
tisol and cortisone was defined as the 97.5th percentile 
(with 90% CI) in healthy children. The lower cutoff level for 
early morning salivary cortisol and cortisone was defined as 
the 2.5th percentile (with 90% CI) in healthy children. The 
need to divide reference data into subgroups (partitioning) 
was tested according to Harris and Boyd’s criteria [21].

Ethics

The study was approved by the local ethics committee 
(REK nr: 21745 and 2012/764). Written informed con-
sent was obtained from a parent or legal guardian of 
each participant and also from participants 12 years and 
older.

Table 1.  Age-specific reference levels for 24-h UFC in children, 

analyzed by LC-MS/MS

Age, y 24-h urine free cortisol, 
mcg/24 h

24-h urine free cortisol,  
nmol/24 h

3-8 <20 <55
9-12 <37 <102
13-17 <56 <155

Abbreviations: LC-MS/MS, liquid chromatography tandem mass spectometry; 
UFC, urine free cortisol
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Results

Patient characteristics

A total of 320 healthy children (174 girls) between 4 and 
16 years of age were included in the study; 592 samples 
(310 evening samples and 282 morning samples) were 
included in the calculations (Tables 2 and 3). Fifty-three 
samples were excluded before analysis because of insuffi-
cient sample volume. Insufficient sample volume was most 
frequent in the youngest age group (14%, 10%, 9%, and 
2% in age group 4-6  years, 7-9  years, 10-12  years, and 
13-16 years, respectively).

Fifty-four consecutive patients, 22 boys and 32 girls, at-
tending the outpatient obesity clinic, Haukeland University 
Hospital, were enrolled in the study. Their median age was 
13 [5-17] years (Table 4). The 3 patients with CS were 
2 boys ages 15 and 16 years, respectively, and 1 girl age 
16 years.

Bedtime salivary cortisol and cortisone

In total, 310 bedtime salivary samples (173 from girls) 
were collected between 18:00 and 23:57. One outlier 
was identified for bedtime salivary cortisol (salivary cor-
tisol 36.9  nmol/L), based on Dixon’s criteria, and ex-
cluded from all calculations. The overall median cortisol 
level was 0.34 (0.12-8.01) nmol/L (Table 2). There was 
no significant difference between sexes for the median 
bedtime salivary cortisol levels (P = 0.40), or between the 
age categories (P = 0.15). The 97.5th percentile for bed-
time salivary cortisol in the total cohort was 2.4 (90% CI, 

1.97-3.87 nmol/L). The need for further partitioning into 
subgroups was tested and not found necessary [21].

The median level for bedtime cortisone was 2.91 (90% 
CI, 0.94-15.7) nmol/L (Table 2). There were no differences 
between sex (P = 0.89) or age categories (P = 0.33). The 
97.5th percentile for bedtime salivary cortisone was 12.0 
(90% CI, 9.63-13.21) nmol/L.

The median ratio of cortisone to cortisol in bed-
time salivary samples was 8.72 (90% CI, 1.61-20.34) 
nmol/L. According to our clinical experience, a ratio 
below 1 is strongly suspicious of sample contamination by 
hydrocortisol-containing content (eg, creams). Four sam-
ples had a ratio below 1 and were excluded (Fig. 1). There 
was no correlation between age and bedtime salivary cor-
tisol or cortisone, and no correlation between the collection 
time of the evening samples and the cortisol or cortisone 
levels (not shown).

Morning salivary cortisol and cortisone

In total, 282 morning salivary samples (157 from girls) 
were collected between 05:27 and 09:55 AM (Table 3). 
No outliers were identified for morning salivary cortisol 
or cortisone. The overall median morning salivary cortisol 
level was 8.56 (90% CI, 0.75-28.8) nmol/L. Median levels 
for each age categories are shown in Table 3. There were 
no significant sex (P = 0.14), or age (P = 0.23) difference. 
The 2.5th percentile for early morning salivary cortisol in 
the whole cohort was 0.61 (90% CI, 0.19-2.55) nmol/L. 
Further partitioning into subgroups was tested and not 
found necessary [21].

Table 2.  Age and sex distribution of cortisol and cortisone levels for bedtime salivary samples, given in nmol/L

N Salivary cortisol 
median (range)

Salivary cortisol 97.5th 
percentile (90% CI)

Salivary cortisone 
median (range)

Salivary cortisone 97.5th  
percentile (90% CI)

Total bedtime salivary 
samples

310 0.34 (0.12-8.01) 2.44 (1.64-3.81) 2.88 (0.94-15.7) 11.67 (8.99-13.42)

  Boys 137 0.35 (0.13-4.65) 2.32 (1.12-4.57) 2.88 (0.94-13.8) 12.02 (8.42-13.7)
  Girls 173 0.35 (0.12-8.01) 2.69 (1.69-6.47) 2.91 (1.27-15.7) 11.69 (7.59-14.4)
Age group 1 (4-6 y)  40 0.35 (0.16-6.09)  2.88 (1.60-15.7)  
  Boys  14 0.34 (0.20-0.70)  2.92 (1.60-5.55)  
  Girls  26 0.38 (0.16-6.09)  2.71 (1.61-15.7)  
Age group 2 (7-9 y)  76 0.34 (0.12-4.65) 2.95 (1.46-4.65) 2.94 (1.37-12.3) 9.95 (6.8-12.3)
  Boys  39 0.32 (0.14-4.65)  3.13 (1.65-12.3)  
  Girls  37 0.35 (0.12-2.41)  2.52 (1.37-9.28)  
Age group 3 (10-12 y) 103 0.29 (0.13-8.01) 2.68 (0.93-8.01) 2.63 (0.94-13.8) 10.8 (6.16-13.8)
  Boys  42 0.30 (0.13-3.63) 3.58 (0.82-3.63) 2.56 (0.94-13.8) 13.8 (5.1-13.8)
  Girls  61 0.30 (0.14-8.01) 4.90 (0.97-8.01) 2.79 (1.53-8.42) 7.9 (6.01-8.42)
Age group 4 (13-16 y)  91 0.35 (0.12-2.71) 2.25 (1.36-2.71) 3.34 (1.04-14.3) 13.0 (9.89-14.3)
  Boys  42 0.31 (0.27-0.37)  2.89 (2.41-3.71)  
  Girls  49 0.39 (0.25-0.50) 2.63 (1.39-2.71) 3.34 (2.64-4.45) 14.1 (9.83-14.3)

When values are missing, there were too few patients in the subgroup to calculate the percentile.
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The median morning salivary cortisone was 28.1 (90% 
CI, 0.36-56.1) nmol/L, for girls 28.5 (90% CI, 0.4-56.1) 
nmol/L, and 27.6 (90% CI, 0.36-51.2) nmol/L for boys 
(Table 3). Girls had significantly higher morning salivary cor-
tisone than boys (P = 0.01), but there were no significant dif-
ferences between age groups (P = 0.23). The 2.5th percentile 
for morning salivary cortisone was 4.24 (90% CI, 1.04-13.0) 
nmol/L for girls and boys combined, 3.70 (90% CI, 1.47-
16.7) nmol/L for girls, and 5.06 (90% CI, 0.46-12.6) nmol/L 
for boys. Partitioning into sex-specific cutoff levels was not 
warranted according to the Harris and Boyd criteria [21].

The median ratio of cortisone to cortisol in early 
morning salivary samples was 3.46 (90% CI, 1.52-11.3) 
nmol/L. There was no correlation between age and early 
morning salivary cortisol or cortisone, or between the col-
lection time of the morning samples and the cortisol or cor-
tisone levels (not shown).

Diurnal variation from morning to evening

The median decrease in salivary cortisol from early morning 
to late evening was 8.20 (90% CI, 0.10-25.7) nmol/L, rep-
resenting a 95.5% (90% CI, 22.8-99.2) decrease. The 2.5th 

percentile for the percent decrease in salivary cortisol was 
74% (90% CI, 63-80). The median decrease in salivary cor-
tisone from early morning to late evening was 25.5 (90% CI, 
5.41-53.0) nmol/L, representing an 89.7% (90% CI, 32.7-
99.9) decrease. The 2.5th percentile for the percent decrease 
in salivary cortisone was 59.7% (90% CI, 55-66). Four pa-
tients had an increase in the salivary cortisol and cortisone 
from morning to evening. The 8 samples from these 4 patients 
were excluded from the calculations because the increase sug-
gested that the reported sample times were mixed up.

Presence of exogenous steroids in the 
salivary samples

No evidence was found for the presence of the synthetic 
steroids prednisone, prednisolone, and dexamethasone in 
the salivary samples.

Verification cohort from the outpatient obesity 
clinic and patients with CS

The median bedtime salivary cortisol level in the group 
of patients from the obesity clinic was 0.4 (90% CI, 

Table 3.  Age and gender distribution of cortisol and cortisone levels for the early morning salivary samples given in nmol/L

N Salivary cortisol 
median (range)

Salivary cortisol 2.5th 
percentile (90% CI)

Salivary cortisone 
median (range)

Salivary cortisone 2.5th  
percentile (90% CI)

Total morning salivary samples 282 8.57 (0.88-52.4) 0.49 (0.15-2.55) 28.1 (0.36-56.1) 4.24 (1.04-12.95)
  Boys 125 7.99 (0.11-22.66) 1.0 (0.11-2.60) 27.6 (0.36-51.2) 5.06 (0.36-12.7)
  Girls 157 9.05 (0.08-52.4) 0.45 (0.98-16.7) 28.46 (0.4-56.1) 3.57 (0.98-16.7)
Age group 1 (4-6 y) 35 8.32 (5.84-10.56) 0.14 (0.14-31.1) 29.6 (22.8-32.5) 0.65 (0.65-18.8)
  Boys 15 8.34 (0.144-16.6) 0.14 (0.14-5.72) 31.3 (0.65-37.3) 0.65 (0.65-21.7)
  Girls 20 7.32 (2.53-28.8) 2.54 (2.54-4.77) 25.3 (16.9-55.1) 16.8 (16.8-21.2)
Age group 2 (7-9 y) 63 7.82 (3.68-45.7) 1.68 (0.40-3.05) 27.7 (3.68-45.7) 9.24 (3.7-16.9)
  Boys 30 7.72 (2.5-20.9) 2.53 (2.53-3.62) 27.6 (12.9-45.7) 12.9 (12.9-19.1)
  Girls 33 8.80 (0.4-17.5) 0.40 (0.40-3.16) 27.6 (3.6-45.5) 3.68 (3.68-17.4)
Age group 3 (10-12 y) 95 9.17 (0.40-56.1) 1.16 (0.40-19.43) 29.1 (0.40-56.1) 6.05 (0.40-19.43)
  Boys 37 8.47 (2.6-22.4) 2.61 (2.61-4.39) 27.0 (12.8-38.6) 12.8 (12.8-19.9)
  Girls 58 9.48 (0.08-24.6) 0.13 (0.08-4.34) 32.5 (0.40-56.1) 0.95 (0.39-21.6)
Age group 4 (13-16 y) 89 8.56 (0.11-5.24) 0.45 (0.11-2.57) 27.7 (0.36-55.2) 2.14 (0.36-11.53)
  Boys 43 6.47 (0.11-22.7) 0.21 (0.11-3.0) 25.7 (0.36-51.2) 0.83 (0.37-11.52)
  Girls 46 9.29 (0.45-52.4) 0.45 (0.45-3.38) 27.8 (1.47-55.2) 1.94 (1.47-17.2)

Table 4.  Characteristics of patients included from the obesity clinic and the 3 patients with CS: 24-h UFC

Patients from obesity clinic (n = 54) CS (n = 3)

Girls, n (%) 31 (57.4) 1 (33.3)
Age, median y (range) 13 (5-17) 15 (15, 16)
BMI, median kg/m2 (range) 33 (24-118) 29.4 (27.4-32.1)
24-h UFC nmol/24-h median (range) 41 (8-190) 803 (265-1286)
Bedtime salivary cortisol median nmol/L (range) 0.4 (0.12-15.4) 18.0 (6.34-21.6)
Bedtime salivary cortisone median nmol/L (range) 2.6 (1.02-8.54) 32.4 

Abbreviations: BMI, body mass index; CS, Cushing syndrome; UFC, urine free cortisol.
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0.12-15.4) nmol/L, and for cortisone 2.6 (90% CI, 1.02-
8.54) nmol/L. One patient had a bedtime salivary cortisol 
above the cutoff level as defined by our study (15 nmol/L), 
but had a normal salivary cortisone concentration in the 
same sample. None of these patients had a bedtime salivary 
cortisone above the cutoff level defined in this study.

The patients with obesity had a median UFC level of 41 
(90% CI, 8-190) nmol/24 hours. One child had an excretion 
of urinary cortisol above the upper cutoff level for the test 
(Table 1). The 3 patients diagnosed with CS showed clearly 
elevated UFC at 1093, 265, and 1286 nmol/24 hours, respect-
ively. Their bedtime salivary cortisol levels were 6.34, 21.6, 
and 18.0 nmol/L, respectively, with all 3 clearly elevated.

Discussion

The use of salivary samples to diagnose abnormal cortisol 
levels is attractive because it is easy to perform, and gluco-
corticoids in saliva are thought to reflect the free and bio-
logical active levels [13, 22]. Late-night salivary cortisol 
measurement is established as a valid screening test for CS 
in adults [11]. We present here LC-MS/MS-based cutoff 
levels for bedtime and morning salivary cortisol and cor-
tisone in a large cohort of 4- to 16-year-old children. The 
cutoff level for bedtime salivary cortisol was 2.4 nmol/L, 
slightly lower than that of adults using the same method 
(2.8 nmol/L) [23]. The cutoff level was validated in an in-
dependently collected cohort of children with obesity, and 
in - children with verified CS. The patients with overt CS 
had salivary cortisol and cortisone far above the defined 
cutoff values (Fig. 2).

Our data support that age and gender-specific cutoff 
levels are not required for bedtime salivary cortisol or 
cortisone. We also found no association between the cor-
tisol levels and the time point for collection of the evening 
sample, which underpins that the sample could be prag-
matically collected at bedtime without the need for a strict 
fixed sampling time point.

The screening for CS in children is a major clinical chal-
lenge. It involves collection of at least 2 UFC, which is time 
consuming and vulnerable to sampling errors. Collection 
of salivary is considerably easier, and it could reduce the 
frequency of delayed diagnosis by enabling wider screening 
by salivary cortisol measurements. Delayed diagnosis is a 
recognized problem [24], and it is suspected that several 
children with CS actually have had this condition from 
childhood, but remain undiagnosed until adulthood. In 
perspective of the recent appreciation of low-grade cor-
tisol overproduction as a condition that predispose for 
metabolic complications, an easy screening test is certainly 
desirable. Whether such mild autonomous cortisol produc-
tion occurs in children is currently unknown, and salivary 
corticosteroid measurements have the potential to advance 
our understanding in this field.

The lack of decrease in serum cortisol from early 
morning to late evening is a diagnostic marker for CS in 
children. International literature has considered a night-
time nadir of less than 50% of the morning concentration 
as normal [25]. Norwegian pediatric guidelines for diag-
nostics of CS consider a decrease of more than 75% from 
morning to evening as adequate in children older than 
2 years of age [26]. Others have considered a night-time 
nadir of less than 50% of the morning concentration as 
normal [25]. A smaller drop could be abnormal. In saliva, 
we found a similar biorhythm with median salivary cortisol 
and cortisone levels decreasing 95.6% and 89.7%, respect-
ively. The 2.5th percentile for corresponding reduction in 
salivary cortisol was 74%. Hence, a decrease of salivary 
cortisol of less 75% from morning to evening suggests a 
disturbed cortisol biorhythm that should be investigated 
further.

The data from the validation cohort support the 
cutoff levels identified. This cohort comprised 54 chil-
dren with obesity, representing a group in which CS is 
sometimes suspected. All but 1 child had bedtime sal-
ivary cortisol below 2.4  nmol/L, indicating that this 
cutoff correctly classifies healthy children and those with 
CS. The patients with pituitary CS also had UFC far 
above the upper cutoff level. We acknowledge that the 
small number of patients with CS included in this study 
is a major limitation. Although this precludes estimation 
of the test’s diagnostic sensitivity, these initial results in-
deed show promising ability to discriminate healthy and 

Figure 2.  Dot plot showing the distribution of bedtime salivary cortisol 
(nmol/L) for (1) healthy children, (2) children from the validation co-
hort, and (3) patients with Cushing syndrome. Dotted line indicating the 
cutoff level for bedtime salivary cortisol found in this study.
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disease—analogous to adults. One likely reason for the 
lack of validated tests is that CS is a very rare condi-
tion in children, and recruiting a sufficiently sized cohort 
would require a coordinated network of collaborating 
diagnostic centers that agree on standardized tests. In this 
study, we reached out to both national and international 
centers. Although few CS patients were included, we 
argue that the well-characterized salivary corticoid levels 
in healthy children contribute significantly to the current 
knowledge and is an important step toward improved 
diagnostic methods for CS in children.

Our data do not indicate that salivary cortisone has 
greater diagnostic value than salivary cortisol, as suggested 
by Perogramvos et al [14]. Rather, both can be used inter-
changeably. This fact, and also that girls showed signifi-
cantly higher morning salivary cortisone than boys in our 
study, makes us speculate about whether there exists age 
and/or gender dependency of 11β-HSD type II activity in 
salivary glands. We have not been able to find support for 
that in the literature.

The ability of the highly sensitive LC-MS/MS method to 
detect even very low-level traces of exogenous glucocortic-
oids is very useful to identify false tests in patients exposed 
to local or systemic drugs. Hydrocortisone-contaminated 
samples can easily be identified because the cortisol levels 
are very high relative to cortisone. Measuring the cortisone/
cortisol ratio enables the detection of sample contamin-
ation with various skin creams containing hydrocortisone. 
Such creams are frequently used, and hydrocortisone may 
easily be transferred onto the swabs used to collect saliva. 
In our study, 1 child in the validation cohort had elevated 
salivary cortisol but normal salivary cortisone, indicating 
contamination with hydrocortisone. Her UFC was normal. 
As such, the measurement of multiple glucocorticoids by 
LC-MS/MS serves to increase the robustness of our data 
and is an important strength of this study.

Samples with insufficient salivary volume were most 
frequently found, as expected, in the youngest age group. 
Still, 86% of samples from children aged 4 to 6 years were 
successful, indicating that it is a useful method also for 
the youngest children. One child had both UFC measure-
ments above the upper reference limit for the assay. She had 
normal bedtime salivary cortisol and cortisone; subsequent 
clinical and biochemical reevaluation excluded CS.

In conclusion, bedtime salivary cortisol levels above 
2.4 nmol/L in children are abnormal and should raise sus-
picion of CS. This finding is an important advance in the 
diagnostics of CS in children that lack validated screening 
tests. Further studies are needed to accurately assess the 
diagnostic performance for salivary cortisol, and we call 
for international collaboration to collect data in this rare 
disease.
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