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Abstract
Saliva as a diagnostic tool is patient friendly and offers analytical advantages. Hormonal
analysis of saliva is not influenced by changes in concentrations of binding globulins
as the free concentration of the hormones is measured. Analysis of salivary cortisol is
common practice in the diagnostic work-up of hypercortisolism. We investigated the
potential role of measuring salivary cortisol when adrenal insufficiency (AI) is suspected,
to reduce the numbers of ACTH stimulation tests. Over a period of 6 years, patients
undergoing an ACTH stimulation test (tetracosactide, 250 µg) in our hospital were
included. Plasma cortisol (Elecsys, Cobas, Roche Diagnostics) and salivary cortisol and
cortisone (LC–MS/MS) were determined at t = 0, 30 and 60 min after stimulation. Based
on peak plasma cortisol levels, AI was ruled out in 113 patients and was established in
16 patients. Patients without AI displayed maximal salivary cortisol concentrations of
12.6–123.4 nmol/L (95th percentile) after stimulation, as opposed to 0.5–15.2 nmol/L
in AI patients. At t = 0 min, a minimal salivary cortisol concentration of 1.0 nmol/L was
observed in patients without AI, whereas AI patients had a maximum concentration
of 5.9 nmol/L. Using these cut-off values, 34% of the initial patient group could be
diagnosed without an ACTH stimulation test (28% >5.9 nmol/L, 6% <1.0 nmol/L). A novel
diagnostic algorithm, including early morning salivary cortisol analysis can reduce the
numbers of ACTH stimulation tests in patients suspected of AI. This patient-friendly
method can thereby reduce total health care costs.
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Introduction
The utility of measuring salivary cortisol has become
increasingly popular in, for example, screening for
Cushing’s syndrome or disease (1, 2). Obtaining salivary
samples is easy and patient friendly. An additional
advantage is that salivary cortisol is in equilibrium with
plasma-free cortisol and therefore a surrogate for the
concentration of plasma-free cortisol. As opposed to total
plasma cortisol, salivary cortisol is thus independent of
changes in concentrations of binding proteins, such as
CBG and albumin.
An emerging role for salivary cortisol in the diagnosis
of adrenal insufficiency (AI) has, however, still to be
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defined. We investigated whether early morning salivary
cortisol can be used to prevent ACTH stimulation tests in
patients suspected of AI.
As recommended in the recent practical guideline
of the Endocrine Society, diagnostic testing for primary
AI should include a short 250 µg ACTH stimulation test
(3). If not available, initial screening should comprise a
morning plasma ACTH and (total) cortisol. Common
medical practice in the Netherlands, however, requires
admittance to hospital and careful guidance by medical
personnel during an ACTH stimulation test (3, 4).
Preventing unnecessary ACTH stimulation tests could
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thus be beneficial for patient welfare as well as reduction
of costs. Additionally, potential adverse drug reactions
to tetracosactide, ranging from skin irritation to an
anaphylactic shock, could be prevented (5).
Until now, the use of subnormal concentrations of
early morning salivary cortisol in the diagnostic work-up of
AI has suffered from some analytical drawbacks. Restituto
et al. (2008) reported a low sensitivity and specificity
(33% and 20% respectively) based on cut-off values
determined by the optimal Youden index (6). More recent
research, however, using an electrochemiluminescence
immunoassay, reported a ≥95% specificity, but 40%
sensitivity (7). Others concluded that the wide range of
salivary cortisol concentrations in healthy individuals
would hamper the identification of AI (1).
However, novel liquid chromatography tandemmass spectrometry (LC–MS/MS) techniques have made
it possible to increase accuracy and sensitivity in the
determination of salivary cortisol concentrations (8,
9). LC–MS/MS analyses are not influenced by changes
in e.g. concentrations of cortisol-binding globulin or
cross-reactivity with other corticosteroid substances.
In addition, LC–MS/MS analysis enables the analysis of
cortisol and cortisone in one run. Possible interference
of 11β-hydroxysteroid dehydrogenase-modulating agents
can thus be evaluated.
We investigated whether early morning salivary
cortisol determined by LC–MS/MS could be used in the
diagnosis of AI. In our study, AI patients were diagnosed
by an ACTH stimulation test and subsequent evaluation
of peak plasma cortisol levels. We defined reference values
for salivary cortisol and cortisone during these ACTH
stimulation tests and determined cut-off values that could
be used to diagnose or rule out AI. These cut-off values
were used to investigate their impact on preventing ACTH
stimulation tests in the diagnostic work-up of AI.

Materials and methods
Patients
The study group consisted of patients with a clinical
suspicion of AI that underwent an ACTH stimulation test
in our hospital between July 2010 and May 2016. Clinical
suspicion was based on a subnormal morning plasma
cortisol concentration or one of the following signs and
symptoms: orthostatic hypotension, abdominal pain, salt
craving. In total, 129 patients were included (47 male, 82
female; mean age 48 years). AI was ruled out when peak
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cortisol concentrations were above assay-specific cut-off
values (see ‘Plasma cortisol’ section) during the ACTH
stimulation test (3, 4). In retrospect, the group consisted
of 113 patients in whom AI was ruled out (36 male,
77 female; mean age 46 years) and 16 AI patients (11 male,
5 female; mean age 56 years).
Our study did not require approval of a local ethical
committee or consent of subjects as it only concerned
retrospective data analysis. Salivary cortisol analysis
was considered standard care in our hospital, upon
introduction of the analysis method and was included in
protocols for the ACTH stimulation test.
ACTH stimulation test
Patients undergoing an ACTH stimulation test underwent
day case admission to our hospital, starting early morning
(08:00 h). Directly after admission, plasma (lithium
heparin, BD Vacutainer, Becton Dickinson, Breda, the
Netherlands) and salivary (Salivette, Sarstedt, Etten-Leur,
the Netherlands) samples were collected to define baseline
values of plasma cortisol as well as salivary cortisol and
cortisone (t = 0 min). Next, 250 µg of tetracosactide
(Synacthen) was injected intravenously. At t = 30 and
60 min after injection, plasma cortisol as well as salivary
cortisol and cortisone concentrations were determined.
Cortisol and cortisone measurements
Plasma cortisol
Plasma cortisol concentrations were determined in heparin
plasma by an automated immunochemiluminescence
assay (Elecsys, Cobas, Roche Diagnostics). Patients enrolled
in our study until November 2015 were measured by the
cortisol I assay, whereas patients enrolled from November
2015 onwards were measured by the cortisol II assay.

Salivary cortisol and cortisone
Salivary samples were collected by chewing a cylindrical
synthetic swab (Salivette, Sarstedt) for approximately
1 min. The patients were told not to eat or brush their
teeth in a period of 30 min before collection. Samples
were centrifuged at 2682 g for 10 min, after which the
synthetic swab was removed and collected saliva was
stored at −20°C until further analysis.
Deuterated internal standards for cortisol (cortisol-d4,
Sigma-Aldrich, ref. 705594) and cortisone (cortisone-d7,
Sigma-Aldrich, ref. 705586) were added to the samples,
followed by liquid–liquid extraction using tert-butyl
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methyl ether (MS-grade), evaporation under nitrogen
and reconstitution in a 50% methanol (MS-grade)/water
solution. Two microliters of reconstituted sample were
injected in a UPLC system (Xevo TQ-S, Waters, Milford,
SA, USA) and separated using a ACQUITY HSS T3 column
(50 × 2.1 mm, 1.8 µm, Waters) with a 4-min gradient of
aqueous ammonium acetate (2 mM (MS-grade) in 0.1%
formic acid and methanol (MS-grade), 0.4 mL/min).
Detection and quantification were performed by a
tandem quadrupole mass spectrometer (Xevo TQ-S,
Waters Chromatography) equipped with a heated
electrospray ionization source, operating in positive ion
mode. Ionization parameters were spray voltage 1.0 kV,
desolvation temperature 500°C, source temperature
150°C, nitrogen cone (flow 150 L/h) and desolvation
(flow 1000 L/h) gas. The extractor was set at 3.00 kV.
Collision-induced dissociation was performed using Ar as
the collision gas at a flow of 0.1 mL/min. Quantification
was based on selective reaction monitoring following
the transitions m/z 363.2 → 121.1 (cone 38 V, CE
32 eV) and m/z 367.1 → 121.1 (cone 40 V, CE 18 eV) for
cortisol and cortisol-d4 respectively. Quantification of
cortisone and cortisone-d7 was based on the transitions
m/z 361.2 → 163.1 (cone 38 V, CE 26 eV) and
m/z 369.1 → 168.9 (cone 52 V, CE 28 eV) respectively. For
both cortisol and cortisone, a qualifier ion was analyzed
with transitions m/z 363.2 → 97.0 (cone 38 V, CE 46 eV)
and m/z 361.2 → 163.1 (cone 38 V, CE 46 eV), respectively.
Quantification was performed with an internal standard
calculation method using 4 standards from 0.5 to
150 nmol/L for cortisol and 1.50 to 450 nmol/L for
cortisone.

Cut-off values were generated for salivary cortisol and
cortisone at t = 0, defined as the minimum concentration
observed in patients without AI and maximum
concentration in AI patients. The newly defined cut-off
values were used to evaluate the necessity of an ACTH
stimulation test in the entire patient group.

Data analysis

Preventing ACTH stimulation tests by salivary
cortisol and cortisone measurements

In this study, AI was ruled out when peak levels of plasma
cortisol during the ACTH stimulation test were above
550 nmol/L for the cortisol I assay and above 420 nmol/L
for the cortisol II assay (3, 10). The 420 nmol/L cut-off
value for the cortisol II assay was based on the lower
reference limit at 30 min after stimulation with ACTH,
defined by the GC–MS reference method to which the
cortisol II assay was standardized (10).
Concentrations of plasma cortisol as well as salivary
cortisol and cortisone at t = 0, 30, and 60 min of the ACTH
stimulation test were subjected to log-transformation
because of skewed distribution. Reference values for
salivary cortisol and cortisone were defined as 2.5th and
97.5th percentiles.
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Results
Salivary cortisol and cortisone
In patients without AI, reference values for salivary cortisol
and cortisone were 1.6–34.4 nmol/L and 10.0–61.5 nmol/L
respectively (t = 0 min, Fig. 1A and B). As a consequence of
stimulation by tetracosactide, these reference values rose
to 9.0–68.1 nmol/L and 27.1–120.8 nmol/L for cortisol and
cortisone respectively at t = 30 min, and 12.6–123.4 nmol/L
and 37.0–153.5 nmol/L at t = 60 min. Minimum cortisol
concentrations observed in patients without AI were 1.0,
3.2, and 9.5 nmol/L at t = 0, 30 and 60 min. Corresponding
cortisone concentrations were 1.7, 19.1 and 30.0 nmol/L.
In AI patients, maximum cortisol concentrations
were 5.9, 17.2 and 15.6 nmol/L at t = 0, 30, and 60 min.
Corresponding cortisone concentrations were 33.8, 39.7
and 46.7 nmol/L.
The lowest concentration of salivary cortisol observed
at t = 0 min in patients without AI was 1.0 nmol/L. On the
contrary, the highest concentration of salivary cortisol
at t = 0 min observed in AI patients was 5.9 nmol/L. We
defined these concentrations as cut-off values that were
further investigated for potential usage in the diagnostic
work-up of AI.

By using the newly defined cut-off values for salivary
cortisol (Fig. 1), we investigated their potential role in
reducing the numbers of ACTH stimulation tests in
the entire patient group (Fig. 2). We also investigated
the effect of performing a second measurement of
morning plasma cortisol, by considering the t = 0 min
plasma cortisol as a second measurement in the patients
(i.e. patients were enrolled in our study based on, among
others, a previously measured subnormal morning plasma
cortisol measurement).
Concentrations for plasma cortisol and salivary
cortisol and cortisone at t = 0 min were used for the analysis,
representing early morning values. Based on these plasma
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Figure 1
Salivary cortisol (A) and cortisone (B)
concentrations during ACTH stimulation tests.
Results are given for patients in whom AI was
ruled out (black dots) or established (blue dots).
Concentrations are shown on a logarithmic scale
(X-axis), accompanied by fitted normal
distributions (black and blue lines) on an arbitrary
Y-axis. Cut-off values (black and blue vertical
lines, numbers in boldface) and reference values
(underlined numbers in black and blue) are
shown.

cortisol concentrations, 9% of the patients had a normal
plasma cortisol concentration (Fig. 2B). When the cutoff values for early morning salivary cortisol were used,
this percentage increased to a remarkable 28% (Fig. 2C)
(for salivary cortisone this percentage was 26%, data not
shown).
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Patients with a plasma (or salivary) cortisol below
the cut-off of normal would still undergo an ACTH
stimulation test, according to the recent guideline (3).
We determined that the positive predictive value of
plasma cortisol below 80 nmol/L and/or salivary cortisol
below 1 nmol/L for the diagnosis of AI was 100%. When
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Attribution-NonCommercial-NoDerivatives 4.0
International License.

Downloaded from Bioscientifica.com at 01/09/2023 02:19:05PM
via free access

M L P Langelaan et al.

Salivary cortisol and adrenal
insufficiency

7:4

564

Discussion

A

B

C

Figure 2
Effect of different diagnostic approaches on numbers of ACTH
stimulation tests in patients suspected of adrenal insufficiency. Current
protocols are considered the reference (A). An approach with a second
plasma cortisol measurement, in addition to the plasma cortisol
requested by the referring physician, is shown in panel B. Panel C displays
an approach including salivary cortisol measurements. Percentages of
patients with AI ruled out or established are given, as well as the
percentage of ACTH stimulation tests performed using the different
approaches in B and C.

these lower cut-off values were used in our study, 7% of
ACTH stimulation tests could be prevented based on a
single plasma cortisol measurement, whereas 6% could
be prevented based on a salivary cortisol measurement.
Taken together, ACTH stimulation tests would be
performed in 84% of the patients when a second plasma
cortisol measurement is performed and only in 66%
of the patients when early morning salivary cortisol
measurements are included in the diagnostic work-up
(Fig. 2B and C).

We demonstrated that measurements of salivary cortisol
can play a role in the diagnostic approach of suspected
AI. Based on our results, we propose a novel diagnostic
flowchart that could be adopted in the work-up of AI
by clinicians, after further validation in clinical studies
(Fig. 3). Using this approach, we determined that the
number of ACTH stimulation tests could be reduced by
28%. An additional 6% of ACTH stimulation tests could
be prevented if early morning cortisol levels below the
minimum of normal are used to establish the diagnosis of
AI. When early morning plasma cortisol was measured a
second time in patients suspected of AI, only 9% appeared
normal as opposed to the 28% based on salivary cortisol
concentrations. These numbers highlight the power
of measuring free cortisol concentrations in saliva. We
postulate that serum free cortisol levels may be higher in
these patients as well, as a result of reduced affinity with
CBG and albumin (11, 12). However, serum or plasmafree cortisol measurements and measurements of CBG
and albumin in these patients should be performed to
underline this hypothesis.
Logically, adding salivary cortisol and cortisone
analyses to the diagnostic work-up of suspected AI would
increase laboratory costs. These costs are estimated
as several hundreds of euros on an annual basis in our
hospital (13). However, the 34% reduction in ACTH
stimulation tests that can be achieved by measuring
salivary cortisol greatly counterbalances these analytical
costs in the situation that day case admission to a hospital
is required to perform the test. Costs for such a day case

Figure 3
Novel diagnostic flowchart adrenal insufficiency.
When a physician suspects AI in a given patient,
an early morning plasma cortisol measurement
will be performed. Concentrations above an
assay-specific cut-off level (e.g. 550 nmol/L for
cortisol I and 420 nmol/L for cortisol II) rule out
AI. Below this cut-off level, a salivary cortisol
measurement could be performed to select
patients for an ACTH stimulation test. Early
morning salivary cortisol concentrations
>5.9 nmol/L can rule out AI. Peak plasma or
salivary cortisol concentrations after stimulation
make up the diagnosis.
http://www.endocrineconnections.org
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admission are approximated to be several hundreds of
euros per day per patient.
Current guidelines still advise an ACTH stimulation
test in patients with morning plasma cortisol levels below
80 nmol/L, although these concentrations are strongly
predictive of AI (4). In our study, the minimum plasma
cortisol concentration observed in normal subjects was
89.4 nmol/L. A plasma cortisol below 80 nmol/L would
thus also be strongly indicative of AI in our patient group.
Subnormal morning salivary cortisol levels have
previously been investigated for the diagnosis of AI (1, 6,
7, 14, 15). Sensitivity and specificity differed between the
type of assay that was used to analyze salivary cortisol.
Restituto et al. found a sensitivity and specificity of less
than 35%, based on salivary cortisol measurements
by an ELISA (6). In addition, Marcus-Perlman et al.
demonstrated that a single determination of basal salivary
cortisol by modified RIA analysis was insufficient to
separate hypoadrenal from normal subjects, considering
the overlap between the groups (16). A more recent
study using RIA analyses, however, found that a morning
salivary cortisol value below 7.31 nmol/L distinguished
patients with AI from controls with a sensitivity of 97%
and specificity of 93% (15). We demonstrated that LC–
MS/MS measurements of salivary cortisol increase the
sensitivity and specificity, when adequate cut-off values
are chosen. When mean salivary cortisol concentrations
observed in patients without AI in our study (being
5.4 ± 2.1 nmol/L) are compared with values obtained by
RIA (12.1 ± 1.6 nmol/L (16) or ELISA (18.5 ± 3.3) nmol/L
(6)), lower concentrations are found by our LC–MS/MS
method. As only cortisol is measured by LC–MS/MS,
interaction with interfering substances is avoided. This
might explain the observed differences between our study
and others. The lower cut-off value that we defined for
basal salivary cortisol (being 1.0 nmol/L) is in line with
results from Mak et al., who determined this cut-off value
by defining the concentration with the highest area under
the curve (AUC) in the ROC curve (14). With regard to
performance of our LC–MS/MS method, the coefficient of
variance around the cut-off value of 1 nmol/L is around
10%, which is fairly acceptable for hormone assays.
In our study, reference values for early morning
salivary cortisol and cortisone, as determined by the
97.5th percentile of normal (i.e. patients in whom AI was
ruled out) were 1.6–34.4 nmol/L and 10.0–61.5 nmol/L
respectively. These values are in line with other studies that
determined salivary cortisol and cortisone concentrations
by LC–MS/MS (8, 9, 17). However, the upper limit of our
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reference interval for both salivary cortisol and cortisone
is higher compared to these other studies. Differences in
patient characteristics of the different studies may account
for these differences. In addition, the cortisol awakening
response in individuals and for example, actual timing
of saliva collection after awakening will influence the
observed reference values (18, 19).
After stimulation with tetracosactide, salivary cortisol
reference intervals for t = 30 min and t = 60 min were
9.0–68.1 nmol/L and 12.6–123.4 nmol/L in our group of
patients without AI. On the other hand, AI patients had
salivary cortisol concentrations of 0.6–14.2 nmol/L and
0.5–15.2 nmol/L at t = 30 and 60 min after stimulation
respectively. Our upper limits of the reference intervals
for all time points for both patient groups were higher
compared to the results found by Perogamvros et al. (9).
They investigated salivary cortisol concentrations after
stimulation by tetracosactide and during insulin tolerance
testing. A difference in definition of a normal response
may explain differences observed in the AI patient group.
However, Duskova et al. observed even lower values for the
upper reference limit of salivary cortisol after stimulation
by tetracosactide, as concluded from measurements in 15
healthy young men (17).
Measuring plasma cortisol concentrations during
an ACTH stimulation test would still remain the gold
standard in the Netherlands, as venous access is not a
problem during day case submission and IV administration
of tetracosactide. However, we demonstrated that the
introduction of LC–MS/MS determined early morning
salivary cortisol in the diagnostic work-up of suspected AI,
could potentially reduce the numbers of ACTH stimulation
tests. In addition, sampling of saliva is patient friendly.
Promising future approaches in assessing adrenal function
may include intramuscular injections of tetracosactide in
a low dosage combined with salivary cortisol analyses, as
investigated by Contreras et al. (20). This method may
reduce the health care costs even further, as it can be
performed in ambulatory patients. However, protocols
for ACTH stimulation testing are still under debate (21).
Assessing early morning salivary cortisol, as proposed in
our diagnostic work-up, would be a first step to improve
methods of assessing adrenal function and might lead to
less ACTH stimulation test.
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