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Abstract

Background: Adrenal insufficiency (Al) is potentially life-threatening, and accurate
diagnosis is crucial. The first-line diagnostic test, the adrenocorticotrophic hormone
(ACTH) stimulation test, measures serum total cortisol. However, this is affected in states
of altered albumin or cortisol-binding globulin levels, limiting reliability. Salivary cortisol
reflects free bioactive cortisol levels and is a promising alternative. However, few studies
are available, and heterogenous methodologies limit applicability.

Methods: This study prospectively recruited 42 outpatients undergoing evaluation for

Al, excluding participants with altered cortisol-binding states. Serum (immunoassay)

and salivary (liquid chromatography tandem mass spectrometry) cortisol levels were
sampled at baseline, 30 min, and 60 min following 250 g synacthen administration.

Al was defined as a peak serum cortisol level <500 nmol/L in accordance with guidelines.
Results: The study recruited 21 (50%) participants with Al and 21 without Al. There were
no significant differences in baseline characteristics, blood pressure, or sodium levels
between groups. Following synacthen stimulation, serum and salivary cortisol levels
showed good correlation at all timepoints (R = 0.74, P < 0.001), at peak levels (R? = 0.72,
P <0.001), and at 60 min (R>=0.72, P < 0.001). A salivary cortisol cut-off of 16.0 nmol/L
had a sensitivity of 90.5% and a specificity of 76.2% for the diagnosis of Al.

Conclusion: This study demonstrates a good correlation between serum and salivary
cortisol levels during the 250 pg synacthen test. A peak salivary cortisol cut-off of

16.0 nmol/L can be used for the diagnosis of Al. It is a less invasive alternative to evaluate
patients with suspected Al. Its potential utility in the diagnosis of Al in patients with altered
cortisol-binding states should be further studied.
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Background

Adrenal insufficiency (AI) is associated with increased
mortality, making accurate and timely diagnosis a key to
improving patient outcomes (1, 2).

Several tests have been developed to diagnose Al, but
in the clinical setting, the adrenocorticotrophic hormone

(ACTH) stimulation test (AST) is the most commonly
used (3). During the AST, 250 ng of synthetic ACTH was
administered intravenously or intramuscularly, and serum
cortisol is drawn at baseline, 30 min, and 60 min after
administration (3). Al is diagnosed when the peak cortisol
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level is below 500 nmol/L at 30 or 60 min (3). However,
the AST is a labour-intensive procedure, requiring the
expertise of skilled personnel (nurses or phlebotomist).
Consequently, the AST is often performed in the
outpatient endocrine unit by specialist nurses, which
may limit the availability of an important diagnostic test,
especially in centres with none or few trained personnel.

Another limitation of the AST is that most
laboratories measure serum total cortisol concentrations
and do not differentiate between the bound and free
forms. Cortisol in blood exists in two forms: cortisol
that is bound to carrier molecules (cortisol-binding
globulin and albumin) and cortisol that is unbound, i.e.
free cortisol. Free cortisol is the biologically active form,
and it is the serum concentration of free cortisol that is
clinically and physiologically relevant (4). In healthy
individuals, the ratio of bound (90%) and unbound
(10%) cortisol is fairly consistent, and the total cortisol
concentration is adequate to diagnose Al (5). However,
there are certain medical states and medications that
alter cortisol binding or the ratio of bound to unbound
cortisol, thus complicating the diagnosis of Al. This
occurs in patients with critical illness, chronic liver
disease, and hypoalbuminaemia, which reduce cortisol
binding, as well as pregnancy and oral oestrogen therapy,
which increase cortisol binding (6, 7, 8, 9). In these cases,
the measurement of total cortisol would not accurately
reflect the free, bioactive component and may lead to
misdiagnosis of Al

Indeed, studies in subjects with critical illness and
chronic liver disease have shown that there is a significant
discrepancy between total and free cortisol levels, with
total cortisol levels underestimating the cortisol response
(10, 11). However, assays for direct measurement of serum-
free cortisol concentrations are not widely available in
the clinical setting, and calculations of the free cortisol
index are limited by the measurement of cortisol-binding
globulin and do not account for changes in binding
affinity or albumin concentrations (12, 13).

Salivary cortisol is an alternative method to measure
free cortisol. It has been shown that the concentrations of
free cortisol in the saliva are at an equilibrium with free
cortisol concentrations in the serum, and this relationship
is independent of the rate of saliva production (14). It is
already in use as one of the diagnostic tests for Cushing’s
syndrome (15). Its role in the diagnosis of Al is promising,
with several studies exploring the measurement of
salivary cortisol following AST (16, 17, 18, 19, 20, 21, 22,
23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33). These studies
have demonstrated a good correlation between serum and

salivary cortisol levels following AST (22, 23). However,
the salivary cortisol cut-off levels for the diagnosis of
Al derived from these studies varied widely from 8.3 to
39.5 nmol/L, likely due to the great heterogeneity in the
study populations, methods, timing of samples, dose of
synthetic ACTH, and assays used (Supplementary Table 1,
see the section on supplementary materials given at the
end of this article) (34). In addition, the collection of
salivary cortisol is non-invasive and overcomes the need
for skilled personnel for repeated blood draws.

Our study had two aims: (1) to assess the correlation
between serum and salivary cortisol levels following AST
in subjects with normal cortisol-binding states and (2) to
determine the optimum salivary cortisol cut-off level for
the diagnosis of Al and its associated test performance.

Methods
Subjects

We recruited subjects from the endocrine testing clinic at
the Department of Endocrinology at our tertiary centre
(August 2020 to January 2022) who were planned for
AST for the evaluation of suspected Al. Exclusion criteria
consisted of conditions that may affect cortisol binding,
including liver cirrhosis, advanced chronic kidney disease
(estimated glomerular filteration rate < 30 mL/min/1.73m?
or end-stage kidney failure on renal replacement
therapy), pregnancy, oral contraceptive medication use,
active malignancies or eating disorders, or weight loss
of >10% over the past 3 months. Subjects with recent
dental procedures or oral bleeding and those unable to
follow instructions or provide informed consent were
also excluded. This study was approved by the relevant
Institutional Review Board (SingHealth Centralised
Institutional Review Board 2020/2434), and all subjects
provided written informed consent.

ACTH stimulation test

Eligible patients underwent the AST, which was
conducted in the outpatient endocrine unit between
08:00 and 10:00 by specialised nursing staff. Subjects on
chronic hydrocortisone replacement were instructed to
omit the medication on the morning of the test. They
were also instructed not to eat, drink, or brush their teeth
for 15 min prior to specimen collection and throughout
the duration of the test.

An intravenous cannula was inserted followed by the
simultaneous collection of baseline plasma and saliva
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samples (0-min sample). Blood was collected in an EDTA
tube and analysed upon receipt by the laboratory. Saliva
specimens were collected using the SARSTEDT Salivette®.
Subjects were instructed to place the SARSTEDT Salivette®
into their mouth for 2 min to obtain at least 1.5 mL of
saliva per specimen. About 250 pg of ACTH (Synacthen®,
Novartis) was then injected intravenously, followed by
the simultaneous collection of serum and salivary cortisol
samples at 30 and 60 min.

Al was diagnosed if peak serum cortisol levels failed to
reach 500 nmol/L (3). Post-AST serum cortisol results were
reviewed, and patients were then assigned to the group
in the sequence that they presented. Salivary cortisol
specimens were sent off for the first 21 subjects with Al and
the first 21 without Al

Laboratory assays

Serum cortisol was measured using the Beckman Coulter
UniCel DxI 800 Access Immunoassay Systems. The
detection limit was 11 nmol/L. The assay exhibited a total
imprecision of <12% at approximately 138 nmol/L and
<10% for higher concentrations of cortisol (35).

Salivary cortisol measurement was performed at the
Mayo Medical Laboratories. Salivary cortisol was extracted
from the specimen using online turbulent flow high-
performance liquid chromatography and analysed by
liquid chromatography tandem mass spectrometry (LC-
MS/MS) using multiple reaction monitoring in positive
mode (36). The detection limit was 0.11 nmol/L. The intra-
assay coefficient of variation was 7.2% at 3.0 nmol/L, and
the inter-assay coefficient of variation was 5.8% at 1.4
nmol/L (36).

Statistical analysis

We estimated that 21 patients with Al and 21 without
Al will be adequate to achieve a receiver operating
characteristic curve (ROC) area under the curve (AUC) of
0.9 (confidence interval (CI) 0.8-1). Statistical analysis

was performed using SPSS Statistics 21.0 (IBM) and
GraphPad Prism Version 9.3.0 for Windows (GraphPad
Software). Baseline characteristics and descriptive
statistics were computed and expressed as mean * f
standard deviation (continuous variables) and frequency
(categorical variables). A P value of < 0.05 indicated
statistical significance.

Peak serum and salivary cortisol levels were defined
as the highest value across the three timepoints. Linear
regression analysis was used to examine the relationship
between free cortisol concentrations in serum and saliva in
all samples at 60 min and the peak value.

ROC curves were generated to identify the optimal
salivary cortisol cut-off value for the diagnosis of Al. The
diagnostic performance of salivary cortisol during 0, 30,
60 min, and peak value was investigated using the ROC
analysis. Youden’s index (sensitivity (%)+specificity (%)
- 100) was used to estimate the optimal peak salivary
cortisol cut-off value to diagnose Al.

Results

A total of 57 subjects were recruited into the study:
24 with Al and 33 without Al (Fig. 1). Three subjects
from the Al arm and six subjects from the arm without
Al were excluded from the analysis as their salivary
cortisol specimens were rejected by the laboratory due to
technical reasons. Salivary cortisol was not analysed for
six subjects from the arm without Al as the recruitment
target (n=21) had been reached for that group.

The baseline characteristics and laboratory results
of the subjects with and without AI are reflected in
Table 1. The aetiologies of Al were due to exogenous
glucocorticoid use in 16, primary Al in 2, hypopituitarism
in 1, and post-adrenalectomy for adrenal Cushing’s
syndrome in 1. Thirteen were prescribed regular
hydrocortisone replacement, 7 were given standby
hydrocortisone to be taken on sick days, and 1 was not
prescribed hydrocortisone. Aside from an older average

Recruited
n=57
Adrenal Insufficiency No Adrenal Insufficiency
n=24 n=33 Excluded
Excluded n=6 (;ahvary f:omsol
» X . specimens rejected)
n=3 (salivary cortisol _ hed
specimens rejected) 1=6 (reache
recruitment target)
Analysed ‘ Analysed Figure 1
=21 =21 Consort diagram.
https://ec.bioscientifica.com © 2023 the author(s) This work is licensed under a Creative Commons
https://doi.org/10.1530/EC-23-0004 Published by Bioscientifica Ltd @ @ Attribution 4.0 International License.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1530/EC-23-0004
https://ec.bioscientifica.com

' Endocrine

W CONNECTIONS

Table 1 Baseline characteristics and laboratory results.

Adrenal No adrenal
insufficiency insufficiency
Variable n=21 n=21 P-value
Male (%) 16 (68.2%) 10 (45.5%)
Age (years) 62.2+14.6 51.1+16.4 0.026
BMI (kg/mz) 26.2+5.5 26.7 £9.6 0.831
SBP (mmHg) 130.4 +16.1 123.8+18.0 0.220
DBP (mmHg) 71.4+94 67.3+£10.9 0.200
Creatinine 78.4+22.4 74.1 £22.5 0.540
Sodium 139.5+2.3 139.3+2.8 0.859
(mmol/L)
Potassium 42+0.5 42+0.3 0.459
(mmol/L)
Albumin (g/L) 39.8+4.1 40.3+3.2 0.677

Values are given as mean + standard deviation or frequency (%).
BMI, body mass index; DBP, diastolic blood pressure; SBP, systolic blood
pressure.

age amongst the subjects with Al (AI=62.2 + 14.6 years
old; no AI=51.1 £ 16.4 years old), there was no significant
difference between the two groups. The average body
mass index, blood pressure, sodium, and albumin normal
were normal.

Amongst the 42 subjects, 41 (98%) reached the peak
salivary cortisol level at 60 min, while 1 subject reached
the peak salivary cortisol level at 30 min. Subjects
without Al had significantly higher 30-min, 60-min,
and peak serum and salivary cortisol levels compared
with those without Al (Table 2, P-values all < 0.001). In
the subjects with AI, the mean serum cortisol levels were
232.6 + 92.6 nmol/L at baseline, 369.2 + 107.6 nmol/L at
30 min, 393.6 + 105.4 nmol/L at 60 min, and the mean
peak level was 397.6 £ 107.0 nmol/L. The corresponding
salivary cortisol levels were 3.4 + 2.1 nmol/L (0 min),
8.0 + 5.7 nmol/L (30 min), 11.0 £ 7.7 (60 min), and
11.0 £ 7.7 (peak). There was no significant difference
in baseline serum or salivary cortisol levels between
the two groups (serum cortisol: no AI=309.6 + 120.6

Table 2 Serum and salivary cortisol concentrations during AST.

nmol/L; AI=232.6 £ 92.6 nmol/L; salivary cortisol: no
Al=4.6 +3.0 nmol/L; Al=3.4 + 2.1 nmol/L; P =NS).

Relationship between serum and salivary cortisol
after AST

Serum and salivary cortisol levels showed good levels
of correlation across all timepoints (Fig. 2A, R>=0.74,
P < 0.001), at peak levels (Fig. 2B, R?=0.72, P < 0.001),
and at 60 min (Fig. 2C, R?= 0.72, P < 0.001). Although
the group with Al had a higher mean age compared with
those without Al, the correlation between peak serum
and salivary cortisol remained statistically significant
even after controlling for age (R?= 0.83, P < 0.001). The
relationship between serum and salivary cortisol was
also examined using a non-linear model, which yielded
similar results.

ROC analysis

The ROC curve for peak salivary cortisol levels had an
AUC of 0.899 (95% CI: 0.806-0.992, Fig. 3A). The best
peak salivary cortisol cut-off level derived using Youden's
index was 16.0 nmol/L, with a sensitivity of 90.5% and
a specificity of 76.2%. AUC for 60-min salivary cortisol
levels was 0.899 (95% CI: 0.806-0.992, Fig. 3B). The
positive predictive value was 71.5% and the negative
predictive value was 88.9%.

Figure 4 depicts the scatterplot of subjects with and
without AI when a peak salivary cortisol cut-off of 16.0
nmol/Lis used.

Compared with peak salivary cortisol levels, baseline
salivary cortisol levels had lower diagnostic accuracy
for the diagnosis of Al, with an AUC of 0.661 (95% CI:
0.491-0.831, Fig. 3C). The best 0-min salivary cortisol cut-
off derived using Youden’s index was 2.7 nmol/L, with a
sensitivity of 52.4% and a specificity of 85.7%.

Timepoint 0 min 30 min 60 min Peak
Salivary Salivary Salivary Salivary

Cortisol Serum (nmol/L) (nmol/L) Serum (nmol/L) (nmol/L) Serum (nmol/L) (nmol/L) Serum (nmol/L) (nmol/L)
Total (n=42) 271.1 £ 1131 40+26 473.3+162.0 133+9.2 527.0+1853 20.1+14.8 529.2+184.1 20.1+14.8
Adrenal 232.6+92.6 34+21 369.2+107.6 80+57 393.6+1054 11.0+7.7 3976%+107.0 11.0+7.7

insufficiency

(n=21)
No adrenal 309.6£120.6 46+3.0 5774+1395 186189 660.5+147.9 29.2+14.7 66051479 29.2+14.7

insufficiency

(n=21)

P-values < 0.01 for adrenal insufficiency vs no adrenal insufficiency groups for serum and salivary cortisol levels at 30 min, 60 min, and peak levels. Values

reflected are mean + standard deviation.

https://ec.bioscientifica.com
https://doi.org/10.1530/EC-23-0004

© 2023 the author(s)
Published by Bioscientifica Ltd

This work is licensed under a Creative Commons
Attribution 4.0 International License.

(©MOoM


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1530/EC-23-0004
https://ec.bioscientifica.com

' Endocrine

W CONNECTIONS

AN
65 -
60 - .
L]
I 55
°
g 50 - .
; 45 - .
3 401
S 35 . .
2
E 30 . 4
S 55 Y=0.054"X - 10.54
-y R2=0.74
g 20 p<0.001
& 15 .
10 4
5
0 o o0 oo

T T T T T T T T T T 1
0 100 200 300 400 500 600 700 800 900 1000 1100 1200

Serum Cortisol level (nmol/L)

B 70 =

65
60 [ ]
55
50 =
45 4
40 -
35 b
30
25
20 4
15
& 104
5
0 T T T T T T T T T T 1
0 100 200 300 400 500 600 700 800 900 1000 1100 1200
Peak Serum Cortisol Level (nmol/L)

Y=0.068"X — 15.90
R2=0.72
p<0.001

ak Salivary Cortisol Level (nmol/L)

C 70 =

65 =
60

255-

[}
3]
=]

1

&b
o o
L 1

35+
30

NN
o o
L 1

Y=0.067"X — 15.50
R2=0.71
p<0.001

Salivary cortisol level (nm

15 4
10
5

0+ T T T T T T T T T T 1
0 100 200 300 400 500 600 700 800 900 1000 1100 1200
Serum cortisol (nmol/L)

Figure 2

Relationship between serum and salivary cortisol levels after AST. (A) All
serum and salivary cortisol levels. (B) Peak serum and salivary cortisol
levels. (C) Sixty-minute serum and salivary cortisol levels.

Discussion

A misdiagnosis of Al can lead to under- or overtreatment
with glucocorticoid replacement therapy. The standard
diagnostic method using the AST works well in most

patients but is limited by the use of serum cortisol for
diagnosis as well as the need for trained personnel for
multiple blood draws. As salivary cortisol reflects the
free cortisol component in the serum, it can potentially
overcome the confounding effects from changes in cortisol-
binding dynamics due to physiological or pathological
reasons. Moreover, the sample collection for salivary
instead of serum cortisol is less invasive.

In this study, we found that salivary cortisol explains
more than 70% variance in the concentration of total
serum cortisol, and the significant correlation between
salivary cortisol holds true for the samples collected
at baseline, 30 min, and 60 min following AST. The
correlation coefficient in our study (R?= 0.72) was similar
to what has been described in the literature (R=0.75
reported by Kim et al.; R=0.84 reported by Elder et al.) (18,
23). Although one study reported better results when an
exponential model was used to describe the relationship
between serum and salivary cortisol (R?=0.83 vs
R?>=0.65) (22), we obtained comparable results by using
a linear model.

A peak salivary cortisol cut-off level of 16.0 nmol/L
had good sensitivity and specificity for the diagnosis of
Al amongst subjects with normal cortisol-binding states.
Peak salivary cortisol cut-off levels of 13-16 nmol/L
following AST have been described in several studies.
Cornes et al. included 36 subjects with suspected Al
who underwent an intravenous 250 pg AST (16). Using
a peak serum cortisol of <550 nmol/L to diagnose Al, a
peak salivary cortisol cut-off of >15 nmol/L was derived.
Langelaan et al. investigated 129 subjects with suspected
Al similarly undergoing a 250 pg intravenous AST (19). Al
was defined as a peak serum cortisol of <550 nmol/L on
the Roche I assay or <420 nmol/L on the Roche II assay.
A 60-min salivary cortisol cut-off level of 15.6 nmol/L
was derived for the diagnosis of Al. Kim et al. studied
120 subjects with suspected AI who underwent a 250
pg intravenous AST (23). Al was defined as a peak serum
cortisol <496.8 nmol/L. A peak salivary cortisol cut-off of
13.2 nmol/L had a sensitivity of 90.7% and a specificity
of 94.1% for the diagnosis of Al. These studies included
similar participants (suspected AI) and methodologies
(250 pg intravenous AST with cortisol levels measured at
0, 30, and 60 min) as our study. However, the differences
in serum and salivary cortisol assays, as well as the varying
definitions of Al using serum cortisol, could account for
the small differences in the salivary cortisol cut-off level
derived (37).

In addition to studies that included ASTs, a study by
Karpman et al. investigated the role of salivary cortisol
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Figure 3

ROC analysis for diagnosis of adrenal insufficiency using salivary cortisol.
(A) Peak salivary cortisol. (B) Sixty-minute salivary cortisol. (C) Zero-minute
salivary cortisol.

for the diagnosis of Al during the insulin tolerance test,
the gold standard test for the diagnosis of Al. Al was
defined by a peak serum cortisol level <500 nmol/L. It
found that a salivary cortisol cut-oft level of 13.3 nmol/L
had a sensitivity of 87.5% and specificity of 89.3% for
the diagnosis of Al (38). The cut-off level derived was
only slightly lower than that derived in the present and
previous studies discussed above.

While peak salivary cortisol levels had a good
sensitivity and specificity for the diagnosis of Al, the
mean baseline early morning (0-min) salivary cortisol
levels were not significantly different between patients
with and without AI and had lower diagnostic accuracy
(sensitivity 52.4%). This is unsurprising, given that early
morning serum cortisol levels have not been shown to
have good sensitivity for the diagnosis of AI (39). Restituto
etal. showed that morning salivary cortisol levels had low
sensitivity (33%) and specificity (20%) for the diagnosis
of Al, and the overall performance was similar to that of
morning serum cortisol levels (40). Thus, AST would still
be required for the diagnosis of Al regardless of whether
serum or salivary cortisol levels are measured.

In our study, the peak salivary cortisol level occurred
at 60 min in 98% of subjects, and the salivary cut-off levels
derived for both peak and 60-min cortisol levels were the
same (16.0 nmol/L). A peak salivary cortisol level at 60 min
has also been described in other studies (18, 23). Thus, it
may be possible to measure the 60-min salivary cortisol
level alone (without the baseline and 30-min samples),
thus simplifying the test and reducing the cost further.
A further less invasive option would be to pair this with
the use of intramuscular synthetic ACTH, which has also
been described in studies with salivary cortisol (29). This
would be a useful option in patients with difficult venous
access, and more studies in this area would be helpful.

A strength of this study is the fact that subjects with
abnormal cortisol-binding states were excluded, as serum
cortisol levels may not be accurate for the diagnosis
of Al amongst these subjects. To achieve this study’s
objectives, the study population was kept homogenous
and intentionally excluded patients with conditions that
may affect cortisol binding, to minimise the presence of
confounding factors that may affect serum cortisol levels.
However, as these subjects were not assessed in this study,
further studies would be required to investigate the role
of salivary cortisol for the diagnosis of Al in subjects with
altered cortisol-binding states and to validate whether
the same diagnostic threshold can be used.

Another strength was that this study aimed to be
reflective of real-life clinical practice in the diagnosis
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of Al First, Al was defined based on AST rather than the
insulin tolerance test. The latter is associated with multiple
risks and is largely limited to research settings, and AST
has been validated against it for the diagnosis of primary
Al (3). Secondly, like most other studies, serum cortisol
was measured using an immunoassay. Ideally, LC-MS/
MS is the gold standard for the measurement of serum
cortisol. Significant variability between different modern
cortisol immunoassays has been described, including the
suggestion of different diagnostic thresholds for Al based
on different immunoassays used (37, 41). However, LC-MS/
MSisnot widely available in clinical settings, and the use of
immunoassay is more reflective of clinical practice. Al was
diagnosed if the peak serum cortisol levels failed to reach
500 nmol/L at 30 or 60 min in accordance with societal
clinical practice guidelines (3).

Thirdly, salivary cortisol measurement was performed
using LC-MS/MS, and salivary cortisol was collected using
a salivette, which has been shown to be a reliable method
even at low amounts of saliva or cortisol levels. Poll et al.
demonstrated that salivary cortisol collection using
salivettes was a better predictor of total and free serum
cortisol compared to the passive drooling method and that
it was the preferred method by participants and staff (42).

However, there are also several limitations. First,
despite standardising the procedure for salivary cortisol
collection, several (9) subjects had their salivary cortisol
specimens rejected by the laboratory due to ‘insufficient
specimens’. Amongst these patients, one had a medical
history of Sjogren's syndrome, one had a previous
stroke with significant neurological deficit, and two
had hypothyroidism. These conditions may affect the
production or collection of saliva samples (43, 44).

This had not been reported in other studies looking at
the role of salivary cortisol in AST. It is possible that the
frequency of saliva samples required (three within an
hour) could affect the adequacy of saliva collected in the
subsequent samples. If the salivary cortisol collection
can potentially be reduced to one (at the 60-min mark),
this may mitigate the issue. However, further assessment
is required before introducing this as a clinical test, and
subjects with altered saliva production may need to be
excluded. Secondly, the number of participants included
in this study was smaller compared to other existing
studies.

Lastly, salivary cortisone was not measured in this
study. Salivary cortisol is converted to salivary cortisone
by the 11g-hydroxysteroid dehydrogenase 2 enzyme that
is present in high levels in the saliva (45). Several recent
studies have explored its role in the diagnosis of Al. Elder
etal. described a strong correlation between serum cortisol
and salivary cortisol following AST (18). Debono et al. also
described that a waking salivary cortisone cut-off value
of 17 nmol/L had good sensitivity and specificity for the
diagnosis of Al (46). Further studies to investigate and
validate these diagnostic thresholds for the diagnosis of Al
would be helpful.

In conclusion, salivary cortisol is a promising
alternative to serum cortisolin the diagnosis of Al following
AST. Serum and salivary cortisol levels demonstrated a
good correlation during the AST. A peak salivary cortisol
cut-off of 16.0 nmol/L measured using LC-MS/MS has a
good sensitivity and specificity for the diagnosis of Al. Not
only is salivary cortisol potentially more accurate than
serum cortisol in the diagnosis of Al, it is also a simple
and less invasive alternative. The use of salivary cortisol
can potentially improve the accuracy and accessibility
of the AST for the diagnosis of Al. Further studies would
be helpful to assess and validate its role in subjects with
altered cortisol-binding states.

Supplementary materials
This is linked to the online version of the paper at https://doi.org/10.1530/
EC-23-0004.

Declaration of interest
There are no conflicts of interest to disclose.

Funding

This work was funded by Pitch For Funds Award, SingHealth Duke-National
University of Singapore Medicine Academic Clinical Programme Research
Support Programme Grant (grant number 03/FY2018/P1/13-A28_
FY2020PFFO03).

© 2023 the author(s)
Published by Bioscientifica Ltd

https://ec.bioscientifica.com
https://doi.org/10.1530/EC-23-0004

This work is licensed under a Creative Commons
Attribution 4.0 International License.

(©MOM


https://doi.org/10.1530/EC-23-0004
https://doi.org/10.1530/EC-23-0004
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1530/EC-23-0004
https://ec.bioscientifica.com

' Endocrine

|
W CONNECTIONS

Data availability statement
The data that support the findings of this study are available from the
corresponding author upon reasonable request.

References

1 Ngaosuwan K, Johnston DG, Godsland IF, Cox J, Majeed A, Quint JK,
Oliver N & Robinson S. Increased mortality risk in patients with
primary and secondary adrenal insufficiency. Journal of Clinical
Endocrinology and Metabolism 2021 106 e2759-e2768. (https://doi.
org/10.1210/clinem/dgab096)

2 Puar THK, Stikkelbroeck NMML, Smans LCC]J, Zelissen PMJ &
Hermus AR. Adrenal crisis: still a deadly event in the 21st century.
American Journal of Medicine 2016 129 339.e1-339.e9. (https://doi.
0rg/10.1016/j.amjmed.2015.08.021)

3 Bornstein SR, Allolio B, Arlt W, Barthel A, Don-Wauchope A,
Hammer GD, Husebye ES, Merke DP, Murad MH, Stratakis CA,
et al. Diagnosis and treatment of primary adrenal insufficiency:
an Endocrine Society clinical practice guideline. Journal of Clinical
Endocrinology and Metabolism 2016 101 364-389. (https://doi.
0rg/10.1210/jc.2015-1710)

4 Brien TG. Human corticosteroid binding globulin.

Clinical Endocrinology 1981 14 193-212. (https://doi.
0rg/10.1111/j.1365-2265.1981.tb00616.x)

5 Heyns W, van Baelen H & de Moor P. Study of steroid-protein binding
by means of competitive adsorption: application to cortisol binding
in plasma. Clinica Chimica Acta 1967 18 361-370. (https://doi.
01g/10.1016/0009-8981(67)90032-0)

6 Beishuizen A, Thijs LG & Vermes I. Patterns of corticosteroid-
binding globulin and the free cortisol index during septic shock and
multitrauma. Intensive Care Medicine 2001 27 1584-1591. (https://doi.
0rg/10.1007/s001340101073)

7 Trifan A, Chiriac S & Stanciu C. Update on adrenal insufficiency in
patients with liver cirrhosis. World Journal of Gastroenterology 2013 19
445-456. (https://doi.org/10.3748/wjg.v19.i4.445)

8 Jung C, Ho JT, Torpy DJ, Rogers A, Doogue M, Lewis JG, Czajko R]

& Inder WJ. A longitudinal study of plasma and urinary cortisol
in pregnancy and postpartum. Journal of Clinical Endocrinology and
Metabolism 2011 96 1533-1540. (https://doi.org/10.1210/jc.2010-2395)

9 Burke CW. The effect of oral contraceptives on cortisol metabolism.
Journal of Clinical Pathology 1969 s1-3 11-18. (https://doi.org/10.1136/
jcp.s1-3.1.11)

10 Hamrahian AH, Oseni TS & Arafah BM. Measurements of serum free
cortisol in critically ill patients. New England Journal of Medicine 2004
350 1629-1638. (https://doi.org/10.1056/NEJM0a020266)

11 Tan T, Chang L, Woodward A, McWhinney B, Galligan J,

Macdonald GA, Cohen ] & Venkatesh B. Characterising adrenal
function using directly measured plasma free cortisol in stable severe
liver disease. Journal of Hepatology 2010 53 841-848. (https://doi.
01g/10.1016/j.jhep.2010.05.020)

12 Dichtel LE, Schorr M, Loures de Assis C, Rao EM, Sims JK, Corey KE,
Kohli B, Sluss PM, McPhaul MJ & Miller KK. Plasma free cortisol in
states of normal and altered binding globulins: implications for
adrenal insufficiency diagnosis. Journal of Clinical Endocrinology and
Metabolism 2019 104 4827-4836. (https://doi.org/10.1210/jc.2019-
00022)

13 Molenaar N, Groeneveld ABJ & de Jong MFC. Three calculations
of free cortisol versus measured values in the critically ill. Clinical
Biochemistry 2015 48 1053-1058. (https://doi.org/10.1016/].
clinbiochem.2015.07.014)

14 Vining RE, McGinley RA, Maksvytis JJ & Ho KY. Salivary cortisol:

a better measure of adrenal cortical function than serum cortisol.
Annals of Clinical Biochemistry 1983 20 329-335. (https://doi.
0rg/10.1177/000456328302000601)

15 Nieman LK, Biller BMK, Findling JW, Newell-Price J, Savage MO,
Stewart PM & Montori VM. The diagnosis of Cushing’s syndrome:
an Endocrine Society clinical practice guideline. Journal of Clinical
Endocrinology and Metabolism 2008 93 1526-1540. (https://doi.
org/10.1210/jc.2008-0125)

16 Cornes MP, Ashby HL, Khalid Y, Buch HN, Ford C & Gama R. Salivary
cortisol and cortisone responses to tetracosactrin (synacthen).

Annals of Clinical Biochemistry 2015 52 606-610. (https://doi.
0rg/10.1177/0004563215577838)

17 Dugkova M, Simtinkova K, Vitka J, Sosvorova L, Jandikova H,
Pospisilova H, Sramkova M, Kosdk M, Kr$ek M, Hana V, et al. A
comparison of salivary steroid levels during diagnostic tests for adrenal
insufficiency. Prague Medical Report 2016 117 18-33. (https://doi.
0rg/10.14712/23362936.2016.2)

18 Elder CJ, Harrison RE Cross AS, Vilela R, Keevil BG, Wright NP &

Ross RJ. Use of salivary cortisol and cortisone in the high- and low-
dose synacthen test. Clinical Endocrinology 2018 88 772-778. (https://
doi.org/10.1111/cen.13509)

19 Langelaan MLF, Kisters JMH, Oosterwerff MM & Boer AK. Salivary
cortisol in the diagnosis of adrenal insufficiency: cost efficient and
patient friendly. Endocrine Connections 2018 7 560-566. (https://doi.
0rg/10.1530/EC-18-0085)

20 Mak IYE, Au Yeung BYT, Ng YW, Choi CH, Iu HYP, Shek CC &

Tiu SC. Salivary cortisol and cortisone after low-dose corticotropin
stimulation in the diagnosis of adrenal insufficiency. Journal of the
Endocrine Society 2017 1 96-108. (https://doi.org/10.1210/js.2016-1056)

21 Nolan BJ, Sorbello J, Brown N, Dimeski G & Inder WJ. Characterization
of the serum and salivary cortisol response to the intravenous 250 pg
ACTH1-24 stimulation test. Endocrine 2018 59 520-528. (https://doi.
0rg/10.1007/s12020-017-1505-0)

22 Perogamvros I, Owen L], Keevil BG, Brabant G & Trainer PJ.
Measurement of salivary cortisol with liquid chromatography-tandem
mass spectrometry in patients undergoing dynamic endocrine testing.
Clinical Endocrinology 2010 72 17-21. (https://doi.org/10.1111/j.1365-
2265.2009.03582.x)

23 Kim YJ, Kim JH, Hong AR, Park KS, Kim SW, Shin CS & Kim SY.
Stimulated salivary cortisol as a noninvasive diagnostic tool for
adrenal insufficiency. Endocrinology and Metabolism 2020 35 628-635.
(https://doi.org/10.3803/EnM.2020.707)

24 Dennedy MC. Salivary cortisone and cortisol following synacthen, a
future replacement for serum cortisol? Commentary to: use of salivary
cortisol and cortisone in the high and low dose synacthen test. Clinical
Endocrinology 2018 88 770-771. (https://doi.org/10.1111/cen.13585)

25 Deutschbein T, Unger N, Mann K & Petersenn S. Diagnosis of
secondary adrenal insufficiency in patients with hypothalamic-
pituitary disease: comparison between serum and salivary cortisol
during the high-dose short synacthen test. European Journal of
Endocrinology 2009 160 9-16. (https://doi.org/10.1530/EJE-08-0600)

26 Contreras LN, Arregger AL, Persi GG, Gonzalez NS & Cardoso EM. A new
less-invasive and more informative low-dose ACTH test: salivary steroids
in response to intramuscular corticotrophin. Clinical Endocrinology 2004
61 675-682. (https://doi.org/10.1111/.1365-2265.2004.02144..x)

27 Kosak M, Hana V, Hill M, Simtinkova K, Lacinova Z, Kr$ek M &
Marek J. Serum cortisol seems to be a more appropriate marker for
adrenocortical reserve evaluation in ACTH test in comparison to
salivary cortisol. Physiological Research 2014 63 229-236. (https://doi.
0rg/10.33549/physiolres.932611)

28 Marcus-Perlman Y, Tordjman K, Greenman Y, Limor R, Shenkerman G,
Osher E & Stern N. Low-dose ACTH (1 ug) salivary test: a potential
alternative to the classical blood test. Clinical Endocrinology 2006 64
215-218. (https://doi.org/10.1111/j.1365-2265.2006.02451.x)

29 George GS, Jabbar PK, Jayakumari C, John M, Mini M, Thekkumkara
Surendran Nair A, Das DV, Gomez R, Sreenath R, Prasad N, et al.
Long-acting porcine ACTH stimulated salivary cortisol in the
diagnosis of adrenal insufficiency. Clinical Endocrinology 2020 93
652-660. (https://doi.org/10.1111/cen.14286)

© 2023 the author(s)
Published by Bioscientifica Ltd

https://ec.bioscientifica.com
https://doi.org/10.1530/EC-23-0004

This work is licensed under a Creative Commons
@ @ Attribution 4.0 International License.


https://doi.org/10.1210/clinem/dgab096
https://doi.org/10.1210/clinem/dgab096
https://doi.org/10.1016/j.amjmed.2015.08.021
https://doi.org/10.1016/j.amjmed.2015.08.021
https://doi.org/10.1210/jc.2015-1710
https://doi.org/10.1210/jc.2015-1710
https://doi.org/10.1111/j.1365-2265.1981.tb00616.x
https://doi.org/10.1111/j.1365-2265.1981.tb00616.x
https://doi.org/10.1016/0009-8981(67)90032-0
https://doi.org/10.1016/0009-8981(67)90032-0
https://doi.org/10.1007/s001340101073
https://doi.org/10.1007/s001340101073
https://doi.org/10.3748/wjg.v19.i4.445
https://doi.org/10.1210/jc.2010-2395
https://doi.org/10.1136/jcp.s1-3.1.11
https://doi.org/10.1136/jcp.s1-3.1.11
https://doi.org/10.1056/NEJMoa020266
https://doi.org/10.1016/j.jhep.2010.05.020
https://doi.org/10.1016/j.jhep.2010.05.020
https://doi.org/10.1210/jc.2019-00022
https://doi.org/10.1210/jc.2019-00022
https://doi.org/10.1016/j.clinbiochem.2015.07.014
https://doi.org/10.1016/j.clinbiochem.2015.07.014
https://doi.org/10.1177/000456328302000601
https://doi.org/10.1177/000456328302000601
https://doi.org/10.1210/jc.2008-0125
https://doi.org/10.1210/jc.2008-0125
https://doi.org/10.1177/0004563215577838
https://doi.org/10.1177/0004563215577838
https://doi.org/10.14712/23362936.2016.2
https://doi.org/10.14712/23362936.2016.2
https://doi.org/10.1111/cen.13509
https://doi.org/10.1111/cen.13509
https://doi.org/10.1530/EC-18-0085
https://doi.org/10.1530/EC-18-0085
https://doi.org/10.1210/js.2016-1056
https://doi.org/10.1007/s12020-017-1505-0
https://doi.org/10.1007/s12020-017-1505-0
https://doi.org/10.1111/j.1365-2265.2009.03582.x
https://doi.org/10.1111/j.1365-2265.2009.03582.x
https://doi.org/10.3803/EnM.2020.707
https://doi.org/10.1111/cen.13585
https://doi.org/10.1530/EJE-08-0600
https://doi.org/10.1111/j.1365-2265.2004.02144.x
https://doi.org/10.33549/physiolres.932611
https://doi.org/10.33549/physiolres.932611
https://doi.org/10.1111/j.1365-2265.2006.02451.x
https://doi.org/10.1111/cen.14286
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1530/EC-23-0004
https://ec.bioscientifica.com

Endocrine

|
W CONNECTIONS

30 Albert L, Profit6s J, Sanchez-Delgado J, Capel I, Gonzdlez-
Clemente JM, Subias D, Cano A, Berlanga E, Espinal A, Hurtado M,
et al. Salivary cortisol determination in ACTH stimulation test
to diagnose adrenal insufficiency in patients with liver cirrhosis.
International Journal of Endocrinology 2019 2019 7251010. (https://doi.
0rg/10.1155/2019/7251010)

31 Chao CS, Shi RZ, Kumar RB & Aye T. Salivary cortisol levels by tandem
mass spectrometry during high dose ACTH stimulation test for adrenal
insufficiency in children. Endocrine 2020 67 190-197. (https://doi.
01g/10.1007/512020-019-02084-8)

32 Elbuken G, Tanriverdi F, Karaca Z, Kula M, Gokahmetoglu S,
Unluhizarci K & Kelestimur E Comparison of salivary and calculated
free cortisol levels during low and standard dose of ACTH stimulation
tests in healthy volunteers. Endocrine 2015 48 439-443. (https://doi.
01g/10.1007/512020-014-0378-8)

33 Raff H, Brock S & Findling JW. Cosyntropin-stimulated salivary
cortisol in hospitalized patients with hypoproteinemia. Endocrine
2008 34 68-74. (https://doi.org/10.1007/s12020-008-9101-y)

34 Burgos N, Ghayee HK & Singh-Ospina N. Pitfalls in the
interpretation of the cosyntropin stimulation test for the
diagnosis of adrenal insufficiency. Current Opinion in Endocrinology,
Diabetes, and Obesity 2019 26 139-145. (https://doi.org/10.1097/
MED.0000000000000473)

35 Beckman Coulter. Beckman Coulter access cortisol assay instructions
for use. Brea, CA, USA: Beckman Coulter, 2023. (available at: https://
www.beckmancoulter.com/download/file/phxA33262T-EN_US/
A33262T?type=pdf).

36 Erickson D, Singh RJ, Sathananthan A, Vella A & Bryant SC. Late-
night salivary cortisol for diagnosis of Cushing’s syndrome by liquid
chromatography/tandem mass spectrometry assay. Clinical Endocrinology
2012 76 467-472. (https://doi.org/10.1111/j.1365-2265.2011.04239.x)

37 Hawley JM, Owen LJ, Lockhart SJ, Monaghan PJ, Armston A,
Chadwick CA, Wilshaw H, Freire M, Perry L & Keevil BG. Serum
cortisol: an up-to-date assessment of routine assay performance.
Clinical Chemistry 2016 62 1220-1229. (https://doi.org/10.1373/
clinchem.2016.255034)

38 Karpman MS, Neculau M, Dias VC & Kline GA. Defining adrenal
status with salivary cortisol by gold-standard insulin hypoglycemia.
Clinical Biochemistry 2013 46 1442-1446. (https://doi.org/10.1016/j.
clinbiochem.2013.05.004)

39 Grinspoon SK & Biller BM. Clinical review 62: Laboratory
assessment of adrenal insufficiency. Journal of Clinical Endocrinology
and Metabolism 1994 79 923-931. (https://doi.org/10.1210/
jcem.79.4.7962298)

40 Restituto B, Galofré JC, Gil MJ, Mugueta C, Santos S, Monreal JT &
Varo N. Advantage of salivary cortisol measurements in the diagnosis
of glucocorticoid related disorders. Clinical Biochemistry 2008 41
688-692. (https://doi.org/10.1016/j.clinbiochem.2008.01.015)

41 Kline GA, Buse J & Krause RD. Clinical implications for biochemical
diagnostic thresholds of adrenal sufficiency using a highly specific
cortisol immunoassay. Clinical Biochemistry 2017 50 475-480. (https://
doi.org/10.1016/j.clinbiochem.2017.02.008)

42 Poll EM, Kreitschmann-Andermahr I, Langejuergen Y, Stanzel S,
Gilsbach JM, Gressner A & Yagmur E. Saliva collection method affects
predictability of serum cortisol. Clinica Chimica Acta 2007 382 15-19.
(https://doi.org/10.1016/j.cca.2007.03.009)

43 Kassan SS & Moutsopoulos HM. Clinical manifestations and early
diagnosis of Sjogren syndrome. Archives of Internal Medicine 2004 164
1275-1284. (https://doi.org/10.1001/archinte.164.12.1275)

44 Koczor-Rozmus A, Zwirska-Korczala K, Sadlak-Nowicka J, Ilewicz L,
Mayer-Parka D & Wierucka-Mtynarczyk B. Evaluation of salivary gland
function in women with autoimmune thyroid diseases. Wiadomosci
Lek Wars Pol 1960 2003 56 412-418.

45 Debono M, Harrison RE, Whitaker M]J, Eckland D, Arlt W, Keevil BG
& Ross RJ. Salivary cortisone reflects cortisol exposure under
physiological conditions and after hydrocortisone. Journal of Clinical
Endocrinology and Metabolism 2016 101 1469-1477. (https://doi.
01g/10.1210/jc.2015-3694)

46 Debono M, Elder CJ, Lewis J, Fearnside J, Caunt S, Dixon S,

Jacques RM, Newell-Price J, Whitaker M], Keevil B, et al. Home waking
salivary cortisone to screen for adrenal insufficiency. NEJM Evidence
2023 2 [epub]. (https://doi.org/10.1056/EVID0a2200182)

Received 7 February 2023

Accepted 16 February 2023

Available online 17 February 2023

Version of Record published 28 March 2023

https://ec.bioscientifica.com
https://doi.org/10.1530/EC-23-0004

© 2023 the author(s)
Published by Bioscientifica Ltd

This work is licensed under a Creative Commons
Attribution 4.0 International License.

(©MOM


https://doi.org/10.1155/2019/7251010
https://doi.org/10.1155/2019/7251010
https://doi.org/10.1007/s12020-019-02084-8
https://doi.org/10.1007/s12020-019-02084-8
https://doi.org/10.1007/s12020-014-0378-8
https://doi.org/10.1007/s12020-014-0378-8
https://doi.org/10.1007/s12020-008-9101-y
https://doi.org/10.1097/MED.0000000000000473
https://doi.org/10.1097/MED.0000000000000473
https://www.beckmancoulter.com/download/file/phxA33262T-EN_US/A33262T?type=pdf
https://www.beckmancoulter.com/download/file/phxA33262T-EN_US/A33262T?type=pdf
https://www.beckmancoulter.com/download/file/phxA33262T-EN_US/A33262T?type=pdf
https://doi.org/10.1111/j.1365-2265.2011.04239.x
https://doi.org/10.1373/clinchem.2016.255034
https://doi.org/10.1373/clinchem.2016.255034
https://doi.org/10.1016/j.clinbiochem.2013.05.004
https://doi.org/10.1016/j.clinbiochem.2013.05.004
https://doi.org/10.1210/jcem.79.4.7962298
https://doi.org/10.1210/jcem.79.4.7962298
https://doi.org/10.1016/j.clinbiochem.2008.01.015
https://doi.org/10.1016/j.clinbiochem.2017.02.008
https://doi.org/10.1016/j.clinbiochem.2017.02.008
https://doi.org/10.1016/j.cca.2007.03.009
https://doi.org/10.1001/archinte.164.12.1275
https://doi.org/10.1210/jc.2015-3694
https://doi.org/10.1210/jc.2015-3694
https://doi.org/10.1056/EVIDoa2200182
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1530/EC-23-0004
https://ec.bioscientifica.com

	Abstract
	Background
	Methods
	Subjects
	ACTH stimulation test
	Laboratory assays
	Statistical analysis

	Results
	Relationship between serum and salivary cortisol after AST
	ROC analysis

	Discussion
	Supplementary materials
	Declaration of interest
	Funding
	Data availability statement
	References

