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Abstract

Context: The low-dose short synacthen test (LDSST) is recommended for patients with 
suspected central adrenal insufficiency (AI) if their basal serum cortisol (F) levels are not 
indicative of an intact hypothalamic–pituitary–adrenal (HPA) axis.
Objective: To evaluate diagnostic threshold for salivary F before and 30 min after 
administering 1 μg of synacthen, performed before 09:30 h.
Design: A cross-sectional study from 2014 to 2020.
Setting: A tertiary referral university hospital.
Patients: In this study, 174 patients with suspected AI, 37 with central AI and 137 adrenal 
sufficient (AS), were included.
Main outcome measure: The diagnostic accuracy (sensitivity (SE), specificity (SP)) of serum 
and salivary F levels measured, respectively, by chemiluminescence immunoassay and 
liquid chromatography-tandem mass spectrometry.
Results: Low basal serum or salivary F levels could predict AI. For the LDSST, the best 
ROC-calculated threshold for serum F to differentiate AI from AS was 427 nmol/L  
(SE 79%, SP 89%), serum F > 500 nmol/L reached SP 100%. A salivary F peak > 12.1 nmol/L 
after administering synacthen reached SE 95% and SP 84% for diagnosing central AI, 
indicating a conclusive reduction in the likelihood of AI. This ROC-calculated threshold for 
salivary F was similar to the 2.5th percentile of patients with a normal HPA axis, so it was 
considered sufficient to exclude AI. Considering AS those patients with salivary F > 12.1 nmol/L 
after LDSST, we could avoid unnecessary glucocorticoid treatment: 99/150 subjects (66%) 
had an inadequate serum F peak after synacthen, but salivary F was  
>12.1 nmol/L in 79 cases, who could, therefore, be considered AS.
Conclusions: Salivary F levels > 12.1 nmol/L after synacthen administration can indicate an 
intact HPA axis in patients with an incomplete serum F response, avoiding the need to start 
glucocorticoid replacement treatment.
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Introduction

The correct diagnosis of central adrenal insufficiency 
(AI) is a matter of debate (1), partly because an adequate 
glucocorticoid (GC) replacement therapy is life-saving, but 
inappropriate treatment is detrimental (2, 3). Signs and 
symptoms of AI are often non-specific (fatigue, orthostatic 
hypotension, nausea, vomiting), and a clinical suspicion 
needs to be confirmed by biochemical testing.

Baseline morning unstimulated serum cortisol (F) 
levels are measured in patients with suspected central 
AI, but the results are affected by variations in binding 
proteins, and most of the commercially available F assays 
are not very accurate in the low range of normality (1, 
4, 5, 6). The Endocrine Society guidelines only confirm 
central AI in patients with very low morning basal serum 
F levels (≤83 nmol/L, 3 µg/dL), whereas only high serum F 
levels (≥415 nmol/L) can confirm a normal hypothalamic–
pituitary–adrenal (HPA) axis (2). A confirmatory dynamic 
test is, therefore, required for serum F levels in the range 
of 83–415 nmol/L (2). The gold standard is the insulin 
tolerance test (ITT), but it is complicated to perform in the 
outpatient setting. It demands careful supervision and is 
not recommended in frail patients because of the possible 
side effects (7). In clinical practice, the corticotropin 
stimulation test is widely used to diagnose AI, although 
there is no consensus on the most suitable dosage (250 or  
1 µg) and patient preparation, the timing of blood  
sampling after the injection (20, 30, or 60 min), or the cut-
off for diagnosing AI (500 or 550 nmol/L) (4, 7). Regarding the 
measurement of serum cortisol levels, the use of modern 
immunoassays results in lower cortisol concentrations 
(8), because outdated radioimmunoassays were not able 
to differentiate compounds with structural similarity to 
the target molecule as cortisone (E) and F (9, 10). The use 
of liquid chromatography-tandem mass spectrometry  
(LC-MS/MS) is increasing, and reduced thresholds to define 
AI have been reported (8).

In recent years, measuring salivary F has been proposed 
for patients with hypothalamic–pituitary–adrenal (HPA) 
axis disease (11). Salivary F reflects serum-free F levels; 
an altered concentration of binding proteins minimally 
affects its diagnostic accuracy (12, 13), also in the case 
of women consuming oral estrogens and suspected 
hypercortisolism (14). 11β-hydroxysteroid dehydrogenase 
type 2 (11β-HSD2) is strongly expressed in the salivary 
glands and converts F to E, which has been suggested as a 
marker of treatment in patients with AI (15). Measurement 
of salivary F or E is suggested in patients with adrenal 
insufficiency (11), providing a non-invasive alternative to 

serum cortisol levels (16), and recently it has been reported 
as an adjuvant tool to increase the diagnostic accuracy 
of the corticotropin stimulation test in adult or pediatric 
patients with AI (13, 17).

We examined a series of consecutive patients with 
suspected central AI using the low-dose (1 µg) short 
synacthen test (LDSST), measuring serum and salivary 
F at the baseline and 30 min after administering the 
synacthen. Our aim was to assess the value of salivary F 
as an adjunctive tool for distinguishing patients with a 
normal HPA axis from those with AI requiring lifelong  
GC replacement treatment.

Materials and methods

Patient selection and cortisol measurement

Using a dedicated query in the web-based Padova University 
Hospital database, we collected all consecutive LDSSTs 
performed from December 2014 to July 2019 (n = 270). 
Combined serum and salivary results were available for  
214 tests. After applying the selection criteria listed below 
and ensuring that a clinical follow-up consultation 
conducted at least 12 months after the baseline visit 
was available in all cases enrolled with suspected AI,  
174 patients were included in our final analyses.

A LDSST was performed in patients with suspected 
central AI based on the following criteria:

-	 evidence of a sellar mass (a pituitary adenoma, 
with signs of compression/invasion of neighboring 
structures, or a sellar-parasellar lesion that might cause 
HPA axis damage);

-	 a history of pituitary/skull base surgery (at least  
3 months before the suspicion of AI);

-	 a history of radiotherapy (RT, at least 3 months before 
the suspicion of AI);

-	 signs or symptoms consistent with AI: orthostatic 
hypotension (fall in systolic > 20 mmHg and diastolic 
> 10 mmHg within 3 min upon standing, without 
medical treatment), unexplained hyponatremia  
(<134 nmol/L), unexplained hypoglycemia in patients 
not using anti-diabetic drugs, salt craving, fatigue;

-	 HPA axis suppression after remission of endogenous 
Cushing’s syndrome (CS) or after withdrawal of 
exogenous GC.

After an accurate endocrine and clinical work-up, our 
cohort was divided into two groups based on their HPA axis 
and GC treatment:
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-	 Patients with central AI: 37 patients who started 
chronic GC replacement therapy after their baseline 
assessment (morning basal unstimulated serum F level 
≤ 83 nmol/L, endocrine examination of HPA axis, 
signs and symptoms of AI, and clinical history);

-	 Adrenal sufficient (AS) patients: 137 subjects not 
requiring GC supplementation. From a clinical 
perspective, we further divided AS subjects into two 
groups: 106 patients with a normal HPA axis, not 
requiring any GC treatment; 31 patients with relative 
adrenal sufficiency (RAS). These patients with RAS 
were characterized by normal or normal-to-low basal F 
levels, and they did not reach clearly sufficient F levels 
in the LDSST (>500 nmol/L). Therefore, their HPA 
axis was judged adequate for normal life activities, 
with some limitations in relation to stressful events, 
when GC treatment was suggested. They were well-
educated individuals aware of their incomplete HPA 
axis response: they were advised to take GC therapy 
only in the event of illness, body temperature > 38°C, 
major/minor surgery, endoscopic procedures, or 
other events that might precipitate an adrenal crisis 
(18). They were registered with a medical alert service 
and given a steroid alert card and scheduled for 
annual training sessions by nurses on how to manage 
their daily medication and any minor or moderate 
concurrent illnesses. All patients with central AI or 
RAS were given supplies to enable their self-injection 
of parenteral GC (19).

In accordance with STARD (standards for reporting 
diagnostic accuracy studies) criteria, we considered the 
final diagnosis (based on the previously mentioned criteria) 
as the reference standard. Patients were then grouped as cases 
of central AI (on chronic GC treatment, n = 37), RAS (given 
stress doses of GC according to need, n = 31), or normal 
HPA axis (without any GC replacement therapy, n = 106).

This observational study was conducted in accordance 
with the STrengthening the Reporting of OBservational 
studies in Epidemiology (STROBE) guidelines (20).

The concentration of 1 μg/mL of synacthen was 
obtained by diluting a vial of ACTH (available in a  
250 μg/mL ready-to-use formulation, Synacthen®) in  
249 mL of sterile saline physiological solution  
(NaCl 0.9%), then collecting 1 mL of the solution (1), 
injected directly in the catheter hub, to avoid tubing 
effect (21). Serum and salivary samples were collected 
simultaneously, at the baseline and 30 min after the 
injection of 1 μg of ACTH. LDDST was performed in the 
early morning (before 09:30 h) in all patients.

Serum F was measured by chemiluminescence 
immunoassay (Immulite 2000, Siemens Healthcare; 
limit of detection 6 nmol/L). Saliva was collected in a 
cotton-based sampling device with or without citric acid 
(Salivette® green or blank cap commercial device, Sarstedt, 
Numbrecht, Germany). Patients were advised to soak the 
absorbent cotton for 2 or 3 min, then the saliva sample 
was placed in a plastic tube and kept at +4°C. Samples 
were collected at least 30 min before eating or drinking, to 
avoid any source of food contamination. Patients brushed 
their teeth at least 30 min before collection. Smoking or 
eating licorice was forbidden (22). Salivary F and E levels 
were measured with a LC-MS/MS method, as detailed 
elsewhere (23).

Written consent was obtained from all participants 
after fully explaining the purpose of the study and the 
nature of all the procedures used. The study complied 
with the principles of the Declaration of Helsinki and was 
approved by the Ethics Committee at Padova University 
Hospital (protocol No. 0070140-2020). The clinical data 
were collected from the Padova University Hospital web-
based database.

Statistical analyses

Proportions and rates were calculated for categorical 
data. Continuous data are reported as means and 
s.e. Groups were compared with the chi-square 
test for categorical variables (the raw P values were 
adjusted with the Bonferroni method to take multiple  
comparisons into account) and with Student’s t-test for 
quantitative variables.

To measure endocrine serum or salivary response 
after administering synacthen, we recorded the values  
30 min after injection (termed F30LDSST or E30LDSST, for F and 
E) and calculated the difference between the stimulated 
and basal levels (∆), or their percentage increase (∆%). We 
ran receiver operating curve (ROC) analyses to ascertain 
the sensitivity (SE), specificity (SP), and their 95% CI. We 
calculated the likelihood ratio (LR) of the test results as this 
is independent of disease prevalence: a positive LR (LRpos) 
and a negative LR (LRneg), respectively, indicate that by how 
much the probability of HPA axis-related disease increases 
or decreases if the test result is positive or negative, with 
the 95% CI calculated using the method proposed by Simel 
et al. (24).

The SPSS 24 software package for Windows (SPSS, Inc.) 
was used to manage the database and perform the statistical 
analysis. The significance level was set at P < 0.05 for all 
tests. All data analyzed during this study are included in 
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the data repositories of the University of Padova – Research 
Data UniPD (25).

Results

Diagnostic accuracy of serum and salivary F and E

Based on their clinical presentation, we tested patients 
with a sellar mass (n = 40); after brain or pituitary surgery 
(n = 59); after RT (n = 17); with symptoms of AI (n = 40); 
after GC withdrawal (n = 18). As shown in Table 1, basal 
F levels were similar among AS patients, and only peak 
F after synacthen administration was lower in patients  
with RAS.

Salivary F and E correlated with serum F in all patients, 
at baseline and after LDSST, as reassumed in Table 2 and 
depicted in Fig. 1. Poor correlation between serum F and 
salivary F or E is reported in AS patients (available in data 
repository (25)).

As shown in Table 3, central AI was diagnosed mainly 
in patients with tertiary or hypothalamic AI after CS or 
exogenous GC treatment. In up to 90% of cases, patients 
with a sellar lesion (with no history of surgery or RT) did 
not have central AI (P < 0.001 with the Bonferroni-adjusted 
comparison).

Table 4 shows the diagnostic accuracy of serum or 
salivary F in 37 patients with central AI and 137 AS cases. 
The diagnostic accuracy of basal unstimulated salivary 
F or E was similar to that of serum F; the SP of salivary E0 
to indicate central AI was higher than that of salivary F0 
(83% vs 68%, P < 0.05). An unstimulated salivary F0 > 9.8 
nmol/L presented SP 100% to predict an intact HPA axis. 
Considering serum F30LDSST > 500 nmol/L or salivary 
F30LDSST > 12.1 nmol/L as sufficient thresholds to exclude AI, 
a basal salivary F0 > 9.8 nmol/L can be used to predict the 
normal response to LDSST (100% SP).

The salivary F peak in the LDSST (salivary F30LDSST > 
12.1 nmol/L) showed a good SE and SP (95 and 84%, 
respectively) in diagnosing central AI, with LRneg <0.1, which 
indicates a conclusive decrease in the likelihood of disease. 
Salivary F30LDSST achieved a SE of 100% in diagnosing AI if  
<7.2 nmol/L (SP 51%), and a SP of 100% in ruling out AI if 
>23.6 nmol/L (SE 59%). The differences between the basal 
and peak salivary F values (Δ) were accurate in excluding AI 
if ΔSalivary_F > 7.5 nmol/L (SE 93%, SP 78%).

LDSST in patients with clearly insufficient or 
sufficient basal serum F0

The LDSST was performed in 16 patients with basal serum 
F0 ≤ 83 nmol/L. Their mean serum F30LDSST was 136 nmol/L, 
and their mean salivary F0 and salivary E0 were 1 and  
4.6 nmol/L, respectively, which rose to a mean salivary  
F30LDSST and salivary E30LDSST of 2.6 and 8.3 nmol/L, 
respectively. All patients with low basal serum  
F0 (≤83 nmol/L) reached an inadequate salivary peak 
(salivary F30LDSST in the range of 0.5–4.7 nmol/L).

The LDSST was also performed in eight patients with 
basal serum F0 ≥ 415 nmol/L. Their mean serum F30LDSST 
was 612 nmol/L, and their mean salivary F0 and salivary 
E0 were 11.9 and 39.8 nmol/L, respectively, which rose to 
a mean salivary F30LDSST and salivary E30LDSST of 27.9 and 
56.9 nmol/L, respectively. All these patients reached a peak 
salivary F30LDSST > 12.1 nmol/L.

Excluding those 24 patients with clearly insufficient 
or sufficient basal serum F0 to, respectively, diagnose AI 
or define AS, we consider a group of 150 subjects with  
borderline basal serum F levels (83–415 nmol/L) and the 
indication to perform a LDSST: 21 with AI and 129 AS  
patients (31 cases with RAS). Overall, the diagnostic  
accuracy of serum and salivary F was similar to that obtained 
in the whole cohort of patients (reported in Table 5).

Table 1 Basal and post-synacthen serum or salivary cortisol (F) and cortisone (E) levels. Data are expressed as means and s.e.

 Adrenal sufficient patients, n = 137  
Central AI, n = 37Normal HPA axis, n = 106 RAS, n = 31

Serum F0 (nmol/L) 287.1 (9.7) 265.4 (12.2) 114.7 (15.1)a,b

Serum F30LDSST(nmol/L) 512.4 (9.6) 426.7 (13.4)a 257.6 (24.3)a,b

Salivary F0 (nmol/L) 5.82 (0.33) 5.87 (0.48) 2.26 (0.33)a,b

Salivary F30LDSST (nmol/L) 31.16 (1.5) 21.45 (1.45)a 7.54 (1)a,b

Salivary E0 (nmol/L) 28.7 (1.26) 25.14 (1.62) 12.85 (2.52)a,b

Salivary E30LDSST (nmol/L) 63.63 (2.21) 49.6 (3.2)a 23.74 (2.92)a,b

Salivary F/E0 0.21 (0.01) 0.24 (0.02) 0.32 (0.07)
Salivary F/E30 0.5 (0.02) 0.46 (0.04) 0.44 (0.13)

aP < 0.001 vs no treatment; bP < 0.001 vs stress dose.
AI, adrenal insufficiency; HPA, hypothalamic–pituitary–adrenal; RAS, relative adrenal sufficiency.
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Threshold for serum and salivary F

As shown in Fig. 2, in 49 out of 51 patients with basal 
serum F0 83–415 nmol/L the LDSST was sufficient to rule 
out central AI, while RAS was suspected in two patients 
(evaluated 4 months after pituitary surgery, with serum 
F30LDSST 516 and 502 nmol/L, respectively). As depicted in 
Fig. 3, patients with AI had lower F levels and a lower F peak 
in the LDSST. Serum or salivary peak F levels in the patients 
with RAS were intermediate between patients with central 
AI and those with a normal HPA axis. Considering the 
threshold calculated for salivary F30LDSST (12.1 nmol/L), 
the patients with RAS would be classified AS, both in the 
cohort as a whole and in the subset with basal borderline 
serum F levels (83–415 nmol/L, Fig. 3, panel B).

The cut-off for the salivary F peak in the LDSST for 
assuming a normal HPA axis was set as the 2.5th percentile 
of patients with peak serum F > 500 nmol/L levels during 
the test. Salivary F30LDSST ≥ 12.1 nmol/L was considered 
sufficient to exclude AI (this threshold is the same as the 
ROC-calculated cut-off described in Tables 4 and 5). This 
threshold could be used to prevent unnecessary treatments 
in most cases of suspected central AI. Overall, 99 out of 150 
patients (66%) had an inadequate F30LDSST (≤500 nmol/L), 
but in 79 of them (80%), the response to synacthen in 
terms of salivary F30LDSST was >12.1 nmol/L, meaning that 
these patients could be considered AS (Fig. 2). The HPA axis 
of these 79 patients was considered normal in 48 cases, RAS 
in 25, and consistent with central AI in six. An inadequate 
serum and salivary response in the LDSST were seen in 20 
out of 99 patients (Fig. 2). Most of them (15/20, 75%) were 
considered cases of central AI. A RAS condition was defined 
in three patients after pituitary surgery (one combined 
with radiotherapy).

From a clinical perspective, none of the patients 
in the RAS group experienced an adrenal crisis during 
the follow-up after the baseline visit (mean 26 months,  

Table 2 Correlation coefficients between salivary cortisol (F) and cortisone (E) and serum F.

All patients, n = 174
Adrenal sufficient patients, n = 137

Central AI, n = 37Normal HPA axis, n = 106 RAS, n = 31

Salivary F and serum F
 Baseline (before LDSST) 0.75 (0.68–0.81)a 0.55 (0.40–0.67)a 0.75 (0.55–0.87)a 0.73 (0.53–0.85)a

 30 min after 1 μg ACTH 0.50 (0.38–0.60)a ns ns 0.62 (0.38–0.79)a

 Pooled results (before and after LDSST) 0.68 (0.62–0.73)a 0.66 (0.57–0.73)a 0.71 (0.56–0.82)a 0.72 (0.58–0.81)a

Salivary E and serum F
 Baseline (before LDSST) 0.67 (0.58–0.75)a 0.55 (0.40–0.67)a 0.54 (0.23–0.73)b 0.65 (0.40–0.81)a

 30 min after 1 μg ACTH 0.64 (0.54–0.72)a ns ns 0.74 (0.54–0.86)a

 Pooled results (before and after LDSST) 0.76 (0.71–0.80)a 0.70 (0.63–0.76)a 0.67 (0.50–0.72)a 0.73 (0.60–0.83)a

aP < 0.001; bP < 0.01
AI, adrenal insufficiency; HPA, hypothalamic–pituitary–adrenal; RAS, relative adrenal sufficiency.

Figure 1
Passing-Bablok regression between serum cortisol (F) and salivary F 
(panel A: y = 0.06x − 7.11, r = 0.68, P < 0.001) or salivary cortisone  
(E, panel B: y = 0.12x − 3.48, r = 0.76, P < 0.001) in all patients, for both 
basal and post-synacthen samples (n = 348).
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range 12–54 months, at least 12 months per selection 
criteria), five needed a GC dose for stress (two during 
endoscopic procedures, three during infections), and none 
shifted from the RAS to the central AI group.

We calculated the 2.5th and 97.5th percentiles of 
the basal salivary F for the 59 patients with a normal 
HPA axis and basal serum F levels > 415 nmol/L, or serum 
F30LDSST > 500 nmol/L. The lower threshold was 2 nmol/L 
(SE 91.2% in detecting AI), and the upper threshold was 
16.4 nmol/L (SP 100% in excluding AI).

Discussion

Diagnosing central AI correctly is of the utmost importance 
because cortisol-related comorbidities can develop if a 
patient with a normal HPA axis is given unwarranted  
GC treatment.

We grouped our cohort of patients according to their 
clinical presentation, endocrine evaluation of their HPA 
axis, and the type of treatment recommended. Patients 
with central AI are easy to identify according to the 
Endocrine Society guidelines (2). On the other hand, 
the guidelines define those with a normal HPA axis as 
patients whose basal or stimulated F levels exceed given 
thresholds, which are high and not always achieved in 
clinical practice. Other authors have already suggested 
an intermediate phenotype – what we have called RAS 
– when assessing a patient’s HPA axis (17). From an 
endocrine perspective, hormone secretion occurs on 
a continuum: subclinical or intermediate scenarios 
are frequently encountered in clinical practice, like 
subclinical hypercortisolism, hypo- or hyperthyroidism, 
and so on (26, 27, 28).

Two meta-analyses (4, 7) previously showed and the 
Endocrine Society guidelines (2) have reiterated that 
corticotropin test (either standard- or low-dose) is not 
always enough to judge HPA axis integrity. In both meta-
analyses, most studies described the use of standard-dose 
(250 μg) synacthen test. In our clinical practice, in patients 
with suspected central adrenal insufficiency, we currently 
use low dose (1 μg) synacthen test (1). It is suggested 
that 250 μg is an excessive stimulus, eliciting very high 
circulating ACTH levels (29); these high ACTH levels are 
excessive to detect a mild central AI in patients with partial 
HPA axis impairment (adrenal responsiveness to high doses 
of ACTH may be preserved, with a resultant false-negative 
SST). From a clinical perspective, the LDSST suffers from a 
low SE: an insufficient serum F response to ACTH cannot 
confirm AI. This means that a complete and accurate Ta
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clinical assessment is needed. A patient with low-to-
normal F levels after surgery and RT for a pituitary macro-
adenoma is more likely to have central AI, for instance, so 
further dynamic tests are required in most patients. These 
may include the ITT (often considered the gold standard, 
but requiring medical supervision (30)), the metyrapone 
test (not recommended by the guidelines, and requiring 
an appropriate assay for measuring 11-deoxycortisol levels 
(30)), or the corticotropin-releasing hormone test (the 
diagnostic accuracy of which is debated (31)). On the other 
hand, the LDSST is easy to perform, convenient, and safe.

We examined the diagnostic accuracy of salivary F 
in 174 consecutive patients with suspected central AI. In 
our unselected cohort, basal unstimulated serum F levels 
sufficed to confirm or rule out AI without any further 
dynamic tests only in 24 cases (≤83 or ≥415 nmol/L in 
16 and 8 patients, respectively). In all these 24 patients,  

peak serum or salivary F levels in the LDSST did not improve 
on the diagnostic value of the basal serum F levels. Dynamic 
tests could, therefore, only be avoided for a minority of our 
original cohort of patients (24 out of 174, 14%). We also 
calculated the accuracy of serum or salivary F in the LDSST 
in patients with basal serum F levels in the range of 83–415 
nmol/L given that, in clinical practice, basal serum F can 
predict HPA axis function without the need for any further 
dynamic tests in patients with clearly low (≤83 nmol/L) or 
adequate (≥415 nmol/L) basal serum F levels.

In our study, the best ROC-calculated cut-off for basal F 
levels low enough to pinpoint patients with central AI was 
181 nmol/L, that is, higher than the threshold proposed by 
the Endocrine Society (2), albeit at the expense of SP. On 
the other hand, the higher peak serum F cut-off that we 
adopted to rule out central AI (500 nmol/L) confirmed a 
high SP (100%) (32).

Table 4 Diagnostic accuracy of basal and post-synacthen cortisol (F) in 37 patients with central adrenal insufficiency (AI) and 137 
adrenal sufficient patients. The threshold for AI was based on the ROC curve and Youden’s J index.

Threshold 
level SE, % (95% CI) SP, % (95% CI) LRneg, % (95% CI) LRpos, % (95% CI) AUC, % (95% CI)

Serum F0 181 nmol/L 86.1 (79.4–90.9) 75.7 (59.8–86.6) 0.18 (0.116–0.289) 3.541 (1.998–6.276) 0.9 (0.847–0.954)
Serum F30LDSST 427 nmol/L 78.8 (71.3–84.8) 89.2 (75.3–95.7) 0.237 (0.169–0.334) 7.292 (2.878–18.473) 0.921 (0.876–0.967)
ΔSerumF 145 nmol/L 73.7 (65.8–80.4) 56.8 (40.9–71.3) 0.463 (0.311–0.689) 1.705 (1.163–2.499) 0.691 (0.598–0.784)
Δ%SerumF 114% 64.9 (48.8–78.2) 78.1 (70.5–84.2) 0.45 (0.288–0.703) 2.962 (1.995–4.398) 0.704 (0.598–0.809)
Salivary F0 2.7 nmol/L 83.2 (76.1–88.6) 67.6 (51.5–80.4) 0.248 (0.161–0.384) 2.566 (1.602–4.11) 0.837 (0.764–0.91)
Salivary F30LDSST 12.1 nmol/L 94.9 (89.8–97.5) 83.8 (68.9–92.3) 0.061 (0.029–0.127) 5.852 (2.81–12.184) 0.952 (0.917–0.987)
ΔSalivary_F 7.5 nmol/L 93.4 (87.9–96.5) 78.4 (62.8–88.6) 0.084 (0.044–0.161) 4.321 (2.336–7.993) 0.931 (0.887–0.974)
Δ%SalivaryF 278% 65.7 (57.4–73.1) 73 (57–84.6) 0.47 (0.347–0.637) 2.431 (1.412–4.184) 0.735 (0.641–0.830)
Salivary E0 18.4 nmol/L 78.8 (71.2–84.8) 82.9 (67.3–91.9) 0.255 (0.179–0.365) 4.599 (2.208–9.576) 0.858 (0.78–0.935)
Salivary E30LDSST 37.3 nmol/L 87.6 (81–92.1) 80 (64.1–90) 0.155 (0.096–0.249) 4.38 (2.251–8.521) 0.91 (0.857–0.963)
ΔSalivary_E 17.9 nmol/L 80.3 (72.8–86.1) 77.1 (61–87.9) 0.255 (0.174–0.375) 3.513 (1.901–6.493) 0.854 (0.785–0.924)
Δ%SalivaryE 207% 20.2 (15.2–28.8) 97.1 (85.5–99.5) 0.812 (0.732–0.9) 7.409 (1.405–52.524) 0.615 (0.511–0.719)
Salivary F/E0 0.08 99.3 (95.9–99.9) 8.6 (3–22.4) 0.085 (0.009–0.794) 1.086 (0.98–1.203) 0.482 (0.363–0.601)
Salivary F/E30 0.33 79.6 (72.1–85.5) 65.7 (49.1–79.2) 0.311 (0.207–0.468) 2.321 (1.456–3.7) 0.774 (0.686–0.861)

Δ, difference between peak and basal levels; Δ%, increase from basal to peak levels; AUC, area under the curve; E, cortisone; F/E, cortisol-to-cortisone 
ratio; LDSST, low-dose short synacthen test; LRneg, negative likelihood ratio; LRpos, positive likelihood ratio; SE, sensitivity; SP, specificity.

Table 5 Diagnostic accuracy of post-synacthen cortisol (F) in patients with indication to perform LDSST (basal morning serum F 
83–415 nmol/L). We selected 150 patients: 21 with central AI and 129 adrenal sufficient subjects). The threshold for AI was based 
on the ROC curve and Youden’s J index.

Threshold 
level SE, % (95% CI) SP, % (95% CI) LRneg, % (95% CI) LRpos, % (95% CI) AUC, % (95% CI)

Serum F30LDSST 

(nmol/L)
437 70.5 (62.2–77.7) 95.2 (77.3–92.2) 0.309 (0.233–0.411) 14.814 (2.181–100.64) 0.879 (0.81–0.947)

Salivary F30LDSST 
(nmol/L)

12.1 94.6 (89.2–97.4) 71.4 (50.1–86.2) 0.076 (0.035–0.164) 3.31 (1.681–6.517) 0.914 (0.855–0.972)

Salivary E30LDSST 
(nmol/L)

42.6 74.4 (66.3–81.2) 80 (58.4–91.9) 0.320 (0.222–0.462) 3.721 (1.54–8.002) 0.842 (0.761–0.924)

Salivary F/E30 0.47 46.5 (38.1–55.1) 95 (76.4–99.1) 0.563 (0.466–0.681) 9.302 (1.365–63.405) 0.747 (0.649–0.844)

Δ, difference between peak and basal levels; Δ%, increase from basal to peak levels; AUC, area under the curve; E, cortisone; F/E, cortisol-to-cortisone 
ratio; LDSST, low-dose short synacthen test; LRneg, negative likelihood ratio; LRpos, positive likelihood ratioSE, sensitivity; SP, specificity.
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In our cohort as a whole, peak serum F levels alone 
(>500 nmol/L) were able to rule out central AI in 51 
out of 150 cases. According to the Endocrine Society 
guidelines, GC treatment would be at least considered for 
the remaining 99 patients, and further basal or dynamic 
tests would be called for. In patients with HPA axis 
disease, testing saliva is patient-friendly and suitable for 
use with outpatients, as well as offering several analytical 
advantages, because salivary F reflects the amount of 
serum-free F (11). In our cohort, morning unstimulated 
salivary F levels were not superior to serum F for diagnostic 
purposes, as also reported in another study (33). A basal 
unstimulated salivary F0 > 9.8 nmol/L presented SP 100% 
to predict both an intact HPA axis and a normal response 
to LDSST (serum F30LDSST > 500 nmol/L or salivary 
F30LDSST > 12.1 nmol/L), limiting the need for unnecessary 
LDSST in 69% of patients (11 out of 16 patients with basal 
serum F0 83–415 nmol/L). On the other hand, measuring 
peak salivary F (salivary F30LDSST > 12.1 nmol/L) made a 
reliable contribution to diagnostic accuracy in clinical 
practice. Most of our patients with an inadequate serum 
F response to synacthen (<500 nmol/L) were considered 
AS and were not given chronic GCreatment. The salivary 

F threshold of 12.1 nmol/L was able to select 25 patients 
with RAS (out of 79, 32%) and 48 with a normal HPA 
axis (out of 79, 61%). Only a minority of our patients 
had a clinical history, as well as signs or symptoms, 
consistent with central AI and were started on chronic 
GC treatment: a careful clinical assessment is hugely 
important, even after performing adequate dynamic 
tests (7). The calculated threshold for peak salivary F was 
the same although it was calculated using two different 
methods: the ROC-calculated cut-off and the lower 
percentile of normality (2.5th) of patients with serum 
F > 500 nmol/L in the LDSST, as recently reported (13). In 
our cohort, we found a poor correlation between serum 
F and salivary F or E in AS patients: we performed a short 
test (2 measurements, baseline and after 30 min), and 
probably the peak and decline of serum F are different 
from that of salivary F.

If we had decided to treat patients on the strength 
of an insufficient serum response to synacthen in the 
LDSST (<500 nmol/L), we would have had to start GC 
replacement therapy in 99 patients (57% of the initial 
cohort, 66% of patients for whom the test was indicated 
with basal serum F levels in the range of 83–415 nmol/L). 

Figure 2
Distribution of patients using the thresholds proposed by the Endocrine Society, combined with our calculated threshold for salivary cortisol. F, cortisol; 
AS, adrenal sufficient patients; AI, adrenal insufficiency; HPA, hypothalamic–pituitary–adrenal; RAS, relative adrenal sufficiency.
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By applying our calculated salivary F threshold, on the 
other hand, only 20 patients were AI. This would mean 
a reduction in the number of further dynamic tests 
performed and GC treatments administered in up to 
80% of cases of suspected AI. Basal unstimulated serum 
F represents the first screening test to detect primary 
or secondary AI, according to guidelines and clinical 
practice (2, 18, 19). Regarding dynamic tests, especially 
LDSST, serum F might overestimate the number of 
patients requiring a substitutive treatment: salivary F 
could be considered to avoid unnecessary long-term 
GC therapy or to suggest a stress dose. Further studies, 
ideally prospective, should be considered to establish the 
diagnostic accuracy of salivary F.

Our work has some strengths (the number of cases, 
the measurement of salivary F with LC-MS/MS), and some 
limitations, first of all, the reduced number of patients with 

central AI or RAS. Moreover, we did not consider a control 
group of healthy subjects, because our aim was to provide 
a threshold that is able to detect central AI in a cohort of 
patients with suspected HPA axis insufficiency. In this type 
of study, it is critical to correctly categorize patients. That 
is usually done with a gold standard (e.g. the ITT) or with a 
confirmatory test. We preferred to take a clinical approach, 
based on a close follow-up (no adrenal crises were reported 
in our patients with RAS during their follow-up). Another 
limitation lies in that we developed our salivary F threshold 
in a cross-sectional observational study (we are planning a 
prospective trial to validate it). We also considered a novel 
category of patients with partial central AI (what we called 
RAS). We believe that a 'subclinical' or 'sub-optimal' HPA 
axis function category should be considered. There is a 
gray area between normal function and insufficiency, 
where the 'sick-day' rules could be applied in order to 

Figure 3
Basal and post-synacthen levels of serum or salivary cortisol (F), and salivary cortisone (E) in the whole cohort of patients (n = 174, panel A) and in the 
group with basal serum F in the range of 83–415 nmol/L (n = 150, panel B). Dashed lines indicate the serum F threshold to exclude AI (500 nmol/L) and 
our calculated threshold for salivary F (12.1 nmol/L).
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avoid patients being treated unnecessarily. An additional 
drawback is related to laboratory analyses, based on clinical 
practice: we compared serum F measured by a CE-IVD  
immunoassay with salivary F and E determined by home-
brew LC-MS/MS.

To conclude, we have developed a novel cut-off for 
salivary F in the LDSST that can increase the test’s accuracy 
and help us to treat our patients appropriately.
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