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Background: Salivary cortisol is routinely used as a diagnostic test for Cushing syndrome. The diagnostic use of salivary cortisol 
for adrenal insufficiency (AI), however, is less established. We aimed to investigate the utility of morning basal and adrenocortico-
tropic hormone-stimulated salivary cortisol in diagnosing AI in Korean adults. 
Methods: We prospectively included 120 subjects (female, n=70) from Seoul National University Hospital. AI was defined as a 
stimulated serum cortisol level of <496.8 nmol/L during the short Synacthen test (SST). Serum and saliva samples were drawn be-
tween 8:00 AM and 10:00 AM. Salivary cortisol levels were measured using an enzyme immunoassay kit. 
Results: Thirty-four patients were diagnosed with AI according to the SST results. Age, sex, body mass index, serum albumin levels, 
and serum creatinine levels did not significantly differ between the normal and AI groups. Basal and stimulated salivary cortisol levels 
were positively correlated with basal (r=0.538) and stimulated serum cortisol levels (r=0.750), respectively (all P<0.001). Receiver 
operating characteristic curve analysis yielded a cutoff level of morning basal salivary cortisol of 3.2 nmol/L (sensitivity, 84.9%; speci-
ficity, 73.5%; area under the curve [AUC]=0.822). The optimal cutoff value of stimulated salivary cortisol was 13.2 nmol/L (sensitiv-
ity, 90.7%; specificity, 94.1%; AUC=0.959). Subjects with a stimulated salivary cortisol level above 13.2 nmol/L but a stimulated se-
rum cortisol level below 496.8 nmol/L (n=2) had lower serum albumin levels than those showing a concordant response. 
Conclusion: The diagnostic performance of stimulated salivary cortisol measurements after the SST was comparable to serum corti-
sol measurements for diagnosing AI.
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INTRODUCTION

Primary or secondary adrenal insufficiency (AI) is diagnosed us-
ing serum total cortisol after dynamic tests such as the short 
Synacthen test (SST) or insulin tolerance test (ITT) [1,2]. How-

ever, since over 90% of serum total cortisol is bound to proteins 
such as corticosteroid-binding globulin (CBG) and albumin, bio-
logically active free cortisol accounts for less than 10% of corti-
sol [3-5]. Therefore, the serum cortisol concentration depends 
on protein levels, which are often adversely affected by certain 
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diseases, drugs, and clinical conditions [6,7]. Moreover, the pain 
and stress of blood sampling may affect serum cortisol concen-
trations. In contrast, salivary cortisol reflects bioactive free corti-
sol levels because serum albumin and CBG are too large to pass 
through the membrane of salivary cells [8,9]. Salivary cortisol is 
also closely correlated with serum free cortisol throughout the 
24-hour period [7,10,11], indicating that salivary cortisol assays 
can be used to assess the circadian rhythm. In addition, salivary 
samples are obtained non-invasively and are easy to collect. 

Salivary cortisol has been used to assess adrenal function 
since the 1980s [12,13]. Late-night salivary cortisol measure-
ments are now widely used to diagnose Cushing syndrome [14]. 
By contrast, the use of salivary cortisol is less established for 
AI. Some researchers reported that morning basal salivary corti-
sol was useful in diagnosing AI [15,16], whereas other research-
ers reported that it had low accuracy [17,18]. Several studies 
demonstrated that stimulated salivary cortisol levels after the 
SST or ITT distinguished patients with AI from healthy subjects 
[19-23]. However, salivary cortisol levels are generally 10- to 
100-fold lower than total serum levels, and the reliability of sali-
vary cortisol is crucially dependent on the measurement method 
[20]. We aimed to investigate the diagnostic performance of 
morning basal and stimulated salivary cortisol levels in AI and 
to suggest optimal cut-off values for Korean adults. 

METHODS

Subjects
We prospectively included 120 subjects who underwent the SST 
because they were suspected of having primary or secondary AI 
at Seoul National University Hospital from April 2013 to Janu-
ary 2014. The subjects had a history of pituitary disease (n=67), 

adrenal disease (n=10), or suspected secondary AI with iatro-
genic Cushing syndrome (n=43). Of these subjects, 31 patients 
underwent pituitary surgery and only one patient took a steroid 
replacement postoperatively. Seven patients had a history of ad-
renalectomy and three patients had taken prednisolone. Patients 
on corticosteroid replacement therapy were instructed to stop 
taking hydrocortisone or prednisolone at least 12 or 24 hours 
before testing, respectively. To prevent confounding factors, 
subjects with infection or bleeding in the oral cavity, a diagnosis 
of severe liver or renal disease, oral contraceptive use, and preg-
nancy were excluded (Fig. 1). This study was approved by the 
Institutional Review Board of the Seoul National University 
Hospital (IRB No. C-1303-068-474). Informed consent was ob-
tained from all subjects.

Salivary and serum cortisol measurements
The subjects were instructed to avoid eating, drinking anything 
except water, brushing teeth, and smoking beginning 1 hour be-
fore the test. Basal serum and salivary cortisol samples were 
collected between 8:00 AM and 10:00 AM and the SST was 
performed subsequently. Stimulated serum and salivary cortisol 
levels were measured simultaneously at 30 and 60 minutes after 
intravenous administration of 250 μg of synthetic adrenocorti-
cotropic hormone (ACTH1-24) (Synacthen, Novartis, Basel, 
Switzerland). Basal and stimulated serum blood samples were 
immediately centrifuged at 4°C for 15 minutes and the resulting 
serum was stored at −20°C until use. Serum total cortisol was 
measured using a Packard Cobra Gamma Counter analyzer with 
commercial radioimmunoassay (RIA) kits (CIS Bio Internation-
al, Saclay, France; inter-assay coefficient of variation [CV], 
4.7%; intra-assay CV, 4.2%). Saliva was collected by chewing an 
oral cotton swab (Salivette, Sarstedt, Germany) for 2 to 5 min-

Subjects suspected of pituitary or adrenal disease,
iatrogenic Cushing syndrome Exclusion criteria

✓ Infection or bleeding in the oral cavity
✓ Disease related with alteration of CBG level  

(severe liver or renal disease, pregnancy, women 
taking oral contraceptives)

Short Synacthen test with salivary cortisol

Normal group
Peak serum cortisol ≥496.8 nmol/L

(n=86)

Adrenal insufficiency group
Peak serum cortisol <496.8 nmol/L

(n=34)

Fig. 1. Flow diagram of the study design. CBG, corticosteroid-binding globulin.
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utes and the samples were frozen at −20°C until analysis. Ac-
cording to the manufacturer’s protocol, freezing saliva samples 
were vortexed and centrifuged at 1,500 ×g (3,000 rpm) for 15 
minutes. Samples were kept at room temperature before adding 
them to the assay plate. Clear samples were pipetted into appro-
priate wells without disrupting the pellet. Salivary cortisol was 
analyzed using an enzyme immunoassay kit (EIA, Salimetrics 
Inc., State College, PA, USA) [24]. The intra-assay CV was 
3.2% to 6.3%, and the inter-assay CV was 5.7% to 6.8%. The 
expected morning ranges of salivary cortisol derived using this 
kit were 3.1 to 22.4 nmol/L and 4.1 to 20.4 nmol/L in adult men 
and women aged 51 to 70, respectively. The AI group was de-
fined by a level of stimulated serum cortisol less than 496.8 
nmol/L [1,2,25]. Serum creatinine and albumin were measured 
using a Hitachi 747 chemistry analyzer (Hitachi, Tokyo, Japan). 
The estimated glomerular filtration rate was calculated using the 
Modification of Diet in Renal Disease equation.

Statistical analysis
Data were presented as median and interquartile range or num-
ber (%). The Mann-Whitney test was used for continuous vari-
ables. The correlation between serum and salivary cortisol lev-
els was assessed using Spearman rank correlation analysis. The 
diagnostic performance of basal and stimulated salivary cortisol 
levels for predicting AI was evaluated using receiver operating 
characteristic (ROC) curve analysis. Linear regression analysis 
was used to develop a predictive equation for stimulated sali-
vary cortisol. A P value of less than 0.05 was considered to indi-
cate statistical significance. All analyses were performed using 

SPSS version 21.0 (IBM Corp., Armonk, NY, USA) and Graph-
Pad Prism 5.0 (GraphPad Software Inc., La Jolla, CA, USA). 

RESULTS

The clinical and biochemical parameters of study subjects, cate-
gorized by the serum cortisol response to the SST, are compared 
in Table 1. Eighty-six subjects showed a normal serum cortisol 
response to the SST (normal) and 34 subjects had an abnormal 
serum cortisol response to the SST (AI); three had primary AI 
and 31 had secondary AI. Age, sex, body mass index, serum al-
bumin levels, and renal function did not significantly differ be-
tween the two groups. The AI group showed significantly lower 
basal and stimulated levels of serum and salivary cortisol than 
the normal group. 

Fig. 2 presents the median cortisol levels of serum and saliva at 
each time point during the SST. In both groups, the median val-
ues of stimulated serum and salivary cortisol levels were highest 
at 60 minutes after stimulation. The median levels of serum and 
salivary cortisol at 60 minutes were significantly lower in the AI 
group than in the normal group (351.9 nmol/L vs. 836.3 nmol/L 
for serum; 5.4 nmol/L vs. 23.4 nmol/L for saliva, respectively).

The positive relationship between stimulated serum and sali-
vary cortisol levels was stronger than that between basal serum 
and salivary cortisol levels (r=0.750 and r=0.538, respectively; 
all P<0.001) (Fig. 3).

In the ROC curve analysis, the areas under the curve for basal 
and stimulated salivary cortisol were 0.822 and 0.959, respec-
tively (Fig. 4). The cutoff value of basal salivary cortisol for AI 

Table 1. Clinical and Biochemical Parameters of Study Subjects Categorized by Their Serum Cortisol Response to the Short Synacthen 
Test 

Variable Normal (n=86) AI (n=34) P value

Age, yr 58 (43–67) 58 (42–67) 0.650

Female sex 53 (61.6) 17 (50) 0.244

BMI, kg/m2 23 (21–26) 24 (22–27) 0.188

Serum albumin, g/dL 4.3 (4.0–4.5) 4.2 (3.9–4.4) 0.257

Serum creatinine, mg/dL 0.7 (0.6–0.9) 0.8 (0.6–1.0) 0.786

Estimated GFR, mL/min/1.73 m2 117 (95–134) 113 (84–145) 0.941

Basal serum cortisol, nmol/L 334 (239–454) 80 (38–185) <0.001

Peak serum cortisol, nmol/L 836 (674–940) 352 (204–453) <0.001

Basal salivary cortisol, nmol/L 6.18 (3.8–9.0) 2.42 (1.23–3.75) <0.001

Peak salivary cortisol, nmol/L 23.6 (16.8–34.4) 5.73 (3.56–8.83) <0.001

Values are expressed as median (interquartile range) or number (%). 
AI, adrenal insufficiency; BMI, body mass index; GFR, glomerular filtration rate. 
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was 3.2 nmol/L (sensitivity, 84.9%; specificity, 73.5%). The op-
timal cutoff value of stimulated salivary cortisol for AI during 
the SST was 13.2 nmol/L (sensitivity, 90.7%; specificity, 94.1%).

Subjects with a stimulated salivary cortisol level above 13.2 
nmol/L but a stimulated serum cortisol level below 496.8 nmol/L 
(n=2) had lower serum albumin levels than those with a con-
cordant response (Table 2). Of the remaining six hypoalbumin-
emic patients, two subjects showed a stimulated salivary corti-
sol level below 13.2 nmol/L and a serum cortisol level below 
496.8 nmol/L. The remaining four hypoalbuminemic patients 
showed consistent results: stimulated salivary cortisol levels 
above 13.2 nmol/L and serum cortisol levels above 496.8 nmol/L. 
In addition, subjects with a stimulated salivary cortisol level be-
low 13.2 nmol/L but a stimulated serum cortisol level above 
496.8 nmol/L (n=8) had higher serum creatinine levels than 

Table 2. Comparison of Clinical and Biochemical Characteris-
tics between Subjects with Peak Salivary Cortisol Levels above 
and below 13.2 nmol/L among Subjects with Adrenal Insuffi-
ciency 

Variable
Peak salivary cortisol, μg/dL

P value≥13.2 
(n=2)

<13.2 
(n=32)

Age, yr 64 (57–71) 57 (42–67) 0.357

BMI, kg/m2 22 (20–24) 25 (22–27) 0.392

Serum albumin, mg/dL 3.2 (3.1–3.2) 4.2 (4.0–4.5) 0.032

Serum creatinine, mg/dL 1.0 (0.9–1.1) 0.8 (0.6–1.0) 0.200

Values are expressed as median (range). 
BMI, body mass index.
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Fig. 2. Median cortisol values in (A) serum and (B) saliva at 30 and 60 minutes after intravenous administration of 250 μg of synthetic adre-
nocorticotropic hormone (ACTH1-24; Synacthen). The median levels of serum and salivary cortisol at 60 minutes were significantly lower in 
the adrenal insufficiency (AI) group than in the normal group (351.9 nmol/L vs. 836.3 nmol/L for serum; 5.4 nmol/L vs. 23.4 nmol/L for sa-
liva, respectively). 

Fig. 3. Scatter plots between (A) basal or (B) stimulated serum and salivary cortisol levels. There were significant positive associations be-
tween serum and salivary cortisol levels at basal and peak time (r=0.750 and r=0.538, respectively; all P<0.001).
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those with a concordant response. The estimated glomerular fil-
tration rate of men was significantly lower in those with a dis-
cordant response; however, this finding was not noted in women 
(data not shown).

DISCUSSION

In the present study, basal and stimulated salivary cortisol levels 
were found to be closely correlated with serum total cortisol 
levels. The measurements of stimulated salivary cortisol levels 
using the SST were comparable to the measurements of stimu-
lated serum cortisol in terms of diagnostic performance for AI. 
We suggest an optimal cutoff value of 13.2 nmol/L for stimulat-
ed salivary cortisol to diagnose AI.

The diagnostic value of morning basal salivary cortisol levels 
has been investigated for AI, given that cortisol release peaks in 
the morning in healthy persons. The literature does not affirm 
the diagnostic usefulness of morning basal salivary cortisol lev-
els. Cutoff values for morning salivary cortisol have been report-
ed to be 5.9 to 42.2 nmol/L, with a specificity of 35% to 93.3% 
[15,16,18]. The mean values of basal salivary cortisol in several 
studies were similar to [7,8,15,17,19] or higher than [22,25,26] 
those in our data. The sampling time may explain the discrepan-
cy. In our study, saliva was collected at around 9:00 AM, but in 
other studies, saliva was sampled at 6:00 to 8:00 AM, when se-
rum cortisol levels are highest during the 24-hour period. More-

over, the measurement methods were different among studies, 
ranging from EIA to lipid chromatography-tandem mass spec-
trometry (LC-MS/MS). Morning salivary cortisol levels in nor-
mal subjects have been shown to overlap with those in AI pa-
tients [18]. We also found an intermediate diagnostic power of 
morning salivary cortisol at a cutoff value of 3.2 nmol/L with a 
specificity of 73.5%. Thus, a cutoff value of 3.2 nmol/L for 
morning salivary cortisol levels can be used as a noninvasive 
screening tool for AI, as a way to determine whether or not the 
stimulation test should be performed.

Stimulated salivary cortisol has drawn interest due to the 
well-established method of diagnosing AI using serum cortisol. 
Among stimulation tests, the SST has been commonly used ow-
ing to its safety and accuracy, although the ITT is still consid-
ered to be the gold standard. Intriguingly, the cutoff value using 
the SST (13.2 nmol/L) suggested by our data is similar to the 
cutoff value reported by Karpman et al. [20] using the ITT (13.3 
nmol/L). Several studies have advocated for the usefulness of 
stimulated salivary cortisol levels [19,22,26,27]. Cornes et al. 
[23] suggested that the cutoff values of 15 nmol/L for salivary 
cortisol levels were extrapolated from the established cutoff val-
ues of 550 nmol/L for serum cortisol levels (Roche assay) after 
the SST. Given the recommended cutoff value of 500 nmol/L 
for serum cortisol in our study, the salivary cortisol cutoff value 
of 13.2 nmol/L may be appropriate for diagnosing AI. Nolan et 
al. [28] suggested much higher cutoff values for salivary corti-
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Fig. 4. Receiver operating characteristic (ROC) curve of (A) basal and (B) stimulated salivary cortisol in the diagnosis of adrenal insuffi-
ciency (AI) in all subjects (n=120). The areas under the curve (AUCs) for basal and stimulated salivary cortisol were 0.822 and 0.959, re-
spectively. The cutoff value of basal salivary cortisol for AI was 3.2 nmol/L (sensitivity, 84.9%; specificity, 73.5%). The optimal cutoff value 
of stimulated salivary cortisol for AI during the SST was 13.2 nmol/L (sensitivity, 90.7%; specificity, 94.1%). CI, confidence interval.
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sol (26 nmol/L at 60 minutes after the SST), but low specificity 
is a limitation of that level. 

The reliability of salivary cortisol measurements in diagnosing 
AI depends on the methodology and study protocol. The optimal 
dose of Synacthen is controversial. A low-dose (1 μg) ACTH1-24 
stimulation test has been advocated in several studies instead of 
the standard dose (250 μg) of ACTH1-24 to assess adrenal sensi-
tivity, rather than maximum capacity [26,27,29]. However, the 
diagnostic superiority of low-dose SST remains unclear [30]. 
Contreras et al. [21] reported that the normal response of salivary 
cortisol after the low-dose SST was 20 nmol/L at 30 minutes, 
which is higher than we found using the standard dose of Synac-
then. In addition, Cmax (peak serum level achieved) and Tmax (the 
time at which the peak serum level was achieved) showed signif-
icantly higher values in patients who received the high-dose SST 
than in those who received the low-dose SST [31]. Thus, differ-
ent cutoff values for salivary cortisol at different time intervals 
should be used. Based on our study, we suggest a cutoff value of 
13.2 nmol/L at 60 minutes after stimulation with a standard dose 
(250 μg) of ACTH1-24.

Although salivary cortisol can be altered by 11β-hydroxysteroid 
dehydrogenase, the difference in variability between serum and 
salivary cortisol levels was quite small. Basal and stimulated 
salivary cortisol levels showed significant correlations with bas-
al and stimulated serum cortisol levels (r=0.5 to 0.8), respec-
tively, as seen in other studies [8,15,32,33], Hence, Karpman et 
al. [20] reported the following equation relating salivary cortisol 
levels to serum cortisol levels: salivary cortisol=0.048×serum 
cortisol–0.264. When this equation was applied to our data, the 
calculated salivary cortisol levels were closely correlated with 
our formula (r=0.982, P<0.001). 

The measurement of serum total cortisol levels is altered by 
CBG or albumin levels. Therefore, AI could be overestimated in 
septic or critically ill patients with hypoproteinemia [7,32,34]. 
Salivary cortisol is a much better index of serum free cortisol 
than serum total cortisol, which is also supported by our data. 
Although the number of patients with hypoalbuminemia in the 
AI group was insufficient (n=2), they showed higher stimulated 
salivary cortisol levels than serum cortisol levels during the 
SST. Likewise, AI patients with high CBG levels, such as hy-
perestrogenic subjects, may show spuriously normal serum total 
cortisol levels [27]. In addition, subjects with lower renal func-
tion had low salivary but high serum cortisol levels. CBG levels 
are known to increase in patients with chronic kidney disease 
due to decreased CBG clearance [33,35]. 

The strengths of the present study include its prospective na-

ture and large sample size compared with previous studies. We 
used consistent cortisol assay methodology and average values 
of salivary cortisol obtained by duplication. We assessed the 
clinical applicability of salivary cortisol levels in Korean AI pa-
tients. The limitations of the study include a lack of recruitment 
of healthy control subjects and the use of the high-dose SST in-
stead of the ITT, the gold standard. However, although some dis-
crepancies exist [2], an excellent correlation between the SST 
and the ITT has been reported [22]. Regarding salivary cortisol 
measurements, ITT is harder to perform because insulin-induced 
hypoglycemia should be treated with food and may be accompa-
nied by cardiovascular and neurological complications. Another 
limitation is that the measurements of salivary cortisol by EIA 
could differ from those obtained using other techniques such as 
RIA or LC-MS/MS. One study supported a correlation between 
RIA and EIA [8]. In another study, salivary cortisone had a 
stronger correlation than salivary cortisol with serum cortisol 
[31]. Nevertheless, we could not measure levels of salivary cor-
tisone, which may be converted by 11β-hydroxysteroid dehydro-
genase type 2. Moreover, we did not exclude subjects who had 
taken herbal medications. Licorice, which is included in many 
herbal medications, inhibits 11β-hydroxysteroid dehydrogenase 
type 2 and thereby falsely elevates salivary cortisol levels.

In conclusion, morning basal salivary cortisol may be useful 
as a noninvasive screening tool. The diagnostic power of stimu-
lated salivary cortisol levels measured using the SST was com-
parable with that of stimulated serum cortisol levels measured 
using the SST in diagnosing AI. The measurement of salivary 
cortisol levels may be useful for diagnosing AI in patients with 
altered CBG levels and intravenous catheterization failure. Fur-
ther studies in Koreans are needed to validate our proposed cut-
off value of 13.2 nmol/L. 
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