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Abstract This study estimates diagnostic performance of
late-night salivary cortisol (LNSC) as measured by auto-
mated electrochemiluminescence immunoassay (ECLIA),
evaluates the clinical implication of two consecutive LNSC
measurements, and compares its accuracy with enzyme-
linked immunosorbent assay (ELISA) and serum cortisol
after low-dose dexamethasone suppression test (DST) in
obese and overweight patients referred for suspected
Cushing’s syndrome (CS). One hundred twenty three
consecutive obese and overweight referred patients and 98
healthy volunteers provided two saliva samples collected at
23:00 using a Salivette (Sarstedt, Germany), assayed by
ECLIA (Cobas e601) and ELISA. The patients underwent
DST and were further evaluated until CS was pathologi-
cally confirmed (n = 45) or excluded. Diagnostic perfor-
mance of LNSC was evaluated by receiver operating
characteristic (ROC) analysis. The total areas under the
curve (AUC) were calculated to compare the different tests.
We found that a cut-off value of 9.4 nmol/l can differen-
tiate CS among obese and overweight patients with sensi-
tivity of 84.4 % (95% CI 71.2-92.2), specificity of 92.3 %
(95% CI 84.2-96.4), and diagnostic odds ratio of 65.1
(95% CI 20.4-207.6). No difference was found between
AUCs from the first, second, and the mean from the two
LNSC measurements (ECLIA), LNSC (ELISA), or DST.
The single LNSC (ECLIA) and DST improved the
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sensitivity and specificity for concordant results up to 100
and 97.4 %, respectively. In conclusion, due to its auto-
mation and its comparable diagnostic performance, ECLIA
is preferable as a first-line LNSC screening test for CS. The
initial use of single LNSC followed by DST provides better
diagnostic performance for concordant results.

Keywords Cushing’s syndrome - Late-night salivary
cortisol - Electrochemiluminescence immunoassay -
Enzyme-linked immunosorbent assay - Obesity

Current obesity and metabolic syndrome epidemics have
increased the number of patients with the Cushing’s syn-
drome (CS) phenotype. Although CS is rare [1], 2-5 % of
patients with poorly-controlled diseases such as hyperten-
sion, diabetes mellitus, and idiopathic osteoporosis have
previously undiagnosed CS [2-6]. CS should be excluded
among patients with adrenal incidentaloma [7, 8].

For patients suspected of having CS, current clinical
guidelines recommend the initial use of one of the following
high-accuracy tests: 24-h urinary free cortisol (24-h UFC),
late-night salivary cortisol (LNSC), and serum cortisol after
1 mg overnight dexamethasone suppression test (DST) [9].
LINSC seems the best choice for the first test, compared to DST
and 24-h UFC, because it is non-invasive, less time-con-
suming, and has a stress-free, easy-collection method per-
formed by the patient. Saliva contains stable cortisol [10, 11],
unaffected by alterations in cortisol-binding globulin (e.g.,
during treatment with oral contraceptives) [12]. The feasi-
bility and diagnostic performance of using LNSC [radioim-
munoassay (RIA) and enzyme-linked immunosorbent assay
(ELISA)] to clinically evaluate CS has been studied since the
1980s [13-20]. However, introducing LNSC measurement
into clinical practice is challenging because there is no
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consensus regarding LNSC cut-off values (ranging from
2.8 nmol/l to 15.2 nmol/1) [21]. Different assays for measur-
ing LNSC have used different reference ranges and cut-off
values [22, 23]. Notably, some conditions such as obesity
might influence diagnostic performance of assays. A screen-
ing of 369 obese and overweight patients who indicated on a
questionnaire the presence of at least two signs or symptoms
of CS has shown that predefined reference ranges (LNSC
measured by RIA and liquid chromatography-tandem mass
spectrometry) for such may be falsely abnormal, revealing
how challenging it is to establish CS among obese patients
[24]. After thorough investigation, no CS was confirmed in
this study [24] and it could thusly be concluded that wide-
spread screening of obese and overweight patients who report
by themselves symptoms of CS should not be recommended
[24]. However, weight gain and obesity are the most frequent
symptoms of CS and should not be overlooked [25].

Taking advantage of our position as the primary referral
clinic for patients with suspected CS, we enrolled a size-
able population with a high percentage of CS to estimate
diagnostic performance of LNSC as measured by auto-
mated electrochemiluminescence immunoassay (ECLIA),
to evaluate the clinical implication of two consecutive
LNSC measurements, and to compare its accuracy with
ELISA and DST in obese and overweight patients referred
by physicians to exclude CS.

Subjects and methods

The Institutional Review Board of the National Research
Center for Endocrinology (NRCE) approved the study
protocol.

Patients with clinical findings suggestive of CS were
unrestrictedly referred to our clinic by clinicians from
Moscow and other regions of Russia between January 2010
and January 2011.

Consecutive patients who were suspected of having CS
and who complained of obesity, body mass index (BMI)
>30 kg/m?, or very fast weight gain to a BMI of 26-29 kg/m?
were invited to participate.

Patients who gave informed consent were enrolled in the
study (n = 127). Only the data of patients whose diagnosis
was confirmed during the study were eventually analyzed
and presented (n = 123).

To explore normative data for the assay, we recruited 98
healthy volunteers from the interns/staff/faculty population
of NRCE. Healthy volunteers did not have any complaints
regarding their health, had regular preventive examinations
that certified them as generally healthy and did not have
signs or symptoms suspicious of CS after examination by
an experienced endocrinologist.

Exclusion criteria

Pregnancy, shift workers, glucocorticoid use, alcohol
abuse, gingival bleeding, acute infection, exacerbation of
chronic disease, severe conditions (i.e., renal and liver
insufficiency, heart attack, stroke, and terminal conditions),
and mental insanity.

All healthy volunteers were outpatients. The patients
from the referred population were mainly outpatients and
partly inpatients. Two studies directly comparing outpa-
tient and inpatient settings for LNSC [15, 26] showed no
need for using specific cut-off values for ambulatory and
hospitalized patients.

Diagnostic evaluations followed recent clinical practice
guidelines [9]. The initial use of LNSC measured by
ECLIA and then ELISA (cut-off value: 4 nmol/l) was
independently followed by DST (cut-off value for sup-
pression: 50 nmol/l) [9]. The majority of patients under-
went a third or even fourth test: 24 h UFC (reference range
60-413 nmol/24 h) (n = 83) and/or awake serum cortisol
at 23:00 (reference range 46-270 nmol/l) (n = 57).

CS diagnosis was established in 45 cases. Adrenal CS
was confirmed and surgically treated in four cases. A
bronchial carcinoid tumor was successfully removed in one
case. Cushing’s disease was diagnosed in 40 cases, and the
patients underwent transsphenoidal adenomectomy. After
surgery, the material was evaluated by the histologist in all
45 cases. Remission was not achieved in eight cases of
Cushing’s disease after the first surgery. Four patients
benefited from a second surgery, one patient died from
sepsis and three others underwent radiation therapy. The
histological material obtained was sufficient to confirm CS
in these patients.

CS was excluded in 78 patients after two initial tests
(LNSC; DST) and at least one additional confirmatory test:
normal 24 h UFC and/or normal awake serum cortisol
collected at 23:00. Patients were under observation for an
average of 6 months (min: 3 months; max: 12 months) in
our center, or in the practice of the referring physicians,
and received appropriate treatment for constitutional
obesity, during which we could observe the absence of
progression toward overt CS.

In four cases, we could not positively verify the diag-
nosis, and the data was excluded.

Subjects provided saliva samples at 23:00 on two sep-
arate days using a commercially-available salivary sam-
pling device (Salivette; Sarstedt). Written instructions were
given to every participant. All participants were advised to
avoid physically or emotionally stressful conditions before
taking their samples, to avoid alcohol consumption for at
least 24 h, and to not eat, drink, brush teeth, or smoke for at
least 30 min before the saliva collection. After chewing a
cotton swab for approximately 2-3 min, the swab was
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returned in a small tube and placed at 4-8 °C by the sub-
jects. The specimens were brought to the laboratory within
2 days of collection. The tubes were centrifuged at
2,000 rpm for 5 min. After removing the cotton swab, the
collected saliva samples were assayed by ECLIA Cobas e
601 (Cortisol no. 11875116 122, Roche). The remaining
saliva from 197 subjects was stored at —70 °C and assayed
by ELISA (DRG Salivary Cortisol ELISA KIT SLV-2930).

Patients from the referred population underwent DST.
At midnight, after the second saliva sample was collected,
patients received 1 mg of dexamethasone. Cortisol serum
samples were taken the following morning and assayed by
ECLIA Cobas e 601 (Cortisol N° 11875116 122, Roche),
which was also used to assay awake serum cortisol at
23:00.

UFC at 24 h was measured by an immunochemilumi-
nescence assay (extraction with diethyl ether) on a Vitros
ECi.

Statistical analysis

Descriptive statistics Quantitative parameters were pre-
sented as means, standard deviations, medians, and ranges,
qualitative parameters were presented as percentages and
binomial 95% confidence intervals.

Since normality tests (skewness and curtosis) rejected
normality for the majority of quantitative parameters,
non-parametric test were utilized. The Mann—Whitney test
was utilized to compare quantitative parameters in two
independent samples; paired Wilcoxon test was used to
compare quantitative parameters in two related samples.
A two-tailed approach for calculation of p was utilized. A
p value <0.05 was considered statistically significant.
Spearman’s rank test was used for correlations. Reference
ranges were calculated for the data from healthy partici-
pants and presented as the 2.5-97.5th percentiles. The
cut-off value (threshold) for LNSC was chosen to achieve
maximum diagnostic accuracy [maximum sum of sensi-
tivity (proportion of true positives correctly identified by

Table 1 General characteristics of participants

testing) and specificity (proportion of true negatives cor-
rectly identified by testing) values] obtained from the
receiver operating characteristic (ROC) analysis [27]. The
positive predictive value [the chance of disease given a
positive result; number of cases true positive by testing/
(number of cases true positive by testing + number of
cases false positive by testing)], the negative predictive
value [the chance of no disease given a negative result;
number of cases true negative by testing/(number of cases
true negative by testing + number of cases false negative
by testing)], the likelihood ratio for positive result [the
likelihood of having the disease, as opposed to not having
the disease, having tested positive for it; sensitivity/
(1 — specificity)] and sensitivity, specificity for earlier
predefined cut-off points were calculated as generally
recommended [28]. The total areas under the ROC curve
(AUC) were measured to represent the probability of the
tests correctly identifying true positives and negatives.
The AUC of different tests [LNSC (ECLIA) measured
once, the mean from two LNSC measurements (ECLIA),
LNSC (ELISA), and DST] were directly compared on the
ROC curve [29, 30].

SPSS 16.0 and Med Calc MedCalc(C) Version 10.4.6.0
software were used for the analysis.

Results

Demographic and anthropometric characteristics for all
groups are summarized in Table 1.

The following reference range was calculated from the
98 LNSC samples of healthy volunteers: 0.5-9.4 nmol/l.
The lowest detected LNSC was 0.5 nmol/l, and the maxi-
mum was 14.5 nmol/l. The 2.5-97.5 percentile calculated
from healthy volunteers and obese patients (n = 176) was
0.5-12.5 nmol/l.

The results of two consecutive cortisol measurements
for two separate days were available for 205 subjects and

Cushing’s syndrome

Constitutional obesity

Healthy volunteers

N (number) 45

Sex F:M (%) 35 (78 %):10 (22 %)
Age (years) 39.2 £ 133

BMI (kg/m?) 325+ 6.7*

Waist circumference 108.6 £ 14.9

Hip circumference 107.0 £ 15.0°

78 98

54 (69 %):24 (31 %) 73 (74 %):25 (26 %)
37.5 £ 137 28.7 + 7.5°

38.5 4 6.6 22.5 +3.2°

1152 £ 17.5 754 + 11.2°

124.4 £+ 15.4 96.7 + 7.2°

# Cushing’s syndrome differs from constitutional obesity (p < 0.001)

b Healthy volunteers were younger, with lower BMIs and waist and hip circumferences (p < 0.001) than either Cushing’s syndrome or

constitutional obesity participants
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Table 2 The results of two consecutive salivary cortisol measurements by ECLIA (Roche Cobas e601)
Number of patients (V) Late-night salivary cortisol level (nmol/l) median (Q25-Q75) p
First measurement Second measurement
Healthy volunteers 91 2.6 (1.6-4.1) 2.3 (1.5-4.0) 0.86
Constitutional obesity 72 3.2 (2.1-5.9)* 4.1 (2.1-6.9)* 0.29
Cushing’s syndrome 42 21.9 (15.1-34.9)° 29.1 (8.8-45.4)° 0.14

* Patients with constitutional obesity had significantly higher salivary cortisol levels versus healthy volunteers (p < 0.01)

® Patients with Cushing’s syndrome had significantly higher salivary cortisol levels versus both healthy volunteers and patients with consti-

tutional obesity (p < 0.001)

are provided in Table 2. Reproducibility was assessed by
looking at the day-to-day variabilities of patients and
reflected by an interclass correlation coefficient of 0.785.
(p < 0.0001).

LNSC levels in patients with constitutional obesity was
significantly higher than in normal subjects (p < 0.001),
which may be explained by the presence of functional
hypercortisolism, a well-established condition in obese
patients [7, 8]. A significant correlation was identified
between BMI and LNSC in the pooled data of obese and
healthy volunteers: the R (Spearman) was 0.26 (p = 0.004).

The ROC curve analysis of LNSC for CS patients and
healthy volunteers had an AUC of 0.979 (95% CI
0.960-0.999). Maximum sensitivity and specificity was
obtained for a cut-off value of 6.85 nmol/l. However, when
CS patients and obese patients were analyzed together, the
ROC curve analysis revealed an AUC of 0.953 (95% CI
0.918-0.987), with an optimal cut-off value of 9.4 nmol/l.
The AUC (healthy volunteers and referred population vs.
CS) was 0.968 (95% CI 0.943-0.992).

The diagnostic indices for the different thresholds are
summarized in Table 3.

Maximal sensitivity of 100 % was observed for an
LNSC level of 3.85 nmol/l. However, specificity with this
threshold was unacceptably low at 59.0 % for patients with
obesity, 72.5 %, for healthy volunteers, and 66.5 % for all
participants.

Using predefined cut-off values, sensitivity and speci-
ficity of LNSC in our study was as follows: the threshold of

4.55 nmol/l [31] had sensitivity of 95.5 % and specificity
of 69.0 % in obese patients versus 79.6 % in healthy sub-
jects. A threshold of 8.3 nmol/l [32] had sensitivity of
84.4 % and specificity of 89.8 % in obese subjects com-
pared to 96 % specificity in healthy volunteers.

Maximal specificity (100 %) was identified at cortisol
levels of 19.7 nmol/l (sensitivity 62.2 %) in referred pop-
ulation. In healthy volunteers, a 14.5 nmol/l cut-off value
had 100 % specificity and sensitivity of 80 %.

The absolute number of false positive and false negative
results of LNSC during the first and second measurements
(ECLIA) with cut-off value of 9.4 nmol/l and the percent
of discordant results are summarized in Table 4. AUCs for
the first [0.965 (95% CI 0.938-0.991)) and second (0.945
(95% CI 0.909-0.981)] LNSC measurements did not differ.

We suggested calculating the mean of two LNSC
measurements. The AUCs for the means of two LNSC
measurements from two consecutive days were 0.962 (95%
CI 0.930-0.993) in the referred population and 0.986 (95%
CI10.972-1.000) in the healthy volunteers. The optimal cut-
off value was determined to be 8.1 nmol/l for volunteers,
with sensitivity of 91.1 % (95% CI 79.3-96.5) and speci-
ficity of 98 % (95% CI 92.8-99.4 %); the optimal cut-off
for referred patients was 9.1 nmol/l with sensitivity of
88.9 % (95% CI176.5-95.2) and specificity of 92.3 % (95%
CI 84.2-96.4 %). Nevertheless, we did not identify statis-
tically significant differences (p = 0.447) when comparing
AUCs of single LNSC and the mean from two LNSC
measurements.

Table 3 Diagnostic performance of late-night salivary cortisol measurements by ECLIA (Roche Cobas e601)

Cushing’s syndrome versus

Healthy volunteers

Constitutional obesity  Healthy volunteers

Constitutional obesity

Cut-off value

Sensitivity (95% CI)

Specificity (95% CI)

Positive predictive value (95% CI)

97.9 % (92.9-99.4)
41.3 (10.4-164.0)
0.16 (0.08-0.31)
260.5 (51.8-1,311.1)

Negative predictive value (95% CI)
Likelihood ratio for positive result (95% CI)

9.4 nmol/l
84.4 % (71.2-92.2)
92.3 % (84.2-96.4)
11.0 (5.0-23.9)
0.17 (0.08-0.33)
65.1 (20.4-207.6)

6.85 nmol/l
91.1 % (79.3-96.5)
96.9 % (91.4-98.9) 84.6 % (75.0-90.9)
29.8 (9.7-91.0) 5.9 (3.5-10.0)
0.09 (0.04-0.23) 0.1 (0.04-0.27)
324.5 (69.5-1,515.7) 56.4 (17.0-186.6)

95% CI 95% confidence interval
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Table 4 The number of false positive, false negative results, and the percent of discordant results during the first and second measurement of

late-night salivary cortisol (ECLIA) with a cut-off value of 9.4 nmol/l

Number of false-positive
results (above 9.4 nmol/l)

Absolute number
and (percent) of
discordant results

Number of false-negative
results (below 9.4 nmol/l)

LNSC (1) LNSC (2) LNSC (1) LNSC (2)
Cushing’s syndrome 7 9 5 (11.9 %)
Constitutional obesity 6 7 7 (9.7 %)
Healthy volunteers 2 6 (6.6 %)

A high correlation (Spearman R = 0.609, p < 0.001)
was identified between LNSC measured by ECLIA and
ELISA in all participants. Hence, diagnostic performance
of ELISA was very similar to ECLIA, with AUCs of 0.964
(95% CI 0.936-0.993) for referred patients and 0.972 (95%
CI 0.949-0.994) for healthy volunteers. No significant
differences were found between AUCs of LNSC measured
by ECLIA and ELISA (p = 0.375). The predefined cut-off
value (4 nmol/l) for LNSC had an unacceptably low
specificity for both ELISA and ECLIA. LNSC measured by
ELISA with a cut-off value of 9.4 nmol/l for obese patients
yielded sensitivity of 88.4 % (95% CI 75.5-94.9 %) and
specificity of 92.7 % (95% CI 84.5-96.9 %).

DST was performed in 120 patients from the referred
population (three CS patients with severe conditions were
omitted).

All patients with CS had DST above 50 nmol/l. In eight
cases of constitutional obesity, dexamethasone failed to
reduce cortisol below 50 nmol/l. Consequently, the cut-off
value of 50 nmol/I [9] exhibited sensitivity of 100 % (95%
CI 91.8-100 %) and specificity of 89.7 % (95% CI
78.5-94.4 %).

Among the eight patients whose cortisol levels were
refractory to dexamethasone, six had LNSC values below
6.85 nmol/l, including four patients with LNSC below
4 nmol/l. In only two cases was the LNSC value above
9.4 nmol/l. Both initial tests (LNSC and DST) improved
specificity for concordant results up to 97.4% (95% CI
91.1-99.3).

ROC curve analysis for DST showed an AUC = 0.982
(95% CI 0.959-1.00). No differences were identified
between LNSC AUCs by ECLIA and DST (p = 0.316).

ROC curves and AUCs for all methods are presented in
Fig. 1.

Discussion
This study demonstrated that LNSC measured by auto-
mated ECLIA has good diagnostic performance, compa-

rable with earlier validated ELISA and DST, in the most
challenging conditions, differentiating CS among
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consecutive obese and overweight patients. We also
focused on the clinical implementation of two consecutive
LNSC measurements and evaluated the order of testing to
further improve diagnostic performance.

In suggesting the optimum cut-off value for LNSC
based on the maximum sum of specificity and sensitivity,
we noticed that the cut-off value was higher among the
referral population (CS vs. obesity) as compared to CS
versus healthy individuals, providing one possible expla-
nation for the inconsistency of cut-off points in other
studies. We suggest that differences in cut-off values
actually depend on the number of patients who have
functional hypercortisolism (due to obesity) compared to
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Fig. 1 The direct comparison of areas under the curve (AUC) of
different tests to evaluate Cushing’s syndrome in referred population
of obese and overweight patients Receiver-operator characteristic
curves of late-night salivary cortisol (LNSC) levels measured by the
automated electrochemiluminescence immunoassay method (EC-
LIA); the mean of two LNSC measurements by ECLIA, LNSC
measured by enzyme-linked immunosorbent assay (ELISA) and
serum cortisol after low-dose dexamethasone suppression test (DST)
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patients with incidentally discovered adrenal tumors or
hypertension or healthy subjects who tend to lower the cut-
off value.

Indeed, five studies [23, 31-34] focused on the evalua-
tion of the ECLIA method revealed excellent diagnostic
performance of the assay, but suggested cut-off points
differed by almost 300 % ranging from 4.55 nmol/I [31] to
14.2 nmol/l [33]. Only one of these studies focused on
patients with obesity versus CS in a case—control setting
and reported the highest cut-off point (14.2 nmol/l) [33],
whereas the study comparing healthy volunteers and
patients with CS reported the lowest cut-off point [31]. The
strength of our study is a prospective design regarding the
evaluation of consecutive obese and overweight patients
suspected of having CS. This approach is very close to real
clinical practice, and therefore gives more accurate results.

Although our study focused on evaluating functional
hypercortisolism versus CS, and salivary cortisol was
measured using Cobas e 601, not Elecsys, the cut-off value
obtained by our study of consecutive patients (9.4 nmol/l)
was close to cut-offs earlier defined in Hungary from a
prospective work —9.6 nmol/l (sensitivity—100 %; speci-
ficity—S88 %) [23], 9.9 nmol/l (sensitivity—91.3 %; spec-
ificity—94.5 %) [34]. It clearly shows the potential for this
method being standardized. The exclusion of four patients
with an unproved diagnosis from the analysis could be
considered as the limitation of our study.

However, the largest number of patients with CS at all
stages of disease tested with the ECLIA method to date (45
vs. 9 [23] or 23[34]) let us more accurately analyze diag-
nostic performance of testing, particularly sensitivity,
which was 84 %. We also provided the cut-off point with
100 % sensitivity; with 100 % specificity, and diagnostic
indexes for earlier predefined cut-off values in case they
were required for future analysis.

Our healthy volunteer data, obtained using the latest
Cobas €601, agrees with previous studies analyzing the
reference range of LNSC collected at 23:00 as assayed by
ECLIA on Elecsys 170 [31, 35].

The principal interests of our study were the analysis of
clinical implementation of two consecutive LNSC sam-
plings, comparison of diagnostic performance of two
methods to measure LNSC (ECLIA vs. ELISA), and
evaluation of the optimal combination of diagnostic tests.

Comparing AUCs from the first, second, and the mean
from the two LNSC measurements reveals similar diag-
nostic performance. The number of false-positive and
false-negative results during the first and second mea-
surements and percent of discordant results was similar in
all groups. Carrasco et.al. [36] evaluated the results of two
LNSC measurements in 26 patients with CS and 35 sub-
jects from a clinically suspected group (all had normal 24 h
UFC and DST) and suggested that the highest LNSC

should be chosen to improve diagnostic performance. In
our study of consecutive 123 obese and overweight
patients, such an approach resulted in an unacceptably low
specificity, and thus could not be recommended. Variations
in LNSC results could arise from stressful conditions.
Nevertheless, it is difficult to predict which day or what
conditions might be stressful for individuals. Consequently,
recommending a second sample for every patient would be
equally misleading.

Diagnostic performance of LNSC measured by ECLIA
and ELISA did not differ. Moreover, the cut-off point
9.4 nmol/l yielded similar sensitivity and specificity.
Consequently, we can substitute previously validated
ELISA [9] with ECLIA. Automated ECLIA techniques
allow results to be easily determined on the same day that
samples are delivered. This is an improvement over
ELISA, where it is necessary to collect and freeze a spe-
cific number of samples to optimize kit capacity.

Thus, our study does not support two LNSC measured
by either one method or two different methods (ECLIA and
than ELISA). Instead, we advocate the initial use of LNSC
measured by ECLIA followed by DST to improve sensi-
tivity and specificity for concordant results. This approach
gave false positive in only two cases of constitutional
obesity and no false negative result.

In conclusion, ECLIA-based LNSC measurements are
comparable to those from ELISA or DST. Different
thresholds should be used for patients with functional
hypercortisolism, such as obesity. Based on our results, two
consecutive LNSC measurements should not be manda-
tory; rather, DST should be used as a second test to confirm
or exclude CS.
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