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Context: Recent reports suggest a higher prevalence (1-5%) of Cushing’s syndrome in certain
patient populations with features of the disorder (e.g., diabetes), but the prevalence in the over-
weight and obese population is not known.

Objective: The aim of the study was to evaluate the diagnostic performance of screening tests for
Cushing’s syndrome in overweight and obese subjects with at least two other features of the
disorder.

Design and Setting: We conducted a cross-sectional prospective study.

Subjects and Methods: A total of 369 subjects (73% female) completed two or three tests: a 24-h
urine cortisol, and/or late-night salivary cortisol, and/or 1 mg dexamethasone suppression test
(DST). If any result was abnormal [based on laboratory reference range or cortisol after DST =1.8
wpg/dl (50 nmol/liter)], tests were repeated and/or a dexamethasone-CRH test was performed.
Subjects with abnormal DST results and a low dexamethasone level were asked to repeat the test
with 2 mg of dexamethasone.

Results: In addition to obesity, subjects had a mean of five to six features of Cushing’s syndrome.
None was found to have Cushing’s syndrome. Test specificities to exclude Cushing’s syndrome for
subjects who completed three tests were: urine cortisol, 96% [95% confidence interval (Cl), 93—
98%]; DST, 90% (95% Cl, 87-93%); salivary cortisol, 84% by RIA (95% Cl, 79-89%) and 92% by
liquid chromatography-tandem mass spectrometry (95% Cl, 88-95%). The combined specificity
(both tests normal) for all combinations of two tests was 84 to 90%, with overlapping Cls.

Conclusion: These data do not support widespread screening of overweight and obese subjects for
Cushing’s syndrome; test results for such patients may be falsely abnormal. (J Clin Endocrinol Metab
94: 3857-3864, 2009)

ushing’s syndrome is a rare disorder characterized by
C clinical signs and symptoms that reflect chronic ex-
posure to hypercortisolism. However, many of its features
(weight gain, hypertension, glucose intolerance, depres-
sion, irregular menses, and hirsutism) are common in the
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general population, raising the question of who should be
screened. Several studies report a prevalence of Cushing’s
syndrome of 1-5% in patients with uncontrolled diabetes
and/or hypertension (1-4). However, there are few studies
of the prevalence of Cushing’s syndrome or the perfor-

Abbreviations: BMI, Body mass index; CBG, cortisol binding globulin; Cl, confidence in-
terval; Dex-CRH, dexamethasone-CRH (test); DST, dexamethasone suppression test; ICMA,
immunochemiluminescence metric assay; LC-MS/MS, liquid chromatography-tandem
mass spectrometry; UFC, urine free cortisol.
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mance of screening tests in an overweight and obese pop-
ulation (5). It is important to evaluate the rate of false-
positive results on screening tests in light of recent
Endocrine Society guidelines regarding case detection (6).
To address some of these issues, this study determined the
prevalence of true and false-positive Cushing’s syndrome
screening test results in a population of overweight and
obese subjects with at least two other clinical features of
Cushing’s syndrome.

Subjects and Methods

The Institutional Review Board of the National Institute of Child
Health and Human Development approved the study protocol.
All subjects provided written informed consent.

Evaluation at The George Washington University
Weight Management Program (GWUWMP)

From October 2003 to March 2008, individuals aged 18-75
presenting for weight loss treatment at GWUWMP indicated on
a questionnaire the presence of signs or symptoms of Cushing’s
syndrome (Table 1). Overweight or obese subjects with at least
two additional features of Cushing’s syndrome and willingness
to return for follow-up were invited to participate. Exclusion
criteria included: 1) weight more than 350 pounds (159 kg), the
limit for radiology examination tables; 2) serum creatinine above
2.6 mg/dl; 3) pregnancy; 4) serious medical conditions that might
alter pituitary-adrenal function; and 5) recent or anticipated use
of oral or injected glucocorticoids, black licorice, chewing to-
bacco, phenytoin, barbiturates, loperamide, or opiates.

After enrollment, GWUWMP staff reviewed a history, per-
formed a physical examination, and recorded the presence or
absence of generalized obesity, truncal obesity, dorsocervical fat,
temporal fat, supraclavicular fat, moon facies, ruddy/red face,
stretch marks, edema, thin skin, poorly healed skin, impaired

TABLE 1. Percentage of subjects with positive
responses to items on the inclusion criteria questionnaire

% %
Lethargy/depression 56  Facial plethora 22
Irritability 50  Abnormal fat 21
distribution
Decreased concentration 46 Balding (females) 21
Impaired short-term 44 Ecchymoses 21
memory
Hypertension 42  Acne 21
Decreased libido 41 Change in appetite 20
Edema 41 Weakness 18
Headache 29  Striae 14
Glucose intolerance 27 Thin skin 14
Hirsutism (females) 25  Recurrent infections 11
Irregular menses 24 Osteopenia 9
(females = 40 yr old;
n = 68)

Data represent subjects with valid inclusion criteria who had results
from at least two screening tests. For each criterion, the number of
evaluable subjects ranged from 359-363 (except 299 for headache) of
369 women and men.
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memory, mood lability, proximal muscle weakness (strength
quantified as 1-5; 5 is maximum), acne, and hirsutism. Weight,
height, and systolic and diastolic blood pressure measurements
were noted. Fasting blood sugar was measured in known dia-
betics; all others underwent an oral glucose tolerance test.

Initially, subjects completed the Psychiatric Diagnostic
Screening Questionnaire; subsequently, the Patient Health Ques-
tionnaire was substituted and was completed by most subjects.

Subjects underwent screening tests for Cushing’s syndrome at
GWUWMP, including a 1 mg overnight dexamethasone sup-
pression test (DST) with measurement of serum cortisol and, in
subjects with an abnormal response, measurement of dexameth-
asone levels [both by liquid chromatography-tandem mass spec-
trometry (LC-MS/MS); assay sensitivities, 1 ug/dl (27.6 nmol/
liter) and 5 ng/dl (0.13 nmol/liter), respectively, at Esoterix
Laboratories, Calabasas Hills, CA], measurement of 24-h
urine free cortisol (UFC) excretion [LC-MS/MS; assay sensi-
tivity, 0.07 pg/dl (1.9 nmol/liter) Mayo Laboratories, Roch-
ester, MN)] (7, 8) (with creatinine measurement), and mea-
surement of bedtime salivary cortisol by RIA (Esoterix
Laboratories) or LC-MS/MS (Mayo Laboratories) (9). Ini-
tially saliva samples were analyzed only by RIA. Subsequently
split samples were also assayed by LC-MS/MS. Because LC-
MS/MS had a lower rate of false-positive results, it was used
alone for the remainder of the study (9).

Screening test results were considered abnormal if they ex-
ceeded the laboratory’s established normal range: UFC, above 45
1g/24 h (124 nmol/24 h); salivary cortisol, above 170 ng/dl (4.7
nmol/liter) by RIA or above 100 ng/dl (2.8 nmol/liter) by LC-
MS/MS; or if the DST cortisol was at least 1.8 pg/dl (49.6 nmol/
liter) (10). Subjects with dexamethasone levels below 140 ng/dl
(3.6 nmol/liter) were asked to repeat the test with 2 mg dexa-
methasone. UFC results were considered invalid if the creatinine
was not 15-25 mg/kg body weight/24 h.

Evaluation at the National Institutes of Health
(NIH)

Subjects with any abnormal screening result were asked to
undergo evaluation at the NIH Clinical Center. At least two
phone and letter reminders were sent to encourage follow-up
Visits.

At the NIH, each subject was asked to submit two bedtime
saliva samples (LC-MS/MS; some with split samples for RIA)
and two additional 24-h urine samples for cortisol measurement
by Nichols Advantage immunochemiluminescence metric assay
(ICMA; Department of Laboratory Medicine, NIH), early in the
study [normal range, =77 ug/24 h (213 nmol/24 h)] or later
LC-MS/MS by Mayo Laboratories. UFC and salivary cortisol by
LC-MS/MS results were available immediately and were used for
clinical decisions. The saliva specimens for RIA were batched
and assayed later. Subjects underwent a dexamethasone-CRH
(Dex-CRH) test if their initial DST result was abnormal despite
an appropriate serum dexamethasone level, and/or if any repeat
UFC or salivary cortisol result was abnormal (11).

Subjects with an abnormal Dex-CRH result[15 min post-dex
cortisol =1.4 pg/dl (38 nmol/liter)] and suboptimal dexameth-
asone levels [<500 ng/dl (<12.7 nmol/liter)] underwent repeat
testing if possible, using a doubled dexamethasone dose (1 mg
every 6 h). Cortisol binding globulin (CBG) levels (RIA; Esoterix
Laboratories) were obtained.
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Subjects with any abnormal screening test result were later
contacted again at the end of the study and asked whether they
had received any endocrine diagnosis since the initial testing.

Analysis

Subject demographics and clinical characteristics were char-
acterized by simple descriptive statistics and frequency distribu-
tions. Data are reported as mean = sp.

Specificity [and 95% confidence intervals (CI)] for each test
was calculated for subjects who completed two or three tests
(UFC + DST, DST + salivary cortisol LC-MS/MS, or UFC +
salivary cortisol LC-MS/MS), both including and excluding sub-
jects without follow-up. DST specificity was also calculated after
excluding women taking estrogen. Categorical data were com-
pared by x* and Fisher’s exact tests, and continuous data were
compared using nonparametric (Wilcoxon rank sum) tests. To
compare specificities of unpaired and paired data, Fisher’s exact
test and McNemar’s test were used, respectively. If comparisons
consisted of both paired and unpaired data, a generalization of
Fisher’s exact test, a composite exact test, was used to compare
overall false-positive rates (9, 12). Specificity of follow-up UFC
results (ICMA vs. LC-MS/MS) was calculated by assigning a subject
as “normal” if all UFC results were within the reference range or
“abnormal” if any result was above the range. A P value less than
or equal to 0.05 was considered statistically significant, unless a
multiple comparison adjustment was applied. Data were analyzed
using SAS system software version 9.1 (SAS Institute, Cary, NC).

Repeat test results were considered abnormal according to
aforementioned laboratory reference ranges. Post-CRH 15 min
cortisol levels of atleast 1.4 pug/dl (38 nmol/liter) were considered
abnormal if dexamethasone levels were at least 500 ng/dl (12.7
nmol/liter) (11).

Multiple unexplained abnormal results over time were re-
quired for a diagnosis of Cushing’s syndrome.

To create a composite score, the physical examination fea-
tures of dorsocervical fat, supraclavicular fat, moon face, pink or
purple stretch marks, ruddy face, proximal muscle weakness,
thin skin, and history of eccymoses and menstrual change (for
those women =40 yr) were assigned “1” point if present and
summed. This composite score was compared between the
groups with and without any screening abnormality.

Subjects taking a glucose-lowering medication for glycemic
control, or having a fasting blood glucose of at least 126 mg/dl
(7.0 mmol/liter), or having 2-h post-glucose of at least 200 mg/dl
(11.1 mmol/liter) were considered to have diabetes mellitus (13).
Subjects were considered to have hypertension if systolic blood
pressure was at least 140 mm Hg and/or diastolic blood pressure
was at least 90 mm Hg (14) or if they were taking medication(s)
to treat hypertension.

Results

Demographics

Of 471 subjects enrolled, 70 (15%) did not return for
any screening test, and six completed one screening test.
Twenty-six subjects had insufficient inclusion criteria.
The remaining 369 subjects form the basis of this report:
73% were female, 83% were white, and 67% had at least
a bachelor’s degree. Mean age was 48 = 12 yr for women
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and 50 = 12 yr for men. Mean weight and body mass
index (BMI) were 102 + 20 kg and 38 *= 7 kg/m? in
women and 128 + 29 kg and 41 + 9 kg/m? in men.
Fourteen subjects weighing more than 350 pounds (159
kg) were studied. The BMI distribution was: 25-29.9
kg/m?, 11%; 30-34.9 kg/m?, 26%; 35-39.9 kg/m?,
25%; and above 40 kg/m?, 38%.

Clinical features

Table 1 lists the percentage of positive responses to the
screening questionnaire for enrollment. On average,
women answered “yes” to six questions (range, 2-14),
and men answered “yes” to five questions (range, 2-12).

The most common physical examination findings were
edema (206 of 352; 59%), and striae (145 of 352;41%).
Twelve of 88 subjects (14 %) with available data had pur-
ple stretch marks of at least 1 cm.

Mean composite scores in subjects with data available
for all nine variables (eight in men) were: all females (239
of 267), 1.6 = 1.5 (max score, 6.0; 77% scored =2.0);
females age 40 or younger (62 of 68), 1.6 1.4 (max score,
5.05 82% scored =2.0); and men (89 of 101), 1.0 = 1.0
(max score, 4.0; 90% =2.0). Composite scores were sim-
ilar between subjects with or without a screening test
abnormality.

Seventy-two of 362 evaluable subjects had diabetes. A
total of 170 of 356 evaluable subjects had hypertension:
blood pressure was normal in 96 taking medication but
abnormal in 33 on medication, 39 not on medication, and
two without medication data.

Fifty-five of 320 (17%) subjects who completed ques-
tionnaires reported depression symptoms. Thirty-four
(11%) reported signs of alcohol abuse.

Initial screening test results

Data were available from three screening tests (i.e.
UFC, DST, and at least one saliva sample) in 326 subjects.
The others had results for two tests (11 UFC and DST, four
UFC and salivary cortisol RIA, seven UFC and salivary
cortisol LC-MS/MS, five DST and salivary cortisol LC-
MS/MS, and 16 DST and salivary cortisol RIA).

Of subjects who completed three screening tests, 28 had
an abnormal result after 1 mg dexamethasone despite an
adequate dexamethasone level (three of 43 in the two-test
group) (Fig. 1A and Table 2). Three subjects did not have
dexamethasone levels available. Two subjects had an ini-
tially abnormal response with a low dexamethasone level;
each had normal cortisol and adequate dexamethasone
levels after the 2 mg overnight DST. They had additional
evaluation only if other results were abnormal. Four-
teen of 49 women taking estrogen and who completed
at least two tests had an abnormal DST result. Eleven
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FIG. 1. Abnormal test values for subjects with two or more completed tests. A,
Abnormal post 1 mg DST cortisol levels at the initial screening visit. Dotted line
represents 1.8 ug/dl (49.6 nmol/liter) diagnostic cutoff level. When available, the
dexamethasone levels were all appropriate. Two subjects taking oral contraceptives
had cortisol levels of 4.0 and 8.5 ng/dl (110 and 234 nmol/liter); cortisol binding
globulin levels were not measured. B, Abnormal UFC values at screening visit
(screen) and follow-up (FU). Solid line, Upper normal limit LC-MS/MS assay, 45 ug/
24 h (124 nmol/24 h); dashed line, upper normal limit Nichols assay, 77 ug/24 h
(213 nmol/24 h). C, Abnormal screening salivary cortisol (Sal F) values by RIA and
LC-MS/MS at the screening visit. Solid line, Upper normal limit RIA, 170 ng/dl (4.7
nmol/liter); dashed line, upper normal limit LC-MS/MS, 100 ng/dl (2.8 nmol/liter). D,
Follow-up salivary cortisol results in 25 of 58 subjects with RIA and LC-MS/MS split
samples. Solid vertical line, upper normal limit RIA, 170 ng/dl (4.7 nmol/liter); dashed
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UFC and DST was 88% (CI, 84-91%); and
DST and salivary cortisol by LC-MS/MS was
84% (CI, 79-88%).

Due to laboratory error, no urine creatinine
was available in the first 96 subjects; additional
evaluation was recommended in eight with an
abnormal UFC result. UFC results in nine sub-
jects were excluded based on creatinine or vol-
ume results.

Follow-up in patients with abnormal
screening results

Fifty-eight of 84 subjects with at least one
abnormal result (Table 2) underwent addi-
tional testing. The interval between the
GWUWMP visit and the last test at NIH was
167-230 d. Twenty-five of the 26 subjects who
did not return had only one screening test ab-
normality: four UFC, seven salivary cortisol
RIA, six salivary cortisol LC-MS/MS, one sal-
ivary cortisol by RIA and LC-MS/MS, and
seven DST. One subject had abnormal DST
and UFC results.

Figures 2 and 3 show the subsequent eval-
uation of initial DST abnormalities in 31 sub-
jects with three tests and three with two tests.

line, upper normal limit LC-MS/MS, 100 ng/dl (2.8 nmol/liter).

women had normal results on follow-up testing; three
did not follow up.

Fifteen subjects had an abnormal UFC result (Fig. 1B).
Except for one result of 101 ug/24 h (normal =45 ug/24 h),
all values were less than twice normal. The salivary cor-
tisol concentration was abnormal in 38 of 232 subjects by
RIA andin 22 of 269 subjects by the LC-MS/MS technique
(Fig. 1C). Among 143 subjects who provided split saliva
samples, LC-MS/MS had a significantly greater specificity
than RIA (92 vs. 85%; P = 0.01). Excluding subjects with
abnormal screening results and no follow-up, the speci-
ficities were 94 vs. 87% (P = 0.01).

In these subjects, the specificity of salivary cortisol by
RIA was 84% (CI, 79-89%); salivary cortisol by LC-MS/
MS, 92% (CI, 88-95%); UFC, 96% (CI, 93-98%); and
DST, 90% (CI, 87-93%). Excluding those with no follow-
up, specificities were: 87% (CI, 81-91%), 94% (CI, 90—
97%), 97% (CL, 95-99%), and 92% (CL, 89-95%), re-
spectively. DST specificity excluding women on estrogen
was unchanged.

All sets of specificity data were similar for those with
only two test results (data not shown). The combined spec-
ificity in all subjects (both results normal) for UFC and
salivary cortisol by LC-MS/MS was 90% (CI, 86-93%);

The four subjects with the highest post-DST

cortisol [8.5-13 ug/dl (235-359 nmol/liter)]

had normal UFC and salivary cortisol on re-
peat testing; three had a normal response to Dex-CRH
testing, and the fourth had an abnormal result due to oral
contraceptive pill use (described below). This was the
likely cause of her initial abnormal DST response.

Figures 3 and 4 show the evaluation of 50 subjects with
an initially normal response to dexamethasone but other
abnormal results (43 subjects with three tests and seven
with two tests). One woman with a salivary cortisol LC-
MS/MS value of 1360 ng/dl (37.5 nmol/liter) reportedly
had a nasal steroid injection that may have contained hy-
drocortisone 2-3 d before collection. Repeat testing was
normal.

Two subjects had extremely high screening salivary
cortisol RIA results of 1600 ng/dl (44 nmol/liter) and 2800
ng/dl (77 nmol/liter). The first did not return for evalua-
tion; however, a simultaneous LC-MS/MS salivary corti-
sol level of 39 ng/dl, UFC result of 7.6 ug/24 h, and post-
dexamethasone cortisol result of 1.0 pg/dl were all
normal. The other subsequently had normal results for
one paired saliva and two urine samples.

In follow-up, 26 of 58 subjects provided saliva for RIA
and LC-MS/MS evaluation (Fig. 1D; one pair insufficient
quantity), whereas 29 (two with no specimen) had samples
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TABLE 2. Combination of abnormal screening test results for UFC, DST, and salivary cortisol (Sal F) by RIA and/or

LC-MS/MS
Subjects with normal DST n Subjects with abnormal DST n
Abnormalities among 326 UFC 6 DST 20
subjects with data from
at least 3 tests
Sal F RIA 18 DST + UFC 3
Sal F LC-MS/MS 11 DST + Sal F RIA 5
UFC + Sal F RIA 1 DST + Sal F LC-MS/MS 0
UFC + Sal F LC-MS/MS 1 DST + Sal F RIA & LC-MS/MS 1
Sal F RIA and LC-MS/MS 6 DST + UFC + Sal F RIA 1
DST + UFC + Sal F LC-MS/MS 0
DST + UFC + Sal F RIA & LC-MS/MS 1
Total 43 31
Abnormalities among 43
subjects with data from
only 2 screening tests
Sal F RIA 3 DST 3
Sal F LC-MS/MS 2
UFC + Sal F RIA 2
Total 7 3

Total no. of abnormalities
in both groups: 84

analyzed by LC-MS/MS only. Four salivary cortisol LC-
MS/MS results were abnormal; one with a simultaneous
RIA was normal. All four subjects underwent Dex-CRH
testing (see below).

Three of the batched salivary cortisol RIA results were
abnormal, each with a normal paired LC-MS/MS result.
One subject had already undergone Dex-CRH testing
(normal) because of a follow-up UFC of 83 ug/24 h
(ICMA). The other two who had normal UFC and salivary
cortisol by LC-MS/MS were considered not to have Cush-
ing’s syndrome and did not have further testing.

DST only =20

* 10 UFC (1-2), Sal F RIA +/or LC-MS/MS + Dex-CRH
* 1 Sal F LC-MS/MS + Dex-CRH
® 2 UFC + Sal F LC-MS/MS (no Dex-CRH)

DST+UFC=3

* 1 Dex-CRH only
* 1 UFC (1-2) + Sal pair + Dex-CRH

Pts. with abnormal results

* 1 UFC (1)

Pts. with abnormal results

*1UFC (1)
* 1 Sal F LC-MS/MS (1)
* 1 Sal F LC-MS/MS (1) + Dex-CRH

DST + Sal F RIA +/or Sal F LC-MS/MS
+/-UFC =3

® 3 UFC (2) + Sal F pair + Dex-CRH

Pts. with abnormal resultg

* 1 UFC (1) + Dex-CRH

DST+SalFRIA=5
* 5 UFC (1-2), Sal F RIA +/or LC-MS/MS + Dex CRH

Pts. with abnormal results

* 1 UFC (1)
* 1 Sal F LC-MS/MS (1)

FIG. 2. Distribution of 1 mg DST abnormalities in subjects with three
completed screening tests. Separate boxes indicate the types of initial
abnormalities at the top, followed by the number of subjects who
underwent follow-up testing. The combinations of tests performed
and abnormal results are preceded by the number of subjects. The
numbers in parentheses indicate the number of completed or
abnormal samples. Sal F RIA, Salivary cortisol by RIA; Sal F LC-MS/MS,
salivary cortisol by LC-MS/MS; Sal F pair, salivary cortisol by RIA and
LC-MS/MS.

Seven of the 58 subjects had eight UFC abnormalities in
follow-up. The seven abnormal results by ICMA were
less than 1.5-fold normal. The one abnormal result by
LC-MS/MS was 2.5-fold normal and corresponded to
an abnormal salivary cortisol level that was 1.5-fold
normal. Repeat urine and salivary cortisol levels were
normal in this subject, as was her Dex-CRH test. The
specificity of follow-up UFC results by ICMA was 21 of
27,78% (CI, 58-91%)and by LC-MS/MS was 21 0f 22,
95% (CI, 77-100%).

DSTonly=3
* 3 UFC (1-2) + Sal F RIA +/or LC-MS/MS + Dex-CRH

Pts. with abnormal results

* 2 Dex-CRH abnl
* 1 UFC (1) and Sal F RIA (1)

UFC +SalFRIA=2

2 follow up

* 1 UFC (2) + Sal F LC-MS/MS (2)
* 1 UFC (1) + Sal F Pair + Dex-CRH

Pts. with abnormal results

* 1 UFC (1); follow up Dex-CRH normal

Sal F RIA or LC-MS/MS only =5

4 follow up

® 2 UFC (1-2) + Sal F RIA +/or Sal F LC-MS/MS
*1UFC (1
® 1 Sal F LC-MS/MS

Pts. with abnormal results

* 1 Sal F RIA (1) (follow up Dex-CRH not done)

FIG. 3. Distribution of 1 mg DST, UFC, and salivary cortisol
abnormalities in subjects with two completed screening tests. Separate
boxes indicate the types of initial abnormalities at the top, followed by
the number of subjects who underwent follow-up testing. The
combinations of tests performed and abnormal results are preceded by
the number of subjects. The numbers in parentheses indicate the
number of completed or abnormal samples. Sal F RIA, Salivary cortisol
by RIA; Sal F LC-MS/MS, salivary cortisol by LC-MS/MS; Sal F pair,
salivary cortisol by RIA and LC-MS/MS.
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UFConly=6

® 2 UFC (1-2) + Sal F pair

Sal F LC-MS/MS only = 11

5 follow up

3 UFC (1-2) + Sal F LC-MS/MS (1-2)
* 1 UFC (2) + Sal F LC-MS/MS (2) + Dex-CRH
* 1 Sal F LC-MS/MS (1)

Pts. with abnormal results

* 1 UFC (1) + Sal F LC-MS/MS (1)
(follow up Dex-CRH normal)

* No abnormal results

Sal FRIA only =18

® 9 UFC (1-2) + Sal F RIA +/or Sal F LC-MS/MS
® 3 Sal F LC-MS/MS (2)

Pts. with abnormal results

* 1 Sal F RIA (1) (Dex-CRH not done)

Sal F RIA + LC-MS/MS only = 6

* 3 UFC (1-2) + Sal F RIA +/or LC-MS/MS
® 2 Sal F RIA +/or LC-MS/MS

UFC + Sal F RIA or LC-MS/MS = 2

® 2 UFC (1-2) + Sal F RIA +/or Sal F LC-MS/MS

* No abnormal results

* No abnormal results

FIG. 4. Distribution of urine and salivary cortisol abnormalities in
subjects with three completed screening tests and normal
dexamethasone results. Separate boxes indicate the types of initial
abnormalities at the top, followed by the number of subjects who
underwent follow-up testing. The combinations of tests performed
and abnormal results are preceded by the number of subjects. The
numbers in parentheses indicate the number of completed or
abnormal samples. Sal F RIA, Salivary cortisol by RIA; Sal F LC-MS/MS,
salivary cortisol by LC-MS/MS; Sal F pair, salivary cortisol by RIA and
LC-MS/MS.

Four Dex-CRH results were considered to be falsely
abnormal; all others were normal. One subject with a 15-
min post-CRH cortisol value of 2.1 ug/dl (58 nmol/liter)
had a low dexamethasone level [281 ng/dl (7.2 nmol/li-
ter)]. After a doubled dexamethasone dose every 6 h, the
dexamethasone level was appropriate and cortisol was
below 1.0 ug/dl (<27.6 nmol/liter). This subject had four
normal repeat UFC results and one abnormal out of two
repeat salivary cortisol results [LC-MS/MS; 177 ng/dl (4.8
nmol/liter)]. Two women taking oral contraceptives had
borderline abnormal responses to Dex-CRH [cortisol,
1.4 pg/dl (38.0 nmol/liter) and 1.9 pg/dl (52.4 nmol/
liter)]. One had a low dexamethasone level [247 ng/dl
(6.3 nmol/liter)]; a CBG level was not measured. The
other had an elevated CBG level [ 5.8 mg/dl (1100 nmol/
liter); reference 2.3-3.9 mg/dl (437-741 nmol/liter)].
Each had normal repeat UFC and saliva testing and did
not wish to discontinue the medication, so neither re-
peated the Dex-CRH test.
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A fourth subject (screening UFC normal, DST abnor-
mal) had a 15-min post-CRH cortisol value of 2.5 upg/dl
(69.0 nmol/liter) and a low dexamethasone level [368
ng/dl (9.4 nmol/liter)]. Repeat testing with a doubled
dexamethasone dose gave an appropriate dexamethasone
level but a post-CRH cortisol value of 2.0 ug/dl (55.2
nmol/liter); CBG was normal. A detailed history was un-
revealing. Based on clinical features and two normal sub-
sequent UFC results (insufficient saliva collections), clin-
ically significant hypercortisolism seemed unlikely. At 6,
18, and 30 months after her screening visit, she did not
report diabetes, hypertension, or new symptoms of Cush-
ing’s syndrome and had improvement in her initial
symptoms.

The groups with or without any test abnormality were
not statistically different in mean weight, age, gender,
composite symptom scores, or frequency of diabetes, hy-
pertension (Table 3), depression, or alcohol abuse. The
BMI groups had similar rates of abnormal screening tests.

Sixty-three (including 16 of 26 who had not com-
pleted any follow-up) of the 84 subjects with any screen-
ing test abnormality responded to the late evaluation
contact at a median of 3.2 yr (range, 1 to 5 yr) after the
initial screening. None reported any further symptoms,
evaluation, or recommendation for evaluation of Cush-
ing’s syndrome.

Some subjects reported subsequent endocrine evalua-
tions unrelated to Cushing’s syndrome. New diagnoses
included polycystic ovarian syndrome (n = 4), hypothy-
roidism (n = 1), vitamin D deficiency (n = 2), thyroid
nodule (n = 1), sleep apnea (n = 1), and type II diabetes
mellitus (n = 1). A pituitary adenoma was found inciden-
tally in one woman. One subject with an abnormal sali-
vary cortisol result by RIA and normal UFC and 1 mg DST
result at screening was later found to have an adrenal
incidentaloma. She reported that hormonal evaluation
was negative. She also reported a 139-pound weight loss.

Discussion

Using tests and criteria recommended by the recent En-
docrine Society guidelines for screening for Cushing’s syn-

TABLE 3. Characteristics and presence of comorbidities in subjects with and without test abnormalities after at least
two screening tests (urine cortisol, 1 mg dexamethasone suppression, and/or salivary cortisol by RIA or LC-MS/MS)

No. with diabetes/total

No. with HTN/total

Weight (kg)? BMI (kg/m?)?

No abnormality 57/213
=1 abnormality 15/60
P value 0.87

125/274 110 =25 39 =8
45/82 109 = 26 39 £8
0.16 0.84 0.90

Diabetes was diagnosed by fasting blood sugar, oral glucose tolerance test, or medication use. HTN, Hypertension by medication use or physical

examination.

? Mean = sp.
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drome (6), we found no subject with the disorder among
369 people who were overweight or obese with a mean of
five to six signs or symptoms of Cushing’s syndrome. The
guidelines suggest that Cushing’s syndrome should not be
diagnosed unless two tests are abnormal. When applying
that strategy to this group of patients, the combined spec-
ificities for double combinations of UFC, DST, and/or sal-
ivary cortisol by LC-MS/MS ranged from 84 to 90% (88—
94% excluding those with no follow-up). The specificity
of UFC, DST, and salivary cortisol by LC-MS/MS together
was78% (CI, 73-83%)[or 84% (CI, 80-89%) excluding
those with no follow-up].

About one fourth of the subjects had at least one ab-
normal result; yet, mean composite scores among subjects
with and without test abnormalities were not significantly
different. This highlights the difficulty in determining
whom to screen and supports the fact that these screening
tests were falsely positive. These results support The En-
docrine Society’s suggestion to screen only those patients
with unusual or multiple and progressive features of Cush-
ing’s syndrome that increase the pretest probability of the
condition (6).

Until recently there have been few data on the perfor-
mance of diagnostic tests in large populations of patients
suspected of having Cushing’s syndrome. Pecori Giraldi ez
al. (5) retrospectively studied 4104 patients in whom
Cushing’s syndrome was excluded. Although UFC was
measured in 3461 patients, fewer also had DST (n = 235),
midnight serum cortisol (n = 335), or both (n = 88). The
specificities for DST [80.2% (95% CI, 77.5-82.9%)] and
UFC [89.6% (95% CI, 88.9-90.3%)] were lower than
those seen in this study. However, dexamethasone levels
were not measured, and the assay for UFC was antibody-
based, which may have introduced bias against better re-
sults. Despite these differences, both studies underscore
the high chance for falsely abnormal results when conser-
vative criteria are used to judge response.

In the current study, screening UFC by LC-MS/MS had
a specificity of 96% (CI, 93-98%). All but one abnormal
result were less than 2-fold normal, in keeping with pre-
vious studies suggesting that patients suspected but not
proven to have Cushing’s syndrome have values in this
range (5, 11). Historically, the reported specificity of UFC
ranged from 73-97% in various lean, obese, and chron-
ically ill patients (15, 16) and was 90% in the Pecori-
Giraldi study (5). Most previous studies used antibody-
based assays to measure cortisol. Differences in results
may reflect differences in study populations, compliance,
and/or assays.

As we previously reported, LC-MS/MS performs better
than RIA for measurement of salivary cortisol (7). The
reduced performance of RIA in this study contrasts with
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earlier reports using diagnostic thresholds determined ret-
rospectively with data collected within the study itself (16,
17). This suggests that salivary cortisol by RIA may have
high specificity in efficacy trials, but does not perform as
wellin a real world setting using laboratory-provided nor-
mative data (9). Additionally, the “normal” range may
increase with age and comorbidities, so that use of a single
reference range may lead to misdiagnosis (18).

Limitations of the study include possible verification
bias caused by lack of a gold standard test to diagnose
Cushing’s syndrome, the remote possibility of cyclic Cush-
ing’s syndrome (19), and the lack of biochemical fol-
low-up of nearly 30% of subjects with an abnormal
screening result. To address this, we contacted over 60%
of subjects without follow-up; none reported a new diag-
nosis of or evaluation for Cushing’s syndrome. In nearly
all subjects, the screening abnormality was mild, and only
one without follow-up had two abnormal test results.
Thus, it is unlikely that these subjects had Cushing’s syn-
drome. However, the reader must consider these limita-
tions when interpreting the specificities reported here.

The strengths of the current study include its ability to
determine prospectively the prevalence of Cushing’s syn-
drome in a population enriched with symptoms consistent
with the disorder and the ability to compare all three tests
recommended for screening of Cushing’s syndrome.

How might an endocrinologist incorporate these re-
sults into the evaluation of an obese patient who might
have Cushing’s syndrome? First, it is important to note
that many features of Cushing’s syndrome and overweight
and obesity overlap. This must be a factor in determining
a patient’s pretest probability for the disease and the de-
cision of whether to test, and how to interpret test results,
as suggested by Elamin et al. (20). Monitoring for wors-
ening symptoms over time and then screening, if appro-
priate, may be more useful than screening for Cushing’s
syndrome at a first visit. Using their Fagan nomogram, if
the pretest probability of Cushing’s syndrome is 5%, the
posttest probability that a patient has the disorder is about
20-50% for an abnormal urine cortisol result, and about
1-2% for a normal result. Additionally, the testing strat-
egy should be individualized. For example, the use of med-
ications affecting CBG or dexamethasone metabolism
may mitigate against the dexamethasone test. In this
study, there wasa 27 % false-positive rate in women taking
estrogen; dexamethasone levels unmasked fast metabo-
lism in others. The choice of assay may influence the re-
sults, and further study is needed to examine this possi-
bility. Finally, diagnostic criteria are not immutable: a
borderline abnormal result is more likely to be falsely pos-
itive than an extremely elevated result.
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In conclusion, broad screening programs for Cushing’s
syndrome in an obese population would likely lead to un-
necessary testing, false-positive results, and anxiety. We
caution against a literal interpretation of the recent guide-
lines and suggest that clinical judgment, taking into ac-
count the number and progression of symptoms, remains
essential for the diagnosis of Cushing’s syndrome.
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