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Context: The diagnosis of Cushing’s syndrome (CS) requires the use of tests of unregulated hy-
percortisolism that have unclear accuracy.

Objective: Our objective was to summarize evidence on the accuracy of common tests for diag-
nosing CS.

Data Sources: We searched electronic databases (MEDLINE, EMBASE, Web of Science, Scopus, and
citation search for key articles) from 1975 through September 2007 and sought additional refer-
ences from experts.

Study Selection: Eligible studies reported on the accuracy of urinary free cortisol (UFC), dexameth-
asone suppression test (DST), and midnight cortisol assays vs. reference standard in patients sus-
pected of CS.

Data Extraction: Reviewers working in duplicate and independently extracted study characteristics
and quality and data to estimate the likelihood ratio (LR) and the 95% confidence interval (CI) for
each result.

Data Synthesis: We found 27 eligible studies, with a high prevalence [794 (9.2%) of 8631 patients
had CS] and severity of CS. The tests had similar accuracy: UFC (n � 14 studies; LR� 10.6, CI 5.5–20.5;
LR� 0.16, CI 0.08–0.33), salivary midnight cortisol (n � 4; LR� 8.8, CI 3.5–21.8; LR� 0.07, CI 0–1.2),
and the 1-mg overnight DST (n � 14; LR� 16.4, CI 9.3–28.8; LR� 0.06, CI 0.03–0.14). Combined
testing strategies (e.g. a positive result in both UFC and 1-mg overnight DST) had similar diagnostic
accuracy (n � 3; LR� 15.4, CI 0.7–358; LR� 0.11, CI 0.007–1.57).

Conclusions: Commonly used tests to diagnose CS appear highly accurate in referral practices with
samples enriched with patients with CS. Their performance in usual clinical practice remains
unclear. (J Clin Endocrinol Metab 93: 1553–1562, 2008)

Cushing’s syndrome (CS) results from the excessive exposure
of the body to glucocorticoids, either from endogenous or,

more commonly, exogenous sources. Severe CS is rare and re-
quires urgent attention due to the natural history of this condi-
tion, which is associated with important morbidity and mortality
(1). Because of the overt presentation of severe CS, clinicians

familiar with this condition can often make a firm diagnosis on
clinical and biochemical grounds (2).

The aging population and the obesity epidemic are making
some features of CS, such as central obesity, hypertension, hy-
perglycemia, and bone fragility, common. Therefore, detecting
patients with CS, particularly those with milder forms, requires
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accurate tests that are able to discriminate patients with and
without hypercortisolism (3–5).

To summarize the available evidence of diagnostic accuracy
of tests of abnormal cortisol overproduction, The Endocrine So-
ciety Cushing’s Syndrome Task Force commissioned us to con-
duct a systematic review of diagnostic accuracy of diagnostic
tests for CS.

Materials and Methods

The protocol of this review, approved by the Task Force, adheres to
current methodological guidelines on the conduct of systematic reviews
of diagnostic accuracy (6).

Eligibility criteria
We included cross-sectional and longitudinal studies that enrolled

participants with true diagnostic uncertainty. Therefore, the diagnosis of
CS could not be a criterion for enrollment in these studies, so-called phase
II and III diagnostic studies (7). These studies may have included indi-
viduals selected because they had physical findings or comorbid condi-
tions suggestive of CS.

Tests of interest were urinary free cortisol (UFC), serum and salivary
midnight/bedtime cortisol, 1-mg overnight dexamethasone suppression
test (DST) or the 2-d 2 mg DST. Eligible studies had a reference standard
for diagnosing CS. Eligible reference standards included a pathological
diagnosis, response to therapy targeting CS, or clinical follow-up (i.e.
consensus among treating clinicians about a diagnosis of CS). Eligible
studies measured the accuracy of test results with results expressed as 1)
both sensitivity and specificity or 2) likelihood ratio. We included studies
regardless of their publication status, language, or size.

Study identification
An expert reference librarian (P.J.E.) designed and conducted the

electronic search strategy with input from study investigators with ex-
pertise in conducting systematic reviews. To identify eligible studies, we
searched electronic databases (MEDLINE, EMBASE, Web of Science,
Scopus, and citation search for key articles) from 1975 through Septem-
ber 2007. The detailed search strategy is available upon request. We also
sought references from experts from The Endocrine Society Cushing’s
Syndrome Task Force.

Reviewers working independently and in du-
plicate reviewed all abstracts and titles and, upon
retrieval of potentially eligible studies, the full text
publications for eligibility with adequate chance-
adjusted inter-reviewer agreement (� statistic �
0.6; 95% confidence interval 0.4–0.7). Disagree-
ments were resolved by consensus or arbitration.

Quality assessment
Reviewers working independently and in

duplicate analyzed the eligible articles to assess
the reported quality of the methods. We fol-
lowed the tool for quality assessment of studies
of diagnostic accuracy included in systematic
reviews (QUADAS) (8).

Data extraction
Reviewers working independently and in

pairs used a standardized form to extract a full
description of study participants, including judg-
ments about the extent of diagnostic uncertainty,
the presence of comorbid conditions as eligibility
criteria (not as characteristics of the sample), the
tests and the procedures followed to conduct

them, the cutoff or range definitions of diagnostic tests, whether these
cutoffs were derived from previous research or determined by study
authors, and the nature and characteristics of the reference standard
used. To extract data to estimate diagnostic accuracy measures, we used
the cutoffs authors chose to use in the primary studies. If more than one
cutoff was reported or if the results were reported at the individual pa-
tient level, then we chose to use cutoffs that offered the best test
performance.

Author contact
We sent letters to the corresponding authors (or any other author

with contact address listed on the main manuscript) of each of the eligible
studies by electronic mail (regular mail if we could not obtain an active
e-mail). We asked these authors to verify the data we extracted and to
complete missing data we could not identify in the published record. In
case of no response, we repeated the request 2 wk later.

Statistical analysis
We used Meta-DiSc Software for Meta-analysis for Screening and

Diagnostic tests version 1.4 (9). Using random effects metaanalyses, we
pooled the sensitivities, specificities, likelihood ratios, and diagnostic
odds ratio and estimated the 95% confidence intervals for the outcomes.
Because the pooled sensitivity and the pooled specificity are interrelated,
we focused our analyses on estimating and pooling likelihood ratios and
diagnostic odds ratios. The diagnostic odds ratio of a test describes the
ratio of the odds of a positive test result in patients with disease compared
with patients without disease (10) and can be calculated as the ratio of
the likelihood ratios for a positive and a negative test. It has the advantage
of being a single indicator of test performance that provides a global
meaning of agreement between a test and a reference standard and allows
for pooling across studies when the main source of inconsistency is the
threshold to consider a test positive [i.e. when there is a common receiver
operator characteristic (ROC) curve across all studies].

Summary ROC curves allow readers to visually inspect the consis-
tency of results across studies (answering the question of whether there
is a single ROC curve across all these studies) and the accuracy of the test,
as judged by the area under the summary ROC curve, in discriminating
between patients with and without CS. In contrast to ROC curves in
which individual data points represent different test cutoffs, in summary
ROC curves, each point represents a study (11). We assessed the incon-
sistency among studies using the I2 statistic, which represents the pro-
portion of variability across studies that is not due to chance. I2 values of

FIG. 1. Results of the systematic review with flow of studies for eligibility into the review and into each
metaanalysis. ODST, Overnight DST.
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TABLE 2. General quality assessment of studies of diagnostic accuracy included in systematic reviews (QUADAS)

Author, year (Ref.)

Ed
d

y,
19

73
(2

0)

B
ar

b
ar

in
o

,
19

79
(1

6)

A
sh

cr
af

t,
19

82
(1

5)

M
ei

kl
e,

19
82

(2
8)

K
re

ze
,

19
83

(2
4)

V
id

al
Tr

ec
an

,
19

83
(4

0)

D
u

n
la

p
,

19
85

(1
9)

C
ro

n
in

,
19

90
(1

8)

Y
an

o
vs

ki
,

19
93

(4
1)

Le
ib

o
w

it
z,

19
96

(2
5)

General QUADAS
1. Was the spectrum of patients representative of the

patients who will receive the test in practice?
Y Y Y Y Y Y Y Y Y Y

2. Were selection criteria clearly established? Y Y Y N Y Y Y Y Y Y
3. Is the reference standard likely to correctly classify the

target condition?
Y Y Y Y Y Y Y Y Y Y

4. Is the time period between reference standard and index
test short enough to be reasonably sure that the target
condition did not change between the two tests?

Y Y Y Y Y Y Y Y Y Y

5. Did the whole sample or a random selection of the
sample receive verification of Cushing syndrome using a
reference standard of diagnosis?

Y N U Y N Y Y N Y N

6. Was the execution of the reference standard described in
sufficient detail to permit its replication?

Y Y Y Y Y Y Y Y Y Y

7. Were the same clinical data available when test results
were interpreted as would be available when the test is
used in practice?

Y Y Y Y Y Y Y Y Y Y

8. Were withdrawals from the study explained? Y Y U N Y Y Y Y Y Y
UFC test-specific QUADAS

1. Did patients receive the same reference standard
regardless of test result?

Y NR NR NR N Y N NR NR N

2. Was the reference standard independent of the index
test?

Y NR NR NR Y Y Y NR NR Y

3. Was the execution of the test described in sufficient
detail to permit replication of the test?

Y NR NR NR Y Y Y NR NR Y

4. Were the index test results interpreted without the
knowledge of the results of the reference standard?

Y NR NR NR Y Y Y NR NR Y

5. Were the reference standard results interpreted without
knowledge of the results of the index test?

Y NR NR NR U N U NR NR N

6. Were uninterpretable/intermediate test results reported? U NR NR NR N N Y NR NR Y
Midnight serum cortisol test-specific QUADAS

1. Did patients receive the same reference standard
regardless of test result?

NR NR NR NR NR NR NR NR NR NR

2. Was the reference standard independent of the index
test?

NR NR NR NR NR NR NR NR NR NR

3. Was the execution of the test described in sufficient
detail to permit replication of the test?

NR NR NR NR NR NR NR NR NR NR

4. Were the index test results interpreted without the
knowledge of the results of the reference standard?

NR NR NR NR NR NR NR NR NR NR

5. Were the reference standard results interpreted without
knowledge of the results of the index test?

NR NR NR NR NR NR NR NR NR NR

6. Were uninterpretable/intermediate test results reported? NR NR NR NR NR NR NR NR NR NR
Midnight salivary cortisol test-specific QUADAS

1. Did patients receive the same reference standard
regardless of test result?

NR NR NR NR NR NR NR NR NR NR

2. Was the reference standard independent of the index
test?

NR NR NR NR NR NR NR NR NR NR

3. Was the execution of the test described in sufficient
detail to permit replication of the test?

NR NR NR NR NR NR NR NR NR NR

4. Were the index test results interpreted without the
knowledge of the results of the reference standard?

NR NR NR NR NR NR NR NR NR NR

5. Were the reference standard results interpreted without
knowledge of the results of the index test?

NR NR NR NR NR NR NR NR NR NR

6. Were uninterpretable/intermediate test results reported? NR NR NR NR NR NR NR NR NR NR
1-mg overnight DST-specific QUADAS

1. Did patients receive the same reference standard
regardless of test result?

Y N NR N NR NR NR N NR N

2. Was the reference standard independent of the index
test?

Y Y NR Y NR NR NR N NR N

3. Was the execution of the test described in sufficient
detail to permit replication of the test?

Y Y NR Y NR NR NR Y NR Y

4. Were the index test results interpreted without the
knowledge of the results of the reference standard?

Y U NR Y NR NR NR Y NR Y

5. Were the reference standard results interpreted without
knowledge of the results of the index test?

Y U NR U NR NR NR N NR N

6. Were uninterpretable/intermediate test results reported? Y Y NR Y NR NR NR Y NR Y
2-d 2-mg DST-specific QUADAS

1. Did patients receive the same reference standard
regardless of test result?

Y NR U NR N NR N NR N NR

2. Was the reference standard independent of the index
test?

Y NR N NR Y NR Y NR Y NR

3. Was the execution of the test described in sufficient
detail to permit replication of the test?

Y NR Y NR N NR Y NR Y NR

4. Were the index test results interpreted without the
knowledge of the results of the reference standard?

Y NR U NR Y NR Y NR Y NR

5. Were the reference standard results interpreted without
knowledge of the results of the index test?

Y NR N NR U NR U NR N NR

6. Were uninterpretable/intermediate test results reported? Y NR N NR Y NR Y NR N NR
(Table continues)

N, No; N, there were no uninterpretable or indeterminate results; NR, test was not reported; U, unclear; Y, yes; Y, yes, there were no withdrawals.
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TABLE 2. (Continued)

Author, year (Ref.)

Pa
p

an
ic

o
la

o
u

,
19

98
(3

2)

R
af

f,
19

98
(3

5)

N
es

s-
A

b
ra

m
o

f,
20

02
(2

9)

Pa
p
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ic

o
la

o
u

,
20

02
(3

1)

C
at

ar
g

i,
20

03
(1

7)

O
m

u
ra

,
20

04
(3

0)

H
o
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m

an
,

20
05

(2
3)

Li
u

,
20

05
(2

6)

R
ei

m
o

n
d

o
,

20
05

(3
6)

V
ia

rd
o

t,
20

05
(3

9)

M
ar

ti
n

,
20

06
(2

7)

Er
ic

ks
o

n
,

20
07

(2
1)

Fr
ie

d
m

an
,

20
07

(2
2)

G
ir

al
d

i,
20

07
(3

3)

G
ir

al
d

i,
20

07
(3

4)

R
ei

m
o

n
d

o
,

20
07

(3
7)

R
ei

n
eh

r,
20

07
(3

8)

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y N Y

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y
Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

Y U Y U Y U Y Y Y Y Y Y Y Y Y Y Y

Y Y Y Y N N Y N N Y Y Y Y Y Y N N

Y Y Y Y Y Y Y N Y Y Y Y Y Y Y Y Y

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

Y Y Y Y Y Y Y Y N Y Y Y N Y Y Y U

Y NR N N N NR Y N N Y N Y N N N NR NR

N NR N Y N NR Y Y Y Y Y Y Y Y Y NR NR

Y NR Y Y Y NR Y Y Y Y Y Y Y Y Y NR NR

Y NR Y N Y NR Y Y U Y Y U Y U Y NR NR

N NR N N N NR Y U U N U U U N N NR NR

U NR U Y N NR N Y Y N U U N U Y NR NR

Y NR NR Y N NR NR NR N NR NR NR N N N NR NR

Y NR NR Y N NR NR NR Y NR NR NR Y Y Y NR NR

Y NR NR Y Y NR NR NR Y NR NR NR Y N Y NR NR

Y NR NR N Y NR NR NR U NR NR NR Y U Y NR NR

N NR NR N N NR NR NR U NR NR NR U N N NR NR

N NR NR Y Y NR NR NR Y NR NR NR N U Y NR NR

NR Y NR Y NR NR NR N NR Y NR NR N NR NR NR NR

NR Y NR Y NR NR NR Y NR Y NR NR Y NR NR NR NR

NR Y NR Y NR NR NR Y NR Y NR NR Y NR NR NR NR

NR N NR N NR NR NR U NR Y NR NR Y NR NR NR NR

NR N NR N NR NR NR U NR Y NR NR U NR NR NR NR

NR Y NR Y NR NR NR N NR N NR NR N NR NR NR NR

NR NR Y NR N N Y N N Y NR NR NR N N N NR

NR NR Y NR Y Y Y Y Y Y NR NR NR Y Y N NR

NR NR Y NR Y Y Y Y Y Y NR NR NR N Y Y NR

NR NR Y NR Y N Y Y U Y NR NR NR U Y N NR

NR NR U NR N N Y U U Y NR NR NR N N N NR

NR NR N NR Y Y N Y Y N NR NR NR U Y N NR

NR NR N NR NR NR NR N NR NR N NR NR NR N NR N

NR NR N NR NR NR NR Y NR NR Y NR NR NR Y NR N

NR NR Y NR NR NR NR Y NR NR Y NR NR NR Y NR N

NR NR Y NR NR NR NR Y NR NR Y NR NR NR Y NR Y

NR NR Y NR NR NR NR U NR NR U NR NR NR N NR U

NR NR Y NR NR NR NR Y NR NR Y NR NR NR Y NR N
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25, 50, and 75% indicate low, moderate, and high heterogeneity, re-
spectively (12).

Subgroup analyses
A priori hypotheses to explain potential heterogeneity among studies

included severity of CS, selection bias (i.e. samples of consecutive pa-
tients with high prevalence of CS), type of patients (referred because of
clinician’s suspicion of CS vs. no CS suspicion), cutoff rationale (driven
by outcomes in the same sample, e.g. chosen to maximize specificity, or
by the upper limit of the assay), and tests characteristics (sensitivity of the
assay, use of liquid chromatography vs. RIA). We tested these hypotheses
using a test for interaction considering P � 0.05 as significant (13),
because we did not have enough studies to conduct meta-regression (14).

Results

Study identification
Initial search of the literature yielded 1791 publications, of

which 124 were potentially relevant to this review based on ti-
tles and abstracts (Fig. 1). After full text review, we found 27
eligible studies (15–41). We excluded one study from analyses
because there were no CS cases in the sample (26) and excluded
another study because we could not obtain essential data from
the author (15).

We contacted all of the corresponding authors (another au-
thor in two studies) by electronic mail or, in five instances, by
regular mail of which 70% were successfully contacted. Ninety
percent of the authors successfully contacted either contributed
missing data (where these data had been collected but not re-

ported in the format we needed for analyses) or confirmed study
characteristics, quality assessments, and data as collected.

Study characteristics
Table 1 summarizes the baseline characteristics of eligible

studies. Fourteen studies assessed the diagnostic accuracy of
UFC, six midnight serum cortisol, four midnight salivary corti-
sol, 14 the 1-mg overnight DST, and eight the 2-d 2 mg DST. Of
8631 patients enrolled in these studies, 794 (9.2%) had CS.

Study quality
Table 2 summarizes the methodological quality of the 27

included studies. Almost all studies enrolled patients with ap-
parent diagnostic uncertainty of spectrum similar to the popu-
lation in whom clinicians would use the tests in clinical practice
(42). However, there is a strikingly broad range in the prevalence
of CS across these studies, suggesting some degree of selection or
referral bias. Their selection criteria were clearly described, and
all received a reference standard that either diagnosed or ex-
cluded CS.

Metaanalyses
The appendix (published as supplemental data on The En-

docrine Society’s Journals Online web site at http://jcem.
endojournals.org) includes tables with the test accuracy data
from each included study (supplemental Tables 1–6). Table 3
shows pooled likelihood ratios for test results considered positive
and negative. Table 3 also reports the diagnostic odds ratio and

TABLE 3. Summary of pooled results

Diagnostic test
LR positive test

(95% CI)
LR negative test

(95% CI)
Diagnostic OR

(95% CI)a
I2

(%)

Individual tests (n � no. of studies)
UFC (n � 14)

Pooled results 10.6 (5.5–20.5) 0.16 (0.08–0.33) 95.4 (37.8–240.3) 44
Midnight serum cortisol (n � 6)

Pooled results 9.5 (1.7–54.1) 0.09 (0.03–0.28) 122.1 (15.3–974.6) 78
Assay driven (n � 2) 1.8 (0.5–6.9) 0.47 (0.23–0.96) 6.47 (1.6–26.6) 0
Outcome driven (n � 4) 26.6 (0.9–768.5) 0.05 (0.03–0.08) 581.11 (155.7–2169.5) 0a

Midnight salivary cortisol (n � 4)
Pooled results 8.8 (3.5–21.8) 0.07 (0.00–1.20) 165.4 (26.9–1015.0) 50

1-mg overnight DST (n � 14)
Pooled results 11.6 (5.8–23.1) 0.09 (0.05–0.14) 146.6 (67.8–316.9) 11
�50% had CS (n � 11) 16.4 (9.3–28.8) 0.06 (0.03–0.14) 328.7 (125.9–857.9) 0
�50% had CS (n � 3) 2.8 (1.3–6.3) 0.11 (0.06–0.19) 48.1 (16.9–136.3) 0b

2-day 2 mg DST (n � 8)
Pooled results 7.3 (3.6–15.2) 0.18 (0.06–0.52) 51.6 (20.0–133.3) 0

Test combinationsc

UFC � 1-mg overnight DST (n � 3)
Pooled results 15.4 (0.7–358.0) 0.11 (0.007–1.57) 149.4 (1.3–16811.5) 90

UFC � Midnight serum cortisol (n � 1)
Pooled results 73.0 (29.1–183.2) 0.02 (0.001–0.34) 3315 (173–63513) NA

UFC � 1-mg overnight DST � midnight serum
cortisol (n � 1)
Pooled results 174.1 (11.0–2764.2) 0.02 (0.001–0.34) 7965 (153.8–412492) NA

CI, Confidence interval; LR, Likelihood ratio; NA, incalculable for less than three studies; OR, odds ratio.
a Subgroup-interaction test, P � 0.000005.
b Subgroup-interaction test, P � 0.0008.
c Judged positive when all included tests were positive.
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its associated inconsistency statistic (I2). Where the subgroup
analyses revealed a significant interaction, we report the effect in
each of the subgroups in addition to the pooled estimates, be-
cause the latter may have less validity. [Supplemental Figs. 1–5
(published as supplemental data on The Endocrine Society’s
Journals Online web site at http://jcem.endojournals.org) show
summary ROC curves for the tests of interest].

Although comparisons across tests require comparisons
across studies that may have involved patients with a different
spectrum of disease, the diagnostic odds ratio column in Table 3
can help readers identify tests with better discriminating power.
Pooled sensitivities and specificities cannot be interpreted di-
rectly (because they were pooled independently, yet they are
closely related) as if they were coming from a single study, and
thus, we do not report them here. Instead, readers should focus
on the likelihood ratio results; tests with a high likelihood ratio
for a positive test indicate tests that can help rule in CS, and tests
with a very low likelihood ratio for a negative test indicate tests
that can help rule out CS. Figure 2 summarizes the likelihood
ratio results in a Fagan nomogram (43). Clinicians can use this
nomogram to estimate the posttest probability of CS using the
pretest probability of CS and the pooled estimate and 95% con-
fidence intervals for the likelihood ratios of the tests evaluated.

Subgroup analyses
Except where noted in Table 3, all other subgroup analyses

explored were not associated with significant test accuracy-
subgroup interactions (see supplemental Tables 7–11).

Sensitivity analyses
Most patients included in the metaanalysis were enrolled in a

single study (33). A sensitivity analysis, in which we removed this
study, revealed similar pooled accuracy results (data not shown).

Zwinderman and Bossuyt (44) have proposed the use of bi-
variate random-effects metaanalysis to analyze the sensitivities
and specificities together from which one could derive pooled
likelihood ratios, rather than pooling the likelihood ratios di-
rectly; in this data set, however, the bivariate approach yields
results consistent with those presented here (data not shown).

Discussion

Summary of findings
We conducted a systematic review and metaanalyses of stud-

ies that enrolled patients with diagnostic uncertainty and con-
ducted a test for hypercortisolism and a satisfactory reference
standard test. This review offers 1) a survey comprised of mostly
small studies with high prevalence of CS from referral centers, 2)
pooled test characteristics that represent the best estimates of test
accuracy for each of the tests assessed and their combinations,
and 3) inconsistent results across studies that are not explained
by the choice of test thresholds but likely represent differences in
the spectrum of patients with and without CS, in the character-
istics of the tests used, and in the definitions of CS. These incon-
sistencies remain unexplained given the limitations in our ability
to explore these differences with few studies.

In all, we found that the UFC and the overnight DST have the
most evidence supporting their use for the detection of CS, with
limited evidence supporting the use of salivary and serum mid-
night cortisol tests. Limited evidence also supports the use of
these tests in combination to both identify and exclude patients
with CS. In two instances in which the inconsistency across stud-
ies was important, we were able to identify potential explana-
tions. For the midnight serum cortisol test compared with assay-
driven thresholds, outcome-driven thresholds overestimated test
accuracy (i.e. test interpretation was fitted to the data in the
studies). For the 1-mg overnight DST, studies in which the prev-
alence of CS was greater than 50% (the median across studies)
reported more modest test characteristics, especially more false-
positive test results. This paradoxical result may be due to

FIG. 2. Fagan nomogram summarizing the likelihood ratios of selected tests.
Use a straight edge to link pretest probability of CS with the posttest probability
by crossing the likelihood ratio line at a point that describes the results obtained.
The colored shadows represent the 95% confidence interval around the
likelihood ratios for each of the tests. o, Overnight DST; s, midnight salivary
cortisol; u, UFC. Adapted from Fagan (43).
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chance, to a lower cortisol threshold for positivity, or to patients
without CS who had other syndromes associated with impaired
cortisol suppression.

Limitations and strengths
The key limitations of this review refer to the relative paucity

of evidence of test accuracy for the evaluated tests and to the
methodological quality of the included studies. In particular, the
prevalence and severity of CS varies importantly across studies
despite the authors’ representation of their populations as con-
secutive samples of patients referred without clear diagnosis. It
is also striking that these studies rarely report indeterminate
cases, given how often there is residual diagnostic uncertainty
even among patients evaluated in centers of excellence. Finally,
the report of a single cutoff in many of these studies precludes the
estimation of likelihood ratios for ranges of test results. The
arbitrary choice of test threshold and the dichotomy of the test
results into positive and negative may contribute to a dichoto-
mous view of diagnosis in which patients either have or do not
have CS rather than a Bayesian approach in which additional test
results modify the probability that a given patient has CS.

Incomplete searching, arbitrary study selection, poor quality
of the primary studies, misguided analyses, and results that can-
not be applied in practice represent potential limitations of sys-
tematic reviews. The extent to which publication bias affects
studies of test accuracy is unknown, and the performance of tests
of publication bias in the context of heterogeneous results is
problematic (45); the accuracy of the indexing of such studies in
the electronic databases is also unclear (46). Yet, our overlapping
search strategies and extensive input from clinical experts should
have minimized the chances that we missed studies that could
substantially change the inferences drawn from this study.

Our review has the strengths of systematic reviews that sum-
marize the totality of the available evidence following a protocol-
driven procedure with explicit eligibility criteria, reproducible
judgments about study quality and selection, and focused anal-
yses (47). We also provide in the appendix the data from each of
the studies to facilitate readers’ secondary analyses. Given our
focus on samples of patients in whom there was diagnostic un-
certainty (phase II and III diagnostic studies) (7), we may have
successfully ameliorated the overestimation of test accuracy that
results from so-called phase I diagnostic accuracy studies in
which investigators evaluate the accuracy of the test in distin-
guishing patients with clear confirmed disease and individuals
who are clearly free of disease. We were forced to use a single
cutoff when many were reported from a given study with the
subsequent loss of information and gain in simplicity and trans-
parency. Yet, our analyses take into account inconsistencies as-
sociated with the choice of threshold (i.e. using the diagnostic
odds ratio).

Because of our study selection criteria, this review’s results do
not apply to patients with adrenal incidentaloma or to patients
with suspected intermittent or so-called cyclical CS. Because of
the high prevalence of CS in the included studies, the applicability
of this study to general practice settings or to general endocrine
practices is unclear.

With these limitations and strengths, clinicians seeking to apply

these results in their practice can use a Fagan nomogram to update
their estimates of the probability their patients have CS (Fig. 2).
Given the close biological relationship between the tests assessed
here, it may be unwise to use this procedure to estimate the posttest
probability when several of these tests are performed in series.

Implications for practice and research
The accompanying Endocrine Society practice guideline on

the diagnosis of CS contains the practical implications of the
results of this review. The Task Force recommends a particular
algorithm that seeks to balance diagnostic accuracy with prac-
tical and logistical considerations.

Our systematic review has uncovered several research gaps in
thisarea.Fromthe laboratoryperspective, laboratoryandtestman-
ufacturers should seek and maintain standards for measuring cor-
tisol in urine, serum, and saliva. Variability today introduces vari-
ability in the literatureandinclinicalpracticeandimpairsclinicians’
ability to apply published cutoffs and results to their practice.

From the diagnostic accuracy perspective, prospective studies
of the proposed algorithm may uncover further advantages and
disadvantages of the proposed approach, including the down-
stream consequences of patient misclassification. Further work
to evaluate the accuracy of testing algorithms in consecutive pa-
tients in whom clinical features suggest CS should 1) yield more
accurate estimates of the diagnostic power of test results, 2) re-
port findings using likelihood ratios for test result ranges rather
than forcing a single cutoff on the data, and 3) use diagnostic
categories that include those who clearly have and do not have
CS and those with indeterminate results (48). Given the low
incidence of CS and the increasing incidence of conditions with
similar features (truncal obesity, bone loss, hyperglycemia, and
hypertension), rigorous research is likely to yield more conser-
vative estimates of test performance than those summarized here.

For stronger recommendations in the future, guideline panels
will require evidence that patients are better off in important
ways when they receive a diagnosis when the disease is subtle and
mild rather than when it is florid and severe. The paucity of both
patients and resources mandates collaboration across centers of
excellence (i.e. endocrinologists with an interest in CS working
in academic medical centers) tightly integrated with their referral
sources (i.e. primary care and internal medicine clinicians) to
generate this much-needed research evidence.

Conclusions
Commonly used tests to diagnose CS appear highly accurate,

particularly when used in combination, in referral practices with
samples enriched with patients with CS. Their performance in
usual clinical practice remains unclear.
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