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Abstract
Purpose The clinical and hormonal overlap between neoplastic (CS) and non-neoplastic (NNH/pCS) hypercortisolism is a 
challenge. Various dynamic tests have been proposed to allow an early discrimination between these conditions, but to date 
there is no agreement on which of them should be used.
Aim To provide an overview of the available tests and to obtain a quantitative synthesis of their diagnostic performance in 
discriminating NNH/pCS from CS.
Methods The included articles, published between 1990 and 2022, applied one or more second line tests to differentiate 
NNH/pCS from CS patients. For the NNH/pCS group, we admitted the inclusion of patients presenting clinical features and/
or biochemical findings suggestive of hypercortisolism despite apparent lack of a pCS-related condition.
Results The electronic search identified 339 articles. After references analysis and study selection, we identified 9 studies on 
combined dexamethasone-corticotropin releasing hormone (Dex-CRH) test, 4 on Desmopressin test and 3 on CRH test; no 
study on Dex-Desmopressin met the inclusion criteria. Dex-CRH test provided the highest sensitivity (97%, 95 CI% [88%; 
99%]). CRH tests showed excellent specificity (99%, 95% CI [0%; 100%]), with low sensitivity. Although metaregression 
analysis based on diagnostic odds ratio failed to provide a gold standard, CRH test (64.77, 95% CI [0.15; 27,174.73]) seemed 
to lack in performance compared to the others (Dex-CRH 138.83, 95% CI [49.38; 390.32] and Desmopressin 110.44, 95% 
CI [32.13; 379.63]).
Discussion Both Dex-CRH and Desmopressin tests can be valid tools in helping discrimination between NNH/pCS and 
CS. Further studies are needed on this topic, possibly focusing on mild Cushing’s Disease and well-characterized NNH/
pCS patients.
Systematic review registration https:// www. crd. york. ac. uk/ prosp ero/ displ ay_ record. php? ID= CRD42 02235 9774, identifier 
CRD42022359774.

Keywords Pseudo-Cuhing · Non-neoplastic hypercortisolism · ACTH-dependent Cushing’s syndrome · Cushing’s disease · 
CRH test · Desmopressin test · Dexamethasone

Introduction

Many conditions (e.g., psychiatric disorders, alcoholism, 
obesity, eating disorders or polycystic ovary syndrome) can 
cause a functional activation of the hypothalamic–pitui-
tary–adrenal (HPA) axis. This condition, formerly known 
as pseudo-Cushing (pCS) state, is nowadays better addressed 
as non-neoplastic hypercortisolism (NNH) [1] and its differ-
entiation from the neoplastic form (i.e., Cushing syndrome, 
CS) represents a clinical and biochemical diagnostic chal-
lenge for physicians.
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In CS, some clinical features (such as bruisability, facial 
plethora, proximal myopathy and large purple cutaneous 
striae) are highly specific, but they lack sensitivity; vice 
versa other features are very common also in the general 
population and in NNH/pCS patients [2].

Endocrine society guidelines [3] recommended using 
either urine free cortisol (UFC), late-night salivary cor-
tisol (LNSC) or low-dose dexamethasone suppression 
test (DST) to assess biochemical endogenous hypercor-
tisolism. Both 1 mg overnight and longer (2 mg/days for 
48 h) dexamethasone suppression could be considered, 
although the more recent consensus on Cushing’s Disease 
(CD) [4] only reported the 1 mg DST. The combination 
of multiple tests should be used to confirm CS diagnosis, 
and their application should consider both their strengths 
(availability, ease collection, high diagnostic accuracy) 
and pitfalls (concomitant medications, altered sleep–wake 
rhythm, intra-personal variability, laboratory assays) [5]. 
In a recent metanalysis from Galm et al. [6], all of the 
included diagnostic tests for CS proved highly sensitive 
and specific; still DST seemingly provided the highest sen-
sitivity and UFC the lowest. The above-mentioned results 
were obtained evaluating subjects with clinical suspicion 
of hypercortisolism. Nevertheless, patients with non-neo-
plastic HPA axis hyperactivation may present with the bio-
chemical evidence of a mild hypercortisolism at first-line 
tests, largely indistinguishable from that of a CS patient.

As clinical and biochemical profiles frequently over-
lap in NNH/pCS and CS, various dynamic tests had been 
proposed to guide this differential diagnosis. A combined 
dexamethasone-corticotropin releasing hormone (Dex-
CRH) test was first proposed by Yanovski et al. [7] to 
discriminate NNH/pCS from CS patients, based on the 
hypothesis that only the latter could maintain corti-
sol response to CRH stimulation even after prior dexa-
methasone suppression. CRH test alone is widely used 
to diagnose hormone excess source in ACTH-dependent 
CS [4], but it was also studied to discern functional and 
neoplastic hypercortisolism. More recently desmopres-
sin test emerged as a potential tool to discriminate NNH/
pCS and CS subjects, based on the different pattern of 
vasopressin receptors expression in pituitary corticotroph 
adenomas compared to the normal pituitary [8]. The use of 
desmopressin stimulus might be chosen as less expensive 
alternative to CRH after dexamethasone suppression (i.e., 
Dex-desmopressin instead of Dex-CRH test) [9]. To date 
there is no agreement on which test should be used in this 
complicated setting.

The aim of this systematic review and metanalysis is to 
provide an overview of the available tests and to obtain a 
quantitative synthesis of their diagnostic performance in 
order to differentiate patients with NNH/pCS from those 
with CS.

Materials and methods

We used the Population-Intervention-Comparison-Out-
come (PICO) model to formulate the research question for 
the systematic review [10], as summarised in Fig. 1. The 
systematic review and meta-analysis were conducted and 
are reported according to the Preferred Reporting Items 
for Systematic Reviews and Meta-Analysis of Diagnostic 
Test Accuracy Studies (PRISMA-DTA) statement [11]. 
We registered the protocol on the International Prospec-
tive Register of Systematic Reviews database (PROS-
PERO, https:// www. crd. york. ac. uk/ PROSP ERO, number 
CRD42022359774).

Search strategy

An extensive search in Ovid (including Cochrane, Medline 
and Embase databases) was performed for the research 
question by two of the authors (A.M. and F.C.) indepen-
dently, discrepancies were resolved by discussion. Lit-
erature search was performed from January 1990 up to 
May 2022, no language restriction was applied. Research 
included the following key words: (pseudocushing$.mp. 
OR pseudo-cushing$.mp. OR non-neoplastic hypercor-
tisolism$.mp. OR non neoplastic hypercortisolism$.mp. 
OR Neuropsychiatric disorder$.mp. OR Polycystic ovary 
syndrome$.mp. OR Metabolic syndrome$.mp OR Eat-
ing disorder$.mp. OR Alcohol abuse$.mp.) AND (CRH 
test$.mp. OR corticotropin releasing hormone test$.mp. 
OR Dex-CRH test$.mp. OR dexamethasone-suppressed 
corticotropin-releasing hormone stimulation test$.mp. OR 
combined dexamethasone-corticotropin releasing hormone 
test$.mp. OR ddavp test$.mp. OR desmopressin test$.mp. 
OR Dex-Desmopressin test$.mp. OR dexamethasone-sup-
pressed desmopressin stimulation test$.mp).

Specific inclusion and exclusion criteria were speci-
fied in advance and protocol-defined in order to avoid 
methodological bias for post-hoc analysis. The search 
was designed to select all types of studies (retrospec-
tive, observational, controlled randomized and non-ran-
domized trials) evaluating the accuracy of one or more 
second line tests in distinguishing patients with NNH/pCS 
(control group) from those presenting CS (case group). 
Regarding the control group, we admitted the inclusion, 
along with adequately characterized NNH/pCS patients, 
of subjects presenting clinical features and/or biochemical 
findings suggestive of hypercortisolism despite the appar-
ent lack of a pCS-related condition (i.e., “CS-excluded” 
patients). On the contrary, studies including subjects 
without clinical features and/or biochemical findings 
suggestive of hypercortisolism (i.e., “control” patients) 

https://www.crd.york.ac.uk/PROSPERO
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were excluded. The considered dynamic tests included 
the CRH and the Desmopressin stimulation test, with or 
without previous Dex suppression.

Search terms were linked to Medical Subject Headings 
and when possible. Keywords and free words were used 
simultaneously.

Additional articles were identified with manual 
searches and included through a review of other meta-
analyses, review articles and relevant references.

Consolidation of studies was performed with Mendeley 
Desktop 1.19.8.

Study selection

We included all the original research studies applying one 
or more second line dynamic tests (i.e. CRH test, Dex-
CRH test, Desmopressin test, Dex-Desmopressin test) to 
differentiate NNH/pCS from CS patients. Both cut-offs 
achieving best performance (ROC-based) and predefined 
(based on previous reports on different cohorts) were con-
sidered for each study. Inclusion of “CS-excluded” sub-
jects in the NNH/pCS group was admitted, while control 
subjects were excluded (see above). Reviewers were not 
blinded to the authors or journals when screening articles.

Data extraction and quality assessment

Two authors (A.M. and F.C.) read the included papers and 
extracted independently predefined data, any disagreements 
were resolved by discussion. If data were not clear from the 
original manuscript, the authors of the primary study were 
contacted in attempt to clarify their data.

Contents of data extraction in the selected paper included: 
name of the first author, year of publication, study design, 
number of patients for each category [i.e., NNH/pCS, CS-
excluded, adrenal CS (ACS), CD and ectopic ACTH secret-
ing tumor (EAS)], diagnostic test accuracy data as true 
positives (TP: patients with CS presenting response to the 
tests), true negatives (TN: patients without CS and with lack 
of response to the tests), false negatives (FN: patients with 
CS and lack of response to the tests), false positives (FP: 
patients without CS, but presenting response to the tests) 
and their derived indexes. For studies using Dex suppres-
sion prior to a stimulation, Dex schedule was reported. For 
stimulation tests, type (ovine or human) and dosage of CRH 
and dosage of Desmopressin were reported.

The Quality Assessment of Diagnostic Accuracy Stud-
ies 2 (QUADAS-2) tool was used to assess the quality of 
included studies [12]. Two authors (A.M. and F.C.) inde-
pendently evaluated each included study for risk of bias and 

Fig. 1  PICO (Population–Inter-
vention–Comparison–Outcome) 
model design for our study. 
HPA hypothalamic pituitary 
adrenal, CRH corticotropin 
releasing hormone, Dex dexa-
methasone
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concerns about applicability regarding three key domains: 
patient selection, index test and reference standard. The risk 
of bias was also assessed regarding a fourth domain, consid-
ering the flow of patients through the study and the timing of 
the index test and reference standard. A standardized proto-
col for evaluation was established prior to QUADAS-2 tool 
application and is available in the Supplementary Data [13]. 
Risk of bias or concern for applicability were deemed high, 
low, or presenting some concerns based on it. If researchers 
assessed concerns outside the eventualities covered by the 
protocol, the judgment could be modified accordingly.

Data synthesis and analysis

A qualitative synthesis was performed summarizing the 
study design and population, the diagnostic characteristics, 
the assays used for discriminating analytes and the testing 
protocol.

In order to reduce selection bias for primary analysis, 
studies and thresholds were included according to the fol-
lowing process.

1. Among studies from the same group of research, that 
included presumably overlapping population, we 
reported that with higher likelihood of subjects present-
ing pCS-related conditions in the control group. If the 
proportion of patients with pCS-related conditions in the 
NNH/pCS group was equal among the studies, that with 
a larger population was considered.

2. If different cut-offs were available for a study, ROC-
based thresholds were preferred over the predefined ones 
(i.e., previously specified for a specific test).

3. If a study provided two or more cut-offs of the same 
type, the threshold presenting better sensitivity was 
chosen in order to favour the correct diagnosis of a rare 
disease (i.e., CS).

When not provided, sensitivity, specificity, diagnostic 
odds ratio and their 95% confidence intervals (95% CIs) 
were calculated from the available data.

A random-effect model was used to estimate pooled 
effects. Paired forest plots for sensitivity, specificity and 
diagnostic odds ratio were generated to visualize between-
study heterogeneity. Finally, publication bias as a poten-
tial source of heterogeneity was assessed using the Deeks’ 
funnel plots and Egger’s regression test (where p < 0.05 
was considered statistically significant). The  I2 test was 
conducted to analyse the heterogeneity between studies: 
 I2 > 50% indicated significant between-study heterogeneity.

Statistical analyses were performed with R: R-4.2.0 for 
Windows 10 (32/64 bit) released on April 2022 and R studio 
desktop version 4.2.0 (2022-04-22) for Windows 10 64 bit 

(R Foundation for Statistical Computing, Vienna, Austria, 
URL https:// www.R- proje ct. org/).

Results

Study selection

The study selection process is depicted in Fig. 2. Elec-
tronic search revealed 339 articles. After duplicate removal 
(n = 78) and considering the post-hoc inclusion of two addi-
tional papers through reference analysis of selected articles, 
a total of 263 of them were screened by title and abstract. 
After the first screening, 243 articles did not meet the eli-
gibility criteria and were discarded for the reasons resumed 
in the diagram. The full text examination of the remaining 
studies excluded additional 6 articles: three works presented 
a cohort with likely overlapping patients with the population 
of another included study, for two studies it was not possible 
to retrieve the necessary data for statistical analysis (as cor-
responding authors did not respond to our request for eluci-
dations on their data) and one work was excluded due to the 
inclusion of control subjects (i.e., no clinical or biochemi-
cal features of hypercortisolism) in the NNH/pCS group. 
Thus 14 studies fulfilling eligibility criteria were selected 
for data extraction and analysis (two studies reported more 
than one test) (Fig. 2). Finally, 9 studies on Dex-CRH test, 
4 on Desmopressin test and 3 on CRH test were available 
(Tables 1, 2, 3). No study on Dex-Desmopressin met the 
inclusion criteria.

Study characteristics

For Dex-CRH we identified 9 eligible studies (2 multicen-
tric and 7 monocentric); five presented a prospective design 
and the remaining four were retrospective series (Table 1). 
Overall, we considered 449 patients, 243 with CS (13 ACS, 
228 CD, 2 EAS) and 206 without CS (132 with pCS-related 
conditions, 33 CS-excluded, 41 unknown). In the work from 
Valassi et al. [20] it was not possible to discriminate the 
correct proportion between patients with actual NNH/pCS 
(i.e., presenting a pCS related condition) and CS-excluded 
subjects in the NNH/pCS group. All studies except one used 
ROC-based criteria. Most studies considered cortisol-based 
cut-offs, while Gatta et al. [15] found equally performing 
cortisol and ACTH-based thresholds and Erickson et al. [16] 
preferred the ACTH-based cut-off. Both chemi-luminescent 
and radio-immunometric assays were utilized. Dexametha-
sone schedule and dosage were mainly based on the original 
work from Yanovski et al. [7] providing 8 oral administra-
tions of Dexamethasone 0.5 mg over 2 days; Martin et al. 
[14] included an additional dose and Batista et al. [18] 

https://www.R-project.org/
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adjusted the dosage for their paediatric population. CRH 
type and dosage varied across the studies.

For desmopressin test we considered four studies, three 
with a prospective design; one of them presented a multi-
centric setting (Table 2). Overall, 138 CS patients and 135 
NNH/pCS patients were included; no ACS, EAS or CS-
excluded patients were reported in these series. For half of 
the included studies a ROC-based cut-off was considered, 
for the remaining two a predefined cut-off was preferred. 
All studies provided ACTH-based cut-offs, except for Tira-
bassi’s one [23] that presented a combined threshold with 

both ACTH and cortisol to optimize the performance. The 
authors applied both chemi-luminescent and radio-immuno-
metric assays. All studies used iv desmopressin at the dosage 
of 10 µg.

For CRH test only three studies met the inclusion criteria; 
they were based on monocentric series, two presenting a pro-
spective design and the third a retrospective one (Table 3). 
Overall, 155 CS patients (2 ACS, 151 CD, 2 EAS) and 80 
NNH/pCS patients (46 with pCS-related conditions, 34 CS-
excluded) were considered for analysis. In Ceccato’s work 
[26] the distinction between clinically characterized NNH/

Fig. 2  Search strategy. NNH/pCS non-neoplastic hypercortisolism/pseudo-Cushing, CS Cushing’s syndrome, CRH Corticotropin releasing hor-
mone, Dex Dexamethasone. *One work considered both CRH and Dex-CRH test. #One study considered both Desmopressin and Dex-CRH test
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pCS and CS-excluded patients was not available, but it was 
possible to derive it from the reported original database. 
Only one study used a predefined cut-off, the others applied 
ROC-based thresholds. Both chemi-luminescent and radio-
immunometric assays were used. While Yanovski and coll 
[7] used 1 µg/kg iv of ovine CRH, both the other studies 
preferred 100 µg of human CRH iv as the stimulus.

No study reporting Dex-Desmopressin test met the inclu-
sion criteria.

Risk of bias

In the evaluation of the risk of bias was performed using 
QUADAS-2 tool (Fig. 3), as expected, most works presented 
sources of bias and concerns about applicability across vari-
ous domains. The most affected domain was the risk of bias 
for index test. It was not possible to evaluate the ratio of 
CS-excluded patients in the NNH/pCS group in the series 
presented by Valassi et al. [20], thus the applicability con-
cern for patient selection was prudently deemed high. In 
Batista’s paper [18], per protocol assessment was revised due 
to additional considerations. Although patient selection pre-
sented a per protocol low risk of bias, some concerns were 

addressed due to the evaluation of a paediatric population. 
As paediatric response to CRH stimulation was reported to 
be more pronounced [27], some concerns also rose regarding 
applicability of the index test.

Metanalysis

Dex-CRH test provided sensitivity of 97% (95 CI% [88%; 
99%]), specificity of 92% (95% CI [84%; 96%]) and diag-
nostic odds ratio of 138.83 (95% CI [49.38; 390.32]). Small 
heterogeneity was found for each parameter (i.e.,  I2 < 50%). 
Egger’s regression did not address significant publication 
bias (intercept = 1.85, t = 1.24, p = 0.304).

Desmopressin test provided sensitivity of 88% (95% CI 
[77%; 95%]), specificity of 94% (95% CI [83%; 98%]) and 
diagnostic odds ratio of 110.44 (95% CI [32.13; 379.63]). 
No heterogeneity was found across the considered indexes 
 (I2 = 0%). Egger’s regression did not address significant pub-
lication bias (intercept = 2.45, t = − 0.97, p = 0.434).

CRH test provided sensitivity of 84% (95% CI [30%; 
99%]), specificity of 99% (95% CI [0%; 100%]) and diag-
nostic odds ratio of 64.77 (95% CI [0.15; 27,174.73]). High 
heterogeneity emerged for all parameters except specificity 

Fig. 3  Application of QUA-
DAS-2 tool in three domains 
(patient selection, index test, 
reference standard) for both 
risk of bias (a) and applicability 
concern (b) assessments. The 
risk of bias (a) was also evalu-
ated in a fourth domain regard-
ing flow and timing throughout 
the study



1955Journal of Endocrinological Investigation (2023) 46:1947–1959 

1 3

 (I2 = 0%). Egger’s regression did not address significant pub-
lication bias (intercept = 1.93, t = − 0.43, p = 0.723).

Forest plots for diagnostic odds ratio are showed in Fig. 4. 
Forest plots for sensitivity and specificity, as well as funnel 
plot analysis for each test, are reported in the Supplementary 
Data [13].

Metaregression

The metaregression analysis did not indicate a significantly 
superior test in terms of diagnostic odds ratio (Fig. 5), sen-
sitivity or specificity (data not shown). The metaregression 
analysis was also performed on Dex-CRH test, comparing 
data based on the different stimulus applied (i.e., human 
versus ovine CRH), without significative differences (data 

not shown). Gatta’s work [15] was included in the human 
CRH group for this analysis.

Discussion

The clinical and hormonal overlap between NNH/pCS and 
CS patients is a well-known challenge, especially when 
first line tests for hypercortisolism show mild alterations. 
The recent consensus on CD suggested that UFC is almost 
always within threefold the upper limit of normal in case of 
functional hypercortisolism [4]. An adequate clinical follow-
up and the repetition of first line tests over time, especially 
when a pCS related condition can be treated, are of the 
outmost importance to clarify the picture. Some cases may 

Fig. 4  Pooled effect for diagnostic odds ratio of Dex-CRH test (a), Desmopressin test (b) and CRH test (c). CS Cushing’s syndrome, Dex dexa-
methasone, CRH corticotropin realising hormone, OR odds ratio, CI confidence interval
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be sorted out in few months, but longer follow-up is often 
required. Therefore, various second line tests that had been 
proposed to early differentiate these conditions. In order to 
enhance discrimination between functional and neoplastic 
hypercortisolism, these tests are based on the stimulation 
of the HPA axis, with or without prior Dex suppression. 
However, a consensus on the gold standard among them is 
still missing.

Dex-CRH test was firstly investigated in this setting from 
Yanovski’s original work [7], based on the hypothesis that 
only CS patients could maintain cortisol response to CRH 
stimulation after Dex suppression. The reported results 
showed perfect discrimination between NNH/pCS and CS 
patients (i.e., sensitivity 100%, specificity 100%). No fol-
lowing series reproduced these results, independently of 
the cut-off adopted. Nevertheless, this test performed well 
overall, with both sensitivity and specificity above 90%. 
In particular, the sensitivity resulted high, although the 
finding may be partly due to the selection criteria of our 
analysis (detailed in “Materials and methods”). Although 
scarce heterogeneity was addressed by the  I2, the index test 
application was highly variable, with differences in dexa-
methasone dosage and schedule and in CRH type and dosage 
(Table 1). Moreover, the Nieman’s editorial [28] previously 
addressed various confounders about this topic, such as high 
interpersonal variability in dexamethasone metabolism, the 
not always reliable compliance to dexamethasone schedule 
in the outpatient setting and the low accuracy of cortisol 
determination at low levels (especially for assay methods 
based on antibodies). In Valassi’s work [20], patients assum-
ing medications presumed to interfere with dexamethasone 
metabolism presented a reduction in the specificity of post-
CRH cortisol value, especially in case of multiple interfering 
treatments. Unfortunately, dexamethasone levels we avail-
able only for a part of the patients, but an abnormal dexa-
methasone level could explain some equivocal responses 

after Dex suppression. Among other articles considered in 
our analysis, only Reimondo et al. [19] deployed this tool, 
with post-suppression dexamethasone levels presenting sim-
ilar range to that of healthy volunteers receiving the same 
test as controls. Systematic assessment of dexamethasone 
levels after suppression may optimize test performance, as 
previously shown for low dose DST in the diagnosis of CS 
[29]. CRH is an expensive compound with limited avail-
ability around the globe, especially in countries with limited 
resources. Moreover, a further accessibility issue emerged in 
December 2022, with the announcement that Ferring Phar-
maceuticals would stop the production of CRH due to tech-
nical problems. It has been estimated that the shortage will 
extend for 36 months [30], requiring physicians to reroute 
some well-established algorithms for HPA axis diseases. 
At our centre, despite higher costs, we retrieved some vials 
of a human CRH produced in Japan to ensure a complete 
work-up only for extremely selected patients, and after a 
multidisciplinary discussion. Despite the above-mentioned 
pitfalls, Dex-CRH seems to be a solid diagnostic tool in this 
challenging differential diagnosis.

Desmopressin test is based on the evidence of vasopressin 
receptor 2 (VR-2) expression in ACTH-secreting adenomas. 
Thus, the synthetic analogue desmopressin should elicit 
ACTH response only in CD patients, as the normal pituitary 
mainly expresses VR-3 with scarce affinity for this stimulus 
[8]. Overall  I2 analysis did not address significant heteroge-
neity. This test also showed satisfying performance, with 
specificity well above 90%. It should be mentioned that data 
on the desmopressin, compared to Dex-CRH test, are more 
focused on our review question (i.e., only CD and NNH/pCS 
patients are included for its analysis) and index test protocol 
was standardized across the studies (i.e., 10 µg of iv desmo-
pressin). This test is less complex than Dex-CRH and may 
be more suitable for clinical practice. Moreover, desmopres-
sin is less expensive and more widely available than CRH.

Fig. 5  Metaregression analysis 
for diagnostic odds ratio. For 
each comparison (index test 
chosen versus all other index 
tests) pooled diagnostic odds 
ratio, confidence intervals and 
p-value are reported. DOR 
diagnostic odds ratio, 95% CI 
95% confidence interval, Dex 
dexamethasone, CRH cortico-
tropin releasing hormone
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CRH test is widely used in discriminating the source of 
ACTH excess in ACTH-dependent CS [31]. In our setting, 
it showed excellent specificity but seemed overall lacking in 
sensitivity. 95% CIs were extremely large for this test, prob-
ably reflecting both the limited number of studies included 
and the heterogeneity of the results (also addressed by the  I2 
index). Moreover, recent studies preferred a different stimu-
lus compared to the older Yanovski’s work [7] (Table 3). 
Indeed, previous dexamethasone suppression (i.e., Dex-CRH 
test) may prevent effective corticotroph response in NNH/
pCS patients, enhancing their discrimination from neoplastic 
hypercortisolism.

Although metaregression analysis based on diagnos-
tic odds ratio failed to provide a gold standard, CRH test 
seemed to lack in performance compared to the other tests. 
Dex-CRH seemed to perform slightly better than Desmo-
pressin test, but further considerations cannot be carried out 
due to large 95% CIs.

In Pecori-Giraldi’s work [17] both the last-mentioned 
tests did not provide perfect discrimination between NNH/
pCS and CS. In line with the result of our metanalysis, Dex-
CRH provided better sensitivity, while desmopressin test 
presented better specificity. Desmopressin test in combina-
tion with results from the DST (providing high sensitivity 
in their series) proved to be superior to Dex-CRH alone. 
This finding hints to another possible approach, that of a 
Dex-Desmopressin test. Although the work from Araya et al. 
[9] did not meet the inclusion criteria for this meta-analysis, 
Dex-Desmopressin showed good performance in their cohort 
and may be a promising tool for further investigations.

Unfortunately, our study presents many limitations, 
reducing the strength of its conclusions. The main flaws 
of our analysis are the limited number of studies available, 
especially those including CRH, as well as the heterogene-
ity in both study design (i.e., prospective and retrospective 
series) and populations recruited (i.e., inclusion of CS-
excluded patients, heterogeneity in cortisol-related condi-
tions, inclusion of non-pituitary CS). These factors led to 
large confidence intervals, and reduced statistical power. 
As reported in the Cochrane handbook for Handbook for 
Systematic Reviews of Interventions [32], the width of a 
confidence interval for a meta-analysis depends both on 
the precision of the individual study estimates and on the 
number of studies combined. The precision of an indi-
vidual study is strongly influenced by its sample size, with 
larger studies tending to give more precise estimates (i.e., 
narrower CIs) than smaller studies. Hence, our analysis is 
negatively affected from both the low number of studies 
included and their individually small population. One of 
the possible reasons behind the lack of studies on sec-
ond line tests on NNH/pCS may be the relatively novelty 
of this topic, starting from the work of Yanovski in the 

early 1990s [7]. Different laboratory assays, CRH formu-
lation and dosage, and dexamethasone schedule were also 
sources of heterogeneity, with the QUADAS-2 tool pre-
senting an especially high risk of bias regarding the index 
test domain. The inclusion criteria focused on ROC-based 
cut-offs inevitably reinforced the issue.

Despite the above-mentioned flaws, our analysis sug-
gests, in line with the most recent consensus [4], that both 
Dex-CRH and Desmopressin test can be valid tools in 
helping the discrimination between NNH/pCS and CS. 
The first probably achieves a slightly better performance 
and the latter seems more suitable for clinical practice. 
Data regarding CRH are surely lacking and based on exist-
ing evidence we cannot recommend it alone in this spe-
cific setting, although its combination with desmopressin 
test showed promising results and could be further stud-
ied [25]. To date, although a skilled application of the 
dynamic tests can be useful, the gold standard for cor-
rectly identifying NNH/pCS patients should still be the 
reversal of hypercortisolism by treating identifiable causes 
or the lack of clinical and biochemical progression during 
an adequate follow-up [2]. Referral to an endocrinology 
centre with specific expertise is advisable, possibly with a 
re-assessment of the initial diagnosis of hypercortisolism. 
Indeed, mass spectrometry-based assays may help to avoid 
unnecessary further testing on patients presenting falsely 
positive first level hormonal analyses [33, 34].

It is important to correctly differentiate NNH/pCS and 
CS, as the latter is burdened by increased morbidities and 
mortality [35]. Nevertheless, the consequences of a func-
tional hypercortisolism are not clear to date: an exposure 
to mild biochemical hypercortisolism may negatively 
impact on the patient’s health, as reported for the mild 
autonomous cortisol secretion in adrenal adenomas [36, 
37].

Further studies are needed on this topic, possibly focus-
ing on mild CD and clinically well-characterized NNH/
pCS patients. It may be useful to study each pCS related 
condition individually, in order to obtain insights for a 
tailored testing approach.
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