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Context: The desmopressin (DDAVP) test has been proposed to discriminate Cushing’s disease (CD)
from pseudo-Cushing states (PC); however, current information on its value is scarce and
contradictory.

Objective: The aim of the study was to assess the ability of the DDAVP test in distinguishing
between these conditions, with emphasis on subjects with mild hypercortisolism.

Design and Setting: We conducted a retrospective/prospective study at the Division of Endocri-
nology, Polytechnic University of Marche, Ancona, Italy.

Patients: The study included 52 subjects with CD, 28 with PC, and 31 control subjects (CT).

Intervention(s): We performed the DDAVP test and standard diagnostic procedures for the diag-
nosis of Cushing’s syndrome.

Main Outcome Measure(s): The diagnosis/exclusion of CD was measured.

Results: Interpretation of the DDAVP test based on percentage and absolute increment of cortisol
and ACTH did not afford acceptable values of both sensitivity (SE) and specificity (SP). CD diagnosis
based on simultaneous positivity for basal serum cortisol greater than 331 nmol/liter and absolute
ACTH increment greater than 4 pmol/liter and its exclusion in subjects negative for one or both
measures yielded an SE of 90.3% and an SP of 91.5%. The approach was also highly effective in
distinguishing PC from: 1) CD with moderate values of urinary free cortisol (SE, 86.9%; SP, 92.8%);
2) CD with moderate values of serum cortisol after dexamethasone suppression (SE, 86.6%; SP,
92.8%); and 3) CD with moderate values of midnight serum cortisol (SE, 100%; SP, 92.8%).

Conclusions: Interpretation of the DDAVP test through a combination of parameters allowed
effective discrimination of CD from PC, even in subjects with mild hypercortisolism. (J Clin Endo-
crinol Metab 95: 1115-1122, 2010)

seudo-Cushing state (PC) is caused by conditions (e.g.
depression, alcoholism, polycystic ovary syndrome,
severe obesity) that can activate the hypothalamic-pitu-
itary-adrenal axis and is characterized by clinical and bio-
chemical signs typical of Cushing’s syndrome (CS) (1, 2).
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However, the overlapping clinical features of the two
conditions (3) and the similar values frequently deter-
mined in tests such as urinary free cortisol (UFC), serum
cortisol after dexamethasone suppression, and mid-
night serum cortisol in the respective patients make it

Abbreviations: A-ACTH, Absolute rise in plasma ACTH; AUC, area under the curve; AUC g,
area under the ROC curve; BMI, body mass index; CD, Cushing’s disease; Cl, confidence
interval; CS, Cushing’s syndrome; CT, control; DA, diagnostic accuracy; DDAVP, desmo-
pressin; LR+, positive likelihood ratio; LR—, negative likelihood ratio; NPV, negative pre-
dictive value; OST, overnight dexamethasone suppression test; PC, pseudo-Cushing state;
PPV, positive predictive value; ROC, receiver-operator characteristic; SE, sensitivity; SP,
specificity; UFC, urinary free cortisol.
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difficult to distinguish subjects with PC from CS pa-
tients (1, 2, 4).

One tool available to the clinician is the desmopressin
(DDAVP) test. Albeit of little use in patients with adrenal
CS or ectopic ACTH syndrome, the test has been proposed
to be valuable in patients with mild hypercortisolism and
normal ACTH levels in whom the differential diagnosis
has narrowed to Cushing’s disease (CD) or PC (3, 5, 6). Its
ability to discriminate between CD and PC s related to the
fact that it usually elicits a marked elevation of plasma
ACTH and serum cortisol in most patients with CD—
likely due to up-regulation of pituitary vasopressin recep-
tors (V3) (7, 8)— but generally not in PC or in healthy
subjects (3, 5).

Two studies investigating the scope for distinguishing
CD from PC subjects by this test found a rise in plasma
ACTH of atleast 6 pmol/liter within 30 min of stimulation
as the most effective diagnostic criterion (3, 5). However,
the more recent study (3) described lower sensitivity values
for this criterion (81.5 vs. 86.8 %), especially in diagnosing
CD with mild hypercortisolism (77.7 vs. 90%).

We report on the 10-yr application of the DDVAP test
in distinguishing CD from PC at our center. The control
group (CT) was made up of subjects with simple obesity,
to make it comparable to CD and PC subjects in terms of
body mass index (BMI). Test results were interpreted us-
ing published criteria (3, 5, 6) and then using a new
method devised by our group to improve its diagnostic
value. We also examined the ability of the test to distin-
guish CD with mild hypercortisolism from PC.

Subjects and Methods

Subjects

Subjects were 111 individuals consecutively admitted to our
center between 1999 and 2008: 52 with a first diagnosis of active
CD, 28 with PC, and 31 CT subjects. CD and PC subjects were
admitted for suspected CD, which was then confirmed or ex-
cluded, respectively; they received clinical, instrumental, and
biochemical evaluation as part of the diagnostic work-up, and
their data were evaluated retrospectively. The CT subjects
attended our center for diet counseling; they were recruited
prospectively and underwent examination purely for research
purposes.

The diagnosis of CD was based on clinical and biochemical
data (9) and was subsequently confirmed on pituitary surgery
and/or postoperative clinical and biochemical resolution of hy-
percortisolism. The diagnosis of PC (1) was based on common
criteria (1, 3, 5, 10-12) that make it possible to exclude CD with
a high degree of probability: 1) clinical and biochemical findings
consistent with hypercortisolism; 2) identification of a clinical
condition known to activate the hypothalamic-pituitary-adrenal
axis; 3) a lack of progression of clinical and biochemical abnor-
malities during follow-up for at least 3 yr and/or normalization
of biochemical abnormalities after treatment of the associated
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condition; and 4) normal pituitary findings on magnetic reso-
nance imaging. Of the 28 subjects with PC, 16 had major de-
pression (13); two had alcoholism (13); nine had both polycystic
ovary syndrome (14, 15) and panic disorder (13); and one had
bulimia nervosa (13).

The 31 CT subjects were selected from among individuals
with simple obesity (BMI > 30 kg/m?) and no clinical or bio-
chemical signs of CS or evidence of psychiatric disorders; all had
normal UFC on three different collections, normal serum cortisol
circadian rhythm, and serum cortisol after overnight low-dose (1
mg) dexamethasone suppression test (OST) below 50 nmol/liter
(4, 9). They also had normal bone mineral density. No patient
with adrenal incidentaloma was included. Subjects taking med-
ications known to affect any parameter addressed in the study
underwent washout before hospitalization.

The study was performed according to the Declaration of
Helsinki and approved by the institutional ethics committee. All
subjects undergoing testing at our center are asked to sign an
informed consent form at admission. Some of the data were
acquired in the framework of a research protocol thatentailed an
additional consent form.

Study protocol

All subjects underwent comprehensive physical examination
and determination of: 1) serum cortisol circadian rhythm [awake
midnight serum cortisol was measured after 24 h hospitalization
(4, 16)]; 2) 24-h UFC (three collections); and 3) serum cortisol
after OST. The DDAVP test was performed after overnight fast-
ing by injecting 10 ug DDAVP (Minirin/DDAVP; Ferring Phar-
maceuticals Ltd., Malmo, Sweden) as a slow iv bolus. An in-
dwelling catheter was inserted in a forearm vein at 0800 h; blood
samples were collected 15 min before the test, at 0 min (0830 h)
and then at 10, 20, 30, 45, 60, 90, and 120 min. Samples for the
other CS diagnostic procedures were collected from an indwell-
ing venous catheter placed at least 1 h earlier.

Bone mineral density was assessed in all subjects by dual x-ray
absorptiometry (DPX, software version 3.61; Lunar Radiation,
Madison, WI).

Basal serum cortisol and basal plasma ACTH were the means
of the two baseline values (—15 and 0 min) before DDAVP ad-
ministration. The absolute rise in plasma ACTH after the
DDAVP test was calculated according to the literature (3, 5), i.e.
as the difference between time 0 and the highest value reached
within 30 min (A-ACTH). UFC was the mean of the three
samples.

All the presented results of CD and PC subjects were obtained
during hospitalization for the diagnosis or exclusion of CD,
whereas those of CT subjects were obtained during hospitaliza-
tion for research purposes.

Assays

Chemiluminescent immunometric assays were used to mea-
sure plasma ACTH (Immulite; Diagnostic Products Corp., Los
Angeles, CA) and serum cortisol and UFC (Advia Centaur; Bayer
Diagnostics, Newbury, UK), the latter after urine extraction with
dichloromethane. Method sensitivity was 0.99 pmol/liter for
plasma ACTH and 11 nmol/liter for both urinary and serum
cortisol; intraassay and interassay coefficients of variation were
3.4 and 4.8% for plasma ACTH and 4.4 and 6.0% for both
urinary and serum cortisol, respectively. Normal ranges in our
laboratory are 0-10 pmol/liter for plasma ACTH, 41-413
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nmol/24 h for UFC, and 138-634 nmol/liter for morning serum
cortisol (0830 h).

Statistical analysis

Shapiro-Wilk’s test was applied to verify the normal distri-
bution of the clinical and biochemical continuous variables. Val-
ues are expressed as mean = seM if normally distributed and as
median (interquartile range) if not normally distributed.

The prevalence of clinical signs was analyzed by the y* test or,
where appropriate, with Fisher’s exact test. The net integrated
area under the curve (AUC) for plasma ACTH (AUC-ACTH)
and serum cortisol (AUC-cortisol) responses to DDAVP was cal-
culated using the trapezoidal method (17).

Comparisons between groups were made with Mann-Whitney’s
U test given the nonnormal distribution of the variables examined.
Comparisons among groups were made with ANOVA followed by
Fisher’s least significant difference post hoc test for normally dis-
tributed values, and with Kruskal-Wallis test followed by Mann-
Whitney’s U test (if significant differences were detected) for not
normally distributed variables; P values were corrected using the
Bonferroni-Holm method (18).

Spearman correlation was performed. The biserial correla-
tion coefficient was used to test for correlations between con-
tinuous and dichotomized variables after logarithmic transfor-
mation to obtain a normal distribution, as appropriate.

The diagnostic performance of the DDAVP test in subjects
with mild hypercortisolism was further analyzed by creating an
artificial “PC reference range” for UFC, OST serum cortisol,
and midnight serum cortisol according to the classic method
“mean = 2 sD”; CD subjects were then assigned to one or more
of three subgroups defined by: 1) UFC below the mean + 2 sp
(771 nmol/24 h) of UFC values found in PC (Mild-UFC-CD);
2) OST serum cortisol values below the mean + 2 sp (458
nmol/liter) of OST serum cortisol found in PC (Mild-OST-
CD); and 3) midnight serum cortisol values below the mean +
2 sp (428 nmol/liter) of midnight serum cortisol found in PC
(Mild-Cort24-CD).

For this procedure, skewed variables were logarithmically
transformed to obtain normality before statistical analysis and
then back-transformed to their natural units as appropriate.

Sensitivity (SE), specificity (SP), positive likelihood ratio
(LR+), negative likelihood ratio (LR —), positive predictive value
(PPV), negative predictive value (NPV), and receiver-operator
characteristic (ROC) curves were calculated according to stan-
dard statistical methods (19); diagnostic accuracy (DA) was cal-
culated as the proportion of correctly rated patients out of the
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total number of patients tested. Exact 95% binomial confidence
intervals (CIs) were computed for SE and SP (20).

Asregards the variables used singly, the cutoffs obtained from
the ROC curves that offered the highest sum of SE and SP were
adopted. The combination of basal serum cortisol and A-ACTH
was tested by MultiRoc analysis (21), where the ROC curve was
plotted based on the rule: “Diagnose as positive for the disease
if basal serum cortisol is greater than a fixed cutoff point and
A-ACTH is greater than all possible cutoff points.” This was
done for all possible basal serum cortisol cutoff points and
yielded a ROC curve for each basal serum cortisol cutoff point.
The procedure yielded the SE and SP of all possible cutoff com-
binations of basal serum cortisol and A-ACTH, from which the
pair affording the highest sum of SE and SP was selected.

The diagnostic performance of the various tests was analyzed
by comparing their SE values with the McNemar test; the same
procedure was applied to compare the SP values. A logistic re-
gression analysis was also performed for each test parameter and
for the A-ACTH and basal serum cortisol combination: the pre-
dicted probabilities from the logistic regression models were used
to calculate the area under the ROC curves (AUC, i) (22) with
95% Cls (Clpyc); the AUC,  were compared according to
Delong et al. (23).

A two-step approach, previously used by Pecori Giraldi et al. (3),
was applied to assess the diagnostic performance of the second-level
tests (midnight serum cortisol and DDAVP) on the basis of different
estimates of CD prevalence. The first step involved calculating the
PPV of the first-level tests (UFC and OST serum cortisol) using
the CD prevalence obtained from the literature. In the second step,
the highest PPV obtained in the previous step was taken as the
a priori CD prevalence on which the diagnostic performance of
midnight serum cortisol and the DDAVP test were calculated.
The resulting PPV, NPV, and DA were compared by the x* test
as follows: PPV vs. PPV; NPV vs. NPV; DA vs. DA. PPV, NPV,
and DA ranges were obtained by applying the procedure using
the endpoints of the CI for the SE and SP of the same tests.

Significance was set at P < 0.05. Statistical analyses were
performed using SPSS 16 package (SPSS Inc., Chicago, IL).

Results

The demographic and biochemical data of the study sub-
jects are shown in Table 1. The clinical data of CD and PC
subjects are reported in Fig. 1.

TABLE 1. Demographic and biochemical data of the study subjects

Subjects cb PC CcT
n 52 28 31
Sex (males/females) 8/44 3/25 8/23
Age (yr) 38.1+1.2 35+2.2 356+24
BMI (kg/mz2) 322+ 1.1 342 +1.5 33 +0.5
Basal plasma ACTH (pmol/liter) 14.1 (8.9 to 18.8)¢ 4.2 (3.1t05.3) 3.7(2.3t04.7)
Basal serum cortisol (nmol/liter) 648.6 (554.7 to 872.1)°¢ 496.8 (364.3 to 524.4)° 358.8(331.2 to 441.6)
Midnight serum cortisol (nmol/liter) 632 (524.4 to 770)~¢ 124.2 (80 to 220.8) 110.4 (82.8 to 115.9)
OST serum cortisol (nmol/liter) 552 (182.1 to 797.6)°¢ 88.3(35.8 to 107.6)? 27.6 (22 to 30.3)
UFC (nmol/24 h) 778 (484.2 to 1,545)>¢ 526.9 (461.3 to 620.7)7 193.1 (140.7 to 242.7)
AUC-ACTH (pmol/liter - 120 min) 750.7 (161 to 1,554.3)<¢ 80.8 (35 to 174.9) 186.4 (—5.6 to 306.9)
AUC-cortisol (nmol/liter - 120 min) 14,020.8 (4,680.9 to 32,140.2)%7 414 (—13,391.510 9,510.9) —372.6 (—12,356.5 to 7,038)

Values are expressed as mean = sem if normally distributed, and as median (interquartile range) if not normally distributed.

2P <0.05vs. CT; 2P <0.01vs. PC; <P <0.001vs. PC; 9 P < 0.001 vs. CT; not significant unless specified.
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the ROC curve showed that a cutoff of 6 pmol/
liter was associated with the highest SE (75%)
and SP (89.8%) (Table 2), in line with previous
works (3, 5).

To improve the diagnostic performance of
the DDAVP test, we devised a new interpretive
approach that involves simultaneous determi-

" nation of two parameters. CD diagnosis in sub-
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jects showing simultaneous basal serum corti-
sol greater than 331 nmol/liter and A-ACTH
greater than 4 pmol/liter and its exclusion in

those negative for one or both parameters
yielded 90.3% SE and an SP of 91.5% (Fig. 2).
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0

FIG. 1. Prevalence of signs and symptoms in CD patients (gray bars) and PC
subjects (white bars). For overweight/obesity and impaired fasting glycemia/diabetes,
striped bar indicates obesity (BMI > 30 kg/m?) and diabetes (40) and filled/white bar
overweight (BMI, 25-30 kg/m?) and impaired fasting glycemia (40). *, Statistical

significance (P < 0.05).

Characteristics of plasma ACTH and serum cortisol
response to and diagnostic performance of the
DDAVP test

In CT and PC, basal serum cortisol exhibited a neg-
ative, significant correlation with AUC-ACTH (CT, r =
-0.51, P = 0.003; PC, r = —0.37, P = 0.04) and
A-ACTH (CT, r = —0.75, P < 0.001; PC, r = —0.39,
P = 0.03). The correlations among these variables were
not significant in CD.

Analysis of the ROC curve at several time points dem-
onstrated that percentage and absolute increase in serum
cortisol and percentage increase in plasma ACTH after the
DDAVP test did not afford optimum values of both SE and

*
»
0 40 L] 0

ww  The parameter combination yielded a signifi-
cantly greater (P < 0.05) classification accu-
racy, i.e. AUC, g (22), compared with the two
parameters used singly (Table 2). In addition,
the AUC;, y of the parameter combination was
significantly greater (P < 0.05) or approaching
significance (P = 0.05) compared with those of UFC, OST,
and midnight serum cortisol (Table 2).

Diagnostic performance of the DDAVP test in
patients with mild hypercortisolism

The performance of some tests in discriminating Mild-
UFC-CD from PC, who had not significantly different
UFC values (data not shown), is reported in Table 3. As
shown by the AUC, g comparison, the DDAVP test dis-
tinguished Mild-UFC-CD from PC more accurately than
did OST and midnight serum cortisol (Table 3).

The method also enabled outstanding (AUC; y: 0.90)
(22) and significantly better (P < 0.05) discrimination

TABLE 2. Diagnostic performance of the tests used for CD diagnosis in all study subjects

SE (CI) (%)

SP (CI) (%) LR+ LR— AUC,; (Clay0)

UFC: cutoff > 413 nmol/24 h?

OST serum cortisol: cutoff > 50 nmol/liter®
OST serum cortisol: cutoff > 138 nmol/liter®
Midnight serum cortisol > 207 nmol/liter
Basal serum cortisol > 572 nmol/liter?
DDAVP test: A-ACTH > 6 pmol/liter? 75

nmol/liter” and A-ACTH > 4 pmol/liter”

78.8 (65.3-88.9)¢
90.3 (78.9-96.8)
78.8 (65.3-88.9)¢9
94.2 (84-98.7)
73.1(58.9-84.4)9
(61-85.9)¢9
DDAVP test®: basal serum cortisol > 331 90.3 (78.9-96.8)

52.5(39.1-65.7)¢ 1.65 0.40 :
66.1(52.6-77.9)Y 266 0.14 ( )
94.9 (85.8-98.9) 1545 0.22 0.86(0.77-0.94)
83.05 (71-91.5)" 554 0.06 0.86(0.77-0.94y
89.8(79.1-96.1) 7.18 0.30 0.85(0.77-0.92)
( (
( (

0.85(0.79-0.92)
0.86 (0.77-0.94)

89.8 (79.1-96.1) 7.35 0.27 /
91.5(81.3-97.1)

0.86 (0.78-0.94

: )
10.62 0.10  0.94(0.90-0.99)

7 Upper limit of the normal UFC range in our laboratory.

b Cutoff commonly used for CS diagnosis (9).

¢ Cutoff according to Papanicolaou et al. (16).

9 Cutoff yielding the highest sum of SE and SP (ROC curve).

¢ CD diagnosis based on the presence of both parameters; absence of either or both excludes CD.

* Cutoff yielding the highest sum of SE and SP in combination with the cutoff of the other parameter.

Comparison of the SE and SP of the various tests with the SE and SP of the DDAVP test as interpreted by "basal serum cortisol > 331 nmol/liter
and A-ACTH > 4 pmol/liter”: 9 P < 0.05; " P = 0.06; not significant unless specified.

Comparison of the AUC ; of the various tests with that of the DDAVP test as interpreted by the combination of basal serum cortisol and A-ACTH:

P < 0.05;/ P = 0.05; not significant unless specified.
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literature-derived estimates of CD prev-
alence are compared in Table 4.

The two-step method applied to as-
sess the diagnostic performance of sec-
ond-level tests involved calculating the
PPV of the first-level tests with reference
to the CD prevalence reported in the lit-
erature. The PPV of the first-level tests
using 2/million inhabitants (3, 24) as the
a priori baseline prevalence were: 3/mil-
lion for UFC (cutoff, 413 nmol/24 h);
5/million for OST serum cortisol (cutoff,

Cm a

£L

-20 T T T T
300 400 500

T T T
00 700 200

Basal serum cortisol (nmol/l)

FIG. 2. Diagnostic performance of the DDAVP test interpreted according to the
approach envisaging CD diagnosis in subjects with both basal serum cortisol greater
than 331 nmol/liter and A-ACTH greater than 4 pmol/liter, and its exclusion in those
negative for either or both parameters; the approach effectively discriminated patients
with CD (quadrant A) from subjects without CD (quadrants B, C, D), with an SE of

90.3% and an SP of 91.5%.

of Mild-OST-CD from PC subjects (who had not
significantly different OST serum cortisol; data not
shown) compared with UFC and midnight serum cor-
tisol (Table 3).

In addition, the AUC;  of the DDVAP test was signif-
icantly higher (P < 0.05) than those of OST and UFC in
discriminating Mild-Cort24-CD from PC, whose mid-
night serum cortisol did not differ significantly (data not
shown) (Table 3).

Significant, positive correlations were noted in CD
patients between OST serum cortisol and midnight se-
rum cortisol (r = 0.29; P = 0.035), OST serum cortisol
and UFC (r = 0.34; P = 0.012); and midnight serum
cortisol and UFC (r = 0.38; P = 0.005). Significant
correlations among these variables were never found in
PC or CT subjects. In contrast, A-ACTH did not cor-
relate significantly with the three measures in any of the
subject groups (data not shown). OST serum cortisol,
midnight serum cortisol, and UFC did not correlate sig-
nificantly (biserial correlation) with CD exclusion (=0)
or diagnosis (=1) based on the novel interpretive crite-
ria of the DDAVP test in any of the groups studied (data
not shown).

1

50 nmol/liter); and 31/million for OST
serum cortisol (cutoff, 138 nmol/liter).
The highest PPV resulting from these cal-
culations was the one obtained with OST
serum cortisol (cutoff, 138 nmol/liter).
This was used as the a priori CD preva-
lence to calculate the diagnostic perfor-
mance of second-line tests and demon-
strated that the DDAVP test interpreted
according to our method achieved a signif-
icantly higher PPV and DA compared with
midnight serum cortisol and A-ACTH
greater than 6 pmol/liter (Table 4).

Application of the procedure using an estimate of CD
prevalence of 10/million inhabitants (3, 25) showed that
the DDAVP test interpreted with our method achieved
significantly greater PPV and DA than midnight serum
cortisol as well as higher PPV, NPV, and DA compared
with the DDAVP test based on A-ACTH greater than 6
pmol/liter (Table 4).

L
ggsg

Discussion

The scarce and inconsistent data on the clinical value of the
DDAVP test in distinguishing CD from PC prompted us to
share our 10-yr experience with the test and with a novel
methodological approach devised by our group to im-
prove its diagnostic performance, with emphasis on sub-
jects with mild hypercortisolism, which raises the most
difficult problems of differential diagnosis.

The commonly adopted interpretive criteria of the
DDAVP test based on percentage and absolute rise in
ACTH and cortisol proved ineffective in distinguishing
our CD from PC patients. We tried to improve its diag-
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TABLE 3. Diagnostic performance of the main tests in patients with mild hypercortisolism

SE (C1) (%) SP (C1) (%) LR+ LR—  AUCx (Clayd

Mild-UFC-CD (n = 23) vs. PC (n = 28)
OST serum cortisol: cutoff > 50 nmol/liter® 78.2 (56.3-92.5) 28.5
OST serum cortisol: cutoff > 138 nmol/liter®  65.2 (42.7-83.6)9  89.2
Midnight serum cortisol > 207 nmol/liter® 86.9 (66.4-97.2) 64.2
DDAVP test?: basal serum cortisol > 331 86.9 (66.4-97.2) 92.8
nmol/liter® and A-ACTH > 4 pmol/liter®
Mild-OST-CD (n = 15) vs. PC (n = 28)

13.2-48.6)" 1.09 0.76 0.68(0.50-0.85)"
71.7-97.7) 6.03 039 0.68(0.50-0.85)"
44-81.3) 242 020 0.67(0.51-0.83)"
76.5-99.1)  12.06 0.14 0.89(0.78-1)

PRy

UFC: cutoff > 413 nmol/24 h? 60 (32.2-83.6) 0(0-10.1) 0.6 *** (054 (0.31-0.78)"
Midnight serum cortisol > 207 nmol/liter 80 (51.9-95.6)  64.2 (44-81.3) 223 0.31 0.65(0.46-0.85)"
DDAVP test?: basal serum cortisol > 331 86.6 (59.5-98.3)  92.8(76.5-99.1)  12.02 0.14 0.90(0.77-1)

nmol/liter® and A-ACTH > 4 pmol/liter®
Mild-Cort24-CD (n = 6) vs. PC (n = 28)

UFC: cutoff > 413 nmol/24 h? 33.3(4.3-77.7) 0(0-10.1) 0.33 rhx 0.21 (0-0.46)"
OST serum cortisol: cutoff > 50 nmol/liter® 50(11.8-88.1) 28.5(13.2-486) 069 1.75 0.26 (0-0.55)"
OST serum cortisol: cutoff > 138 nmol/liter®  16.6 (0.4—-64.1)9 89.2 (71.7-97.7) 1.53 0.93 0.26 (0-0.55)"
DDAVP test?: basal serum cortisol > 331 100 (60.7-100) 92.8 (76.5-99.1) 13.8 0 0.95 (0.87-1)

nmol/liter® and A-ACTH > 4 pmol/liter®

2 Upper limit of the normal UFC range in our laboratory.

b Cutoff commonly used for CS diagnosis (9).

¢ Cutoff according to Papanicolaou et al. (16).

9 CD diagnosis based on the presence of both parameters; absence of either or both excludes CD.

¢ Cutoff affording the highest sum of SE and SP in combination with the cutoff of the other parameter.

Comparison of the SE and SP of the various tests with the SE and SP of the DDAVP test interpreted by "basal serum cortisol > 331 nmol/liter and
A-ACTH > 4 pmol/liter”: " P < 0.05; 9 P = 0.06; not significant unless specified.

Comparison of the AUC, ; of the various tests with that of the DDAVP test interpreted by the combination of basal serum cortisol and A-ACTH:
h P < 0.05; not significant unless specified.

*** |mpossible to compute.

nostic performance by applying a straightforward inter-  pmol/liter. A diagnosis of CD based on positivity for both
pretive method that envisages simultaneous positivity for ~ parameters and its exclusion in subjects who were positive
two DDAVP test parameters, i.e. a basal serum cortisol  for one or neither yielded 90.3% SE and 91.5% SP (Fig. 2
greater than 331 nmol/liter and A-ACTH greater than 4  and Table 2).

TABLE 4. PPV, NPV, and DA of second-level tests compared on the basis of two different estimates of CD
prevalence

PPV (range) NPV (range) DA (range)
2/million€
Midnight serum cortisol > 207 nmol/liter* 1729 (26-1,879) 999,998 (999,998-999,998) 830,5039 (710,001-915,012)
DDAVP test: A-ACTH > 6 pmol/literb 2289 (27-3,551) 999,991 (999,976-999,995) 897,9959 (790,998-960,983)

DDAVP test®: basal serum cortisol > 331 330 (39-5,385) 999,996 (999,995-999,998) 915,200 (813,000-971,000)
nmol/liter” and A-ACTH > 4 pmol/liter?

10/million”
Midnight serum cortisol > 207 nmol/liter® 8619 (133-9,285) 999,989 (999,988-999,989) 830,5179 (710,006-915,058)
DDAVP test: A-ACTH > 6 pmol/liter® 1,1389(134-17,473) 999,9579 (999,881-999,977) 897,9779 (790,992-960,918)

DDAVP test: basal serum cortisol > 331 1,649 (194-26,245) 999,984 (999,973-999,988) 915,198 (812,999-970,997)
nmol/liter” and A-ACTH > 4 pmol/liter?

Data are expressed as number/million.

@ Cutoff according to Papanicolaou et al. (16).

b Cutoff yielding the highest sum of SE and SP (ROC curve).

€ CD diagnosis based on the presence of both parameters; absence of either or both excludes CD.

9 Cutoff yielding the highest sum of SE and SP in combination with the cutoff of the other parameter.
¢ See Refs. 3 and 24.

" See Refs. 3 and 25.

Comparison of the PPV, NPV, and DA of the various tests with the PPV, NPV, and DA of the DDAVP test interpreted by "basal serum cortisol > 331
nmol/liter and A-ACTH > 4 pmol/liter”: 9 P < 0.05; not significant unless specified.
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The adoption of this method and the improved diag-
nostic performance were not accidental, but rather
stemmed from two observable correlations, i.e. a negative
significant correlation of basal serum cortisol with
A-ACTH and with AUC-ACTH both in CT and in PC (but
not in CD). Such findings, together with the data listed in
Table 1, clearly indicate that the negative feedback is nor-
mal in CT subjects, that it is preserved to a fair extent in
PC patients, and that it is lost in CD. This key observation
and the resulting correlations account for the very high DA
associated with the simultaneous presence of basal serum
cortisol greater than 331 nmol/liter and A-ACTH greater
than 4 pmol/liter (Table 2) because CT and PC subjects
with basal serum cortisol greater than 331 nmol/liter
tended to have A-ACTH below 4 pmol/liter as a result,
whereas those with basal serum cortisol below 331 nmol/
liter usually had A-ACTH greater than 4 pmol/liter. In CD
patients, loss of the cortisol-induced negative feedback
resulted in the simultaneous presence of basal serum cor-
tisol greater than 331 nmol/liter and A-ACTH greater than
4 pmol/liter.

The negative significant correlations between basal se-
rum cortisol and AUC-ACTH noted in our CT and PC
subjects, also described previously (5), are explained by
the fact that in physiological conditions the hypothalamic
synthesis of vasopressin (26, 27) and vasopressin-induced
ACTH secretion (28-32) are inhibited by cortisol levels.
However, PC subjects have a reduced negative feedback
compared with healthy individuals (33, 34); this was ap-
parent in our study population, where these subjects ex-
hibited a weaker correlation between basal serum cortisol
and A-ACTH compared with the CT group. In contrast,
CD patients did not show a correlation between basal
serum cortisol and A-ACTH and AUC-ACTH, in line with
their loss of the negative feedback. However, the hyper-
responsiveness of plasma ACTH and serum cortisol to the
DDAVP test in CD patients is not determined exclusively
by loss of the negative feedback, but is also determined by
the overexpression of V3 receptor (7, 8), although the
underlying mechanisms are still unclear (35).

Testing the effectiveness of the DDAVP test in subjects
with mild hypercortisolism, where the differential diag-
nosis of CD from PC is even more challenging, involved
comparing the diagnostic performance of the various tests
in discriminating Mild-UFC-CD, Mild-OST-CD, and
Mild-Cort24-CD subjects from PC individuals. Again, the
DDAVP test interpreted according to our method did so
most effectively, and the relevant LR+ and LR~ values
confirmed that it is more useful (36) to make a diagnosis
than all first- and second-level tests (Table 3).

The poor diagnostic performance of UFC, OST, and
midnight serum cortisol is related to their positive corre-
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lations in CD, whereby a low value on one of these pa-
rameters is generally associated with low values on the
other two, resulting in a low SE of these tests in identifying
Mild-UFC-CD, Mild-OST-CD, and Mild-Cort24-CD
(Table 3). In contrast, A-ACTH and the exclusion/diag-
nosis of CD based on our methodological approach did
not correlate with UFC, OST, serum cortisol, or midnight
serum cortisol in CD, PC, or CT subjects (see Results),
highlighting the independence of the DDAVP test on mea-
sures of hypercortisolism such as UFC, OST, serum cor-
tisol, and midnight serum cortisol and explaining its su-
perior diagnostic performance compared with the three
tests in subjects with mild hypercortisolism (Table 3).

Given the use of knowing the diagnostic effectiveness of
the DDVAP test with different CD prevalences, we calcu-
lated the dependent prevalence parameters, PPV, NPV,
and DA, of the second-level tests based on two literature-
derived estimates. Our method proved yet again more ef-
fective than midnight serum cortisol and a A-ACTH
greater than 6 pmol/liter (Table 4).

Clearly, these data are to be taken with caution and
need confirmation before they can be introduced into clin-
ical practice, especially given the small number of subjects
with mild hypercortisolism, particularly Mild-Cort24-
CD, in our sample. However the DDAVP test had a
consistently excellent diagnostic performance in all
three subgroups exactly because of its independence of
the measures of hypercortisolism and of the mutual link
of these measures in CD patients, as already reported in
the literature (37-39).

In conclusion, the study demonstrated that the DDAVP
test can effectively be interpreted by evaluating a combi-
nation of parameters; notably, this approach achieves the
differential diagnosis of CD from PC even in subjects with
mild hypercortisolism.
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