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Summary

Objective Absence of a late-night cortisol nadir is a consistent
biochemical abnormality in patients with cortisol-producing
adenoma. We evaluated the abnormality of late-night urinary
free cortisol to creatinine ratio (late-night UFCCR) in patients
with subclinical Cushing’s syndrome (SCS).

Methods Fifty-eight patients with incidentally detected adreno-
cortical adenomas [SCS: 9; nonfunctioning adenoma (NF): 49]
were enrolled as subjects. Values measured in all patients were
urinary free cortisol accumulated between 9:00 p.m. and 11:00
p.m. (late-night UFCCR), serum cortisol at 11:00 p.m. (mid-
night serum cortisol: MSC), serum cortisol after 1-mg overnight
dexamethasone suppression test (1 mg-DST) and 24-h urinary
free cortisol (UFC).

Results Median late-night UFCCR value in SCS was signifi-
cantly higher than that in NF (P < 0-001). Significant correla-
tions were observed between late-night UFCCR and each of
serum cortisol after 1 mg-DST and MSC (r = 0-537, P < 0-001
and r = 0-556, P < 0-001, respectively). There was no significant
correlation between serum cortisol after 1 mg-DST and 24-h
UFC (r = 0-211, P = 0-112). In receiver operating characteristic
analysis for diagnosis of SCS, the areas under the curves of late-
night UFCCR and 24-h UFC were 0-937 (95% confidence inter-
val 0-865-1-008) and 0-726 (0-874-0-999), respectively.
Late-night UFCCR cut-off value of 4-9 nmol/umol Cre showed
a sensitivity of 100% and a specificity of 76:6%.

Conclusion Patients with SCS showed higher late-night
UFCCR values than those with NF. Late-night UFCCR was sig-
nificantly correlated with autonomous cortisol production find-
ings. Diagnostic performance of late-night UFCCR was superior

Correspondence: Shuhei Nakanishi, Department of Molecular and Inter-
nal Medicine, Graduate School of Biomedical and Health Sciences, Hiro-
shima University, 1-2-3, Kasumi, Minami-ku, Hiroshima 734-8551,
Japan. Tel.: +81-82-257-5197; Fax: +81-82-255-7360;

E-mail: nshuhei@hiroshima-u.ac.jp

© 2013 John Wiley & Sons Ltd

to 24-h UFC. These results suggest that late-night UFCCR might
represent one of the simple and reliable tests for SCS diagnosis.
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finally revised 4 March 2013; accepted 5 March 2013)

Introduction

Subclinical Cushing’s syndrome (SCS) is defined as an adrenal
adenoma that exhibit autonomous glucocorticoid production
without specific signs or symptoms of Cushing’s syndrome with
overt hypercortisolism." SCS is diagnosed in 5% to 20% of
patients with adrenal incidentaloma.'™ SCS leads to metabolic
disorders such as hypertension, dyslipidaemia and/or glucose
intolerance,” which in turn cause elevated incidence of cardio-
vascular morbidity and mortality in SCS patients.* Although we
should aggressively diagnose that entity, diagnostic strategy to be
used to identify SCS remains controversial.®

To ascertain the presence of subtle cortisol production, the
same endocrine tests used for diagnosis of overt hypercortiso-
lism are employed.” ' At present, the following criteria are
used to make a diagnosis of subtle cortisol production:’” '
reduced cortisol suppression after 1-mg overnight dexametha-
sone suppression test (1 mg-DST), low morning ACTH levels,
high 24-h wurinary free cortisol (UFC) and high midnight
serum cortisol levels (MSC). Generally, the 1 mg-DST is
understood to be the most effective method for investigation
of autonomous cortisol secretion.>'"'? MSC is also a reliable
test, because the loss of circadian rhythm with absence of a late-
night cortisol nadir is a consistent biochemical abnormality in
patients with cortisol-producing adenoma.'*'* However, for
measurement of MSC, patients must be hospitalized or visit
the hospital repeatedly to have their blood samples drawn. The
procedure thus has inherent limitations and can cause undue
stress.

Measurement of urinary cortisol levels can be used to detect
biologically active free fraction cortisol.'> Twenty-four-hour UFC
determination is a standard test for the diagnosis of cortisol
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overproduction.®® However, a complete collection of 24-h urine
is inaccurate and potentially unreliable. Midnight urine cortisol
to creatinine ratio is considered to be the simplicity of the col-
lection and a useful method for assessment of overt Cushing’s
syndrome'® and hypopituitarism.'®'” Expectations are therefore
that 2-h late-night urinary free cortisol to creatinine ratio (late-
night UFCCR) could prove to be simple and effective in assess-
ing loss of late-night serum cortisol nadir and useful for SCS
diagnosis. Another advantage of utilization of this method is that
patients can collect urine samples on their own without requir-
ing hospitalization or stress of pain. Measurement of late-night
UFCCR is considered to have several benefits including increased
accuracy of diagnosis, improved quality of life for patients and
positive effects on the medical economy. However, effectiveness
of late-night UFCCR for SCS diagnosis had not been studied in
detail to date. The aim of this study was to evaluate the abnor-
mality of late-night UFCCR accumulated for 2-h between 9:00
pm. and 11:00 p.m. in patients with SCS and investigate
whether late-night UFCCR could have a role in the diagnosis of
SCS.

Subjects and methods

We prospectively evaluated 100 patients with incidentally
detected adrenal masses who were referred to our department at
Hiroshima University Hospital during the period from April
2009 to April 2012. Excluded from the study were patients diag-
nosed as having aldosterone producing adenoma (n = 19),
(n = 10),
(n =4), cyst (n =3), adrenal cortical carcinoma (n = 2), gan-

pheochromocytoma overt Cushing’s syndrome
glioneuroma (n = 1), asymptomatic metastasis of other tumours
(n=1) and 24-h creatinine clearance (Ccr) below 20 ml/min
(n=2). Only patients with adrenocortical adenoma were
selected for this study. When not pathologically proven, the
diagnosis of adrenocortical adenoma rested on the following
criteria: less than 10 Hounsfield units on unenhanced CT,'®
absolute percentage enhancement washout of greater than 60%
at 10-min'® or loss of signal intensity on opposed phase against

chemical 19

in-phase shift ~magnetic resonance imaging.
Ultimately, a total of 58 patients (mean age 62-1 & 11-7 years;
32 male and 26 female) were enrolled in this study. All patients
studied had never used any glucocorticoids that could affect the
HPA axis. Written informed consent was obtained from all the
patients at the time of clinical investigation, and the study was

approved by the Hiroshima University Ethics Committee.

Clinical measurement, endocrinological measurement
and assessment

All patients were hospitalized and assessed by clinical measure-
ments and endocrine tests. Physical measurements were carried
out, and blood samples collected after an overnight fast. Height,
body weight and waist circumference of the subjects were mea-
sured using standard methods, and body mass index (BMI) was
then calculated. HbAlc [Japan Diabetes Society (JDS), %] was
measured by means of high-performance liquid chromatography

using an automated analyzer. HbAlc (%) was estimated as
National Glycohaemoglobin Standardization Program (NGSP)
equivalent value (%), calculated on the basis of the formula
HbAlc (%) = 1-02 x HbAlc (JDS,%) + 0-25%.°° The 24-h
UFC was determined on the basis of urine samples collected
between 2:00 p.m. and the following day at 2:00 p.m. The nor-
mal value of 24-h UFC established in our laboratory is
31-222 nmol/day. To investigate circadian rhythms of serum
cortisol and plasma ACTH levels, these components were exam-
ined at 7:00 a.m. and 11:00 p.m. Determinations of serum corti-
sol and plasma ACTH levels at 7:00 a.m. were performed at least
30 min after the subject rested in a supine position. After urine
elimination at 9:00 p.m., urinary samples were collected at 11:00
p-m. for the measurement of late-night UFCCR. Late-night
UFCCR was examined the day after 24-h urine collection. After
1-mg dexamethasone was administered orally at 11:00 p.m.,
blood samples were collected the following morning at 7:00 a.m.
to determine serum cortisol concentrations (1 mg-DST). UFC
levels were measured by radioimmunoassay method (Immunotec
Inc., Quebec, Canada). The lower detection limit of UFC was
estimated to be 13.8 nm. Serum cortisol was measured by
ECLusys 2010 cortisol assay (Roche Diagnostics Co., Mannheim,
Germany) and plasma ACTH was measured using immunora-
diometric assay by ACTH IRMA MITSUBISHI (Mitsubishi
Chemical Medience Co., Tokyo, Japan).

Subclinical Cushing’s syndrome was diagnosed using criteria
previously reported.” Briefly, the criteria include the following
essential conditions: (i) presence of adrenal incidentaloma; (ii)
lack of specific clinical findings of Cushing’s syndrome; (iii) nor-
mal range of morning cortisol level; and (iv) serum cortisol level
greater than 83 nm after 1 mg-DST. The Endocrine Society’s
guidelines refer to a cut-off value of 50 nm after 1 mg-DST.® We
used, however, a cut-off value of 83 nm after 1 mg-DST based
on the Japan Endocrine Society’s criteria, because all patients
enrolled in the study were Japanese.” SCS diagnosis was made
based on the presence of all of criteria described above and at
least one of the following biochemical parameters: (i) plasma
ACTH level at 7:00 a.m. less than 2-2 pwm; and (i) serum cortisol
level at 11:00 p.m. (MSC) more than 138 nm. The patients with-
out SCS were diagnosed as having nonfunctioning adenoma
(NF).

Statistical analysis

Results were expressed as mean values with standard deviation
or median values with 95% confidence interval (CI). First,
differences between the patients with NF and those with SCS
were determined by Student’s t-test or Mann—Whitney U-test.
Categorized data were analysed by Fisher’s exact test. Second,
correlations between variables were examined by Spearman’s
correlation as appropriate. Finally, receiver operating character-
istic (ROC) analysis was performed to compare diagnostic
utility for SCS of late-night UFCCR with that of 24-h UFC.
For all analyses, spss 19.0] for Windows (SPSS Inc., Chicago,
IL, USA) was used, and P values <0-05 were considered
significantly.

© 2013 John Wiley & Sons Ltd
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Results

Clinical characteristics of patients with SCS and NF

Forty-nine patients were diagnosed as having NF, and nine
patients were diagnosed as having SCS. No significant differences
were observed in age, gender, waist circumference, BMI, blood
pressure, lipid levels, glucose levels or tumour size between the
NF group and the SCS group, as indicated in Table 1. Numbers
of those using medication did not significantly differ between
the two groups.

Endocrinological results of patients with SCS and NF

Endocrinological results of the two groups are presented in
Table 2. No significant difference was observed in serum cortisol
at 7:00 a.m. between the two groups. Median values of MSC,
serum cortisol after 1 mg-DST and 24-h UFC in the SCS group
were significantly higher than those in the NF group. Median
value of ACTH at 7:00 a.m. in the SCS group was significantly
lower than that in the NF group. Remarkably, median values of
late-night UFCCR were 3-7 (95% CI 2-7-5-0) nmol/umol Cre in
the NF group and 12-6 (6:6-15-4) nmol/umol Cre in the SCS
group, with significant differences observed between the two
groups (P < 0-001).

Table 1. Clinical characteristics of patients with SCS and NF

NF SCS P value

Number (male/female) 49 (26/23) 9 (6/3) 0-352

Age (years) 62:5 + 12:2 599 + 8.7 0-459

BMI (kg/m?) 24-6 + 3-8 24-4 + 24 0-842

Waist circumference 859 + 117 86:5 £ 7-0 0-854
(cm)

Systolic blood 124 + 19 127 £ 6 0-654
pressure (mmHg)

Diastolic blood 73 £ 15 81 +9 0-062
pressure (mmHg)

Total cholesterol (mm)  4.70 4+ 0-78 4-72 £ 0-59 0-943

HDL-cholesterol (mm)  1:41 4 0-31 1-55 4 0-41 0-389

Triglyceride (mwm) 0-97 (0-76-1-33) 1-22 (0-80-1-89)  0-173

Fasting plasma 57 £ 1.9 58 £ 11 0-959
glucose (mm)

HbAlc (%) 6:3 £ 1-1 67 £ 1.7 0-525

24-h Ccr (ml/min) 95-5 £ 266 90-1 + 25-8 0-572

Tumor size (mm) 175 (14-4-25-1)  19-1 (14-4-24:5)  0-810

Antihypertensive 23 (46-9) 6 (66-7) 0-201
drug, n (%)

Antihyperlipidemic 19 (38-8) 1(11-1) 0-107
drug, n (%)

Hypoglycemic 12 (24-5) 2 (22-2) 0-627

drug, n (%)

NF, non-functioning adenoma; SCS, subclinical Cushing’s syndrome;
BMI, body mass index; Ccr, creatinine clearance.

Data are expressed as mean values + SD or median values (interquar-
tile). P values were determined by Student’s ¢ test or Mann-Whitney U
test. Categorized data were analyzed by Fisher’s exact test.

© 2013 John Wiley & Sons Ltd
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Table 2. Endocrinological results of patients with SCS and NF

NF SCS P value
Serum cortisol at 362 £+ 113 323 £ 72 0-333
7:00 a.m. (nMm)
MSC (nm) 69 (51-91) 188 (142-236) <0-001
Serum cortisol after 28 (18-39) 127 (101-229) <0-001
1 mg-DST (nm)
ACTH at 7:00 5:5 (3-8-6-8) 2-8 (1-7-4-1) 0-001
a.m. (pm)
24-h UFC (nmol/day) 77-8 (60-5-110-3) 104-1 (82-1-199-3) 0-033
Late-night UFCCR 3.7 (2-7-5-0) 12:6 (6-6-15-4) <0-001

(nmol/pumol Cre)

NF, non-functioning adenoma; SCS, subclinical Cushing’s syndrome;
MSC, midnight serum cortisol; DST, dexamethasone suppression test;
UFC, urinary free cortisol; UFCCR, urinary free cortisol to creatinine
ratio.

Data are expressed as mean values = SD or median values (interquar-
tile). P values were determined by Student’s ¢ test or Mann-Whitney U
test.

Correlations between late-night UFCCR and each of
serum cortisol after 1 mg-DST and MSC

1 mg-DST is the most effective method for investigation of
autonomous cortisol secretion. We thus calculated Spearman’s
correlations between late-night UFCCR and serum cortisol after
1 mg-DST. Late-night UFCCR was significantly correlated with
serum cortisol after 1 mg-DST (r = 0-537, P < 0-001) (Fig. la).
On the other hand, serum cortisol after 1 mg-DST was signifi-
cantly correlated with each of MSC and ACTH at 7:00 a.m.
(r=10-688, P <0-001 and r = —0-449, P < 0-001, respectively)
(Fig. 1b,c). there was no significant correlation
between serum cortisol after 1 mg-DST and 24-h UFC
(r=0-211, P=0-112) (Fig. 1d). In addition, we calculated
Spearman’s correlation between late-night UFCCR and MSC.
Late-night UFCCR was also significantly correlated with MSC
(r = 0-556, P < 0-001) (Fig. 2).

However,

Diagnostic performance of late-night UFCCR
measurement for the diagnosis of SCS

To compare diagnostic performance between late-night UFCCR
and 24-h UFC, ROC analysis was performed. For the diagnosis
of SCS, the areas under the ROC curves of late-night UFCCR
and 24-h UFC were 0-937 (0-865-1-008) and 0-726
(0-874-0-999), respectively (Fig. 3). Late-night UFCCR cut-off
value of 4-9 nmol/umol Cre showed a sensitivity of 100%, a
specificity of 76:6% and a diagnostic accuracy of 79-3%. Late-
night UFC cut-off value with the best combined sensitivity and
specificity was achieved at the level of 7-4 nmol/umol Cre with
a sensitivity of 77-8%, a specificity of 95-9% and a diagnostic
accuracy of 93-1%. On the other hand, 24-h UFC cut-off value
of 48-6 nmol/day showed a sensitivity of 100%, a specificity of
16-0% and a diagnostic accuracy of 29-3%. Twenty-four-hour
UFC cut-off value with the best combined sensitivity and
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Fig. 1 Correlations among endocrinological parameters. (a) Correlation between late-night urinary free cortisol to creatinine ratio (UFCCR) and serum
cortisol levels after 1-mg dexamethasone suppression test (1 mg-DST). Spearman’s correlation coefficient between late-night UFCCR and serum cortisol
levels after 1 mg-DST was 0-537, indicating significant correlation (P < 0-001). (b) Correlation between serum cortisol levels after 1 mg-DST and
midnight serum cortisol (MSC) levels. Spearman’s correlation coefficient between serum cortisol levels after 1 mg-DST and MSC levels was 0-688,
indicating significant correlation (P < 0-001). (c) Correlation between serum cortisol levels after 1 mg-DST and ACTH levels at 7:00 a.m. Spearman’s
correlation coefficient between serum cortisol levels after 1 mg-DST and ACTH levels at 7:00 a.m. was —0-449, indicating significant correlation
(P <0-001). (d) Correlation between serum cortisol levels after 1 mg-DST and 24-h urinary free cortisol (UFC). Spearman’s correlation coefficient
between serum cortisol levels after 1 mg-DST and 24-h UFC was 0-211, which showed no significant correlation (P = 0-112). Open circles:
nonfunctioning adenoma (n = 49); closed circles: subclinical Cushing’s syndrome (n = 9).

specificity was achieved at the level of 102-9 nmol/day with a
sensitivity of 66-7%, a specificity of 69-4% and a diagnostic
accuracy of 69-0%.

Discussion

In this study, we demonstrated that patients with SCS showed
higher late-night UFCCR values than those with NF, and late-
night UFCCR was correlated with each of serum cortisol levels
after 1 mg-DST and MSC levels, suggesting that late-night
UFCCR expresses autonomous cortisol production. Accordingly,
for the diagnosis of SCS, diagnostic performance of late-night
UFCCR was superior to 24-h UFC. These results suggest that
examination of late-night UFCCR might be a useful test for SCS
diagnosis.

Our report is consistent with a previous report indicating that
patients with SCS had higher late-night UFCCR.?' Although only
4 SCS patients were included, that study found no significant cor-
relation between MSC and late-night urinary cortisol levels.*' The

urinary samples in the previous report were collected at 11:00
p-m. without urine elimination taking place at 9:00 p.m., and for
that reason, the samples did not reflect MSC levels. In contrast to
the previous report, our study collected 2-h urinary samples after
urine elimination at 9:00 p.m. Thus, the late-night UFCCR in our
cases might more accurately reflect MSC levels.

Assessment of late-night UFCCR would be one of the simple
and convenient methods among the many endocrinological
assessments available for use, because patients can accurately col-
lect urine samples on their own without requiring hospitalization
especially compared to 24-h UFC. In cortisol overproduction
state such as overt Cushing’s syndrome, 24-h UFC displays very
good sensitivity and is included in diagnostic criteria of Cushing’s
syndrome.®>*** However, collection of all the urine over 24-h is
cumbersome and potentially unreliable. Additionally, 24-h UFC
may not reliably reveal a slight cortisol excess. Twenty-four-hour
UFC therefore should not be considered an adequate screening
test for SCS and should be used in combination with other
tests.>®>!” In fact, only 1 patient with SCS showed above the

© 2013 John Wiley & Sons Ltd
Clinical Endocrinology (2013), 0, 1-6



Late-night urinary free cortisol to creatinine ratio in subclinical Cushing’s syndrome 5

400
-
3001 °
L ]
s
< "
o 200 - P -
= i -
“a
100d oo ‘
Fode 220 o o
PELO
og}'t:o 5
0 - T T T 1
0 5 10 15 20

Late-night UFCCR (nmol/umol-Cre)

Fig. 2 Correlation between late-night urinary free cortisol to creatinine
ratio (UFCCR) and midnight serum cortisol (MSC) levels. Spearman’s
correlation coefficient between late-night UFCCR and MSC levels was
0-556, indicating significant correlation (P < 0-001). Open circles:
nonfunctioning adenoma (n = 49); closed circles: subclinical Cushing’s
syndrome (n = 9).

10

0-8

0-6 —

Sensitivity

-
.
.
.
.
.

0-2

00 T T T |
0-0 0-2 04 06 0-8 10
1-specificity

Fig. 3 The areas under the receiver operating characteristic (ROC)
curves of endocrinological tests for diagnosis of subclinical Cushing’s
syndrome. The areas under the ROC curves of late-night urinary free
cortisol to creatinine ratio (UFCCR) and 24-h urinary free cortisol
(UFC) were 0-937 (0-865-1-008) and 0-726 (0-874-0-999), respectively.
Solid line: late-night UFCCR; dotted line: 24-h UFC.

upper limit of 24-h UFC normal values in this study. In contrast,
late-night UFCCR values were significantly higher in patients
with SCS than in patients with NF and showed good sensitivity
and specificity compared to 24-h UFC. Therefore, late-night
UFCCR measurement might be a simple procedure and a useful
test for diagnosis of SCS compared to 24-h UFC.

Salivary cortisol also can be collected without hospitalization,
similar to the case of late-night UFCCR. Evidence of salivary
cortisol levels being effective in SCS diagnosis has accumulated

23,24 .
and the measurement represents a simple

in recent years,
and convenient method for the assessment of cortisol produc-
tion. Although there were 14 subjects in our study with less than
the detection limit of UFC concentration between 9:00 p.m. and

11:00 p.m., all were diagnosed as having NF. UFC concentrations

© 2013 John Wiley & Sons Ltd
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could be measurable in all patients with SCS. Late-night UFCCR
as well as salivary cortisol might be easily measured without
stress of pain and useful to assess the cortisol levels and diagnose
SCS. Salivary cortisol cannot be applied to patients with gingivi-
tis or Sjogren’s syndrome because of bleeding risk or insufficient
quantity of saliva.”> Thus, late-night UFCCR might be an alter-
native to salivary cortisol in those patients.

Glucocorticoid increases hepatic glucose production, which
induces adipose lipolysis, resulting in an increase in nonesterified
fatty acids and triglycerides.” In addition, the excess circulating
cortisol binds to mineralocorticoid receptor in the heart, blood
vessels and kidneys.13‘14 Thus, SCS, which is defined as a state of
cortisol excess, leads to metabolic disorders such as hypertension,
dyslipidaemia and/or glucose intolerance.”> Furthermore, an
increase in the number of concomitant metabolic disorders is
associated with an increase in the degree or severity of the SCS.*
In this study, blood pressure, plasma glucose levels and serum
lipid levels did not significantly differ between the two groups.
Patients already undergoing treatment with antihypertensive
drugs, antihyperlipidaemic drugs and/or hypoglycaemic drugs
were included in our investigation. Such medication use might
have affected the metabolism findings derived from this study.

Our study suffers from several limitations. First, it is necessary
to consider the effect of renal function when late-night UFCCR
is evaluated. Because renal impairment will strongly affect rate
of cortisol excretion in urine,?” we excluded patients with 24-h
Ccr of less than 20 ml/min. Second, we measured late-night
UFCCR in all patients only once. Therefore, we did not observe
the individual day-to-day variation seen in the late-night
UFCCR. Repeated measurements may be needed to confirm the
usefulness of late-night UFCCR. Finally, our study also included
a total of nine SCS patients. To determine whether late-night
UFCCR is actually useful in SCS screening, the presented find-
ings must be confirmed in a larger number of study subjects.

In conclusion, this study found that patients with subclinical
Cushing’s syndrome showed significantly higher late-night uri-
nary free cortisol to creatinine ratio values than those with
non-functioning adenoma, and late-night urinary free cortisol to
creatinine ratio was significantly correlated with other endocrino-
logical findings showing autonomous cortisol production.
Diagnostic performance for subclinical Cushing’s syndrome of
late-night urinary free cortisol to creatinine ratio was superior to
24-h urinary free cortisol. We therefore suggest that the measure-
ment of late-night urinary free cortisol to creatinine ratio repre-
sents one of the simple and useful tests for subclinical Cushing’s
syndrome diagnosis in patients with adrenocortical adenoma.
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The authors have nothing to disclose.
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