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Abstract

Background and aim A close relationship between adiposity and increased cortisol levels is well established in patients with
endogenous hypercortisolism. Nevertheless, hypothalamic-pituitary-adrenal (HPA) axis regulation in overweight subjects is
still a matter of concern. We studied free cortisol (urinary free cortisol, UFC and late night salivary cortisol, LNSC), pituitary
feedback (serum cortisol after 1 mg dexamethasone suppression test, 1 mg DST) and peripheral cortisol metabolism (urinary
cortisol to cortisone ratio, F/E™) in a large series of overweight subjects without Cushing’s Syndrome.

Materials and methods We considered 234 patients divided in 5 BMI classes, matched for age and gender (BMI < 25 kg/m?
n=38; 25-30 n=758; 30-35 n=52; 35-40 n=52; >40 n=34). UFC, LNSC and urinary F/E®" were assessed with
LC-MS.

Results We collected 183 LNSC, 176 UFC, 152 1 mg DST and 64 F/E™ tests. UFC levels were higher in lean subjects, and
they decreased according to the BMI classes (p = 0.022). Non-suppressed cortisol levels (>50 nmol/L) after 1 mg DST were
observed especially in patients with normal weight or mild obesity. Patients with BMI 2 35 kg/m? revealed a reduced F/E™t°
(0.39 vs. 0.61, p =0.006). The specificity of tests (false positive results) was higher considering 1 mg DST or UFC in obese
patients, on the contrary impaired cortisol thythm (LNSC above normality) was observed in 47 subjects, irrespective of
weight.

Conclusions Overweight and obese subjects are characterised by an original regulation of HPA axis (reduced UFC levels,
increased suppression after 1 mg DST) and peripheral cortisol metabolism (reduced F/E™1°), suggesting an effort to
counteract hypercortisolism.

Keywords Obesity - Cortisol * Urinary free cortisol - Dexamethasone suppression test - Cortisol to cortisone ratio

Introduction

It has been clearly demonstrated that cortisol excess leads to
anabolic effects regarding accumulation of fat in adipocytes
and weight gain in animal models [1]. Impaired cortisol
rhythm (increased levels in the second part of the day)
contribute to metabolic consequences such as impaired
glucose metabolism [2]: the human model of cortisol excess
(Cushing’s Syndrome, CS) presents abdominal obesity as
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one of its peculiar clinical features [3]. In such patients, the
recovery of hypothalamic-pituitary-adrenal (HPA) axis is
able to restore a normal fat distribution [4]. Contrariwise,
literature data are inconsistent in terms of how HPA axis is
dysregulated in overweight or obese patients.

Total daily cortisol secretion could be used to assess the
integrity of HPA axis: the 24 h urinary free cortisol (UFC)
excretion represents the amount of free cortisol, unbound to
proteins [5]. Elevated UFC levels are one of the hallmarks
of CS [6, 7], nevertheless contradictory data are reported in
literature regarding UFC levels in obese subjects. Some
authors described an elevation of UFC as well as an
increased excretion of steroid metabolites [8—10]; on the
contrary, other papers reported that UFC is reduced in
patients with abdominal fat distribution [11].

Dexamethasone Suppression Test (DST) is used as a
screening test in patients with suspected hypercortisolism or
adrenal incidentaloma [12, 13]. It explores the negative
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HPA axis feedback after the administration of a potent
synthetic glucocorticoid drug, as dexamethasone: serum
cortisol <50 nmol/L is considered an adequate suppression,
sufficient to confirm a preserved cortisol feedback. There-
fore, a sub-optimal cortisol suppression indicates a reduced
feedback sensitivity to glucocorticoids. Contradictory data
are reported: some authors described a reduced inhibition of
the HPA axis after DST in obese subjects [14], and others
reported that serum cortisol after DST did not differ among
normal and overweight patients [8], especially in males
[15].

Salivary cortisol is increasingly used tool to asses
adrenal-related disorders [16]. The impairment of circadian
cortisol thythm is a peculiar marker of CS, and salivary
sampling is non-invasive, stress-free and easy-to-collect for
outpatients [6, 17, 18]. When considering obese subjects
without CS, several authors have previously reported the
abnormal increase of late night salivary cortisol (LNSC)
[19-21].

Outside secretion of HPA axis, peripheral cortisol
metabolism in adipocyte cells plays a crucial role too. The
balance of cortisol (F, active metabolite) and cortisone (E,
inactive steroid) regulates the glucocorticoid receptor
activity in fat cells [1]. The enzymes involved are the two
forms of 11p-hydroxysteroid-dehydrogenase (118-HSD)
types 1 and 2 :11B-HSD-1 catalyses the intracellular
regeneration of F from E, and 11p-HSD2 inactivate F to E
[22, 23]. Several animal and human studies suggest that an
imbalance between 113-HSDs in adipose tissue can lead to
a local hypercortisolism, thus promoting visceral obesity
and metabolic syndrome [1, 24].

We studied free cortisol levels (with UFC and LNSC),
glucocorticoid sensitivity of HPA axis (with serum cortisol
after 1 mg DST) and cortisol metabolism (with urinary F/
E™) in a large series of overweigh and obese subjects.

Materials and methods
Patients

We enroled 260 consecutive patients, evaluated in the
Endocrine Unit of Padova for weight gain (at least 10%
compared with the weight referred in the previous
6 months) or increased Body Mass Index (BMI = 25 kg/mz).
Inclusion criteria were suppressed serum cortisol
(<50 nmol/L) after 1 mg DST, normal UFC or LNSC levels.
In case of cortisol after 1 mg DST 50-138 nmol/L. and UFC
or LNSC below 2 times Upper Limit of Normality (ULN),
pseudo-CS and overt CS were ruled out by repeating
screening tests or considering dynamic HPA axis evaluation
(with dexamethasone-CRH or desmopressin test), as well as
with dedicated imaging, according to Endocrine Society’s

Guidelines for CS [12] or Expert Opinion for pseudo-CS
[25, 26]. Exclusion criteria were overt hypercortisolism
(serum cortisol >138 nmol/L after 1 mg DST, UFC or
LNSC >2 ULN in two consecutive collections) irrespective
of being it overt-CS or pseudo-CS; use of glucocorticoid,
antiepileptic or estro-progestinic drugs; pregnancy; active
malignancy; positive history for adrenal incidentaloma,
liver or renal failure. Finally, we considered 234 patients.

Wearing light clothing and no shoes, participants were
weighed and measured using a balanced beam scale and a
vertical ruler. Weight was recorded to the nearest 0.5 kg and
height to the nearest 0.5 cm. BMI was calculated in all
subjects (weight divided by height squared, kg/m?). Waist
circumference was measured at the end of natural breaths, at
the midpoint between the top of the iliac crest and the lower
margin of the last palpable rib. We considered five groups
according to BMI classes proposed by the World Health
Organization [27]:

Group 1: BMI <25 kg/mz, 38 cases, 29 female;
Group 2: 25<BMI <30 kg/mz, 58 cases, 40 female;
Group 3: 30<BMI <35 kg/m2, 52 cases, 44 female;
Group 4: 35<BMI <40 kg/mz, 52 cases, 49 female;
Group 5: BMI 240 kg/mz, 34 cases, 28 female;

One of the major issue concerning first-line screening
tests for suspected CS is their adequate home collection (for
urine and saliva), as well as proper dexamethasone intake,
therefore all the protocols were described to the patients in a
written step-by-step instruction form, to ensure a correct
home sampling. For 24 h urine collections, patients were
instructed to discard the first morning urine void and to
collect all urine for the next 24 h, so that the morning urine
void on the second day was the final collection. Appropriate
urinary volume was carefully recorded (collection was
discarded in case of incomplete collection or large urinary
volume), then a sample was collected and kept refrigerated
until UFC measurement with a liquid chromatography
tandem-mass spectrometry (LC-MS/MS) method pre-
viously described [28], considering ULN of 168 nmol/24 h.
The same method was used to measure urinary free corti-
sone (to calculate F/E™1°). Salivary cortisol, to measure
LNSC, was collected before sleeping: patients were advised
to soak for two or three minutes the absorbent cotton of a
Salivette® device (Sarstedt, Numbrecht, Germany). To
avoid any contamination, saliva samples were collected at
least 2 h after taking a meal/drink, all participants brushed
their teeth after saliva collection, moreover they did not
smoke or eat licorice in the day of saliva collections [29].
Salivary cortisol was measured with the LC-MS/MS
method previously reported, considering ULN of
2.6 nmol/L for LNSC [18]. The 1 mg DST was performed
as recommended in the Endocrine Society guidelines [12]:
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1 mg of dexamethasone was assumed per os at late night
(between 23.00 and 24.00), a blood sample for serum cor-
tisol was collected the next morning before 9.00. Serum
cortisol was measured with a commercial chemilumines-
cence immunoassay (Immulite 2000; Diagnostic Products
Co), a sufficient serum dexamethasone was achieved in all
cases [30].

In order to avoid selection bias, none of the subjects
enroled were used as controls in previous published study.

The study was performed in accordance with the
guidelines in the Declaration of Helsinki, it was approved
by the Ethics Committee of Padova University-Hospital,
and all patients gave informed consent.

Data are presented as mean and standard deviation.
Groups were compared by chi-square test for categorical
variables and by the Student’s T test test for quantitative
variables; Bonferroni correction was used to adjust multiple
comparisons. Linear regression and one-way multivariate
analysis of variance (one-way MANOVA) were used to
study the relationship between quantitative variables. The
database was managed and statistical analysis performed by
SPSS 24 software package for Windows (2016, IBM-SPSS,
Armonk, New York, USA). The significance level was set
at a p value <0.05 for all the tests.

Results

The five groups are similar for age (all p between 0.139 and
0.998); gender distribution is similar according to BMI
classification (as reported in Table 1), however female
patients are prevalent in each different BMI category (from
69 to 94%, p =0.014).

Table 1 HPA axis and cortisol metabolism in the considered populations

We collect 176 UFC, 183 LNSC and 152 1 mg DST tests
(97 patients performed all 3 tests). Mean UFC and F/E™t°
levels are lower in female: respectively 72 =51 nmol/24 h
vs. 95+66nmol24h (p=0.039) and 0.49+0.29 vs.
0.76 £0.69 (p =0.045). The other clinical data, biochem-
ical parameters of HPA axis and cortisol metabolism are
similar considering gender.

As reported in Table 1, serum cortisol levels after 1 mg
DST are more suppressed in patients with severe obesity
(BMI 2 40 kg/m?) than in lean subjects (BMI < 25 kg/m?, 23
vs. 32 nmol/L, p = 0.038). Considering serum cortisol after
1 mg DST inadequately suppressed if >50 nmol/L, 24% of
lean subjects do not present a preserved pituitary feedback to
dexamethasone. On the other hand, an adequate suppression is
observed especially in obese patients (p =0.016, as reported
in Fig. 1). Considering 35 kg/m” as a cut-off of morbid obe-
sity, serum cortisol levels after 1 mg DST are lower in obese
patients (24 £ 1 vs. 29 + 17 nmol/L, p = 0.048).

UFC levels in patients with severe obesity are lower than
in overweight and lean subjects (56 nmol/24 vs. respec-
tively 94 and 92 nmol/24 h, p =0.026 and p = 0.038). We
observe a trend to decrease in UFC levels according to the
BMI class, especially among lean and obese subjects
(ANOVA p=0.018). As depicted in Fig. 2, UFC values
decrease with increasing BMI (y= —1.2632x + 118.02;
R=0.173; p=0.022) in the whole cohort, especially in
male (R =0.323, p =0.046) with a non-significant trend in
female (R=0.112, p=0.182). UFC levels are higher in
patients with BMI <35 kg/m? (108 vs. 68 nmol/24 h, p =
0.039), on the contrary F/E™° is lower in patients with
BMI > 35 kg/m? (0.39 £0.16 vs. 0.61 £0.45, p =0.006, as
indicated in Fig. 3). F/E™© reduces with increasing waist
circumference (R = 0.338, p = 0.049). Considering gender,

Group 1 Group 2 Group 3 Group 4 Group 5

BMI < 25 kg/m* 25<BMI<30kg/m*> 30<BMI<35kg/m? 35<BMI<40kg/m* BMI>40kg/m?

n=238 n=>58 n=>52 n=>52 n=234
Age (years) 424+21.5 439+173 45.8+16.3 41.1+15.7 424+ 16
Gender (% female) 76% 69% 84% 94% 82%
Cortisol nmol/L post 1 mg 32+19 25+10 31+21 25+13 23£9%
DST (n=152)
UFC nmol/24 h (n =176) 94 + 66 92+72 71+38 74 £47 56+ 35%°
LNSC nmol/L (n = 183) 1.8+1.3 1.7+1.2 22+1.5 1.6 +0.9° 21+1.2
ACTH (n=91) 24+16 26+13 24+10 31+24 24+12
F/E™ (n = 64) 0.46 +0.17 0.66 +0.53 0.65+0.48 0.38£0.16° 0.4+0.17¢

% <0.05 vs. group 1
°» <0.05 vs. group 2
‘p<0.05 vs. group 3
4p <0.05 vs. group 4
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Fig. 1 Patients with inadequate cortisol suppression (>50 nmol/L) after 1 mg DST (a) or UFC > Upper Limit of Normality (ULN, 168 nmol/L, b)
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Fig. 2 Linear regression between BMI and UFC levels

UFC levels are lower in male patients with BMI 2 35 kg/m?
(60£35 vs. 10569 nmol/24h, p=0.033). Other para-
meters (LNSC, DST and ACTH levels), are similar.

In multivariate analyses, first-line screening tests (cortisol
after 1 mg DST, LNSC and UFC) are different in obese
patients (Wilk’s A =0.791, partial 172 =0.075, p=0.043).
Including age, it was close to a significant result (Wilk’s A =
0.763, partial 172:0.065, p=0.074), however considering
gender and BMI category the difference was preserved for
cortisol after 1 mg DST (partial 7> = 0.15, p = 0.035).

False positive results are reassumed in Table 2. Overall,
11 patients present with unsuppressed serum cortisol levels
(50-138 nmol/L) after 1 mg DST: UFC or LNSC levels are
<ULN in 9 out of 11 cases, in one we observe impaired

0.8

p=0.006
0.6

0.4

FEmlio

0.2

BMI <35 kg/m? BMI >35 kg/m?

Fig. 3 F/E™° according to BMI < or 235 kg/m>

LNSC (4.6 nmol/L, not confirmed in a repeated saliva col-
lection) and increased UFC in another one (177 nmol/24 h,
resulted normal in 2 further urine collections). Increased
UFC levels are observed in 13 cases: 10 presented adequate
cortisol suppression after 1 mg DST and 9 normal LNSC
levels. Impaired cortisol rhythm is the more prevalent false
positive results in the whole cohort of subjects (23%: cor-
tisol suppression after DST or UFC were normal in all
patients, respectively in 35 and in 30 subjects).

Discussion

Weight gain is a common clinical feature in overt hyper-
cortisolism [3, 12]; however, the impairment of HPA axis in
obese subjects has yet to be defined. The aims of our study
are to assess the HPA axis regulation in obese subjects
during basal (free cortisol secretion and rhythm, respec-
tively with UFC and LNSC) and dynamic conditions (the
cortisol response to 1 mg DST), considering also peripheral
metabolism in adipose tissue (assessed with F/E™1°).

We observe a reduced cortisol suppression after 1 mg
DST in normal weight or overweight patients; on the
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Table 2 False positive results of first-line screening tests in the whole population

BMI < 25 kg/m? 25<BMI<30kg/m*>  30<BMI<35kg/m®>  35<BMI<40kg/m?> BMI 240 kg/m>
n=238 n=>58 n=>52 n=>52 n=234
Cortisol >50 nmol/L 5121 (23%) 2/33 (6%) 3/32 (9%) 1/40 (2%) 0/26 (0%)
post 1 mg DST
UFC >168nmol’24h  3/25 (12%) 7142 (17%) 1/41 (2%) 2/42 (5%) 0/26 (0%)

LNSC > 2.6 nmol/L 7/30 (23%) 11/46 (24%)

15/40 (37%) 8/44 (18%) 6/23 (26%)

contrary, an increased suppression in obese patients is
confirmed with multivariate analyses, also considering BMI
and gender. The specificity of 1 mg DST to diagnose CS in
high-risk population, as obese patients, is well established
[31, 32]; however, at the best of our knowledge this is the
first study that report different cortisol feedback throughout
the weight spectrum. Assuming that there are no reasons for
a different absorption of the drug in the distinct weight
groups, it is reasonable to speculate a reduced clearance of
dexamethasone. It has been reported a different distribution
of vitamin D (a lipophilic steroid-like compound) in obe-
sity, suggesting a dilution of vitamin D3 in body tissues (in
fat cell mass as well as in extracellular fluid), explaining the
different response after its supplementation [33]. Dex-
amethasone, a lipophilic steroid drug characterised by a
high distribution volume in fat tissue, could present differ-
ent pharmacokinetic in patients with a larger body volume,
as described with vitamin D [34]. In obesity, we could
therefore speculate an increased serum half-life leading to
the great HPA axis suppression observed in patients with
abdominal adiposity. Another possible explanation can be
an increased central (in the hypothalamus or in the pituitary)
glucocorticoid sensitivity in obese subjects. This option can
be due to the up-regulation of glucocorticoid receptors in a
setting of chronic mild increase of local cortisol levels in
visceral obesity. On the contrary, it has been recently
described that higher unsuppressed serum cortisol level
after 1mg DST may be predictive for cortisol-related
comorbidities (as diabetes mellitus and hypertension) in the
obese population [35]. To conclude, contrasting data are
reported in literature [1, 8, 10, 15, 19], therefore further
studies, ideally longitudinal, are needed.

In our cohort, UFC levels decreased as the BMI category
increased. As per inclusion criteria, only patients with
normal or only mild excessive cortisol secretion were
recruited, after excluding an overt hypercortisolism. Data in
literature are scarce and discordant: in 2007 Pecori Giraldi
et al. reported a weak inverse relationship between BMI and
UFC levels [31], although the population included all
patients with suspected hypercortisolism (with hyperten-
sion, diabetes, osteoporosis, depression and so on), however
we select only subjects referred for weight gain. Reduced
UFC levels observed in our cohort of obese subjects could
be justified by the larger volume of distribution or by an
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increased clearance of cortisol [10], which has already been
observed also with isotope tracers [36]. Moreover, a long-
itudinal study reported a weak decrease of serum cortisol
levels according to BMI, describing also an increase in BMI
following a rise in cortisol after 6 years [37].

In humans, several studies have been performed to check
the 11B-HSDs activity in visceral adiposity, leading to con-
troversial conclusions [38]. Our experience agrees with some
previously reported results [8, 10], assuming that in obese
patients there is a dysregulation of the 11B-HSD type 1 and
type 2, with a new set point of F-E interconversion, leading to
reduced F levels. This observation could be due to a reduced
E activation to F or to an increased conversion of F to inactive
E. We observe not only a reduced F (UFC) levels in obesity,
but also a lower F/E™°, secondary therefore to increased E
levels, in patients with visceral adiposity. The reason for a
change in set point could be due to a paracrine self-regulation
of adipose tissue with the involvement of the 11p-HSD type 1
(expressed in the liver and in fat tissue) and type 2 (expressed
in the kidney) activity in cross-talk with the glucocorticoid
receptor. In adipose cells, 11B-HSD type 1 activity is
impaired, leading to increase local F levels [10], raising new
questions regarding its role in the pathogenesis of insulin
resistance and increased waist [8]. Data from other studies do
not confirm a different F/E™° and therefore a direct invol-
vement of the 11p-HSD type 2, nevertheless they can be
limited by the smaller sample compared with our population
(Stewart: 36 subjects, 24 obese [8], Woods: 21 obese cases
[39]). Recently, Chiodini et al. reported, in a large series of
postmenopausal women with normal cortisol secretion, the
progressive increase of the number of possible cortisol-related
consequences with F/E™°; nevertheless, they did considered
severe obesity as an exclusion criteria [40]. As previously
described, the study of HPA axis in obesity could also be
influenced by different functional glucocorticoid receptors
with distinct sensitivity of the feedback regulation [14].

We observe the higher number of false positive results
with LNSC. A meta-analyses study described similar
diagnostic accuracy among screening tests for CS [6];
however, it has already been proposed a subtle impaired
cortisol rhythm in obese subjects, thus limiting its final
specificity in this peculiar clinical setting [21, 41, 42]. An
abnormal cortisol rhythm could be related to a real cortisol
excess, but also to the collection of saliva. It is reasonable to
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suggest that LNSC sampling must be repeated at least twice,
with the attempt to reduce the collection biases and the false
positives. Further studies are needed to establish if an
impaired cortisol rhythm could explain the continuum
among cortisol-related symptoms and overt CS. On the other
hand, an adequate suppression of serum cortisol or a normal
urinary cortisol excretion (in an obese subject) suggests a
low likelihood of being an endogenous hypercortisolism.

Besides strengths, our work presents several limitations.
First, its cross-sectional design, without a follow-up
according to weight loss. Second, HPA axis was not
assessed in a schematic study, therefore all tests were not
performed in all subjects. Furthermore, we did not routinely
measure urinary creatinine, considering that an appropriate
urine collection according to our selection criteria is reliable
for UFC measurement. Finally, other cortisol-related
comorbidities (as hypertension, diabetes mellitus, depres-
sion, osteoporosis or vertebral fractures) were not system-
atically considered in our cohort.

To conclude, a new regulation of HPA axis is observed in
obese subjects. We could speculate that the lower UFC levels,
combined with reduced F/E™®, reflect an attempt to coun-
teract the detrimental effects of increased cortisol levels in the
adipose tissue. In such scenario, also the increased feedback
to glucocorticoids in obese subjects (the suppressed cortisol
levels after DST) could confirm this hypothesis.
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