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Hypercortisolism in patients with cholestasis @

is associated with disease severity
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Abstract

Background: Cholestasis might lead to an impairment of adrenal function as suggested by in vitro and in vivo data
as well as by clinical findings. Bile acid and adrenal steroid metabolism not only share the receptors farnesoid X recep-
tor (FXR) and the G protein-coupled bile acid receptor 1 (TGR5), but supraphysiological bile acid levels were found

to stimulate steroidogenesis independent of FXR and TGR5. Our previous experimental findings revealed that mice
fed bile acids or subjected to common bile duct ligation develop hypercortisolemia. We thus aimed to assess adrenal
gland function in patients with cholestasis.

Methods: Adrenal gland function was assessed in 36 patients with cholestasis and in 32 patients without cholestasis
by measuring total serum cortisol, adrenocorticotropic hormone (ACTH), as well as the increase of cortisol 20 and

30 min after administration of 1 ug of ACTH. Bile acid levels and bile acid pool composition were determined by high-
resolution mass spectrometry.

Results: Patients with cholestasis per definition had markedly elevated levels of alkaline phosphatase (AP), bilirubin
and serum bile acids. Baseline cortisol and maximum cortisol after ACTH stimulation were significantly higher in
patients with cholestasis compared to controls. Increase of cortisol after ACTH stimulation and ACTH did not differ.
In the cholestasis group, baseline cortisol correlated with bilirubin but not with AP, total serum bile acids and levels
of conjugated and unconjugated bile acid species. Patients with duration of cholestasis <6 months (n=30) had sig-
nificantly higher baseline cortisol levels than those with long standing cholestasis (>6 months), together with higher
bilirubin levels.

Conclusions: We find no evidence of adrenal insufficiency in non-cirrhotic patients with cholestasis. In contrast,
patients with cholestasis show hypercortisolism associated with disease severity as mirrored by levels of bilirubin.
Lack of ACTH increase in cholestasis suggests a direct effect of cholestasis on adrenals and not on the pituitary gland.
Further studies are needed to elucidate the mechanism of cortisol elevation in patients with cholestasis and its clinical
significance.
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Introduction

Liver disease might impair the homeostasis of the hypo-

thalamic—pituitary—adrenal axis (HPA axis), necessary

for the regulation of stress response. Influenced by stress,
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and stimulating the secretion of adrenocorticotropic hor-
mone (ACTH). ACTH acts on the adrenal gland, which
synthesizes and releases cortisol.

A condition termed “hepato-adrenal syndrome” has
been suggested in patients with liver cirrhosis, refer-
ring to supposed adrenal insufficiency in these patients.
A possible association of cholestatic liver disorders with
alteration of glucocorticoid metabolism has also been
suggested in past years. These assumed associations are
based on several findings.

First and foremost, cholestasis—defined as a reduc-
tion or loss of bile flow caused by obstruction, disorders
affecting small and large bile ducts, hereditary choles-
tatic syndromes or drugs—leads to hepatic and systemic
retention of bilirubin and bile acids [1, 2]. Bile acids are
not only essential for digestion, but are increasingly being
recognized as enterohepatic hormones [3, 4]. Endocrine
bile acid signalling occurs via the receptors farnesoid X
receptor FXR and the G protein coupled bile acid recep-
tor TGR5 in tissues of the enterohepatic circulation and
other organs. Bile acids are synthesized in the liver from
cholesterol, secreted via bile into the intestine, reab-
sorbed mostly in the ileum and transported back to the
liver via portal blood. Bile acid transport, synthesis and
metabolism as well as biliary physiology is regulated by
complex mechanisms involving FXR and TGR5 [5, 6].
Both receptors are not only essential in bile, but also in
glucocorticoid metabolism [7, 8]. The isoforms FXRal
and FXRa2 are expressed both in the liver and the adre-
nal glands [9]. Adrenal FXR is involved in the regula-
tion of cholesteryl ester uptake into the adrenal [10] and
in synthesis of the cortisol precursor progesterone via
3-beta-hydroxysteroid-dehydrogenase type 2 (HSD3B2)
in human adrenal cells in vitro [11]. Bile acids might
also act via TGR5 in a cAMP/protein kinase A (PKA)-
dependent fashion phosphorylating and thus activating
the steroidogenic acute regulatory protein StAR. StAR is
responsible for transferring cholesterol into mitochon-
dria which is the first and rate limiting step of steroid
hormone formation.

Second, data from rodent models have shown that sup-
raphysiological bile acid levels as observed in cholestasis
stimulate steroidogenesis independent of FXR and TGR5
[12]. Third, data from patients with cholestatic liver dis-
eases undergoing surgery suggest increased mortality
and clinical features suggestive of adrenal insufficiency
[13, 14]. In a clinical study in women with obstructive
jaundice, excretion of total cortisol metabolites such
as 5b-tetrahydrocortisol and 5a-tetrahydrocortisol was
reduced indicating altered cortisol clearances [15]. Fur-
thermore, in a study comparing ACTH and cortisol
levels before and after endoscopic retrograde cholan-
giopancreatography (ERCP) in cholestatic patients with

Page 2 of 8

and without tumours versus controls, levels of cortisol
were significantly elevated in patients with cholesta-
sis with tumours compared to controls over the entire
observation period. Levels of ACTH were not elevated
in these patients [16]. At the time of publication, circula-
tory cytokines were suspected to contribute to this find-
ing [16]. Taken together, bile acids, generally elevated in
cholestatic liver disease, have been suggested to play a
crucial role in the development of elevated cortisol con-
centrations either by increasing cortisol production or by
impairing cortisol clearance as outlined above. To further
elucidate glucocorticoid metabolism in cholestasis, we
aimed to assess adrenal function in patients with choles-
tasis and to compare cortisol levels with a control group
of patients without cholestasis.

Methods

Adrenal gland function was assessed in 36 patients with
cholestasis (31 hospitalised, 5 outpatients) and in 32
hospitalized patients without cholestasis after obtaining
written informed consent. Main outcome measures were
baseline total serum cortisol and maximum total serum
cortisol after stimulation with 1 pg of ACTH in both
groups.

Subjects
Eligible study participants were patients aged > 18 years
with a diagnosis of cholestasis. Exclusion criteria were
liver cirrhosis, intake of glucocorticoids, history of pitui-
tary or adrenal diseases or tumours, intake of aldosterone
antagonists, pregnancy, and known contraindications
against the injection of ACTH (such as known allergy).
Patients fulfilling the inclusion criteria and controls
were recruited at the ward of the Division of Gastroenter-
ology and Hepatology or at the Division of Endocrinol-
ogy and Diabetology, Department of Internal Medicine,
Medical University of Graz, Graz, Austria. Patients
were asked for participation in the study and written
informed consent was obtained before carrying out any
study-related procedures from all subjects who agreed to
participate in the study. The study was approved by the
Ethics Committee of the Medical University of Graz. All
study procedures were performed according to the Dec-
laration of Helsinki and Good Clinical Practice.

Procedures

Basal blood samples were collected in all patients and
the 1 pg-ACTH test was performed in 39 patients (in
25 patients with cholestasis and in 14 controls) between
8.00 and 10.00 a.m. after an overnight fast. Total serum
cortisol was measured by immunoassay (ADVIA Cen-
taur, Siemens Healthcare Diagnostics, USA), ACTH by
a chemiluminescent immunometric assay (Immulite,
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Siemens, USA). Aldosterone and renin were measured by
chemiluminescence immunoassay (Immunodiagnostic
Systems Ltd (IDS Ltd, Boldon, UK), DHEAS was meas-
ured by ELISA (Labor Diagnostika Nord GmbH, Nor-
dhorn, Germany), as was androstenedione (DiaMetra,
Milan, Italy). Relative increase of cortisol (delta cortisol)
was calculated in 39 patients 20 and 30 min after admin-
istration of 1 ug-ACTH (Synacthen, Alfasigma, Italy) as a
marker of relative adrenal insufficiency. Steroid hormone
measurements were performed at the Endocrinology Lab
Platform of the Medical University of Graz, Austria. Bile
acid levels and bile acid pool composition were deter-
mined using a high-resolution mass spectrometry tech-
nique in full scan method (QExactive Orbi Trap, Thermo
Scientific) as described previously [17, 18]. Biobanking of
remaining blood samples was performed by freezing and
storing at -80 °C until analysis.

For potential further evaluation of hypercortisolism
we followed the Endocrine Society Guidelines. Accord-
ingly, further testing for Cushing’s syndrome would have
been considered only in patients with unusual features
for age, patients with multiple and progressive features,
particularly those who are more predictive of Cushing’s
syndrome or patients with adrenal incidentaloma [19].
These features were, however, not applicable to patients
included in our study.

Statistical analyses

The distribution of data was analysed by descriptive sta-
tistics and Kolmogorov—Smirnov test. Continuous data
are presented as median with interquartile range or

Table 1 Patient characteristics and laboratory parameters
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mean with standard deviation according to distribution.
If necessary, skewed variables were log transformed and
rechecked for normal distribution. The student’s T test
or the Mann—Whitney-U test was used for comparisons
of baseline characteristics between groups. All statistical
procedures were performed with SPSS version 23 (SPSS
Inc., Chicago, IL, USA). A p value<0.05 was considered
statistically significant.

Results

68 patients were included in our analyses, 36 in the
cholestasis and 32 in the control group (see Table 1).
Of the 36 patients with cholestasis, 14 had pancreatic
cancer or cholangiocarcinoma, one had liver metasta-
ses due to breast cancer with intrahepatic mechanical
bile duct obstruction, 7 had choledocholithiasis, 6 had
drug-induced cholestasis, 5 had disorders affecting small
and large bile ducts (primary and secondary sclerosing
cholangitis), one had autoimmune pancreatitis causing
extrahepatic cholestasis, one had chronic calcifying pan-
creatitis, one had anastomotic stenosis after liver trans-
plantation. Patients in the control group had esophageal
stenosis, hypoglycaemia and acute kidney injury, hypona-
tremia, diverticulitis, myocardial infarction, pneumonia
(2 patients), ketoacidosis, syncope (2 patients), gastritis,
lymphoma, neuroendocrine tumour of the ileum, thora-
codynia, acute pancreatitis, pancreatic cyst, uncontrolled
type 2 diabetes mellitus, multiple colon polyps, hepatitis
B infection, portal vein thrombosis, esophageal adeno-
carcinoma, esophagitis, ischemic cardiomyopathy, pan-
creatic carcinoma, diverticular bleeding, intraductal

Parameter Cholestasis group Control group p value
n=36 n=32
Age 573£170 626+182 0.222%
Sex (female) 12 (33%) 12 (38%) n.s
Bilirubin (mg/dL) 83+64 0.7+03 <0.001*
AP (U/L) 450.5+245.0 79.8+246 <0.001*
GGT (U/L) 549 (318-1187) 35(19-104) <0.001**
AST (U/L) 1125 (69-212) 22.5(17-31) <0.001**
ALT (U/L) 171(91-313) 235(17-31) <0.001**
Total serum bile acids (umol/L) 156.9 (22.9-223.4) 1.7(1.1-3.6) <0.001**
CRP (mg/L) 9.8 (4.2-40.0) 25(1.1-54) 0.009**
Aldosterone (ng/mL) 6.8 (3.7-10.5) 4.1 (3.7-11.7) 0.184**
Renin (ug/mL) 19.2 (6.9-43.6) 12.6 (5.1-29.7) 0.508**
DHEA (ug/mL) 0.5(0.2-1.0) 0.7 (0.3-14) 0.143**
Androstenedione (ng/mL) 20£10 30+£18 0.035%

AP, alkaline phosphatase; GGT, gamma-glutamyltransferase; AST, aspartate aminotransferase; ALT, alanine aminotransferase; CRP, C-reactive protein; DHEAS,

dehydroepiandrosterone sulfate
*Student’s T test applied; **Mann-Whitney-U test applied
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papillary mucinous neoplasm (3 patients), rectal carci-
noma, Peutz-Jeghers syndrome, cardiorenal syndrome,
dysphagia.

Patients with cholestasis per definition had mark-
edly elevated levels of alkaline phosphatase (AP), biliru-
bin and serum bile acids (see Table 1). Baseline cortisol
(223.2+59.4 versus 186.1 £62.3 ng/ml, p=0.016) as well
as maximum cortisol after stimulation with 1 ug ACTH
(Synacthen®) (331.2£56.4 versus 285.9+47.8 ng/ml,
p=0.015) were significantly higher in patients with chol-
estasis compared to controls (see Fig. 1A, B). Levels of
ACTH, produced in the pituitary gland to stimulate cor-
tisol synthesis and release from the adrenal glands, were
not elevated in cholestatic patients (see Fig. 1C). This
suggests a mechanism of cortisol increase in cholestasis
other than stimulation of the pituitary gland. Delta corti-
sol levels, reflecting the cortisol increase after diagnostic
stimulation with ACTH, were comparable between both
groups (see Fig. 1D), indicating that the adrenal gland
can be adequately stimulated in patients with cholesta-
sis, thus excluding adrenal insufficiency. Levels of the
other adrenal hormones measured, i.e. androstenedione,
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DHEAS and aldosterone, as well as renin levels were
comparable between both groups (see Table 1).

In order to link disease severity to the extent of hyper-
cortisolism, we analysed potential correlations between
serologic markers of cholestasis and cortisol levels. Inter-
estingly, baseline cortisol correlated with total biliru-
bin in patients with cholestasis (Spearman’s rho=0.503,
p=0.002) (see Fig. 2A). No correlation was observed
with AP and total serum bile acid levels (data not shown).
Since individual bile acids might have different effects on
cortisol levels, we analysed bile acid pool composition
(see Table 2). However, neither levels of conjugated nor
unconjugated bile acid species correlated with baseline
cortisol. After the exclusion of four patients on treatment
with ursodeoxycholic acid, results regarding cortisol and
delta cortisol levels remained materially unchanged and
serum concentrations of taurine- or glycine-conjugated
ursodeoxycholic acid did not correlate with cortisol levels
(data not shown). This excludes an effect of ursodeoxy-
cholic treatment on our findings.

Chronic cholestasis might have different effects
on adrenal function than an acute and dramatic rise
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Fig. 1 Baseline cortisol (A) as well as maximal cortisol levels after ACTH stimulation (B) are elevated in patients with cholestasis.
Adrenocorticotropic hormone (ACTH) levels are not increased (C) indicating effects other than stimulation of the pituitary gland. Delta cortisol
levels, reflecting the cortisol increase after diagnostic stimulation with ACTH, were comparable between both groups (D) definitively excluding
adrenal insufficiency in patients with cholestasis
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Fig. 2 Cortisol levels directly correlated with serum bilirubin levels as a marker of disease severity (A). Patients with acute cholestasis (i.e.
duration <6 months) had higher serum cortisol levels than patients with longstanding disease (>6 months)

Table 2 Bile acid species

Bile acid Cholestasis group Control group p value

species n=36 n=32

(umol/L)

UDCA 0.37 (0.23-0-78) 0.04 (0.02-0.13) <0.001
TUDCA 0.09 (0.04-0.26) nd

TCA 31.9 (3.08-64.04) 0.02 (0.00-0.07) <0.001
TCDCA 15.17 (2.89-26.17) 0.09 (0.03-0.19) <0.001
TDCA 0.16 (0.05-0.60) nd

TLCA nd nd

GCDCA 2241 (5.87-34.35) 0.61(0.29-1.38) <0.001
GCA 55.69 (6.96-92.63) 0.14 (0.05-0.37) <0.001
GDCA 0.36 (0.00-1.29) 0.18 (0.03-0.58) 0.346
GUDCA 0.21 (0.08-0.40) 0.04 (0.00-0.09) <0.001
GLCA nd nd

UDCA nd nd

CA 0.04 (0.00-0.11) 0.05 (0.00-0.10) 0.824
CDCA 0.04 (0.00-0.13) 0.05 (0.00-0.11) 0.458
DCA 0.03 (0.00-0-12) 0.23 (0.01-0.40) 0.009
LCA 0.03 (0.00-0.16) 0.04 (0.00-0.06) 0.575

UDCA, ursodeoxycholic acid; TUDCA, tauroursodeoxycholic acid; TCA,
taurocholic acid; TCDCA, taurochenodeoxycholic acid; TDCA, taurodeoxycholic
acid; TLCA, taurolithocholic acid; GCDCA, glycochenodeoxycholic acid; GCA,
glycocholic acid; GDCA, glycodeoxycholic acid; GUDCA, glycoursodeoxycholic
acid; GLCA, glycolithocholic acid; CA, cholic acid; CDCA, chenodeoxycholic acid;
DCA, deoxycholic acid; LCA lithocholic acid; nd, not detected

of bilirubin and bile acids. In line with this hypoth-
esis, patients with duration of cholestasis <6 months
(n=230) had significantly higher baseline cortisol levels
than those with long standing cholestasis (>6 months,
n==6; 232.3+59.9 versus 178.1+31.2 ng/ml, p=0.04)
(see Fig. 2B). Patients with a short duration of

cholestasis also had significantly higher bilirubin lev-
els than patients with long-standing disease (9.6 +6.1
vs. 1.7+1.4 mg/dL, p=0.004) and a trend for higher
bile acid levels without reaching statistical significance
was observed in patients with a short duration of dis-
ease (<6 months: 174.8 £138.9 vs. 94.1+72.6 pmol/L,
p=0.180). Disease severity may thus in part explain
the differences between acute and chronic cholestasis.
In line with this hypothesis, baseline cortisol correlated
significantly with duration of hospitalisation (Spear-
man’s tho=0.331, p=0.049), possibly linking severity
of cholestasis to hypercortisolism.

As the presence of cancer might influence cortisol
levels as previously shown [15], we compared carci-
noma versus non-non-carcinoma patients. Of the 36
patients with cholestasis, 15 had a diagnosis of carci-
noma, 21 had cholestasis due to other reasons. Patients
with carcinoma were significantly older than those
without (69+10.6 vs. 49+£15.9 years of age). GGT,
AP, bile acids, AST, ALT did not differ between groups
(data not shown), bilirubin was higher in the carci-
noma group (11.8 mg/dL, IQR 5.8-13.3, vs. 5.0 mg/
dL, IQR 2.4-9.1, p=0.039). Baseline cortisol was sig-
nificantly higher in the carcinoma group (247 +48 vs.
206+62, ng/mL p=0.038), maximum cortisol did
not differ between groups (349464 vs. 320+49 ng/
mL, p=0.212). Of the patients with a short duration
of cholestasis, 15 had carcinoma, 15 did not. Compar-
ing these patients, however, no significant difference in
baseline and maximum cortisol levels could be found
(247 48 vs. 217 £ 69 ng/ml, p=0.174 for baseline cor-
tisol, maximum cortisol 349 +64 vs. 325+53 ng/ml,
p=0.352).
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Discussion

We found no evidence of adrenal insufficiency in
patients with cholestasis without cirrhosis. In con-
trast, patients with cholestasis showed hypercorti-
solism associated with disease severity as mirrored by
levels of bilirubin. A short duration of disease seems to
have more pronounced effects on cortisol metabolism
than long-standing disease. Lack of ACTH increase in
cholestasis indicates a direct effect of cholestasis on
adrenals and not on the pituitary gland.

We observed elevated levels of cortisol at baseline
compared to controls in patients with cholestasis and
comparable levels of delta cortisol after ACTH stimu-
lation. Per definition, these findings rule out adrenal
insufficiency as defined by the Endocrine Society [20].
However, as the existence of relative adrenal insuf-
ficiency is discussed in the context of liver disease
[21-23], definitions and recommendations published
by the Society of Critical Care Medicine and the Euro-
pean Society of Intensive Care Medicine in 2017 for the
diagnosis of critical illness related corticosteroid insuf-
ficiency [24] might be more helpful, since recommen-
dations for the evaluation of adrenal gland function in
liver disease do not exist. But even considering a delta
cortisol (change in baseline cortisol at 60 min) after the
administration of 250 pg of ACTH of<9 pg/dl and a
random plasma cortisol of<10 pg/dl as the cutoft, we
found no evidence of adrenal insufficiency [24]. We per-
formed 1 pg -ACTH tests, as this test might be useful in
cases of special diagnostic challenges such as detection
of adrenal insufficiency in critically ill patients (critical
illness-related corticosteroid insufficiency), as stated in
the Endocrine Society Guidelines [20]. This indicates,
that in contrast to cirrhosis, patients with cholestasis
do not display signs of adrenal insufficiency.

Regarding the aetiology of elevated levels of cortisol
in cholestasis as compared to controls, several mecha-
nisms seem possible. The physiologic way of increas-
ing cortisol production via upregulation of the HPA
axis, however, seems unlikely in the context of non-
elevated, normal ACTH, as also observed in our study.
Other potential mechanisms include increased corti-
sol production in the adrenal glands or reduced corti-
sol breakdown in the liver and the kidneys. A previous
study from our group has demonstrated that supra-
physiologic levels of the major human bile acid cheno-
deoxycholic acid (CDCA) can induce steroidogenesis in
isolated mouse adrenals and in a human adrenocortical
cell line [12]. This mechanism seems to be mediated by
the membrane-bound sphinogose-1-phosphate recep-
tor (S1IPR2). Bile acid-activated SIPR2 led to increased
expression of key enzymes in cortisol biosynthesis [12].
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On the other hand, decreased cortisol degradation
seems evenly likely, as various enzymes involved in bile
acid breakdown in liver and kidney can be suppressed
by bile acids [8]. The hepatic enzymes 5a- and 5b-reduc-
tase and 3a-hydroxysteroid dehydrogenase (3a-HSD) are
responsible for irreversible inactivation of glucocorti-
coids [25]. Additionally, both enzymes are also involved
in bile acid synthesis [26] and accumulation of bile acids
leads to a suppression of 5p-reductase expression and
activity. Bile acids thus cause an inhibition of hepatic glu-
cocorticoid clearance, as shown before [15]. The second
metabolic pathway of cortisol breakdown is the revers-
ible oxidation of active cortisol into inactive cortisone via
11B- hydroxysteroid dehydrogenase (11p-HSD) type 2
in the kidney. 11B-HSD type 1, mostly expressed in the
liver, primarily reduces cortisone to cortisol. Bile acids
have also been shown to inhibit renal 113-HSD2 [27, 28],
thereby impairing glucocorticoid breakdown, and 11f-
HSD1, preventing their reactivation [25, 29-31].

We thus hypothesize that elevated levels of cortisol in
cholestasis might be caused by a reduction of cortisol
breakdown and by increased cortisol production directly
related to cholestasis. The fact that elevated cortisol
levels correlate with severity of cholestasis could sup-
port this finding. In addition, bile acids in patients with
short duration of disease are higher than in those with
long-standing diseases—this, however, does not reach
statistical significance, perhaps due to the low number
of patients included in our study. We speculate that not
only the aetiology of cholestasis (carcinoma versus other
causes), nor disease duration might be solely responsible
for hypercortisolism, but disease severity, i.e. the level of
bile acid and bilirubin elevation, as well. One drawback
regarding this hypothesis is that bile acids did not cor-
relate with cortisol levels in our study. Most data so far
linking bile acids to cortisol metabolism were obtained
in well-defined experimental settings in animal models
or in cell culture experiments, which cannot fully reflect
complex regulatory pathways in human individuals pos-
sibly explaining our findings. The lack of a correlation
between bile acids and cortisol might suggest that addi-
tional pathways are involved. We can only speculate that
other factors such as bilirubin might play a mechanistic
role. Bilirubin has recently been suggested to be a sig-
nalling molecule with endocrine effects. As such, biliru-
bin activates the aryl hydrocarbon receptor Ahr or the
constitutive androstane receptor CAR and at least indi-
rectly affects peroxisome proliferator-activated receptors
(PPARS) [32].

Other limitations of our study include the relatively
small number of patients included. Additionally, we
did not measure relative urinary excretion of 3a,50-
tetrahydrocortisol or cortisol binding globulin [33].
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Also, due to the cross-sectional nature of our study,
cause-and-effect relationships cannot be elucidated.
Further, we cannot rule out that the underlying disease
per se—independent of the severity of the cholestasis—
had an influence on cortisol levels, a problem we tried
to overcome by performing subgroup analyses (cortisol
levels depending on disease duration and presence or
absence of carcinoma). Another limitation of the study
is that we cannot definitely rule out other causes of
hypercortisolism, since we did not perform dexameth-
asone suppression tests, targeted imaging, determine
24-h-urinary free cortisol or late-night salivary cortisol.

In summary, we cannot support the assumption of
adrenal insufficiency in cholestatic liver disease which is
observed in cirrhotic patients. However, we do find evi-
dence of altered glucocorticoid metabolism in patients
with cholestasis in terms of hypercortisolism, which
seems to be linked to severity of cholestasis, as mirrored
by the degree of bilirubin elevation. Further research
needs to clarify the pathophysiology of our findings and
its clinical implication for affected patients.
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