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ABSTRACT

INTRODUCTION Impaired elimination of toxic compounds via inadequate sulfation may contribute to
the pathogenesis of primary sclerosing cholangitis (PSC). Dehydroepiandrosterone (DHEA), which is
metabolized into its sulfated form (DHEA-S) in the liver, has been linked with health-related quality of
life (HRQolL) in various conditions.

0BJECTIVES We aimed to assess the sulfation capacity of the liver in PSC using DHEA-S as a surrogate
marker.

PATIENTS AND METHODS We assessed serum levels of DHEA-S in 233 patients with PSC and in 201
patients with other liver conditions serving as controls. We also evaluated the effect of low levels of
DHEA-S on the course of PSC and HRQoL assessed using the 36-ltem Short Form Health Survey (SF-36)
and the PBC-40.

RESULTS The proportion of patients with low DHEA-S in the PSC group was 7-fold higher than in
the control group (21% vs 3%; P <0.001). Patients with decreased levels of DHEA-S were younger at the
time of PSC diagnosis (median age, 23 vs 29 years; P = 0.007) and presented with lower HRQoL scores,
particularly regarding the physical domains of the SF-36. Patients with low DHEA-S also complained of
more severe fatigue (31 vs 23; P = 0.006) assessed with the PBC-40.

concLusions  Our findings support the role of impaired liver sulfation capacity in the development of
PSC. Low levels of DHEA-S are associated with increased fatigue, a devastating symptom significantly
affecting HRQoL. Thus, the effects of DHEA administration on chronic fatigue and other measures of
HRQoL in patients with PSC warrant further attention.

INTRODUCTION  Primary sclerosing cholangitis
(PSC) is a chronic cholestatic liver disease that
affects both the small and large bile ducts." Its
etiology is most likely multifactorial, with con-
tributing autoimmune, inflammatory, genetic,
and possibly infective factors.? Progressive bili-
ary tree damage leads to persistent cholestasis,
episodes of cholangitis, and sepsis.? Frequent-
ly, PSC is associated with an increased risk of
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cholangiocarcinoma, which may occur in 10%
to 12% of patients.®* Primary sclerosing chol-
angitis coexists with inflammatory bowel dis-
eases, most frequently with ulcerative colitis,
which is present in approximately 70% of pa-
tients." Individuals with PSC-related ulcerative
colitis often demonstrate a right-to-left gradi-
ent of colonic inflammation, rectal sparing, and
backwash ileitis.” This pattern of inflammation



WHAT'S NEW?

Primary sclerosing cholangitis is a chronic liver disease etiology of which is not
fully understood yet. Our results suggest that impaired detoxifying processes,
such as sulfation, may contribute to the development of this condition. Patients
with primary sclerosing cholangitis and low levels of dehydroepiandrosterone
sulfate, a product of sulfation of this steroid hormone precursor in the liver,
experience worse quality of life, including chronic fatigue. Thus, treatment
with dehydroepiandrosterone sulfate should be considered to improve patient
well-being.

is significantly different from that in patients
with ulcerative colitis alone.® In particular, pro-
nounced inflammation of the right colon is of in-
terest, and led to the hypothesis that this part
of the colon could be more exposed to poten-
tial toxins derived from bile, frequently called
the “toxic bile hypothesis.”® The accumulation
of toxic biliary compounds in the liver results in
progressive tissue damage.” In response, sever-
al defense mechanisms are induced to counter-
act liver injury.? These include marked changes
in the equilibrium of hepatobiliary transporters,
downregulation of uptake systems, and activa-
tion of enzymes catalyzing detoxification pro-
cesses.®1" In our earlier series of experiments, we
showed that in patients with PSC, the activation
of the pregnane X receptor, a nuclear orphan re-
ceptor responsible for orchestrating hepatopro-
tective mechanismes, is not (as seen in other cho-
lestatic conditions, eg, primary biliary cholangi-
tis [PBC]) associated with downstream upregu-
lation of sulfotransferase 2A1 (SULT2A1), a key
enzyme responsible for the sulfation of toxic bile
acids, such as lithocholic acid or toxic xenobiot-
ics.?"" We also showed that the concentrations of
plasma lithocholic acid sulfate were significant-
ly reduced in patients with PSC compared with
those with PBC and healthy controls.'? SULT2A1
is also a key enzyme responsible for the sulfation
of dehydroepiandrosterone (DHEA)." To further
investigate our hypothesis on sulfation being im-
paired in PSC, we analyzed the serum concentra-
tions of DHEA sulfate (DHEA-S) in a large co-
hort of patients with PSC and controls suffering
from other chronic liver conditions such as non-
alcoholic fatty liver disease (NAFLD) or chronic
hepatitis C virus (HCV) infection. We assumed
that if impaired sulfation does indeed contrib-
ute to the development of PSC, we would observe
a decreased concentration of DHEA-S in the sera
of these patients compared with NAFLD /HCV
controls. Thus, we used DHEA-S as a surrogate
marker of the sulfation capacity of the liver as
the liver is a key organ involved in the sulfation
of both bile acids and DHEA."" DHEA is a precur-
sor of endogenous steroid hormone produced in
the adrenal glands that has a variety of biological
effects.® Its production and serum concentration
decrease with age, and its supplementation has
been found to be beneficial in preventing osteo-
porosis, improving various aspects of well-being,

sexual functioning, and depression.'® In view of
these findings, we also examined the potential
effect of DHEA-S on health-related quality of
life (HRQoL) in patients with PSC.

PATIENTS AND METHODS  Study groups A total of
434 noncirrhotic patients (277 men; median age,
38 years) with chronic liver diseases treated in 2
medical centers (Warsaw and Szczecin, Poland)
were consecutively enrolled. The study group in-
cluded 233 patients with PSC (160 men; median
age, 32 years), and 201 controls (117 men; medi-
an age, 47 years) including patients with HCV in-
fection (n = 98) and NAFLD (n = 103). We also in-
cluded 59 healthy volunteers without liver disease
(22 men; median age, 53 years) as healthy con-
trols. The diagnosis of PSC was established using
the typical findings based on magnetic resonance
cholangiography or endoscopic retrograde chol-
angiopancreatography and biochemical abnor-
malities according to the guidelines of the Euro-
pean Association for the Study of Liver Diseas-
es.'® The diagnosis of NAFLD was established in
patients with liver steatosis, evaluated using ab-
domen ultrasound (Aixplorer, SuperSonic Imag-
ine, Aix-en-Provence, France) and confirmed via
the controlled attenuation parameter (FibroScan
system, Echosens, Paris, France)' after excluding
other causes of liver disease. Chronic HCV infec-
tion was confirmed by the presence of serum anti-
-hepatitis C antibodies and HCV viremia. The in-
cluded participants were not diagnosed with pri-
mary or secondary adrenal gland insufficiency
and were not receiving medications that could
impair adrenal production of DHEA (including
glucocorticoids).

Laboratory measurements The clinical variables
and fasting blood samples for the analysis of liv-
er biochemistry and DHEA-S were obtained from
the patients and healthy subjects at the same
appointment. The serum DHEA-S concentra-
tions were determined by electrochemilumines-
cence immunoassay (ECLIA, Roche Diagnostics,
Mannheim, Germany). The obtained DHEA-S
concentrations were evaluated as normal or de-
creased according to the manufacturer’s instruc-
tions after adjustment for the patient’s gender
and age.

Health-related quality of life We applied 2 ques-
tionnaires to assess the relationship between
the levels of DHEAs and HRQoL in patients with
PSC: the Medical Outcomes Study 36-Item Short
Form Health Survey (SF-36) and the PBC-40.
The SF-36 is a well-validated, universally used
generic questionnaire.'® It contains 36 items di-
vided into 8 domains of physical and mental
health. Scores can be obtained for each scale or
aggregated into 2 summary scores, that is, a men-
tal component summary score and a physical com-
ponent summary score. The scale scores ranged
between 0 and 100, with a higher score indicating
better HRQoL. A license was obtained for the use
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TABLE 1 Clinical and demographic characteristics of the study groups

Variable Study group Control group Healthy controls
(n = 233) (n = 201) (n = 59)
Age at survey, y 32 (17-11) 47 (19-83) 53(28-81)
Age at diagnosis, y 29 (9-70) 47 (19-83) NA
Gender, n (%) Male 160 (69) 117 (58) 22 (37)
Female 73 (31) 84 (42) 37 (63)
ALP, 1U/I (reference <120 1U/1) 229 (5-1515) 72 (32-177) 61 (36-122)
GGT, IU/I (reference <42 1U/I) 195 (7-1515) 41 (6-464) 17 (4-264)
Bilirubin, mg/dl (reference <1.0 mg/dI) 0.7 (0.2-28) 0.5(0.1-11) 0.4 (0.1-1.6)
ALT, 1U/I (reference <30 IU/) 71 (8-973) 35 (6-570) 15 (9-40)
AST, IU/l (reference <30 1U/1) 48 (12-831) 29 (12-178) 18 (12-47)
Albumin, g/dl (reference, 3.8-5.4 g/dI) 4.5(2.8-5.8) 4.6 (3.8-5.7) 4.8 (4.1-7.6)

Data are presented as median (interquartile range) unless otherwise indicated.

S| conversion factors: to convert ALP, ALT, AST, GGT to pkat/l, multiply by 0.0167; bilirubin to umol/l, by 17.104;

albumin to g/l, by 10.0.

Abbreviations: ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase;

GGT, y-glutamyltransferase; NA, not applicable

Xt = 36.7; P <0.001

Control group  Healthy controls

Proportion of decreased dehydroepiandrosterone sulfate in the study groups

of the SF-36 v.1 questionnaire in this study (li-
cense number QM044529).

The PBC-40 was designed to evaluate
the HRQoL in patients with PBC,' but its use-
fulness has also been confirmed in patients with
PSC.?" It contains 40 questions covering the fol-
lowing domains: fatigue, cognitive, social-emo-
tional, itch, and other symptoms. Higher scores
indicate poorer HRQoL.

Statistical analysis  Descriptive statistical meth-
ods were used to analyze all of the variables.
The Shapiro-Wilk normality test was used to
examine the normal distribution of the quan-
titative variables. Because the variables showed
non-normal distribution, we used nonpara-
metric methods for further statistical analyses.
The continuous variables are presented as medi-
an and range values, while the categorical data
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are described using the number of observations
and relative frequencies. The Mann-Whitney
test was applied to calculate the differences be-
tween the subgroups. Correlation analysis was
performed using Spearman rank correlation test.
Prevalence comparison between groups was per-
formed using either 2-tailed Fisher exact test or
x* test. Multivariable linear regression analysis
was applied to analyze the relationship between
chosen independent variables and HRQoL mea-
sures. In the multivariable analysis, we adjusted
for cofounders that correlated significantly with
the HRQoL domains in the univariable analysis.
Calculations and graphs were performed using
Statistica, version 13.0 (Tibco Software Inc, 2017)
and GraphPad Prism for Windows, version 7.0.
A P value of less than 0.05 was considered to in-
dicate statistically significant differences.

Ethics Written informed consent was obtained
from the participants included in the study.
The study was performed following the princi-
ples of good clinical practice and in accordance
with the ethical guidelines of the 1975 Declara-
tion of Helsinki (6th revision, 2008). The study
protocol was approved by the ethics committees
of Medical University of Warsaw (KB/58/A/2016)
and Pomeranian Medical University, Szczecin, Po-
land (KB-0012/08/18).

RESULTS Clinical and demographic characteris-
tics of the study and control groups are present-
ed in TABLE 1. Forty-eight patients (21%) with PSC
had decreased DHEA-S compared with 7 patients
(3%) in the control group and one healthy partic-
ipant (P <0.001) (FIGURE 1).

Factors associated with a decreased level of dehydro-
epiandrosterone sulfate in patients with primary scle-
rosing cholangitis In the next step of the analysis,
we searched for factors associated with decreased
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FIGURE 2 A comparison of the Medical Outcomes Study 36-ltem Short Form Health Survey (A) and the PBC-40 (B) domains between patients with
primary sclerosing cholangitis with normal and decreased dehydroepiandrosterone sulfate (DHEA-S). Data are presented as medians. The
Mann-Whitney test was used for comparisons with a P value of less than 0.05 indicating significant differences.

a P<0.05

b P <0.01

Abbreviations: BP, bodily pain; GH, general health; MCS, mental component summary; MH, mental health; PCS, physical component summary;

PF, physical functioning; RE, role limitation-emotional; RP, role limitation-physical; SF, social functioning; VT, vitality

DHEA-S in patients with PSC. In comparison to by Karlsen et al." Chronic cholestasis leads to

patients with normal DHEA-S concentrations,  hepatic retention of bile acids, which has a po-
those with decreased DHEA-S levels were young-  tent detergent property.® This pathological situ-
er, both at the time of diagnosis (median [range],  ation activates numerous adaptive mechanisms

29 [9-70] years vs 23 [13-66] years; P = 0.007) aimed at the hepatoprotection and ameliora-
and at the time of the survey (median [range], 34 tion of this effect.? These include, among oth-
[17-71] years vs 30 [17-66] years; P = 0.03). More- ers, activation of the pregnane X receptor.? This
over, women were more likely to have decreased  is a ligand-activated member of the nuclear re-
DHEA-S in comparison with men (28.8% wom-  ceptor superfamily of transcription factors and
en vs 16.8% men; P = 0.049). Regarding the lab-  is highly expressed in the liver.? It plays the role
oratory parameters, participants with decreased  of xenobiotic sensor, inducing phase I (hydroxyl-
DHEAs had lower serum albumin concentrations  ation) and phase II (glucuronidation and sulfa-
(median [range], 4.4 [2.8-5.8] g/dlvs 4.5[3.1-5.4]  tion) metabolism of many endogenous and ex-
g/dl; P = 0.03), but this remained within the ref-  ogenous compounds.'" We previously showed
erence range. The results of other liver function = that mechanisms responsible for elimination

tests were comparable in both groups. of endo- and exotoxins may be specifically im-
paired in PSC."" In particular, sulfation, a po-
Association between decreased dehydroepiandro-  tent hepatoprotective mechanism catalyzed by

sterone levels and health-related quality of life ~ SULT2AI, responsible for, for example, the elim-
Patients with decreased levels of DHEA-S reported ination of toxic lithocholic acid, was shown to
significantly lower HRQoL scores in both the SF-  be impaired in PSC,'" with the subsequent re-
-36 (the physical functioning, physical role, and ~ duction of sulfated metabolites in the sera of
physical component score domains) and the PBC-  patients with PSC."?

-40 (the other symptoms, fatigue, and social- The present study demonstrated that a no-
emotional domains) questionnaires (FIGURE 2). In  ticeable proportion of patients with PSC present
the multivariable linear regression analysis, de-  with low serum levels of DHEA-S. We examined
creased DHEA-S came out as independent predic- =~ DHEA-S as this endogenous steroid hormone
tor of lower quality of life scores in all the above ~ precursor is sulfated by SULT2A1, mostly in
HRQoL domains, except for the physical func-  the liver. Thus, it could be considered a surrogate
tioning domain of the SF-36 (TABLE 2). marker for the sulfation capacity of the liver. As

advanced liver fibrosis/ cirrhosis in itself may af-
DISCUSSION  Primary sclerosing cholangitisis  fect the sulfation efficiency of the liver, leading
one of the most fascinating and challenging con-  to decreased levels of DHEA-S,?""? we only in-
ditions in contemporary hepatology.® Its etiolo- ~ cluded noncirrhotic patients in this study, both
gy remains a mystery, and although underlying  in the PSC and control disease groups (NAFLD
immunological mechanisms play an important ~ and HCV patients). We found that the propor-
role, PSC cannot be called a typical autoimmune  tion of PSC patients with low DHEA-S was 7-fold
condition for numerous reasons, summarized  higher than in the disease control group, and
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TABLE 2 Multivariable linear regression analysis of independent variables impacting health-related quality of life measures in patients with primary

sclerosing cholangitis

HRQoL domain Variable B B SE B t test P value 95% Cl for B
PBC-40
Other symptoms Decreased DHEA-S 1.12 0.42 0.17 2.66 0.008 0.29-1.94
Gender (female) 1.29 0.37 0.24 3.55 <0.001 0.58-2.01
Age at survey (per 1 year) 0.09 0.03 0.19 2.79 0.02 0.03-0.15
Fatigue Decreased DHEA-S 2.72 0.87 0.21 3.14 0.002 1.01-4.44
Gender (female) 2.48 0.77 0.21 3.21 0.002 0.96-3.99
Age at diagnosis (per 1 year) 0.14 0.06 0.15 2.22 0.03 0.02-0.27
Social and Decreased DHEA-S 2.45 0.92 0.18 2.66 0.008 0.63-4.27
emotional Gender (female) 3.03 0.81 0.25 3.76 <0.001 1.44-4.62
SF-36
Physical Age at survey (per 1 year) -0.49 0.1 -0.30 —4.51 <0.001 —-0.70 to -0.27
functioning Gender (female) 474 128 024 371 <0.001 7.26t0-2.22
Role limitation— Decreased DHEA-S -9.64 3.39 -0.19 -2.84 0.005 -16.3 to —2.95
physical Age at diagnosis (per 1 year) ~ —0.71 0.24 ~0.20 302 0.003 1.17t0-0.25
Physical Decreased DHEA-S -3.70 1.75 -0.14 -2.12 0.04 -7.15t0-0.25
component SCore  Gender (female) -5.05 1.53 -0.22 -3.30 0.001 -8.06 to -2.03
Age at diagnosis (per 1 year) -0.41 0.12 -0.23 -3.35 0.001 0.65to -0.17

Abbreviations: DHEA-S, dehydroepiandrosterone sulfate; HRQoL, health-related quality of life; SF-36, Medical Outcomes Study 36-Item Short Form

Health Survey
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this difference was highly significant. This find-
ing suggests that impaired sulfation in PSC may
indeed contribute to the development of this
condition and, potentially, to its natural course.
This notion may be supported by the fact that
patients with PSC and low DHEA-S were diag-
nosed at a significantly younger age; thus, im-
paired sulfation may play a role precipitating
the presentation of the disease.

DHEA-S itself has been widely advertised as
an over-the-counter supplement that can improve
various symptoms related to different conditions,
including depression and mood disorders, osteo-
porosis, adrenal insufficiency, and rheumatoid ar-
thritis."® Data in support of these claims remain
controversial, with numerous meta-analyses pro-
ducing inconclusive results.?*-?® Supplementation
with DHEA had a positive effect on the HRQoL in
small groups of patients with systemic lupus er-
ythematosus and hypopituitarism.?’?¢ A positive
association between the DHEA-S level and global
cognitive function was initially reported in a large
cohort of 1034 elderly patients,’” a finding subse-
quently confirmed in a meta-analysis including 25
publications.®® In terms of cholestasis, animal stud-
ies in bile duct ligated rats have shown that sup-
plementation of DHEA-S has an ameliorating ef-
fect on fatigue.’' Data on DHEA-S in the context of
chronic cholestatic/autoimmune liver conditions
remain scarce. To the best of our knowledge, there
is only one study assessing serum DHEA-S in pa-
tients with cholestatic condition, namely, PBC. In
their study, Ahboucha et al*? measured the DHEA-
-S levels in 15 patients with chronic fatigue and 10
without fatigue. They found significantly lower lev-
els of DHEA-S in fatigued patients, measured using
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the fatigue impact score. Of interest, they also as-
sessed serum levels of DHEA and pregnenolone,
which were comparable in both groups, possibly
suggesting that the deficiency of DHEA-S could
be responsible for fatigue. These authors postulat-
ed that supplementation with DHEA or DHEA-S
could be of potential benefit for addressing chron-
ic fatigue in these patients.

Our study is the first analysis of DHEA-S in
patients with PSC. After showing that a signifi-
cant proportion of patients indeed had low levels
of DHEA-S, we then assessed the potential effect
of these low levels on HRQoL. We applied 2 ques-
tionnaires, the generic SF-36 and the disease-
-specific PBC-40. The latter was developed for
the assessment of various aspects of HRQoL in
patients with PBC. As patients with PBC and PSC
both share clinical symptoms affecting HRQoL,
including pruritus and chronic fatigue, PBC-40
has been found to be a useful tool for assessing
HRQoL in PSC as well.?” Of importance, PBC-40
also assesses cognitive dysfunction, previous-
ly found to be impaired in patients with vari-
ous conditions and low DHEA-S.?° Our study
clearly showed an association between decreased
DHEA-S and low HRQoL. In terms of the SF-36
questionnaire, patients with decreased DHEA-S
scored significantly worse in 4 out of the 10 do-
mains of this test, including the physical func-
tioning, physical role, mental health, and physi-
cal component scores. The differences in mental
component score reached borderline significance.
Regarding PBC-40, patients with low DHEA-S
presented with significantly more pronounced
fatigue and impaired social-emotional and other
symptoms domains. However, no difference was



observed in the cognitive domain. These find-
ings were strengthened with multivariable lin-
ear regression analysis of risk factors for worse
HRQoL, which showed a striking and highly sig-
nificant association between decreased DHEA-
-S and several domains of the SF-36 and PBC-
-40 questionnaires.

Thus, our data show that low DHEA-S levels
are associated with significantly worse HRQoL in
patients with PSC. Of particular note is the sig-
nificant difference seen in fatigue levels, a dev-
astating symptom observed across the spectrum
of autoimmune conditions.*® In many patients, it
prevents normal functioning, greatly impacting
their everyday activities and leading to long-term
sickness absence.?* Patients with multiple sclero-
sis describe chronic fatigue as being a more debil-
itating symptom than urinary incontinence.** In
view of our strongly limited ability in managing
this symptom,*® our findings are of importance,
and a study designed to examine the effects of
DHEA-S supplementation in patients with PSC
deserves further attention.

We acknowledge some limitations of our study.
First, this is a clinical continuation of our pre-
vious studies and did not allow us to gain in-
sights into the molecular background underly-
ing the observed reduction in DHEA-S levels,
that is, the role of SULT2A1 activity in liver tis-
sue. Thus, further in vitro and in vivo studies
are needed to explore our hypothesis. Moreover,
a controlled randomized trial on the impact of
DHEA-S supplementation on symptom-specific,
patient-reported outcome measures is needed
to investigate the relationship between the var-
ious aspects of patients’ well-being and DHEA-
-S in detail.

Despite its limitations, some important conclu-
sions could be drawn from our study. We found
that a significant proportion of patients with PSC
express low serum levels of DHEA-S, strengthen-
ing our previous findings on liver sulfation capac-
ity being impaired in PSC as sulfation in liver is
an effective mechanism for the elimination of tox-
ic metabolites. Low DHEA-S remains very strong-
ly associated with worse quality of life, suggesting
that DHEA-S supplementation may have clinically
important significance in improving the HRQoL
in patients with PSC and in ameliorating trouble-
some symptoms such as chronic fatigue.
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