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Abstract

Aim of the study: To estimate the prevalence of adrenal insufficiency (Al) in hemodynamically stable cirrhotic
patients and to evaluate the potential association with patients’ clinical characteristics, cirrhosis etiology and

liver disease severity.

Material and methods: The cross-sectional study included 132 stable liver cirrhosis patients. Severity of liver
disease was graded using the Child-Pugh classification and Model for End-stage Liver Disease (MELD) score.
The adrenal function was evaluated by measuring basal and peak cortisol after 60 minutes following the short
Synacthen test (SST). Differences in terms of demographic data, clinical information and liver disease severity
were compared between cirrhotic patients with and without Al.

Results: Out of 132 cirrhotic patients, 86 patients had evidence of Al based on the peak serum cortisol value
while the prevalence was lower (67 patients out of 132) when basal cortisol level was taken as the basis. A total
of 82 patients were classified as Child-Pugh class C, with an average MELD score of 20 +7.1. Most patients with
Al'had Child-Pugh class C. Patients with Al had a higher prevalence of ascites, gastrointestinal hemorrhage, and
hepatic encephalopathy, a higher MELD score and a lower serum sodium level compared to patients with normal
adrenal function. Al was not related to the etiology of cirrhosis but was related to the severity of liver disease and

the degree of hyponatremia.

Conclusions: Adrenal insufficiency is common among hemodynamically stable patients with cirrhosis. It is relat-
ed to the severity of liver disease and the degree of hyponatremia.
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Introduction

Liver cirrhosis is a common disease that has in-
creasingly become an important cause of mortality
and mortality worldwide [1, 2]. Extrahepatic organ
malfunction in the setting of liver cirrhosis can lead
to a wide range of complications. Hemodynamic dis-
turbances, which are common in advanced stages of

liver cirrhosis, are among the most difficult to treat [3].
Liver cirrhosis has been associated with adrenal insuf-
ficiency (AI) for a long time. Cirrhosis of the liver is
now one of the most common high-risk diseases asso-
ciated with an increased risk of Al, a condition which
is known as hepatoadrenal syndrome [4]. The preva-
lence of Al is shown to be quite diverse in studies of
patients with liver illness, possibly due to the heteroge-
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neity of studied cases, as well as different definitional
criteria and techniques of diagnosis. The majority of
these studies were conducted on critically ill or decom-
pensated cirrhotic patients during hospitalization [5].

It is sometimes difficult to differentiate between Al
and hemodynamic alterations seen in terminal events
of advanced cirrhosis such as circulatory collapse re-
sulting from reduced peripheral vascular resistance
and systemic vasodilation, low mean arterial pressure,
and poor responsiveness to vasopressors [5]. Evidence
suggests that Al is related to the severity of the liver
disease [4] and is linked to a worse prognosis and a sig-
nificantly high mortality rate in patients with cirrho-
sis [6]. Cirrhotic patients with AI have been shown to
have a higher risk of circulatory derangement, severe
sepsis, renal function impairment, and even hepatore-
nal syndrome (HRS) type 1 [5, 7, 8]. Treatment with
low doses of hydrocortisone is associated with a signif-
icant increase in shock reversal and hospital survival in
these patients [3, 4].

The aim of this study was to estimate the Al preva-
lence in hemodynamically stable cirrhotic patients and
evaluate the potential association with patients’ clini-
cal characteristics, cirrhosis etiology and liver disease
severity.

Material and methods

Study design, data collection and analysis

This is a cross sectional study, which was conduct-
ed between February and June 2021 at a tertiary care
hospital. The study was authorized by the Institute’s
Ethical Committee (approval number 21/167), and all
subjects gave written informed consent.

The study included 132 individuals with liver cir-
rhosis who were recruited from Alexandria Main
University Hospital, Internal Medicine Department,
Hepatology Outpatient Clinic. All patients were hemo-
dynamically stable. Cirrhosis was diagnosed based on
clinical manifestations, examination, presence of com-
plications, laboratory results, liver histology and imag-
ing findings.

Patients were considered for the study if they met
the following criteria: age 18 years and above, hemody-
namically stable with a mean arterial pressure (MAP)
> 70 mm Hg and not on vasopressors.

The following were the criteria for exclusion: history
of pituitary or adrenal disease, taking steroids or other
medicines that affect cortisol production (e.g., etomi-
date, ketoconazole), severe cardiopulmonary and kid-
ney disease, hepatocellular carcinoma, critical illness,
sepsis, active infection, receiving oral or parenteral

antibiotic therapy within the last 30 days before enrol-
ment and pregnancy.

The clinical information of the patients, including
basic demographics, clinical features, additional co-
morbidities and the results of routine laboratory tests,
was recorded. Patients were questioned about manifes-
tations of hepatic decompensations such as history of
ascites, variceal bleeding, or encephalopathy and the
findings were documented. Severity of liver disease
was graded using the Child-Pugh classification and
Model for End-stage Liver Disease (MELD) score [8].
Patients were then categorized into two groups based
on the results of adrenal function evaluation - cirrho-
sis with AT and cirrhosis without AI - and their differ-
ences in terms of demographic data, clinical informa-
tion and liver disease severity were compared.

Biological assays

The adrenal function of all subjects was evaluated
by measuring basal and peak cortisol after 60 minutes
following the short Synacthen test (SST). To avoid
a stress-induced cortisol increase, samples were taken
at least 15 minutes after the indwelling intravenous
catheter was inserted. Synthetic adrenocorticotropic
hormone (ACTH; Synacthen, 250 ug, Novartis Phar-
ma, Switzerland) was injected intravenously, after an
overnight fast, immediately after blood samples were
obtained (at 8-9 a.m.) to measure baseline levels of
cortisol then another sample was collected 60 minutes
later to measure the peak cortisol. Serum was separated
and stored at —-80°C. Measurement of serum cortisol
was performed with a standard chemiluminescent im-
munoassay (CLIA). The tests were performed using the
ADVIA Centaur XPT immunoassay system Cortisol
kit (ADVIA Centaur Cortisol assay (REF: 10994924)
according to the manufacturer’s recommendations
(Siemens Health Care Diagnostics, USA) [9].

Diagnostic criteria and definitions

The severity of liver disease was estimated by the
Child-Pugh classification and MELD score [8].

Child-Pugh class and MELD score were calculat-
ed from the required parameters. A MELD score of
15 was taken as dividing line between mild and severe
disease [10]. Basal cortisol was defined as the morning
cortisol concentration (between 8:00 and 9:00 a.m.)
before Synacthen administration. The highest cortisol
concentration at 60 minutes after Synacthen injection
was considered as peak cortisol [4]. A normal response
to the Synacthen stimulation test (SST) was defined as
a peak total serum cortisol concentration of at least
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Table 1. Distribution of the studied cases according to adrenal function (N = 132)

Adrenal function n (%)
Adrenal insufficiency 86 (65.2)
Normal adrenal function 46 (34.8)

18 pg/dl. For the purposes of this study, Al was defined
as having a basal cortisol of less than 9 pg/dl and/or
a peak cortisol of less than 18 pug/dl [11].

Statistical analysis

Data were analyzed using IBM SPSS software pack-
age version 20.0. (Armonk, NY: IBM Corp). Descrip-
tion of quantitative study variables was reported in
forms of mean + standard deviation and median (min-
imum-maximum) while qualitative variables were re-
ported as frequency and percentages. The Kolmog-
orov-Smirnov test was used to verify the normality
of distribution of variables. Comparisons between
groups for categorical variables were assessed using
the x? test (Monte Carlo correction). Student’s ¢-test or
the Mann-Whitney test was used to compare quantita-
tive variables according to the normality distribution.
A p-value of less than 0.05 was considered statistically
significant.

Results

Out of 132 cirrhotic patients who were enrolled in
the study, 67 patients (50.7%) had evidence of AI based
on a basal serum cortisol value of less than 9 pg/dl,
while the prevalence was higher (65.2%) (86 out of
132) when a peak cortisol level of less than 18 ug/dl
was taken as the basis (Table 1). 77.9% (67 out of 86)
of those with AI had basal cortisol less than 9 pg/dl.
Males (84 patients) outnumbered females in the study
sample (63.6%); however, no statistically significant
difference in adrenal function was found between
males and females. The mean age of the study group
was 55.2 +8.9 years and patients with AI were signifi-
cantly older (56.5 £8.8) than those with normal adre-
nal function (52.8 +8.8), p-value = 0.02.

Cirrhosis was most frequently caused by hepatitis
C virus in 77 (58.3%) patients, followed by autoim-
mune hepatitis (ATH) in 21 (15.9%), non-alcoholic ste-
atohepatitis (NASH) in 16 (12.1%) patients and hep-
atitis B virus in 7 (5.3%) patients, whereas alcoholic
cirrhosis and hemochromatosis were reported in just
four cases each.

A total of 82 (62.1%) patients were classified as Child-
Pugh class C, with an average MELD score of 20 £7.1.

Most patients with AI [67 (77.9%)] had Child-Pugh
class C, which was much higher than the rate observed in
individuals with normal adrenal function [15 (32.6%)].
Similarly, patients with AI had a considerably higher
MELD score (23 +6.5) than those with normal adrenal
function (14.5 +4.3). Severe hepatic cirrhosis (MELD
15+) was prominent in the patients with AI (79.1%,
68 out of 86), which was significantly more than that
noted in patients with normal adrenal function (43.5%,
20 out of 46).

Ascites, gastrointestinal hemorrhage, and hepatic
encephalopathy were found in 107 (81.1%), 76 (57.6%),
and 54 (40.9%) patients, respectively. When compared
to patients with normal adrenal function, those with Al
consistently had a higher prevalence of these compli-
cations.

Serum sodium levels in the studied sample averaged
136.7 £4.8 mEq/l; however, patients with AI had a sig-
nificantly lower serum sodium level (135.8 +5.4 mEq/1)
compared to patients with normal adrenal function
(138.2 £3.1 mEq/l); additionally, hyponatremia was
confirmed in 32 (37.2%) patients with AI compared to
only 4 (8.7%) patients with normal adrenal function
(Table 2).

Discussion

Cirrhosis-related Al, or hepatoadrenal syndrome,
is a topic that has recently gained attraction. However,
the lack of definite diagnostic standards, the disease’s
indefinite physiopathology, and the difficulties in di-
agnosing and treating it trigger a contentious debate.
Both stable cirrhosis and cirrhosis with critical dis-
ease (sepsis, septic shock, variceal bleeding) can show
signs of AI and this is associated with bad prognosis
[8, 12-14]. The prevalence has been observed in var-
ious studies to range from 10% to 87% in critically ill
cirrhotic patients to 7% to 83% in stable cirrhotic pa-
tients [2, 3, 7, 8, 10]. In the current study, the preva-
lence of AT was 50.7% when basal cortisol levels were
used as the baseline and 65.2% when peak cortisol
levels were used as the baseline. The diversity in the
prevalence of AI compared to other studies may be at-
tributed to different patient selection criteria, presence
of infection, critical illness, hemodynamic instability
or performing the study during hospitalization. It may
also be attributed to the heterogeneity of the method
of stimulation of cortisol secretion used, diverse tech-
niques of diagnosis, use of serum or salivary cortisol,
use of free or total cortisol as well as the cutoff value
for cortisol as a definition of AI [8]. The higher preva-
lence in our study compared to some studies, although
our patients were hemodynamically stable, might be
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Table 2. Comparison between adrenal insufficiency and normal adrenal function according to different parameters

Variable Total Adrenal insufficiency ~ Normal adrenal function ~ Test of Sig. p
(N=132) (n = 86) (n = 46)
Age (years)
Mean +SD 55.2 +89 56.5 +8.8 52.8 1838 t=2307" 0.023
Median (min.-max.) 56 (35-75) 57 (39-75) 53.5 (35-69)
Sex, n (%)
Male 84 (63.6) 57 (66.3) 27 (58.7) x?=0.745 0.388
Female 48 (36.4) 29(33.7) 19 (41.3)
Cirrhosis etiology, n (%)
AlH 21(15.9) 12 (14) 9(19.6) x2=17326  Mp=0.258
HBV 7(53) 2(23) 5(10.9)
HCV 77 (58.3) 52 (60.5) 25(54.3)
Alcohol 403) 2(23) 2(43)
Wilson's disease 3(2.3) 2(2.3) 1(2.2)
NASH 16 (12.1) 13(15.1) 3(6.5)
Hemochromatosis 4(3) 3(3.5) 1(2.2)
Child-Pugh class, n (%)
A 14(10.6) 0(0) 14 (30.4) x2=38501"  <0.001°
B 36 (27.3) 19 (22.1) 17 (37)
C 82 (62.1) 67 (77.9) 15(32.6)
GIT bleeding, n (%) 76 (57.6) 58 (67.4) 18(39.1) x?=9.834" 0.002"
Hepatic encephalopathy (HE), n (%) 54 (40.9) 47 (54.7) 7(15.2) x2=19.279°  <0.001°
Ascites, n (%) 107 (81.1) 79 (91.9) 28 (60.9) x?=18749"  <0.001"
Serum sodium (Na) (mEq/1)
Hyponatremia < 135, n (%) 36 (27.3) 32(37.2) 4(8.7) x?=12285  <0.001"
Mean +SD 136.7 +4.8 135.8 £5.4 138.2 £3.1 t=3.223" 0.002"
Median (min.-max.) 137 (127-145) 136 (127-145) 138 (129-143)
MELD score
> 15, n (%) 88 (66.7) 68 (79.1) 20 (43.5) x2=17.084"  <0.001°
Mean £SD 20 £7.1 23 6.5 145 +43 t=19.026" <0.001
Median (min.-max.) 19.5(9:31) 26 (10-31) 13.5(9-26)
Basal serum cortisol (ug/dl)
<9,n(%) 67 (50.8) 67 (77.9) 0(0) x2=72777"  <0.001°
Mean £SD 9435 7.1 £2.5 12542 t=12678 <0.001°
Median (min.-max.) 8 (4-17) 6 (4-13) 12 (10-17)
Peak serum cortisol (ug/dl)
< 18, n (%) 86 (65.2) 86 (100) 0(0) x?=132.0° <0.001"
Mean +SD 16.5 +6 125423 24124 t=27.190" <0.001°
Median (min.-max.) 14 (6-29) 12 (6-17) 24(19-29)

SD - standard deviation, t - Student’s t-test, y* - chi square test, MC — Monte Carlo, p - p value for comparing between the studied groups, *statistically significant at p < 0.05

explained by the fact that our patients had severe liver  is that we measured the total cortisol rather than the
disease as evidenced by high prevalence of Child-Pugh  free cortisol level. Only free cortisol is biologically ac-
class C and high MELD scores. Another possible ex-  tive, while the bulk of cortisol is bound to corticoste-
planation of the higher prevalence of Al in our patients  roid-binding globulin (CBG) and albumin and hence
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is physiologically inactive [15]. The serum level of al-
bumin and CBG falls as the severity of cirrhosis in-
creases. This leads to lowering of the total cortisol level
and results in overdiagnosis of AL Multiple studies
have found that utilizing total cortisol rather than free
cortisol yields much higher estimates of AI but detec-
tion of free cortisol is not used in routine practice since
it is both expensive and difficult [3].

The mechanism behind the occurrence of Al in
patients with liver cirrhosis is still unknown. Several
mechanisms, however, have been proposed. The role of
cholesterol and its impaired synthesis in liver disease
is one of these hypothesized pathways. A low choles-
terol level can lead to decreased cortisol production
by the adrenal glands in cirrhosis with subsequent
low total cholesterol levels, high-density lipoprotein
levels and low-density lipoprotein levels especially in
stressful conditions. Another possible explanation is
the increased levels of proinflammatory cytokines and
circulating endotoxin in patients with liver cirrhosis,
which have a negative feedback effect on the hypotha-
lamic-pituitary-adrenal axis. Adrenal hemorrhage in
the context of liver disease-related coagulation prob-
lems has also been suggested as an uncommon cause
of Al [3-5].

In this study the indicators of severity of liver dis-
ease, MELD and Child-Pugh classification, were sig-
nificantly greater in the group with AI compared to
those with normal adrenal function. Park et al. report-
ed a negative correlation between the Child-Pugh class
and basal cortisol levels that was significant. This cor-
responds with the findings of our study [4]. Another
study by Nandish et al. reported that more severe liver
disease was associated with AI [6]. A comparable find-
ing was obtained by Galbois et al. [16], who reported
that AT was linked to the severity of liver disease, and
that AT would alter the prognosis of patients with liver
cirrhosis, which is why early detection of AI and use
of glucocorticoids might improve patients’ symptoms
and reduce mortality [2]. These results are contradic-
tory to Acevedo et al., who did not find any relation be-
tween disease severity and Al in hospitalized patients
with decompensated cirrhosis [7].

A major finding of our study is that patients with
Al had a significantly lower serum sodium level com-
pared to those with normal adrenal function. This high
rate of hyponatremia in patients with cirrhosis and Al
could be attributed to adrenal dysfunction rather than
just a symptom of patients’ more advanced circulatory
dysfunction. Hyponatremia is a well-known conse-
quence of advanced cirrhosis that is associated with
a poor prognosis. The mechanism of hyponatremia in
liver cirrhosis is similar to that of heart failure [17].

The compensatory activation of the neurohormonal
system in cirrhosis is triggered by arterial underfilling
caused by systemic vasodilation [18]. These compensa-
tory mechanisms include non-osmotic release of argi-
nine vasopressin (AVP), sympathetic nervous system
activation, and the renin-angiotensin system [17, 18].
These pathways cause sodium and water retention, as
well as dilutional hyponatremia. Hyponatremia may
also be attributed to glucocorticoid deficiency [5].
Similar results of some recent studies were reported
[5, 7, 8] while other studies [2, 6] failed to find a cor-
relation between sodium level and AI. According to
our findings and those of other researchers, Al could
be one of the elements contributing to the pathophysi-
ology of cirrhosis-related hemodynamic changes.

The effects of steroid therapy in cirrhotic individuals
with AT are still controversial. Corticosteroid therapy is
said to lower the need for vasopressors in critical illness,
shorten the time spent in the intensive care unit, and
improve shock resolution, but it also raises the risk of
infection and bleeding [4]. Several trials have demon-
strated that administration of corticosteroids to patients
with cirrhosis who were in septic shock improved their
survival while other studies found no benefit [3, 19-21].
We did not aim to evaluate the effect of corticosteroid
medication since all of the patients in this trial were sta-
ble. To assess the impact of corticosteroid therapy in cir-
rhotic patients with AI, more prospective randomized
clinical trials are needed.

Strengths of the current study include the relatively
large sample size with different etiologies for cirrhosis.
It is also one of the few studies to evaluate the adrenal
function and associated variables in stable cirrhotic
patients in the outpatient setting.

Our study’s main limitation is that we tested total
cortisol rather than free cortisol in response to Syn-
acthen stimulation, which may have led to overestima-
tion of Al in our patients with low albumin.

Conclusions

Adrenal insufficiency is common among cirrhotic
patients even in hemodynamically stable individuals.
It is not related to the etiology of cirrhosis but is re-
lated to the severity of liver disease and the degree of
hyponatremia. These results could provide a wider re-
search field for improving the treatment modalities of
hemodynamically stable patients with liver cirrhosis.
We recommend measuring free cortisol levels for more
accurate estimation of the prevalence of Al Further
research should look into the impact of medical treat-
ment for AT on the management of hyponatremia, cir-
culatory failure, and the avoidance of cirrhosis-related
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comorbidities such as hepatorenal syndrome. More
studies are recommended to determine the impact of
Al on clinical outcomes in stable cirrhotic patients.
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