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Background/aims: Alcoholic hepatitis (AH) is an acute hepatic inflammation associated with high morbidity and
mortality. Treatment with steroids is known to decrease short-term mortality in severe AH patients. Hence, we
hypothesize that adrenal insufficiency can be associated with severe AH and affects prognosis. The aim of this
study was (1) to evaluate relative adrenal insufficiency (RAI) in patients with AH and (2) to Compare RAI with
the severity of AH. Methods: Newly diagnosed cases of AH hospitalized in SMS Medical College and Hospital,
Department of Gastroenterology were, enrolled. All patients of AH were classified as mild and severe AH on
the basis of Maddrey discriminant function (DF). After baseline serum cortisol, 25 IU ACTH (Adreno Cortico-
trophic Hormone) was injected intramuscularly and blood sample was collected after 1 h and assessed for serum
cortisol. RAI was defined as <7 mg increase in the cortisol level from baseline. RAI was compared with severity of
AH.Results:Of 120 patients of AH, 58 patients fulfilled the inclusion criteria, in which 48 patients were diagnosed
as severe AH and 10 patients were diagnosed as mild AH. In patients with severe AH, the baseline mean serum
cortisol level was significantly high as compared withmild AH; 26 patients (54.16 %) of 48 patients with severe AH
showed RAI (P# 0.001).Whereas in patients with mild AH, none of patients showed RAI. RAI also showed nega-
tive correlation withDF. There was no difference in RAI with respect to acute kidney injury (AKI). Conclusion:RAI
is a common entity in patients with severe AH, and it is related with the severity of disease. ( J CLIN EXP HEPA-
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Alcohol-related disease is the third most common
cause of morbidity.1 Alcoholic liver disease (ALD)
represents a spectrum of conditions ranging from

reversible fatty liver to alcoholic hepatitis (AH) and
cirrhosis. AH is characterized by rapid onset of jaundice
along with fever and/or ascites. The prevalence of AH is
20% among the hospitalized alcoholic patients.2–4 About
50% patients of AH have underlying cirrhosis. These
patients generally have poor prognosis and are associated
with 28-day mortality as high as 50% in severe cases.5

Adrenal dysfunction/adrenal insufficiency (AI) in
cirrhosis, also described as hepatoadrenal syndrome, is a
well-recognized entity. AI is defined as an inadequate gluco-
al insufficiency, alcoholic hepatitis, CIRCI (Critical
teroid Insufficiency)
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corticoid activity with respect to the severity of illness in a
patient with liver disease.6–8 This is also termed as critical
illness–related corticosteroid insufficiency (CIRCI) and
occurs because of either reduced adrenal steroid
production or tissue resistance to glucocorticoids in
patients with systemic inflammation.9 AI is frequent in
compensated (31–60%)10–13 and decompensated cirrhosis
(26%–64%).14,15.This hypoadrenalism is transient and is
not caused by a structural lesion but could increase the
risk of circulatory failure, infections, and further
decompensation. It substantially increases the risk of
death during acute illness as an increase of the cortisol
level in acute illness is an important protective response.16,17

Severe AH is associated with an increased level of endo-
toxin andproinflammatorymediators,which is quite similar
to that observed in sepsis. Steroids (produced by adequate
adrenal function) are associated with improved short-term
mortality in patients with severe AH.18,19 Hence, we
hypothesize that AI is associated with severe AH and
affects its prognosis. The aim and objective of this study
were to assess the prevalence of relative AI in patients with
AH and to see its correlation with the severity of AH.
MATERIAL AND METHODS

This study was conducted in SMS Medical College and
Hospital, Department of Gastroenterology over a period
of 1 year (March 2016–March 2017). Newly diagnosed
vier B.V. All rights reserved.
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cases of AH who were hospitalized in our ward were
enrolled after written informed consent. Diagnosis of AH
was made by the clinical criteria that included resent onset
(<3 months) of jaundice (bilirubin > 3 mg/dl) associated
with the intake of heavy alcohol <3 week before jaundice,
elevated AST up to 500 IU/L, aspartate aminotransferase
(AST) to alanine aminotransferase (ALT) ratio >2 and in-
ternational normalised ratio (INR) >1.5.20

All patients underwent routine investigations and were
classified asmild or severe hepatitis on the basis ofMaddrey
discriminant function (DF). Abaseline 8AMsample for esti-
mation of the serum cortisol was collected and relative adre-
nal insufficiency (RAI)was assessed. Afterwards, an injection
of ACTH (Acton Prolongatum—Ferring Pharmaceuticals)
25 IU was injected intramuscularly, and blood sample was
again collected after 1 h for estimation of the serum cortisol.
The serum cortisol level was assessed via Architect chemilu-
minescent microparticle immunoassay method. Delta
cortisol was defined as difference between the baseline and
post-ACTH cortisol level. RAI was defined as delta
cortisol < 7 mgm/dl. RAI was compared with the severity
of AH by using Maddrey DF (4.6� patients' prothrombin
time�control prothrombin time) + serum bilirubin). The
study was approved by the institutional ethical committee.

Patients were excluded on the basis of the following
exclusion criteria: (1) patients who had obvious evidence
Table 1 Characteristics of the Study Population According to Ma

Parameters Mean ± SD

DF < 32 (n = 10)

Age (years) 43.10 � 8.02 3

Hb (gm/dl) 8.89 � 2.11 9

TLC (cumm) 9119.00 � 3583.15 1

Platelets (lakh/ml) 1.30 � 0.81 1

PT (sec) 16.20 � 1.54 2

INR (%) 1.28 � 0.17 2

Protein (gm/dl) 6.47 � 0.66 6

Albumin (gm/dl) 2.84 � 0.44 2

Globulin (gm/dl) 3.53 � 0.62 3

Bilirubin (mg/dl) 8.75 � 7.31 1

Direct B (mg/dl) 4.34 � 4.45 8

AST (U/L) 136.50 � 63.26 1

ALT (U/L) 57.20 � 45.25 5

Urea (mg/dl) 36.62 � 12.43 7

Creatinine (mg/dl) 0.95 � 0.50 2

DF 21.31 � 6.25 8

Cortisol1 (microgram/dl) 11.87 � 3.73 1

Cortisol2 (microgram/dl) 31.94 � 6.07 2

Delta value 20.05 � 4.69 8

SD, Standard Deviation; HS, Highly Significant; NS, Not Significant; TLC, To
P value < 0.05 significant; P value > 0.05 not significant.
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of infection (such as on chest X-ray, blood culture, urine
examination), (2) patients with positive serology of hepati-
tis B/C, (3) patients with hemodynamic instability (mean
arterial blood pressure <80 mmHg), (4) The current or
recent history of corticosteroid use in the past 3 months,
(5) high baseline serum cortisol level (>33 mgm/dl), and
(6) patients who did not give consent.

Statistical analysis
The quantitative data were analyzed by using Z-test, and
qualitative data were analyzed by using chi-square test.
Correlation between the two data was measured by a scat-
ter plot graph.
RESULTS

We studied totally 120 newly diagnosed patients of AH. On
the basis of the exclusion criteria, 62 patients were
excluded. Among 58 patients included, 10 were diagnosed
as having mild AH and 48 were diagnosed as severe AH.
Basic parameters of all the patients are given in Table 1.
All the patients were men.

Some baseline parameters were significantly different
among mild and severe AH group (age
[37.35 � 9.80 years V/S 43.10 � 8.02 years], DF
[87.71 � 55.91 V/S 21.31 � 6.25]), while other parameters
ddrey Discriminant function (DF).

P value Significance

DF $ 32 (n = 48)

7.35 � 9.80 <0.001 HS

.22 � 2.40 >0.05 NS

7237.08 � 10335.81 >0.05 NS

.38 � 0.76 >0.05 NS

8.32 � 11.48 <0.001 HS

.54 � 1.01 <0.001 HS

.14 � 0.90 >0.05 NS

.72 � 0.48 >0.05 NS

.43 � 0.88 >0.05 NS

8.83 � 9.11 <0.001 HS

.87 � 4.40 <0.001 HS

57.31 � 78.19 >0.05 NS

5.17 � 35.29 >0.05 NS

0.53 � 63.40 <0.001 HS

.14 � 1.87 <0.001 HS

7.71 � 55.91 <0.001 HS

7.06 � 5.99 <0.001 HS

5.44 � 10.69 <0.001 HS

.37 � 7.23 <0.001 HS

tal Leucocyte Count.
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including hemoglobin, total leukocyte count,platelet
counts, total serum protein, serum albumin, serum glob-
ulin, AST and ALT were not showing any significant differ-
ence (P > 0.05).

Patients with mild AH had a baseline mean serum
cortisol level of 11.87 � 3.73 mgm/dl and had a post-
ACTHmean cortisol level of 31.94� 6.07 mgm/dl. Patients
with severe AH had a baseline mean serum cortisol level of
17.06� 5.99 mgm/dl and post-ACTHmean cortisol level of
25.44 � 10.69 mgm/dl (P < 0.001). None of the patients
with mild AH had an evidence of RAI, while 26/48 patients
(54.16%) with severe AH had RAI (P < 0.001). In patients
with mild AH, the mean delta cortisol level was
20.05 � 4.69 mgm/dl, and in patients with severe AH, the
mean delta serum cortisol was 8.37 � 7.23 mgm/dl
(P < 0.001) Figure 1). Baseline clinical parameters in the
two groups were compared with respect to the presence
or absence of RAI. There was a statistically significant dif-
ference in prothrobin time (PT)/INR and DF. The differ-
ence in other variables was not clinically significant
(Table 2). There was a significant negative correlation
(Figure 2) of delta cortisol, while correlating with DF as r
�0.466 (P < 0.05). When RAI was compared according to
renal function, there was no significant correlation be-
tween RAI and acute kidney injury (Table 3).
-
-

-

DISCUSSION

AH is a frequent life-threatening cause of liver failure,
particularly in its severe form. In our study, the mean age
of presentation of AH was 38.5 years, which was younger
than that documented in the previous studies.21 The
mean age of patients with severe AH was less than that
with mild AH. Our findings are consistent with previous
studies, which showed that younger people are at higher
Figure 1 Graph showing the mean value of delta cortisol according to D
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risk to develop AH.22,23 The reason behind this
observation might be a genetic predisposition or binge
drinking behavior of younger patients.

Among the factors influencing the outcome in patients
of ALD, RAI was demonstrated to be associated with the
severity of liver disease.24 A possible explanation of this
could be an increased concentration of circulating cyto-
kines, which may interfere with appropriate activation of
the hypothalamic pituitary adrenal (HPA) axis.25

AI has been a well-known phenomenon in liver disease
patients,26,27 but it has only recently been addressed with
concern when investigators found relatively insufficient
response to adrenal gland stimulation12 and favorable
response to addition of steroids in certain group of pa-
tients (e.g. sepsis).28

O' Beirne J et al reported AI in 33% patients with acute
liver insufficiency, in 65% patients with chronic liver dis-
ease and sepsis, and in 92% patients who have undergone
transplantation and received a steroid-free treatment pro-
tocol.29

Previously published studies have shown a very high
prevalence of AI in cirrhosis patients with sepsis12,20,28,30

and without sepsis.6,10 AI correlates with severity of
hepatic dysfunction and poor prognosis and has an
inverse correlation between the peak cortisol response
and severity of hepatic dysfunction.12

Till date, there are no data available on RAI in pa-
tients with AH. Steroid treatment in severe AH improves
short-term survival.31 This effect could be due to the
correction of RAI. In our study, 26/48 patients
(54.16%) with severe AH had an evidence of RAI
compared with none in mild AH group (P < 0.001).
RAI depended on the severity of hepatic dysfunction
as documented in the previous published data on adre-
nal dysfunction in hepatic diseases.12
F (P < 0.001 [HS]). DF, Discriminant Function; HS, Highly Significant.
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Table 2 Characteristics of the Study Population According to RAI in Severe Alcoholic Hepatitis.

Parameters Mean ± SD P value Significance

RAI present (n = 26) No RAI (n = 22)

Age (years) 35.61 � 8.11 39.23 � 10.90 >0.05 NS

Hb (gm/dl) 8.92 � 2.34 9.41 � 2.37 >0.05 NS

TLC (cumm) 18241.54 � 8402.03 16448.18 � 12120.89 >0.05 NS

Platelets (lakh/ml) 1.38 � 0.65 1.53 � 1.12 >0.05 NS

PT (sec) 31.10 � 14.20 24.75 � 5.71 <0.05 Sig

INR (%) 2.80 � 1.17 2.21 � 0.68 <0.05 Sig

Protein (gm/dl) 6.11 � 0.98 6.17 � 0.79 >0.05 NS

Albumin (gm/dl) 2.68 � 0.58 2.77 � 0.31 >0.05 NS

Globulin (gm/dl) 3.42 � 0.96 3.45 � 0.78 >0.05 NS

Bilirubin (mg/dl) 19.83 � 9.70 18.30 � 8.40 >0.05 NS

Direct B (mg/dl) 8.87 � 4.74 9.00 � 4.05 >0.05 NS

AST (U/L) 151.88 � 69.94 162.77 � 87.18 >0.05 NS

ALT (U/L) 56.77 � 28.86 51.20 � 41.57 >0.05 NS

Urea (mg/dl) 66.54 � 63.95 72.34 � 62.13 >0.05 NS

Creatinine (mg/dl) 2.11 � 1.81 2.21 � 1.92 >0.05 NS

DF 102.11 � 68.88 70.07 � 26.61 <0.05 Sig

MELD (unit) 33.33 � 9.42 31.16 � 9.07 >0.05 NS

SD, Standard Deviation; RAI, Relative Adrenal Insufficiency; NS, Not Significant; Sig, Significant; Model for End-stage Liver Disease(MELD); TLC, Total
Leucocyte Count.
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Baseline serum cortisol level was higher in patients
with severe AH compared with mild AH, which is sugges-
tive of a state of stress in the severe AH group. In patients
with severe illness, activation of the HPA axis is an
important feature in host adaptation to acute illness.
Activation of this axis initiated by the action of cytokines
on the hypothalamus promotes the release of corticotro-
phin-releasing hormone, corticotrophin, which acts on
y
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Figure 2 Scatter plot graph showing the correlation between the discrimina
Discriminant Function.
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the pituitary gland, in turn increasing cortisol secretion
by the adrenal glands. During an acute illness, negative
feedback of cortisol on corticotrophin-releasing hormone
and corticotrophin is depressed, which keeps a sustained
activation of the HPA axis. Consequently, in well-
compensated adaptation response to optimize the effect,
the cortisol level in the circulation and in the tissue is
increased.32,33
 = -0.0606x + 14.66
R² = 0.2176

250 300 350 400 450
DF

nt factor (DF, X axis) and delta cortisol (Y axis), r �0.466 (P < 0.05). DF,

tion for Study of the Liver. Published by Elsevier B.V. All rights reserved.



Table 3 Correlation of RAI and AKI in Patients With Severe
Alcoholic Hepatitis.

Creatinine RAI Total

Present Absent

#1.5 14 10 24

>1.5 12 12 24

Total 26 22 48

RAI, Relative Adrenal Insufficiency; NS, Not Significant; AKI, Acute Kid-
ney Injury.
X2 = 0.336, d.f. = 1, P > 0.05 (NS).
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Normal plasma ACTH values do not rule out the mild
secondary AI particularly in patients with critical
illness.34 Therefore, dynamic testing is required to estab-
lish the diagnosis of RAI.35 Most appropriate form of stim-
ulation test for critically ill patients with/without liver
disease is measuring the peak and the change in cortisol
concentration (delta cortisol). It is likely that patients
with AH also come under the previously mentioned cate-
gory, and hence, their adrenal function should be assessed
according to the CIRCI criteria. The majority of these pa-
tients have an evidence of systemic inflammatory response
syndrome.

We used an intramuscular ACTH test, and it has been
found to be effective in evaluation of adrenal function in
all suspected cases of the primary or secondary AI.36

This is the first study that has demonstrated RAI in pa-
tients with AH, and it provokes a new thought for treat-
ment with steroid.

However, our study has a few limitations, such as we
have included very few mild AH patients; steroid was
not given to any severe AH patients; and it was a single-
point cross-sectional study as no follow-up and mortality
data were collected. So, the future study should be con-
ducted with larger number and to see the effect of steroid
on severe AH patients with RAI to assess the survival
benefit.
CONCLUSION

RAI seems to be common in patients with liver failure
including AH, irrespective of the presence of sepsis. RAI
correlates with the severity of AH. However, further pro-
spective, randomized clinical trials are necessary to assess
RAI in AH and the effect of corticosteroid therapy on AH
patients with RAI.
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