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Abstract

Background: Alcoholic hepatitis (AH) is characterized by acute 
symptomatic hepatitis associated with heavy alcohol use. This study 
was designed to assess the impact of metabolic syndrome on high-risk 
patients with AH with discriminant function (DF) score ≥ 32 and its 
effect on mortality.

Methods: We searched the hospital database for ICD-9 diagnosis 
codes of acute AH, alcoholic liver cirrhosis, and alcoholic liver dam-
age. The entire cohort was categorized into two groups: AH and AH 
with metabolic syndrome. The effect of metabolic syndrome on mor-
tality was evaluated. Also, an exploratory analysis was used to create 
a novel risk measure score to assess mortality.

Results: A large proportion (75.5%) of the patients identified in the 
database who had been treated as AH had other etiologies and did not 
meet the American College of Gastroenterology (ACG)-defined diag-
nosis of acute AH, thus had been misdiagnosed as AH. Such patients 
were excluded from analysis. The mean body mass index (BMI), he-
moglobin (Hb), hematocrit (HCT), and alcoholic liver disease/non-
alcoholic fatty liver disease index (ANI) were significantly different 
between two groups (P < 0.05). The results of a univariate Cox regres-
sion model showed that age, BMI, white blood cells (WBCs), creati-
nine (Cr), international normalized ratio (INR), prothrombin time (PT), 
albumin levels, albumin < 3.5, total bilirubin, Na, Child-Turcotte-Pugh 
(CTP), model for end-stage liver disease (MELD), MELD ≥ 21, MELD 
≥ 18, DF score, and DF ≥ 32 had a significant effect on mortality. Pa-
tients with a MELD greater than 21 had a hazard ratio (HR) (95% con-
fidence interval (CI) of 5.81 (2.74 - 12.30) (P < 0.001). The adjusted 

Cox regression model results showed that age, Hb, Cr, INR, Na, MELD 
score, DF score, and metabolic syndrome were independently associ-
ated with high patient mortality. However, the increase in BMI and 
mean corpuscular volume (MCV) and sodium significantly reduced 
the risk of death. We found that a model including age, MELD ≥ 21, 
and albumin < 3.5 was the best model in identifying patient mortality. 
Our study showed that patients admitted with a diagnosis of alcoholic 
liver disease with metabolic syndrome had an increased mortality risk 
compared to patients without metabolic syndrome, in high-risk patients 
with DF ≥ 32 and MELD ≥ 21. A bivariate correlation analysis revealed 
that patients with AH with metabolic syndrome were more likely to 
have infection (43%) compared to AH (26%) with correlation coeffi-
cient of 0.176 (P = 0.03, CI: 0.018 - 1.0).

Conclusion: In clinical practice, the diagnosis of AH is inaccurately 
applied. Metabolic syndrome significantly increases the mortality risk 
in high-risk AH. It signifies that the presence of features of metabolic 
syndrome modifies the behavior of AH in acute settings, warranting 
different therapeutic strategies. We propose that in defining AH, pa-
tients overlapping with metabolic syndrome may need to be excluded 
as their outcome is different with regard to risk of renal dysfunctions, 
infections and death.

Keywords: Alcoholic hepatitis; Metabolic syndrome; Discriminant 
function; MELD; Acute-on-chronic liver failure; Alcoholic liver dis-
ease; Alcoholic cirrhosis

Introduction

Alcoholic hepatitis (AH) is characterized by the onset of acute 
symptomatic hepatitis manifesting with features of liver fail-
ure in patients with stable alcoholic liver disease (ALD). AH 
could be the initial clinical presentation of ALD. Usually, it is 
associated with heavy alcohol use in preceding months. Most 
patients with AH have a history of alcohol use, usually more 
than 100 g/day for two or more decades [1, 2]. The incidence 
of AH is unknown because it often goes unreported. A cohort 
of 1,604 patients with a history of alcohol use found that about 
20% had AH, suggesting that this disease is widespread [2]. 
AH is associated with the rapid onset or worsening of jaundice 
and, in severe cases, can lead to acute liver failure [3]. The 
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mortality rate is as high as 16% and 30% at 1 and 3 months, 
respectively, with an overall 5-year survival rate of 56% [4].

In the United States, the burden of AH is increasing. In 
patients with severe AH (Maddrey discriminant function (DF) 
≥ 32), short-term mortality rate is high at roughly 25-45% at 
1 month [5-8]. The Maddrey DF is the most commonly used 
tool to assess the severity of AH and identify patients who may 
benefit from treatment with steroids, which has been debated 
over the years with inconsistent results [9]. This inconsistency 
could be due to a lack of a precise definition or diagnosis of 
AH or the presence of some other unidentified factors.

A transjugular liver biopsy is the best choice to diagnose 
patients with suspected AH. However, it is generally not per-
formed in clinical practice. Currently, the diagnosis is based on 
a history of heavy alcohol consumption until within 3 months 
of index hospitalization and excluding other etiologies such as 
viral hepatitis (A, B, and C), autoimmune hepatitis, and Wil-
son’ disease [10].

Many prognostic models have been proposed to estimate 
the severity of AH, such as the MELD score [9] and Maddrey’s 
DF [11]. A DF value of 32 or higher indicates severe AH that 
carries an adverse prognosis with 20-30% mortality within 1 
month after the presentation and 30-40% within 6 months after 
presentation [10].

The impact of metabolic syndrome on morbidity and mor-
tality among patients consuming heavy alcohol and present-
ing with acute deterioration remains unknown, especially in 
high-risk patients with MELD ≥ 21 and DF ≥ 32. Lack of dif-
ferentiation from metabolic syndrome could cause inconsist-
ent results with steroid treatment and failure to develop new 
therapeutic modalities, such as extracorporeal liver assisted 
device (ELAD) [11, 12]. Obesity and metabolic syndrome are 
associated with increased liver-related mortality in stable ALD 
patients [13]. However, it is unclear whether hepatotoxic con-
sequences of metabolic syndrome and alcohol intake are addi-
tive or synergistic [14]. Obesity and adipose tissue may con-
tribute to the development of ALD by generating free radicals, 
increasing tumor necrosis factor-alpha (TNF-alpha) produc-
tion, and producing fibrogenic agents [15]. On the other hand, 
alcohol causes hepatotoxicity through alcohol dehydrogenase, 
and cytochrome P450 2E1 (CYP2E1) pathways lead to toxic 
acetaldehyde production. In addition, CYP2E1 activates oxi-
dative stress and pro-inflammatory TNF-alpha in the Kupffer 
cells [16]. Thus, in alcoholic and non-alcoholic steatohepatitis 
progression, there seem to be common metabolic aspects of 
the innate immune system and oxidative stress [17, 18].

To our knowledge, the impact of metabolic syndrome on 
AH has not been studied well. The presence of metabolic fea-
tures may alter the disease course, including risk of acute dete-
rioration and outcome. When such patients with combined al-
cohol and metabolic syndrome present with acute deterioration, 
their underlying etiologic and pathophysiologic mechanism 
of acute deterioration may not be the same as in patients with 
purely alcohol-related liver disease. In other words, two patients 
with a history of heavy alcoholism, one with metabolic syn-
drome and the other without, may have different mortality risks 
despite having high MELD or DF scores when they present with 
acute deterioration. Both may have different histopathological 
features despite the shared history of alcoholism; thus, they may 

need to be identified and treated as two separate and distinct en-
tities for future clinical purposes. The impact of such factors has 
not been previously studied in the setting of acute AH.

This retrospective study aimed to assess factors associated 
with mortality risk in acute AH in high-risk patients (MELD ≥ 
21 and DF ≥ 32). We hypothesize that the presence of insulin 
resistance manifesting with metabolic syndrome in such pa-
tients has a different outcome that could explain inconsistent 
response to treatment. Secondly, it aimed to identify factors 
associated with AH with metabolic syndrome to differentiate 
from patients with AH without metabolic syndrome. Thirdly, 
it aimed to assess the predictive ability of MELD ≥ 21 and DF 
≥ 32 in conjunction with other factors such as age, infection, 
and albumin status.

Materials and Methods

We reviewed the hospital database for ICD-9 diagnosis codes 
of acute AH, alcoholic liver cirrhosis, and alcoholic liver dam-
age over a period of 10 years. In addition, we retrospectively 
reviewed the charts of patients identified by database search 
for acute AH, alcoholic liver cirrhosis, and alcoholic liver 
damage, unspecified.

Inclusion and exclusion criteria were: 1) Age ≥ 18 years; 
2) History of excess alcohol (as defined by alcohol use dis-
order criterion, > 5 drinks/day for males and > 4 drinks/day 
for females, at least one time per week) [19]; 3) Diagnosis of 
AH was based upon American College of Gastroenterology 
(ACG) guidelines as follows: patient with rapid development 
or worsening of jaundice and liver-related complications, 
with total serum bilirubin > 3 mg dL; alanine aminotrans-
ferase (ALT) and aspartate aminotransferase (AST) increased 
> 1.5 times the upper limit of normal, but less than 400 U/L 
with the AST/ALT ratio > 1.5; documentation of heavy alco-
hol consumption until 8 weeks before symptoms start [3]; 4) 
Exclusion of other etiologies (viral hepatitis A, B or C, auto-
immune hepatitis, primary biliary cholangitis (PBC), or h/o 
known metabolic liver diseases, such as hemochromatosis, 
Wilson’s disease, or Alfa-1 anti-trypsin deficiency), biliary 
obstruction; 5) Exclusion of other conditions which may af-
fect outcome such as hepatocellular carcinoma (HCC), extra-
hepatic malignancy, children, pregnant women, prisoners, or 
cognitively impaired adults.

The study was conducted in compliance with the ethical 
standards of the responsible institution on human subjects as 
well as with the Helsinki Declaration. The University of Ari-
zona Institutional Review Board (IRB) approved this study and 
waived the consent form requirement. Patients were identified 
through ICD-9 codes to diagnose AH, alcoholic cirrhosis, hepa-
titis, cirrhosis, and liver failure. Residents in Internal Medicine 
and Gastroenterology fellows reviewed the charts, and data 
were collected as per pre-defined protocol. Subsequently, the 
data were de-identified and submitted to a statistician for analy-
sis. Figure 1 shows the steps of data processing and extraction.

After identifying patients meeting inclusion and exclu-
sion criteria, we reviewed all the charts for the entire course 
of hospital stay. We collected the following data: 1) demo-
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graphic features including age, gender, height, weight, body 
mass index (BMI), race, and ethnicity; 2) history of alcohol 
drinking and other relevant social factors; 3) co-morbid condi-
tions, especially features of metabolic syndrome; and 4) ear-
liest (within 24 h of admission) laboratory values. Diagnosis 
of AH was based on the following clinical criteria defined by 
ACG as above metabolic syndrome was defined following the 
ATP-III guidelines (revised 2005), which consists of three or 
more of the following: fasting plasma glucose ≥ 100 mg/dL, 
serum triglycerides ≥ 150 mg/dL, serum high-density lipo-
protein (HDL) cholesterol ≤ 40 mg/dL, blood pressure (BP) 
≥ 130/85 mm Hg or BP medication or waist girths > 102 cm 
[20]. Because this study was retrospective, waist girth was not 
available; instead, we used BMI ≥ 30 as a criterion. Obesity 
classification was determined based on the World Health Or-
ganization (WHO) definitions: BMI ≥ 30 kg/m2 and < 30 [21]. 
Also, patients with A1c ≥ 5.7 or ≥ 6.3 were considered pre-di-
abetic or diabetic respectively; this was an alternative criterion 
for fasting blood glucose. We also calculated the ALD/non-al-
coholic fatty liver disease (NAFLD) index (ANI) score, AST/
ALT ratio, DF, AST to platelet ratio index (APRI), fibrosis-4 
(Fib-4) score, MELD score, and Child-Turcotte-Pugh (CTP) 
classification at the time of admission.

DF score was defined as: 4.6 (Prothrombin time (s) - con-
trol Prothrombin time (s)) + serum bilirubin (mg/dL).

The MELD score was calculated using the formula: 3.8 
(log bilirubin) + 11.2 (ln INR) + 9.6 (ln creatinine) + 10.

Infections, drug-induced liver injury (DILI) and gastroin-
testinal bleeding (GIB) are the known acute precipitants of a 
stable chronic liver disease leading to acute-on-chronic liver 
failure (ACLF) [22-24]. Infections were detected based on a 
positive culture (urine, blood, or ascites fluid), based on sero-
logical tests (cocci based on IgM), clinical examination (cellu-
litis), radiologist’s imaging report (pneumonia), or neutrophil 
granulocytes > 250 cells/µL (spontaneous bacterial peritoni-
tis). The primary endpoint of the study was mortality. Mortal-
ity data were obtained from the Social Security Death Index.

Categorization

Patients were stratified into two groups based upon the pres-
ence or absence of metabolic syndrome, as shown in Figure 2. 
Patients who met inclusion and exclusion criteria, but with in-
complete data were also excluded. A large proportion (75.5%) 
of the patients treated as AH had other etiologies as defined 
above or did not meet ACG-defined diagnosis of acute AH, 
thus had been misdiagnosed as AH. In a small proportion of 
patients (4%), either data were unavailable to assess metabolic 
syndrome features or complete labs were not available to cal-

Figure 1. Data collection and analysis process.
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culate MELD and DF scores. Thus, only 20.5% of identified 
patients met the criteria to include for final analysis.

Statistical analysis

Clinical features were summarized by mean ± standard de-
viation (SD) for continuous variables and frequency (%) for 
categorical variables by insulin metabolic syndrome status. 
Wilcoxon rank-sum tests were carried out to compare continu-
ous variables and Fisher’s exact tests were used to compare 
categorical variables between the metabolic syndrome groups. 
Logistic regression was used to identify the factors accompa-
nied by metabolic syndrome status. Cox regression was ap-
plied to identify the factors associated with survival and evalu-
ate the predictability for each of the fitted models, in which 

C-statistic and receiver operating characteristic (ROC) curves 
were derived.

Results

In this study, 109 patients were included, with a mean age of 
47.49 ± 12.72 years. Sixty-two patients were AH, and 47 pa-
tients were AH with metabolic syndrome. In addition, 39% of 
patients were women, and 72 (66%) were Caucasian. Sixty-
four (58.72%) had albumin levels of less than 3.5.

Seventy-six patients (70%) had evidence of chronic liver 
disease on imaging. In 36 (33%) patients, infection was di-
agnosed based upon positive cultures, and abnormal chest X-
rays. GIB was diagnosed in 12% of the cohort, though 17% 
underwent endoscopic evaluation. Pneumonia was the most 
common infection (46%) followed by urinary tract infection 
(32%) and others (22%). The distribution of patients based on 
infection status is shown in Figure 3. Two patients had been 
diagnosed with systolic blood pressure (SBP). Most of the pa-
tients with ascites had not had paracentesis performed during 
the entire course of hospitalization. Only one had been diag-
nosed with sepsis with positive blood culture. Cephalosporin 
and ciprofloxacin were the most used antibiotics, and other 
antibiotics included meropenem and vancomycin. Twenty-
six patients had been diagnosed with acute kidney failure and 
five of them underwent hemodialysis. Six patients underwent 
transjugular intrahepatic portosystemic shunt (TIPS). Twenty-
nine patients (26.61%) had a MELD score of greater than 21. 
Twenty-nine patients died (26.6%). Overall, 31.9% (n = 15) 
of patients with metabolic syndrome died while the mortality 
in patients without metabolic syndrome was 22.6% (n = 14).

Forty-one patients (37.61%) had DF ≥ 32. The results 
showed that the mean BMI, hemoglobin (Hb), hematocrit 
(HCT), and ANI were significantly different between the AH 
and AH with metabolic syndrome groups (P < 0.05). Also, 
there was a significant difference in the frequency of diabetes 
between the two groups (P < 0.001) (Table 1).

Figure 3. Distribution of patients based on infection status.

Figure 2. Study cohort categorization.
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Table 1.  Clinical Features Based Upon Metabolic Syndrome (t-Test, Chi-Square)

Variable Overall (N = 109) Alcohol hepatitis (N = 62) Alcohol hepatitis with metabolic syndrome (N = 47) P-value*
Age 47.49 ± 12.72 47.50 ± 11.90 47.47 ± 13.87 0.67
Female 43.00 (39.45%) 29.00 (46.77%) 14.00 (29.79%) 0.08
Race 0.38
  Caucasian 72.00 (66.06%) 43.00 (69.35%) 29.00 (61.70%)
  Hispanic 24.00 (22.02%) 14.00 (22.58%) 10.00 (21.28%)
  Others 13.00 (11.93%) 5.00 (8.06%) 8.00 (17.02%)
Diabetic 12.00 (11.11%) 0.00 (0.00%) 12.00 (25.53%) < 0.001
BMI 26.85 ± 7.12 23.57 ± 3.64 30.97 ± 8.24 < 0.001
WBC 10.66 ± 5.97 10.57 ± 6.09 10.79 ± 5.86 0.67
Hb 12.04 ± 2.85 11.36 ± 2.40 12.94 ± 3.16 < 0.01
Hct 34.96 ± 8.59 32.84 ± 7.78 37.77 ± 8.87 < 0.01
MCV 97.20 ± 8.58 96.33 ± 9.16 98.34 ± 7.67 0.37
Platelets 185.06 ± 118.04 188.48 ± 130.47 180.53 ± 100.51 0.75
Creatinine 1.35 ± 1.38 1.17 ± 0.96 1.59 ± 1.77 0.06
INR 2.62 ± 4.63 2.26 ± 4.04 3.10 ± 5.32 0.76
PT 27.28 ± 33.98 23.87 ± 29.92 31.70 ± 38.52 0.32
AST 243.66 ± 552.55 194.19 ± 243.90 308.91 ± 793.91 0.46
ALT 141.52 ± 357.81 105.98 ± 133.78 188.40 ± 522.40 0.46
AP 158.62 ± 117.41 165.90 ± 128.99 148.63 ± 99.98 0.69
Albumin 2.91 ± 0.89 3.02 ± 0.92 2.76 ± 0.85 0.14
< 3.5 64.00 (58.72%) 34.00 (54.84%) 30.00 (63.83%) 0.43
T. bili 6.23 ± 8.52 6.57 ± 8.99 5.78 ± 7.93 0.88
Na 134.02 ± 6.87 133.42 ± 6.87 134.81 ± 6.88 0.58
Lactate 3.48 ± 3.25 3.05 ± 3.11 4.20 ± 4.04 0.45
AST/ALT ratio 2.25 ± 1.45 2.45 ± 1.59 2.00 ± 1.20 0.19
AST/AP ratio 1.86 ± 3.42 1.60 ± 2.66 2.23 ± 4.26 0.73
ALT/AP ratio 1.05 ± 2.64 0.86 ± 1.37 1.31 ± 3.76 0.47
ALT/AP index 2.76 ± 6.94 2.25 ± 3.59 3.45 ± 9.86 0.47
AST/AP index 4.88 ± 8.98 4.19 ± 6.99 5.84 ± 11.17 0.73
NR-ALT/AP index 5.80 ± 14.62 4.75 ± 7.55 7.25 ± 20.77 0.47
NR-AST/AP index 10.28 ± 18.91 8.82 ± 14.72 12.30 ± 23.52 0.73
Fib-4 7.88 ± 12.93 7.70 ± 9.05 8.12 ± 16.85 0.46
APRI 5.47 ± 18.39 4.37 ± 8.16 6.91 ± 26.49 0.67
HAI 36.00 (33.03%) 16.00 (25.81%) 20.00 (42.55%) 0.10
Antimicrobial 54.00 (49.54%) 28.00 (45.16%) 26.00 (55.32%) 0.34
CTP 8.32 ± 2.65 8.29 ± 2.83 8.35 ± 2.46 0.80
MELD 16.48 ± 14.23 14.90 ± 13.83 18.56 ± 14.64 0.14
≥ 21 29.00 (26.61%) 15.00 (24.19%) 14.00 (29.79%) 0.52
≥ 18 37.00 (33.94%) 19.00 (30.65%) 18.00 (38.30%) 0.42
DF 75.34 ± 157.87 59.39 ± 140.28 96.39 ± 177.83 0.22
≥ 32 41.00 (37.61%) 22.00 (35.48%) 19.00 (40.43%) 0.69
ANI 1.63 ± 9.16 3.34 ± 9.44 -0.62 ± 8.34 0.02
≥ 2.2 73.00 (66.97%) 43.00 (69.35%) 30.00 (63.83%) 0.68

Data are presented as mean ± SD or n (%). *Derived from Wilcoxon rank-sum test for continuous variables and Fisher’s exact test for categorical 
variables. BMI: body mass index; WBC: white blood cell; Hb: hemoglobin; Hct: hematocrit; MCV: mean corpuscular volume; INR: international nor-
malized ratio; PT: prothrombin time; AST: aspartate aminotransferase; ALT: alanine aminotransferase; AP: alkaline phosphatase; T. bili: total bilirubin; 
Fib-4: fibrosis-4; APRI: aspartate aminotransferase to platelet ratio index; CTP: Child-Turcotte-Pugh; MELD: model for end-stage liver disease; DF: 
discriminant function; ANI: alcoholic liver disease/non-alcoholic fatty liver disease index.
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Table 2.  Identification of Factors Associated With Combined Alcohol Hepatitis With Metabolic Syndrome (Logistic Regression, 
Stepwise Regression)

Variable
Unadjusteda Adjustedb

OR (95% CI)a P value OR (95% CI) P value
Age 1.00 (0.97 - 1.03) 0.99
Female 0.48 (0.22 - 1.07) 0.07
Race (vs. Caucasian) 0.37
  Hispanic 1.06 (0.41 - 2.71) 0.90
  Others 2.37 (0.71 - 7.98) 0.16
BMI (n = 106) 1.26 (1.14 - 1.39) < 0.0001 1.34 (1.17 - 1.54) < 0.0001
WBC 1.01 (0.94 - 1.07) 0.85
Hb 1.23 (1.06 - 1.43) < 0.01
Hct 1.08 (1.02 - 1.14) < 0.01
MCV 1.03 (0.98 - 1.08) 0.23
Platelets 0.999 (0.996 - 1.003) 0.73
Cr 1.28 (0.92 - 1.77) 0.14
INR 1.04 (0.96 - 1.13) 0.36
PT (n = 107) 1.01 (0.995 - 1.019) 0.25
AST 1.000 (1.000 - 1.001) 0.33
ALT 1.001 (0.999 - 1.003) 0.32
AP (n = 102) 0.999 (0.995 - 1.002) 0.46
Albumin 0.71 (0.46 - 1.10) 0.12
< 3.5 1.39 (0.62 - 3.13) 0.43
Total bilirubin 0.99 (0.98 - 1.04) 0.63
Na 1.03 (0.97 - 1.09) 0.30
Lactate (n = 8) 1.13 (0.71 - 1.80) 0.61
AST/ALT ratio 0.79 (0.59 - 1.06) 0.11
ALT/AP ratio (n = 102) 1.07 (0.90 - 1.28) 0.43
AST/AP ratio (n = 102) 1.06 (0.94 - 1.19) 0.37
AAPI1 (n = 102) 1.03 (0.96 - 1.10) 0.43
AAPI2 (n = 102) 1.02 (0.98 - 1.07) 0.37
NR ALT/AP (n = 102) 1.01 (0.98 - 1.05) 0.43
NR AST/AP (n = 102) 1.01 (0.99 - 1.03) 0.37
Fib-4 1.00 (0.97 - 1.03) 0.86
APRI 1.01 (0.99 - 1.03) 0.50
CTP (n = 88) 1.01 (0.86 - 1.18) 0.92
Infection 2.13 (0.95 - 4.79) 0.05
Antibiotics use 1.50 (0.70 - 3.22) 0.29
MELD 1.02 (0.99 - 1.05) 0.19
≥ 21 1.33 (0.57 - 3.12) 0.51
≥ 18 1.41 (0.63 - 3.12) 0.40
DF 1.002 (0.999 - 1.004) 0.24
≥ 32 1.23 (0.57 - 2.69) 0.60
ANI 0.95 (0.91 - 0.995) 0.03
≥ 2.2 0.78 (0.35 - 1.74) 0.54

aDerived from logistic regression. bStepwise selection with an entry P-value of 0.05 and a removal P-value of 0.05 was performed to select variables, 
in which lactate was excluded due to an extremely high missing rate > 90%. BMI: body mass index; WBC: white blood cell; Hb: hemoglobin; Hct: 
hematocrit; MCV: mean corpuscular volume; Cr: creatinine; INR: international normalized ratio; PT: prothrombin time; AST: aspartate aminotrans-
ferase; ALT: alanine aminotransferase; AP: alkaline phosphatase; AAPI1: ALT/AP index; AAPI2: AST/AP index; Fib-4: fibrosis-4; APRI: aspartate 
aminotransferase to platelet ratio index; CTP: Child-Turcotte-Pugh; DF: discriminant function; ANI: alcoholic liver disease/non-alcoholic fatty liver 
disease index; OR: odds ratio; CI: confidence interval.
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Table 3.  Identification of Factors Associated With Survival (Cox Regression)

Variable
Unadjusted (n = 108) Adjusteda (n = 105) Adjustedb (n = 105)

HR (95% CI)a P value HR (95% CI) P value HR (95% CI) P value
Age 1.05 (1.02 - 1.08) < 0.001 1.05 (1.01 - 1.08) < 0.01 1.05 (1.02 - 1.09) < 0.01
Female 1.21 (0.58 - 2.54) 0.62
Race (vs. Caucasian) 0.26
  Hispanic 1.67 (0.75 - 3.73) 0.21
  Others 0.54 (0.13 - 2.35) 0.41
BMI (n = 105) 0.98 (0.93 - 1.04) 0.47 0.91 (0.84 - 0.98) 0.02 0.92 (0.86 - 0.98) 0.01
WBC 1.09 (1.03 - 1.14) < 0.01 1.04 (0.97 - 1.12) 0.28 1.07 (0.99 - 1.16) 0.08
Hb 0.89 (0.77 - 1.02) 0.08
Hct 0.98 (0.94 - 1.02) 0.25
MCV 1.01 (0.96 - 1.06) 0.72
Platelet 1.001 (0.998 - 1.004) 0.41
Cr 1.57 (1.32 -1.87) < 0.0001
INR 1.07 (1.01 - 1.13) 0.02
PT (n = 107) 1.013 (1.005 - 1.020) < 0.01
AST 1.000 (0.999 - 1.001) 0.63
ALT 1.000 (0.999 - 1.001) 0.92
AP (n = 102) 1.001 (0.998 - 1.004) 0.56
Albumin 0.38 (0.24 - 0.62) < 0.0001 0.63 (0.34 - 1.15) 0.13 0.53 (0.30 - 0.96) 0.03
< 3.5 9.47 (2.24 - 39.96) < 0.01
Total bilirubin 1.04 (1.01 - 1.08) < 0.01
Na 0.92 (0.88 - 0.97) < 0.01 0.95 (0.89 - 1.02) 0.14 0.94 (0.88 - 0.996) 0.04
Lactate (n = 8) 1.19 (0.79 - 1.78) 0.41
AST/ALT 1.08 (0.83 - 1.42) 0.56
ALT/AP (n = 102) 0.98 (0.80 - 1.21) 0.85
AST/AP (n = 102) 1.01 (0.89 - 1.13) 0.94
AAPI1 (n = 102) 0.99 (0.92 - 1.07) 0.85
AAPI2 (n = 102) 1.00 (0.96 - 1.05) 0.94
NR ALT/AP (n = 102) 1.00 (0.96 - 1.04) 0.85
NR AST/AP (n = 102) 1.00 (0.98 - 1.02) 0.94
FIB 4 1.01 (0.98 - 1.03) 0.59
APRI 1.00 (0.98 - 1.02) 0.89
CTP (n = 87) 1.44 (1.21 - 1.71) < 0.0001
Infection 1.95 (0.93 - 4.07) 0.08
Antibiotics use (Y/N) 2.05 (0.96 - 4.38) 0.06
MELD 1.06 (1.03 - 1.08) < 0.0001 1.04 (1.01 - 1.08) < 0.01
≥ 21 5.81 (2.74 - 12.30) < 0.0001
≥18 5.30 (2.46 - 11.40) < 0.0001
DF 1.003 (1.001 - 1.004) < 0.001 1.003 (1.001 - 1.005) < 0.01
≥ 32 4.62 (2.14 - 9.99) 0.0001
ANI 1.02 (0.98 - 1.07) 0.24
≥ 2.2 1.17 (0.52 - 2.65) 0.71
IR 1.37 (0.66 - 2.84) 0.40 2.63 (1.08 - 6.40) 0.03 2.84 (1.13 - 7.13) 0.03

Derived from Cox regression. Stepwise selection with an entry P-value of 0.05 and a removal P-value of 0.05 was performed to select variables, in 
which lactate was not included due to an extremely high missing rate > 90%. aAdjusted for age, BMI, WBC, albumin, Na, MELD, and IR. bAdjusted 
for age, BMI, WBC, albumin, Na, DF, and IR. Note: One patient had a survival time < 0 so this patient was excluded from survival analysis. BMI: 
body mass index; WBC: white blood cell; Hb: hemoglobin; Hct: hematocrit; MCV: mean corpuscular volume; Cr: creatinine; INR: international normal-
ized ratio; PT: prothrombin time; AST: aspartate aminotransferase; ALT: alanine aminotransferase; AP: alkaline phosphatase; AAPI1: ALT/AP index; 
AAPI2: AST/AP index; Fib-4: fibrosis-4; APRI: aspartate aminotransferase to platelet ratio index; CTP: Child-Turcotte-Pugh; DF: discriminant func-
tion; ANI: alcoholic liver disease/non-alcoholic fatty liver disease index; HR: hazard ratio; CI: confidence interval.
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The results of the univariate logistic regression model to 
identify factors associated with combined AH with metabolic 
syndrome showed that BMI, HCT, Hb, and ANI have a signif-
icant effect. Per unit increase in Hb, the chance of metabolic 
syndrome increased by 23% (odds ratio (OR) (95% confidence 
interval (CI)): 1.23 (1.06 - 1.43), P = 0.01). Per unit increase 
in BMI and HCT, metabolic syndrome increased by 26.8% re-
spectively. However, with one unit increase of ANI, the chance 
of metabolic syndrome decreased by 5%. In the stepwise logis-
tic regression model, it was shown that the BMI increased, and 
the chance of metabolic increased by 34% (OR (95% CI): 1.34 
(1.17 - 1.54), P < 0.001) (Table 2). A bivariate correlation analy-
sis showed that patients with AH with metabolic syndrome were 
more likely to have infection (43%) compared to AH (26%) 
with correlation coefficient of 0.176 (P = 0.03, CI: 0.018 - 1.0).

Spearman’s results showed a significant positive relation-
ship between DF score and antibiotic intake (ρ = 0.25), and 
there was a significant positive correlation between BMI and 
DF score (ρ = 0.23). In addition, there was a significant positive 
relationship between MELD score and infection (ρ = 0.26), be-
tween MELD score antibiotic intake (ρ = 0.27), and between age 
vs. MELD score (ρ = 0.20) and between BMI vs. MELD score 
(ρ = 0.26) (Supplementary Material 1, www.gastrores.org).

The results of the unadjusted and adjusted Cox regression 
model to identify factors associated with survival are shown in 
Table 3. The adjusted analysis showed that age, BMI, WBC, 
albumin levels, Na, MELD, DF score and metabolic syndrome 
were independently associated with mortality. Patients with a 
MELD greater than 18 and 21 have increased risk of death 
(hazard ratio (HR) (95% CI): 5.30 (2.46 - 11.40) (P < 0.001) 
and 5.81 (2.74 - 12.30) (P < 0.001)). Per one unit increase in 
blood sodium, the risk of death decreased by 8% (Table 3). The 
stepwise Cox regression model results showed that an increase 
in age, Hb, Cr, international normalized ratio (INR), and CTP 
increased patient mortality. However, the increase in mean 
corpuscular volume (MCV) significantly reduced the risk of 
death (Fig. 4). Mortality risks in high-risk and low-risk groups 
defined by MELD ≥ 21 or DF ≥ 32 with or without metabolic 
syndrome are shown in Figure 5a, b. Patients with metabolic 
syndrome in the high-risk group had the highest mortality. The 
effect of metabolic syndrome was significantly pronounced 
when risk was defined by MELD score than DF score. High-
risk patients with metabolic syndrome had a higher chance of 
mortality than patients without metabolic syndrome. Also, in 
low-risk patients, those with metabolic syndrome had an al-
most equal chance of mortality to those without metabolic 
syndrome.

Comparisons of Uno’s C-statistic between 14 of the mod-
els demonstrated that model 5, which included age, MELD 
≥ 21, and albumin < 3.5, was the best model for identifying 
patient mortality (C-statistics = 0.82) followed by model 14 
(which included DF ≥ 32, albumin < 3.5, IR and infection) 
with C-statistical value of 0.8 (Table 4).

The ROC curves over time to visualize the model over-
time prediction is shown in Supplementary Material 2 (www.
gastrores.org). In the model, using age and MELD, the high-
est value of the area under the curve at 24 months was equal 
to 0.88, and the lowest value at 72 months was equal to 0.78. 
In the model, including age, MELD, and albumin, the highest 

value of the area under the curve at 24 months was equal to 
0.889 and the lowest value at 72 months was equal to 0.827.

Discussion

In patients with AH, supportive care with focus on nutrition 
management has been standard of care for the last several 
decades and yet the mortality of patients with AH remains 
high. This demonstrates a major gap in development of new 
therapies and highlights the need for attention on the AH pa-
tient population. Several therapeutic approaches have been 
tried without conclusive results that include but are not lim-
ited to steroids, pentoxifylline, anti-TNF agents, colchicine, 
molecular adsorbent recirculating system (MARS) dialysis 
and ELAD [6-12]. Limitations in development of new treat-
ment strategies are due to the heterogeneity of the AH patient 
population. Alcoholism and alcohol-related hepatoxicity may 
coexist in patients with other primary liver diseases such as 
viral hepatitis, hereditary metabolic liver disease, autoim-
mune liver disease, etc. Similarly, coexistence of alcoholism 
and severe metabolic dysfunctions defined by metabolic syn-
drome criteria has been reported [13-15]. When such patients 
with combined alcohol and metabolic syndrome present with 
acute deterioration, their underlying pathophysiologic mecha-
nism of acute deterioration may not be the same as in patients 
with purely alcohol-related liver disease. Several factors play 
a role in the causation and in acute deterioration, among them 
are malnutrition, infections, immune dysfunction, dysbiosis, 
metabolic dysfunction, including insulin resistance, and tox-
ins-induced hepatitis [22-29]. To best manage these patients, 
one must evaluate for such underlying pathophysiologic 
mechanisms and tailor the treatment based on underlying dys-
function. The currently available clinically significant diag-
nostic modalities are insufficient to evaluate such processes in 
every patient presenting with AH. Further research is needed 
to explore these factors.

In clinical practice, the term “alcoholic hepatitis” is used 
loosely, indicating a person with history of alcohol abuse and 
presenting with acute deterioration. We identified that three-
fourths of such patients did not meet the standard diagnostic 
criteria set forth by ACG [3]. Such discrepancy in establishing 
the diagnosis and identifying the precipitants may lead to sub-
optimal care and undesired outcomes. Although metabolic syn-
drome is widespread in patients with acute AH, there are very 
limited data evaluating the effect of metabolic syndrome on 
the mortality of these patients [30, 31]. Diagnosis of metabolic 
syndrome in the setting of acute deterioration is challenging as 
acute deterioration may affect fasting blood glucose, and lipids 
affecting the diagnosis of metabolic syndrome, which is one 
of the weaknesses of the study. In our study, most of patients 
meeting the criteria of metabolic syndrome had known dia-
betes/pre-diabetes based upon A1c, BMI > 30 and h/o hyper-
tension. Fasting blood glucose, elevated triglycerides and low 
HDL were incorporated in addition to the above-mentioned 
metabolic factors. In the high-risk cohort, we differentiated 
the mortality risk by presence or absence of metabolic syn-
drome. Our study clearly showed that mortality risk in high-
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Figure 5. Kaplan-Meier mortality risk. (a) Stratified based upon metabolic syndrome and MELD status. (b) Stratified based upon 
metabolic syndrome and DF. MELD: model for end-stage liver disease; DF: discriminant function.

Figure 4. Forest plot of variables with significant P-value (< 0.05). For one unit increase of BMI, the mortality risk will decrease 
by 14%. BMI: body mass index.
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risk patients (DF ≥ 32 and MELD score ≥ 21) with metabolic 
syndrome was the highest, whereas, in low-risk patients, the 
risk of mortality was comparable in patients with or without 
metabolic syndrome. Parker et al reported increased risk of 
death in obese patients with acute AH [30]. The association of 
metabolic syndrome and high mortality in high-risk patients 
was strengthened by alternative and surrogate findings. In our 
study, increased MCV associated with the AH group was asso-
ciated with reduced mortality. Pathophysiologically, true ALD 
patients are malnourished, characterized by low albumin, high 
MCV, and a low BMI typically < 20. The ANI score is another 
way of identifying such patients; however, ANI does not in-
clude albumin levels. Our study also demonstrated that a lower 
ANI score is associated with the combined alcohol and meta-
bolic syndrome group. This study revealed that combined ANI 
score and albumin can potentially identify true alcohol patients 
with better accuracy than ANI alone. Aligned with previous 
studies, the stepwise regression analysis showed that BMI is 
the most important factor associated with insulin resistance 
[32]. Our study helped differentiate both entities: the presence 
of renal dysfunctions and infections favors combined AH with 
metabolic syndrome. Moreover, we found a positive correla-
tion between Hb and mortality. The presence of anemia favors 
alcoholic hepatitis, which is probably attributable to malnutri-
tion paralleled with high MCV. Therefore, for every unit in-
crease in Hb, the mortality risk increases by 89%. In summary, 
the presence of features of malnutrition favors AH and a rela-
tively better prognosis compared with combined alcohol and 
metabolic syndrome.

Furthermore, the comparison between the models (Table 4) 

suggests that taking a more holistic approach, by looking at all 
predictors rather than each individual score, can improve our 
understanding of AH severity and efficiently detect changes in 
mortality risk. When we evaluated the model’s predictability 
for mortality prediction over time, we found that the model 
could predict mortality at 24 months of disease. Age, MELD 
≥ 21, and albumin < 3.5 was the best model for identifying 
patient mortality (C-statistics = 0.82). Moreover, we found that 
infection occurrence and antibiotic use had a positive corre-
lation with MELD and DF independent of other cofounders 
including metabolic syndrome, though prevalence of infec-
tion was high in patients with combined alcohol and metabolic 
syndrome. This finding was in line with Liangpunsakul et al, 
who showed that patients with AH who developed infections 
(sepsis or SBP) had a higher mortality rate than those without 
infections [33, 34]. Routine diagnostic criteria for acute hepa-
titis do not consider other precipitants of acute hepatitis, such 
as DILI and infections. The role of infection in the prognosis 
of AH patients needs further investigation.

In summary, we recommend that the MELD score, rather 
than the DF score, should be used as a criterion to identify 
disease severity. Age and serum albumin level need to be con-
sidered to define high-risk groups in AH.

Limitations

We acknowledge that this is a retrospective study with a 
small sample size. More data are needed to validate these 
findings. In addition, several parameters which were part of 

Table 4.  Comparison of Various Models to Determine Important Factors to Predict Mortality

Model Formula Uno’s  
C-statistic

MELD ≥ 21 NA 0.65
DF ≥ 32 NA 0.64
Model 1 h(t) = h0(t)exp(0.034 × Age + 1.474 × MELD ≥ 21) 0.78
Model 2 h(t) = h0(t)exp(0.037 × Age + 1.243 × DF ≥ 32) 0.75
Model 3 h(t) = h0(t)exp(1.337 × MELD ≥ 21 + 2.025 × Albumin < 3.5) 0.76
Model 4 h(t) = h0(t)exp(1.082 × DF ≥ 32 + 1.857 × Albumin < 3.5) 0.74
Model 5 h(t) = h0(t)exp(0.028 × Age + 1.154 × MELD ≥ 21 + 1.704 × Albumin < 3.5) 0.82
Model 6 h(t) = h0(t)exp(0.032 × Age + 0.907 × DF ≥ 32 + 1.737 × Albumin < 3.5) 0.79
Model 7 h(t) = h0(t)exp(0.034 × Age + 1.506 × MELD ≥ 21 + 0.412 × IR) 0.73
Model 8 h(t) = h0(t)exp(0.037 × Age + 1.223 × DF ≥ 32 + 0.210 × IR) 0.73
Model 9 h(t) = h0(t)exp(0.033 × Age + 1.445 × MELD ≥ 21 + 0.147 × Infection) 0.78
Model 10 h(t) = h0(t)exp(0.036 × Age + 1.208 × DF ≥ 32 + 0.204 × Infection) 0.75
Model 11 h(t) = h0(t)exp(0.034 × Age + 1.491 × MELD ≥ 21 + 0.401 × IR + 0.084 × Infection) 0.73
Model 12 h(t) = h0(t)exp(0.036 × Age + 1.197 × DF ≥ 32 + 0.186 × IR + 0.175 × Infection) 0.73
Model 13 h(t) = h0(t)exp(0.027 × Age + 1.191 × MELD ≥ 21 + 1.665 × Albumin < 3.5 + 0.315 × IR + 0.087 × Infection) 0.79
Model 14 h(t) = h0(t)exp(0.031 × Age + 0.885 × DF ≥ 32 + 1.718 × Albumin < 3.5 + 0.118 × IR + 0.099 × Infection) 0.80

Based on the comparisons in the difference of Uno’s C-statistic between all of the models, MELD ≥ 21 and DF ≥ 32 alone was significantly worse 
than model 1 - 14 with a P-value < 0.05. In contrast, the differences in Uno’s C-statistic between all the 14 models were not significantly different with 
a P-value > 0.05. MELD: model for end-stage liver disease; DF: discriminant function; IR: insulin resistance.
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the metabolic syndrome definition are likely affected in the 
sick patients, like AH. Therefore, while we did our best to 
define such patients, this limitation should be considered in 
interpreting the data.

Conclusion

In clinical practice, diagnosis of AH is inaccurately applied. 
We found that insulin resistance significantly increased the 
mortality risk in high-risk AH. It signifies that the presence 
of features of metabolic syndrome modifies the behavior of 
AH in acute settings, warranting different therapeutic strate-
gies. Based on our study findings, we propose that in defining 
AH, patients overlapping with metabolic syndrome may need 
to be excluded as their outcome is different with regard to risk 
of infections, renal dysfunctions and death.

Supplementary Material

Suppl 1. Correlation analysis between MELD and DF with 
other variables.
Suppl 2. ROC curves over time to visualize the predictability 
of the model over time for mortality prediction.
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