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BACKGROUND & AIMS: Non-alcoholic and alcohol-related fatty liver disease are overlapping diseases in which meta-
bolic syndrome and alcohol consumption each contribute to progressive liver disease. We
aimed to assess the effects of alcohol consumption and metabolic syndrome on mortality in
individuals with fatty liver.

METHODS: We searched the National Health and Nutrition and Examination Survey III for adults (20-74
years old) with hepatic steatosis, detected by ultrasound, for whom mortality and follow-up
data were available. We collected data from the alcohol use questionnaire (self-reported
number of days a participant drank alcohol; the number of drinks [10 g alcohol] per day on a
drinking day; the number of days the participant had 5 or more drinks) and calculated the
average amount of alcohol consumption in drinks/day for each participant during the year
preceding enrollment. Excessive alcohol consumption for men was >3 drinks/day and for
women was >1.5 drinks/day. We also collected clinical data, and mortality data were obtained
from the National Death Index. Demographic and clinical parameters were compared among
consumption groups using the x? test for independence or survey regression models. We used
Cox proportional hazard models to identify independent predictors of all-cause and cause-
specific mortality.

Abbreviations used in this paper: AFLD, alcohol-related fatty liver disease; © 2019 by the AGA Institute
aHR, adjusted hazard ratio; Cl, confidence interval; DM, type 2 diabetes 1542-3565/$36.00
mellitus; NAFLD, nonalcoholic fatty liver disease; NHANES, National https://doi.org/10.1016/j.cgh.2018.11.033

Health and Nutrition Examination Survey.
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RESULTS:

CONCLUSION:

Clinical Gastroenterology and Hepatology Vol. 17, No. 8

The study cohort included 4264 individuals with hepatic steatosis (mean age, 45.9 years; 51%
male; 76% white; 46% with metabolic syndrome; 6.2% with excessive alcohol use). There was
no significant difference in mean age between individuals with vs without excessive alcohol
consumption (P=.65). However, overall mortality was significantly higher among participants
with excessive alcohol consumption (32.2%) vs participants with non-excessive alcohol use
(22.2%) after mean 20 years of follow up (P=.003), as well as after 5 years of follow up. In
multivariate analysis, the presence of metabolic syndrome (adjusted hazard ratio [aHR], 1.43;
95% CI, 1.12-1.83) and excessive alcohol consumption (aHR, 1.79; 95% CI, 1.21-2.66) were
independently associated with an increased risk of death in individuals with hepatic steatosis;
any lower average amount of alcohol consumption was not associated with mortality (all
P>.60). In a subgroup analysis, the association of excessive alcohol use with mortality was
significant in individuals with metabolic syndrome (aHR, 2.46; 95% CI, 1.40-4.32) but not
without it (P=.74).

In review of data from the National Health and Nutrition and Examination Survey III, we
associated alcohol consumption with increased mortality in participants with fatty liver and
metabolic syndrome. These findings indicate an overlap between non-alcoholic and alcohol-

related fatty liver disease.

Keywords: Outcomes; Alcohol Abuse; Diabetes; NASH; Chronic Liver Disease.

onalcoholic fatty liver disease (NAFLD) is among

the most common causes of chronic liver disease
worldwide, with a global prevalence of 25%. Given the
epidemic of obesity and diabetes, it is estimated that by
2030, the prevalence of nonalcoholic steatohepatitis will
increase by 60%-65% promoting development of
nonalcoholic steatohepatitis-related advanced fibrosis,
hepatocellular carcinoma, and liver-related deaths.? In
the United States, NAFLD is already among the top
causes of hepatocellular carcinoma and most common
indications for liver transplantation.’ In addition to
those adverse clinical consequences, NAFLD is associated
with a tremendous economic burden® and can cause sub-
stantial negative impact on patient-reported outcomes.’

Alcohol-related fatty liver disease (AFLD) is another
important cause of chronic liver disease with a preva-
lence of 2.0%-2.5% in the U.S. population.” The
population-based data from the United States suggest
that the prevalence of alcohol-related liver disease
increased from the early 1990’s and remained stable
over the 2000s.” The reported rates of progression to
cirrhosis for patients with alcohol-related hepatitis and
AFLD can range from 3% to 12% per year.'’"'* In turn,
this progression to cirrhosis is associated with increased
mortality; in a longitudinal study of Danish individuals
with AFLD (1999-2008), 5-year and 10-year overall
mortality rates were 56% and 72% and were signifi-
cantly increased in patients with cirrhosis.™”

In the modern diagnostic criteria, the difference
between AFLD and NAFLD is determined exclusively by
the amount of alcohol consumption considered excessive
to the point that it would affect patients’ prognosis. As a
result, patients may get different diagnoses and end up
being treated differently based solely on the alcohol use.
In this context, the amount of alcohol consumption which
would be detrimental for patients with fatty liver disease

is not well described. Indeed, while some studies have
suggested protective effects of moderate alcohol
use,'*1° others reported increased risks of moderate or
excessive use in the presence or regardless of the pres-
ence of metabolic syndrome.'”' Our aim was to assess
the impact of both alcohol consumption and metabolic
syndrome to mortality of individuals with fatty liver
disease enrolled in a population-based cohort with 2
decades of mortality follow-up.

Materials and Methods

Data Source

For this study, we used the National Health and
Nutrition Examination Survey III (NHANES III) data
which is a publicly available data collection. The NHANES
III is a nationwide survey, spanning the period from
1988 to 1994, originally designed to obtain information
regarding the health and nutritional status of the U.S.
population. The survey consisted of interviews regarding
participants’ demographics, socioeconomic status, per-
sonal history, diet, and health, standardized physical
examinations, the data from blood and urine samples,
and other specific tests such as hepatic ultrasound.'’
After applying sampling weights calculated for each
NHANES participant, the sample is representative of the
U.S. population.

Study Definitions

The presence of hepatic steatosis was ascertained
using the data from hepatobiliary ultrasound tests
conducted in a majority of NHANES III participants of
20-74 years of age. Only participants with fatty liver



July 2019

disease (at least mild steatosis on an ultrasound) were
included in this study. Participants who had evidence of
other causes of chronic liver disease (positive hepatitis
B surface antigen or hepatitis C antibody, transferrin
saturation of 50% of greater, the use of steatogenic
drugs such as corticosteroids or anabolic steroids) were
excluded.

Using the data from the universally administered
alcohol use questionnaire (self-reported number of days
a participant drank alcohol; the number of drinks/d on a
drinking day; the number of days the participant had 5
or more drinks; recall period 12 months), we calculated
the average amount of alcohol consumption in drinks/
day for each participant during the year preceding
enrollment to NHANES; a drink was equivalent to 10 g of
alcohol (or, per NHANES guidelines for participants, a
12-0z beer, a 4-o0z glass of wine, or an ounce of liquor).’
That average amount was used to group participants
into 5 mutually exclusive groups: zero alcohol con-
sumption, minimal alcohol consumption (>0 but <3
drinks/wk for men), moderate alcohol consumption
(>3 drinks/wk but <2 drinks/d for men), substantial
alcohol consumption (>2 but <3 drinks/d for men),
and excessive alcohol consumption (more than >3
drinks/d for men); the respective amounts for women
were half as much. The definition of excessive alcohol
use was based on the recent exclusionary criteria for
NAFLD.”’ In addition, we separately assessed the
impact of the number of binge drinking days, which was
the number of days a participant reported having had 5
or more drinks.

In addition, obesity was defined as a body mass index
of 30 kg/m? or greater; visceral obesity was defined as
waist circumference of 102 cm or greater in men, 88 cm
or greater in women. Type 2 diabetes mellitus (DM) was
defined as fasting glucose level of 126 mg/dL or higher
or the use of oral hypoglycemics or insulin. Hypertension
was defined as systolic blood pressure of 140 mm Hg or
higher or diastolic blood pressure of 90 mm Hg or higher,
or having a history of the diagnosis and being on oral
antihypertensive medications. Similarly, hypercholes-
terolemia was defined as total cholesterol level of 200
mg/dL or higher, low-density lipoprotein of 130 mg/dL
or higher, or high-density lipoprotein lower than 40
mg/dL in men and 50 mg/dL in women. Criteria for
metabolic syndrome were as defined by the National
Cholesterol Education Program Adult Treatment Panel
I11.** Elevated liver enzymes were defined as alanine
aminotransferase higher than 40 U/L or aspartate
aminotransferase higher than 37 U/L in men and
alanine aminotransferase or aspartate aminotransferase
higher than 31 U/L in women. The presence of fibrosis
was estimated using Fibrosis-4 scheme?’; those with
Fibrosis-4 score >2.67 were considered to have signif-
icant hepatic fibrosis.

Mortality status of NHANES III participants was ob-
tained from the National Death Index-linked data file
which was updated through December 31, 2011.
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What You Need to Know

Background

In patients with hepatic steatosis, metabolic disorder
and alcohol use could contribute to adverse out-
comes. The exact amount of safe alcohol use, if any, is
not known.

Findings

In participants with fatty liver disease detected by
ultrasound, excessive alcohol use was associated
with increased overall and cause-specific mortality.
The cutoff for harmful excessive use was lower in
individuals with metabolic syndrome, increased
levels of liver enzymes, and in female patients.

Implications for patient care

Patients with fatty liver should abstain from exces-
sive alcohol use—especially if they have developed
metabolic syndrome or liver dysfunction.

Statistical Analysis

Demographic and clinical parameters of NHANES III
participants with fatty liver disease were compared be-
tween the 5 alcohol consumption groups using Rao-Scott
(design-adjusted) chi-square test for independence or
survey regression models. The survey Cox proportional
hazard models were used to identify independent pre-
dictors of all-cause and cause-specific mortality; poten-
tial predictors included age, sex, ethnicity, smoking
status, education, income, metabolic syndrome or its
components, and the average amount of alcohol con-
sumption. In addition, the number of binge drinking days
in the year preceding enrollment was tested as a pre-
dictor of mortality with adjustment for the average
amount of alcohol consumption; the aim was to find the
minimal number of binge drinking days that would
return a significant association with increased mortality
(P < .05).

Provided examination sampling weights were applied
to adjust for enrollment and nonresponse bias, and
stratum and sampling units were used to account for the
survey design. All analyses were run using SAS 9.4 (SAS
Institute, Cary, NC). The study was approved by Inova
Institutional Review Board.

Results

Patient Population

A total of 20,500 adult subjects were included in
NHANES III; of those, 13,852 had hepatobiliary ultra-
sound, and 4800 had mild, moderate, or severe steatosis
on it. After exclusion of those with other causes of
chronic liver disease, 4264 individuals with fatty liver
disease (weighted proportion 29.2% of all who had



Table 1. NHANES Participants With Hepatic Steatosis by Their Average Alcohol Consumption

Zero alcohol Minimal use (>0 and <3 Moderate use (>3 drinks/wk Substantial use (>2 and Excessive use (>3

use drinks/wk for men) and <2 drinks/d for men) <3 drinks/d for men) drinks/d for men) P All steatosis
Sample 2369 (47.0) 790 (22.8) 717 (20.1) 158 (3.9) 230 (6.2) 4264
Drinks/d 0.00 £ 0.00 0.15 £+ 0.01 0.89 + 0.03 2.21 4+ 0.08 4.28 4+ 0.17 0 0.56 + 0.05
Age, y 48.53 + 0.55 43.09 + 0.76 43.36 + 1.05 43.63 + 1.41 4514 +1.34 .0018 45.85 + 0.42
Male 38.5 61.2 62.0 70.6 62.3 <.0001 51.1
White 71.0 79.1 81.3 77.6 83.2 <.0001 75.9
Black 11.1 6.6 7.4 71 7.4 <.0001 8.9
Hispanic 7.4 6.2 5.7 6.0 6.0 .1526 6.6
BMI, kg/m? 30.00 &+ 0.35 29.16 + 0.28 27.26 + 0.35 27.66 + 0.66 28.08 + 0.41 <.0001 29.05 4+ 0.25
Waist circumference, cm 100.23 + 0.84 98.26 + 0.69 94.34 + 0.93 95.54 + 1.95 96.98 + 1.10 <.0001 98.21 + 0.62
Obesity 45.7 411 25.2 29.3 33.4 <.0001 39.1
Visceral obesity 65.4 56.2 40.1 35.4 50.3 <.0001 56.1
Type 2 diabetes 18.0 8.5 5.1 6.0 9.6 <.0001 12.2
Hypercholesterolemia 83.7 775 65.8 79.3 67.3 <.0001 77.5
Hypertension 35.1 241 26.9 46.5 38.1 <.0001 31.6
Metabolic syndrome 54.4 45.1 32.5 40.3 34.2 <.0001 46.0
History of congestive heart failure 3.5 1.3 2.2 2.4 0.1 .0055 25
History of stroke 3.1 0.7 1.2 0.0 0.5 1.00 1.9
Current smoker 19.3 25.1 33.6 36.0 43.3 <.0001 25.6
High school graduate 66.7 82.9 78.9 82.1 72.8 <.0001 73.8
Family income <$20,000 39.9 211 25.6 29.8 38.1 <.0001 32.2
Fibrosis by FIB-4 score 1.3 0.8 1.2 3.8 6.2 .0004 1.5
Elevated liver enzymes 12.6 11.6 10.1 22.3 23.9 .005 12.9
Died in follow-up 27.0 16.6 18.1 19.2 32.2 <.0001 22.8
Died of cardiovascular causes 6.4 3.0 3.5 7.9 7.4 .0305 5.2
Died of cancer 7.1 3.7 4.3 2.6 12.1 <.0001 5.9
Died of cerebrovascular causes 1.3 0.6 0.8 0.4 2.8 24 1.1
5-y mortality 4.3 1.9 25 2.7 2.9 .09 3.2
10-y mortality 10.5 5.8 4.7 8.2 13.0 .0015 8.3
15-y mortality 17.3 11.1 11.2 10.1 24.9 <.0001 14.9

NOTE. Values are n (%), mean + SE, or %. For women, the thresholds were half of those for men.
BMI, body mass index; FIB-4, Fibrosis-4; NHANES, National Health and Nutrition Examination Survey.
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hepatic ultrasound) comprised the cohort

(Supplementary Figure 1).

study

Demographic and Clinical Data

Subjects with fatty liver disease were, on average,
46 years of age, and 51% were men, 76% were white,
9% were black, 39% were with obesity, 56% were with
visceral obesity, 12% were had DM, 46% had metabolic
syndrome, and 1.5% had fibrosis. In addition, 47.0%
reported zero alcohol use, and 22.8% reported minimal,
20.1% moderate, 3.9% substantial, and 6.2% excessive
alcohol use. Participants who reported zero alcohol use
were, on average, older, predominantly female, less likely
to be white, reported less smoking, and had more
metabolic syndrome (54%) and some of its components
such as obesity and DM (P < .01) (Table 1). In contrast,
participants who reported excessive alcohol use were
more likely men, reported the highest rate of smoking
and the highest prevalence of elevated liver enzymes and
fibrosis (P < .05) (Table 1).

Mortality Follow-Up

In follow-up (mean cohort duration 20 years), 22.8%
of the study participants died, with the highest crude
mortality rate observed in the group who consumed
excessive amounts of alcohol (32.2% vs mean 22.2% in
the rest of the sample; P = .0029) (Table 1). The rate
remained the highest after adjustment for age (using U.S.
Census 2000 data),”* especially after 5 years of follow-up
(Figure 1).

In multivariate analysis, in addition to older age, male
sex, and smoking, both the presence of metabolic
syndrome (adjusted hazard ratio [aHR], 1.43; 95% con-
fidence interval, 1.12-1.83) and excessive alcohol
consumption (aHR, 1.79; 95% confidence interval,
1.21-2.66) were independently associated with
increased mortality in individuals with fatty liver disease
(both P < .005). In contrast, any lower threshold for
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60% T T T T 1
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Figure 1. Survival of National Health and Nutrition Examina-
tion Survey participants with steatosis by their alcohol use
(adjusted for age using U.S. Census 2000 data).
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Table 2. Independent Predictors of Mortality in NHANES

Participants With Steatosis With Metabolic

Syndrome, Components of Metabolic Syndrome,

and Metabolic Syndrome Interacted With the

Amount of Alcohol Consumption

Predictor aHR (95% Cl) P
Metabolic syndrome
Metabolic syndrome 1.43 (1.12-1.83) .0049
Minimal alcohol use® 0.94 (0.70-1.27) .69
Moderate alcohol use 0.91 (0.63-1.31) .60
Substantial alcohol use 0.95 (0.43-2.11) .89
Excessive alcohol use 1.79 (1.21-2.66) .0046
Age, per year 1.09 (1.08-1.10) <.0001
Male 1.37 (1.16-1.63) .0005
Black 1.04 (0.83-1.32) .71
Hispanic 0.76 (0.61-0.93) .01
Current smoking 2.05 (1.58-2.66) <.0001
High school graduate 0.84 (0.66-1.06) 14
Family income <$20,000 1.39 (1.11-1.74) .0048
Components of metabolic syndrome
Minimal alcohol use® 0.92 (0.71-1.18) .50
Moderate alcohol use 0.92 (0.67-1.25) .57
Substantial alcohol use 0.91 (0.44-1.90) .81
Excessive alcohol use 1.64 (1.18-2.27) .0040
Age, per year 1.09 (1.08-1.10) <.0001
Male 1.37 (1.19-1.58) <.0001
Black 1.02 (0.82-1.26) .86
Hispanic 0.73 (0.59-0.89) .0028
Obesity 1.07 (0.89-1.28) .46
Type 2 diabetes 2.11 (1.74-2.57) <.0001
Hypercholesterolemia 0.98 (0.76-1.28) .90
Hypertension 1.35 (0.99-1.82) .05
Current smoking 2.11 (1.68-2.64) <.0001
High school graduate 0.90 (0.72-1.12) .34
Family income <$20,000 1.46 (1.17-1.82) .0014

Metabolic syndrome interacted with alcohol consumption amount

Metabolic syndrome 1.31 (0.94-1.84) 1

Minimal alcohol use® 1.17 (0.70-1.95) .53

Moderate alcohol use 0.73 (0.45-1.19) .20

Substantial alcohol use 0.90 (0.41-1.97) .79

Excessive alcohol use 1.15 (0.71-1.86) .56

Minimal alcohol use —interaction 0.69 (0.39-1.25) 22
with metabolic syndrome

Moderate alcohol use —interaction 1.46 (0.86-2.47) .16
with metabolic syndrome

Substantial alcohol use —interaction 1.06 (0.32-3.46) .92
with metabolic syndrome

Excessive alcohol use —interaction 2.14 (1.02-4.48) .0436
with metabolic syndrome

Age, per year 1.09 (1.08-1.11) <.0001

Male 1.38 (1.17-1.63) .0003

Black 1.03 (0.82-1.30) .78

Hispanic 0.75 (0.61-0.93) .0110

Current smoking 2.07 (1.59-2.69) <.0001

High school graduate 0.84 (0.67-1.06) 14

Family income <$20,000 1.37 (1.09-1.72) .0077

aHR, adjusted hazard ratio; Cl, confidence interval; NHANES, National Health

and Nutrition Examination Survey.
“Reference: zero alcohol use.

alcohol consumption did not show such association (all
P > .60) (Table 2). There was also no association with
the severity of steatosis (P > .20 for both moderate and
severe steatosis parameters).
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Figure 2. (A) Adjusted hazard ratios for overall mortality in patients with fatty liver disease; (B) independent predictors of
mortality in patients with fatty liver disease and metabolic syndrome (MS). aHR, adjusted hazard ratio; Cl, confidence interval.

Mortality and Metabolic Syndrome

Among individual components of metabolic syn-
drome, only DM was found to be significantly associated
with increased mortality (aHR, 2.11; 95% confidence
interval, 1.74-2.57; P < .0001). Although the presence of
hypertension trended to be associated with mortality, it
did not reach statistical significance in this study (aHR,
1.35; 95% confidence interval, 0.99-1.82; P = .055)
(Table 2).

With the addition of metabolic syndrome vs alcohol
consumption interaction terms, only interaction of
metabolic syndrome with excessive alcohol consumption
was statistically significant (aHR, 2.14; 95% confidence
interval, 1.02-4.48; P = .044) (Table 2).

This observation suggests that the effect of excessive
alcohol consumption might vary significantly based on
the presence of metabolic syndrome. To further assess
this relationship, we conducted 2 subgroup analyses to
predict mortality in participants with and without
metabolic syndrome separately. In participants with fatty
liver disease and metabolic syndrome, only excessive
alcohol consumption (aHR, 2.46; 95% confidence inter-
val, 1.40-4.32; P = .0023) (Figure 2B) but not any lower
amount (all P > .30) was associated with increased
mortality (Table 3). In contrast, in participants with fatty
liver disease who did not have metabolic syndrome, even
excessive alcohol consumption as defined in this study
was not predictive of mortality (all P > .10) (Table 3B).
This translated into the aHR for having both metabolic
syndrome and excessive alcohol consumption vs having
neither being 3.35 (95% confidence interval, 2.02-5.55;
P < .0001) (Figure 2A). In this context, the effect of
metabolic syndrome on mortality (aHR) was also stron-
ger in patients with substantial or excessive alcohol use
than in other patients: 2.25 (95% CI, 1.27-4.00) vs 1.31
(95% CI, 1.03-1.67) (both P < .05).

For the purpose of comprehensive understanding of
the effect of metabolic syndrome and alcohol use and

their interaction on mortality, we attempted to search for
a potentially higher threshold for alcohol use which would
be associated with mortality in patients with fatty liver
even in the absence of metabolic syndrome. In this
context, we found a borderline significant evidence of
such association starting at 6 and 3 drinks/d for men and
women, respectively (aHR, 2.64; 95% confidence interval,
0.99-7.06; P = .054), although accompanied by a limited
sample size: the proportion of participants meeting this
threshold of alcohol consumption was only 0.6%.

Mortality in Individuals With Nonzero Alcohol Use

As the group of participants who report zero alcohol
use might be biased because it likely included patients
who had chosen or been advised to abstain from alcohol
owing to pre-existing health conditions (as supported by
higher rates of comorbidities in that group) (Table 1), we
also ran the regression models reported above with
the minimal alcohol use group used as a reference. All
reported associations of excessive alcohol use with
mortality were reproduced with greater effect magni-
tudes (aHR, 1.95; 95% confidence interval, 1.30-2.93;

P = .0018 with adjustment for metabolic syndrome
[Table 2]; aHR, 1.83; 95% confidence interval, 1.29-2.60;
P = .0011 with adjustment for metabolic syndrome

components [Table 2]; aHR, 3.13; 95% confidence inter-
val, 1.44-6.80; P = .0047 for interaction of metabolic
syndrome with excessive alcohol consumption [Table 2];
aHR, 3.30; 95% confidence interval, 1.81-6.02; P = .0002
for patients with metabolic syndrome [Table 3] and P =
.60 for patients without metabolic syndrome [Table 3]).

Mortality and Alcohol Use in Clinical Subgroups

Subgroups analyses of individuals of different sex
with and without elevated liver enzymes or fibrosis
suggested that in women and those with abnormal liver
tests, the association of alcohol use with mortality may
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Table 3. Independent Association of Alcohol Consumptions
in NHANES Participants With and Without Metabolic
Syndrome

Predictor aHR (95% ClI) P

Subjects with metabolic syndrome

Minimal alcohol use® 0.85 (0.62-1.17) .31
Moderate alcohol use 1.13 (0.75-1.70) .55
Substantial alcohol use 1.06 (0.37-3.04) 91
Excessive alcohol use 2.46 (1.40-4.32) .0023
Age, per year 1.08 (1.06-1.11) <.0001
Male 1.32 (1.04-1.68) .0246
Black 0.87 (0.66-1.15) .33
Hispanic 0.81 (0.62-1.07) 13
Obesity 1.11 (0.85-1.43) 44
Type 2 diabetes 1.89 (1.51-2.37) <.0001
Hypercholesterolemia 1.11 (0.60-2.07) 74
Hypertension 1.27 (0.91-1.78) .15
Current smoking 2.09 (1.47-2.99) .0001
High school graduate 0.86 (0.66-1.11) .23
Family income <$20,000 1.32 (1.02-1.71) .0330
Subjects without metabolic syndrome

Minimal alcohol use® 1.22 (0.74-2.03) 43
Moderate alcohol use 0.72 (0.45-1.13) 15
Substantial alcohol use 0.83 (0.36-1.92) .66
Excessive alcohol use 1.09 (0.66-1.80) .74
Age, per year 1.09 (1.07-1.11) <.0001
Male 1.44 (0.99-2.09) .06
Black 1.07 (0.69-1.65) 77
Hispanic 0.59 (0.38-0.91) .0182
Obesity 0.76 (0.46-1.26) .28
Type 2 diabetes 1.55 (0.81-2.97) 18
Hypercholesterolemia 0.84 (0.59-1.21) .35
Hypertension 1.26 (0.81-1.98) .30
Current smoking 2.19 (1.50-3.21) .0001
High school graduate 0.92 (0.60-1.40) .70
Family income <$20,000 1.57 (1.18-2.09) .0023

aHR, adjusted hazard ratio; Cl, confidence interval; NHANES, National Health
and Nutrition Examination Survey.
“Reference: zero alcohol use.

start at lower thresholds such as substantial non-
excessive use; those trends, however, did not reach the
statistical significance threshold in either group (P =
.05-.10) (Supplementary Table 1).

Cause-Specific Mortality and Alcohol

In a separate round of survival analysis, we have
studied cause-specific mortality, in particular, cardio-
vascular, cancer-related, and cerebrovascular diseases
(other causes of death returned less than 50 events in
the sample). Of these, only cancer mortality was found to
be associated with excessive alcohol consumption (aHR,
2.13; 95% confidence interval, 1.26-3.62; P = .0060 with
adjustment for metabolic syndrome; aHR, 3.04; 95%
confidence interval, 1.24-7.46; P = .0163 in patients
with metabolic syndrome, P = .28 in patients without
metabolic syndrome). Similar associations with cardio-
vascular mortality suggested a trend in the entire
sample (P = .15) and was significant in patients with
metabolic syndrome (aHR, 2.41; 95% confidence
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interval, 1.10-5.29; P = .029). Similarly to overall mor-
tality, no such associations were found with lower
amounts of alcohol use (all P > .10).

Mortality and Binge Drinking

Finally, we also assessed the minimum number of
binge drinking days per year that would be significantly
associated with increased mortality. For this purpose, we
ran a series of survival models which included adjust-
ment for age, sex, ethnicity, smoking, the presence of
metabolic syndrome and the average amount of daily
alcohol use. In this case, subjects with fatty liver disease
who had binge drinking for at least 13 days/y had a
significantly increased risk of mortality (aHR, 1.49; 95%
confidence interval, 1.01-2.21; P = .046) (Figure 3).
Notably, the adjusted hazard ratio additionally increased
to >1.70 if binge drinking increased to more than 20
days/y (Figure 3). There was no evidence of association
of this relationship with metabolic syndrome (P = .30 for
the interaction term).

Discussion

Fatty liver disease is a highly prevalent condition
affecting about one-third of the U.S. population. Although
fatty liver can be caused by a number of underlying
etiologies, the predominant cause of fatty liver are
metabolic syndrome or alcohol consumption. In this
study, we attempted to investigate the effect of alcohol
consumption and components of metabolic syndrome, as
well as and their overlap, on the long-term outcomes of
patients with fatty liver disease in the United States.

Our data show that in subjects with fatty liver, exces-
sive alcohol consumption is associated with increased
mortality, both crude and age-adjusted rates. Notably,
while the accepted definition of NAFLD requires that daily
alcohol consumption should be less than 20 g/d for men

2.5 +

0.5 *P<.05(n>13)

Adjusted hazard ratio (95% CI)
=
(6]
1

0 5 10 15 20 25 30 35 40 45 50
Number of binge drinking days in a year

Figure 3. Independent association of the number of binge
drinking days per year with mortality in National Health and
Nutrition Examination Survey participants with steatosis
(adjusted for age, sex, race, smoking, metabolic syndrome
components and mean daily amount of alcohol use; a binge
drinking day is a day with consumption of 5 or more drinks).
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and less than 10 g/d for women, there is still some con-
troversy regarding this particular threshold. In this study,
the association of alcohol consumption with mortality in
patients with fatty liver was not observed below 30 g/d of
alcohol consumption for men, half as much for women.
Other predictors of mortality in individuals with fatty
liver disease included older age, male sex, smoking, and
DM, all consistent with prior reports for this patient
population.”®?®

In addition, our results suggest that the harmful
impact of excessive alcohol consumption defined at the
level of 3 drinks/d is manifested primarily in the pres-
ence of metabolic syndrome while in the absence of
metabolic syndrome, a similar association is not
observed until the consumption of alcohol increases to at
least 6 drinks/d for men, 3 drinks/d for women.
Although it is likely that our sample was not large
enough to capture milder effects which could still exist
for lower amounts of alcohol in both patient groups,
significant interaction between the amount of alcohol use
and the presence of metabolic syndrome provides evi-
dence for substantial overlap between the AFLD and
NAFLD patient populations. It is also important to note
that that interaction seems to go both ways (ie, not only
did a lower amount of alcohol become harmful in the
presence of metabolic syndrome, but also the risk asso-
ciated with having metabolic syndrome was higher in the
setting of substantial or excessive alcohol use).

In addition to harmful effects of chronic excessive
alcohol use, our data show that binge drinking is addi-
tionally associated with mortality even with adjustment
for average daily consumption. In this study, the associ-
ation became significant at 13 days of binge drinking per
year. It is, however, important to note that the particular
threshold of significance is, to a large extent, determined
by the sample size while the point estimates exceeding
1.0 for aHRs observed for lower numbers suggest that a
similar association may exists there even though the
respective statistical tests happened to be underpowered
in this study. On the other hand, there was a steady
increasing trend supporting the hypothesis; in particular,
increasing the number of binge drinking days per year to
approximately 20 days further increased the risk of
mortality.

The limitations of this study include the use of self-
reported rather than formally recorded, and also 1
time rather than longitudinally collected alcohol con-
sumption data, which is likely an imperfect proxy for the
lifetime use. Another limitation is the use of ultrasound
findings for determining the fatty liver cohort —a
method with its own shortcomings, which was accom-
panied by our inability to rule out not only the most
common (eg, viral hepatitis) but also other potential
causes of chronic liver disease. As clinical data were
collected only once, we were unable to track morbidity in
the cohort while 20 years of follow-up might have been
insufficient for that to translate to mortality. In addition,
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the study cohort was enrolled nearly 3 decades ago so it
may be not exactly reflective of the current fatty liver
population. Finally, owing to the survey design of
NHANES which resulted in a limited number of degrees
of freedom for statistical tests, this study might be un-
derpowered to detect mild associations that may still
exist and would probably manifest in larger or less
clustered samples, such as association of mild or mod-
erate alcohol use with mortality, which we were unable
to confirm in this study.

In summary, both the presence of metabolic syn-
drome, especially DM, and excessive alcohol use are the
risk factors for mortality in subjects with hepatic stea-
tosis which seem to exacerbate each other. As both are
largely modifiable, national effective prevention policies
and management strategies for patients at risk are
needed to improve their long-term prognosis.

Supplementary Material

Note: To access the supplementary material accom-
panying this article, visit the online version of Clinical
Gastroenterology and Hepatology at www.cghjournal.org,
and at https://doi.org/10.1016/j.cgh.2018.11.033.
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‘ N=20,500 in adult NHANES Il file

l

‘ N=13,852 had hepatobiliary ultrasound ‘

l

N=13,310 had alcohol consumption data
and mortality follow-up

l

N=4,800 had steatosis on ultrasound

l

N=4,264 did not have other causes of
CLD (viral hepatitis, iron overload,
corticosteroid or anabolic steroid use)

Supplementary Figure 1.Flowchart of the study sample
derived from the National Health and Nutrition Examination
Survey lll. CLD, chronic liver disease.

Supplementary Table 1. Independent Predictors of Mortality

in Subgroups of NHANES

Participants

Subgroup/Predictor aHR (95% CI) P
Male only (n = 508)
Metabolic syndrome 1.41 (1.10-1.81) .0069
Minimal alcohol use 1.01 (0.69-1.49) .94
Moderate alcohol use 1.04 (0.71-1.51) .86
Substantial alcohol use 0.62 (0.31-1.24) A7
Excessive alcohol use 2.05 (1.27-3.30) .0047
Age, per year 1.10 (1.08-1.12) <.0001
Black 1.01 (0.69-1.48) .95
Hispanic 0.72 (0.50-1.03) .07
Current smoking 2.02 (1.48-2.74) <.0001
High school graduate 0.91 (0.70-1.18) .45
Family income <$20,000 1.56 (1.25-1.96) .0002
Female only (n = 400)
Metabolic syndrome 1.53 (0.99-2.38) .06
Substantial or excessive alcohol use  2.04 (0.94-4.41) .07°
Age, per year 1.08 (1.06-1.10) <.0001
Black 1.03 (0.81-1.32) .79
Hispanic 0.78 (0.60-1.03) .08
Current smoking 2.22 (1.52-3.24) <.0001
High school graduate 0.76 (0.51-1.13) A7
Family income <$20,000 1.32 (0.90-1.94) 16
Elevated liver enzymes (n = 107)
Metabolic syndrome 2.05 (0.62-6.81) .23
Minimal alcohol use 1.61 (0.70-3.70) .26
Moderate alcohol use 1.32 (0.60-2.89) .49
Substantial alcohol use 4.34 (0.99-19.06) .05%
Excessive alcohol use 1.86 (0.83-4.16) 137
Age, per year 1.08 (1.05-1.12) <.0001
Male 1.13 (0.64-2.01) .66
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Supplementary Table 1. Continued

Subgroup/Predictor aHR (95% Cl) P
Black 1.32 (0.59-3.00) .49
Hispanic 0.56 (0.26-1.23) 14
Current smoking 2.92 (1.29-6.60) .0113
High school graduate 0.62 (0.34-1.13) 1
Family income <$20,000 1.59 (0.74-3.45) .23
No elevated liver enzymes (n = 794)
Metabolic syndrome 1.38 (1.08-1.77) .0123
Minimal alcohol use 0.88 (0.65-1.20) A1
Moderate alcohol use 0.86 (0.61-1.22) .40
Substantial alcohol use 0.57 (0.28-1.17) 12
Excessive alcohol use 1.82 (1.23-2.69) .00337
Age, per year 1.09 (1.08-1.11) <.0001
Male 1.46 (1.21-1.76) .0002
Black 1.03 (0.79-1.32) .85
Hispanic 0.77 (0.59-0.99) .0446
Current smoking 2.06 (1.60-2.66) <.0001
High school graduate 0.86 (0.66-1.11) 24
Family income <$20,000 1.37 (1.05-1.80) .0239
Fibrosis by FIB-4 (n = 51)
Metabolic syndrome 1.99 (0.79-4.99) 13
Minimal alcohol use 0.84 (0.35-1.99) .67
Moderate alcohol use 1.01 (0.17-6.02) .99
Substantial alcohol use 0.39 (0.04-3.53) .38
Excessive alcohol use 1.10 (0.21-5.88) .90
Age, per year 1.04 (0.96-1.12) .30
Male 1.12 (0.42-2.93) .81
Black 2.75 (0.45-16.68) .25
Hispanic 0.72 (0.18-2.88) .62
Current smoking 0.58 (0.10-3.26) .51
High school graduate 2.81 (1.42-5.57) .0058
Family income <$20,000 0.88 (0.40-1.90) 72
No fibrosis by FIB-4 (n = 834)
Metabolic syndrome 1.41 (1.10-1.82) .0084
Minimal alcohol use 0.99 (0.73-1.35) .95
Moderate alcohol use 0.96 (0.68-1.37) .83
Substantial alcohol use 0.95 (0.40-2.26) .91
Excessive alcohol use 2.06 (1.40-3.04) .00047
Age, per year 1.09 (1.08-1.11) <.0001
Male 1.31 (1.09-1.59) .0056
Black 1.00 (0.78-1.27) 97
Hispanic 0.75 (0.6-0.92) .008
Current smoking 2.07 (1.58-2.72) <.0001
High school graduate 0.83 (0.64-1.08) 15
Family income <$20,000 1.43 (1.12-1.81) .0042

NOTE. FIB-4, Fibrosis-4; NHANES, National Health and Nutrition Examination

Survey.

?Independent association of substantial or excessive alcohol use with mortality

in the subgroup.
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