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Abstract

Background: Alcohol use is a major global healthcare burden which contributes to numerous 

adverse health outcomes, including liver disease. Many factors influence individual susceptibility 

to alcohol-associated diseases, including nutritional factors. The objective of the current study was 

to examine inter-relations between alcohol, dietary micro- and macronutrient consumption, and 

liver health by analyzing data from the 2017-2018 National Health and Nutrition Examination 

Survey (NHANES).

Methods: Based on self-reported alcohol consumption, NHANES respondents were assigned 

into four categories: never drinkers (lifetime abstainers), non-drinkers (past-year abstainers), 

moderate drinkers (1/2 drinks per day for females/males, respectively), and heavy drinkers (>1/>2 

drinks per day for females/males, respectively, and/or frequent binge drinking). Survey-weighted 
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regression analyses (adjusted for gender, age, race, education, and body mass index) were 

performed to examine associations between alcohol intake, dietary, and liver health characteristics.

Results: Individuals categorized as heavy drinkers were significantly younger, most often well-

educated males with low incidences of diabetes and other comorbidities. They consumed the 

most overall calories and various micronutrients, indicating a diet which was not necessarily 

nutrient-poor. Neither moderate nor heavy drinkers had liver steatosis or fibrosis as measured 

by liver elastography, although heavy drinkers had modestly elevated plasma biomarkers of liver 

injury, including ALT, AST, and GGT, compared to the other groups.

Conclusions: Our findings suggest that the category of heavy drinkers in the 2017-2018 

NHANES consisted of generally healthy individuals with high energy intake and no evidence 

of liver steatosis or fibrosis. However, slightly increased plasma liver markers may indicate a risk 

of future progression to more advanced stages of liver disease over time in some individuals. 

Several limitations should be considered when interpreting these data, including the potential 

misclassification of drinking categories and the lack of standardized cutoff scores for fatty liver as 

assessed by elastography, among several others.
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Introduction

Excessive alcohol consumption has significant worldwide public health and economic 

implications. According to the 2018 World Health Organization report on Alcohol and 

Health, alcohol use contributes to three million deaths each year globally, and plays a 

significant role in the development of poor health outcomes for millions of individuals 

(Organization, 2018). Overall, 5.1% of global disease burden and injury is attributable 

to alcohol (Organization, 2018), and the healthcare burden of alcohol consumption in 

the United States in 2010 alone was estimated at $28.4 billion (Sacks et al., 2015). 

Harmful alcohol consumption can lead to multiple pathological conditions, including 

alcohol-associated liver disease (ALD), which is currently recognized as a major cause 

of alcohol-related morbidity and mortality in the United States and worldwide (Seitz et al., 

2018, Rehm and Shield, 2019). ALD is characterized by a wide spectrum of liver pathology, 

ranging from reversible liver steatosis to steatohepatitis, fibrosis, and cirrhosis, with a 

subsequent risk of hepatocellular carcinoma (Louvet and Mathurin, 2015, Seitz et al., 2018). 

Although alcohol intake is the most important risk factor for developing ALD (Savolainen 

et al., 1993), there are several other modifiable and non-modifiable factors contributing to 

disease risk including sex (Eagon, 2010), genetics (Anstee et al., 2015, Lazo et al., 2021, 

Buch et al., 2015), epigenetics (Page et al., 2015, Habash et al., 2022), various comorbidities 

such as obesity (Alatalo et al., 2008, Patra et al., 2021), and multiple environmental factors, 

such as nutrition (Kirpich et al., 2016, Mendenhall et al., 1995, Mendenhall et al., 1984, Wu 

and Meng, 2020, Nanji and French, 1986, Dasarathy, 2016, Zirnheld et al., 2019, Lieber, 

2000).
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Accumulating evidence suggests that alcohol-related factors such as daily intake amount, 

duration of alcohol consumption, and drinking pattern play a role in ALD development 

and contribute to disease progression and severity (Aberg et al., 2017, Delacote et al., 

2020, Askgaard et al., 2015, Zakhari and Li, 2007, Simpson et al., 2019). Most individuals 

chronically consuming large amounts of alcohol over the course of the day for >2 weeks 

develop reversible hepatic steatosis as shown in early studies by Lieber and coworkers in 

healthy volunteers (Rubin and Lieber, 1968), however, only 10-20% will further progress 

to advanced ALD (Seitz et al., 2018). Analysis of chronic liver disease prevalence in the 

general population revealed that daily intake of 30 g ethanol may increase the risk of 

developing cirrhosis or non-cirrhotic liver damage in men and women (Bellentani et al., 

1997). In the United States, one standard drink contains approximately 14 g of ethanol. As 

per the National Institute on Alcohol Abuse and Alcoholism (NIAAA), more than 4 drinks 

on any day or more than 14 drinks per week for men, and more than 3 drinks on any day 

or more than 7 drinks per week for women is considered heavy drinking (NIAAA, 2022). 

A binge drinking pattern, which is defined by the NIAAA as consumption of ≥ 5 drinks for 

men and ≥ 4 for women in a 2-hour period, can also increase the risk of developing ALD 

(Aberg et al., 2017).

Imbalance in dietary macro- and micronutrients has been also recognized as a significant 

risk factor for the development and progression of ALD. Research in preclinical animal 

models showed that an ethanol-containing diet rich in n6-polyunsaturated fatty acids 

(PUFAs) resulted in more severe manifestations of liver injury as compared to an ethanol-

containing diet rich in saturated fats (Kirpich et al., 2012). It has been also shown that 

n3-PUFA supplementation (Huang et al., 2013, Wada et al., 2008) or endogenous reduction 

in the n6/n3 PUFA ratio (Warner et al., 2019, Warner et al., 2021) were beneficial in 

experimental ALD. In humans, significant correlations have been observed between rates 

of alcohol-associated cirrhosis mortality and consumption of dietary animal fat and alcohol 

(Nanji and French, 1986). Further, inadequate dietary protein intake was associated with 

poor outcome in patients with severe alcohol-associated hepatitis (Mendenhall et al., 1995, 

Mendenhall et al., 1984, Moreno et al., 2016). In addition, dietary and metabolic imbalances 

in micronutrients including zinc, iron, copper, magnesium, selenium, vitamin D, and vitamin 

E are common in ALD patients, and may contribute to ALD pathogenesis (Wu and Meng, 

2020).

The objective of the current study was to analyze the latest 2017-2018 National Health 

and Nutrition Examination Survey (NHANES) with the goal of evaluating alcohol use and 

dietary intake of macro- and micronutrients in a representative cohort of the US population, 

and to examine the association between alcohol consumption, dietary factors, and liver 

health using liver elastography endpoints new to the 2017-2018 NHANES.

Materials and Methods

Study population and exclusion criteria

The current study used data from the 2017-2018 NHANES, the latest iteration of the 

National Health and Nutrition Examination Survey, administered by the Centers for Disease 

Control and Prevention to noninstitutionalized civilian adult residents of the United States. 
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9,254 individuals participated in the 2017-2018 NHANES. During their visits to the Mobile 

Examination Center, participants 18 years of age and older were administered an Alcohol 

Use Questionnaire (ALQ), a computer-assisted personal interview questionnaire focusing on 

lifetime and current alcohol use over the last 12 months. The ALQ was administered by 

a trained Examination Center interviewer. There were 4,124 ALQ non-responders, which 

were excluded from our study population. Further, of the 5,130 ALQ survey respondents, 

individuals without a complete liver elastography exam (n = 642) and subjects with positive 

hepatitis B (n = 21) or hepatitis C (n = 42) antibody serology were excluded for a final 

sample of 4,425 individuals (Fig. 1).

Categorization of participants into drinking groups

Based on questionnaire responses, ALQ respondents were assigned to four drinking groups: 

never drinkers, non-drinkers, moderate drinkers, and heavy drinkers (Fig. 1 and Fig. 

2). “Never drinkers” were defined as individuals who responded “no” when asked if 

they had consumed at least one alcoholic drink during their lifetime, excluding small 

sips. “Non-drinkers” were defined as individuals who reported some degree of alcohol 

consumption in their lifetime but responded that they had “never in the last year” consumed 

alcohol when asked how often alcoholic drinks were consumed during the past 12 

months. “Never drinkers” and “Non-drinkers” were considered separately based on previous 

recommendations (Butler et al., 2018).

In order to classify moderate and heavy drinkers, we took into account guidelines from 

both the 2020-2025 Dietary Guidelines for Americans (DGA) (DGA, 2020) and the NIAAA 

(NIAAA, 2022). Based on the 2020-2025 DGA guidelines, moderate drinkers were defined 

as men who reported an average consumption of 2 drinks or less and women who reported 

an average of 1 drink or less per day. Heavy drinkers were classified by taking into account 

the NIAAA definition of heavy drinking as more than 4 drinks on any day or more than 14 

drinks/week for men, and more than 3 drinks on any day or more than 7 drinks/week for 

women (NIAAA, 2022). However, the NHANES ALQ provides only a limited amount of 

information on the actual pattern of drinking among respondents, which makes evaluation 

of whether individuals drank >4/3 drinks on a single day but less than 14/7 per week for 

males/females difficult. Specifically, the questionnaire asks only the frequency of alcohol 

consumption (survey question ALQ121) and the number of standard drinks consumed on 

those drinking days (survey question ALQ130). To best match this information to DGA and 

NIAAA guidelines, then, we derived drinks per day from these two variables by multiplying 

them and adjusting for time. For example, if an individual reported drinking 3-4 times 

per week and consuming two drinks on those occasions, drinks per day was calculated 

as [(2 drinks per occasion x 3.5 occasions per week) / (7 days per week)] = 1 drink per 

day average (a moderate drinker). Heavy drinkers were men who drank on average > 2 

drinks/day, and women who drank on average > 1 drink/day (equal to the 14/7 drinks per 

week for men/women in accordance with NIAAA guidance). Therefore, we assigned our 

study population into drinking groups based on calculated alcohol consumption as average 

number of standard drinks consumed per day (not the number of drinks consumed on any 

single day). In addition, individuals who reported binge drinking once or more per month 

on a separate survey question (survey question ALQ270, which asks about drinking ≥ 5 
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drinks for men and ≥ 4 for women in a 2-hour period, as per the NIAAA definition of binge 

drinking) were considered as Heavy drinkers.

Analysis of dietary intake

All NHANES participants were eligible for two 24-hour dietary recall interviews. The first 

dietary interview was administered in person in a Mobile Examination Center. A set of 

measuring guides, including measuring cups and spoons, was available in the interview 

room for reference for participants to use when reporting the amount of food items 

consumed. The second dietary interview was obtained by telephone three to ten days after 

the initial interview and was generally scheduled on a different day of the week than the 

initial in-person interview. Participants were given measuring cups, spoons, a ruler, and a 

food model booklet upon completion of the in-person interview to take home and use for 

reference when reporting amount of food items consumed during the subsequent telephone 

interview. In the current study, dietary recalls obtained during the initial in-person interview 

(specifically Day 1 Dietary Recalls) were used for analysis of nutritional intake, since 

self-reporting is likely more reliable when the interview is administered in-person.

Parameters used to characterize liver health

NHANES “Laboratory Data” variables such as alanine aminotransferase (ALT, LBXSATSI), 

aspartate aminotransferase (AST, LBXSASSI), gamma glutamyl transferase (GGT, 

LBXSGTSI), and “Examination Data”, specifically liver transient elastography variables, 

such as Controlled Attenuation Parameter (CAP, LUXCAPM) and Liver Stiffness 

Measurement (LSM, LUXSMED), were utilized to characterize liver health. Since the 

2017-2018 NHANES survey was the first to include liver transient elastography, only data 

from these years were included. To define different stages of steatosis, CAP scores were 

categorized into four categories: S0 < 300 dB/m (no steatosis), S1 300-331 dB/m (5-33% 

steatosis), S2 332-337 dB/m (34-66% steatosis), and S3 > 337 dB/m (≥67% steatosis) 

(Eddowes et al., 2019). Liver stiffness values were categorized as: F0-1 < 8.2 kPa (no 

fibrosis), and F2 8.2-9.6 kPa, F3 9.7-13.5 kPa, or F4 > 13.6 kPa (varying degrees of 

fibrosis) (Eddowes et al., 2019). Equipment and techniques used for elastography are 

described in detail in the NHANES Liver Ultrasound Transient Elastography Procedures 

Manual (accessible via https://wwwn.cdc.gov/nchs/nhanes/continuousnhanes/manuals.aspx?

BeginYear=2017).

Statistical analysis

Data were reported as survey-weighted mean ± standard error. Means were survey-

weighted using the WTMEC2YR variable based on established methods (Heeringa et al., 

2017), as recommended by the NHANES Analytical Guidelines (Fakhouri et al., 2020). 

Survey-weighted multiple linear regression models were used to test associations between 

nutritional factors, alcohol consumption and liver elastography parameters, adjusted by 

demographic variables including gender, age, race, education, and body mass index (BMI). 

For continuous variables, statistical significance was determined by a survey-weighted 

Student’s t-test for comparisons between two groups or a survey-weighted one-way analysis 

of variance (ANOVA) with post-hoc tests for comparisons between more than two groups. 

For categorical variables, statistical significance was determined by a survey-weighted Chi-
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square test. A p value < 0.05 (2-tailed) was considered statistically significant. All p values 

were adjusted for demographic variables, specifically, gender, age, ethnicity, education, 

and BMI. Statistical analyses were conducted using R version 3.5.3 and GraphPad Prism 

software version 9.0.1 (San Diego, CA).

Results

Characterization of the study population

Our study population of 4,425 individuals was divided into four categories based on drinking 

behavior. There were 11.3% never drinkers (lifetime abstainers), 19.8% non-drinkers (past-

year abstainers), 60% moderate drinkers (1/2 or less drinks per day for females/males, 

respectively), and 8.9% “heavy drinkers” (>1 or >2 drinks per day for females and males, 

respectively, or at least monthly binge drinking). Demographic characteristics of our study 

participants, including gender, age, ethnicity, education, physical activity, and diabetes status 

are shown in Table 1. The proportion of males generally tended to increase as drinking 

category advanced (i.e., from never drinkers to non-drinkers to moderate, to heavy), while 

the proportion of females generally tended to decrease. With respect to age, apart from 

never drinkers, age generally decreased with increasing alcohol use, with heavy drinkers 

being the youngest at ~41/42 years old for males/females. Notably, the average age of 

male never-drinkers was 22 years lower than the average age of female never-drinkers, 

suggesting that men may start drinking at an earlier age than women. With respect to 

physical activity (work-related), the proportion of individuals performing adequate physical 

work increased with increasing alcohol use from ~37-41% in never- and non-drinkers to 

~45% and ~54% in moderate and heavy drinkers, respectively. The proportion of individuals 

performing adequate physical recreation (leisure-related), however, was overall lower and 

increased from never/non-drinkers (~36 and ~24%, respectively) to moderate (43%), then 

declined in heavy drinkers (~38%). There were also some differences in the prevalence of 

several comorbidities such as diabetes, cancer, and cardiovascular disease between drinking 

categories. Never drinkers had a lower proportion of individuals with diabetes as compared 

to non-drinkers by roughly 4% (21.4% to 16.9%), and interestingly, this proportion 

decreased further in moderate and heavy drinkers (to ~11% and 7%, respectively). The 

proportion of individuals with pre-diabetes, and the incidence of any type of cancer and 

cardiovascular disease (specifically coronary artery disease, congestive heart failure, angina, 

or heart attack) followed a similar trend. Initial analysis of body measures and nutrition 

revealed that heavy drinkers were the tallest group on average, and despite consuming the 

greatest number of calories had no differences in BMI.

Characterization of alcohol consumption

Among moderate drinkers, both males and females consumed a mean of less than one 

standard drink per day, with men consuming on average more than twice as much as 

women (Table 2). Heavy drinkers, by comparison, consumed an average of roughly 3 or 

2 standard drinks per day for males and females, respectively, indicating that even in this 

drinking category, the average alcohol consumption only just exceeded the lower cutoff 

of heavy drinking as per our definition. Further, among male and female heavy drinkers, 

the distribution of average drinks per day, while skewed right for both genders, had a 
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higher number of male individuals consuming 3+ drinks per day than females (Fig. 3 A-B, 

respectively), further confirming higher alcohol consumption in males.

Analysis of nutrient intake and anthropometric measurements

Analysis of nutrient intake revealed that heavy drinkers consumed more total calories 

than any other drinking category (Fig. 4A). While this difference was expected due to 

significantly increased alcohol intake in this group (Fig. 4B), heavy drinkers also consumed 

a slightly higher amount of all three macronutrients (protein, carbohydrates, and total fat) 

compared to other drinking groups (Table 3). Notably, despite a slight increase in calorie 

consumption and macronutrient content between heavy drinkers and other groups, there 

were no significant differences in anthropometric measurements including BMI (Fig. 4C) 

and waist circumference in males and females (Fig. 4D).

Further analysis of individual types of dietary fatty acids (FAs, including saturated, mono- 

and poly-unsaturated FAs [SFAs, MUFAs and PUFAs, respectively]) revealed a similar 

trend with total fat consumption, where never drinkers consumed the lowest amount and 

heavy drinkers consumed the highest amount of each type of FAs (Table 3, Fig. 5A). 

However, there were several individual FAs, including dodecanoic (12:0), docosenoic 

(22:1), octadecatetraenoic (18:4), eicosapentaenoic (20:5), and docosapentaenoic acids 

(22:5), whose consumption was decreased (although not statistically significant) in heavy 

drinkers relative to moderate or non-drinkers. Of note, there was an overall non-significant 

upward trend in consumption of total n3-PUFAs (apart from eicosapentaenoic [20:5]) as 

well as total n6-PUFAs, with no significant differences in the n6/n3 PUFA ratio between 

drinking categories (Table 4). Lastly, consistent with macronutrient intake, consumption/

supplementation of most micronutrients trended upwards across drinking groups with the 

highest levels in heavy drinkers (Fig. 5B, Table 5). However, some notable exceptions were 

observed. Specifically, the intake of several micronutrients with antioxidant properties, such 

as added alpha tocopherol (Vitamin E), vitamin C, and several carotenoids (e.g., alpha- and 

beta-carotene) were the lowest (although not statistically significant) in heavy drinkers as 

compared to other groups.

Evaluation of parameters characterizing liver health

Given the critical role of alcohol consumption and nutrition in individual susceptibility 

to liver disease, we next analyzed measures of liver pathology reported in the NHANES 

database. Specifically, we accessed liver elastography data (a new addition to the NHANES 

survey in 2017-2018) to identify differences in liver fat content and liver fibrosis, as reported 

by CAP score and liver stiffness variables, respectively. The mean CAP and stiffness values 

were within S0 and F0-1 categories, respectively, across all drinking groups, despite some 

modest differences between never and heavy drinkers (Fig. 6A-B), indicating that heavy 

drinking status, as per our definition, was still not sufficient to be associated with a clinically 

relevant increase in liver elastography measures on average. Further analysis demonstrated 

limited effects of an increase in average drinks per day on either CAP score or liver stiffness 

(Fig. 6C-D). When stratifying individuals into two or four groups based on CAP score (S0 

and >S0, or S0, S1, S2, and S3), we still observed only weak trends in the proportion of 

individuals in each CAP score category between drinking groups (Table 6). Similarly, when 
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stratifying individuals into four categories based on liver stiffness (F0-1, F2, F3, and F4), 

there were no consistent trends that would indicate a meaningful increase in liver fibrosis 

with increased alcohol use (Table 6).

We next examined plasma biochemical markers of liver injury such as ALT, AST, and 

GGT to further characterize liver health in our population. In contrast to liver steatosis 

and fibrosis, all three liver biomarkers were elevated (particularly GGT being statistically 

significant) in heavy drinkers compared to moderate drinkers and were always higher in 

males than in females (Fig. 7A-C).

Discussion

The current study analyzed alcohol consumption and dietary intake of macro- and 

micronutrients and their associations with parameters that characterize liver health using 

data from the 2017-2018 NHANES. Based on self-reported drinking behavior, our study 

cohort was divided into four categories, including “moderate drinkers”, “heavy drinkers”, 

and two nondrinking comparison groups, “never drinkers” and “non-drinkers”, which were 

considered separately based on previous recommendations as inclusion of these two groups 

in one category may confound results (Butler et al., 2018). The moderate drinking category 

included almost 60% of our study population, whereas ~9% belonged to heavy drinking 

group. Among moderate drinkers, both males and females consumed a mean of less than one 

standard drink per day, with men consuming on average more than twice as much as women. 

Heavy drinkers, by comparison, consumed an average of roughly 3 or 2 standard drinks per 

day, which could reach 21 or 14 standard drinks per week for men/women, respectively, 

in agreement with the NIAAA heavy drinking definition of more than 14/7 standard drinks 

per week for men/women, respectively. Of note, there is evidence that the gap in alcohol 

consumption between males and females in the US is decreasing due to several reasons, 

including increased drinking in females with no change in males’ behavior (White, 2020).

Alcohol consumption and nutrition are both well-known modifying factors of alcohol-

associated multi-organ pathology (Lieber, 2000). Our analysis revealed that individuals 

categorized as heavy drinkers consumed the highest amounts of each macronutrient 

(carbohydrates, protein, and fat), and consequently, had the highest total calorie intake 

(~2600 kcal on average), even when disregarding extra calories from alcohol. However, 

this increased energy intake is made less remarkable when considering the greater energy 

intake requirements of the heavy drinking group based on their demographic characteristics. 

Given that individuals categorized as heavy drinkers were most males of roughly 40 years 

old, the FDA-recommended energy intake would be estimated at ~2400 kcal or ~2600 kcal 

daily for ‘sedentary’ and ‘moderately active’ individuals, respectively (DGA, 2020). Of 

note, no significant differences in anthropometric measurements including BMI and waist 

circumference were observed between drinking category groups in the current analysis, 

similar to analyses of 2003-2012 NHANES datasets (Butler et al., 2018). In contrast, studies 

on very heavy drinking patients with alcohol-associated hepatitis (consuming ~15 drinks 

per day) show that “empty calories” are a major concern (Barve et al., 2017). In addition, 

analysis of same-day associations between alcohol and diet in NHANES 2003-2008 revealed 

that even moderate drinkers had poorer diets on drinking days (Breslow et al., 2013), 
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suggesting the need for dietary education in all subjects consuming alcohol. The findings 

in the current study, though, are in line with recent reports establishing a novel disease 

state known as “both alcohol-associated and non-alcohol-associated steatohepatitis”, or 

“BASH”, wherein individuals are consuming high calories and drinking alcohol, resulting 

in a liver disease state of mixed etiologies (Sanchez-Jimenez et al., 2018). Our analysis 

further demonstrated that heavy drinkers consumed larger amounts of multiple PUFAs with 

an n6/n3 PUFA ratio of ~9:1 across all studied groups. A previous analysis from our group 

of 2015-2016 NHANES data found an n6/n3 PUFA ratio of roughly 9:1 for US citizens 

20 years and older (Zirnheld et al., 2019), suggesting that intake of n6 PUFAs in the 

American diet relative to n3 PUFAs remains highly imbalanced in favor of n6 PUFAs. This 

skewed PUFA intake pattern may facilitate inflammatory processes in the liver, predisposing 

individuals to or advancing the progression of diseases such as non-alcohol-associated fatty 

liver disease (NAFLD) and ALD (or BASH, for that matter) (Valenzuela and Videla, 2011, 

Zirnheld et al., 2019). In the current study, we further found that heavy drinkers also 

had the highest intake of most micronutrients, including zinc, which has been suggested 

to exert beneficial effects in liver diseases (Mohammad et al., 2012). Notable exceptions 

to this trend, however, included certain antioxidant micronutrients such as vitamin E and 

several carotenoids. Numerous pre-clinical and clinical studies support the function of these 

micronutrients as antioxidants which play a role in ameliorating the oxidative stress that 

contributes to the initiation and progression of liver injury (Li et al., 2015, Sanyal et 

al., 2010, Christensen et al., 2019, Senoo et al., 2010). However, these findings should 

be considered in an exploratory context, given the increased likelihood of identifying 

statistically significant results due to multiple testing across numerous micronutrients. 

Overall, our results complement previous reports of increased caloric and nutrient intake 

in heavy drinkers as demonstrated in older NHANES iterations as far back as 1999 (Breslow 

et al., 2010).

Analysis of the relation between alcohol consumption, dietary factors, and liver health 

revealed that although alcohol intake and total energy were the highest in heavy drinkers, 

there were still no clinically relevant differences in steatosis and liver fibrosis markers 

(assessed by elastography, a new measurement for the 2017-2018 NHANES) as compared to 

other drinking groups. This relative lack of overt liver disease in these heavy drinkers could 

be due, in part, to the overall lack of macro- or micronutrient deficiencies (e.g., protein or 

zinc deficiency) reported in some studies of patients with more advanced ALD (Mendenhall 

et al., 1995, Mendenhall et al., 1984, Moreno et al., 2016, McClain et al., 1979, Mohammad 

et al., 2012). The demographic characteristics and health status of individuals identified as 

heavy drinkers need also be considered, since compared to individuals in other groups, these 

respondents were significantly younger and were most often well-educated, healthy males 

with low incidences of diabetes and other comorbidities. Therefore, these overrepresented 

individuals simply may not have yet suffered the serious consequences of their heavy 

alcohol consumption. However, it is important to note that biochemical markers of liver 

injury, including AST, ALT, and GGT were modestly higher in heavy drinkers compared to 

other groups, indicating that while heavy drinkers on average may not progress to a state 

of liver disease advanced enough to be associated with elevated CAP or liver stiffness, the 

development of liver injury may already be initiated and could potentially further progress 
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over time in some individuals. This idea is supported by previous evidence that daily alcohol 

consumption exceeding 40 to 80 g/day for males and 20 to 40 g/day for females (equivalent 

to ~2.8 to 5.6 and ~1.4 to 2.8 drinks/day for males and females, respectively, as in the 

United States one standard drink contains approximately 14 g of ethanol) for 10 years or 

more will likely lead to ALD (Becker et al., 1996). Unfortunately, the NHANES ALQ only 

allows identification of a respondent’s drinking pattern over the last 12 months and could 

not discriminate individuals drinking for longer periods of time. In addition, multiple other 

factors may impact the onset of ALD including genetics, epigenetics, comorbidities, and 

alterations in intestinal barrier function and gut microbiota. For example, it has been shown 

that among long-term alcohol consumers with similar levels of alcohol consumption (~15 

drinks/day), the subset of individuals who developed liver injury had greater endotoxemia/

intestinal permeability – two factors which are considered to be critical in ALD pathogenesis 

(Kirpich et al., 2017).

There are several other recently published reports which analyzed associations between 

alcohol consumption and liver health using 2017-2018 NHANES data. One study reported 

results comparable to ours, showing that heavy alcohol consumption as defined similarly to 

our study (> 2 drinks per day for men or > 1 drink per day for women) was not associated 

with fatty liver as measured by CAP (Unalp-Arida and Ruhl, 2022). However, when taking 

into account key aspects of drinking behavior (the frequency of drinking [days per week], 

the quality of drinking [drinks per drinking day], and binge drinking), positive associations 

between alcohol consumption and CAP were revealed in multivariable models (Niezen et 

al., 2021). Specifically, drinking 5+ drinks or 1-2 drinks 5-7 times per week in the past 

12 months was significantly associated with liver fat (CAP score) (Niezen et al., 2021). 

Of note, there is some controversy regarding the effects of different amounts of alcohol on 

NAFLD. Several studies have suggested some potential benefits of low-to-moderate alcohol 

intake in NAFLD; however, there is also evidence that even moderate amounts of ethanol 

may increase the risk of liver disease progression and hepatocellular carcinoma (elegantly 

reviewed by (Idalsoaga et al., 2020)).

The current study had several limitations to consider when interpreting the results. First, 

there is no official consensus on how to categorize individuals based on alcohol consumption 

patterns, and alcohol consumption criteria recommended by different federal agencies (e.g., 
DGA and NIAAA) can be difficult to apply universally in objective studies. In addition, 

there are some discrepancies in how drinking levels are described between agencies. For 

example, a female who has consumed 2 drinks in a single drinking occasion has exceeded 

DGA criteria for moderate drinking, but has not yet met the NIAAA criteria for heavy 

drinking as long as she does not exceed 7 drinks during that week. This issue is exacerbated 

by the fact that drinking is self-reported in the NHANES ALQ, and self-report surveys 

are thought to generally underestimate an individual’s true volume of alcohol consumption 

(Stockwell et al., 2016) potentially due to social desirability bias wherein heavy drinkers 

perceive their alcohol consumption habits in a negative light and choose to conceal them 

from surveyors (Davis et al., 2010). Clearly, it is necessary to standardize the terminology 

and more clearly categorize drinking patterns before the role of alcohol use and alcohol 

intake pattern can be properly assessed and results between studies can be correctly 

compared. In addition, due to the nature of the NHANES ALQ survey questions, heavy 
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drinkers who have ceased alcohol consumption over 12 months ago due to chronic health 

issues, i.e., the ‘sick-quitter’ effect (Sarich et al., 2019, Park et al., 2017), may have been 

misclassified as non-drinkers. Misclassification of drinking categories may lead to incorrect 

conclusions regarding the effects of alcohol consumption on different aspects of health and 

wellness (Fekjaer, 2013). Next, our study included individuals 18 year of age or older, 

since these were the only individuals eligible to complete the alcohol use questionnaire of 

the NHANES. Numerous studies have shown a high prevalence of underage drinking in 

individuals under 18 who may, in fact, be more susceptible to the toxic effects of ethanol 

(Silveri, 2012). Analyzing the correlations between diet, alcohol use, and liver health in 

an underage population would be useful to elucidate the differential effects of alcohol use 

in different age groups. Additionally, there is no consensus on cutoff score for fatty liver 

as assessed by CAP. We used a value of 300, which is conservative but validated by liver 

biopsy (Eddowes et al., 2019), whereas other groups analyzing the 2017-2018 NHANES 

dataset used values in the 260-280 range (Vilar-Gomez et al., 2021, Kim et al., 2021, 

Kim et al., 2022), and as low as 248 (Zhang et al., 2021). Lastly, we evaluated potential 

alcohol-nutrient interactions based only on dietary history and not on blood nutrient levels, 

which are not available in the 2017-2018 NHANES.

In summary, analysis of alcohol use, consumption of micro- and macronutrients, and 

liver health in 2017-2018 NHANES revealed that the categories of moderate and heavy 

drinkers consisted of generally healthy individuals with no meaningful liver steatosis or 

fibrosis. Slightly increased plasma liver injury markers such as ALT, AST, and GGT 

in the heavy drinking group suggest some concerns about optimal liver health in these 

individuals. Several limitations in the analysis should be considered including the potential 

misclassification of drinking categories and the lack of standardized cutoff scores for fatty 

liver as assessed by elastography, among several others. Future studies should continue to 

explore the inter-relations between alcohol use, diet, and liver health not only in NHANES 

data, but also in other sources including subjects consuming higher amounts of alcohol.
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Figure 1. 
Establishment of respondent sample population. Of the 9,254 total NHANES survey 

participants, we excluded individuals who did not participate in the Alcohol Use 

Questionnaire, individuals with a partial elastography exam, and individuals with a positive 

hepatitis B surface antigen or hepatitis C antibody status. Following these exclusion 

criteria, 4,425 total survey respondents remained, comprising our final sample population. 

Abbreviations: Ab, antibody; Ag, antigen; ALQ, Alcohol Use Questionnaire; Hep B, 

hepatitis B; Hep C, hepatitis C; NHANES, National Health and Nutrition Examination 

Survey.
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Figure 2. 
Schematic of strategy to categorize included respondents into drinking categories based 

on the NHANES ALQ. NHANES respondents who completed the ALQ were categorized 

into drinking groups based on questionnaire responses. Never drinkers were individuals 

who denied consumption of alcohol in their lifetime, excluding small sips (ALQ111). Non-

drinkers were those who reported consumption of alcohol in their lifetime but denied alcohol 

use in the past year (ALQ121). Of the respondents who reported alcohol use within the 

past year, women and men with a daily average of ≤ 1 or ≤ 2 drinks, respectively, were 

considered moderate drinkers as calculated based on responses to ALQ121 and ALQ130. 

Heavy drinkers were any individuals with one or more self-reported binge drinking episodes 

per month (ALQ270) and individuals exceeding the daily average consumption limits for 

moderate drinking. Abbreviations: ALQ, Alcohol Use Questionnaire; avg, average; d, day; 

NHANES, National Health and Nutrition Examination Survey.
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Figure 3. 
Distribution of volume of alcohol consumption in heavy drinkers. (A and B) Frequency 

distribution of average daily standard drink consumption for men and women, respectively.
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Figure 4. 
Characterization of macronutrient intake and anthropometric variables between respondent 

groups. (A) Overview of daily energy intake with percentage of kcal from carbohydrates, 

fat, protein, and alcohol. (B) Average daily alcohol consumption as reported in the 24-hour 

dietary recall data, not data obtained from the alcohol use questionnaire. (C) Body mass 

index. (D) Waist circumference by gender. Data are presented as weighted mean value 

± SEM. All data and associated p values were adjusted for gender, age, race, education, 

and BMI using multivariate analysis. Abbreviations: cm, centimeters; g, grams; kcal, 

kilocalories; kg, kilogram, m, meter.
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Figure 5. 
Visualization of fatty acid and micronutrient intake between respondent groups. (A) 

Heatmap showing daily intake trends in individual dietary fatty acids. (B) Heatmap showing 

daily intake of individual micronutrients. Colors represent relative consumption levels, with 

red being the maximum level and red being the minimum level for each individual variable. 

All data and associated p values were adjusted for gender, age, race, education, and BMI 

using multivariate analysis. Abbreviations: ANOVA, analysis of variance; DFE, dietary food 

equivalents; MFAs, monounsaturated fatty acids; PUFAs, polyunsaturated fatty acids; SFAs, 

saturated fatty acids; vit., vitamin.
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Figure 6. 
Characterization of liver steatosis and fibrosis. (A) Liver CAP score. (B) Liver stiffness. 

(C-D) Liver steatosis and fibrosis in heavy drinkers with increasing average daily alcohol 

consumption in standard drinks, respectively. Histogram bars represent frequency of 

individuals in each bin (left Y axis), lines represent percent of individuals exceeding a CAP 

of 300 dB/m or a stiffness measurement of 8.6 kPa (right Y axes), respectively. Data are 

presented as weighted mean value ± SEM. All data and associated p values were adjusted 

for gender, age, race, education, and BMI using multivariate analysis. Abbreviations: CAP, 

controlled attenuation parameter; dB, decibel; GGT, gamma-glutamyl transferase; kPa, 

kilopascal; m, meter.
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Figure 7. 
Characterization of liver injury markers. (A-C) Plasma levels of liver injury biomarkers 

ALT, AST, and GGT, respectively, by gender. Data are presented as weighted mean value 

± SEM. All data and associated p values were adjusted for gender, age, race, education, 

and BMI using multivariate analysis. Abbreviations: ALT, alanine aminotransferase; AST, 

aspartate aminotransferase; GGT, gamma-glutamyl transferase; IU, international unit; L, 

liter.
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Table 1.

Demographics of sample population. Gender, age, ethnicity, education, adequacy of physical work and 

physical recreation, and diabetes distributions for total sample population and individual drinking groups. 

All variables except age, cancer incidence, cardiovascular disease incidence, height, body mass index, and 

energy intake are reported as weighted mean percentage (SEM) of total subpopulation. Remaining variables 

are reported as weighted mean value (SEM) in the indicated units. Cardiovascular disease incidence represents 

the combined incidences of any of the following: congestive heart failure, coronary heart disease, angina, 

or heart attack. P values reported for diabetes, comorbidities, body measures, and nutrition endpoints are 

calculated from multivariate analysis where data were adjusted for gender, age, race, education, and BMI. 

Abbreviations: N, number; SEM, standard error of the mean.

Total
number

Never
Drinkers

Non-
Drinkers

Moderate
Drinkers

Heavy
Drinkers P Value

4425 500 874 2658 393

Gender
Male 49.9 (1.0) 39.0 (2.9) 50.8 (2.0) 49.1 (1.8) 62.2 (2.9)

<0.01
Female 50.1 (1.0) 61.0 (2.9) 49.2 (2.0) 50.9 (1.8) 37.8 (2.9)

Age (years)
Male 46.0 ± 0.7 38.1 ± 2.4 56.7 ± 1.1 45.1 ± 0.9 40.8 ± 1.3 <0.01

Female 47.8 ± 0.8 50.9 ± 2.0 57.3 ± 1.2 45.9 ± 0.9 41.5 ± 1.8 <0.01

Ethnicity

Non-Hispanic White 62.9 (2.5) 49.3 (5.3) 63.5 (3.0) 64.3 (2.5) 63.3 (3.3)

<0.01

Non-Hispanic Black 11.0 (1.6) 13.5 (2.7) 11.6 (1.6) 10.5 (1.6) 11.1 (2.1)

Non-Hispanic Asian 5.3 (0.9) 17.9 (2.4) 4.5 (0.9) 4.5 (0.8) 1.9 (0.7)

Other Hispanic 6.8 (0.8) 6.5 (1.3) 6.9 (1.3) 7.2 (0.9) 4.6 (1.4)

Mexican American 9.3 (1.6) 9.1 (2.6) 7.7 (1.5) 9.1 (1.6) 12.7 (2.4)

Other race-including 
Multi-Racial 4.8 (0.6) 3.7 (1.8) 5.7 (1.0) 4.4 (0.6) 6.4 (1.6)

Education

Less than 9th grade 3.4 (0.6) 8.9 (1.4) 6.7 (1.3) 2.1 (0.4) 2.8 (0.7)

<0.01

9-12 grade 8.7 (0.5) 13.5 (1.9) 11.9 (1.2) 7.0 (0.6) 10.9 (1.6)

High school graduate 27.2 (1.6) 27.1 (3.3) 30.9 (1.9) 26.6 (1.9) 25.3 (3.9)

College or AA 29.6 (1.4) 21.4 (3.5) 27.4 (2.4) 30.5 (1.7) 33.7 (2.9)

College graduate or 
above 31.1 (2.7) 29.2 (5.0) 23.0 (3.0) 33.8 (3.1) 27.3 (3.5)

Physical Work
Adequate 44.7 (1.5) 36.7 (3.5) 40.6 (2.2) 45.2 (1.6) 54.4 (4.2)

0.01
Inadequate 55.3 (1.5) 63.3 (3.5) 59.4 (2.2) 54.8 (1.6) 45.6 (4.2)

Physical Recreation
Adequate 38.9 (1.8) 35.8 (3.4) 23.7 (2.9) 43.0 (1.9) 38.1 (4.0)

<0.01
Inadequate 61.1 (1.8) 64.2 (3.4) 76.3 (2.9) 57.0 (1.9) 61.9 (4.0)

Diabetes

Prediabetes 21.1 (0.9) 24.7 (4.5) 29.5 (3.0) 19.2 (1.0) 17.0 (2.2)

<0.01Normal 66.1 (1.0) 58.4 (4.1) 49.1 (2.8) 69.5 (1.1) 76.1 (2.5)

Diabetes 12.9 (0.7) 16.9 (3.0) 21.4 (2.3) 11.3 (0.9) 6.9 (1.7)

Comorbidities

Cancer Incidence (%) 10.7 (1.4) 10.6 (1.8) 16 (1.8) 10.3 (1.2) 2.2 (0.9) <0.01

Cardiovascular Disease 
Incidence (%) 6.4 (0.9) 4.3 (1.4) 12.2 (1.4) 5.2 (0.6) 3.9 (1.5) <0.01

Body Measures

Height (cm) 168.0 (0.4) 164.7 (0.7) 167.0 (0.4) 168.4 (0.3) 171.7 (0.7) <0.01

Body Mass Index 
(kg/m2) 29.4 (0.3) 28.3 (0.5) 29.6 (0.5) 29.6 (0.3) 29.2 (0.4) 0.10
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Total
number

Never
Drinkers

Non-
Drinkers

Moderate
Drinkers

Heavy
Drinkers P Value

4425 500 874 2658 393

Nutrition Energy Intake (kcal) 2177.6 (44.5) 1899.4 (74.6) 2060.3 (59.2) 2203.1 (27.8) 2619.7 (86.4) <0.01
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Table 2.

Alcohol consumption in moderate and heavy drinkers reported as average standard drinks consumed per day. 

Data reported as both mean value ± SEM and median.

Drinks per Day Moderate Drinkers Heavy Drinkers

Men
Mean 0.362 ± 0.013 3.164 ± 0.165

Median 1 3

Women
Mean 0.159 ± 0.007 2.040 ± 0.301

Median 1 2
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Table 3.

Macronutrient and fatty acid intake values between drinking categories. Data are reported as weighted mean 

value (SEM). All data and associated p values were adjusted for gender, age, race, education, and BMI using 

multivariate analysis. Abbreviations: g, gram; kcal, kilocalories; SEM, standard error of the mean.

Never
Drinkers

Non-
Drinkers

Moderate
Drinkers

Heavy
Drinkers

Overall
P 

Value

Never
vs.

Non 
P

Value

Never vs.
Moderate
P Value

Never
vs.

Heavy
P

Value

Non vs.
Moderate
P Value

Non
vs.

Heavy
P

Value

Moderate
vs. Heavy
P Value

Energy (kcal) 1899.4 
(74.6)

2060.3 
(59.2)

2203.1 
(27.8)

2619.7 
(86.4) <0.01 0.08 0.01 0.12 0.40 0.15 0.30

Protein (g) 74.1 
(3.2)

77.1 
(3.2) 84.6 (1.3) 93.5 

(3.8) 0.01 0.18 0.01 0.11 0.37 0.26 0.39

Carbohydrate (g) 234.1 
(8.3)

251.4 
(7.0)

249.6 
(3.8)

270.9 
(11.5) 0.26 0.56 0.01 0.42 0.72 0.71 0.68

Total fat (g) 76.4 
(4.4)

85.7 
(2.7) 91.4 (1.3) 97.2 

(3.4) 0.03 0.31 0.01 0.21 0.51 0.47 0.37

Total saturated 
fatty acids (g)

25.4 
(1.7)

28.1 
(0.9) 30.1 (0.4) 31.6 

(1.3) 0.15 0.51 0.01 0.08 0.49 0.63 0.47

Total 
monounsaturated 

fatty acids (g)

25.6 
(1.6)

29.4 
(1.0) 31.3 (0.6) 33.2 

(1.2) 0.02 0.26 0.01 0.22 0.49 0.47 0.32

Total 
polyunsaturated 
fatty acids (g)

17.8 
(1.0)

19.8 
(0.8) 21.2 (0.5) 22.9 

(1.0) 0.030 0.31 0.02 0.41 0.60 0.38 0.38
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Table 4.

Individual fatty acid intake values and n3/n6-PUFA ratio between drinking categories. The n3/n6 PUFA ratio 

was calculated as (ALA + EPA + DHA) / (LA + AA). Data are weighted mean (SEM). All data and associated 

p values were adjusted for gender, age, race, education, and BMI using multivariate analysis. Abbreviations: 

AA, arachidonic acid; ALA, alpha-linolenic acid; DHA, docosahexaenoic acid; EPA, eicosapentaenoic acid; g, 

grams; LA, linoleic acid; n3, omega 3; n6, omega 6; PUFA, polyunsaturated fatty acid.

Never
Drinkers

Non-
Drinkers

Moderate
Drinkers

Heavy
Drinkers

Overall
P Value

Never
vs. Non
P Value

Never vs.
Moderate
P Value

Never
vs.

Heavy P
Value

4:0, Butanoic (g) 0.5 (0.043) 0.5 (0.022) 0.6 (0.02) 0.5 (0.035) 0.11 0.57 0.02 0.04

6:0, Hexanoic (g) 0.3 (0.027) 0.3 (0.014) 0.4 (0.012) 0.4 (0.026) 0.25 0.54 0.02 0.04

8:0, Octanoic (g) 0.2 (0.016) 0.3 (0.014) 0.3 (0.008) 0.3 (0.019) 0.15 0.72 0.06 0.38

10:0, Decanoic (g) 0.5 (0.038) 0.5 (0.02) 0.6 (0.017) 0.6 (0.039) 0.08 0.36 0.02 0.04

12:0, Dodecanoic (g) 0.8 (0.1) 1.1 (0.1) 1.1 (0.033) 0.9 (0.1) 0.37 0.82 0.22 0.80

14:0, Tetradecanoic (g) 2.1 (0.2) 2.3 (0.1) 2.6 (0.1) 2.6 (0.2) 0.13 0.50 0.01 0.04

16:0, Hexadecanoic (g) 14.1 (1) 15.3 (0.5) 16.2 (0.2) 17.4 (0.7) 0.16 0.55 0.01 0.12

18:0, Octadecanoic (g) 6.0 (0.4) 6.8 (0.2) 7.2 (0.1) 7.8 (0.3) 0.08 0.47 0.01 0.07

16:1, Hexadecenoic (g) 1.1 (0.1) 1.2 (0.046) 1.3 (0.038) 1.4 (0.1) 0.11 0.51 0.02 0.79

18:1, Octadecenoic (g) 24.1 (1.5) 27.7 (1.0) 29.4 (0.5) 31.2 (1.1) 0.02 0.25 0.01 0.21

20:1, Eicosenoic (g) 0.3 (0.015) 0.3 (0.023) 0.3 (0.009) 0.4 (0.014) 0.01 0.19 0.02 0.64

22:1, Docosenoic (g) 0.023 (0.004) 0.037 (0.004) 0.038 (0.005) 0.034 (0.005) 0.06 0.41 0.11 0.74

18:2 (n6), Octadecadienoic 
(g) 15.8 (0.9) 17.5 (0.7) 18.8 (0.4) 20.5 (0.9) 0.03 0.32 0.02 0.40

18:3 (n3), Octadecatrienoic 
(g) 1.6 (0.1) 1.9 (0.1) 2.0 (0.1) 2.0 (0.1) 0.01 0.38 0.02 0.56

18:4 (n3), 
Octadecatetraenoic (g) 0.007 (0.001) 0.01 (0.002) 0.01 (0.001) 0.009 (0.002) 0.08 0.90 0.11 0.37

20:4 (n6), Eicosatetraenoic 
(g) 0.1 (0.008) 0.2 (0.011) 0.2 (0.004) 0.2 (0.012) 0.01 0.27 0.02 0.64

20:5 (n3), Eicosapentaenoic 
(g) 0.023 (0.004) 0.032 (0.005) 0.032 (0.003) 0.028 (0.008) 0.02 0.48 0.22 0.14

22:5 (n3), 
Docosapentaenoic (g) 0.023 (0.002) 0.032 (0.005) 0.028 (0.002) 0.028 (0.002) 0.04 0.48 0.02 0.77

22:6 (n3), Docosahexaenoic 
(g) 0.046 (0.007) 0.1 (0.011) 0.1 (0.004) 0.1 (0.013) 0.05 0.50 0.17 0.23

n6/n3 PUFA Ratio 9.527 (0.787) 8.711 (0.552) 8.912 (0.459) 9.727 (0.627) 0.03 0.41 0.39 0.41
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Table 5.

Individual micronutrient intake values between drinking categories. Data are reported as weighted mean 

(SEM). All data and associated p values were adjusted for gender, age, race, education, and BMI using 

multivariate analysis. Abbreviations: mg, milligram; μg, microgram; SEM, standard error of the mean.

Never
Drinkers Non-Drinkers Moderate

Drinkers
Heavy

Drinkers
Overall
P Value

Never
vs. Non
P Value

Never vs.
Moderate
P Value

Never
vs.

Heavy P
Value

Vitamin E as alpha-
tocopherol (mg) 8.7 (0.6) 8.7 (0.3) 9.7 (0.3) 9.3 (0.5) 0.03 0.93 0.03 0.25

Added alpha-
tocopherol (Vitamin 

E) (mg)
1.1 (0.3) 0.9 (0.1) 1.0 (0.1) 0.7 (0.3) 0.33 0.17 0.41 0.14

Retinol (μg) 398.4 (22.2) 409.4 (17.4) 420 (10.1) 451.0 (40.1) 0.71 0.98 0.02 0.07

Vitamin A (μg) 567.2 (31.7) 604.4 (30.3) 667.0 (25.9) 609.3 (43.5) 0.19 0.51 0.06 0.19

Alpha-carotene (μg) 306.6 (48.1) 323.7 (52.8) 419.1 (51.3) 284.2 (37.7) 0.02 0.56 0.82 0.40

Beta-carotene (μg) 1831.8 (207.6) 2138.1 (187.3) 2711.7 (219.8) 1713.5 (158.6) 0.02 0.33 0.24 0.58

Beta-cryptoxanthin 
(μg) 80.2 (12.3) 78.7 (6.9) 84.7 (6.3) 89.1 (17.7) 0.18 0.55 0.14 0.48

Lycopene (μg) 3389.9 (355.1) 4361.9 (484.3) 5270.7 (350.7) 5617.4 (516.4) <0.01 0.11 0.08 0.38

Lutein + zeaxanthin 
(μg) 1443.7 (257.6) 1271.5 (95.8) 1751.9 (172.4) 1423.6 (130.2) 0.04 0.35 0.27 0.50

Thiamin (Vitamin B1) 
(μg) 1.5 (0.1) 1.6 (0.1) 1.6 (0.032) 1.8 (0.1) 0.05 0.54 0.49 0.34

Riboflavin (Vitamin 
B2) (μg) 1.8 (0.1) 2.1 (0.1) 2.1 (0.041) 2.5 (0.1) <0.01 0.26 0.25 0.15

Niacin (mg) 21.8 (0.7) 25.8 (1.9) 26.4 (0.4) 33 (1.4) <0.01 0.34 0.17 0.12

Vitamin B6 (mg) 1.8 (0.1) 2.4 (0.4) 2.1 (0) 2.7 (0.2) <0.01 0.39 0.33 0.17

Total Folate (μg) 358.5 (14.9) 360.5 (7.6) 383.4 (8.8) 442.5 (18.1) 0.01 0.75 0.68 0.28

Folic Acid (μg) 159.7 (11.4) 171.3 (7.7) 171.1 (4.1) 190.8 (16.4) 0.90 0.64 0.80 0.64

Food Folate (μg) 198.9 (10.1) 189.4 (6.3) 213.3 (7.1) 251.8 (8.7) <0.01 0.39 0.66 0.19

Folate as Dietary 
Folate Equivalents 

(μg)
469.9 (21.5) 480 (11.9) 502.8 (10.8) 575.6 (28.7) 0.04 0.97 0.71 0.35

Choline (mg) 284.3 (12.7) 315 (15.1) 341.5 (5.2) 422.7 (21.7) <0.01 0.72 0.25 0.13

Vitamin B12 (μg) 3.9 (0.2) 4.9 (0.4) 4.9 (0.1) 5.9 (0.5) 0.03 0.41 0.29 0.24

Added Vitamin B12 
(μg) 0.7 (0.1) 1.2 (0.3) 0.9 (0.1) 1.4 (0.3) 0.97 0.35 0.69 0.37

Vitamin C (mg) 70.1 (4.7) 71.8 (2.9) 75.7 (3.6) 64.8 (4.7) 0.22 0.81 0.04 0.05

Vitamin D (D2 + D3) 
(μg) 4.1 (0.3) 4.5 (0.5) 4.2 (0.2) 4.2 (0.4) 0.93 0.90 0.98 0.98

Calcium (mg) 919.3 (44.6) 880.8 (27.1) 992.4 (19.4) 1071.2 (45.1) 0.01 0.23 0.01 0.05

Phosphorous (mg) 1283.3 (52.9) 1296.4 (45.3) 1427.3 (23.4) 1594 (51.9) 0.01 0.56 0.58 0.28

Magnesium (mg) 273.7 (10.5) 282.6 (7.3) 308.1 (7.0) 342.1 (10.6) <0.01 0.07 0.01 0.04

Iron (mg) 13.6 (0.7) 14.1 (0.4) 14.2 (0.2) 15.8 (0.7) 0.38 0.65 0.01 0.11

Zinc (mg) 9.9 (0.4) 10.7 (0.5) 11.4 (0.2) 12.6 (0.7) 0.03 0.30 0.01 0.04

Copper (mg) 1.2 (0.1) 1.1 (0.029) 1.2 (0.028) 1.3 (0.049) 0.00 0.35 0.74 0.71

Sodium (mg) 3067 (132.4) 3302.8 (105.4) 3669.1 (66.2) 4027.7 (133.6) 0.01 0.59 0.25 0.22
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Never
Drinkers Non-Drinkers Moderate

Drinkers
Heavy

Drinkers
Overall
P Value

Never
vs. Non
P Value

Never vs.
Moderate
P Value

Never
vs.

Heavy P
Value

Potassium (mg) 2323.1 (79.6) 2538.1 (52.7) 2633.3 (53.3) 2838.8 (83.7) <0.01 0.60 0.29 0.18

Selenium (μg) 103.3 (3.2) 107.7 (4.8) 119.6 (1.6) 128.7 (5.2) <0.01 0.15 0.01 0.18

Caffeine (mg) 85.4 (6.4) 213.7 (14.5) 170.2 (6.9) 182.5 (12.2) <0.01 0.09 0.08 0.10

Theobromine (mg) 57.1 (11.6) 38.6 (3.5) 41.3 (1.9) 29.6 (5.1) 0.03 0.31 0.34 0.23
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Table 6.

Distribution of CAP and stiffness categories across drinking categories. Proportions of individuals in each 

CAP category (broken down into two or four levels) or in each fibrosis category (broken down into four levels) 

are shown. Data are reported as weighted mean percentage (SEM) of subpopulation. All data and associated 

p values were adjusted for gender, age, race, education, and BMI using multivariate analysis. Abbreviations: 

CAP, controlled attenuation parameter; N, number; SEM, standard error of the mean.

Overall Never Drinkers Non-Drinkers Moderate
Drinkers Heavy Drinkers P Value

CAP (2 Levels)
S0 72.1 (1.1) 67.3 (4.5) 68.5 (2.3) 73.8 (1.3) 70.8 (3.5)

0.17
>S0 27.9 (1.1) 32.7 (4.5) 31.5 (2.3) 26.2 (1.3) 29.2 (3.5)

CAP (4 Levels)

S0 72.1 (1.1) 67.3 (4.5) 68.5 (2.3) 73.8 (1.3) 70.8 (3.5)

0.15
S1 12.8 (0.6) 16.6 (2.5) 14.2 (1.3) 12.4 (0.9) 10.1 (1.7)

S2 1.7 (0.3) 1.6 (0.6) 1.8 (0.7) 1.7 (0.3) 1.5 (0.5)

S3 13.4 (1.0) 14.5 (3.6) 15.6 (1.8) 12.1 (1.0) 17.6 (2.8)

Stiffness

F0-1 92.2 (0.8) 92.6 (2.2) 90.3 (1.3) 92.8 (0.8) 91.2 (2.7)

0.43
F2 2.6 (0.4) 2.3 (0.6) 3.6 (0.8) 2.6 (0.5) 1.5 (0.5)

F3 2.8 (0.3) 1.8 (0.8) 3.4 (0.8) 2.7 (0.4) 3.0 (1.5)

F4 2.4 (0.3) 3.2 (2.0) 2.7 (0.9) 1.9 (0.3) 4.3 (1.8)
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