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Abstract

Introduction and objectives: The prevalence of alcohol, tobacco, and coffee use and 

association with liver health among North Americans with Chronic Hepatitis B (CHB) infection 

has not been well described.

Materials and methods: The Hepatitis B Research Network includes an observational study of 

untreated CHB adults enrolled at 21 sites in the United States and Canada. Alcohol use was 

categorized as none, moderate, and at-risk based on the definition from the National Institute on 

Alcohol Abuse and Alcoholism; tobacco use as never, current and former; coffee use as none, 1–2 

cups/day, and ≥3 cups/day. Linear regression and linear mixed models were used to associate 

lifestyle behaviors with ALT and FIB-4 values.

Results: 1330 participants met eligibility: 53% males, 71% Asian and the median age was 42 

years (IQR: 34–52). Median ALT was 33 U/L (IQR: 22–50), 37% had HBV DNA <103 IU/mL, 

71% were HBeAg negative, and 65% had a FIB-4 <1.45. At baseline, 8% of participants were at-

risk alcohol drinkers, 11% were current smokers and 92% drank <3 cups of coffee/day. Current 

tobacco and ‘at-risk’ alcohol use, were significantly associated with elevated ALT levels in 

univariable analyses, however, these associations were not statistically significant when controlling 

for sociodemographic and HBV characteristics.

Conclusions: In this large diverse cohort of untreated CHB participants, at-risk alcohol use, 

current tobacco use and limited coffee consumption did not have an association with high ALT and 

FIB-4 values. In contrast, significant associations were found between the frequency of these 

lifestyle behaviors and sociodemographic factors.
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1. Introduction

Chronic Hepatitis B (CHB) is a viral infection that affects roughly 250 million individuals 

worldwide with 2.2 million individuals in the United States (US). CHB can lead to an 

increased risk of cirrhosis, liver failure, hepatocellular carcinoma (HCC) and death with 

indirect costs of care reaching $1.3 billion in the US [1–4]. Along with viral and host 
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mediated factors, lifestyle behaviors may also contribute to progression of liver disease. For 

example, alcohol and tobacco use are known risk factors in the development of cirrhosis and 

HCC in chronic liver diseases [4–7]. Conversely, coffee drinking may have a protective role 

by reducing liver fibrosis and lowering the risk of HCC in certain liver diseases such as 

Hepatitis C [8–10]. Despite the potential of various lifestyle behaviors to impact the 

development of liver fibrosis in CHB, large-scale epidemiological data in a multiethnic adult 

population living with CHB are lacking. The aim of this study was to describe the 

prevalence of lifestyle behaviors, specifically; alcohol, tobacco, and coffee consumption in 

CHB patients enrolled in the Hepatitis B Research Network (HBRN) and to correlate 

lifestyle behaviors with clinical markers of liver disease severity including alanine 

aminotransferase (ALT) levels and the Fibrosis-4 score (FIB-4).

2. Materials and methods

2.1. The Hepatitis B Research Network (HBRN)

The Hepatitis B Research Network (HBRN) is a research consortium funded by the National 

Institute of Diabetes and Digestive and Kidney Diseases (NIDDK) to examine the 

epidemiology, natural history, and long-term outcome of CHB among North American’s 

from 28 clinical sites in the United States and Toronto, Canada [12]. All protocols were 

approved by the HBRN Steering Committee and the Institutional Review Boards (Research 

Ethics Board in the case of the Toronto site) of the participating sites and all participants 

provided written informed consent.

2.2. Adult cohort study design

The HBRN adult cohort study is a prospective observational study of persons at least 18 

years old with CHB infection defined as HBsAg positivity for at least 6 months. Those with 

a history of hepatic decompensation, HCC, solid organ or bone marrow transplantation and 

human immunodeficiency virus (HIV) co-infection were excluded. Pregnant women, those 

with current and/or previous HBV antiviral therapy, those with acute hepatitis B and 

participants who were specifically targeted for enrollment in sub-studies (Immune Active 

and Immune Tolerant, anti-HDV, pregnancy, and immunology studies) were also excluded 

from the current analysis. Data collected at baseline and at Weeks 48, 96, and 144 are 

reported for this analysis.

2.3. Baseline evaluation

The baseline evaluation included a detailed medical history, physical examination, and 

laboratory tests. Social and demographic characteristics collected include sex, age, race, 

household income, employment status, education, and continent of birth. Participants were 

asked to complete a health questionnaire on their use of alcohol, tobacco and coffee. One 

drink was defined as a 12-ounce can of beer, a 4-ounce glass of wine or a 1-ounce shot of 

liquor. Alcohol consumption was categorized into (a) none (fewer than 12 drinks in lifetime 

and/or no alcohol in last 12 months), (b) moderate use (12 or more drinks in the past year), 

and (c) at-risk use based on the National Institute on Alcohol Abuse and Alcoholism 

(NIAAA) definition of heavy drinking (>4 drinks/day or total of 14 drinks/week for males 

and >3 drinks/day or a total of >7 drinks/week for females or if there was a history of binge 
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drinking: ≥5 drinks in a single day in the past 12 months) [13]. Tobacco included cigarette, 

cigar, or smokeless tobacco and participants were categorized as (a) never smoker, (b) 

former smoker or (c) current smoker. Coffee use was defined as one 8-ounce cup or one 

espresso or cappuccino beverage and categorized as (a) less than 1 or none/day, (b) 1–2/day, 

and (c) ≥3/day in the last 12 months. Laboratory markers of liver disease assessed for this 

study included: ALT levels and FIB-4 score.

2.4. Statistical analysis

Categorical variables were summarized using frequencies and percentages. Continuous 

variables were described as median values and interquartile ranges. Lifestyle behavior 

variables (alcohol, tobacco, coffee) were described and compared between patient and 

disease characteristics using Pearson Chi-squared or Kruskal-Wallis tests. Liver specific 

outcome variables ALT and FIB-4 were described as categories and for regression models 

continuous values were log-transformed (base-2) to achieve normality. To examine the 

associations of baseline behaviors and baseline ALT levels, univariable linear regression was 

used. The associations between ALT levels and each behavior were also investigated using 

multivariable analysis by fitting linear regression models that adjusted for all behaviors 

simultaneously, in addition to significant baseline sociodemographic characteristics and 

HBV characteristics such as HBV DNA, HBeAg status, and HBV genotype. This same 

procedure was repeated with FIB-4 as the dependent variable. Linear mixed models were 

used to determine the associations of longitudinal ALT levels and behaviors over time. The 

associations between longitudinal ALT levels and behaviors over time were adjusted for 

significant baseline sociodemographic characteristics and all behaviors simultaneously. To 

determine if the associations changed over time, the interaction of behavior and time-point 

by the F-test was tested. The above procedures for the longitudinal models were repeated for 

FIB-4. These results were summarized as ratios (and corresponding 95% confidence 

intervals) comparing the mean liver disease marker of a given group to the reference group. 

Comparisons of estimates for multi-level categorical variables used F-tests, and were 

considered significant at a nominal p < 0.05. Analyses were performed with SAS 9.4 (Cary, 

NC).

3. Results

3.1. Baseline characteristics

A total of 1988 adult participants were enrolled in the adult HBRN cohort study between 

January 2011 and May 2016 (Fig. 1). For this analysis, participants were excluded if they 

had acute hepatitis B (n = 55), were HBsAg negative at enrollment (n = 11), were targeted 

specifically for enrollment in other HBRN clinical studies (n = 336), were pregnant at 

baseline or during 144-weeks of follow-up, or received HBV antiviral therapy at any time 

during the study period (n = 283). These exclusions resulted in a cohort of 1330 participants 

eligible for analysis. The cohort included 707 (53.2%) males, 936 (70.5%) Asians, 1075 

(80.8%) foreign born, with a median age of 42 years (IQR: 34–52) (Table 1) (Appendix A 

shows characteristics of ineligible participants were similar to those included in this 

analysis). The median ALT level was 33 U/L (IQR 22–50), 487 (36.6%) had an HBV DNA 

level <103 IU/mL, 942 (70.8%) were HBeAg negative, and 868 (65.3%) had a FIB-4 score 
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<1.45. The most common HBV genotypes were B (38.8%) and C (30.6%) reflecting the 

preponderance of Asian participants. With respect to socioeconomic factors, 558 (51.9%) of 

those reporting had an income of less than $50,000, 594 (45.1%) earned a bachelor’s degree 

or higher education, and 982 (74.4%) participants were employed.

At baseline, a total of 112 (8.4%) participants were at-risk alcohol users, 269 (20.2%) were 

moderate drinkers and 940 (70.7%) were categorized as non-drinkers. There were 147 

(11.1%) current smokers, 218 (16.4%) former smokers and 917 (68.9%) never smokers. A 

total of 90 (6.8%) participants reported drinking 3 or more cups of coffee per day, 487 

(36.6%) reported drinking 1–2 cups per day and 743 (55.9%) were none/occasional coffee 

drinkers.

3.2. Association of sociodemographic factors with lifestyle behavior

The associations between sociodemographic factors and various lifestyle behaviors are 

summarized in Table 1 and Fig. 2A–C. Participants with CHB who were male, white, 

employed, with average annual income between $50,000 to $100,000, college educated, and 

born in North America were more likely to be at-risk alcohol drinkers. Participants who 

were male, between ages 45–<55, white, born in North America, had high school or lower 

education, with annual income <$50,000 were more likely to be current smokers. 

Participants who were male, aged 35–<45 years, white, born in North America, with annual 

income >$100,000, and college educated were more likely to drink 3 or more cups of coffee 

per day. Common to all three behaviors were male sex, white race, and born in North 

America. Tobacco use, in contrast to alcohol and coffee use, was more frequent in 

participants with lower education levels and lower annual incomes. Coffee consumption was 

more common in younger participants with higher annual incomes. These associations are 

similar to what has been found in other population-based surveys of lifestyle behaviors.

3.3. Association of lifestyle behaviors with hepatitis B liver disease and viral markers

The association between lifestyle behaviors and liver disease parameters are shown in Table 

2. Participants with at-risk alcohol use had higher baseline ALT levels [37 (IQR: 27–56) 

U/L] compared to participants with moderate alcohol use [35 (IQR: 24–58) U/L] or no 

alcohol use [31 (IQR: 22–47) U/L] and a higher proportion had FIB-4 values >3.25 (7.1% 

compared to 3.4% for moderate and 2.7% no alcohol use). Current smokers were also more 

likely to have higher ALT values [37 (IQR: 25–63) U/L] and also more likely to have higher 

HBV DNA levels (≥5logs IU/mL) (38.5%), and HBeAg positivity (30.1%) compared to 

former smokers [ALT 35 (IQR: 24–52) U/L; HBV DNA ≥5logs IU/mL (22.9%); positive 

HBeAg (18%)] and never smokers [ALT 31 (IQR: 21–47) U/L; HBV DNA ≥5logs IU/mL 

(31.5%); positive HBeAg (24.2%)]. Lastly, although there were no differences in ALT 

values at baseline among participants with different coffee consuming behaviors, there was a 

difference in HBV DNA levels and HBeAg status with more participants never or 

occasionally consuming coffee having HBV DNA ≥5logs IU/mL (32.6%) and positive 

HBeAg (26.6%) as compared to participants consuming 1 or 2 cup(s)/day (HBV DNA 

≥5logs IU/mL (29.0%); positive HBeAg (20.4%)) and participants consuming >3 cups/day 

(HBV DNA ≥5logs IU/mL (23.3%); positive HBeAg (14.8%)).
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In univariable analysis, baseline ALT had statistically significant associations with alcohol 

(p = 0.01) and tobacco (p< 0.001) use as shown in Table 3A. At-risk alcohol users had 1.17 

times (95% CI: 1.02–1.34) higher mean ALT levels compared to participants who did not 

use alcohol. Current tobacco smokers had 1.31 times (95% CI: 1.16–1.48) higher mean ALT 

levels compared to participants who never smoked. Coffee intake of ≥3 cups/day showed no 

statistical association with ALT levels. Alcohol, tobacco and coffee use behaviors did not 

have statistically significant associations with FIB-4 values in univariable analysis (Table 

3B).

In multivariable analysis, however, neither baseline ALT or FIB-4 values were associated 

with lifestyle behaviors of alcohol, tobacco, and coffee use. Controlling for sex differences 

accounted for the majority of these discrepancies, in that men had higher ALT levels than 

women and were also more likely to be current smokers and heavy drinkers. When sex was 

controlled for, the associations were no longer present. Given the large number of Asians in 

our cohort, subgroup analyses were conducted in only these participants. Similar to the 

whole cohort, no statistically significant associations were found for any lifestyle behavior 

and ALT or FIB-4 values (Data not shown). Follow up values for ALT and FIB-4 were 

available on a subset of participants in this analysis. After adjusting for potential 

confounders, there were no significant associations of alcohol, tobacco and coffee use and 

ALT or FIB-4 values over the study period (Appendix BA–C, 3A–C).

4. Discussion

Understanding the role of lifestyles behaviors in liver disease severity and progression is 

important for shaping counseling messages for patients. Alcohol use, smoking and coffee 

consumption are potential modifiable risks, and in this large, ethnically diverse North-

American cohort of participants with CHB, 8.5% used alcohol at-risk levels, 11.5% were 

current smokers and 93.2% had <3 cups of coffee per day. Importantly, and in contrast with 

studies in other liver diseases, these lifestyle behaviors did not have statistically significant 

associations with CHB clinical disease markers after adjustment of sociodemographic 

characteristics.

Over half of the United States (US) population consumes alcohol leading to approximately 

88,000 deaths and 2.5 million years of potential life lost each year in the US [14]. In our 

cohort 20.2% of participants consumed alcohol in the moderate category and 8.4% in the ‘at-

risk’ category which is similar to the hepatitis C virus (HCV) infected population [15,16]. 

However, in contrast to HCV where at risk alcohol is a known risk factor for progressive 

liver disease and its complications, in our North American CHB cohort, at-risk or moderate 

alcohol use was not associated with markers of disease severity represented by ALT or 

FIB-4 values after adjusting for potential confounders [17,18]. This finding is also in 

contrast to reports from Asian studies where alcohol use has been associated with an 

increased risk of mortality and HCC in CHB [3,19–22]. Our findings may be related to the 

exclusion of patients with more advanced liver disease which is supported by the observation 

that only 2.8% of subjects had a FIB-4 score >3.25 consistent with advanced fibrosis or 

early cirrhosis. Furthermore, the use of HBV antiviral therapy when indicated during follow-

up could have been a factor in the absence of disease progression.
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Tobacco use remains the leading preventable cause of death in the US with approximately 

20% of the population using tobacco products resulting in 443,000 deaths annually [23]. 

However, estimates of the rate of tobacco use in CHB participants are lacking and thus our 

cohort provides a glimpse of tobacco use and association with liver health in CHB infected 

individuals. We found that 11% of our participants currently used tobacco which is less than 

the general population and what has been reported in the HCV population (ranging from 25–

56%) [24]. Although many of the harmful effects of tobacco are well known and been shown 

to promote fibrosis and development of HCC in HCV, its link to fibrosis and HCC may not 

be appreciated by providers and patients in the setting of HBV infection [25–27]. In our 

study, univariable analyses showed statistically significant associations of current tobacco 

use with ALT but these disappeared in multivariable analysis after controlling for other 

lifestyle behaviors, sociodemographic, and viral characteristics. Moreover, neither current 

nor previous tobacco use was associated with FIB-4 values. Our findings contrast with 

retrospective case-controlled studies in Asia showing tobacco use to be an independent risk 

factor for HCC development in CHB [28,29]. The differences between past studies and our 

current study may be explained by the study design (retrospective vs. prospective), length of 

follow-up period, and the exclusion of patients with advanced liver disease.

Coffee consumption (>3 cups/day) has gained widespread attention for its protective effect 

in patients with chronic liver disease and has been inversely associated with progression of 

liver-disease among participants in the Hepatitis C Antiviral Long-Term Treatment against 

Cirrhosis (HALT-C) trial who had HCV related bridging fibrosis or cirrhosis [30–32]. 

However, the effect of coffee consumption in patients with CHB has not been well studied in 

a diverse population. In our cohort only 7% of participants reported drinking ≥3 cup/day 

which may, in part, explain the inability to find an association on inflammatory or viral 

markers of CHB, which is consistent with the findings of Ong et al. showing that any 

amount of caffeine (coffee/tea/chocolate) intake did not affect liver stiffness in 1045 Asian 

patients with CHB after adjusting for confounders [33].

The strengths of our study include the large, racially diverse cohort of patients who were 

assessed at baseline in a standardized questionnaire and followed prospectively, thus the 

results seen in the study should have broad generalizability in contrast to previous 

retrospective studies of predominantly Asian cohorts. Moreover, although the findings differ 

from many previous reports on the effects of alcohol, smoking and coffee drinking, it needs 

to be stressed that the current analyses were unbiased and prospectively designed whereas 

most previous studies were retrospectively assembled and dealt with the separate effects of 

alcohol, tobacco or coffee on one or a few components of liver disease. However, the 

limitations of this study need to be considered. The cohort consisted of patients who were 

not being treated for CHB and thus consisted mostly of patients with mild or minimal 

disease. In addition, enrollment in a prospective observational study likely selects patients 

with concern about their health and may not engage in ‘at risk’ behavior. Nevertheless, after 

controlling for factors such as age, sex and race, no association was found between these 

lifestyle behaviors (current or former) and clinical features of CHB. The lack of associations 

largely applies to patients with mild or moderate CHB disease activity and stage. Patients 

with more advanced CHB might suffer adverse effects from moderate alcohol intake and 

tobacco use and may have benefit from coffee intake. None of these associations, however, 

Brahmania et al. Page 7

Ann Hepatol. Author manuscript; available in PMC 2020 December 23.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



have been clearly defined in prospective studies due to differing definitions of alcohol and 

tobacco, which are also often not reflective of cumulative amounts. Finally, the current 

analysis was based on the surrogate marker of ALT levels for CHB disease activity and 

FIB-4 values for CHB stage or fibrosis. While liver biopsies are not routinely done anymore, 

they would be considered the gold standard for measuring disease activity and stage. The 

long-term results from the prospective HBRN cohort may be able to address some of these 

issues, as these standard lifestyle questionnaires are used in all of these studies.

To conclude, in this large, racially diverse study of CHB participants from North America 

both socioeconomic and demographic factors were associated with alcohol, tobacco, and 

coffee use. However, in both cross-sectional and in limited longitudinal analyses, these 

lifestyle behaviors did not appear to be associated with the severity of the rate of progression 

of the liver disease throughout the study period.
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CHB Chronic Hepatitis B

HBRN Hepatitis B Research Network
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ALT alanine aminotransferase

HBV DNA Hepatitis B virus

FIB-4 Fibrosis-4

HCC hepatocellular carcinoma

NIDDK National Institute of Diabetes and Digestive and Kidney Diseases

HIV human immunodeficiency virus

US United States
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HCV Hepatitis C virus

HALT-C Hepatitis C Antiviral Long-Term Treatment against Cirrhosis
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Fig. 1. 
Patient flow diagram.
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Fig. 2. 
Association of sociodemographic factors with alcohol, tobacco, and coffee use.
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