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a  b  s  t  r a  c t

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 Alco-

holism;  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.
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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  signifi-

cantly 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.

© 2020 Fundación  Clı́nica  Médica  Sur, A.C.  Published by  Elsevier  España, S.L.U. This is an open  access

article  under  the CC  BY-NC-ND  license  (http://creativecommons.org/licenses/by-nc-nd/4.0/).

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 cirrho-

sis, 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 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 dis-

ease 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 consor-

tium funded by the National Institute of Diabetes and Digestive

and Kidney Diseases (NIDDK) to  examine the epidemiology, natu-

ral 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  alco-

hol, 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) defi-

nition 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 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 (alco-

hol, 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 continu-

ous  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 associa-

tions 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 pro-

cedure was  repeated with FIB-4 as the dependent variable. Linear

mixed models were used to determine the associations of  longitu-

dinal 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
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disease marker of a given group to the reference group. Compar-

isons 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 charac-

teristics 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 <1.45. The most

common HBV genotypes were B (38.8%) and C (30.6%) reflecting

the preponderance of Asian participants. With respect to  socioe-

conomic 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 smok-

ers. 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 vari-

ous 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  cof-

fee per day. Common to all three behaviors were male sex, white

race, and born in North America. Tobacco use, in contrast to  alco-

hol 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

Fig. 1.  Patient flow diagram.
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Table 1

Baseline participant characteristics. Percentages under “All” shows the distribution of the  characteristics in the cohort, whereas percentages under each behavior shows the distribution of that behavior across categories of the

characteristics.

Characteristics All Alcohol Tobacco Coffee

n =  1330 (%) None Moderate At-risk p-Value Never Former Current None or

occasional

1 or 2

per day

3  or more

per day

p-Value

n  =  940 (%) n  = 269 (%) n = 112 (%) n  =  917 (%) n =  218 (%)  n = 147 (%)  p-Value n =  743 (%) n =  487 (%)  n =  90 (%)

Gender <0.001 <0.001 0.023

Male  707 (53.2) 457 (65.1) 164 (23.4) 81 (11.5) 389 (57.8) 166 (24.7) 118 (17.5) 382 (54.4) 260 (37.0) 60 (8.5)

Female  623 (46.8) 483 (78.0) 105 (17.0) 31  (5.0) 528 (86.7) 52  (8.5) 29 (4.8) 361 (58.4) 227 (36.7) 30 (4.9)

Age  (years) 0.49 0.001 0.003

18–<25 87  (6.5) 61 (70.1) 16 (18.4) 10 (11.5) 72 (84.7) 5 (5.9) 8 (9.4) 67 (77.9) 18 (20.9) 1 (1.2)

25–<35  260 (19.5) 172 (66.4) 59 (22.8) 28  (10.8) 190 (75.7) 33  (13.1) 28 (11.2) 156 (60.2) 91 (35.1) 12 (4.6)

35–<45  360 (27.1) 249 (70.3) 74 (20.9) 31  (8.8) 243 (70.8) 61  (17.8) 39 (11.4) 195 (54.6) 131 (36.7) 31 (8.7)

45–<55 340  (25.6) 245 (72.1) 70 (20.6) 25  (7.4) 229 (70.0) 52  (15.9) 46 (14.1) 177 (52.1) 139 (40.9) 24 (7.1)

55–<65  213 (16.0) 158 (74.5) 41 (19.3) 13  (6.1) 140 (67.0) 46  (22.0) 23 (11.0) 110 (52.1) 83 (39.3) 18 (8.5)

≥65 70  (5.3) 55 (79.7) 9 (13.0) 5 (7.2) 43 (64.2) 21  (31.3) 3 (4.5) 38  (56.7) 25 (37.3) 4 (6.0)

Race  <0.001 <0.001 <0.001

White 149 (11.2) 72 (48.3) 45 (30.2) 32  (21.5) 75  (52.4) 35  (24.5) 33 (23.1) 47  (31.5) 75 (50.3) 27 (18.1)

Black  208 (15.7) 163 (80.3) 24 (11.8) 16 (7.9) 143 (71.5) 32 (16.0) 25 (12.5) 133 (64.9) 60 (29.3) 12 (5.9)

Asian  936 (70.5) 684 (73.4) 191 (20.5) 57  (6.1) 679 (75.2) 142 (15.7) 82 (9.1) 543 (58.4) 337 (36.3) 49 (5.3)

Other  34 (2.6) 19 (55.9) 8 (23.5) 7 (20.6) 18 (54.5) 8 (24.2) 7 (21.2) 20 (58.8) 12 (35.3) 2 (5.9)

Body  Mass Index 0.08  <0.001 0.04

<18.5  48 (3.8) 39 (81.3) 8 (16.7) 1 (2.1) 40 (85.1) 0 (0.0) 7 (14.9) 29  (61.7) 16 (34.0) 2 (4.3)

18.5  – 24.99 660 (52.2) 481 (73.0) 133 (20.2) 45  (6.8) 483 (75.6) 90 (14.1) 66 (10.3) 398 (60.5) 222 (33.7) 38 (5.8)

25  – 29.99 399 (31.6) 275 (69.1) 78 (19.6) 45  (11.3) 255 (66.8) 83  (21.7) 44 (11.5) 201 (50.6) 167 (42.1) 29 (7.3)

30  or more 157 (12.4) 103 (67.3) 33 (21.6) 17  (11.1) 92  (60.9) 36  (23.8) 23 (15.2) 82  (52.9) 58 (37.4) 15 (9.7)

Income  <0.001 <0.001 <0.001

<$50,000  558 (51.9) 424 (76.4) 82 (14.8) 49  (8.8) 367 (68.3) 86  (16.0) 84 (15.6) 354 (63.7) 174 (31.3) 28 (5.0)

$50–<$100,000 253 (23.5) 169 (67.6) 50 (20.0) 31 (12.4) 179 (74.0) 40 (16.5) 23 (9.5) 121 (48.2) 104 (41.4) 26 (10.4)

≥$100,000 265 (24.6) 158 (59.6) 90 (34.0) 17  (6.4) 195 (75.6) 53  (20.5) 10 (3.9) 118 (44.5) 118 (44.5) 29 (10.9)

Not  reported 254 (23.6) 189 (75.3) 47 (18.7) 15  (6.0) 176 (71.8) 39  (15.9) 30 (12.2) 150 (60.5) 91 (36.7) 7 (2.8)

Education  <0.001 <0.001 0.01

Less than high school 226 (17.2) 184 (82.5) 25 (11.2) 14  (6.3) 142 (64.8) 37  (16.9) 40 (18.3) 150 (67.6) 65 (29.3) 7 (3.2)

High  school or

equivalent (GED)

252 (23.4) 194 (77.0) 34 (13.5) 24  (9.5) 146 (59.3) 53  (21.5) 47 (19.1) 137 (54.4) 99 (39.3) 16 (6.3)

Some  college or

equivalent

244 (18.5) 172 (71.1) 43 (17.8) 27  (11.2) 152 (65.5) 42  (18.1) 38 (16.4) 140 (57.6) 86 (35.4) 17 (7.0)

Bachelor’s  degree or

higher

594 (45.1) 381 (64.6) 164 (27.8) 45  (7.6) 469 (82.1) 81  (14.2) 21 (3.7) 308 (52.2) 232 (39.3) 50 (8.5)

Work  status 0.001 0.10 0.14

Employed, full-time

or part-time

982 (74.4) 662 (68.0) 218 (22.4) 94  (9.7) 665 (70.7) 166 (17.7) 109 (11.6) 534 (54.8) 366 (37.5) 75 (7.7)

Homemaker, not

currently working for

pay

53 (4.0) 45 (84.9) 7 (13.2) 1 (1.9) 45  (86.5) 6 (11.5) 1 (1.9) 28  (53.8) 21 (40.4) 3 (5.8)

Not  currently

employed

285 (21.6) 224 (78.9) 43 (15.1) 17  (6.0) 200 (71.4) 44  (15.7) 36 (12.9) 175 (61.8) 96 (33.9) 12 (4.2)

Continent  of birth <0.001 <0.001 <0.001

Asia  874 (65.7) 653 (75.1) 168 (19.3) 49  (5.6) 621 (73.8) 138 (16.4) 83 (9.9) 510 (58.8) 312 (36.0) 45 (5.2)

North  America 255 (19.2) 134 (53.0) 73 (28.9) 46  (18.2) 146 (58.6) 55  (22.1) 48 (19.3) 120 (47.1) 105 (41.2) 30 (11.8)

Africa  153 (11.5) 127 (84.7) 15 (10.0) 8 (5.3) 122 (83.6) 16  (11.0) 8 (5.5) 95  (63.3) 46 (30.7) 9 (6.0)

Other  48 (3.6) 26 (54.2) 13 (27.1) 9 (18.8) 28  (62.2) 9 (20.0) 8 (17.8) 18  (37.5) 24 (50.0) 6 (12.5)

*Not all columns sum due to missing data.
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Fig. 2. Association of sociodemographic factors with alcohol, tobacco, and coffee use.

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 posi-

tivity (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 dif-

ferent coffee consuming behaviors, there was  a  difference in  HBV

DNA levels and HBeAg status with more participants never or occa-

sionally consuming coffee having HBV DNA ≥5logs IU/mL (32.6%)

and positive HBeAg (26.6%) as compared to participants consum-

ing 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%)).

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%
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Table 2

Baseline CHB Characteristics by behavior. Percentages under “All” column shows the distribution of the CHB characteristics in the whole cohort; percentages under each behavior shows the distribution of the  characteristics

across  the categories of the behavior.

CHB Characteristics All Alcohol Tobacco Coffee

n = 1330 (%) None Moderate At-risk p-Value Never Former Current p-Value None or

occasional

1 or 2

per day

3  or more

per day

p-Value

n  =  940 (%) n =  269 (%) n = 112 (%) n  = 917 (%) n  = 218 (%) n =  147 (%) n =  743 (%) n = 487 (%) n  = 90 (%)

ALT (U/L), median (IQR) 0.001 <0.001 0.90

33  (22, 50) 31 (22, 47) 35 (24, 58) 37 (27, 56) 31 (21, 47) 35 (24, 52) 37 (25, 63) 32 (22, 49) 33 (22, 52) 32 (22, 50)

Log10 HBV DNA category 0.82 0.02 0.02

<103 487  (36.6) 346 (36.8) 95 (35.3) 42  (37.5) 323 (35.2) 91  (41.7) 52 (35.4) 247 (33.2) 201 (41.3) 34 (37.8)

103–<105 438 (32.9) 301 (32.0) 93 (34.6) 40 (35.7) 305 (33.3) 77  (35.3) 38 (25.9) 254 (34.2) 145 (29.8) 35 (38.9)

≥105 405 (30.5) 293 (31.2) 81 (30.1) 30 (26.8) 289 (31.5) 50 (22.9) 57 (38.8) 242 (32.6) 141 (29.0) 21 (23.3)

HBeAg  0.31 0.04 0.04

Negative  942 (70.8) 666 (76.6) 193 (76.6) 77  (74.0) 642 (75.7) 169 (82.0) 94 (69.1) 501 (73.2) 359 (79.4) 75 (85.2)

Positive  288 (21.7) 202 (23.2) 59 (23.4) 26  (25.0) 205 (24.2) 37  (18.0) 41 (30.1) 182 (26.6) 92 (20.4) 13 (14.8)

Equivocal  3 (0.23) 1 (0.1) 0  (0.0) 1 (1.0) 1 (0.1) 0 (0.0) 1 (0.7) 1 (0.1) 1  (0.2) 0 (0.0)

Genotype  0.14 0.06 0.07

A  229 (19.2) 154 (18.4) 39 (16.1) 33  (31.1) 144 (17.5) 39  (20.0) 37 (28.2) 116 (17.4) 90 (20.9) 21 (24.1)

B  462 (38.8) 341 (40.8) 91 (37.6) 28 (26.4) 344 (41.8) 66 (33.8) 40 (30.5) 273 (41.1) 158 (36.7) 28 (32.2)

C  364 (30.6) 254 (30.4) 79 (32.6) 29  (27.4) 249 (30.3) 65  (33.3) 38 (29.0) 206 (31.0) 132 (30.7) 23 (26.4)

D  96  (8.1) 62  (7.4) 23 (9.5) 10 (9.4) 56 (6.8) 19  (9.7) 13 (9.9) 47 (7.1) 34 (7.9)  14 (16.1)

E/Other  40 (3.4) 24  (2.9) 10 (4.1) 6 (5.7) 30 (3.6) 6 (3.1) 3 (2.3) 23 (3.5) 16 (3.7)  1 (1.1)

FIB-4  category 0.03 0.38 0.53

<1.45  868 (65.3) 605 (74.9) 188 (81.0) 71  (71.7) 606 (77.5) 136 (70.8) 94 (74.0) 486 (75.9) 324 (77.0) 52 (70.3)

1.45–3.25 239 (18.0) 181 (22.4) 36 (15.5) 21  (21.2) 152 (19.4) 49  (25.5) 28 (22.0) 137 (21.4) 82 (19.5) 18 (24.3)

>3.25  37  (2.8) 22  (2.7) 8 (3.4) 7 (7.1) 24 (3.1) 7 (3.6) 5 (3.9) 17 (2.7) 15 (3.6)  4 (5.4)

Phenotype 0.95 0.37 0.03

Immune  tolerant 42 (3.6) 29 (3.5) 9 (3.7) 4 (3.9) 32 (3.9) 5 (2.6) 5 (3.7) 29 (4.4) 9  (2.1)  4 (5.0)

HBeAg  positive 213 (18.0) 149 (18.0) 42 (17.1) 21  (20.4) 150 (18.5) 28  (14.4) 33 (24.6) 134 (20.3) 70 (16.1) 8 (10.0)

HBeAg  negative 206 (17.4) 149 (18.0) 40 (16.3) 15  (14.6) 143 (17.6) 32  (16.5) 20 (14.9) 11 (13.8) 77 (17.7) 117 (17.8)

Inactive  carrier 277 (23.4) 195 (23.6) 60 (24.5) 20 (19.4) 186 (22.9) 51  (26.3) 24 (17.9) 18 (22.5) 116 (26.6) 140 (21.2)

Indeterminate 445 (37.6) 305 (36.9) 94 (38.4) 43  (41.7) 301 (37.1) 78  (40.2) 52 (38.8) 39 (48.8) 164 (37.6) 239 (36.3)

*Not all columns sum due to missing data.
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Table  3A

Association between Lifestyle Behaviors and ALT at  baseline.*

Behavior Univariable Multivariable model*

Ratio (95% CI) p-Value Ratio (95% CI)  p-Value

Alcohol 0.01 0.79

At-Risk 1.17 (1.02, 1.34) 0.99 (0.86, 1.15)

Moderate 1.12 (1.01, 1.23) 1.03 (0.94, 1.14)

None  1 1

Tobacco <0.001  0.56

Current 1.31 (1.16, 1.48) 1.06 (0.93, 1.21)

Former 1.13 (1.02, 1.26) 1.05 (0.94, 1.17)

Never  1 1

Coffee 0.90 0.27

None/Occasional 1.00 (0.85, 1.16) 0.98 (0.85, 1.13)

1–2 per day 1.02 (0.87, 1.19) 1.05 (0.90, 1.21)

3  or more per day 1 1

* Model adjusted for age, sex, other behaviors, HBV  DNA, HBeAg status, and HBV genotype.

Table 3B

Association between Lifestyle Behaviors and FIB-4 at baseline.*

Behavior Univariable Multivariable model*

Ratio (95% CI) p-Value Ratio (95% CI)  p-Value

Alcohol 0.16 0.60

At-Risk 1.01 (0.89, 1.14) 1.03 (0.93, 1.15)

Moderate 0.92 (0.84, 1.00) 0.98 (0.91, 1.05)

None 1 1

Tobacco 0.20 0.15

Current 1.04 (0.93, 1.17) 0.96 (0.87, 1.06)

Former 1.09 (0.99, 1.20) 0.92 (0.85, 1.00)

Never 1 1

Coffee 0.17 0.76

None/Occasional 0.88 (0.76, 1.01) 1.01 (0.90, 1.13)

1–2  per day 0.91 (0.78, 1.05) 0.99 (0.88, 1.11)

3 or more per day 1 1

* Model adjusted for age, sex, other behaviors, HBV  DNA, HBeAg status, and HBV genotype.

CI: 1.16–1.48) higher mean ALT levels compared to participants

who never smoked. Coffee intake of ≥3 cups/day showed no statis-

tical 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. Simi-

lar 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 poten-

tial 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 mes-

sages 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 alco-

hol 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 sta-

tistically significant associations with CHB clinical disease markers

after adjustment of sociodemographic characteristics.

Over half of the United States (US) population consumes alco-

hol 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.

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, esti-

mates 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 popula-

tion (ranging from 25–56%) [24].  Although many of the harmful

effects of tobacco are well known and been shown to promote
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fibrosis and development of HCC in HCV, its link to  fibrosis and

HCC may  not be  appreciated by  providers and patients in the set-

ting 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 con-

trolling 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 retro-

spective 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 atten-

tion 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 Treat-

ment against Cirrhosis (HALT-C) trial who had HCV related bridging

fibrosis or cirrhosis [30–32].  However, the effect of coffee consump-

tion in patients with CHB has not been well studied in  a diverse

population. In our cohort only 7% of participants reported drink-

ing ≥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  standard-

ized 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, enroll-

ment 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 behav-

iors (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, 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 activ-

ity 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 partic-

ipants from North America both  socioeconomic and demographic

factors were associated with alcohol, tobacco, and coffee use. How-

ever, 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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